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EXECUTIVE SUMMARY
REMEDIAL ACTION PLAN

AMBROSIA LAKE, NEW MEXICO, SITE

Background

The Ambrosia Lake inactive uranium mill site, also known as the former
Phillips-United Nuclear site, is in McKinley County, New Mexico, approximately
25 road miles north of Grants, New Mexico (see Figure 3.1). The 195.6-acre
designated site consists of the 111-acre tailings pile, the mill yard, and
piles of demolition rubble awaiting burial. The site contains 2.659 million
cubic yards of tailings including 277,000 cubic yards of contaminated material
in the mill yard, ore storage area, and Ann Lee Mine area; 151,000 cubic yards
in the protore storage and leach pad areas; and 664,000 cubic yards of
windblown contaminated soil, including excess soil that would result from
excavation.

Remedial action

The remedial action will start with the excavation of windblown
contaminated material and placement around the west, south, and east sides of
the pile to buttress the slopes for increased stability. Most of the
demolition rubble will be placed in the southern part of the pile and be
covered with tailings. The northern part of the tailings pile (one million
cubic yards) will then be excavated and placed on the south part of the pile
to reduce the size of the disposal cell footprint. Demolition rubble that
meets guidelines for uncontaminated material will be disposed of in a separate
pit adjacent to the disposal cell within the final repository area. The
remainder of the windblown contaminated material will then be placed on top of
the tailings pile. A radon/infiltration barrier composed of compacted
weathered Mancos Shale will be placed on top of the windblown contaminated
material to control the release of radon gas and to restrict infiltration. A
sand filter layer will be placed on top of the radon/infiltration barrier and
will be covered with rock riprap to protect the disposal cell from erosive
forces. After completion of the remedial action, the U.S. Department of
Energy (DOE) will be responsible for complying with the U.S. Nuclear
Regulatory Commission general license and perform surveillance and maintenance
at the final restricted site.

Pursuant to the requirements of the Uranium Mill Tailings Radiation
Control Act of 1978 (UMTRCA), the proposed remedial action plan (RAP) will
satisfy the U.S. Environmental Protection Agency (EPA) standards (40 CFR 192)
for cleanup, stabilization, and control of the residual radioactive materials
(referred to as tailings or contaminated material) at the Ambrosia Lake site.
The requirement for control of the tailings (Subpart A) will be satisfied
by the construction of an engineered disposal cell. Compliance with the
groundwater requirements of 40 CFR 192 Subpart A will be through meeting
supplemental standards (see Appendix E, Groundwater Protection Strategy).
The site is eligible for supplemental groundwater standards due to the
presence of Class III or limited use groundwater in the uppermost aquifer (the
alluvium/weathered Mancos Shale and Tres Hermanos-C Sandstone), because the
uppermost aquifer is incapable of producing 150 gallons per day or more for a
sustained period of time (see Section D.8.4 of Appendix D).



In addition to insufficient yield, the water contained in the alluvium/
weathered Mancos Shale and Tres Hermanos-C Sandstone is of poor quality and
cannot be used for drinking or other beneficial purposes. A potential point
of exposure could be from consumption of water from the Westwater Canyon
Member of the Morrison Formation. Contaminated groundwater may have migrated
down mine shafts and vent shafts into the Westwater Canyon Member in the past
and is expected to continue on a much smaller scale after the tailings are
stabilized. However, past and present mixing of the contaminated groundwater
with the Westwater Canyon Member groundwater has had negligible effect on
water quality in the Westwater and, as a result, no additional risk to humans
or the environment is expected in the future. The Westwater Canyon Member is
a source of drinking water in the area, but due to mining in the region, water
quality has already deteriorated to the extent that there is some risk to
humans or animals who consume it. Water in the Westwater Canyon Member
exceeds the EPA maximum concentration limits for cadmium, chromium, lead,
molybdenum, selenium, silver, uranium and activities of radium 226, radium 228
and gross alpha.

