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Yucca Mountain Site Characterization Office
Office of Civilian Radioactive Waste Management
U.S. Department of Energy

P.O. Box 30307, Mail Stop 010

North Las Vegas, Nevada

89036-0307

RE: Inyo County's Comments on the Draft Environmental Impact Statement for a Geologic
Repository for the Disposal of Spent Nuclear Fuel and High-Level Radioactive Waste at Yucca
Mountain, Nye County, Nevada.

Dear Ms. Dixon,

Inyo County, as a designated Affected Unit of Local Government under the Nuclear Waste Policy
Act, is charged with oversight of Federal activities relating to the proposed Yucca Mountain Nuclear
Waste Repository. In accordance with our responsibilities regarding the proposed repository, we
have reviewed the Draft Environmenta! Impact Statement (DEIS) issued by the Department of
Energy (DOE) for the proposed Yucca Mountain Repository. Inyo County's comments on the DEIS
as adopted by the Inyo County Board of Supervisors on January 24, 2000, are attached along with
two County-sponsored hydrologic reports which, as specified in the text of our comments, are
incorporated by reference into our response to the DEIS.

>

1 | Inyo County has serious concerns over the completeness and utility of the DEIS. We find DOE's
evaluation of the transportation component of the proposal overly generalized and fundamentally
inadequate to the task of providing the public and decision makers with sufficient information to
comprehend the implications of repository development on national and local transportation risks,
emergency response infrastructure, and overall project costs. The DEIS fails to address
transportation routing in sufficient detail to allow local and regional agencies to objectively analyze

| the project's affects on their constituents' health and economic welfare.

2 El‘he DEIS's discussion of the range of possible repository designs and the behavior of affected
geologic and hydrologic systems leads us to the conclusion that the proposal constitutes a critical
departure from DOE’s original intent to design and construct a facility which would permanently

3... isolate radioactive materials from humans:.lj‘ghe DEIS lacks mitigation measures adequate to address
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the contamination of the regional aquifer and associated demise of the economy of the Amargosa
Valley, the communities of Death Valley Junction, Shoshone and Tecopa, and the destruction of
surface and groundwater sources crucial to Death Valley National Park.

Our evaluation of the project and DOE's mandate under the Nuclear Waste Policy Act reveal that
DOE has failed to effectively and objectively exercise it's authority and obligation under the National
Environmental Policy Act (NEPA) to develop and analyze realistic project alternatives on a level
equal to that provided for the proposed repository. Treatment of cumulative impacts and indirect
effects under NEPA are also seriously compromised.

As you will see from our comments, the deficiencies of the DEIS are fundamental and widespread.
We request that the Department of Energy, in consultation with all affected agencies, amend the

DEIS to address these concerns and recirculate the document for public review.

If you have any questions about this submittal or require additional information, please feel free to
contact Andrew Remus, Project Coordinator, Inyo County Yucca Mountain Repository Assessment
Office at (760) 878-0447.

Sincerely,

Hia Ao

Michael Dorame, Chair
Inyo County Board of Supervisors

ce: Senator Dianne Feinstein
Senator Barbara Boxer
Governor Gray Davis
Congressman Jerry Lewis
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INYO COUNTY, CALIFORNIA
COMMENTS ON

The Draft Environmental Impact Statement for a
Geologic Repository for the Disposal of Spent Nuclear Fuel
and High-Level Radioactive Waste
at Yucca Mountain, Nye County, Nevada

Adopted January 24, 2000
Inyo County Board of Supervisors
Inyo County, California

The County of Inyo, State of California, is an Affected Unit of Local Government under
the Nuclear Waste Policy Act of 1982, as amended. Inyo County has prepared its
response to the U.S. Department of Energy's (DOE's) Draft Environmental Impact
Statement for a Geologic Repository for the Disposal of Spent Nuclear Fuel and High-
Level Radioactive Waste at Yucca Mountain, Nye County, Nevada (DEIS). This response
expands upon and supplements the comments made by Inyo County officials at the
November 4, 1999 U.S. Department of Energy hearing on the Yucca Mountain Draft
Environmental Impact Statement (held in Lone Pine, California).

The County has identified a number of issues regarding the Draft Environmental Impact
Statement which should be addressed by the Department of Energy in the course of
developing the Final Environmental Impact Statement. These issues are discussed below,
organized by general topic area. Directly following each subsection - where appropriate -
is a recommendation specifying the concerns that need to be addressed by DOE.

Compliance With the National Environmental Policy Act

Treatment of Project Alternatives

Inyo County recognizes that the proposed Yucca Mountain Nuclear Waste Repository is
provided significant exceptions to normal NEPA requirements via the Nuclear Waste
Policy Act of 1982, as amended. Specifically, DOE is exempt from considering the need
for a repository, the timing of availability of the repository, alternatives to geologic
disposal, or alternatives to the Yucca Mountain site. The Department of Energy, in
developing its NEPA evaluation for the proposed repository is, however, obligated to
evaluate reasonable alternatives outside the scope of what Congress has approved or
funded because the findings of the Environmental Impact Statement may serve as the
basis for modifying the Congressional mandate. This is part of the Congress-informing
function of NEPA necessary to placing the proposal in a proper context for purposes of
decision-making.

The NEPA exemptions provided by Congress have been interpreted by DOE to limit
analysis of project alternatives to a discussion of a range of repository designs, generic

A 3


Glenn S Caprio


Glenn S Caprio


Glenn S Caprio
6...


EIS001443

6 cont. | treatment of varying combinations of rail and truck transport, and inclusion of two
variations of a "No-Action Alternative". The No-Action Alternatives are stated to be (in
the DEIS itself) untenable and included simply for comparison with the proposed action.
DOE recognizes that neither of the no-action alternatives is likely to be implemented
should the repository not be built. The development of improbable and/or unreasonable
alternatives runs counter to DOE's obligation under NEPA to rigorously explore and
objectively evaluate all reasonable alternatives, even when such alternatives are outside
the jurisdiction of the Department of Energy (40 CFR 1502 14 (a), (c)).

The inclusion of two project alternatives - in the form of variations of a "No Action
Alternative" serves as recognition, by DOE, of its obligation to analyze alternatives to
construction of the repository, but the analysis of these alternatives is not on a par with
that of the proposed repository itself. In fact, the DEIS does not even begin to develop
and evaluate project alternatives at a level of detail equivalent to that provided for the
proposed action. Such treatment of project alternatives cripples decision-makers in any
attempt to discern how development of the repository compares, in the terms of cost,
time, resource commitment and risk, to technologically feasible alternatives to Yucca
Mountain. Per Council on Environmental Quality (CEQ) Regulations, an EIS should
present the environmental impacts of the proposal and alternatives in comparative
Jorm... sharply defining issues and providing a clear basis for choice among options by
decisionmakers and the public (40 CFR 1502 14).

7 Lacking the detailed alternative project descriptions, environmental risk, and fiscal
impact analysis necessary to develop and compare alternatives to the proposal, the DEIS
fails to meet that section of NEPA which requires the study, development and description
of appropriate alternatives to recommended courses of action in any proposal which
involves unresolved conflicts concerning alternative uses of available resources (42 USC
Section 4332 (E)).

The statement of underlying need determines the range of alternatives in the DEIS (40
CFR Section 1502.13). An action is proposed to meet the underlying need. Alternatives
that do not meet the underlying need have no place in the DEIS. The "no-action"
alternatives "...mean the proposed activity would not take place, and the resulting
environmental effects from taking no action would be compared with the effects of
permitting the proposed activity or an alternate activity to go forward" (CEQ, Forty
Questions, 51 Federal Regulation 15618).

8 | Ulimately, the unresolved conflict is whether the deep geologic repository called for in
the Nuclear Waste Policy Act can and will be developed, or will be displaced by some
other method of solving the problem of storage of spent nuclear fuel. This lack of
meaningful, well-developed alternatives supportive of rational decision-making violates
the spirit and intent of NEPA. It is well within DOE's purview to provide Congress with
analysis of a range of feasible alternatives which achieve both the purposes of NEPA and
the intent of the Nuclear Waste Policy Act. Absent a balanced and comprehensive
approach to complying with NEPA, the DEIS leaves decision-makers without the
information necessary to weigh options and alternatives for disposal of spent nuclear fuel
and high-level radioactive waste.
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Specific Recommendation: DOE should eliminate the current project alternatives
described in the DEIS and develop a range of reasonable project alternatives,
providing analysis of each at a level of detail matching that provided for the
proposed repository. Alternatives should include: 1) a no-action alternative that
assumes permanent on-site storage of existing and future stocks of spent fuel and
high-level waste; 2) an alternative which redirects DOE resources towards waste-
volume reduction and consolidation of spent nuclear fuel and high-level waste at
existing DOE storage facilities; and 3) any other alternative which can be
implemented using available knowledge and technology which meets the need for
storage of spent nuclear fuel and high-level waste expressed in the Nuclear Waste
Policy Act. Alternatives must be screened to ensure they meet the underlying need.

Indirect Effects

CEQ regulations concerning treatment of direct and indirect project effects require that
indirect effects, which are caused by the action and are later in time or farther removed
in distance, but are still reasonably foreseeable be analyzed by the EIS (40 CFR 1508.8).
The DEIS fails to address a number of impacts which DOE may view as indirect effects
of the project. These impacts are discussed in detail in later sections of this commentary.
By way of example, the most obvious effect of the project - which DOE apparently
considers indirect and unworthy of analysis at this time - is the extensive transportation
campaign necessary to move nuclear waste to Yucca Mountain. Operation of the
proposed repository unquestionably includes the creation of new risks accruing to
transportation of spent nuclear fuel and high-level radioactive waste to the repository site
from locations all across the United States. The transportation campaign required to
move waste into Yucca Mountain is later in time, generally further removed in distance
and unquestionably foreseeable, yet the DEIS does not attempt to quantify the impact of
the transportation campaign or develop the range of transportation alternatives necessary
to compare risks to human populations and infrastructure. Even if the Department of
Energy considers the transportation impacts associated with development and operation
of the repository indirect effects of the project, the DEIS must include meaningful
analysis of indirect effects of the project if the DEIS is to be considered a credible
attempt to comply with NEPA. The NEPA exemptions provided DOE by the Nuclear
Waste Policy Act do not include exemption from addressing such effects.

Consideration of Cumulative Impacts

The DEIS treats both geohydrologic and transportation impacts of the proposed
repository as "stand alone" issues without recognition of the fact that the repository
would operate in an environment already heavily impacted by past and ongoing nuclear
waste activities. Territory adjacent to the Yucca Mountain site is heavily contaminated
by radioactive materials as a result of decades of Atomic Energy Commission
(AEC)/Department of Energy nuclear testing, while many of the roadways and rail
corridors expected to be used for transport of spent nuclear fuel and high-level nuclear
waste are already in service for the transport of low level and defense wastes to the
Nevada Test Site and the Waste Isolation Pilot Plant in New Mexico. Operation of the
Yucca Mountain repository would be one in a series of similar, linked actions undertaken
by a single agency: the Department of Energy. The additional risks which Yucca
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11 cont. | Mountain would place on groundwater resources, human populations and national and
regional transportation resources must be analyzed and weighted within the context of
past, present and foreseeable non-Yucca Mountain-related AEC/DOE actions in order to
meet the intent of NEPA and allow decisionmakers and the public to place the proposed
action in the proper context. The NEPA exemptions provided DOE by the Nuclear
Waste Policy Act do not include exemption from addressing cumulative impacts.

12 | Specific Recommendation: The DEIS should be amended to include description of
the environmental context within which repository operations and transportation of
nuclear waste will take place. Specifically, the DEIS needs to map and quantify the
current level of environmental contamination in the region, and current and
projected non-Yucca Mountain nuclear and hazardous waste shipment activity.
This information needs to be compiled in a manner such that the incremental
increase in risk posed by the repository and the total risk to humans and natural
resources posed by the sum of DOE activities is clearly discernable.

Transportation

Deferral of Waste Routing Designations

13 | The DEIS does not identify specific primary, secondary or emergency transportation
routes for nuclear waste traveling through California, although the means for identifying
appropriate routes are readily available. Specific routing decisions, in terms of the use of
rail or trucks, designation of primary and alternate routes through Nevada and California,
and analysis of the impacts of making the road, rail and emergency response
improvements necessary to safely accommodate the waste transportation campaign are all
deferred to the indefinite future.

Highway routes can be identified by applying national highway routing regulations to
these shipments, and rail routes can be identified by examining available rail lines and
their classification. The DEIS could have analyzed impacts specific to national
transportation after first identifying the routes based on available information. Instead,
DOE performed a limited generic transportation analysis that avoided analysis of specific
conditions, impacts, and hazards along the routes and the controversy associated with
such determinations.

Specific Recommendation: DOE needs to apply current spent nuclear fuel and
high-level nuclear waste transportation restrictions and requirements to the current
national transportation system to determine which transpertation corridors could
be used for Yucca Mountain waste. An inventory of populations, emergency
response capabilities, geographic and infrastructural limitations etc. must be
developed preparatory to completion of a national-scale comprehensive risk analysis
for eligible roadways and rail. The risk analysis methodology should be subject to
public review as part of the revised DEIS and should provide a range of
transportation-risk options and associated fiscal impact estimations.
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California State Route 127

Given that Low Level Nuclear Waste is currently being transported on State Route 127
through Inyo and San Bernardino counties and shipments from DOE's Fernald, Ohio
uranium plant cleanup operation are scheduled to begin using SR127 in 2000 to move
waste packages to the Nevada Test Site, a precedent is now being set for expanded use of
the route for high-level waste and spent fuel. The DEIS, however, does not acknowledge
or project the role California corridors will play in moving high-level waste and spent
fuel to Yucca Mountain.

State Route 127 is not an engineered route, to the extent that most of SR127 originated as
a wagon trail that was paved over a period of time. Our recent survey of the route from
its junction in the south with Interstate 15 at Baker to its junction with Nevada Route 95
in the north revealed numerous unbanked, unsigned high-speed turns, blind rises where
visibility is nil, sustained grades in excess of modern standards and dozens of washes
crossing both over and under the pavement. The road does not include turnouts or wide
shoulders. State Route 127 variously parallels, crosses and recrosses the Amargosa
River, a shallow desert river of considerable drainage which originates near Yucca
Mountain and terminates in Death Valley. The Amargosa is typical of arid region
streams, being dry most of the year, yet subject to rapid flooding and pronounced erosion
and sedimentation. The route passes through four towns, two of which include sharp 90-
degree turns in the middle of the town. There are few alternate routes useful to diverting
commercial and passenger traffic around accident or clean-up sites.

In response to questions raised at the November 4, 1999 Yucca Mountain DEIS Hearing
in Lone Pine, California, DOE staff clearly stated that the State of California would have
to authorize the Department of Energy to use State Route 127 for transport of Yucca
Mountain waste. This statement embodies a significant departure from DOE's practice in
transporting low level nuclear waste on this route (which does not require State
approval). The DEIS should explain what Yucca Mountain Repository-specific
procedures are proposed to be put in place which would give States veto power over the
use of their routes, and map the routes affecting by these same provisions.

Specific Recommendation: The DEIS needs to identify all California roadways and
rail corridors eligible for use as primary, secondary or emergency roufes for
transport of waste to Yucca Mountain. Procedures for selecting routes and the role
of state and local agencies in route selection and transport notification should be
explained. Unless California State Route 127 is to be definitively excluded from
carrying Yucca Mountain shipments, the DEIS should discuss the role State Route
127 could play in the Yucca Mountain transportation campaign.

Risk Analysis

Route choice will affect the safety, cost and timing of transport operations. DOE needs
to engage in a comprehensive study of this issue in order to develop a scientifically
defensible, least-risk-based determination of routes. Private carriers should not be
burdened with the responsibility to evaluate and choose routes. The preferred corridors
should be mapped by DOE and the required roadway and emergency response
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15 cont. | improvements identified. Narrowing the number of potential routes via risk analysis
allows evaluation of road, emergency response improvements, identification of impacted
jurisdictions, quantification of costs and start up and maintenance requirements. Without
such information, it is impossible to objectively choose among transportation options, for
which the levels of risk and cost no doubt would vary greatly.

16 | DOE's risk analysis for the proposal relied upon the RADTRAN4 computer program to
calculate radiological impacts to populations along transportation routes under both
normal and accident conditions. The DEIS does not discuss the specific origins of this
model, its assumptions, or if and how the model remains applicable to conditions on
undeveloped routes where transport vehicles operate slowly on narrow roadways passing
through populated areas where there is limited clearance between businesses or
residences and the radioactive cargo.

17 | Specific Recommendation: The DEIS should include results of a comprehensive
national-scale risk analyses to determine least-risk based solutions to the question of
which roadway and rail corridors to use to increase the predictability of waste
transportation operations. The risk analysis should provide the quantitative
information necessary to confirm or deny the value of each reasonable potential
transportation scenario. Impacted populations and resources should to be clearly
identified in the DEIS. DOE should use the results of this analysis to systematically
dictate routes to private carriers. The value of the Chalk Mountain Route for
achieving major reductions in risk to civilian populations should be quantified and
discussed. The specific assumptions used by the RADTRAN4 model should be
discussed by the DEIS.

Emergency Response & Section 180(c) Considerations

18 | Communities along State Route 127 constitute the most isolated populations in Inyo
County. Assistance with roadway incidents must come from the Inyo County Sheriff
Unit at Shoshone, Park Service Rangers dispatched out of Cow Creek near Furnace
Creek, or California Highway Patrol also coming out of Death Valley or out of Pahrump,
Nevada. Most of the route lies one to three hours from any public assistance. To deal
with major roadway incidents, County Sheriff units are sent from Lone Pine, which is
three hours away from the closest segment of SR127.

Currently, the State Route 127 towns of Tecopa, Shoshone, and Death Valley Junction
are served by a single Volunteer Fire Protection District that is without adequate funding.
In case of a serious toxic or radiological release in Inyo County, specialist response teams
must be brought in from either San Bernardino or Bakersfield, a process which takes a
minimum of three to four hours, assuming that the response team is not occupied
elsewhere. The closest medical facility of any note is in Pahrump, which is a minimum
of thirty minutes from the closest segments of the road and several hours away from the
furthest. The closest fully equipped hospital is in Las Vegas, which is at least two hours
away from the closest sections of SR127.

19... | State Route 127 serves much of the tourist traffic flowing into Death Valley National
Park from Las Vegas and Southern California, with recent estimates showing park usage
on the order of 1.4 million visitors/year. Considerable increases in traffic volume are
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19 cont. | expected to accompany the growth of California and of both Pahrump and Las Vegas,
Nevada (the Nation's fastest-growing medium-size and large cities, respectively). Also,
there are approximately 1000 acres of land in the vicinity of the town of Death Valley
Junction (intersection of SR127 and SR190) that may be released to the Timbisha-
Shoshone tribe for their use. If developed to mixed residential and commercial uses, this
territory could host an unknown number of additional residents and contribute
significantly to traffic on Route 127. Per information received from Caltrans, the route is
not scheduled for major improvements through 2015.

20 | The Nuclear Waste Policy Act, Section 180(c) calls for Federal action to provide
improvements in emergency response training and capability along routes designated for
the transport of high-level nuclear waste and spent fuel. The virtual absence of
emergency response capability on Route 127 and the isolated character and the current
configuration of this roadway promise to make compliance with this part of the Act an
involved and expensive exercise on the part of the Federal Government. The DEIS
makes no attempt to configure or estimate the required dedications of Federal resources
necessary to meets its obligations under Section 180(c).

Other necessary improvements prerequisite to regular use of SR 127 include complete
reconstruction of some sections of the roadway and the construction, equipping and
staffing of emergency response stations. The County and the State will be saddled with
significant new costs to safeguard its residents. The EIS fails to address, in any manner,
the significant fiscal and possibly significant environmental impacts of meeting these
obligations. These impacts are inseparable from the issue of the repository itself and
need to be quantified by the EIS.

21 | Specific Recommendation: Based on the results of the previously mentioned
transportation risk analysis, DOE must identify roadway and emergency response
improvements necessary to safeguard residents and resources in the vicinity of
California State Route 127, consistent with implementation of Section 180(c) of the
Nuclear Waste Policy Act. The costs of these improvements and their maintenance
for the duration of the Yucca Mountain repository transportation campaign should
be estimated as part of the fiscal impact analysis necessary to compare and
eventually designate waste transport corridors for the project.

Rail Transportation

22 | Due to the lack of information in the DEIS on the relative risks posed by the possible
range of rail-truck transportation scenarios, it is impossible at this time to determine
whether a rail or truck-focused transportation campaign will best serve the need to
mitigate the risks associated with the proposed repository. Inyo County does, however,
have a preference for development and use of the Chalk Mountain Route for waste
shipments originating east of California. Dedication of this route to nuclear waste
transport would make extensive use of secure Federal lands directly north of the
repository site and could significantly reduce the number of shipments on southern routes
(Interstate 15, Interstate 40, Nevada Routes 95 and 160 and California State Route 127)
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Transportation-Specific NEPA Evaluation

The transportation campaign is an integral part of the Yucca Mountain project. It is
inseparable from the operation of the proposed repository. Consideration, in detail, of
transportation impacts cannot reasonably be deferred to future analysis any more than
other off-site impacts. Without detailed information on likely primary and secondary
routes in California and the staging of shipments, it is impossible for Inyo County to
evaluate the impacts of the shipping campaign on our area. While it is DOE’s contention
that the DEIS is sufficient to serve as the “umbrella” environmental impact document for
future Federal transportation decisions, the DEIS fails to include the data, mapping and
analysis sufficient to compare routes and support even general route designations.
Absent transportation specific impact analysis in the DEIS, it is impossible to determine
the suitability of a repository at Yucca Mountain.

Groundwater

Inyo County Hydrologic Studies
The DEIS recognizes uncertainties about groundwater flow boundaries among sub-basins
within the Death Valley groundwater basin. Contamination of the deep regional aquifer,
which appears to underhie both Yucca Mountain and the Tecopa-Shoshone-Death Valley
Junction area, poses the most significant long-term threat to the citizens and economy of
Inyo County. Inyo County, in conjunction with Nye and Esmeralda Counties (Nevada)
and the USGS, have engaged in groundwater research which points to a direct connection
between water in the deep ‘Lower Carbonate Aquifer’ beneath Yucca Mountain and
surface discharges (springs) in Death Valley National Park (“Adn Evaluation of the
Hydrology at Yucca Mountain: The Lower Carbonate Aquifer and Amargosa River”,
Inyo & Esmeralda Counties, 1996, and “Death Valley Springs Geochemical
Investigation”, Inyo County, 1998, provided as Attachments A & B). These studies were
funded with DOE grant money and done to a high standard of scientific accuracy, being
subject to Federal (USGS) quality assurance and quality control measures.

The 1996 study of the Lower Carbonate Aquifer suggests a significant degree of
hydrologic connectivity between the Lower Carbonate Aquifer lying beneath the
proposed repository and surface manifestations of the same formation within Death
Valley National Park. The study also indicated that populations in Amargosa Valley
(including the California towns of Death Valley Junction, Shoshone, and Tecopa) utilize
groundwater that may be hydrologically contiguous to a southward extension of the
Lower Carbonate Aquifer.

The 1998 investigation of the geochemistry of spring waters in the mountains east of
Death Valley (some of which are developed to serve domestic and commercial uses in
Death Valley) gave indications that these spring waters may be dominated by input from
the Lower Carbonate Aquifer, perhaps via relatively fast pathways through fractures in
the formation. It should be noted that these same springs also sustain populations of a

number of threatened and endangered species.
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24 cont. | The Draft Environmental Impact Statement does not address our findings, either to
acknowledge or deny the implications of these studies with regard to potential pathways
for contaminants to reach human populations or a National Park. Our studies, which
have been available to DOE for some time, are absent from the estimated 50,000 pages of
technical background material which went into development of the DEIS. We are
formally including, by reference, these studies into our comments on the DEIS.

The County considers this a critical oversight on the part of DOE, which should be
rectified by serious consideration of our scientific work and placement of our findings in
the proper context.

The entire range of available scientific studies on groundwater flow in the Amargosa
Valley, including applicable groundwater dating methodologies and flow velocity
measurements, should be discussed. Competing models and methods and their results
should be compared by the DEIS to provide a clear view of the current state of
knowledge on the region's hydrology. The discussion of subsurface transport
mechanisms of radionuclides needs further development, comparing the potential roles of
colloidal, suspended particulate, and solution transport of contaminants under a range of
assumptions about climate and subsurface conditions.

Specific Recommendation: DOE should review the above-cited research products
for merit, incorporating the information inte the hydrology database compiled for
purposes of evaluating potential impacts to regional aquifers. I our reports have
been submitted using a format or methodology not acceptable to DOE, Inyo County
should be informed immediately to allow the County to redirect our research and
reporting efforts. The DEIS should utilize the entire range of available hydrologic
models and methods to bound projections of groundwater flow, contaminant
transport concentrations, and velocity in the region potentially impacted by release
of radioactive contaminants from the repository.

Repository Design & Performance

Selection of a Repository Design

25 | Tt is recognized that the repository design is still evolving outside of the EIS process and
that the specific design of the repository is not yet known. In order for the EIS to be
useful to the Nuclear Regulatory Commission in its consideration of DOE's license
application for construction of the repository, the specific impacts of the chosen specific
design will need to be determined, to the extent possible, and incorporated into the Final
EIS.

Assuming that the impacts of the design chosen for the repository remain within the
bounds of those environmental impacts considered in the DEIS (i.e. the EIS remains valid
for the chosen design), the Final EIS should include a detailed description of the selected
repository design and an analysis of its potential impacts, including a comparison with
reasonable alternatives that were considered and discussion of any impact mitigation
measures which were incorporated into the design subsequent to distribution of the DEIS.
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Groundwater Impacts

After release of the DEIS, DOE - in response to a Nuclear Waste Technical Review
Board critique of the original proposal for a "hot" (high thermal loading) repository -
opted for a “cool” design. The choice of a low thermal loading design appears, to the
best of our knowledge, to be based on DOE's finding that the cooler design is easier to
model, not because there is evidence that this 1s an otherwise superior alternative.

The change of repository design from a “hot” repository to a “cool” repository has major
and insufficiently researched implications for groundwater flow and groundwater
chemistry. A hot repository has the potential to intercept and boil off groundwater
infiltrating through the tuffaceous material above the emplacement blocks, thereby
heading off the input of contaminated liquids into the saturated zone. A hot repository
also, however, may accelerate waste package disintegration and increase the density and
size of local rock fractures, accelerating contamination of the saturated zone. There is
insufficient information on the behavior of the hydrology and geology of Yucca
Mountain to develop a balanced design that minimizes or avoids contact between water
and waste materials. This being the case, the current state of knowledge and information
available to preparers of the DEIS is inadequate to development of a NEPA document
sufficient to support a decision on repository design.

It is DOE’s contention that the DEIS is sufficiently broad in its treatment of repository
design variations to cover the switch to a cooler repository, however, recent technical
discussions on repository performance conducted by the Advisory Committee on Nuclear
Waste and the Nuclear Waste Technical Review Board reflect considerable uncertainty in
our understanding of how the repository will behave under the cooler design. We do not
believe that the current state of knowledge on repository performance lends itself to a
determination that the DEIS is adequate to support a decision on which design should be
adopted.