A supplemental standards discussion was prepared (see Addendum A to
Appendix E) and includes a risk assessment to evaluate the existing water
quality and to substantiate that the proposed supplemental standards are
protective of human health and the environment. The site design will perform
as close to meeting the otherwise applicable standards as is reasonably
achievable. Infiltration through the disposal cell will be minimized by
creating compaction and moisture conditions in the radon/infiltration barrier
that will ensure the radon/infiltration barrier remains unsaturated. However,
to be conservative, the radon/infiltration barrier was assumed to be saturated,
which would result in an infiltration rate that is higher by approximately one
order of magnitude. The 3.5-foot-thick barrier also will reduce radon release
to below the EPA standard of 20 picocuries per square meter per second. A
coarse-grained, six-inch-thick filter layer will be placed on top of the
radon/infiltration barrier at a slope of four percent on the top and 20 percent
on the sides to encourage runoff of precipitation. The combination of design
features will enable the cell to comply with the EPA standards.

With the exception of the relic groundwater plume, the standards for the
cleanup of the site under Subpart B of 40 CFR 192 will be satisfied with the
proposed remedial action. Cleanup of the mill yard, windblown contaminated
areas, and demolition rubble will be accomplished by consolidating the
contaminated materials into the disposal cell. The DOE will verify that
cleanup to standards has been accomplished. Cleanup of the relic groundwater
plume will be addressed in another DOE program in a separate National
Environmental Policy Act process at a later time. The supplemental standards
application in Addendum A to Appendix E concluded that significant health risk
is not present and is not expected due to contaminated groundwater.

Groundwater monitoring

Groundwater quality will be monitored in wells during the construction
period. However, post-closure groundwater quality monitoring is not proposed
at Ambrosia Lake and is not needed because water in the uppermost aquifer, the
alluvium/ weathered Mancos Shale and Tres Hermanos-C sandstone, has a very
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limited areal extent and the quality is so poor that no future use is
expected. Furthermore, no additional degradation of groundwater quality can
occur because existing levels of saturation in the alluvium weathered Mancos
Shale and Tres Hermanos-C sandstone are derived from uranium processing
activities at the site. Monitoring in the deeper Westwater Canyon Member
(which is hydraulically connected to the uppermost aquifer) is also not
proposed because it is not possible to distinguish water quality changes in
the Westwater Canyon Member that would be attributable to the seepage from the
Ambrosia Lake disposal cell. Even though post-closure groundwater quality
monitoring is not proposed, the public is still protected as described in
Addendum A of Appendix E.

RAP changes

The major changes to the Ambrosia Lake RAP that have been made since the
preliminary final RAP was issued in May 1987 are to demonstrate compliance
with the EPA groundwater protection standards.

Specific changes to the RAP are as follows.

o Inclusion of this executive summary.

o Section D.8, Groundwater Hydrology in Appendix D, has been rewritten
to describe the results of sampling from monitor wells installed in
1989 and to report results of monitor well falling head slug
withdrawal and pumping tests.

o Appendix E in the current RAP is now a discussion of the water
resources protection strategy including Addendum A that consists of a
supplemental groundwater standards discussion and related risk
assessment. A summary of the strategy is also contained in Section
5.0 of the main RAP text.

o Appendix F now contains the updated site design, specifications, and
drawings that formerly were presented in Appendix E of the May 1987
preliminary final RAP. Revision of the site design, Appendix F, to
(1) delete work that has been performed in one of the other Ambrosia
Lake subcontract packages, and (2) incorporate changes recognized in
responses to comments. Two minor cover enhancements will be issued in
the near future to change the radon/infiltration barrier compaction to
100 percent of standard Proctor density and to require a coarser
filter layer.

o Clarification of mineral extraction activity in Section 3.5.6, Mineral
Resources.

o Revision of demolition rubble disposition in Section 4.2, Design
Summary; Section 4.3.4, Demolition; and Section 4.4.3, Demolition.

o Clarification of health and safety issues in Section 6, Environmental
Health and Safety.



o Update of radiological survey and verification procedures in
Appendix C.

o Revision of Appendix A describing hazardous waste management.

o Three addenda were included with the preliminary final RAP (May 1987)
that have not been reproduced in the current version of the RAP:
Addendum Dl - Summary Radiological Data; Addendum D2 - Seismic Event
Catalogs; and Addendum D3 - Geotechnical Logs. Please refer to the
May 1987 RAP for this information.

Design options considered but not incorporated

Several design options were evaluated for inclusion in the final design
of the tailings cell but were rejected for a variety of reasons. The
alternatives were considered as a means of complying with the EPA groundwater
protection standards that were proposed in September 1987 after the
preliminary final RAP was published. The current design incorporates features
that are reasonable and prudent to ensure that the EPA standards will be
achieved. Other concepts were found to (1) be impractical for the Ambrosia
Lake site; (2) be unproven technological applications; or (3) not provide
additional assurance of meeting the EPA standards.

Several changes in the cover layers that reduce infiltration were
evaluated. These include a sodium amendment (salt) to the radon/infiltration
barrier, steeper slopes, a CLAYMAXR membrane, a soil/rock matrix layer, and
a vegetated soil cover. Applying additional sodium to the radon/infiltration
barrier could create a dispersed soil with a lower hydraulic conductivity.
The proposed radon/infiltration barrier will be constructed from compacted
weathered Mancos Shale, which has a high content of montmorillonite (a sodium
clay). A lower cover infiltration rate would be beneficial to groundwater
protection. However, laboratory tests at another site with similar soils
demonstrated only small decreases in saturated hydraulic conductivity with
large amounts of sodium bentonite added (25 percent). Sodium amended soil
could release salts into surrounding soils on groundwater which would be
unwanted. Considering the laboratory test results and that a field test of a
sodium amendment to uranium mill tailings covers has not been conducted, it is
prudent not to include an additional sodium amendment in the cover design.

Steepening the top and sideslopes of the cover was evaluated to determine
if it would have the beneficial effect of shedding direct precipitation faster
than the current design so that less net infiltration through the tailings may
occur. The current design includes 20 percent sideslopes and four percent
topslopes. The main drawback of steepening the slopes is that the mean
diameter of the rock rip rap and possibly the thickness of the rock layer
would need to be increased to compensate for faster flow velocities. This
would necessitate a major redesign of the disposal cell, including the
buttresses. Upon consideration of the additional design time and material
costs weighed against the insignificant increase in protection of the public
health, steepened cover slopes have not been included in the cell design.



The use of a CLAYMAXR geotextile/bentonite layer was considered because
it could restrict infiltration through the cover to approximately 2 x 10-9
centimeters per second (cm/s) (the saturated hydraulic conductivity of
CLAYMAXR). CLAYMAXR can only be used on slopes up to 4 percent and
therefore cannot be used on side slopes. The current radon/infiltration
barrier will have a saturated hydraulic conductivity of approximately 1 x
10-7 cm/s. However, the radon/infiltration barrier is expected to remain
unsaturated for the design life of 1000 years and should limit infiltration to
a rate of 1 x 10-7 cm/s to 1 x 10-9 cm/s or less. The performance
assessment in Section E.3.3 concludes that the current design would ensure
that the hazardous constituent concentrations in the leachate from the
disposal cell would not exceed existing (i.e., background) concentrations.
Incorporating a CLAYMAXR layer at the Ambrosia Lake site would necessitate
expanding the land area occupied by the cell so that gentler slopes could be
used. Using CLAYMAXR was not found to be necessary because the current
design will meet the requirements for a supplemental EPA groundwater standard
for protection of groundwater with limited use.