Specific Recommendation: Given the inadequate state of knowledge on the viability
of the various design variations described in the DEIS, the current DEIS cannot be
used as the basis for choosing the specific design to be submitted to the NRC for
licensing. Choice of repesitory design must be deferred until sufficient research has
been completed to allow for an informed choice. The selection process should be
subject to separate NEPA treatment at the appropriate time.

Mitigation of Groundwater Impacts

All of the design alternatives considered in the EIS lead, ultimately, to a repository that is
expected to leak (albeit at different rates depending on the particular choice of tunnel
configuration, waste packaging, assumptions regarding geology, climate, and the
response of the waste packages to the repository environment). Given the scale and
complexities of the aquifers subject to potential contamination by the project, mitigation
of impacts to these resources will range somewhere between extremely expensive to
completely impossible. The DEIS should explain DOE's stance on providing mitigation,
and either consider the adoption of feasible mitigation measures or state that such impacts
cannot or will not be mitigated by the Federal government.
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Waste Package Design

It is recognized that the Nuclear Regulatory Commission has recently initiated a new
program of cask testing which proposes to subject transportation cask prototypes to an
expanded range of physical tests. Since the nature and, of course, results of these tests
are at present unknown and cask options cannot be evaluated via the NEPA process at
this time, the current Yucca Mountain DEIS cannot be used as a base document from
which to tier off a NEPA evaluation of possible cask designs. Further discussion of cask
designs at this time is therefore unwarranted.

Monitoring and Retrieveability

DOE's proposal calls for backfilling of the emplacement drifts and closure of the
repository between 50 and 300 years after disposal operations begin. Backfilling and
closing the repository prohibits monitoring of the waste packages for structural integrity
and increases the difficulty and cost of retrieving the waste should a radioactive release
occur or new findings and technologies emerge which provide for safer forms of storage
or reuse of the nuclear material.

Contrary to the expectation incorporated into DEIS that significant radioactive releases
from the repository are inevitable, DOE must adopt as its goal complete and permanent
isolation of radioactive material from humans. In our estimation, the only way to both
meet this goal and to mitigate the many uncertainties associated with repository
performance is to have a permanently open and thoroughly monitored facility. DOE
should not attempt to anticipate a closure date for the repository and should quantify, to
the extent possible, the fiscal impact of funding a closely monitored facility capable of
retrieving and replacing failed waste packages.

The project should provide, as a mitigation and risk-reduction measure, for on-site third
party monitoring of the repository both during and after the emplacement phase. It is
recommended that either the National Science Foundation or Nuclear Regulatory
Commission be specified as the third party and provided the necessary funding via the
Nuclear Waste Policy Act.

Economic Development Considerations

Groundwater modeling used as the basis for the DEIS does not take into account the
potential for accelerated transport of radionuclides due to projected increases in regional
groundwater extractions. Growth in Pahrump, the Amargosa Valley, and possible
development of pending regional groundwater claims by the City of Las Vegas may lead
to significant changes in the direction and volume of groundwater flow from Yucca
Mountain. It is well within the ability and purview of DOE to attempt a reasonable
projection of the effects of urban development on the regional groundwater system and to
incorporate these expectations into the groundwater models utilized in development of
the DEIS.
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Specific Recommendation: Groundwater modeling conducted in support of the
repository site evaluation process should be reworked to incorporate reasonable
projections of future regional groundwater usage. The likely effects of regional
groundwater development on contaminant plume paths, velocity, and radionuclide
concentrations should be projected and mapped.

Socioeconomic Impacts

Socioeconomic impact analysis in the DEIS is limited to regional impacts on
employment, housing and other standard economic indicators. There is no analysis of
potential socioeconomic disturbances due to repository operation and transportation
under both normal and accident conditions. Conversely, the DEIS lacks discussion of the
impact of socioeconomic changes on the operation of the repository. Growth rates and
development expectations along transportation corridors, and the implications of same for
the evolution of new transportation risks during the 30-year span of repository operations
are not considered.

The knowledge that nuclear waste transportation or accidents are associated with
particular locations/roadways can have adverse economic impacts to those locations due
to accumulating stigma. Inyo County, with its tourism-based economy revolving around
the use of Death Valley National Park, is particularly vulnerable to the economic impacts
of stigma. The same holds true for risks associated with possible contamination of the
regional aquifer serving commercial uses in Death Valley. In light of the economic
benefits received by the County and the State of California from Death Valley National
Park (which on average receives 1.4 million visitors per year), the security and public
perception of State Route 127 is of utmost importance. The EIS should consider the
potential socioeconomic impacts of stigma associated with the proposed action and
evaluate potential mitigation options.

The project could also affect property values in the southeastern portion of the County,

an area that is likely to experience considerable growth during the 30-year time-span for
which the repository would accept waste. The DEIS, if it is to truly function as a tool for
analyzing the impact of the repository, must attempt to project the economic
consequences of the designation of specific waste hauling routes and of repository
contamination of the regional groundwater system on local economies.

Conclusory Remarks

The DEIS admits to significant uncertainties in 1) the final repository design, 2) the
expected performance of both natural and man-made barriers to radionuclide release;

3) the response of the natural environment (transport mechanisms) to inputs of
radioactive materials; and 4) the health impacts of the expected radiological
contamination of the regional aquifer. The DEIS fails to address in a meaningful way
issues of transportation or socioeconomic impacts and does not provide well-developed
alternatives for consideration by the public or decision makers. None of the design
options result in a repository that isolates radionuclides from the accessible environment.
Cumulatively, the current level of uncertainty associated with the project and the lack of
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35 cont. | scientific information necessary to reduce some of the major uncertainties makes it
difficult to imagine that the document will be found adequate for use by the Nuclear
Regulatory Commission in its consideration of DOE's application for a license to
construct a repository.

36 | The absence of meaningful treatment of the environmental impacts of the transportation
component of the project is a major flaw in the Draft Environmental Impact Statement
which will eventually require that DOE develop a second Environmentat Impact
Statement specific to transportation issues. This being the case, Inyo County objects to
the use of the current DEIS as the basis for future decision-making on waste transport and
requests that DOE amend the Environmental Impact Statement to address the full range
of impacts accruing to construction and operation of the repository.

37 | The DEIS as a whole is narrowly scoped, to the degree that comprehensive analysis of
the impact of the proposal is impossible. Taking into account those NEPA exemptions
granted by Congressional action, the development of project alternatives in the DEIS
remains unnecessarily restricted, obstructing attempts to weigh the costs and benefits of
the proposed repository. It is unclear whether a Supplemental EIS or a new EIS is
needed. Typically, a Supplement needs to be prepared if new information or
circumstances become apparent. In the case of Yucca Mountain, the information DOE
would require to correctly draft an EIS is either: 1) already available or readily
developed (e.g. data prerequisite to rail and road corridor risk analysis); or 2) unlikely to
be available in the near future (such as statistically significant data on waste package,
emplacement drift or aquifer bebavior). The revised DEIS needs to differentiate clearly
between the known and the unknowable for the benefit of both reviewers and future
decision-makers.
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DEATH VALLEY SPRINGS GEOCHMICAL INVESTIGATION

YUCCA MOUNTAIN NUCLEAR WASTE REPOSITORY,
INYO COUNTY OVERSIGHT-1998

EXECUTIVE SUMMARY

Yucca Mountain, Nevada is under study as the site of the only proposed high-level nuclear waste
repository in the United States. The repository concept uses the philosophy of multiple barriers, both
engineered and natural, each of which impedes the movement of radionuclides into the accessible
environment. The proposed repository would be in the unsaturated zome in Tertiary tuffaceous
rocks. The principal transporting mechanism for radionuclides is moving ground water. Underlying
the repository is an extensive Lower Carbonate Aquifer known to be highly permeable. Inyo County,
as an affected unit of local govemment under the Nuclear Waste Policy Act, as amended, is concerned
with the connections between the Lower Carbonate Aquifer underlying Yucca Mountain and the
carbonate sources of waters in Inyo County, especially the Death Valley region. This report is a
summary of the investigations conducted by Inyo County’s consultants, the Hydrodynamics .Group,
during calendar year 1998.

This report presents the results of The Hydrodynamics Group’s 1998 collection of water samples
from 23 springs and 2 creeks in Death Valley. The overall goal of this study was the eva]'uatjon of
far-field issues related to potential transport, by ground water, of radionuclides into Inyo County,
including Death Valley, and the evaluation of a connection between the Lower Carbonate Aquifer
and the biosphere. Death Valley is believed to be a discharge point for regional ground water
aquifers below Yucca Mountain. The objective of this geochemical study of spring waters was to help
further characterize the ground water in the Death Valley mountain blocks, and to determine the
source of these waters.

Prior research was reviewed to determine areas where sampling was needed. Less than 10 percent of
known springs in Death Valley National Park have been sampled and analyzed. The sampling of
springs for isotopic analysis by the USGS has been limited to the large Funeral Mountain springs
discharging along the Furnace Creek Fault and along the alluvial fans on the east flank of the
Panamint Mountain range. The USGS had also sampled a select number of springs in the Black
Mountain range for isotopic analysis. Following this review the selected water sources were sampled.
The samples were collected, preserved, and shipped for analysis to the USGS’s Denver laboratory,
Huffman Laboratories, and Beta Analytical Laboratory by The Hydrodynamics Group’s personnel.
The evaluation of the geochemical composition of the springs of the Death Valley National Park and
the Yucca Mountain study area established the chemical composition of the spring waters. The
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comparison of the regional geochemical composition, concentration of isotopes, and the regional
geological conditions allowed an evaluation of the source of the spring waters relative 10 the Lower

Carbonate Aquifer.

The results of this study suggest the need to further characterize the springs and hydrogeology of the
Death Valley area, and to better understand the hydraulic connection between the Funeral Mountain
springs and the Lower Carbonate Aquifer beneath Yucca Mountain and the Amargosa Valley. It is
recommended that additional springs be sampled and analyzed for major anion and cations, and
stable isotope concentrations. The report further recommends the drilling of two exploratory wells
east of the Funeral Mountains to further evaluate the possible hydraulic connection between the
springs in the Furnace Creek area and the Lower Carbonate Aquifer.

Page 2 The Hydrodynamics Group
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Yucca Mountain is the site of the only proposed high-level nuclear waste repository in the United
States. The repository concept uses the philosophy of multiple barriers, both engineered and natural,
each of which impedes the movement of radionulcides into the accessible environment. The
proposed repository would be in the unsaturated zone above the water table in Tertiary tuffaceous
rocks. The principal transporting mechanism for radionuclides is moving ground water. Underlying
the repository at approximately 2-km (6,000 feet) is an extensive Lower Carbonate Aquifer known (0
be highly permeable.

Inyo County has participated in oversight activities for the Yucca Mountain Nuclear Waste Repository
since 1987. The purpose of Inyo County’s oversight activities is to ensure that repository siting and
subsequent repository activities do not adversely impact the public health, safety, or welfare of
County residents or the environment, including Death Valley National Park. The Hydrodynamics
Group, Inyo County’s hydrogeology consultants, determined that a linkage between the alluvial and
carbonate aquifers at Yucca Mountain and Death Valley in Inyo County may be possible. Winograde
(1975) suggested that the springs on the east side of Death Valley may be points of discharge from
the Lower Carbonate Aquifer.

‘This investigation of Death Valley springs was performed in support of Inyo County's Yucca
Mountain Oversight Program. Inyo County's Yucca Mountain Oversight Program identified a
number of spring sources in the Death Valiey Mountain ranges. This report presents the results of
The Hydrodynamics Group's 1998 collection of water samples from 23 springs and 2 creeks in
Death Valley. Samples were analyzed for concent.rations' of major cations and anions, and isotopic
ratios of strontium, uranium, and oxygen. The results of the analysis were compared to the chemical
analyses of other available carbonate aquifer and spring samples in the Yucca Mountain project area.

1.1 Statement of the Problem

The linkages between the alluvial and carbonate aquifers, the recharge and discharge points, and
ground water travel ime are key to Inyo County's hydrological concerns about the proposed Yucca
Mountain Nuclear Waste Repository. Death Valley is the terminus for surface water drainage from
Yucca Mountain and Amargosa Valley. It is also believed that ground water from the Lower
Carbonate Aquifer discharges into Death Valley via springs. The relationship between waters in
Death Valley and the ground water flowing under Yucca Mountain has yet to be determined.
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Specifically, The Hydrodynamics Group’s hydraulic model (Bredehoeft, et. al., 1996) of the
Amargosa River system indicates a negative water balance. Measured stream flows exceed what
would be expected for published evapotranspiration (ET) rates and precipitation. This suggesis a
significant contribution to Amargosa river flows from a larger ground water system {Bredehoeft, et.
al., 1996). Winograd (1975) and other researchers suggest that ground water in the Yucca Mountain
area is hydraulicaily connected to the Lower Carbonate Aquifer. Discharge from the major springs
in Death Valley may be fault-controlled and hydraulically connected to the Lower Carbonate
Aquifer.

The U.S. Geological Survey's (USGS) numerical ground water model of the Yucca Mountain area
(D’ Agnesses, et. al., 1997) is based on limited data on the hydrology of the Death Valley system.
Major data gaps exist in

ET values for Death Valley,

inflow into Death Valley from the Amargosa River,
infiltration into the Death Valley mountain ranges,
the source of spring waters in Death Valley,

water level data,

hydraulic parameters, and

SEESRCEE I

hydraulic boundary conditions in Death Valley.

These major data gaps need to be filled for the USGS numerical ground water model of the Yucca
Mountain area to be used effectively as a tool to evaluate the potential for the transport of
radionuclides from Yucca Mountain.

The drilling of wells in Death Valley is environmentally unacceptable. The chemical analysis of
spring and creek waters in Death Valley provides an environmentally acceptable means of evaluating
the source of these waters. Ground water can absorb and precipitate chemicals from rock materials
along its flow path. The dissolved chemicals in the waters can also react to produce compounds or
ratios of selected chemicals that suggest either a source for the water or a travel path for the water. A
limitation on use of chemical analysis for water source analysis is that the interpretation of results
does not provide a definitive answer. This is partially due to the possible mixing of waters from more
than one source. Thus, the interpretation of chemical composition of waters for purposes of source
analysis can be problematic.
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The overall goal of this study was the evaluation of far-field issues related to potential transport, by
ground water, of radionuclides into Inyo County, including Death Valley, and the evaluation of a
connection between the Lower Carbonate Aquifer and the biosphere. Death Valley is believed to be a
discharge point for regional ground water aquifers below Yucca Mountain.

The objective of this geochemical study of spring waters was to help further characterize the ground
water in the Death Valley mountain blocks, and to determine the source of these waters.

2.0 Hydrogeology of the Death Valley Drainage Basin

The hydrogeology of the Death Valley Drainage Basin is important to the understanding of the
movement of ground water from Yucca Mountain and the spring discharge in Death Valley National
Park (DVNP). Please note that while reference will be made to Death Valley Natijonal Monument
(DVNM), the springs sampled for this study are within the original boundaries of the DVNM. The
National Monument was changed to a National Park by the California Desert Protection Act of 1992,
with the addition of 1.3 million acres to the lands formerly designated as a National Monument. The
boundary of the Park,, while approximately fixed in 1994, are not yet generally available in map
form. The geology of the Death Valley Drainage Basin (DVDB) and the hydrostratigraphy of Death
Valley are described below. This provides a framework for the characterization of springs in Death
Valley.

2.1 Geologic Framework of the Death Valley Drainage Basin

The geology and hydrogeology of the DVDB, which includes DVNP, has been described in countless
books, publications, and articles. Among these are Charles Hunt's book entitled Death Valley:
Geology, Ecology, Archaeology, 1975; and Harris & Tuttle’s book entitled Geology of National
Parks, Fifth Edition, 1997. More recently, Harrill (1995), Faunt (1997), and D’ Agnese, et. al., (1997)
published articles on the geology and hydrogeology of the DVDB. The USGS publications were
specific to issues concerning the modeling of ground water within the Yucca Mountain nuclear waste
repository study area. An overview of the geology and hydrogeology of the DVDB and DVNP, as
presented by these and other authors is provided below.
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Death Valiey is located in the southwest corner of the Great Basin physiographic province and in the
southwest portion of the DVDB (Plate 1). The Great Basin and DVDB are within the northern part of
the Basin and Range physiographic province. Numerous northwest-trending mountain ranges and
intervening broad and flat valleys, or basins, characterize the Basin and Range province. The ranges
are spaced about 20-30 km (12 to 18 miles) apart.

The DVDB covers an area of about 40,100 km?2 (15,800 mi.2)‘ Surface and ground water drainage
in the Basin is, in general, towards Death Valley. The DVDB includes the northwest trending basins
and ranges of the Panamint Valley, Panamint Range, Death Valley, Grapevine-Funeral-Black
Mountain Ranges, Amargosa Valley, and Yucca-Spector-Spring Mountain Range (Plate 2). The
mountain ranges cover about 25 percent of DVDB, and can be greater then 80 km (50 miles} in
length, and 8 to 24 km (5 to 15 miles) wide (Hermrill, 1995). The altitude of these ranges varies
petween 304 to 2,743 meters (1,000 to 9,000 feet) above valley floors. The intervening basin can
extend over 120 km (75 miles) in length, and can range in width from 3 to 40 km (2 to 25 miles).
The valley floors are relatively flat with altitudes ranging from 5,000 feet in the northern half of the
DVDB to over —60 meters (-200 feet) in Death Valley.

The Death Valley portion of the Great Basin has a long geological history. Mifflin (1988) states that:

The Great Basin region displays the record of a long and active history of intermittent
marine sedimentation and large-scale compressive deformation, island-arc plutonism
and volcanism, bimodal basaltic and silicic volcanism, extensional tectonics, and
terrestrial sedimentation. Mifflin further states: Rock types, ages, and deformational
structures range through much of the known spectrum, and in many areas_impressive
diversities exist in juxtaposed rock types.

This results in geology that is highly variable and complex. Although it is possible to readily map
the surface geology of the area, our knowledge of the subsurface geology beneath the alluvial basin
is based upon a limited number of voreholes. The areal distribution of major geological rock types
in the DVDB is shown on Plate 3. Faunt (1997) states the DVDB consists of:

Precambrian- and Cambrian-age clastic and crystailine rocks: Paleozoic-age clastic
and carbonate rocks; clastic and intrusive rocks of Mesozoic age; varied. fluvaial,
paludal, pond, and playa sedimentary rocks of Pliocene age; volcanic rocks and
alluvium of Tertiary age; and alluvium, colluvium, and eolian deposits of Quaternary

age.
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A generalized geologic column of major geological rock types is provided in Table 1. Fiero (1986)
illustrated the geological history of the Great Basin, which includes the DVNP, in his book entitled
Geology of the Great Basin, 1 986. A summary of the principal geologic events in DVNP as
discussed in Fiero’s book is listed in Table 1. It is evident that a variety of sedimentary and igneous
intrusive and extrusive rocks have been subjected to both compressional and extensional deformation
(Harrell, 1995). Compressional and extensional deformation activities are evident in the complex
patterns of high and low angle fauits, which have been mapped by Faunt (D’Agnesse, et al, 1997)
(Plate 4). Currently Death Valley is experiencing extensional deformation and tilting to the east
resulting in the continued dropping of Death Valley.

2.2 Hydrogeology Framework of DVDB

Pal Consultants’ report entitled A Conceptual Model of the Death Valley Ground-Water Flow System,
Nevada, California, 1995, (Harrell, 1995) provides an extensive presentation on the numerous
published studies that developed conceptual models of the hydrogeology framework of Death
Valley. Central to the recently developed hydrogeology framework models of the DVDB is the
integration of hydrostratigraphic units and structural elements.

In an idealized basin and range setting, ground water generally moves downward from mountainous
recharge regions, then laterally toward discharge areas, and then upward into the discharge areas
(Faunt, 1997). Faunt (1997) states that: '

The mountain ranges consist primarily of uplifted, faulted, and exhumed rocks of
metamorphic and sedimentary origin. Locally, the rocks have been intruded or
overlain by both volcanic and intrusive rocks of many different ages and
compositions. The way in which these rocks were deposited, lithified, deformed,
fractured, and weathered ultimately controls the way in which ground water enters,
flows through, and exits the hydrogeologic system.

Death Valley is the terminal discharge point for 27 hydrographic areas, with a surface area of about

40,922 km2 (15,800 mi.2), (Plate 5) (Harrel, 1995). Faunt (1997) defined the hydrogeologic
framework of these hydrographic areas by use of hydrostratigraphic map units (Plate 6). The

hydrostratigraphic map of DVDB covers an area of approximately IOO,OOO-km2 (38,610 mi.2). The
hydrostratigraphic map consists of ten units (Faunt, 1997). Units were first delineated by grouping
geological units by similar rock types. and second by similar hydrologic properties. A description of
these hydrostratigraphic units is provided in USGS Water-Resource Investigation Report 95-4132
(Faunt, 1997).
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The movement of surface and ground water through this hydrogeology framework ‘has been studied
using the USGS's numerical ground water model of the Yucca Mountain area (D’Agneses, ct. al,
1997). D’Agneses (1997) used the hydrotratigraphy described above for his analysis.

3.0 Springs of Death Valley

The National Park Service (NPS) has identified 289 springs and seeps within the boundaries of
DVNP. These springs and secps were identified and cataloged by NSP Rangers starting in the late
1940’s. Information collected on these springs and seeps is filed in four binders at the
Environmental Services building in DVNP. A summary of information collected on these springs
and seeps is provided in Appendix A. The locations of these springs are shown on Plate 7. The

locations of these springs and seeps are accurate to the nearest 1!4 section.

The springs in DVNP can be grouped into the following four types:

Type 1 Springs along Steeply Dipping Faults
Type 2 Mountain Springs

Type 3 Springs at Impermeable Structural Barriers
Type 4 Springs at the Edge of Alluvial Fans

3.1 Springs Along Steeply Dipping Faults

The springs with the greatest discharge are located along the steeply dipping Furnace Creek fault
system between the Funeral and Black Mountain ranges (Plate 8). The major springs are named
Nevares, Texas, and Travertine. These springs have an estimated total discharge of 158 liters per
second (L/sec) (2,500 gallons per minute (gpm)), and are a water supply to the community of
Furnace Creek. The springs discharge from the Paleozoic-age carbonates at the base of the Funeral
Mountain range near the trace of the Furnace Creek fault. The spring orifices are marked by
prominent white travertine mounds down-gradient. The source of water to these springs is of interest
because they discharge from Paleozoic-age carbonate of the same age as the Lower Carbonate
Aquifers at Yucca Mountain.

3.2 Mountain Springs
Mountain springs and seeps represent the greatest number of springs. Over 200 are listed in

Appendix A. Most of these springs have small volumes of discharge. These springs are located at
the higher altitudes in the Grapevine, Black Mountain, and Panamint Mountain ranges (Plate . A
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number of these springs are located at or near low-angle faults. The springs, for the most pari, are
located along intermittent creeks. Springs were observed to discharge from minor fractures in
bedrock outcrops and from shallow soils. Springs can be located by the growth of willows at the
spring orifice. Thus, the number of springs named “Willow” in DVNP. At a number of these
springs the discharge is completely absorbed by associated vegetation. We observed spring discharge
rates from negligible to 1.26 Lisec (20 gpm) with the average about 0.32 Lssec (5 gpm). Springs
flows typically disappear less than 4.6 meters (15 feet) down-gradient of the spring.

3.3 Springs at Impermeable Structural Barriers

There are a limited number of springs emerging at impermeable structural barriers in and near the
Salt Pan areas. The most noted of these springs is McLean that helps maintain flow of Salt Creek
through the Salt Creek Hills (Plate 3). Two other examples of this spring type are Salt Creek spring
and the small springs above the Park Service area at Nevares spring (Plate 7). The location of these
springs near salt creek, and their close proximity to springs up-gradient suggest the source of water 10
these springs is the ponding of shallow ground water at relatively impermeable, structural barriers.
Discharge from these springs is on the order of 0.63 L/sec (10 gpm), and typically has a high
dissolved mineral content.

3.4 Springs at the Edge of Alluvial Fans

Springs at the edge of the alluvial fans along the salt pan at the base of the Panamint Mountain range
represent the second most prolific springs in DVNP. The best known of these springs are Tule,
Shorty Wells, Eagle Borax, and Bennett Well (Plate 8). The water table below the coarse alluvial fan
materials is estimated to have a slope of 7.6 to 15.2 meters per km (25 to 50 feet per mile). The
water table is estimated to be several hundred feet below ground surface near the base of the
mountain range, and at the land surface near the toe of the alluvial fan. Ground water discharges at
the foot of alluvial fans at the Salt Pan. These springs commoniy have associated willow and salt
grass by open discharge channels. A distinct spring orifice is not evident at these springs. Total
discharge from these springs is on the order of 95 Li/sec (1,500 gpm) (Appendix B). Discharges
from these springs typically have a high dissolved mineral content,

4.0 SPRING WATER SAMPLING PROGRAM
Less than 10 percent of known springs in DVNP have been sampled and analyzed. The sampling of

springs for isotopic analysis by the USGS has been limited to the large discharge springs along the
Furnace Creek Fault and along the alluvial fans on the east flank of the Panamint Mountain range.
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The USGS also sampled a select number of springs in the Black Mountain range for isotopic analysis.
The results of chemical analysis of spring samples collected by the USGS in DVNP are provided in
Appendix B.

The chemical composition of the higher altitude, Type 2, springs, and the Type 3 springs in DVNP is
essentially unknown. Thus, our spring sampling program focused on the Type 2 and 3 springs; as
these may provide insight into the source of ground water in DVNP. Our goal was to sample 25
additional springs in DVNP for chemical analysis. We initially identified 30 springs from the
National Park Service’s inventory of springs in DVNP, with the understanding that some of these
springs may not be flowing. Criteria for selecting these springs included whether the spring had been
sampled before, geographic location, type of spring source rock, reported discharge volumes, and
access. Of the 30 selected springs, only 23 were flowing and/or accessible.

Water samples from 23 springs and 2 creeks in DVNP were collected, preserved, and shipped for
analysis to the USGS’s Denver laboratory, Huffman Laboratories, and Beta Analytical Laboratory by
The Hydrodynamics Group’s personnel (Table 2). A description of our sample collection and
analysis procedures and the resulis of our study are provided below.

4.1 Sample Collection and Analysis Procedures

Water samples were collected, preserved, and shipped in accordance with U.S. Geological Survey
Yucca Mountain Program ground water sampling protocols under the direction of Zell Petermen
(Senior Geologist, U.S. Geological Survey, Yucca Mountain Project Branch). Each spring source was
sampled once in this study. A summary of the analysis performed and information collected on each
spring source is provided in Table 3.

4.2 Data Collected and Results of Analysis
The results of the analyses by the USGS, Huffman Laboratory, and Beta Analytical are provided in
Tables 4 and 5. A summary of collected field data is provided in Table 6.

5.0 ANALYSIS OF GEOCHEMICAL SPRING DATA
Springs have proven useful in the characterization of flow systems because they are integrated
samples of a ground-water flow system reflected in a single point of discharge. The geochemical

composition and physical characteristics of spring waters can be representative of an entire ground
water flow system, and therefore very conducive 0 regional ground water studies. The geochemical
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composition of springs can provides clues to the source, travel path, mixing of Wwaters, and other

processes within the ground water system.

Our evaluation of the geochemical composition of the springs of DVNP and the Yucca Mountain
study area first established the chemical composition of the spring Walers, which is provided in this
section of the report. Secondly, we compared the regional geochemical composition, concentrations
of isotopes, and the regional geological conditions to evaluate the source of the spring waters relative
to the Lower Carbonate Aquifers below Yucca Mountain.

5.1 Chemical Composition of Springs (Piper Analysis}

Piper diagrams ar¢ an acceptable method to portray the chemical composition of spring waters. A
wilinear "Piper" diagram (Piper, 1953) is a technique for displaying water chemistry data. The

method graphically shows the relative concentrations of major cations (Cat2, Mg*+2, and K*) and
anions (CO3-, HCO3", and SO47). Spring water of similar compositions will plot at or near the same

position on a Piper diagram; this suggests a COMMON SOUrce.

Piper diagram plots were prepared for springs sampled by mountain blocks (Plates 9, 10, 11, 12, 13,
and 14). The index to the spring data points on Plate 9 is provided in Table 7 (Appendix B). Spring
data points for chemical analysis provided by the USGS are designated by “spring name-USGS”
(Appendix B).

The Piper diagrams of the DVNP springs indicate a very close match of chemical compositions for
springs within a give mountain block (Plate 9). A description of the chemical composition of spring
waters by mountain block is provided below.

The Piper diagram plot of the Grapevine springs indicates that all but two of the springs are located

near the top of the recharge system (Plate 10). The very high HCO4~ concentrations and very low

concentrations of Na*, CI-, 8O4-, and Mg*2 indicate a very young ground water source. The springs

sampled are at higher elevations near the winter snowfields, and are discharging from rhyolitic
bedrock. Discharge rates ranged from a trace 0 OVer 20 gpm, and springs are located near
intermittent creeks. The Stainger and Daylight springs differ from the other Grapevine springs in
that they are localized intermittent seeps that pond water at the surface where it evaporates. Daylight
spring was dry during our visit in May of 1998.
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The Piper diagrams of the Funeral Mountain springs have very similar chemical compositions (Plate
11). These spring waters have high concentrations of Nat, K¥, and Mg+2, and intermediate
concentrations of HCO3™ SO4” and CI'. This indicate water discharging from these springs has

followed long travel paths. The source rock for these springs is carbonate. These springs are known
for their association with travertine deposits at the spring orifices. The significance of these springs
will be discussed in Section 6.0 and 7.0 of this report.

" The Black Mountain springs can be described as a mixed bag of sources, based on the wide range of
chemical compositions on the Piper diagrams (Plate 12). The Ibex, Lemonade and Salisburg springs
have similar chemical compositions, but are not geographically near each other. The high

concentration of NaCl and moderate concentration of HCO3™ in these three spring waters indicates a

small localized ground water flow path. Water discharging from these three springs was observed to
pond, and eventually evaporates. The Willow spring is unique in that it plots near the center of the
piper diagram (Plate 12). Willow spring is the discharge point for Gold Valley. Gold Valley is a

higher altitude colluvial filled valley. The valley is composed of a wide range of metamorphic and-

igneous rocks. The chemical composition and location of Willow spring in Gold Valley suggest the
source of water is discharge from the colluvial materials and basement rock.

The Piper diagram for the Panamint Mountain range springs reflect a range of composition that are
indicative of their source rocks (Plate 13). The chemical composition of these springs shows very

high concentrations of Ca*2, and very low concentrations of NaCl and Mg*z. The wide ranges of

HCO3" and SO4" are indicators of the maturity of the water. A mature water will have a higher

concentration of S04~ and a lower concentration of HCO3". The opposite is true for intermediate-
mature water. The more mature waters are from springs discharging from carbonate rocks, like

Dripping spring. The C14 determined age of Dripping spring is about 7,000 years. The relatively
higher concentrations of CaSO4q in this water indicate a source of gypsum and/or other

hydrothermally deposited minerals. There are a number of higher altitude small mining operations,
near the Lime Kiln spring that are associated with hydrothermal deposits.

The Piper diagrams for the Death Valley Salt Pan springs are totally dominated by evaporation
processes, with concentrations of NaCl exceeding that of sea water in some springs (Plate 14). These

waters have essentially no concentrations of Ca*2, Mg*2, and HCO3~. The concentrations of SO4°

are low to moderate suggesting these waters had sulfates in them prior to evaporation. The
composition of the Eagle Borax Spring is similar to Panamint Mountain springs, which suggest this is
a fault controlled spring source.
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The stable isotopes of deuterium and oxygen-18 are useful in the interpretation of a spring source;
these isotopes provide a signature of the recharge source, 2 means to evaluate the evaporation history
of the water, and a means to evaluate certain rock-water reactions. The analysis of these isotopes can
allow a constrained interpretation of ground water flow path. The isotope data is especially useful
{when combined with other parameters), such as general water chemistry, type of spring source rock,
and discharge rates.

Deuterium and oxygen-18 values are plotted on Plate 15. The Modern Water Line (MWL) is shown
as a guide to average composition trends (Craig, 1961). Frequently, waters of the Great Basin plot
slightly to the right of the MWL. This is because of evaporation during liquid precipitation in the
generally dry atmosphere.

A considerable portion of the precipitation in the higher mountains is Snow. Water samples from this
water source plot on or just above the MWL, which is evident in the deuterium and oxygen-18 values
for the Grapevine and some of the Panamint springs. For example, Johnnie Shoshone spring, a
higher altitude spring in the Panamint Mountain range, plots to the left of the MWL. The spring has
a relatively small catchment area, with recharge from a large number of winter SHOWStorm events.
The higher altitude Panamint Mountain range’s Hummingbird and Thomdike springs piot nearly on
the MWL. The Wildrose spring differs from this pattern by plotting to the right of the MWL.
Wildrose spring is located in the same drainage basin as these three springs, but at a lower elevation
(approximately 1,250 m (4,101 feet) elevation). Discharge from Wildrose spring appears to be from
a much larger drainage area. The Lime Kiln, and Upper Emigrant springs also represent discharge
from relatively large drainage basins in the Panamint Mountain ranges, and plot just right of the
MWL.

A number of moderate elevation springs 1,000 to 3,000 m (3,281 to 9,843 feet) in elevation show a
strong shift to the right of the MWL, this reflects the influence of evaporation. Ibex and Salsberry
springs in the Black ‘Mountain range have small spring catchments that experience evaporation. The
Navel Springs in the Funeral Mountain range also shows an evaporation effect, and influence from
localized recharge. The Navel springs have a significantly heavier isotopic signature than the Texas,
Travertine, and Nevares springs in the Funeral Mountain range. The Texas, Travertine, and Navares
springs plot very close to the MWL. It is believed Texas, Travertine, and Nevares springs represent an
older interbasin carbonate rock flow system. These springs also reflect more pluvial Pleistocene
climate age waters, thus the lower isotopic values.
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The Salt Pan springs show the greatest shift to the right from the MWL. All of the Salt Pan springs
(McLean, Buried Wagon, Saratoga, Owls Hole, and Salt Creek) have gross water chemistries indicating
dissolution of evaporates, primarily halite (NaCl) and some sodium sulfate minerals.

5.3 Uranium 234U/238U Isotopes

The uranium content in groundwater and ratio between the uranium isotopes of 234U/238U may
provide insight into the source of the water (Ludwig et., al., 1993). Paces, et al. (1998} states:

Uranium-234 is an intermediate decay product of 238U, which, if undisturbed,
reaches a state of secular equilibrium, activity (decays per unit time) of the daughter
is equal to that of the parent such that the 234y/238U activity ratio = 1.0 in solid
materials older than several million years. In conlrast, oxygenated ground waters in
southern Nevada have 234U/238U ratios that are nearly always greater than those in
surface runoff (234U/238U activity ratios commonly between 1.5 and 2.0; J.B. Paces
et al, USGS, written comm., 1996) or soil-zone materials (initial 234y /238U ratios of
13 1o 2.0). Therefore, elevated 234U/238U signatures are obtained by

incorporating 234U preferentially to 238U along flow paths due to processes related
to the effects of radioactive decay in the adjacent wall rock. The dominant

mechanisms are preferentially leaching of 234U from radiation-damaged lattice sites
(Szilard-Chalmers effect), radiation-induced oxidation of 234y leading to a more
soluble uranyl ion, and alpha-recoil of 234Th off of crystal surfaces. The amount of
2341 excess relative to 238U is limited by rates of 234U decay, water rock ratios,
flow-path length, and the amount of bulk-rock dissolution from the aquifer. These
factors typically result in 234y/238U activity ratios between about 2 and 4 in most
southern Nevada ground water.

DVNP springs are relatively rich in uranium. Two potential sources of uranium are hydrothermal
mineralization, (Panamint mountain range springs) and uranium concentrated by evaporation (Salt
Pan springs).

The springs with the highest concentration of uranium are the salt pans springs of Buried Wagon,
McLean, Salt Creek, Owls Hole, and Saratoga, which range between 16.22 and 25.22 parts per billion

(ppb) uranium (Table 5). These springs have 234(J/238U activity ratios that range between 1.25 and
1.73. The concentration of uranium in the Panamint springs of Johnnie Shoshone, Upper Emigrant,
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and Anvil range between 8.502 to 21.244 ppb. These springs have 234y/238U activity ratios that
range between 1.25 and 2.83.

Paces, et., al. (1998) plotted uranjum concentrations versus 234y/238U activity ratios for well and
spring waters in the DVDB (Plate 16). Plate 16 also includes a plot of uranium CONCENtralions versus

2341J/238U activity ratios for Death Valley spring. Paces, et., al. (1998) states: that ground water
associated with carbonate, alluvial, and Precambrian-rock aquifers from Qasis Valley, Amargosa

Valley, Spring Mountains and easternmost NTS (Nevada Test Site) have 234U/238U activity ratios of
abour 1.5 to 4. Paces, et al. (1998) further indicates waters from volcanic-rock aquifers beneath
Yucca Mountain and western Yucca Flat commonly have values greater than 4, with anomalously

high values of over 7 in shallow (saturated zone) wells. The 234U/238U activity ratio for Lower
Carbonate Aquifer waters from UE-25p1 was 2 32. Paces, et., al. (1998) further indicates waters with
the most elevated 234U/238U activity ratios (about 6) appear to be restricted to uranium

concentrations less than about 3 ppb. The uranium concentrations and 2341238y activity ratios for
the Death Valley springs are consistent with Paces’ observations for other well and spring waters in
the DVDB.

5.4 Strontium Isotopic Ratios Analysis

The strontium isotope 87sr is a daughter of rubidium-87. Sirontium chemically behaves similar to
calcium and magnesium, but is not as abundant. Concentrations of 87sr and 80Sr will vary for

different rock types. For example, 878r is found in preatest abundance in granitic and syenitic
igneous rocks. Evaporates and marine sedimentary rocks contain abundant strontium, but normally

have a lower concentration of 87sr, 1gneous and volcanic rock have intermediate concentrations of
875r. Because of this variation in concentrations of strontium isotopes by rock type, isotopic ratios

of 87s1/86Sr in ground water, expressed in per milliliters of 868r in seawater, can provide a means of
evaluating the source of the water.

The concentration of strontium and relative abundance of 878r in the Death Valley spring waters are
consistent with the general interpretations of water source areas previously discussed. For example,
higher concentrations of strontium isotopes in Panamint Mountain springs are consistent for granite
pluton rock type. The Tertiary pyroclastic volcanic rocks of the Grapevine Mountain springs have
relatively low concentration of strontium isotopes. The relative high concentration of strontium

isotope, and intermediate concentration of 87Sr in the Death Valley salt pan spring water are
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indicative of evaporate deposits. The Willow spring in the Black Mountain range has a low
concentration of strontium, and intermediate concentrations of 87Sr. The low concentration of
strontium is typical for a metamorphic rock type, but the intermediate concentration of 87sr suggests

an eolian source from the alluvial basin sediments. The concentration of 87sr from 11.1 to 13.9 per
milliliter in the Furnace Creek area springs (Travertine, Texas, and Nevares) are in the same ranges as
the Big Bore and Last Chance springs, located just south of the Ash Meadows springs.

6.0 INTERPRETATION OF REGIONAL FLOW

In discussing the regional flow of the area there are several areas worthy of special discussion—the
Furnace Creek area, Yucca Mountain and the Nevada Test Site (NTS), Ash Meadows, the Amargosa
Valley, and finally the mountains in the vicinity of Death Valley.

6.1 Regional Hydrogeology

The Ash Meadows springs represent a window in the middle of the larger lower carbonate flow
system. Up-gradient from the Ash Meadow area the carbonate aquifer is confined. The limited
available hydraulic head information suggests that the potential for flow may be upward from the
lower carbonate aquifer into the overlying ailuvial fill of the Amargosa Desert basin, There may be a
small amount of upward leakage. The exploratory holes being drilled by Nye County in early 1999
should provide more data on the hydraulic head in the area of the Amargosa Desert to the south of
Yucca Mountain.

At the west margin of the area the lower carbonate aquifer is exposed in the Funeral Mountains;
however, there is no hydraulic head information in this area. Within Funeral Mountains there are
numerous faults. The fine-grained basin fill of the Amagora Desert terminates against the Funeral
Mountains; this truncates the fine-grained basin-fill deposits and thus eliminates the obvious
confining layer for the lower carbonate aquifer.

The Furnace Creek Fault Zone trends NW on the Death Valley side of the Funeral Mountains. It
forms a barrier for further westerly flow in the lower carbonate aquifer. The fault provides localized
conduits for upward flow through the Pleistocene and Pliocene sediments; this flow forms the
Furnace Creek springs.
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In the zone where the majority of springs occur, a splay of the major fault zone—the Greenwaler
Valley Fault, meets the Furnace Creek Fault Zone. The two faults form a graben 0.64 km (0.4 mile)
wide. Within the graben are highly deformed and faulted Pliocene fine-grained sediments that are
overlain by less deformed Pleistocene alluvial fan deposits. The alluvial fan deposits are also faulted.
It is along these faults, within the fine-grained sediments, where the larger springs occur.

The Furnace Creek Fault Zone shows evidence for repeated lateral and vertical movements. It is a
regional, deep-seated, transverse fault zone that has both segments with major vertical movement, and
other segments with lateral movements. It forms the east flank of Death Valley along the Funeral
Mountains; further to the north it bounds the eastside of the White Mountains.

One primary splay of the Furnace Creek Fault Zone exiends southward to the west of the Resting
Spring Range, down the Amargosa Valiey to the Tecopa area. This Furnace Creek Fault is also the
regional structural feature that terminates the lower carbonate aquifer in the Tecopa area. It controls
the discharge from the carbonate aquifer both in Death Valley and to the south in the Shoshone and

Tecopa areas.

There is evidence of a long history of flow in the lower carbonate aquifer. Paleo-Spring features
oceur in the Tecopa area, along Funace Creek, and eastward in the Ash Meadows area. In the Death
Valley area the paleo-springs occur where the Furnace Creek Fault Zone and associated faults
establish the westerly limit of the lower carbonate aquifer. Along Furnace Creek travertine filled
veins and travertine spring deposits occur within the Pleistocene alluvial fan deposits. These paleo-
spring features appear to represent a period of significantly greater flow within the carbonate system.
Winograd and Doty (1980) have recognized similar paleo-springs, of uncertain age, high above
Furnace Creek at altitudes much greater than the current base level.

To the south in Tecopa Valley, along the bajada flanking the Resting Spring Range, travertine spring
deposits occur associated with pluvial lake, beach deposits. These springs were also controlled by
north-south faults associated with the Furnance Creek Fault Zone. Morrison (1999) dated the beach
deposits in the Tecopa area at approximately 200,000 years before present. The deposits formed
from thermal springs during the highest stand of Lake Tecopa. Later the lake basin was breached,
and the Amargdsa River drained to Death Valley.

These paleo-spring features are significant in that they suggest:

1) periods of higher hydraulic head in the past—perhaps as old as the late Pleistocene, ~200,000
years ago,

2) such paleo-spring features are recognized only in areas where major faults form deep- seated
barriers to interbasin regional flow; the faults cause discharge from the carbonate rock system.
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Most of the paleohydrologic features in this area of the carbonate rock province are not as well dated:
however, the Tecopa area features are dated at 200,000 years in age. These old features suggest that
tectonic movements in the area have not changed the flow system markedly from that which existed
during the Pleistocene pluvial period. The spring areas of the past have been maintained in the same
areas. The thermal character of the paleo-spring features suggests deep circulation within a confined

system.

6.2 Furnace Creek Springs

The Furnace Creek spring area has large and small springs, and seeps; they combine to produce a

discharge that is greater than 6,615 m3 per year (5000 acre-feet per year) (Hunt et. al., 1966). These
springs are interpreted as discharge from the regional carbonate aquifer. The discharge is too large

to come from a drainage basin in the adjacent Funeral Mountains—a basin approximatety 1,036 km?2
(400 square miles).

The source of these springs is an important consideration for the disposal of nuclear wastes at Yucca
Mountain. If the major flow to the Furnace Creek spring is from Ash Meadows and to the east, then
the risk of radionuclide transport from Yucca Mountain is reduced. If, on the other hand, the major
flow path is from Yucca Mountain and NTS, then the risk is greater. It is this question that is the
focus of our work.

6.3 Yucca Mountain Recharge

The UE 25-P1 drill-hole at Yucca Mountain was a 1,798 meter (5,900 foot) deep exploratory hole
that penetrated 487 meters (1,600 feet) of Paleozoic carbonate rocks underlying the volcanic wffs. It
is the only drill hole at Yucca Mountain to have penetrated the lower carbonate aquifer. The
borehole encountered carbonate rock beneath a fault zone believed to have significant displacement.

The hydraulic head measured in the carbonate rock is approximately 18 meters (60 feet) higher than
that measured in the overlying volcanic tuff sequence. This indicates that any flow, or leakage, is
upward from the carbonate aquifer into the Tertiary volcanic rocks in that area.

The major ion chemistry of the carbonate aquifer water is that of a regional aquifer. The major ion
chemistry is similar to that of Texas and Travertine springs in Death Valley, and different than that of
the Ash Meadows springs. The Ash Meadows springs are more dilute in the major ions; this may
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suggest that there is an important different source of recharge for Ash Meadows. Most researchers
now agree that much of the water in the springs of Ash meadows is from the Spring Mountains.

The deuterium in the UE 25-P1 carbonate water is -107 units, too light for either Ash Meadows or the
Furnace Creek area waters. This indicates that carbonate water from Yucca Mountain must be mixed
with water containing heavier deuterium to reach the deuterium values observed in Furnace Creek

spring waters.

In conclusion, it is likely that UE 25-P1 carbonate rock water is old, and that it represents a slower
zone of flow within the carbonate rock flow system.

6.4 Recharge From Amargosa Desert Basin Fill

The data for wells in the Amargosa Desert is limited. There are 26 wells with gross water chemistries;
20 of these have stable isotope analyses. The average deuterium content is -102 units, and average
oxygen-18 content is -13 units. The deuterium ranged from -98 to -105 units, and oxygen-18 from
-12.6 to -13.8 units. Both the deuterium and oxygen-18 values are slightly heavier than the Furnace
Creek spring waters, but individual analyses overlap the Furnace Creek data.

Claassen (1985) suggested that the Amargosa Desert basin-fill waters came from several sources: 1)
carbonate aquifer water, 2) water recharged from surface flows in the Amargosa River and Forty Mile
Wash, and 3) water from the volcanic aquifers to the north in the area of NTS. Claassen (1985)
recognized the possibility of upward leakage of ground water along the same fault that localizes the
Ash Meadow springs. Water from wells in the Amargosa Desert has deuterium and oxygen-18
contents that are similar to the Ash Meadow springs.

6.5 Ash Meadows Springs

The discharge of the Ash Meadows springs is estimated to be approximately 20.96 x 106 m3 per
year (17,000 acre-feet per year). Hunt et al. (1966) hypothesized that ground waier is recharged in
the Spring Mountains. It then flows westward to the Ash Meadows area then on to Death Valley.
The Ash Meadows springs are approximately halfway along the postulated flow path.
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Winograd and Thordarson (1975) mapped the regional head in the lower carbonate aquifer. Their
map suggests ground-water flow form the northeast side of the Spring Mountains, around the
northwest extension of the range, to the Ash Meadows springs. This interpretation differs from that
of the Hunt et al. (1966); Hunt et al. suggested a flow path directly west from Pahrump Valley to Ash
Meadows.

The major flow path for ground water now appears to be from the north side of the Spring
Mountains. This northern flow supplies the bulk of the water 10 the Ash meadow springs. With this
interpretation, it is the combination of ground water from NTS mixed with a larger percent of Spring
Mountain derived ground water that supplies the Ash Meadow springs.

One can compare the isotopic data for the Ash Meadows spring water with that from the Furnace
Creek springs. One interpretation is that the Furnace Creek regional springs are the result of flow that
bypasses the Ash Meadow springs; the Death Valley springs in this interpretation are the down-
gradient extension of the Ash Meadows regional flow system. The deuterium/oxygen-18 isotopic
composition of the water suggests that there is no significant source of recharge between Ash
Meadows and the Furnace Creek area. There is about 48 km (30 miles) of travel distance between
Ash Meadows and Death Valley.

Local and small-local “carbonate” flow systems occur in both the Spring Mountain and Pahrump
Valley. These local and small-local flow systems have water with almost no Na+K of Cl+804. Water
from the Ash Meadows Spring has a major ion content that is typical for a regional carbonate system.
However, the water from Ash Meadows has only approximately 50% of the Na+K and Cl+SO4 that is

present in the Furnace Creek springs.

The major ions of Na+K, Cl+S04 increase significantly between Ash Meadows and Furnace Creek,
while the stable isotopes are unaffected. One explanation for the increase in major ions is dissolution
from the carbonate rock of minerals, principally gypsum, that increases the Na+K, and Cl+SO4
content of the water; Mifflin favors this explanation. Winograd, on the other hand, argues there is
little, or no gypsum in the carbonate rocks in this area. He suggests there must be a contribution of
other water high in Ci+SO4 along the flow path to the Furnace Creek springs.

The limited hydraulic head data in the area suggests regional flow is from from Pahute Mesa to
Yucca Flat then southwest to Oasis Valley. To the south the flow is toward the Amargosa Desert, and
continuing to the Ash Meadows springs. There is a significant range in the deuterium values from
these areas; the variation is 8 to 10 deuterium units. The variation suggests different ages for the
walters.
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An explanation for the variation in deuterium isotopes is that there is a significant component of oid
pluvial climate derived recharge in some, if not most, the deeper flow systems both in the larger
basin-fill aquifers as well as parts of the regional carbonate flow system. Flow within parts of these
systems may be sufficiently slow to still contain water that is more than 12,000 years old.

A mix of deuterium data from young and old water may be misieading in identifying recharge areas
for the regional carbonate aquifer. The isotope analyses for the Ash Meadows spring waters may
pose such difficulties. The contribution from the Spring Mountain and the Sheep Range contribution
may be significantly underestimated. The data suggests that the combined recharge in northeastern
portion of Las Vegas Valley had an average deuterium content of -103 units—representing recharge
that occurred during an earlier pluvial climate. The data from the local-small springs in the
surrounding mountain ranges indicates that the current recharge has a deuterium content no lighter
than -96 units. There may be a difference in the deuterium content of -7 units between recharge in
an earlier pluvial climate recharge and recharge today.

Thomas et al. (1996) suggested that 40% of Pahranagat Valley water, with an average deuterium
content of —109 units, mixes with 60% of Spring Mountain water, with an average deuterium content
of -99 units, to yield the observed deuterium content of the Ash Meadow spring water, -103 units.
Mifflin suggested that if the average deuterium content of the Spring Mountain recharge is -97 units
then a 50/50 mix results. This demonstrates how sensitive the calculations of recharge area are 10
small changes in isotopic composition. There is no independent evidence for recharge coming from
Pahranagat Valley.

The stable isotope data is insufficient to be used exclusively to identify the areas of recharge regional
flow systems within the carbonate focks. In some areas where the water may be quite old the
interpretation is made more difficult by the potential shift in deuterium/oxygen-18 composition
between the present climate and an older pluvial climate. Mifflin suggests that the regional deuterium
data indicate a variation between the current recharge and older pluvial climate recharge of 6 to 7
deuterium units.

6.6 Springs in the Vicinity of Death Valley

We collected samples of water from 23 springs in the vicinity of Death Valley, as previously
discussed. Most of these were in the mountain ranges that surround the valley. When we plotted the
chemistry of the water on Piper diagrams the water from the various mountain ranges grouped nicely;
the major ion water chemistry has a distinct signal for each mountain range. This reflects the fact that
the major ion water chemistry takes on a distinct character from the local geology.
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It is probable that some recharge to the lower carbonate aquifer occurs through the carbonate rocks
of the Funeral Mountains. This is even more probable because of the carbonate rocks are highly
fractured and faulted in the Funeral Mountains. There are no high-altitude springs in the Funeral
Mountains that can be used to directly characterize the stable isotopic signatures of local recharge.

At first glance, Navel spring appears that it may represent local recharge. However, Navel spring
waters have stable isotope signatures that indicate low altitude recharge and some evaporation; these
waters are too heavy to be representative of local recharge in the Funeral Mountains.

The major spring waters—Texas, Travertine, Nevares—are clearly too light in stable isotopes to be
derived entirely from local recharge.

The total amount of local recharge in the Funeral Mountains is estimated to be approximately four
times larger than the recharge in Gold Valley in the Black Mountains. Gold Valiey is similar in
elevation; water from Gold Valley is expected to have a stable isotopic signature similar to the
recharge area in the Funeral Mountains. Willow spring in Gold Valley has an average discharge
between 2.5 to 3.15 Lisec. (40 and 50 gpm). This is about 6% of the discharge of the Furnace Creek
springs. Willow Spring water has a deuterium content of —92 units, and an oxygen-18 content of -
11.4 unijts.

Assuming that the local recharge in the Funeral Mountains is similar in isotopic composition 10
Willow spring water, it requires only 6% Funeral Mountain local recharge water mixed with Ash
Meadow spring water w0 yield water that is the same isotopic composition as water in the Furnace
Creek springs.

7.0 HYDROGEOCHEMICAL INTERPRETATIONS

The large springs at the base of the Funeral Mountains in Death Valley are an enigma. The discharge

is too large—6.125 x 106 m3 (5000 acre-feet/year)—to be recharge from the associated, nearby
drainage basins in the Funeral Mountains. The suggestion is that these springs are supported by

inter-basin ground-water flow in the lower carbonate aquifer.

A number of investigators have hypothesized the source of these springs. Most of these ideas have
been based upon the similarity of the spring water chemistry to other ground water in the region.
The various investigators have used both the major ion and the isotope chemistry of the water. The
question arises, after collecting and analyzing waters from another set of springs during this
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investigation—most of them in the vicinity of Death Valley, whether we can further constrain the
source of the water for the springs of Furnace Creek.

There are several interpretations for the source of these springs. Hunt et al. (1966) suggested the
source was in the Springs Mountains (south of Las Vegas) about 80 km (50 miles) to the east. In
Hunt et al. (1960) the interpretation is that ground water would flow through the lower carbonate
aquifer along a path through Pahrump Valley to Ash Meadows and then to Death Valley.

Winograd and Thordarson (1975) observed that ground water from the springs in the Ash Meadows
Area, and in the afluvial fill along the Amargosa River is similar in gross chemistry to the water of the
Furnace Creek springs. (Winograd and Thordarson (1975) published a U.S. Geological Survey
Professional Paper on the geochemistry of ground water in the area of the Nevada Test Site (NTS).
This publication was a long time in process. Winograd and Thordarson worked at NTS for almost a
decade in the 1960s; their ideas were widely discussed long before the their Professional Paper was
published.) They suggested that at least some of the recharge for both the springs at Ash Meadows
and in the Furnace Creek area in Death Valley came from the north in the vicinity of NTS.

Mifflin (1968) studied the hydrochemical facies of carbonate rock flow systems in Nevada. He
compared the water chemistries of all large discharge springs (greater than 9.5 L/sec. (150 gallons per
minute)) within the region in which the "bedrock” is dominated by carbonate rock—his so-called
“carbonate rock province”. Mifflin found that as the length of a ground-water flow path increased
in the carbonate rock, the “conservative” major ions of Na+K and Cl+504 continued to increase in
concentration. On the other hand, the Ca+Mg and HCO3+CO3 content of the water generally
remained at, or close to, saturation with respect to the carbonate rocks of the aquifer. Mifflin used
other supporting data, such as presence or absence of atomic bomb-derived tritium, geographic and
terrain information, water budgets, and a few carbon-14 analyses that indicate apparent age of the
water, to support his hypothesis. He argued that the weight of the evidence supported the idea that
the length of ground-water flow path determined the widely varying concentrations of the major ion
chemistry of the water. The length of the flow path is a surrogate measure for the residence time of
water in the aquifer.

Mifflin (1968) went on to suggest that the flow systems as interpreted from the spring water
chemistries could be subdivided into three flow systems: 1) small-local, 2) local, and 3) regional. The
division between the water chemistry of “local” and “regional” springs was established by
comparing the chemistry of known regional (interbasin) springs (established by evidence other than
chemistry) with the chemistry of known local springs. The chemistry of local and regional springs
differs by approximately one equivalent per million (epm) for Na+K and C1+504.
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Claassen (1985), based upon a study of hydrochemistry, suggested Amargosa Basin fill waters may
be derived, at least in small part, from the volcanic terrain in the Yucca Mountain area.

Johnson (1980) studied the temporal relationships of water chemistry, discharge, and tritium content
of a group of "small-local” and "local” springs along the East Side of the Ruby Mountains. Johnson's
(1980) investigation reinforces Mifflin’s idea of shallow flow systems for the “small-local” springs
and deeper, larger flow systems for the “local” springs.

The major ion ground-water chemistry in both carbonate rock and basin-fill, regional flow systems
may be quite similar. The stable isotopes of deuterium and oxygen-18 have been used to identify
areas of recharge. Winograd and Friedman (1972) were the first to use the stable isotope deuterium as
a tracer; they showed that deuterium varied in concentration in recharge areas within Mifflin's
carbonate rock province.

Winograd and Friedman demonstrated that stable isotopes in water were a potentiaily “powerful
technique that could be used to interpret source areas for the large regional flow systems. Kirk and
Caxﬂpana (1980), Claassen, (1985,1986), Lyles and Hess (1988), Novak (1988), Hershey and Mizell
(1995), Thomas et al. (1996), and Pohlmann et al. (1998) revisited the general spring
hydrogeochemistry within Mifflin's carbonate rock province. They considered the stable isotopes of
deuterium and oxygen-18, as well as other isotopes, and trace constituents in the spring waters.

In this investigation we sampled and analyzed the water chemistry of an additional set of springs in
the immediate vicinity of Death Valley. One of the objectives was to help further characterize the
ground water in the Death Valley mountain blocks, and to determine the source of these walcrs.
Specially, we are interested in how much of the water in the Furnace Creek springs (Lower Carbonate
Aquifer springs) comes from a local source, and how much comes from the Amargosa Valley and
Yucca Mountain areas. We hoped to constrain the local recharge by looking again at the
hydrochemistry of the water.

In using the geochemistry of the spring water for interpreting sources and flow paths there are three,
more or less, independent data sets. The first is the major ion composition of the water. The second
is the stable isotope composition of the water—most of this data is for deuterium/oxygen-18. The
third is the age dating of the water using tritium, or carbon-14 age of the water.
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Winograd and Thordarson (1975) used the major jon chemistry of the ground water in the lower
carbonate aquifer to suggest the source of recharge. For the carbonate springs in Death Valley they
suggested three potential recharge areas: 1) the Nevada Test Site area, 2) the Amargosa Desert, and 3)
the area to the east in the Spring Mountains that supplies much of the Ash Meadow springs.

Winograd and Thordarson (1975) based their interpretation on the major ion chemistry of waters
from these areas. The major ion constituent chemistry of water from well 16/48-17al in basin-fill
alluvium, on the west side of the Amargosa Desert, is very similar to water from Navares, Texas, and
Travertine springs in the Furnace Creek. The major ion chemistry of water from the Ash Meadows
regional springs, that also discharge from the lower carbonate aquifer, are similar; however the Ash
Meadow water has less Na+K and C14S04. The chemistry of the Pahrump Valley—Spring Mountain

waters are significantly different; they have almost no Na+K and C1+804.

7.2 Isotopes—Deuterium/Oxygen-18

Craig (1961) defined a relationship between deuterium and oxygen-18 that he defined as the
meteoric water line (MWL). Craig suggested that precipitation from all over the world should fall
along the MWL. It is this hypothesis of Craig's that forms the basis for much of the use of deuterium
and oxygen-18 as tracers in water. Plate 15, adapted from Thomas et al. (1996), shows the
relationship between deuterium and oxygen-18 for ground water from our area of interest.

The data from southern Nevada and southwestern California are shifted slightly to the right from
Craig's (1961) global MWL. Water that has undergone evaporation becomes heavier in oxygen-18
with respect to deuterium because of fractionation caused by evaporation. This suggests that water
that piots to the right of the MWL has undergone evaporation; the further the data plots further to the
right of the MWL, the more evaporation is indicated.

Precipitation in the arid region that occurs in liquid form evaporates slightly during fall through the
atmosphere. This explains the shift to the right in the majority of the data from this area of southern
Nevada and southwestern California. Precipitation that occurs as snow or ice does not evaporate and
fractionate; we expect these waters to plot closer to the MWL. Water that is strongly shifted to the
right of the MWL indicates that these waters have undergone significant evaporation.
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Both deuterium and oxygen-18 in precipitation are influenced by a number of factors related to
moisture sources, to storm path histories, and air temperature. Deuterium and oxygen-18
concentrations in ground water in recharge areas, as represented by small-local springs and shallow
wells in mountainous areas, are an integrated sample of summer and winter precipitation. Geography,
especially altitude of the recharge area, is important in determining the deuterium and oxygen-18
content of recharging ground water. A further complication that may enter into interpretations is the
age of the ground water.

A large, and independently derived body of evidence indicates cooler to significantty colder pluvial
climates existed in the region in the not too distant past. The cooler climate should have produced
precipitation that is lighter in deuterium and oxygen-18 than water recharged during the curmrent, and
warmer, interglacial climate of the region. There are two conditions for the recharge in the large

regional flow systems:

1. all the recharge in these large systems is younger than the last major pluvial climate in the
region—approximately 12,000 years ago, or
2. some of the water is older than 12,000 years and is pluvial.

If some of the water is older than 12,000 years, the interpretation of recharge areas based upon the
deuterium/oxygen-18 isotopic composition is more complex.

Thomas et al. (1996) concluded that deuterium in water, from a set of samples from recharge areas in
the Spring Mountains and the Sheep Range, did not show a trend towards lighter values with greater
apparent age. He inferred the age of the water from the carbon-14 content of the water (the percent
modern carbon); his ages are only relative. All the water analyzed by Thomas et al. appears to be
associated with the modern MWL.

Mifflin reviewed for this study the currently available deuterium data within the region that we and
other researchers collected—displayed in Plate 15, (Thomas et al.,, 1996). Mifflin suggested, based
upon his review of the data for the region, that some of the water in the deeper parts of the flow
system appears to be lighter in deuterium. Mifflin commented that the water used by Thomas et al.
(1996) in their analysis is from the mountain ranges in areas where one would expect the water 0 be
younger than 12,000 years.

Mifflin went on to suggest that deuterium is generally lighter (higher values) in the known regional
carbonate springs than in the potential recharge areas as outlined by Thomas et al. (1996). Values
from the basins many be more negative than -100 units (more negative values are lighter). Mifflin
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argues that the general relationship of light deuterium values in the basins with heavier values in the
mountains indicates that we are dealing with of two different ages of water—an old, lighter water, and
a more recent heavier water. Undoubtedly, any shift in the MWL occurs gradually as climate
changes, and there is a continuum from light to heavier—it is not purely bimodal.

These interpretations assume that the precision of the deuterium determinations is within 1 or 2
tritium units. Tritium is hard to analyze; such precision is hard to achieve, especially when more than
one laboratory does the analyses. Therefore, spring sampled for this study were not analyzed for
tritium.

Regardless of the problems that attend interpretation of stable isotopic data, once the water is in the
confined portions of regional carbonate aquifer flow systems the isotopic composition of the water
remains unchanged, especially deuterium. The isotopic composition remains constant Over
considerable distances and time. The composition changes as waters from differing sources mix.

7.3 Carbon-14

The carbon-14 ages are problematic in the Lower Carbonate Aquifer because of the potential for
carbon exchange with the rock. A number of investigators have attempted to correct the carbon-14
ages using various techniques. None of these attempts is very convincing. Older carbon-14 dates are
only suggestive; the carbon-14 dates cannot be used quantitatively in the Lower Carbonate Aquifer.
Therefore, the results of our carbon-14 analyses was not used for comparative analysis with Lower
Carbonate Aquifer carbon-14 data from other sources.

8.0 CONCLUSIONS

The water sampled and analyzed from small-local springs in mountain ranges in the vicinity of Death
Valley have a major ion signature that groups the waters nicely by mountain range.

By comparing the deuterium content of the large regional springs in the Furnace Creek area with the
deuterium content of the small-local springs in the Death Valley area we can constrain the amount of
local recharge to the carbonate aquifer in the Funeral Mountains. The amount of local recharge is
less than 10% of the regional spring discharge in the Furnace Creek area. This is further evidence
that the major springs in the Furnace Creek area discharge from the regional carbonate aquifer.
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The question of the ultimate source of recharge for the Death Valley carbonate Springs remains
unanswered. The three possibilities outlined originally by Winograd and Thordarson (1975) remain
possibilities. The water can come from recharge in 1) the area of NTS and Yucca Mountain; or 2)
the Amargosa Basin fill deposits, or 3) the area to the east that includes the Ash Meadow springs, or
some combination of all three. We now know that the local recharge is quite small.

The deuterium/oxygen-18 data suggest that some water in the Lower Carbonate Aquifer may have
come from recharge that is older than 12,000 years, from a time when the climate was cooler and
wetter. This cooler and wetter climate had isotopes of deuterium and oxygen-18 that were lighter:
they represent a shifted MWL during the cooler, wetter climate.

9.0 RECOMMENDATIONS

The results of this study suggest the need to further characterize the springs and hydrogeology of the
Death Valley area, and to better understand the hydraulic connection between the Funeral Mountain
springs and the Lower Carbonate Aquifer beneath Yucca Mountain and the Amargosa Valley. Itis
recommended that additional springs be sampled and analyzed for major anion and cations, and
stable isotope concentrations. We further recommend the drilling of two exploratory wells east of the
Funeral Mountains to further evaluate the possible hydraulic conmnection between the springs in
Furnace Creek area and the Lower Carbonate Aquifer

The Death Valley springs in the Furnace Creek area, upper Funeral Mountain range, Grapevine
Springs area near Scotty’s Castle, and the Cottonwood Mountains have not been fully characterized
in terms of discharge rates and water chemistry. Further characterization will help to determine the
source of spring waters in the northern portions of the Death Valley area, and from the carbonate
springs in the Furnace Creek area. It will also improve our understanding of the hydrogeology of the
Death Valley area in terms of recharge and water balance. We recommended selected springs be
characterized and sampled according to the sampling protocols developed for this study.

Our understanding of the hydraulic connection between the Funeral Mountain springs and the Lower
Carbonate Aquifer would be improved with 1) the drilling of two exploratory monitoring wells, and
2) chemical analysis of water from the Ash Meadows springs and wells in the Amargosa Valley. We
recommend the drilling and construction of two approximately 460 meters (1,500 feet) deep
monitoring wells on the east side of the Funeral Mountain range. One of the wells should be along
an extension of the Furnace Creek fault in the Amargosa Valley. The wells should be designed to
allow geological logging of drill cutting, water sampling from selected aquifers for chemical analysis,
and water level measures in the Lower Carbonate Aquifer. Water samples should be collected from
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these two wells and from selected springs and wells in the Amargosa Valley, according to the
protocols developed for this study.
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PLATE 12 — Piper Diagram of Death Valley National Monument

Panamint Mt. Range Springs and Creek
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Figure : Plots of uranium concentrations versus 234U/238 activity ratios for

saturated-zone waters. A) Regional ground water in the Yucca Mountain vicinity
- {from Paces and other, 1998). B) Death Valley springs. Southeastern Death Valley -
category includes Nave! Spring and Upper Navel Seep, Willow Spring, Salisbury

Spring, Ibex Spring, Saratoga Spring, and Owl Hole Spring.

Piate 16. Uranium Concentrations Versus 234U/238y Activity Ratios.
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Table 2. List of Springs and Creeks Sampled in DVNM

NPS UTM - X (m) | UTM -Y (m) |Mountain [Elevation

No. | No. Sample Name Easting_ Northing  |Range {Feet)

1 |223[|Cordwood Spg 052798 493024.0 4087677.0 |Grapevine 6380
2 |221]|Knoll Spg 052798 494311.0 4088262.0 |Grapevine 6260
3 |219]Little Willow Spg 052798 493841.0 4087646.0 |Grapevine 6144
4 |209{McDonald Spg 061698 498441.0 4084069.0 |[Grapevine 5590
5 | NA |Strozzi Ranch Spg 050298 490402.6 4088049.6 |Grapevine 6240
6 |148|Navel Spg 042398 525503.0 4026081.3 |Funeral 2100
7 [149]Upper Navel Seep 042398 525637.7 4026026.2 |Funeral 2160
8 | NA }Saisberry Spg 061798 552496.0 3976264.0 |Black 3293
9 |[140fWillow Spg 043098 528048.0 3989246.0 |Black 2680
10 |134}lbex Spg 061898 553254.0 3958614.0 |Black 1100
11 [ 123|Anvil Spg 980708 492357.0 | 3975186.0 |Panamint 4253
12 ] 53 |Bums#1 Spg 061698 483135.8 4027730.1 |Panamint 5239
13| 63 |Dripping Spg 980709 496409.5 4019395.5 |Panamint 3799
14 | 768 |Hummingbird Spg 050198 450288.3 4008308.5 [Panamint 7200
15| 74 |Johnnie Shoshone Spg 050198] 493610.9 4011201.6 |Panamint 7200
16 [ NA |Lime Kiln Spy. 061698 485700.0 3996422.0 [Panamint 4058
17 |24 8|Surprise CynCrikk Spg 052998 | 484500.0 | 3996239.0 [Panamint 2733
18 | 75 |Thomdike Spg 050198 493285.3 4008722.9 }jPanamint 7860
19 | 45 {Upper Emigrant Spg 980707 482544.0 4030966.0 [Panamint 412;I
20 | 72 |Wildrose Spg 052998 482584.0 4013281.0 [Panamint 3930
21| UN [Owl Hele Spg 980706 531915.0 3943786.0 |SaltPan 1902
22 |266[McLean Spy 042398 498315.6 4050575.9 |[Salt Pan -130
23 |267{Salt Creek-980709 §12139.0 4021930.0 [Salt Pan -140
24 | NA |Buried Wagon Spg -042398 498166.5 4050816.3 [Salt Pan -130
25 | 130]Saratoga Spg 061898 552284.0 3948472.0 |[Salt Pan 209

The Hydrodynamics Group o5
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Table 3. Summary of Analysis Performed and

Information Collected for Springs Sampled

Analysis: USGS Strontium isotopes
Uranium 234U/238U isotopes

Oxygen/Deuterium

L ]

*

Huffman
Beta Analytical » Carbon 14C

Major anions and cations

Protocols: Yucca Mountain protocols using USGS
Field data: * Global Positioning System (GPS) location
+ Data and time of sample collection

Temperature, pH, conductivity,
TDS, dissolved oxygen, turbidity
Spring flow rate estimate

Site photos and videos

L]

Site geology map & site plan
Field Activities Log
Field calibration records

Sample Bottles: USGS & Huffman Laboratory provide bottles

Sampling equipment (0.2u vacuum filters).

*» One archival sample from each spring
+ USGS provides sample numbers

'The Hydrodynamics Group
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2110/99 NATIONAL PARK SERVICE WATER SOURCES-DEATH VALLEY NATIONAL MONUMENT Page 1
SPRING WATER SOURCE LOCATION USGS 16 MIN. FLOW OBSERVE FLOW
NO. {Unless noted by *) AREA 8. T. R. MER. QUADRANGLE ELEVA GPM DATE OTHER
1 Bighom SWIMNW1M [ 13§ 42E MDM Tin Mtn. 6240 0.10 Aug-T8
1A Yashiro NE1/43W1iH 8 138 42E MDM Tin Mtn. 20 AptTT Seep
2 Sheep KWIMAELM & 138 42E MDM Tin Mtn. 840 .10 Aug-Tt
2A Shespwater NEtANWIM T 138 42E MDM Tin Mtn. 7200 Aug-TT Seep
3 Pinyon NE1M4SE14 7 138 42E MDM Tin Mtn, T200 0.20 Det-T9
4 Burro SEVANWAH 19 135 ME MDM Tin Mtn. 7380 0.10 Noy-78
§ Quartz NWIMSW14 26 138 42E MDM Tin Mtn. 5200 0.20 Mar-80
[} Rest SE1MNWIH ] 138 42E MDM Tin Mtn. 8700 Nov-T9 Seep
7 Rye Grass HWAANWA 32 138 42E MDM Tin Mtn. 8320 015 Jan-18
& Wagon NETHNW1L n 138 42€ MDM Tin Mtn, 4080 Mar-80 Sesp
BA Red Rock SE1TMNWIM » 135 42E MDM Tin Min. 8400 Mar-80 Dry
] Leaning Rook” SWIMSWIMA »n M3 92 MDM Tin Mtn. 5500 Aug-T7 Pothole
10 Falcon Sheep SE1MNWIK "3 145 43 MDM Marble Can. 4320 Aug-58 Seep
11 Unnamed* NE1MNE4 ] 148 43E MDM Marble Can. 2280 Tank
12 Linnamed* . SE1TMNW1M 9 188 42E MOM Marhle Can. 1000 Tank
13 Goldbeit NWMMSEIM » 188 42E MDM Marbie Can, 5000 Jan-T8 Pool
13A Bummo Slide NWIMSETH )] 188 42E MDM Marbie Can, 4900 0.20 Dec-77
" Single tree NEUASW1/4 -] 188 42E MDM Marble Can. 46800 Sep-TT Dry
1% Frypan SW1HAWIM 2 188 42E MDM Marble Can. 4700 Jan-T8 Dry
18A White Crown NETMNE1M 3 138 42E MDM Marble Can. 5000 0.80 Deac-TT
16 Horeetall SWIMNE1M 34 185 ME MDM Marble Can. 5800 Apr-39 Dry
17 Goldbelt Grade NWIASE14 » 188 41E MDM Marble Can. 56800 0.28 Oct-8
18 Thickets NEAASE1M4 ] 188 4tE MDM Marble Can. ' 8700 Aug-T8 Dry
1 Coyote Hole SWIMNWIM4 3 153 42E MDM Marble Care 5500 Aug-Te Seep
20 Bull NW1IMSE1M 3 188 42E MDM Marble Can. 4100 15.00 War-78
20A Pussywiliow SE1HMNWIM M 138 42E MDM Marble Can. T80 0.50 Jan-T8
208 Marbie Potholes* MANY n 1538 #2E MDM Marble Can. 4000 Jan-T8 Pothols
2 Lamb NE1MNE1M4 1 168 42E MDM Marble Can. 5800 Aug-Té Dry
A Paintbrush SE1/43W1M4 L] 169 AZE MOM Marble Can, 8700 Aug-T8 Seep
-] Early Bird RE1M4SW1M4 1 163 426 MDW Marble Cen, 8400 Apr-T5 Saep
224, Dirty Fingers NE1/4SWIK4 1 185 41E MDM Marbie Can. 520 0.18 Aug-T¢
23 Unnamed SE1MNEM4 L] 185 43E MDM Marbie Can. 8400 o0 Aug-T6
u Badman SWIHMSETM [} 168 A2k MDiM Marble Can. S400 Apr-78 Seep
28 Fiycatcher NEMSW4 4 188 42E MDM Marble Can. 800 0.25 Feb-78
» Horshos SWIMNELM 3 185 42E MDM Marbis Can, 4000 1300 Jan-T8
27 Deadhorss SE1MNW4 2 188 A2E MDM Marble Can. res Jan-78 bry
28 Longhom SWIMNELM4 2 188 42E MDM Marbile Can. Moo 20.00 Mar-T8
2% Lightning NEtMNWAM 1" 185 42E MDM Marble Can. 4200 1.00 Mar-78
3 Panther NWIMNE1M 9 185 42E MDM Martée Can. S000 400 Aug-T8
N Bottle NWIANWIM 7 1es 42E MDOm Marbis Can. 8400 200 Mar-T1
32 Hunter MNE1MSEHM " 188 41E MDM Marbie Can. 8880 1.00 Apr75
A2A Huntercabin SE1MSWIM 1" 188 41E MDM Marble Can, 8800 0.08 Jul&1
2B Hunter Corral NE1ANWIM 14 188 41E MDM Martie Can. 720 0.80 Jul-é1
n Slster NETHNETM 17 188 41E MDM Marbis Can. 8700 Jul-89
] Poorman SWIMSEIM 18 188 42E MDM Marbie Can. 4840 1.50 Apr78
MA Open NWHANWIM4 -3 18 42E MDM Marbie Can. 4330 1.00 Aug-T8
B Tiny Tank* SWiANWIMA 18 1683 42E MDM Marbie Can. 4400 o0 Apr-TT
MC Rising Sun NW1MNWIM 16 188 42E MDM Marbile Can. 4700 .40 Apr-18
L Cottonwood NWIMSE1M .26 188 42E MDM Marble Can. 3800 Apr-TT Abundant
» Sidewinder NWHASWIL 19 188 43E MDM Marble Can. 3200 0.50 Apr77
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M09 NATIONAL PARK SERVICE WATER SOURCES-DEATH VALLEY NATIONAL MONUMENT Page 2
SPRING WATER SOURCE LOCATION USGS 15 MIN. FLOW OBSERVE FLOW
NO. {Uniess noted by *) AREA 8. T. R MER. QUADRANGLE ELEVA GPM DATE OTHER
37 Lowsr Cottarmwood NE14NW14 19 185 43E MOM Marbie Can. 3000 20.00 Fab-T6
38 Arrow SWIASWHH 28 185 43E MD# Marbie Can. 3800 Jun-59 Seep
3% Wast Twin NWIMNWIL 3 185 45E MDM Stovepipe 4320 War-7¢ Sesp
40 Tuekl {twin) NWAHNWTM 30 188 A5E MDM Stovepips 3880 0.80 Jun-57
4 Gypsum NE1ANWM 30 185 48E MDM Stovepipe 3800 1.00 Jun-87
42 Talephomns SWIMSEM 3 178 4E MDM Emigrant 2000 Jul-T8 Ory
43 Jayhawker SWHASWIM N 1718 4AE MDM Emigrant 4180 War-78 Poot
434 Pioneer SW.UIvSEﬂd 2 178 A4E MDM Emigrant 3780 Juk-83 Thed to Emigrant plpe
ad Emigrant (lower) NW1IMNETH Fi 175 ME MDM Emigrant 3840 240 Aug-59
45 Upper Emigrant (middie) NWIMSE14 Fi4 178 dE MDM Emigrant 4080 Sep-88 Seep
454 Tree NWIMSE4 k{4 178 ME MDM™ Emigrant 4180 Aug-89 Dry
48 Green SE1M4SWIM k) 178 4E MDM Emigramt 5200 0.20 Sep-81
47 Canyon NEVMMEY4 3 1es E MDM Emigrant 4800 1.00 Sep-81
48 Emlgrani Bumo NEY4NETM 3 168 ME MDM Emigrant 4880 Sep-81 Seep
49 Malapal NWHHNEIH 3 188 4E MDM Emigramt 5040 Sep-81 Seap
50 Ed NWARMNW1M 2 188 ME MDM Emigrart 5120 Aug-89
3] Wee SWIMNW1H4 2 188 ME MDM Emigrant 5200 May-59
62 Coversd SWAMNWIA 2 193 ME MDM Emigrant 120 May-89 ory
53 Bums NW1A4SW1M4 2 138 44E MDM Emigrant 8280 0.28 Jan-r5
54 Emigrant Willew NE1MSE1M 3 188 44E MDM Emigrant 5380 Aug-T$ Ory
S4A Cantennial SEYANETIM 3 183 ME MDM Emigrant 5080 200 Apr-T8
55 Chukar SWHASWHH F 183 44E MDM Emigram 5280 Fab-75 Ory
] Black Water NE1MNW14 7 183 48E MDM Emigrant 3200 1.00 Fab-T7
584 Wetfork SETMNWIM T 188 46E MDM Emigrant 2960 Fsb-77 Ssep
588 South Fork Spgs. {2} NWASWI L B 188 48E MDM Emigrant 2800 Aug-81 Beep
s7 Wheel SW1MSW1IN 3 188 48E MDM Emigrant 2240 May-80 Seasonal
&8 Highgrade SWIMSWIM 3 183 S¢E MDM Emigrant 3800 Aug-T8 Pool
-] Singlejack SETMSEIS ] 188 ASE MDM Emigrant 3800 Aug-T8 Dry
] High Noon NWIANE4 2 168 A5E MDM Emigram 4700 4.00 Apr-T8
81 Tarantula SWHMNE1M 2 198 45E MDM Emigram 4800 Dec-T5 Seep
-] Blue CiH NEt4NWIM 1 183 A5E MDM Emilgrant 85380 3.00 Aug-78
82A Apron NWIMNE14 11 188 45E MDM Emigranmt 8400 1.00 Apr-Té
8 Dripping NE1MNE1M 12 188 4SE MDM Emigrant 4320 1.10 Aug-TB
&4 Moming Glory SE1MSEIM 1“ 188 45E MDM Emigrant 6800 1.50 Aug-65
B4A Upparmont NW1HSWIM » 198 48E MDM Emigram 5760 0.80 Mar-T0
85 Pistol SE1MNWIM ] 195 48E MDM Emigrant 5040 Mar-T0 Dry
] Shotgun SE1MEWIM 20 188 46E MDM Emigrant 4000 20.00 Apr-To
B8A Second SWIMNETM 0 183 4E MDM Emigrant 2.00 Mar-T0
L] Unnamed MDM Emigrant Mar-T0 Dry
67 Mud NE1MNWIM 2 188 ME MDM Emigrant 4080 Dec-82 Seep
[ ] Wiidrose Station SWIMSEM 3] 188 44E MDM Emigrant .3000 8.00 May-T3
Roadside NESHMSWIMA 22 168 44E MDM Emigrant 4000 a70 Aug-59
T0 Poplar NWIASEI4 -3 108 ME MDM Emigrant 4100 G.25 Aug-4%
T1  Antimony SWHMSWIL 2 18 ME MDM Emigrant 4520 Aug-50 Dry
72 Wildrose Rgr. Stn. Sys.* NWIMSEIH F2 193 ME MDM Emigrant 4300 16.00 Jul-76
T2A Wildrose Stock Tank NWH4SE1M n 198 ME MDM Emigrant 4380 Jul-83 Sesp
T Wildhorse NEVTANW14 » 198 48E MDM Telescops 8720 Jul-88 Seop
74 Johnnis Shoshone SWIMSE14 28 188 48E MDM Telescope 200 Juk-58 Ssep
75 Thomdike SWIMSWIH 35 198 43E MDM Telescope T620 Jul-88 Seasonal
Ta Hummingbird. NE1MSWIM 4 208 A3E MDM Telescope T200 0.25 Auga1
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210/99 NATIONAL PARK SERVICE WATER SOURCES-DEATH VALLEY NATIONAL MONUMENT Paga 3
SPRING WATER SOURCE LOCATION USGS 16 MIN. FLCW CBSERVE FLOW
RO. {Unisss noted by ™) ° AREA 5. T. R MER. QUADRANGLE ELEVA GPM DATE OTHER
n Reciall SE1MNWI 8 08 4SE MDM Telencope 6840 Dec-87 DRY
s Tuber {cold) SWIMNE M [} 208 45E MDM Talescope 7580 50,00 Jun-g1
T Mahogany NW1MSE1M4 1 08 45E MDM Telescope 7600 50.00 Jul-4?
80 Flicker NWAMSE1M 12 208 A5E MDM Telascope 8800 Jul-47
BOA Naghtpah SE1MSWINM ] 208 4SE MDM Telescope 4180 200 Jan-72
(-] Noggin SE1MNW1M4 L} 208 48E MDM Telescope §120 1.80 Jan-T2
a Lark NWASWIM 13 208 48E MOM Teiescope 5680 Jul-47
0 Spur MDM Bennetts We!l 3000 1.00 Apr&g
n Yeliowjacket SETHMNW1M4 18 208 4BE MDM Telescope 5280 50.00 Aug-58
B4 Birch SEVASE1M 18 208 45E MDM Telescope 7820 150.00 Jun-81
85 Jall NW1ASWIA 18 205 4BE MDM Telescope 8000 15.00 Jun-81
] Eagle NW{MSE1M 2 208 48E MDM Telescope 5380 Dec-72 DRY
14 Upper Hall Cyn. Plpetn * NW1MNE1H 2 25 AGE MDM Telescope B40O Mar-88
BTA Late SE1M45W1M4 n 208 45E MDM Telescope 7000 Sep-59 SEEP
[ Telescope SWI1MSW1M n 208 45E MDM Teiescope 9000 6.00 May-84
-] Dixon SWIMNWIA 26 208 ASE MDM Talescope 8800 200 Sep-81
] ) mln Hanaupah (4) Al 19 203 48E MDM Telencope 4000 260.00 Juk-T8
" South Hanaupeh (2} SE1MNWI 0 208 ABE MDM Telescope 3800 Dec-78 SEASONAL
o South Hanaupah {cont) HE14SWI4 20 205 48E MDM . Telescope 4000 Dec-78 SEASONAL
A Benny NE1MSEYM4 14 . 208 48E MDM Bennetts Wall 20 Mar-T1 SEEP
2 Prospactor NETMNE1M4 Fo 08 ABE MDM Beannetts Well 1800 Apr-89 DRY
92A Arsenic 208 4BE MDM Bennetts Well . Aug-80
9 Panamint Burro SE1MNE1HM n 08 4BE MDM Bennetts Well 2560 0¢ Mar-T9
1Yl Whisper SWIMNE1H 38 208 48E MDM Bennetts Wall 1340 Aprs9 DRY
88 Quartzite NWIMNE1A4 12 218 48E MDM Bennwits Well 2600 1.00 Mar-T0
3 Primrose SESHNWIM ] 218 ASE MDM Telescope 4T20 Mar-80
| 13 Roadrunner SWIHMNWIM4 & 218 48E MDM Telescope 4480 100.00 Mar-g0
|} Snake (2) SE1MNEM & 218 48E MDM Telascope 4240 25,00 Mar-80
] Snake {cont.) SWIANWIL 4 ns 48 MDM Telescope 4240 War-80
] Windy NE1HMSWiM 4 s 48E MOM Teisscope 3080 Mar-80 SEEP
100 Wwidow SE14SWIMA 3 218 48E MDM Telescope 3380 10.00 Mar-80
101 Ghost NE1HMNE14 1% 218 ABE MDM Bennetts Weil 3200 4.00 Mar-80
102 White Tanks SEV4ASWI4 18 s 4TE MDM Bennetts Well 1720 1.00 Mar-80
103 Towhee NWAMARW14 20 218 48E MDM Telescope 5440 18.00 Jun-81
104 Hungry Bil's SE1MNW1M4 20 218 48E MDM Telescope 5000 20.00 Jun-81
108 Mint NE{/4SW1i4 20 218 48E MDM Telescope 4800 20.00 Jun-81
108 Wilson SWIMSWIM = 215 d8E MDM Talescope 4000 6.00 Jun-8t
107 Dog SEtMNE1M 82 218 ABE MDM Telescope 5040 15.00 Mar-80
108 Fesather NE1MNE1TM -] 218 48E MDM Telescope 4200 5.00 Marg0
108A Groenleaf MDM ’ 4800 3.00 Mar-80
109 Cloud SE1HMSEtM 32 218 46E MDM Telescope 5440 0.10 Mar-80
110 Winter NE1/ANW1H Eo 218 46E MDM Bennetts Well 3600 Mar-80 8EEP
1 Jigger SWiuswild & 2% 48E MDM Talescope 5800 Mar-80 SEEP
1A Sidshill NWIHSWIA & 28 48E MDM Telescope 8200 0.28 Mar-80
112 Lizard NWILMNWIM [ ] 28 48E MDM Telescope 5400 Sep-81 SEEP
13 Liar SE1MSWIM 4 228 43E MDM Telescope 8100 200 Sop-81
1134 Edge NW1ASWTAL 3 28 48E MDM Toteacope 4800 Mar-80 DRY
1138 Six Spring Canyon SE1MNWIM 3 28 48E MDM Tatescope 4160 Mar-80 SEEP
114 Crum NE1MSE1M 0 s 48E MDM Bennstts Wall 4260 Sep-81 SEEP
118 Arrastre SE1MSE14 17 s 48E MDM Telescope 5580 Sep-81 SEEP
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21089 NATIONAL PARK SERVICE WATER SOURCES-DEATH VALLEY NATIONAL MONUMENT Page 4
SPRING WATER SOURCE LOCATION ' USGS 15 MIN. FLOW OBSERVE FLOW
NOQ. {Uniens noted by *) AREA 8. T. R. MER. QUADRANGLE ELEVA.  GPM DATE OTHER
1154 Upper Tale Mine NE1MSWIM 1" 225 4TE MOM Bennstts Well 3080 200
1158 Lower Taic Mine SWIMSE1M 19 s 4TE MDM Bennetts Wall 3000 0.25 Oct-TT
118 Grubstake SEVMNWIA ] 223 4BE MDM™ Wingate Wash 3540 Feb-&2 Seep
117 Warm NWIMNWI4 § 238 4TE MDM Wingste Wash 2480 50.00 Dec-77
118 Anvii Mesquite NEVANW/4 7 21N 1E SBM Wingate Wash 1800 May-82 Dry
1% Mt SE1MSWIM “ 233 45E MDM Manly Paak 4S80 Jarn-81 Dry
119A Quall NWANW L ] 38 4SE MDM Manty Peak 4640 200 Nov-84
1188 Hatchet NW1HMNWIM4 -} ns 48E MDM Manty Peak 4T3 1.50 Jan-f1
120 Anvil Mesquite NWIMNE14 -] s ASE MDM Manty Paak 4300 7.00 Nov-84
121 Greater View NWIKSE14 2 238 ABE MDM Manty Peak 4420 3.00 Nov-84
122 Jubliee SEVASW1M 2 28 - 48E MDM Manty Peak 4500 4.00 Nov-84
23 Anvil Willow NW1MNW4 -] 38 48E MDM Maniy Peaak 3800 7.00 Mar-80
123A, Butte Valley NW1ANW14 ] ns 45E MDM Manty Peak 4080 Mar-80 Seep
124 Haher NE1/ANW1N N s 48E MDM Manty Peak 3240 1.00 May-81
126 Little NE1/4SW1H4 3] ns 48E MDM Manly Peak 3380 May-a1 Seep
128 Flvenmile NE1MNE14 28 238 48E MDM Manly Peak 3520 May-81 Seep
120A Neodle SWAMNW1M u 0ns 48E MDM Manly Peak 3800 Jan-T2 Seep
1288 Nopah NW1MANW14 M s A8E MDM Manly Poak 3780 Jan-T2 Sewp
127 Ram SWIUNE1M 2% 238 4TE MDM Wingate Wash 2200 Nov-T9 Dry
120 Lost SE1MNWIA 19 218 1E SBM Wingats Wash 2200 4.00 Nov-79
19 unassigned number MDM
1% Saratoga SWIANWI 2 18N 8E S8M Avewatz Pass 200 18.00 Apr-81
™ Amargosa River SEVANEI4 23 18N 4E SBM Leatch Laks 120 20.00 Apr-g1
132 Superior Mine Tks. * NWIANW124 25 19N 8E SBM Avawstz Pass BOO Nov-78 Dry
13 Supetior Mine Tks. * SEVMSEIM 24 19N S8E SBM Avawatz Pass 480 Nov-78 Capped
134 Ibex #1 NEVANELH 2 19N SE SBM Shoshone 1100 1.50 Dec-80
135 Ibex #2 NE1MNEIH 2 19N SE SBM Shoshone 1100 Dec-80 Private Wall
138 Bradbury Well* SEVMASEIM 15 21N 4E S8M Confld. Hille 1750 Mar-80 Wall
- 137 Rhodes NE1MSEL4 10 21N 4E Sam Confld. Hills 1830 1.00 Mar-80
138 Wvirgin | SWIMNEI4 L} 2N 4E SBM Confid. Hills 2400 Feb-81 Seep
139 Scotty's NWIMNW14 M 22N 3E S8M Confid. Hitta 2040 Way82 Sszsonal pools
1394 Timpapah SWIHASEIM k44 ZZN 3E s8M Config, Hitls 2800 Api-80 Pools
140 Wiliow NE1MSEIM ] 225N 3E SBM Confid. Hiils 2880 300 Nov-84 :
141 Shesap Canyon (5 seeps) NEVMNEH4 1% 28N 3E SEM Funera! Peak 1000 Apr Seep
142 Hidden SWIMSENM 24 26N IE SB8M Funersl P.Ik ABOO Jan-80 Sesp
1424 Poal Spring SE1MSEIM %4 225N 3E sSBM Funeral Peak 4840 Sep-03 Poo!
1 Brown NE1MSE1M4 2 22.6N JE SEM Funeral Peak 5200 Jun-8%
44 Gresnwater NEVANWIM 11 23N 3E SBM Funaraf Peak 8080 Jul-T8 . Seap
145 Young SE1HSWIM 20 25N E 8BM Funerat Peak 3120 Mar-Teé Dry
148 Lemonade {cold) SE1MSEIM 1 25N 2E SBM Ryan areo 0.01 Apr-T7
147 Monumnet Canyon Creek SE1M4SWiIM 3 26N 2E S8M Ryan 880 Apr-T8 Seszsonal
148 Navel {main) SE14NW1IMA 13 26M 2E 58M Ryan 2100 Aug-ai Tanks full
146 Navel (upper sesps) SETHNWIN 12 26N Z2E SBM Ryan 2160 Jul-T8 Basina full
150 Salty Navel NWARNWIM 13 28N 2E SEM Ryzn 1980 Aug-80 Seeps
161 Fossll NWAANWIMA 14 26N 2E SBM Ry=n 1960 Aug-T8 Seeps
151A  Sadige Seeps NEJMNWIH 9 28N E SBM Fumace Cresk 1200 Sep-89 Seops
1582 Travertime All 2320 TE 1E SBM Fumace Cresk 400 " 950.00 Nov-57
153 Suap In F.C. Wash* SWIMSE14 23 2N 1E SBM Fumace Creek 220 675.00 Nov&7
154 Buried tile F. C. Wash SE1MSWIA n TN 1E SBM Fumace Cresk 200 200.00 Qct8T
158 Furnace Cr. Inn Tunnel NE1MSWIH -} TN 1E SBM Fumace Creek 240 200.00 Nov-§7
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2Ho NATIOMAL PARK SERVICE WATER SOURCES-DEATH VALLEY NATIONAL MONUMENT Pags &
SPRING WATER SOURCE LOCATION UBGS 18 MIN. FLOW ORSERVE FLOW
NO.  [Uniess noted by *) AREA 8. T. R MER.  QUADRANGLE  ELEVA. _ GPM DATE OTHER
168 NPS Trench (obitterats) NWIMSW14 n big | 1E S58M Fumnace Cresk 240 Aug-58
187 Spider ) HNW1MNWA ] N 1€ s8M Fumace Creek [ ) Jun-Te Seep
168 Furnace Cr. inh Wells* SWIHNWTA -] 2™ 1E s8M Fumace Creek 200 Dec-48 Destroyed
15 NPS Well #1* SWMMNWIN F- rE 1E 8BM Fumace Creek 40 Julsd Capped
o Texas (8 spgx.) NWHMNE1 &4 n TE 1€ SBM Fumace Creek 400 126.00 Aug-58
181 27 undevipd spgs FC area 1E SBM Furnace Creek Aug-58 Besps
182 £.C. Ranch Porxts SEVASWL4 1 o™ 1E SBM Fumsca Creek -180 Aug-8 Private
183 Gnoms M A 82 NWHASE1H 3 ™ 1E SBM Furnacs Creek =100 4.00 Dac-T2
n4 Cow NE1MNE1M 3 ZE 1E sBm Chior. CIHY 240 24.00 Aug-58
188 Calf NWAMNEA 3 Im 1€ 4aM Chior. CIHE 40 Aug-59 Seep
188  Bighom Sespa (T} SWIMNE114 % 29N 1E &BM Chior. CIHY [ Aug-59 Seepe
167 Nevares {5} SWIMNEIMN % %N 1E 8BM Chior. ClfY 200 000 Aug-so
188 Lower Mevares {12) AH - 28N 1E SBM Chior. CIHY 480 2200 Aug-56
169 Sewer Lagoon ¢ NE1MSEM 33 28N 1E SBM Chier. CHY &0 Aug-80 Obilitersted
170 Saftbush (sewer) * NWIMNWI4 4 N 1E 8BM Chior. CIIY 200 Feb-T8 Obiftarated
L12] Echo Waterholes NWIMSWIM n 28N 3IE 28M Big Dune 3040 Sap-50 Sessonad
172 Buckbosard SWHASWIA o 28N 1€ 38N Chior, Chirf -2 Aug-08 Seep
17 Charlles We!l (oblitratd) SELANWM 17 b 1€ SBM Chior. Ci¥ -260 Dec-80 Obitterated
174 Scraper SE1HSEIM 1 N 1€ S8M Chior. CINT 1200 Mar-T¢ Seep
1T4A  USGS Spring [ 20N 28 SBM Chior. Chit 1760 Sep-83 Sup
178 Table NWIM3EM ] 2N 1E aBMm Chior. CItf 1200 Mar-T8 Seep
17e Moth NWHMNWES » 20N 1E S0 Chior, CIHF 1280 Jan-71 Dry
177 Maidenhalr BSEVASEIM - 20N 1E SBM Chior. CIHY 1520 Jan-T1 Sesp
e Polson NE1ASWIH 0 2N 1E SBM Chlor. CIHT 16920 .10 Dec-78
17 Peolnt SWIMSEIR 30 /N 1E SBMm Chiar. CIHf 2000 Jan-72 Ory
160 Petroglyph SE1MSEIM ] 208 1E SBM Chier. CIlY 2080 Jan-T? Dry
180A  Indlsn Pws Pathole.* SETMSENR 2 28N 1E s8Mm Civer. CIlf 720 Fab-72 Potholes
1w Copper Ball (oblltersted) BWIREWIM 17 N 1E sBM Chior. CIif 3200 Nov-50 Obilterated
" Unnamed Well * SWLMNWAL L 20N 13 8BM Chior. CHfY 1000 Mar-79 Dry
1 Rice's Well * NWIMSE1M n 30N 1E SBM Chior. CItft 4450 Mar-78 Seep
104 Unnamed Wall * SE1MSWIM » 30N 1E SBM Chior. CIHY 5120 Aug-59 Not found
185 Unnamed Weil * BWIMIETM - ION 1E SBM Chior. CiHY 4100 Aug-50 Dry
180 Keane Wonder (4 spgs} BISEIM 1 163 48E MDM Chilor. CIH 1200 8.00 Jul-Te
107 Macnarch Creek NE1MSEIM -] 148 48E ' MDM Chior. CHY 3s0 10.00 Oct-81
158 Bed Spring NW1MSWIM 1% 0N 1E s8M Chier. Clitf 3040 Mar-T% Seep
1884 Jingle Seep BEVANWAIL 18 3N 1E 3BM Chior. CIH¥ s Mar-78 Beep
190 Pump House Well * SETMBEIM 7 NN 1B 2BM Chior. CiltY 2800 Mar-78 Water in well
ht ) Hopeful (2 spga.) NWIMSWIY » SON 1E SBM Chior. CIiF W20 Nov-82 Seeps
19 Kezne SWTANWI4 ] WM 1E SBM Chior. Cliff 3800 1.00 Hov-£3
182 New Hole-In-Rock SWIMNWIM 15 148 48E MDM Chior. ClHf 200 May-81 Sesp
1824 Otd Hole-In-Rock SWIHMNE1M4 16 148 48E MDM Chior, CIHY 2080 Jan-r8 Seap
13 Fire SWHMNE1M ] 143 48E MDM Builfrog TN Jan-T® Sesp
1) Corkscrew NE14NW1/4 ] 145 48E MDM Bulifrog 4120 Jan-T8 Seep
190 Duylight NE1MNEH ¥ 138 46E MDoM Bullfrog 4440 Apr-T Sesp
196 Bufifrog SE1HIWIH 2 138 48E DM Bulfrog 4300 Jul-st Beep
197 Bindle NE1MSE15 3] 135 48E MDM Bulifrog 5000 Dwo-70 Dry
197TA Owl SEVASWIA -} 138 46E MOM Bullfrog 4500 May-81 Sesp
198 Daylight Wiilow SWAANWIK 2 138 485 MOM Bullirog 4740 Nov83 Sesp
we Lostman NETMSEIN ] 138 48E MDM Grapevine 3120 Feb-T8 Dy
200 Fern NE1A4SW1M 80 138 48K MDM Grapevine 4000 1.80 Feb-10
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21089 NATIONAL PARK 3ERVICE WATER SOURCES-DEATH VALLEY MATIOMAL MONUMENT Pages
EPRING WATER SOURCE LOCATION USGS 18 MIN. FLOW OBSERVE FLOW
NO. {Unisss noted by *) AREA L3 T. R. MER. QUADRANGLE ELEVA. GPM DATE OTHER
2004 Potllkksr Seep SELMSWIM4 18 138 48E MDM Grapevine 4400 Nov-B3 Seep
2008 Overtook Soep SWIHNWIL " 138 48E MDM Grapavine 4800 Mar-7% Semsonal
1 Two Bamre! NE1MSEIM 13 138 48E MDM Grepevine 8200 Jun-81 Dry
02 Butterfly NWUHMNWIH 13 138 S6E MDM Grapavine 4590 Oct-1r Dy
202A Upper Leadfleld NE1MSWIM 12 138 46E MDM Grapevine 5000 0.10 Jun#2
202B Wired Rock Spring NE1TMNE1M 12 138 45E MDM Grapevine 4900 Feb-84 Seep
202C  White Pasy Gate Seep SE1MNWIK 18 138 48 MDM Grapevine 6000 Feb4 Seep
208 Trgger SWIMSWM 18 138 ASE MM Grapavine 3600 JanTT Dry
204 Paachar © SWHMSE1M 18 138 48E MDM Grapavine 440 Jan-77 Dry
208 Kiare NWIMSE1M ] s 48E MDM Grapevine 320 1.00 Jan-?
206A  Leadfield NWHASWHM 2 138 45E  MDM Grapavine 4400 Mar-77 pry
208 Cave Rock #1 NEVANEIH 2 128N 44EN MDM Grapevine 5000 0.0% Dec-80
N7 ' Cave Rock 2 SETHMNWIM4 M 1IN d4EN MoM - Bulifrog 5100 Dec-T7 Dry
208 Tincan SE1MNE T4 k1 128 45E MDM Grapsvine $200 Oct-78 Dry
208A Paimer Seap SWIMNE14 n 128 48E MDM Grapavine 4200 Jun-Té Dry
204D Eplpactis NE1MSEti4 38 123 45E MDM Grapevine 4500 1.80 Jun-Td
208C  Hohum SWIMSWIM 2 128N 45 MDM Grapevine 4000 Now-T8 Seep
00 McDonald # SE1MSWHM 10 128N A4EN MOM Grapavine o320 Jul-T7 Dry
210 McDonald i3 NE1ASWIM 1 128N A4EN MDM Grapevine ase0 1.00 Oct#1
M Alakadi . NE1HSW1L ] 128N MEN MDM Grapavine 8840 Jun-T4 Dry
A Boundry SWHASW M ] 125N AEN MDM Grapevine B400 3.00 Jun-re
212 Maican Camp NETMNW1IM 3 128N AAEN MDM Grapsvine 8840 Jun-T8 Pry
213 Buek NETMNW14 [ 128N 4SEN  MOM Bulttrog 4300 Fab-78 Dry
4 Goldbar Walt SWIMNEIR ) 118N ASEN MDM Bullfrog 4880 Nov-Is Ory
s Curtie Walls (3) RE1ANW1M -3 113N 48EN MDM Bullfrog 4800 0.33 Oct-80
210 Wood Camp NWIMNETM ¢ 118N AEN MDM Bulifrog 4800 240 Jun83
anr Mexican NW1MNW14 4 123N A4EN MDM Grapavine 4080 Jun-re bry
18 Carkspur SEANWIL 2 118N AEN MDM Grapavime S400 1.00 Mar-80
218 LHtie Willow NWIMNWM a8 198N HEN MDM Grapevine 8300 Dee-77 " Beep
0 Title Goorge NE1MNE14 2 113N MEN ' MDM Grapevine 31 1] 1.00 Mar-80
F-1) Knoll SEVASEVA - 118K MEN MDM Grapevine €300 Dec-T7 Dy
22 Brier SE1MNE1IM gl 118N 44EN MOM Grapeavine 8400 0.80 Jui-&z
Fred Cordwooxd SWIMNWIM4 £l 118N 44EN MDM Grapevine 7100 Aug-T? Dry
A Wahguyhe SE1MSE\M 7 128 AE MDM Grapavine 5920 Jun-74 Seep
2 Black Springs 495 Aug-T? Dry
226 Trall Aug-TT Dry
220 Black Spot NWIMSE1M 30 118N AEN MDM Grepevine 700 Aug-T7 Dy
T Rabbit Brush SWIASWIN 20 118N A4EN MDM Grapevine 200 0.60 Jan-T#
F o) Clu NEIMNE1M 9 118N AEN DM Grapevine 200 Jan-T8 Sessonal
m Daife 42 NWHMSEL4 F- 118N 43EN MDM Grapevine £800 Feb-T8 Not found
no Log SETHEWIM 13 115N 43EN MDM Grapeyine s800 200 Dec-T7
230A C-B Spring SWAMSE1M 13 118N 43BN MDM Grapevine 8800 Feb-T8 Dry
31 Delf's #1 SWIASWI4 24 118N SIEN MDM Grapevine 00 JukTT Seep
32 Pins NE1HSE1M -} 113N 43EN MDM Grapevine a100 Sep-TT Seep
= Jaybird NW1IA4NE1M4 n 115N 43EN MDM Grapevine 5800 0.50 Jun-74
4 Dos BETMNWM 2 118N 43EN MDM Grapsvine 7300 o003 Dec-80
235 sheit SWLANWIM u BN M4EN  MDM Grapevine 7580 Aug-58
28 Ramhom NWAMSE1H 4 t18N A4EN MDM Grapevine 4400 Oct-89 Seep
37 Jackknife NWIMNET 24 125 43EN MO Tin Mtn. 2300 1.00 Cct-80
237TA Trickling 8pring NETMSEIM 2 123 43EN MDM Tin Mtn. 2000 0.20 Aug-TY
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21 MATIONAL PARK SERVICE WATER SOURCES-DEATH VALLEY NATIONAL MONUMENT Pags 7
SPRING WATER SOURCE LOCATION USGS 18 MIN. FLOW OBSERVE FLOW

NO. {Uniess noted by *} AREA 8 T. R MER. QUADRANGLE  ELEVA.  GPM DATE OTHER
238 Forpotien Cresk SWIMNEIM F=3 128 436 MDM Tin Mm 2000 Oct-90 Seaps
239 Nsison NE14SETM4 18 118 43EN  MDM Grapevine 20 400 JunT¥

230A  Funston NEIMSEL4 1 18 43EN  MDM Grapavine [ Jun-T8 Seasonal
240 Grapevine Willow NWHANWIM 2 103N 43EN  MDM Bonnie Cir. 8300 Jul-89 Sesp
2408  Bonnis Cluire Seep NWIMNE1M 1 118N 43EN MDM Bonnie Cir. $800 Dec-T1 Dry

E 1) Shrike SWINSEIH 4 128 & MDM Tin Mtn 1900 Jur-80 Ory
242 Obeldlan Sesps NWIMNWIN 3 128 43¢ MDM Tin Mtn M80 Juna0 Dry
342 Bushy Seep BE1MSEIM 20 s 43E MOM Tin Mtn 240 Jan84 Ory
243 Bessesp NE1MNEA 20 s 15 MOM Tin Mtn 3040 Jan-84 ory
44 Whisker NWHASWTM 1 118 43E MDMW Tin Min 2080 Jan-84 Ovy
U5 Momar SE1M4SEIM 17 118 4QE MDM Tin Mtn 40 0.60 Jan-84

248 Ranger NWAHSETM 24 1138 428 MDM Tin Mtn 2400 0.8 Jan-T8

47  Trederst NWIMNWILA 24 18 42E MDM Tin Mtn 240 170 Jan-T8

24 Surprise SWAMNWLM 1L 18 43E MOM Ubehabe Cr. 840 2.00 Feb-T8

2434  Gargoyle NEVASWiK 7 s 43E MDM Ubshebe Cr. 020 0.20 Jan-g0

249 Mound SWANSWIN 2 118 4 MDM Ubahebe Cr. 2080 5.00 Fasb-78

280  Scotty's Caste SWIHANWIK 8 s 43E MDM Ubehebe Cr. 3200 Auy-89 Abundant
280A  Grpevine Ranch Al $ 118 e MDM Ubshebs Cr. 80 20000  Aug-Te

2281 Lanem SWIANE1M4 » 1"s 42E MDM Tin Min 2000 Jan-90 Seep
282  Whetibarmow NWH4SE1 n 113 A28 MDM Tin Mtn 2000 Jan-Te

283 Homeefly NWTASE 4 2 18 42E MDM Tin Mtn 2000 Jan-T8 Seep
242 Blackjsck NWHHSEIH . s 42E MOM Tin Min 1880 Oct-77 Seeps
258 Hobo SE1ASWIM .} s 42E MDM Tin Min 1800 Oct-r7 Seep
2%  Mesquite SE1MSWIK 0 1] 42E MDM Tin Mtn 1780 1800 How-17

287 Burveyor's Wall SWAMSWAM 12 148 ME MDM Stoveplpe 80 Now-T7 Pool
b Unnamed Wall * NE1MNW1I4 14 143 ME MM Stovepipe 8 Jan-78 Seep
289 Midway Well * NWIMNW14 " 148 45E Mbm Stoveplips 70 Dec-T8 Capped
260  RulzWell* SWIHSWIM 1 143 ME MDM Stovepipe 40 Jan-T8 Dry
250A Tiger Bestle Creek Many 14-24 14s ME MDM Stovepips 20 Apr-T8 Bszsonat
261 Triangle SWHMNWIM 19 143 45E MDM Stoveplps ©0 May-84 Dry
261A  Babbia Potholes Many 3031 143 48E MDM Swoveplpe 1000 Deo-T7 Dry
218 Paim NE1MNE1M ® 13 45E MDM Stovepipe ] May-84 Seep
262 Incian Map Walr* SETMNWIN ) 153 ME MOW Stovepips 70 Sep-8 Chliterated
263 Stovepips Wall * NWHMNWI 18 188 ABE MOM Stovepipe 50 Aug-80 Capped
284 Biovepipes Weil" {hetel) Pyt Prop. MDM Stovepipe [ Aug-89 Brackish
284A NP3 R.O. Wall SWIRSEIM 38 o8 ME MDM Stovepipe ] Dec-T8

08 Dune Satt Well * NE1MSEI4 82 188 48E MDM Stoveplpe -0 '

208 Mclean ’ SE1MSWIM £ 1] 188 #8E MDM Stovepips 130

267 Sat Cresk-strewn - Marny many 188 48E MDM Stovaplps 140 Mardi Varies
208 Salt Well * (obllterated) MDM Chiar, CHIY Sep-80 Obiftersted
29  san SWIMSETM - 16.58 “e MDM Chior. Gt 240

270 Sutfur SETMNEIS n 10.88 40E MDM Chior. CIftf 200

m Tule SWIMNW14 » 28N 1€ 58M Bennetts Well -260
IMA  Badwatsr Potholes * NWIANWIM4 n 26N iE sBM Furnace Creek ] Jung0 Patholes
12 Shorty's Wil NWHMSWIH ] 26N 1E 3BM Sennetis Wall 210 May-53 Water 8 down
273 Badwater SWIMNEIK n 26N % SBM Bennetts Wall 280 Aug-89 Pond
27%A  Tinaja Bajs SEV4SEVH 18 4N 2E 88M Bannetts Well -200 Jon-Te Pothole
4 Eagie Sorax SWHMANWIK 10 UN 1E SEM Bennetts Well 280 Fab-85 Large pond
278 Sowbelly walt* NEIMSEM ® 24N 1E 3BM Bennetts Well -280

276 Bennats Walt NE1MBW1TH o2 4N 1€ s8M Bennetts Wall 260
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SPRING WATER SOURCE LOCATION USGS 15 MIN. FLOW OBSERVE FLOW
NO, {Uniese noted by 7) AREA 8. T R. MER. GQUADRANGLE ELEVA GPM DATE QOTHER
Figd Salisbury Well * 11 23N 1E SBM Bennetts Well ~250 Sep-39 Dty
are Dry Well * 2 3N 1E SBM Bannetts Weli -28 Sep-59 Dry
e Mesguits Well * NE1MNWI4 " 23N 1E sam Bennetts Wall -28 Cry
280 Gravel Well * NWIMNW1M4 23 2N 1E SBM Bennetts Weall ~200 Jan-8% Capped
;1 Masquite Walt ~ NW1MSE1M £ 3N tE SEM Bennetts Weil -248
22 Masquite Well * HE1NWIH 14 2N 1E SBM Bennetts Well 25 Dry
243 Hawk SWIMNW14 k] IN 1E SBM Bennaits Well =280 Jun-82 Pool
%4 Salt Well * NW1MNW14 12 N 1E SBM Bennstts Well -220 Mar-80 Water 8' down
268 Coyote Welis* NWIMNW14 10 2N 2E SBM Bennetts Well -240 Jun-82 Dry
285A Bigentennial SE1MSEA 18 22N 2E SBM Funeral Peak -220 Jun-82 Seep
288 Ashford Well * NW1/4NE1H4 28 2N 3E sBM Confid. Hills ] Dec-70 Dry
297 Confidence Mill Well * SWHHNWIM ? 208 4E SBM Confid. Hills -20
288 Confldence
289 Blister Well* SE1MNE1M n 1oN 4E SBM Leach Lake 153 Dec-78 Dry
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File: Death Valley-Composite
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G: Sirozzl Ranch

Mg
Ca
Na

K
co3
HCO3
Cl
S04
Fe
8i02
NO3

lon Balance: 1.020
TDS: 228.1

G: Cordwood

Mg
Ca
Na

K
cOo3
HCO3
ol
S04
Fe

lon Balance: 1.038
TDS: 203.4

G: Little Willow

Mg
Ca
Na

K
C03
HCO3
Cl
S04
Fe
Sio2
NO3

lon Balance: 1.008
TDS: 294.7

Mg/l

2.900
16.000
30.000
10.000
1.000
123.000
8.200
12.000
0.020
24.000
1.000

Mg/l

4.500
21.000
25.000
€.900
1.000
122.000
10.000
13.000
0.020

Mg/l

3.500
19.000
48.000
7.000
1.000
153.000
16.000
23.000
0.020
24,000
0.200

G: Knoll

Mg
Ca
Na

K
coa
HCO3
cl
S04
Fe
Sio2
NO3

lon Balance: 1.137
TDS: 198.2

G: Klare-USGS

Mg
Ca
Na

K
co3
HCO3
cl
S04
Fe
Si02
NO3

lon Balance: 0.966
TDS: 716.1

G: Woodcamp
Mg
Ca

Na

K
cOo3
HCO3
Ci
S04
Fe
Si02
NO3

lon Balance: 1.053
TDS: 309.3

Mg/l

24.000
44.000
110.000
4.800
1.000
349.000
33.000
130.000
0.020
20.000
0.300

Mg/t

3.300
23.000
38.000
14.000
1.000
122.000
24.000
24.000
0.020
57.000
3.000

52
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EIS001443

G:Grapevine-USGS Mg/l

Mg 18.000
Ca 52.000
Na 160.000
K 15.000
CcO3 1.000
HOO3 467.000
Cl 62.000
S04 : 120.000
lon Balance: 0.857

TDS: 895.0
G:Grapevine-USGS Mg/l
Mg 20.000
Ca 51.000
Na 168.000 -
K 5.700
Co3 1.000
HCO3 477.000
Cl 64.000
S04 120.000
Si02 38.000
NO3- 0.110
lon Balance: 0.958

TDS: 944.8
G:Stainger-USGS Mg/l
Mg 0.520
Ca 4.600
Na 150.000
K 5.200
CO3 1.000
HCO3 233.000
Cl 42.000
S04 89.000
Si02 59.000
NO3 0.860

lon Balance: 1.004
TDS: 585.2

G:Daylight-USGS

Mg
Ca
Na

K
cos
HCOB
cl
804

lon Balance: 1.026
TDS: 186.5

F: Navel

Mg
Ca
Na

K
cos
HCO3
Cl
S04
Fo
Si02
NO3

lon Balance: 0.944
TDS: 684.2

F: Upper Navel

Mg
Ca
Na
K

- c0s3

HCO3
Cl
504
Fe
SiC2
NO3

ton Balance: 0.982
TDS: 985.1

Mg/l

3.700
29.000
16.000
1.800
1.000
110.000
10.000
15.000

Mg/l

8.800
15.000
168.000
7.800
17.000
228.000
75.000
125.000
0.030
8.500
31.000

Mg/l

17.000
41.000
209.000
14.000
1.000
422.000
93.000
154.000
0.070
12.000
22.000

83
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File: Death Valley-Composite
E:Travertine-USGSMg/| F: Texas-USGS Ma/l
Mg 18.000 Mg 20.000
Ca 33.000 Ca 35.000
Na 140.000 Na 155.000
K 12.000 K 12.000
CO3 1.000 CcO3 0.000
HCO3 343.000 HCO3 348.000
Cl 30.000 Cl 43.000
804 150.000 S04 160.000
Fe 3.000
Cu 1.000 lon Balance: 1.019
Si02 30.000 TDS: 773.0
NO3 0.130 F:Nevares-USGS Mg/l
lon Balance: 1.004 Mg 21.000
TDS: 761.1 Ca 43.000
. . Na 145.000
E:Nevares-USGS Mg/l K 11,000
Mg 20.000 o3 0.000
Ca 42.000 HCO3 350.000
Na 140.000 Cl 36.000
K 11.000 S04 174.000
CO3 1.000
HOO3 153.000 lon Balance: 1.008
S04 170.000 . .
fo 4000 F:X. Wonder-usGsMag/I
Cu 1.000 Mg 38.000
Mn - 4.0007 Ca 100.000
8i0z 26.000 Na 970.000
NO3 0.050 K 43.000
O3 0.000
lon Balance: 1.003 HOOR 1300.000
TDS: 809.0 cl 550.000
F:Travertine-USGSM g /| S04 740.000
Mg 19.000 lon Balance: 0.984
Ca 36.000 TDS: 3741.0
Na 140.000 .
K 10.000 B lo Mg/l
co3 0.000 Mg 15.000
HCO3 330.000 Ca 54.000
Ci 40.000 Na 79.000
S04 160.000 K 6.600
co3 1.000
lon Balance: 0.984 HOOB 214.000
TDS: 735.0 cl 68.000
S04 111.000
Fe 0.190
Mn 0.220
SiQ2 16.000
NO3 1.700

lon Balance: 0.968
TDS: £566.7

4
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i_Ibex

§g5ogoggnens

lon Balance:
TDS:

B: Virgin

Mg
Ca
Na

K
cO3
HCO3
Ci
S04
FB
Cu
Mn
8i02
NO3

lon Balance:
TDS:

Mg/l

20.000
22.000
511.000
13.000
27.000
540.000
290.000
374.000
0.020
0.300
18.000
0.200

0.984
1815.5

Mg/l

35.000
54.000
92.000
6.100
1.000
488.000
19.000
71.000
3.000
2.000
5.000
30.000
11.000

0.986
817.1

B: Lemonade-USGS Mg/l

Mg
Ca
Na

K
cos
HCO3
cl
SO4

lon Balance:
TDS:

2.100
2.200
180.000
7.400
0.000
260.000
64.000
79.000

1.077
594.7

B: Salisbur

Mg
Ca
Na

K
cos
HCO3
cl
SO4
Fe
8i02
N3

lon Balance: 1.166
TDS: 480.1

P: Thorndike

Mg
Ca
Na

K
co3
HCO3
cl
S04
Fe
Sio2

lon Balance: 0.943
TDS: 183.4

P: Johnnie S.

Mg
Ca
Na

K
co3
HCO3
Ci
S04
Fe
Mn
Si02
NO3

lon Balance: 0.956
TDS: 539.9

Mg/l

3.000
6.200
138.000
5.400
1.000
200.000
47.000
52.000
0.050
26.000
1.500

Mg/t

2.500
32.000
7.700
1.100
1.000
116.000
3.300
13.000
0.020
6.800

Mg/l

34.000
55.000
29.000
1.000
1.000
352.000
17.000
41.000
0.020
0.180
8.700
1.000

g5
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P: Hummingbird

Mg
Ca
Na

K
C03
HCO3
Cl
S04
Fe
Mn
Sio2

lon Balance: 0.793
TDS: 408.7

P: Wildrose

Mg
Ca
‘Na

K
co3
HCO3
cl
S04
Fe
Siop
NO3

fon Balance: 0.952
TDS: 889.2

Mg/l

13.000
61.000
14,000

© 2.800

1.000
159.000
42.000
107.000
0.020
0.060
8.800

Ma/l

44.000
131.000
43.000
7.100
1.000
200.000
19.000

" 431.000

0.020
13.000
0.100

P: Suprize Canyon Mg/l

Mg
Ca
Na

K
co3
HCO3
Cl
S04
Fe
Mn
8i02
NO3

lon Balance: 1.021%
TDS: 570.1

18.000

62.000 -

71.000
2.300
1.000
264.000
70.000
£59.000
0.020
0.300
22.000
0.500

P: Burns i1

Mg
Ca
Na

K
co3
HCO3
cl
S04
Fe
Al
Si02
NC3

lon Balance: 1.008
TDS: 657.5

P: Lime Kiln

Mg
Ca
Na

K
co3
HCO3
Cl
S04
Fe
Mn
Sio2
NO3

lon Balance: 1.009
TDS: 577.7

Mg/l

33.000
43.000
80.000
1.000
1.000
431.000
20.000
30.000
0.020
0.300
15.000
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Cl 1810.000
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lon Balance: 0.903
TDS: 7948.2 §&
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EXECUTIVE SUMMARY EIS001443

Yucca Mountain is the site of the United States' only proposed high-level
nuclear repository. The repository was designed using the philosophy of
multiple barriers, both engineered and natural, each of which impede the
movement of contaminants. The proposed repository would be in the
unsaturated zone above the water table in Tertiary tuffaceous rocks. The
principal transporting mecharism is moving ground water. Underlying the
repository at approximately 2 km (6,000 feet) is an extensive Lower Carbonate
Aquifer known to be highly permeable. Should contaminants get to the
Lower Carbonate Aquifer they would be moved by ground water back to the
biosphere, over some period of time. Several points of potential discharge are
the springs on the east side of Death Valley, within Inyo County. Esmeralda
County, on the other hand, is up gradient, and has little chance of
contamination from Yucca Mountain through the carbonate aquifer. This
study was supported by both Esmeralda and Inyo Counties.

We can separate the potential impacts of the repository into 1) near-field and
2) far-field effects. - There are a number of near-field effects that are difficult to
predict. Among these are:

1) the impact of hot canisters on the redistribution of the moisture
in the unsaturated zone;

2) the impact of so-called fast paths of recharge that move water

quickly through the fractures in the unsaturated zone; and
3) the logistics of building the repository.

An important objective of our study was the evaluation of far-field issues
related to the regional ground-water hydrology for potential migration of
radionuclides into Inyo and Esmeralda Counties. Our study indicates that:

1) data from the UE-25p1 exploratory borehole suggests that it is unlikely
that radionuclide contaminants will move to the Lower Carbonate
Aquifer in the vicinity of Yucca Mountain because the potential for
ground water movement is upward out of the carbonates into the tuff;

2} should contaminants get to the Lower Carbonate Aquifer they will be
moved by ground water back to the biosphere, over a relatively short
period (several thousand years);

3) the ultimate discharge points for the Lower Carbonate Aquifers appears
to be the springs on the east side of Death Valley, within Inyo County;

7/
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4) Esmeralda County is up gradient from Yucca Mountain and has little
chance of ground water contamination from a Yucca Mountain
repository through the carbonate aquifer; and

5) there are geohydrologic data gaps that make predicting the repository
performance including the transport of contaminants in the Lower
Carbonate Aquifer uncertain.

Our investigation suggested a number of activities that would enhance our
understanding of the potential for contaminate transport into and through
the Lower Carbonate Aquifer system. The following oversight study activities
are recommended.

Amargosa River Basin Hydrology Studies

The HyMet Amargosa River basin rainfall-runoff model suggests there may
be a significant ‘transfer of ground-water inflow into the basin through the
Lower Carbonate Aquifer in adjacent areas. It is recommended that the
HyMet model be used to further evaluate this relationship. The transfer of
ground-water inflow into the Amargosa River basin from the Lower
Carbonate Aquifer has not been quantified in previous studies. Further
analyses of the stream record would help in the evaluation of ground-water
transfer to the Amargosa River basin. It is also suggested that the Amargosa
River stream gage be reinstalled to assist in this analysis.

Lower Carbonate Aquifer Studies

Other investigations of the Lower Carbonate Aquifer are recommended
below:

1) There should be sufficient test drilling in the vicinity of Yucca
Mountain to indicate that the high head, observed in UE-25p1, persists
everywhere beneath the proposed repository. The experience with the
UE-25p1 test hole demonstrates the value of the empirical data gained
from drilling and monitoring at Yucca Mountain. Numerical ground-
water modeling could be used to suggest drilling locations.

2) It is further suggested that connectivity of the Lower Carbonate Aquifer
be evaluated by geochemical analysis of spring water associated with
the Death Valley basin to help determine the source of these waters. A
spring sampling and analysis program in the Amargosa and Funeral
Mountains is warranted.




3)

4)
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A numerical transport model of the deep Lower Carbonate Aquifer
would provide important insights into the potential migration of
contaminants from the Yucca Mountain repository. A regional
numerical model of the deep aquifer system would provide a means to
evaluate:

the suggested higher head in the Lower Carbonate Aquifer,
ground water travel times of contaminates,

aquifer connectivity, and

the significance of geologic and hydrologic data gaps.

In particular, society cannot guarantee that large climate changes will
preserve the upward flow potential between the Lower Carbonate
Aquifer and the overlying Tuffs. Aquifer modeling can be used to
estimate the impact of climate changes on the flow system. The
modeling may provide an indication of how stable the potential for
upward flow is. It should provide an estimate of over what area the
upward potential currently exists.

Were the head in the Lower Carbonate Aquifer to be lowered, one of
the natural barriers at the site would be destroyed. We wish to
emphasize--as a potential barrier to nuclide transport, it is important
that the high head in the Lower Carbonate Aquifer be preserved in the
vicinity of the repository. No action should be taken either through
construction and filling of the repository, or through development of -
the Lower Carbonate Aquifer for water supply to reduce the deep
carbonate head. '

Yucca Mountain Technical Oversight

It is suggest that technical oversight of the nuclear waste program continue.
Current nuclear waste policy may change to include a Interim Federal Storage
(IFS) facility. The potential for a significant release of radionuclides from an
IFS facility near Yucca Mountain is uncertain, and should be reviewed. With
regard to Inyo County, the focus of oversight activities should be on studies
concerning regional ground water issues, geology and hydrology, and criteria
for licensing regarding ground water travel times. Oversight activities should

include:
. Attend meetings related to ground water issues at Yucca
Mountain,
. Review DOE and research reports on repository performance,
. Technical support to county personnel, and
. Review waste storage policy plans.
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1.0 INTRODUCTION EIS001443

Yucca Mountain is the site of the United States’ only proposed high-level
nuclear repository. The repository was designed using the philosophy of
multiplé barriers, both engineered and natural, each of which impede the
movement of contaminants. The proposed repository would be in the
unsaturated zone above the water table in Tertiary tuffaceous rocks. The
principal transporting mechanism is moving ground water. Underlying the
repository at approximately 2 km (6,000 feet) is an extensive Lower Carbonate
Aquifer known to be highly permeable. Should contaminants get to the
Lower Carbonate Aquifer they would be moved by ground water back to the
biosphere, over some period-of time. Several points of potential discharge are
the springs on the east side of Death Valley, within Inyo County. Esmeralda
County, on the other hand, is up gradient, and has little chance of
contamination from Yucca Mountain through the carbonate aquifer. In this
paper we address the likelihood of contaminant movement to the deep
Lower Carbonate Aquifer. This study was supported by both Esmeralda and
Inyo Counties.

We can separate the potential impacts of the repository into 1) near-field and
7) far-field effects. There are a number of near-field effects that are difficult to
predict. Among these are:

1) the impact of hot canisters on the redistribution of the moisture
in the unsaturated zone;

2) the impact of so-called fast paths of recharge that move water
quickly through the fractures in the unsaturated zone; and

3} the logistics of building the repository.

We do not wish to minimize the problems of the near-field, but both
Esmeralda and Inyo Counties are at some distance from the repository site;
their concerns are in the far field. Qur focus in this report is on the far-field
effects. The major pathway of potential transport of radionuclides away from
the repository is through moving ground-water. Of most concern, especially
to Inyo County, is the deep, highly permeable, Paleozoic Lower Carbonate
Aquifer that underlies the repository and is thought to have its ultimate
discharge in springs along the east side of Death Valley. Much of the
discussion in this report is on the regional aquifers, especially the deep Lower
Carbonate Aquifer.

An important objective of our study was the evaluation of far-fieldissues

related to the regional ground-water hydrology for potential migration of
radionuclides into Inyo and Esmeralda Counties. The deep carbonate aquifer

Page 1
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provides the most probable path for the long distance migration of
radionuclides from Yucca Mountain into Inyo and/or Esmeralda Counties.
Based on these facts, important issues to be addressed in the following report
include:

1) Is the present climate stable?

2) Does the deep carbonate aquifer provide a continues pathway
from Yucca Mountain to either Inyo and/or Esmeralda
Counties?

3) Is there a ground-water driving force to move flow from the

repository to Inyo and Esmeralda Counties.

2.0 SURFACE WATER HYDROLOGY AND CLIMATOLOGY

Potential radionuclide transport from the repository into and through the
Lower Carbonate Aquifer is a partial function of the surface water hydrology
and climatology of the Death Valley Watershed. Inyo County, especially
Death Valley, is the lowest topographic point in the area and the ultimate
point of discharge for the Amargosa River and the deep carbonate aquifer.
Esmeralda County, on the other hand, is topographic higher (and therefore
upstream) from the Amargosa Desert area surrounding Yucca Mountain. For

this reason, it is unlikely that contaminants will reach Esmeralda County"

from Yucca Mountain.

We modeled rainfall-runoff of the Amargosa River basin in order to gain an
understanding of the physical characteristics that control the movement of
water through the watershed. Input data for our runoff simulation includes:
1) the 21-year daily discharge record of the Amargosa River, and 2) daily
observations from precipitation and temperature stations in Nevada and
California. Figure 2.0 show the drainage divides of the Amargosa River and
Salt Creek, the gaging station locations, and the locations of the temperature
and precipitation stations used in this analysis.

21  Setting

The Amargosa River originates in the mountains of Southwestern Nevada,
flows south and west and ends in the sinks and playas of Death Valley in Inyo
and San Bernardino Counties, California. The river was gauged for
approximately 21 years (1962-83) at Tecopa, CA by the US Geological Survey
(gage no. 10251300, elevation, 1310 feet). Gauging was discontinued after the
station was destroyed by a flood on August 19, 1983. The drainage area above

Page 2
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this gage is 3090 square miles and includes the Yucca Mountain repository
site. Two other gauge discharge sites in Inyo County are also available but
have not yet been included in the analysis (Salt Creek near Stovepipe Wells,
CA 1974-present; Darwin Creek near Darwin, CA, 1963-89). Qur effort in this
study was to first understand the hydrology of the Amargosa River. The two
other sites will be analyzed if further investigations of the Amargosa basin are
funded (Figure 2.1 shows the annual runoff of the Amargosa River and
Darwin Creek).

2.2 Streamflow Simulation

We adapted the Hymet simulation model for the Amargosa River to produce
daily simulations of discharge for the 21 year period of record. The model
converts observed daily precipitation and temperature into daily stream
discharge at the gaging site. To make this calculation the model includes the
hydrologic parameters: soil moisture, evapotranspiration (ET), infiltration,
recharge, ground water storage and the outflow of ground water to the surface
as springs. The model is calibrated by adjusting these hydrologic parameters
plus the outflow of ground water to the surface as springs. Calibration is done
by adjusting these hydrologic parameters until an adequate fit of simulated to
observed discharge is achieved. Figure 2.2 is a schematic flow diagram of the
HyMet model; it illustrates how the model accounts for the movement of
water through the system.

We made significant revisions of model algorithms and the computer code -

for this project because of the unique character of the Amargosa watershed.
The main differences between this basin and most others in the world are the
extreme desert conditions that manifest itself 1) in low humidity and high
rates of evaporation and transpiration, 2} long periods with no streamflow, 3)
the sporadic nature of precipitation into the basin, and 4) the apparent inflow
of ground water into the basin across drainage divides via deep aquifers.

There are a large number of hydrologic variables that can be calculated with
the model. The most important variables are related to evapo-transpiration
and the input and outflow of ground water. Simulated rates of
evapotranspiration at the Franklin Lake playa had the largest effect on the
early ground-water model transmissivity (Czarnecki, 1990). Also important is
separating ground water movement into deep and shallow components.

The actual data input to the model are an average of four, equally weighted
precipitation records, two maximum and minimum temperature records,
and for simulation verification the daily discharge of the gauge at Tecopa.
The temperature stations are separated by a 2125 foot (648 meter) elevation
difference so that the temperature/elevation distribution is calculated. A
listing of these input files are provide in an enclosed computer disk.

Page 3
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We attained a maximum R-squared value of 0.69 between calculated and
observed streamflow for the Amargosa River discharge. Although the
accuracy for simulating discharge is not as high as that attained by this model
for most other catchments, the relatively extreme weather and hydrologic
conditions in the Amargosa basin suggests that an R-squared value of nearly
0.7 is reasonable.

2.3  HyMet Model Results

The most important finding in the HyMet model analysis is that the water
balance for the Amargosa basin is slightly negative; there is more runoff and
evaporation from the basin than precipitation. The water balance for this
basin can then be expressed as:

R+E>P

where:

R = Observed runoff

E = Simulated evaporation

P = Precipitation based on observed precipitation at four stations,
Dagget, Death Valley, Inyo, Kern, Trona

The models suggests that ground-water inflow into the basin from the Lower
Carbonate Aquifer is equal to approximately 0.5 cm (0.2 inches) of water
averaged over the drainage area, or 33,000 acre-feet per year. This suggests
there may be a significant transfer of water into the basin from adjacent areas
by ground water movement.

The investigation also indicates:

1. Temperatures at most of the forty weather stations examined in
this region are increasing, Most of these increases occurred in
the past decade and therefore may not indicate an unusual or
unprecedented rise in temperature. However, the nearest long-
term station reveals a pattern similar to those in the Inyo county
region. Sacramento station’s record is much longer (117 years)
and demonstrates a nearly continuous increase since the turn of
the century, (Figure 2.3a).

2. Basin evapo-transpiration is increasing while potential
(observed pan evaporation at Death Valley) is decreasing. This
contradictory finding is not completely understood. It may
possibly be explained by a combination of greater precipitation
and higher temperatures: 1) potential ET is reduced because both
humidity and precipitation has increased, and 2) actual ET is

Page 4
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humidity and precipitation has increased, and 2) actual ET is
increased because more moisture is available for evaporation.
These results may be due to a recent change in climate. This way
suggest greater water losses in the future by increased evapo-
transpiration, see Figures 2.3b and c.

3. High discharge events at the Amargosa gage usually are heavy
precipitation during severe thunderstorms over smaller portion
of the basin. In other words, total basin precipitation during
these storms cannot be consistently predicted from a few weather
stations (as is the case for most watersheds). Each storm that
produces high runoff may be detected at a only a few
precipitation gages. This suggests that even a small change in
climate can alter precipitation patterns in this region. The effect
on the hydrology may be even more significant (Figure 2.3d) .

4. The Amargosa River discharge increases during periods of
cooler weather and no precipitation, suggesting an increase in
ground water outflow caused by reduced evapo-transpiration.
This implies that vegetation plays a critical role in evapo-
transpiration from this basin.

5. Precipitation over the past 45 years has increased at nearly every
station in the region, (Figure 2.3.e).

24  Climatology

The observed changes in rainfall, temperature, and pan evaporation may be
manifestation of large scale changes in global climate. Because of man's
impact on the climate, future changes may be impossible to predict.

3.0 GEOLOGY

The Lower Carbonate Aquifer is the most likely potential pathway for
transport of contaminants from Yucca Mountain to Inyo County, as
previously discussed. The geology of the Lower Carbonate Aquifer at Yucca
Mountain forms a framework for understanding potential pathways for
radionuclide transport from the repository to the biosphere. The geology was
evaluated to determine if the Lower Carbonate Aquifer exists as a continuous
media for contaminate transport into either Inyo and/or Esmeralda Counties.
The geology of the Lower Carbonate Aquifer was evaluated in terms of its
stratigraphy, structure, areal distribution, and thickness.

Page 5
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Our understanding of the geology of the Lower Carbonate Aquifer is limited
by available data. There is a lack of deep drilling associated with Yucca
mountain. At present, only two exploratory boreholes, UE25p1 and
Felderhoff-Federal No. 25-1, have penetrated the Lower Carbonate Aquifer
near Yucca Mountain, with hydrologic borehole data limited to UE25pl.
Geophysical surveys lines provide limited coverage. An extensive discussion
of the regional geology of the Lower Carbonate Aquifer was first presented in
Winograd's and Thordarson's 1975 United States Geological Survey (USGS)
Professional Paper 712-C. Recently, our understanding of the geology of the
Lower Carbonate Aquifer has been enhanced by two regional geologic studies,
by GeoTrans/IT Corporations and by the USGS.

The GeoTrans/IT Corporations investigation was supported by the Weapons
Program, and the USGS study by the Yucca Mountain Nuclear Waste
Program. It seems at first glance that these two modeling efforts are
redundant. However, given the importance of understanding the ground-
water hydrology of the region this redundancy may be warranted. To date,
only a preliminary copy of the GeoTrans/IT model is available for public
scrutiny.

A copy of the GeoTrans/IT Preliminary Regional Geological Model was
provided for our review. The USGS model is promised for late 1995 or early
1996. Qur evaluation of the geology of the Lower Carbonate Aquifer is based
on Winograd's and Thordarson's 1975 publication, GeoTrans/IT Preliminary
Regional Geological Model, and selected publications. A description of the
GeoTrans/IT Preliminary Regional Geological Model is provided below.

31  GeoTrans/IT Preliminary Regional Geological Model
The GeoTrans/IT Preliminary Regional Geological Model is a three-

dimensional conceptual hydrogeologic model of the Death Valley ground-
water flow system. The model was developed to characterize the geologic and

hydrologic framework of the Death Valley drainage system in support of .

ground-water flow and radionuclide transport modeling of the Nevada Test
Site. The study area is approximately 28,490 square kilometers (11,000 square
miles), which covers a significant portion of Southern Nevada and a portion
of Inyo County, California, Figure 3.1. The study area includes the Yucca
Mountain Repository site, the Amargosa Valley, and portions of Death
Valley.

The model includes digitized structural elevation maps of hydrostratigraphic
units of the study area. Interpreting the geology involved a process of
combining surface geology, digital topography, geologic cross-sections to
develop hydrostratigraphic unit data on a 2 kilometer (6,000 feet) grid spacing.
Geologic data was integrated into the analysis using a GIS-based
Environmental Resource Management Applications (ERMA) computer
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system. The three-dimensional geometric projections that show the
relationship of the hydrostratigraphic units made using the program Voxel
Analyst within ERMA. Each element of the modeling effort was reviewed by
a team of geologists, experts in the study area.

The GeoTrans/IT Preliminary Regional Geological Model represents one of
the most comprehensive geological interpretation of southern Nevada and
portions of Death Valley. The model accounts for exploratory borehole data
gaps through the use of geophysical data and use of the Voxel Analyst
geological interpretation program.

Our study focused on maps of the surface elevation and depth to the Lower
Carbonate Aquifer developed by GeoTrans/IT using their Preliminary
Regional Geological Model. GeoTrans/IT prepared geologic cross-sections for
our specific interests.

3.2  Stratigraphy

Winograd and Thordarson, 1975, indicate that the Yucca Mountain area is
part of the miogeosynclinal belt of the Corilleran geosyncline, which covered
the western most portion of North America. The geosyncline was an
elongated subsiding trough in which over 11,000 meters (37,000 feet) of
marine sediments were deposited. The miogeosynclinal belt occupied the
eastern portion of this trough. Deposition in this belt was relatively
continuous, and was dominated by Paleozoic-age carbonate and clastic
sediments. These sediments have been divided into 16 formations, which
include the Lower Carbonate Aquifer hydrogeologic unit, Table 3.2a. No
Mesozoic-age rock are found in the area except for a few minor intrusive
masses, which indicates a extensive period of uplift and erosion. Tertiary-age
rock consist of more than 3,900 meters (13,000 feet) of extrusive volcanics that
were erupted from large caldera centers, such as the Timber Mountain
Caldera. Recent Quaternary-age sediments consist of alluvium that filled the
low-lying areas. The stratigraphy of the Yucca Mountain study area is
illustrated in Table 3.2a (Winograd and Thordarson, 1975).

The Precambrian and Paleozoic sediments consist of two major depositional
sequences of clastic and carbonate sedimentation. This sequence is defined by
hydrostratigraphic units in Table 3.2a as Lower Clastic Aquitard, Lower
Carbonate Aquifer, Upper Clastic Aquitard, and Upper Carbonate Aquifer.
Winograd and Thordarson, 1975, indicate there are no major unconformities
within the Precambrian and Paleozoic sediments. They also indicate that
there are several disconformities in these sediments that are not marked by
deep subareal erosion of the underlying rocks. GeoTrans/IT's correlation of
pre-Tertiary formations are presented in Table 3.2b, and correlation and
definition of hydrostratigraphic units are presented in Table 3.2c. In general,
the GeoTrans/IT grouping of formations into hydrostratigraphic units closely
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correlates with the units defined by Winograd and Thordarson (1975), with
some simplification. However, GeoTrans/IT's did divide Silurian-age
sediments into the Laketown Dolomite, Roberts Mountain Formation and
Lone Mountain Dolomite in the Yucca Mountain area, which are designated
"undifferentiated" by Winograd and Thordarson, 1975.

The Lower Carbonate Aquifer is composed of marine of limestone, dolomite,
calcareous shales, and quartzite over most of the study area. There is a facies
change to a clastic rock in the northwest portion of the study area toward the
north ends of Esmeralda and Nye Counties. Geologic descriptions of these
sediments in drilling rock cores are confined to rock type and secondary
permeability features. Vuggy porosity is present locally, but is isolated. A few
cavities were encountered in the Lower Carbonate Aquifer, the largest was
0.61 meters (2 feet). Winograd and Thordarson, 1975, observed four types of
fractures in Lower Carbonate Aquifer cores:

1. fractures filled with breccia or clayey gouge,

2. fractures with slickensides,

3. fractures sealed with calcite, dolomite, or other minerals, and
4, fractures partly filled with calcite or dolomite.

3.3 Structure

The structural geology of the area is the result of two major periods of

deformation. The first major orogeny occurred in the late Mesozoic and early

Tertiary. This period of tectonics resulted in uplift, erosion, and subsequent
folding, and both strike-slip and thrust faulting of the Precambrian and
Paleozoic sediments. During the Tertiary Period extrusive volcanics from
major caldera centers covered the area as previously noted. Beginning in the
Miocene and continuing into the Quaternary large-scale normal faulting
disrupted the Precambrain and Paleozoic sediments, and volcanics breaking
the area into basin and ranges. As a result of this geologic history, the
structural geology of the Yucca Mountain is complex.

Major structural features of the Amargosa Desert/Death Valley portions of
the area are identified in Figure 3.3a. The subsurface relationship of these
features to the Lower Carbonate Aquifer is illustrated in the geological cross-
sections developed by GeoTrans/IT in Figures 3.3b, ¢, d and e. (Note that the
figure numbers shown on these cross-sections are referenced in GeoTrans/IT
Preliminary Regional Geological Model report).

The Amargosa Desert/Death Valley area east of Yucca Mountain is divided
into two sub-areas by the Bare Mountain Fault, which is illustrated in Figure
2.3d. West of the Bare Mountain Fault the Lower Clastic Confining Aquifer is
structurally high and is exposed at the surface. The Lower Clastic Confining
Aquifer forms the floor of the Amargosa alluvial basin, and in some areas is
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covered by relatively thin Tertiary sediments below the alluvium. East of the
Bare Mountain Fault the Lower Carbonate Aquifer is present in the down-
dropped side of the fault. At Yucca Mountain the Lower Carbonate Aquifer is
overlain by Tertiary volcanics, Figure 3.3b.

The Amargosa Desert/Death Valley area south of Yucca Mountain is
characterized by displacement of the Lower Carbonate Aquifer by the Schwaub
Peak, Specter Range, and Wheeler Pass Thrust faults. Thrust faulting has
resulted in Lower Clastic Confining Aquifer being lifted to a higher structural
level above the Lower Carbonate Aquifer, as shown on Figure 3.3c. (Note that
the magnitude of displacement of faults shown on Figures 3.3b, ¢, d and e is
exaggerated by the vertical scale of the figures and the 2 kilometer (1.24 mile)
grid spacing of the model). The Lower Carbonate Aquifer thins westward
through the Funeral Mountains into Death Valley. This thinning is due to
both tectonic uplift and erosion during the Tertiary, Figure 3.3e. The Lower
Carbonate Aquifer is covered by alluvial fill in the southern portion of the
Amargosa Desert, Figures 3.3b and e.

The Tower Carbonate Aquifer is truncated by the Belted Range Thrust just
north of Yucca Mountain. The Belted Range Thrust occurs in the same place
as the anomalously high water table gradient in the Tuff Aquifer. A
description of this high hydraulic gradient is provided in 4.0 GROUND
WATER HYDROLOGY of this report.

34 Lower Carbonate Aquifer Areal Distribution and Thickness

The Lower Carbonate Aquifer, in general, underlies the alluvial valley fill
and crops out in and along the flanks of Funeral Mountains. The Lower
Carbonate Aquifer has an maximum thickness of about 8,000 meters (26,000
feet) (GeoTrans/IT, 1995). The areal distribution of the Lower Carbonate
Aquifer is shown in Figure 3.3a and 3.4.

The Lower Carbonate Aquifer has been eroded from the Desert, Halfpint and
Papoose Ranges east of the study area. It has also been eroded from western
portions of the area in Esmeralda and Nye Counties. The Lower Carbonate
Aquifer is not present directly north of Yucca Mountain either because it is
eroded away or faulted out by the Belted Thrust fault.

The Lower Carbonate Aquifer is present below Yucca Mountain at a depth of
about 1,000 meters (3,000 feet), and extends southward below the Amargosa
Desert into Death Valley. The Lower Carbonate Aquifer is also present in the
Furnace Creek area into Death Valley. It is thinner in this area than it is at
Yucca Mountain. The depth to Lower Carbonate Aquifer map, Figure 3.4,
indicates surface exposures of the Lower Carbonate Aquifer at the southern
end of the Amargosa Valley and near the Franklin Lake Playa.
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35 Geological Continuity Of The Lower Carbonate Aquifer

The best interpretation of available geological data indicates that the Lower
Carbonate Aquifer is continuous from beneath Yucca Mountain to Death
Valley, and is a potential pathway for radionuclide transport to the biosphere
in what appears to be the ultimate discharge points for the aquifer in Death
Valley. The Lower Carbonate Aquifer has been displaced by faults that may
form local barriers to flow. However, the areal extent of fault displacement is
limited, and is not believed to constitute a complete barrier to ground water
flow.

40 GROUND WATER HYDROLOGY

Dissolved radionuclides can be transported to the biosphere by the movement
of ground water. Ground water is caused to flow by a downhill gradient in
hydraulic head; the velocity of flow is described by Darcy's Law. To determine
if there is ground-water movement one must examining the driving force--
the gradient in hydraulic head. Under most local conditions flow is in the
direction of the gradient in head. The regional ground-water hydrology down
gradient from the Yucca Mountain repository was evaluated both in terms of
the potential driving forces and connectivity to the biosphere.

Prior to 1960, the paradigm that characterized the ground-water hydrology of

the Great Basin was that each mountain range formed a hydrologic divide.-

With this hypothesis each valley was independent of the next valley and
could be treated as a separate ground-water system.

Isaac Winograd, working on the U.S. Geological Survey's (USGS) Nuclear
Weapons Testing Program at the Nevada Test Site (NTS) in the early 1960s,
recognized that the deep Paleozoic carbonate rocks that underlie the region of
southern Nevada form a permeable aquifer that integrates the ground water
hydrology of much of the region.

This was a new and different paradigm. It was quickly accepted by a number
of other ground-water hydrologists working in the area (Maxey and Mifflin,
1966; Maxey, 1968; Mifflin, 1968). Winograd, and his co-worker at NTS, Bill
Thordarson, finally published their ideas in a definitive work on the
hydrogeology of the region in a USGS Professional Paper (Winograd and
Thordarson, 1975).

As pointed out above, there are a very limited number of holes that penetrate

the deep Lower Carbonate Aquifer beneath the valley fill. Much of the
physical knowledge of the system is based upon studies of the outcrop areas,
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most of which are in the mountain ranges. Much of Winograd's and
Thordarson's scientific argument for Lower Carbonate Aquifer ground water
movement and discharge into springs in the Amargosa Desert and Death
Valley was based upon the similarity of the chemistry of the ground-water.
The Carbonate chemical signature identified by Winograd and Thordarson
(1975) can be interpreted differently, as will be discussed below.

It is important to note that not all the potential sources of Deep Carbonate
ground water have been sampled. It is possible to increase the information
base, especially in the Funeral Range, through additional data collection to
determine if the source of spring water on the east side of Death Valley is the
Lower Carbonate Aquifer.

41  Yucca Mountain Regional Aquifers

At Yucca Mountain there are two principal aquifers 1) the Tuff Aquifer, and 2)
the Lower Carbonate Aquifer, which are described below.

41.1 Tuff Aquifer

The Tertiary age tuffaceous rocks that outcrop and overlies the Paleozoic
carbonate rocks make up the water table aquifer at Yucca mountain. A
number of holes penetrate this aquifer in the vicinity of Yucca Mountain.

Figure 4.1.1 is a schematic stratigraphic column showing the rock units
penetrated by the several UE-25 holes. These holes are typical of the Tuiff
Aquifer. The rocks of the Tuff Aquifer include both welded and unwelded
tuffs. The principal permeability in the welded tuffs is fracture permeability.
Data from the UE-25p1 hole suggests that the Tuff Aquifer permeability is an
order of magnitude less than the underlying Paleozoic Lower Carbonate
Aquifer (Craig and Robison, 1984):

Tuff Hydraulic Conductivity 6.1x 100 m/sec (0.2 x 107 ft/sec)
Carbonate Hydraulic Conductivity 6.1 x 107 m/sec (2.0x 107 ft/sec)

The carbonate, since it has the higher permeability, is considered to be the
most probable pathway for contaminant transport to the biosphere. However,
as discussed below, the hydraulic head gradient moves water upward out of
the Carbonate Aquifer in the vicinity of the repository. This hydraulic
condition would block the transport of radionuclide into the Carbonate
aquifer. This suggests that migration pathways through the tuffs must be
reexamined in terms of:
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. the regional extent of the upward hydraulic gradient in the
carbonate aquifers, and

. lateral movement through the tuffs back to the biosphere. We
did not examine this scenario.

4.1.2 Lower Carbonate Aquifer

As suggested above (Section 3), the deep Lower Carbonate Aquifer is of special
concern at Yucca Mountain; it provides one of the important pathways from
beneath the repository back to the earth's surface. Figure 4.1.2 is a water table
map for Southern Nevada and Eastern California (Waddell, 1984). This map
suggests the extent of the Lower Carbonate Aquifer; it underlies most of the
area. The springs on the East side of Death Valley that emanate from the deep
Lower Carbonate Aquifer are thought to be one of the important ultimate
discharge points from the deep system.

However, thére is a debate in the scientific community whether the major
discharge from the springs on the east side of Death Valley are fed
predominantly from local recharge in the Funeral Mountains or is regional
discharge from the Deep Carbonate Aquifer. Winograd and Thordarson
(1975), based upon the chemical signature of the spring water, suggested the
springs were feed by regional flow from the Deep Carbonate Aquifer. There
are now better isotope analysis tools available that might resolve this issue.
Resolution will depend upon additional sampling in the area, especially
springs high in the Funeral Mountains.

UE-25p1 Dril Hole

The UE-25p1 drill hole penetrated the deep Lower Carbonate Aquifer in the
vicinity of Yucca mountain, as previously noted. Data from this hole are
especially important in evaluating far field impacts. We reviewed the data
from this hole, especially the earlier analysis of earth-tide water-level
fluctuations (Galloway and Rojstaczer, 1988; Bredehoeft, 1995). These analyses
provide estimates of fault permeability and information on flow within the
mountain.

In the UE-25p1 test hole the hydraulic head in the deep Lower Carbonate
Aquifer is 20 meters (65 feet) higher than the head in the overlying tuff
aquifer. This indicates that the ground-water flow potential is upward out of
the carbonate. This is a favorable condition for the repository. As long as this
condition continues ground water will not move contaminants downward to
the deep aquifer; the potential for ground-water movement is in the opposite
direction-upward.
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42  Yucca Mountain Regional Aquifer Characteristics

In 1989 Jerry Szymanski raised the issue that the water table could rise within
Yucca Mountain and flood the repository. This scenario, if it were probable,
would be of great concern to the safety of the repository. We wish to examine
several of the ground-water issues raised by Szymanski:

1) the high hydraulic gradient,

2) the water table temperature,

3) the Szymanski hypothesis,

4) alternative hypotheses,

5) earth tide water-level fluctuations, and
6) the impact of faults.

4,21 High Gradient

Figure 4.2.1 is a isometric projection of the water-table for the vicinity of
Yucca Mountain (Dudley, 1990). Of special interest is the high hydraulic
gradient just north of the Repository site. In this area the water table rises
from 2400 feet (730 m) at the repository site to 1000 meters (3,000 ft) several
kilometers to the north. Modeling of the Tuff Aquifer by Czarnecki (1985)
suggested that this high gradient was caused by a permeability barrier of
several orders of magnitude lower permeability in the area of the high
gradient. There is still much discussion of a geologic explanation for the high
gradient. Recently Fridrich et al. (1994) suggested several hypotheses for the
barrier. The one most plausible to us is recharge to the Lower Carbonate
Aquifer in this area. Interestingly, the high gradient is oriented East-West
while the near-surface faults in the area are generally North-South.

42.2 Water Table Temperature

The temperature near the top of the water table suggests several anomalous
areas. Figure 4.2.2a is an isometric projection of the water table temperature.
There are higher water table temperatures associated with the series of faults
to the East in Midway Valley--Paintbrush and Bow Ridge faults, and to the
West--the Solitaric Canyon fault. Yucca Mountain is situated in the
temperature low indicated on Figure 4.2.2b.

Szymanski (1989) suggested upwelling of water along the faults bonding
Yucca mountain to explain the temperature anomalies in the water-table
temperature Fridrich et al. (1994) also suggest upwelling of Lower Carbonate
Aquifer water to explain the water-table temperature. As we will show,
upwelling of water from the Lower Carbonate Aquifer along the faults is
consistent with our interpretation of the current information.
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In the 1980s, Jerry Szymanski, working for DOE in Las Vegas, suggested that
the tectonics of the Basin Range is cyclical. Most geologists agree with this
cycle of tectonics. The cycle entails:

1. continued stretching of the region, placing a tension on the
rocks;
2. finally the region breaks with an earthquake along a normal

fault that bounds one mountain front;

3. once the earthquake (the break) occurs the tension is released
and the rocks go into normal compression.

Szymanski (1989) then went on to suggest that the water table could rise by as
much as several hundred feet during the compression cycle. He suggested
Yucca mountain was currently in the tension phase, and that the water table
could rise during a compression phase by several hundred feet to flood the
repository. This is a major concern especially since the design of the
repository is above the water table--ostensibly dry.

The National Academy of Sciences/National Research Council (NAS/NRC)
convened a panel to investigate the possibility of the water table rising into

the repository. This panel concluded that while the water table might rise

several 10's of feet, a rise of 100 or more feet was highly unlikely (National
Research Council, 1992). Even given the NAS/NRC Report, there is still a
group of scientists who continue to actively support the Szymanski
hypothesis (Archambeau and Price, 1991).

424 Alternative Hypotheses

Heat in ground water is an excellent tracer (Bredehoeft and Papadopulos,
1965). Usually the only significant source of heat in the earth is the natural
heat flow from depth in the earth, especially in areas without young intrusive
rock masses that act as sources of anomalous heat. Moving ground water
readily transports heat; even slow ground-water movement will perturb the
conductive heat flow in the earth. Sass et al. (1988) speculated on the cause of
perturbations observed in the regional heat flow at Yucca Mountain. They
related the observed anomalies to the transport of heat by moving ground
water associated with the deep Carbonate Aquifer.

Because heat is a good ground-water tracer, others have attempted to use the

temperature as indicating alternative scenarios of ground-water flow. Of
particular interest is the work of Lehman and Associates, supported by the
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State of Nevada (Lehman and Johnson, 1995; Lehman and Brown, 1995).
These alternative conceptual models parallel those of Szymanski in which
there is close coupling between active tectonics and the hydrologic system.
The alternative models envision compartments in the Tuff Aquifer. Their
early attempts sought to explain the observations in the Tuffs without
considering the potential impact of the Lower Carbonate Aquifer on the
system. This is a deficiency in their conceptual models to date.

42.5 Earth Tide Water-Level Fluctuations

Galloway and Rojstaczer (1988) analyzed tidal and atmospheric water-level
fluctuations in the saturated zone in a set of wells with varying depths at the
UE-25 site at Yucca Mountain. The site of the UE-25p1 hole is in Midway
Valley, about 2 kilometers (6,000 feet) east of the proposed repository at Yucca
Mountain.

The Lower Carbonate Aquifer penetrated in UE-25p1 has an especially good

earth-tide response. Frequency analysis by Galloway and Rojstaczer (1988)

indicated that the amplitude of the M2, lunar component of the earth tide,
was 2.05 cm (0.067 ft) and is within 2 degrees of being in phase with the tidal
potential. This indicates that the deep Carbonate Aquifer is:

1) well confined by an overlying low-permeability confining layer, and
2) has relatively large transmissivity (Hsieh et al., 1987).

The. confined nature of the Lower Carbonate Aquifer was also suggested by
the high rock compressibility (small specific storage) determined by Galloway
and Rojstaczer (1988).

4.2.6 The Impact of Faults

Faults in the subsurface can function either as barriers, partial barriers, or
conduits for flow. In the case of conduits, which we will suggest seems to be
the case at Yucca Mountain, the amount of flow through the fault zone
depends upon: 1) its permeability, and 2) the hydraulic head gradient. Simply
because a fault is a conduit does not mean there is potentially a huge amount
of flow.

Yucca Mountain is broken by a series of parallel north-south trending normal
faults. Figure 4.2.6 is an East-West cross-section through Yucca Mountain
showing both the stratigraphy and the major faults. From East to West the
major faults are Fran Ridge, Paintbrush Canyon, Bow Ridge, Ghost Dance,
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Solitario Canyon and Windy Wash (Figure 4.2.6). The faults are spaced
roughly 1 to 2 kilometers (1/2 to 1 mile) apart. The UE-25p1 hole penetrated
the Fran Ridge fault just at the top of the Paleozoic carbonates (Carr et al.,
1986). A critical question to ask is how permeable is this fault, or fault zone?

The tidal response of the deep carbonate well depends upon the aquifer
having a "tight" confining layer (Galloway and Rojstaczer, 1988). The
"tightness” of the confining layer depends upon its hydraulic continuity. The
hydraulic continuity of the confining layer can be broken by the fault zones.
The fault zones provide potential permeable pathways through the confining
layer. :

The temperature depth profile has been measured in the UE-25p1 well. It was
measured repeatedly until the effects of the drilling disturbance had decayed
away (Sass et al., 1988; Sass et al., 1995). Sass et al. (1995) suggested that the
temperature profile in UE-25pl indicated upward flow into the Paintbrush
and Bow Ridge faults) and flow up the faults to the west of the mountain
(Solitaro Canyon fault), tuff aquifer. Bredehoeft (1995) demonstrated that the
temperature profile in the UE-25p1 hole is consistent with flow up the fault
zones both to the east of Yucca Mountain (Fran Ridge, Paintbrush, and Bow
Ridge faults) and to the West of Yucca Mountain (Solitario Canyon fault).

Faults at Yucca Mountain

Conclusions from the UE-25p1 Hole, Bredehoeft (1995), computed a fault zone
hydraulic conductivity from the tidal analysis that is a maximum value; it 15
the highest value that preserves the tidal signal in the well. The regional
water-table temperature, Figure 4.2.2a, suggests that there is a fault zone
approximately 10 km (6.2 miles) long in Midway Valley to the east along
which upwelling ground water could occur. A similar situation is suggested
in Solitario Canyon where there is also a similar fault zone approximately 10
kilometers (6.2 miles) long with suggested upwelling ground water.
Bredehoeft integrated the upward flow out of the Lower Carbonate Aquifer
along both fault zones, and suggested a flow of approximately 370,000 cubic
meters (300 acre feet) per year. The upward flow is sufficient to cause a
temperature anomaly in the tuff aquifer. The vertical extent of the
temperature anomaly is dependent upon the fault zone permeability; at a
permeability 10 times that of the tuff country rock the temperature anomaly
extends to the water table. This computed temperature anomaly
approximates the observed temperature profile in the tuff aquifer in the UE-
25p1 hole reasonably well. While upward discharge in the faults is
significant, it is not large enough to destroy the upward head gradient--an
important fact.
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50 GEOCHEMISTRY OF GROUND WATER EIS001443

The chemistry of ground water provides a means to identify the source of the
water, as previously discussed. Winograd and Thordarson (1975), White
(1979), and Claassen (1973) utilized the geochemical signature of the ground
water to understand the regional Lower Carbonate Aquifer flow system.
Their initial studies were based upon the major ion analysis of the water.
Early studies used the isotopic composition of oxygen, hydrogen and carbon to
study the flow system. Clebsch (1961) used Tritium to study the age of ground
water at NTS. Winograd and Friedman (1972) used Deuterium as a tracer to
study the carbonate flow system.

Winograd and Pearson (1976) used Carbon-14 as a tracer to study the
Carbonate flow system. This study provides one of a limited number of
quantitative estimate of the time of flow through the Lower Carbonate
Aquifer.

In recent years there has been an increased effort to other examine isotopes of
particular ions in the water from the Lower Carbonate Aquifer. Some of the
more interesting data comes the Strontium isotopes, especially the ratio of
875r/865r (Peterman and Stuckless, 1993). These data tend to better define
recharge and discharge areas in the flow system. For example, recent analyses
in the Ash Meadows area suggest more of the recharge from this area comes
from the Spring Mountains than previously realized (Peterman and
Laczniak, 1995). The Strontium isotopes are a powerful method to continue
to study the Lower Carbonate Aquifer. They seem to directly reflect the
presence of Precambrian granitic rocks.

A modest, collective effort directed at analyzing more wells and springs
associated with the Lower Carbonate Aquifer could provide additional
information at a relatively low cost. For example, one of the nagging
questions is how much of the spring discharge on the East side of Death
Valley comes from the regional flow system and how much is from local
recharge in the Amargosa and Funeral mountains? This question can be
answered by careful sampling and further analysis of isotopes from spring
water in the area, especially high level springs in the mountains.

6.0 REGIONAL GROUND WATER MODEL REVIEW AND DISCUSSION
Computer models provide a tool for the hydrogeologist to analyze ground

water flow. In the best possible world they provide the direction and velocity
of flow. Their degree of accuracy depends upon the information available.
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Models provide a means of evaluating of our understanding of the ground-
water system with limited geologic and hydrologic data. There has been a
great effort at Yucca Mountain to utilize ground water models to try to assess
the safety of the repository.

The U.S. Geological Survey completed a one layer regional ground-water flow
model that has undergone several iterations (Waddell, 1982: Czarnecki and
Waddell, 1984; Czarnecki, 1985). These models were single layer models; the
aquifer analyzed was the water-table, Tuff Aquifer.

The NAS/NRC Panel (National Research Council, 1992) that reviewed
Ground Water at Yucca Mountain criticized these models as incomplete.
There concern was that the models did not include the Lower Carbonate
Aquifer, the most permeable aquifer in the region. They suggest it is hard to
understand the ground-water hydrology of the area by simply analyzing the
less permeable, water-table aquifer, and neglecting the Lower Carbonate
Aquifer.

There are two new regional ground-water models under development. As
discussed, one is being completed by the USGS with support from the Yucca
Mountain program (D'Agnese, 1995). The second model was developed by
GeoTrans/IT Corporations (Price, 1995) with support from the Nevada Test
Site Weapons Program. Rick Waddell, who completed the first one layer
model for the USGS, is now employed by GeoTrans, and is doing the regional
flow model for the Weapons Program.

Both models require extensive interpretive geologic input, especially since
there are only a limited number of holes that penetrate the Paleozoic
carbonate rocks below the valley fill. The USGS used a three dimensional
Geographic Information System to integrate the geology of the area for its
model (Faunt et al., 1992; Faunt and D'Agnese, in progress; D'Agnese, 1995).
The GeoTrans/IT approach relied upon numerous geologic cross-sections
through the region as basic input. These cross-sections were prepared by
geologists working in the area. The geology was then interpreted between
cross-sections (Price, 1995). The GeoTrans/IT approach was reviewed
extensively under the discussion 3.0 GEOLOGY above.

70 GROUND WATER TRAVEL TIME

The ground-water flow time is of concern should contaminants reach the
Deep Carbonate Aquifer. Only a limited number of estimates of ground-water
travel time in the Lower Carbonate Aquifer have been made. These estimates
come from studies of isotopes in the ground-water (Winograd and Friedman,
1972: Winograd and Pearson, 1976). By analyzing Carbon 14 in the carbonate
water Winograd and Pearson (1976) found large scale mixing of the ground
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water. They suggested various hypotheses to explain the mixing, none of
which was fully satisfying. The two most satisfying were: 1) mega-channeling
exist within the Lower Carbonate Aquifer, and the mixing would be explained
by the channeling; or 2) paleoclimatic controls on the recharge to the aquifer.

Winograd and Pearson (1976) dated water in the springs of Ash meadows.
They suggested that the water in the majority of the springs was 19,000 to
28,000 years before present. Among the springs, Crystal Pool was an anomaly.
They dated the water in Crystal Pool at 8,000 to 13,000 years before present.
Winograd and Pearson qualified their work. There were many assumptions
that were included in arriving at Carbon 14 dates, especially in this terrain.

The early dates of Winograd and Pearson have been discredited by more
recent work (Winograd, personal communication). A 100,000 year climeate
record has been developed from cave wall carbonate deposits in Devil's Hole.
The climate record from Devils Hole correlates chronologically . with other
climate records around the world { Winograd et al., 1988). Comparison of the
Devil's Hole record to the other records shows that they are synchronous;
there is no phase lag. A phase lag in time would be present with slow water
travel times through the Lower Carbonate Aquifer. This lack of a lag in phase
indicates that water moves through the Lower Carbonate Aquifer in a time
less than 1000 to 2000 years.

The USGS is attempting to make estimates of travel time through the Lower

Carbonate Aquifer based upon Darcy's Law. These estimates also suggest

travel times through the carbonates of several thousand years. In the
hydraulic estimates the sticky problem is: What is the regional porosity of the
Lower Carbonate Aquifer? The highest estimate seems to be two percent
porosity. Winograd (personal communication) thinks the regional porosity
of the carbonates could be less than one percent.

Winograd's current Devil's Hole studies, our best current information,
suggests that flow times through the Lower Carbonate Aquifer are rapid,
probably less than a few thousand years. The Lower Carbonate Aquifer is a
potentially good and relatively rapid path by which contaminants can migrate
back to the biosphere. Radionuclides must somehow enter the Lower
Carbonate Aquifer.

8.0 AQUIFER CONNECTIONS

The issue of concern is: Can radionuclides be transported from the repository
to the Deep Carbonate Aquifer where they move quickly to the biosphere?
This is especially important with regard to Inyo County where the springs in
Death Valley are thought to form the ultimate point of discharge.
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Geologic model data indicates the Lower Carbonate Aquifer exists at depth
below Yucca Mountain and extends south into Death Valley. It also indicates
that geologically deep faulting may only be a partial barrier to ground water
flow. Geologically the Deep Carbonate Aquifer is a potential pathway for
contaminate transport from Yucca repository. In addition, geochemical data
indicates that ground water travel times in the Lower Carbonate Aquifer are
relatively rapid, which further supports the hydrologic connectivity of aquifer
systems.

As previously discussed, only one hydrologic test hole, UE-25p1, penetrates
the Lower Carbonate Aquifer in the vicinity of Yucca Mountain. As pointed
out above, the head in the Lower Carbonate Aquifer was 20 meters (65 feet)
higher than the head in the overlying Tuff Aquifer. This head difference
indicates a tight confining layer between the Tuff and the Lower Carbonate
Aquifers. Tidal analysis by Galloway and Rojstaczer (1988) and Bredehoeft
(1995) further indicated the presence of a tight confining layer separating the
two aquifers in the vicinity of Yucca Mountain. GeoTrans/IT preliminary
geological model also indicates the presence of confining clastic layer between
the tuff and carbonate aquifers, which is absent west of the repository site.

Several investigators suggested vertical flow in the faults in the vicinity of
Yucca Mountain, with upward movement of water in the faults both East and
West of the mountain--Fran Ridge, Paintbrush Canyon and Bow Ridge faults
to the east, and Solitario Canyon fault to the West (Sass, et al., 1987;
Szymanski, 1989; Fridrich et al., 1994; Sass et al., 1995; Bredehoeft, 1995).
Bredehoeft's analysis supported vertical flow large enough to create a
temperature anomaly at the water table, but insufficient to eliminate the
higher head in the Lower Carbonate Aquifer.

The potential for upward flow from the Lower Carbonate Aquifer to the
overlying Tuff Aquifer is especially important. The upward head gradient
protects the deep carbonate from contamination form the repository. As long
as this upward head gradient persists regionally flow will be upward from the
carbonate toward the water table. This is a natural barrier to contaminant
migration in the Lower Carbonate Aquifer. Data limitations (a single
hydrologic test hole) leave a question as to how regionally extensive is the
upward head gradient observed at the UE-25p1 test hole.

9.0 DATA ADEQUACY

The discussion of the head in the Lower Carbonate Aquifer has important
implications for Yucca mountain Repository. As suggested above, two factors
indicate vertical flow from the Lower Carbonate Aquifer upward into the
overlying tuffs: B
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1) the head is 20 meters (65 feet) higher in the deep carbonate than
in the overlying tuffs at the UE-25p1 drill site,

2) the observed temperature anomaly (both the thermal profile in
the UE-25p1 hole, Figure 4.2.1a, and the map of water table
temperature, Figure 4.2.2a) is consistent with upward flow along
major fault zones as indicated above. The regional ground-
water models should help indicate the regional extent of the
higher head in the Lower Carbonate Aquifer.

The data from the Deep Carbonate Aquifer is very limited. Due diligence
suggests:

1) There should be sufficient drilling in the vicinity of Yucca
Mountain to indicate that the high head, observed in UE-25pl,
persists everywhere beneath the proposed repository. Currently
UE-25p1 and Felderhoff-Federal No. 25-1 are the only hole in the
vicinity of the repository that penetrated the Lower Carbonate
Aquifer.

2) Assuming the upward gradient is extensive, no action should be
taken either through construction and filling of the repository,
or through development of the Lower Carbonate Aquifer for
water supply to reduce the deep carbonate head.

Aquifer modeling would be helpful in providing an estimate of the area over
which the potential for flow is upward out of the Carbonates into the Tuffs. It
may also suggest optimal places for further deep confirmatory drilling.

Were the head in the Lower Carbonate Aquifer to be lowered, one of the
natural barriers at the site would be destroyed. We wish to emphasize--as a
potential barrier to nuclide transport, it is important that the high head in the
Lower Carbonate Aquifer be preserved in the vicinity of the repository.

Even if man does not interfere, changes in climate can affect the ground-
water flow system of the region. A large climate change can perhaps reverse
the gradients in head, making flow downward to the Deep Carbonate Aquifer
possible. Again, modeling may suggest if this is possible. '

The UE-25p1 test hole and isotope water chemistry also indicates the value of
the empirical data gained from drilling and monitoring at Yucca Mountain.
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100 CONCLUSIONS AND RECOMMENDATIONS EIS001443

The major conclusions of our study are summarized below. Our conclusions
have policy implications for both Inyo and Esmeralda Counties. We also
have suggestions for further work.

10.1 Conclusions

The repository is underlain by an extensive permeable Lower Carbonate
Aquifer at approximately 2 km (6,000 feet) that is a potential pathway for the
transport of radionuclide. Our study indicates that:

1) data from UE-25p1 exploratory hole suggests that it is unlikely
that radionuclide contaminants will move to the Lower
Carbonate Aquifer in the vicinity of Yucca Mountain because the
potential for ground water movement is upward out of the
carbonates into the tuff;

2) should contaminants get to the Lower Carbonate Aquifer they
will be moved by ground water back to the biosphere, over a
relatively short period (several thousand years);

3) the ultimate discharge points for the Lower Carbonate Aquifers

appears to be the springs on the east side of Death Valley, within

Inyo County;

4) Esmeralda County is up gradient from Yucca Mountain and has
little chance of ground water contamination from a Yucca
Mountain repository through the carbonate aquifer; and

5) there are geohydrologic data gaps that make predicting the
repository performance including the transport of contaminants
in the Lower Carbonate Aquifer uncertain.

10.2 Recommendations

Our investigation suggested a number of activities that would enhance our
understanding of the potential for contaminate transport into and through
the Lower Carbonate Aquifer system. The following oversight study activities
are recommended.

10.2.1 Amargosa River Basin Hydrology Studies

The HyMet Amargosa River basin rainfall-runoff model suggests there may

be significant transfer of ground-water inflow into the basin through the
Lower Carbonate Aquifer in adjacent areas. It is recommended that the
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HyMet model be used to further evaluate this relationship. The transfer of
ground-water inflow into the Amargosa River basin from the Lower
Carbonate Aquifer has not been quantified in previous studies. Further
analyses of the stream record would help in the evaluation of ground-water
transfer to the Amargosa River basin. It is also suggested that the Amargosa
River stream gage be reinstalled to assist in this analysis.

10.2.2 Lower Carbonate Aquifer Studies

Other investigations of the Lower Carbonate Aquifer are recommended

below:

1)

2)

3)

There should be sufficient test drilling in the vicinity of Yucca
Mountain to indicate that the high head, observed in UE-25p1,
persists everywhere beneath the proposed repository. The
experience with the UE-25p1 test hole demonstrates the value of
the empirical data gained from drilling and monitoring at Yucca
Mountain. Numerical ground-water modeling could be used to
suggest drilling locations.

It is further suggested that connectivity of the Lower Carbonate
Aquifer be evaluated by geochemical analysis of spring water
associated with the Death Valley basin to help determine the

source of these waters. A spring sampling and analysis program

in the Amargosa and Funeral Mountains is warranted.

A numerical transport model of the deep Lower Carbonate
Aquifer would provide important insights into the potential
migration of contaminants from the Yucca Mountain repository.
A regional numerical model of the deep aquifer system would
provide a means to evaluate:

. the suggested higher head in the Lower Carbonate
Aquifer,

. ground water travel times of contaminates,

. aquifer connectivity, and
the significance of geologic and hydrologic data
gaps.

In particular, society cannot guarantee that large climate changes
will preserve the upward flow potential between the Lower
Carbonate Aquifer and the overlying Tuffs. Aquifer modeling
can be used to estimate the impact of climate changes on the
flow system. The modeling may provide an indication of how
stable the potential for upward flow is. It should provide an
estimate of over what area the upward potential currently exists.
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4) Were the head in the Lower Carbonate Aquifer to be lowered,
one of the natural barriers at the site would be destroyed. We
wish to emphasize--as a potential barrier to nuclide transport, it
is important that the high head in the Lower Carbonate Aquifer
be preserved in the vicinity of the repository. No action should
be taken either through construction and filling of the
repository, or through development of the Lower Carbonate
Aquifer for water supply to reduce the deep carbonate head.

10.2.3 Yucca Mountain Technical Oversight

It is suggest that technical oversight of the nuclear waste program continue.
Current nuclear waste policy may change to include a Interim Federal Storage
(IFS) facility. The potential for a significant release of radionuclides from an
IES facility near Yucca Mountain is uncertain, and should be reviewed. With
regard to Inyo County, the focus of oversight activities should be on studies
concerning regional ground water issues, geology and hydrology, and criteria
for licensing regarding ground water travel times. Oversight activities should
include:

. Attend meetings related to ground water issues at Yucca
Mountain,
. Review DOE and research reports on repository performance,
. Technical support to county personnel, and
. Review waste storage policy plans.
Page 24
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Figure 2.2 Flow Diagram For The HyMet Simulation Model Used In Simulating
Discharge And Other Hydrologic Parameters.
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Annual averages are smoothed with an 8-year running mean.
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Calculated On A Dail Basis By The Hymet Model.

Although observed (potential) pan evaporation is decreasing, as shown in Figure
2.3¢, actual evaporation is increasing, likely because precipitation is increasing (more
moisture is available to evaporate).
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Observed By The National Park Service For The 1962-92 Period.

The reason for the decline in potential evaporation may be due to an increase in
cloud-cover and precipitation during this period. /3/
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Figure 2.3e Trends Of Annual Precipitation Averaged For The Four Stations Used
In The Simulation Model. '

Precipitation is increasing at most sites in this region as indicated by these twelve
stations in or near Inyo County.
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Figure 31

GeoTrans/IT Preliminary Regional Geological Model Study Area
(adapted from from GeoTrans/IT, 1995).
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Syslam Sarivy Slealigraphlc unl Malor lilhalogy ﬂ:_m””uum tyd w_n._,ﬂo olc Waulor-boarlng nuwﬁﬂﬂw:wn and axla
Holocene, Valley fitl Alluvial fan, Thivial, 2ANNY Valley-fitl Coeffivient of transmissibility TAngLs from LUOD te
Fleisloe fonglumerste,  lokebed, 5,000 god pee (t avernge coctligient of inlerstit
:L..::o:._:s. clepoyits permenbility ranges from $ (o 70 gpd per aq (1
sulurnted vitly beneath structurally deepest parts of
. Yucen Flat and Frenchman Flat.
P : o,
Hosalt of Kiwi Mesa ::ﬂw_.._mnn:__._huu_.x. n_n.:v... fad 50 Water movement controlled by -_-m_ﬂnc_ M.._n—”__o._.".wnu and
- . secondary fractures and possibly by rubble between
Ithyalite of Shoshone Hhyolile flows, 2 (R0 Lava-low flowy: ::mnnc,.mnh_::n porosity and _unwinnv lity
Mountain negligible; estimated coelficient of transmis: 1y
o runges fram 500 to tG,000 gpd per ft; saturated only
:n_ﬂ__» of Skull Unsalt Mows. . 260 Lepeath sast-central Juckasa Flats.
ountain
Pliocene
.m Awmimonio ‘Tunks Ash-Tlow tafl, moderately 20
= Membier te censely welded; thin
e nsli-fall tufl ot lose, Water movemenl coutrolled by primary ?c‘_::ﬂv und
E'® uecondury joings in dendely welded part of ash-Mow
£ E| Rainier Mesn Ash-Mow Lff, nonwelded G0 1uff; coelTicient of transmissibility ranges from 100
3 Member i densely welded: thia Lo 400,000 gpd per fi; intercrystatline porosity and
el = ash-fall Wl at base. Welded-1ull permeabilily negligible; unwelded part of nsh-Nlow
2 ayuifer tufl, where prescnt, has relatively high inters 1
o v Cunyan Ash-Nlow will, nonwekded porosily (35-50 percent} and modest permeabilit
= Mueaber o clensely welded; Lhin {2 gl per ag ft) and may act s leaky oquitned;
£, ushy-fall Lull near bise. suturuied only beneath struelurally deepest pusts of
5|5 . Yuccn, Freachmun, and Jackass ﬂ._apu.
(S Togpepah Spring Ash-llow will, nonwelded B
‘als Member Lo denscly welded; thin
nm ] nsh-fall tuff near base.
.'nm Bedded tull Ash-fall tefl and Ruvially 1,000 Bedded-1ull Caefficient of trunsmissibility ranges from 200 1o
5 (informal unit} reworked  Luff, ayuifer 1,000 gpd per fui saturated only beneath siruc-
a. turally deepest parts of Yueea Flat, Frenchman
Flat, and Jackasy Flaty; Occurs locally Lelow ash-
fluw tufl members of Paintbrush Tulfl and below
(Grouse Canyon Member of [ndian Trail Fermation.
Lova-flow  and inlerdlow 4,000 Lavs-Now Waler mavement controlted Ly ~Ec.._x cunnected {ruc-
Lull and Drecein; locally nequitard tures; interstitizl porosicy and permeability negligi-
hydrothermally altered. ble; coellicient of tranamissibility estimated less
. than 500 gpd per ft; condains minor perched water
in foothills between Frenchman Flat snd Jacksss
. . Flats
Weahmonie Formation .
Ash-full  will, tuffucevus 1,700
anndstone, and tufl
Lireecin, all interbedded;
matrix cotmmonly clayey
or zeulitic,
Brecein fow, lithie bree- 2,0K)
cin, nnd tuff brecein, in-
terhedded with ush-Tall
. ) Salyer Formation tufl, sundstene, silt- ,
Pertiury Miocune atane, claystene. mutrix
commuonly clayey or
culenreoun.
)
rouse Canyon Member Ash-flow tuff, densely 200
welded.
s uby Spring Member. Ash-flow tuff, nenwelded LS
1 o welded,
m Locol informal units Asgh-fall Lulf, nonwelded 1a 2,000
ot ue_m.mmimﬁ.ﬁ_ n_r.:eﬂwa Coelficient of transmissibility ranges from 100 10 200
3 :_._ - o .._..nnc_._u san n kpd per f1; interatitial porusily is as high as 40 per.
= H_sz...—r:”.. w_u_".ﬁn.um._“h_ vent, but interstitinl permeability is neghigibte
: it o el o iy (oo o 610 o per 30 L), awing o o
= : H raulic conn .
B __.:“.%..m_um ._.wnu__o.. .._m._:o... Tulf _.w...:n_.._: ity probably controls regional ground-
= welde ..__ =_n.5 =umm 1_ | waler movement; perches ininor quaontities of water
m.::.o_. rhyolile an nquitard benesth foothills flanking valleys: fully saturated
usalt. anly benenth structurally deepest parts of Yucca
(1 M.__:. _.,:..:nn.._—:m.:n_‘ ,._H_s_.. w:m_u ._._mrnum h.m.__nm_u.“ nm_m:._u...m
Sanyon and Tub Spring Members of Indian Trail
Rhyolite Nows and Rhyolite, nunwelded and >2.000 Farmation may locally e aquifers in narthern Yuc-
tuffaceous beds of welded ash flow, ash-{all ca Flat.
Calico Hills wlf, tulf breceia, tul-
faceous sandstone;
hydrothermally altered
st Calico Hills; matrix of
tufl and sandstune com-
manly clayey or zeolitic.
‘I'uff of Crater Flat Ash-flow tuff, nunwelded 00
ta parily welded, in-
terbedded with ash-fall
tufl; matrix commonly
cluyey or zeolitic.
Miocene
and liocks of Pavits Spring Tulfuceous sandsiene and 1,400
Dligocene siltatone, claysione;
fresh-water limestune
and conglomerate;
nminer  gypeum;  malrix
commonly clayey,
zeolilic, or calcareoua,
Oligocene Hurae Spring Formation Fresh-woler limestons, 1,000

conglomerate, tull.

Table 3.2a
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Maximum )
5 ) " " Walei-bearing charactoristics an unt of
Syslum Sarivs Sualigraphic unil Major litholoyy Lhickness :<n_cmm_%_oc_n “ saluration g uxl
’ {tea1) u urafio
Cretneeous Lo Cranitic slocks [ (A minur Connplerly Tructured but nearly fmpermenlile.
Hermisn munzenile nquituscd
ikes,
It o ] "Tippiy Jmestane, 1L Upper Complexly froctured aquifer; coeflicient of
Pennsylvanian curbonate trangmissibilily m-t:._.__:o; in range feom 1,000 to
100,000 _n_.x_ ner inlercryetalline porosity and
perinenbility ne ligile; saturated only Leneath
| western vne-third of Yueca Flal,
Mississippinn Eleans Formation Argillite, ;:ES:FM cun- 7000 Upper Complexly fractured but nearly impermeable: co-
and Devonian omersle, conglomer. clustic efficient of transmissibility estimated leag than 500
. fte, limeslone. ﬂ aguiturd gpd per ft; interatitial permenbility negligible Lut
owing 1o poor hydraulic connection of fractures
. _:..:»wr_.w contruls ground-water movement;
i salurated only benealh western Yuccs Flat und
! Juckusa Flats,
" - " i T
Upper Devils Guie Limestone _.::.nunc:w. ..._c_c . >1,:40
Devenian v —| minur quarizite, m
Middle Nevada Formation Daolemite. > 1,525
Undifferentiated Bolomite. _ ’ 1415
Upper Ely Springs Dolomite tomite, i RUH)
Eureka Quartzite Quuortzite, _=_=cqm i RE
Middle steng,
Orluvician Y 2 Antelope Valley nestune _::; 1,500
- 2 Limesione irnestone,
© - e . s Cumnplexly fractured aquifer which supplies major
Leswer o| Nioenile Formu A\_m_v._nﬁ:“_ “:”_.n_ timestane, ¥ springs throughout eastern Nevada; cuefficient of
um. Interbedded. . Luswer transmissibility ranges from 1,000 ta _.ccc.g.ﬁ:.._
o - in Limestone [ ! ut . i |er ._.F... :nnnaa..__r“—n___:o porosity and permesbility
& | Goodwin Limestane Limestene, > KKy ::__:._mm:r negligible: solution caverns are present locally but
N . : uquiler regions] ground-woter movement s controlled by
Nopah Formation Duolomite, limeslune. 1,490 fracture trongmissibility; saturated beneath much
w::_rv. Member A i of study ureu.
Unper Halfpint Member Limestone, duloniile,
br . silty limestone. _ 715
Dunderhierg Shale Shale, minor liinestone. a5
Member '
Bonenza King Fermation Limeatone, delomite,
Bunded Mountain minor siltstone. ! 2,440
: . Member
Cumbrian ¥ . N
Fapoose Luke Member esione, dolumite,
Middie minor siltstane, ERIEH
Currars Furmation Nillstune, limestane, ' ine 1.050
terbedded. Upper 1,050
feet predominantiy
mestone: lower 950 leet o5
precdominantiy sillstone.
Luswer Lubiriskie Quartzite Cuarizite. . ) Complexly fractured but neerly impermeuble;
d supplies no mejor aprings: coelficient of
Waood Cunvan Formation - Cuartzite, silistone, shale, 2,285 Lower transmissibility less than 1000 gpd per It; in-
minor dolamite. clastic terstitial _Eqﬁzz and permeability is negligible,
N - - syuitard' but probably eontrols E%..o:-._ ground-water mave-
Stirling Quurtzite Quartzite, siltstone, 4,400 ment awing to poor hydraulie connection of frac-
- puor hy
Hrecambrisn ; tures; saturated beneath mest of study arga.
Johnnie Formation Quarizite, sandstune, R '
siltstone. minor lime-
stone und detomite,

'Coellicient of transmissibility hap the units golh
per fout (gpd per f1) width of squifer: coe
permenbility hug the units galluns per day wer square foot (gpd  placed

per aq It) of aquifer.

s pper dny
cient of

-l_._z..
regl

Units At Nevada Test Site And Vicinity (from Winograd and

Thordarson, 1975).

Age correlations Hetween them are uncertain. They are

vertically in table 1o save space.

————

Winograd's and Thordarson's, 1975, Stratigraphic And Hydrogeologic |

Mincune sequences aeeudr in separate partk of the

“Fhe Newndad
srnution, is considered part of (he lower clastic syuitard.

(?1 Dalomite, which underlien the Johnnie
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Table 3.2¢

I

GeoTrans/IT's, 1995, Coorelation And Hydrostratigraphic Unit
Assignment For Geological Model {from GeoTrans/I'T, 1995).
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Figure 3.3b North-South Geologic Cross-Section Through Yucca Mountain (from
GeoTrans/IT, 1995). .
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unit is the TS mentioned in GeoTrans/IT, 1995.
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1995).

View is toward the northeast from an inclination of 23 degrees.
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Figure 41.1 Schematic Stratigraphic Column Showing The Rock Units Penetrated
By The Various Holes Used For Analysis By Galloway and Rojstaczer
(1988). ' '
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Figure 4.2.1 Isometric Projection Of The Water Table In The Vicinity Of Yucca

Mountain.
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Figure 4.2.2a Isometric Projection Of The Water-Table Temperature—-View Looking
From North To The South.

Yucca Mountain is situated above the low in the temperature in middle of the view.
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Figure 4.2.2b Observed And Computed Temperature Profiles For The UE-25p1 Hole
(Bredehoeft, 1995).

The 42mW/m?2 conductive temperature profile is the minimum conductive profile /48
suggested by Sass et al. (1995),
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Figure 4.2.6a East-West Cross-Section Through Yucca Mountain Showing The

Faults And The Deep Carbonate Well--UE-25p1.
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