Alternative surface layers, such as rock with a soil matrix and a
vegetated soil cover, were considered for use but were rejected for the
reasons explained below. A rock/soil matrix layer with vegetation is less
resistant to erosion than the current rock cover, assuming the slope angles
remain the same. Slopes could be made less steep so that the soil/rock matrix
would meet the criteria for protection from erosion. However, the south part
of the tailings pile (the highest area) would have to be relocated to avoid
encroaching on the county road by the flattened and extended disposal cell
slopes. Alternatively, the county road would have to be relocated to
accommodate the much larger disposal cell footprint. Vegetation on the rock
soil matrix would probably not persist because of the low precipitation. A
vegetated cover was determined to be impractical because of the low annual
precipitation (eight inches). Even if a vegetative cover could be
satisfactorily established, it probably would not persist over the 1000-year
design life of the disposal cell because of the combination of low
precipitation and occasional droughts. Again, because the current design can
meet the proposed supplemental standard and protects the public, pursuing the
change was not necessary.

Further details of the design alternatives that were considered are
described in two DOE reports: the Technical Approach Document (1989) and
"Remedial Action Planning and Disposal Cell Design" (1989), available through
the DOE UMTRA Project Office, Albuquerque Operating Office, Albuquerque, New
Mexico.
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1.0 INTRODUCTION

1.1 PURPOSE

This Remedial Action Plan (RAP) has been developed to serve a dual
purpose. It presents the series of activities that is proposed by the
U.S. Department of Energy (DOE) to stabilize and control radioactive
materials at the inactive Phillips/United Nuclear uranium processing site
designated as the Ambrosia Lake site in McKinley County, New Mexico. It
also serves to document the concurrence of both the State of New Mexico
and the U.S. Nuclear Regulatory Commission (NRC) in the remedial action.
This agreement, upon execution by the DOE and the state and concurrence
by NRC, becomes Appendix B of the Cooperative Agreement.

1.2 RESPONSIBILITIES

In 1978, Congress passed Public Law 95-604 (PL95-604), the Uranium
Mill Tailings Radiation Control Act (UMTRCA) of 1978, expressly finding
"that uranium mill tailings located at active and inactive mill
operations may pose a potential and significant radiation health hazard
to the public . . . ." Title I to the UMTRCA identified sites to be
designated for remedial action. On November 9, 1979, Ambrosia Lake was
designated as one of those sites.

The UMTRCA charged the U.S. Environmental Protection Agency (EPA) with
the responsibility for promulgating remedial action standards for
inactive mill sites. The purpose of the standards is to protect public
health and safety and the environment from radiological and
nonradiological hazards associated with radioactive materials at the
inactive sites. The final EPA standards were promulgated January 5, 1983
(48 FR 590), with an effective date of March 7, 1983.

The DOE has been commissioned to select and execute a plan of remedial
action that will satisfy the EPA standards and other applicable Federal
and state laws. On September 11, 1985, the DOE and the State of New
Mexico entered into a cooperative agreement for remedial action at the
Ambrosia Lake site. The Federal government will fund 90 percent and the
state will fund 10 percent of allowable costs.

All remedial actions must be selected and performed with the
concurrence of the NRC. In conformance with UMTRCA, the required NRC
concurrence with the selection and performance of proposed remedial
actions, and the licensing of long-term surveillance and maintenance of
disposal sites, will be to ensure compliance with the standards
established by the EPA. The RAP constitutes the initial document in the
licensing process. A more detailed listing of the responsibilities of
the project participants is included in Section 6.0 of this report.

-1-



1.3 SCOPE AND CONTENT

This document has been structured to provide a comprehensive under-
standing of the remedial action proposed for the Ambrosia Lake site. It
includes both criteria and the detailed construction design for the
remedial action. An extensive amount of data and supporting information
has been generated for this RAP. Pertinent information and data are
included in the RAP with references given to the numerous supporting
documents.

Attached as part of the RAP are appendices which describe in more
detail various important aspects of the remedial action.

Appendix A, Regulatory Compliance, describes in detail the permits
necessary for the remedial action and the process for mitigating impacts
to archaeological resources.

Appendix B. Engineering Design, consists of the final design
specifications and drawings.

Appendix C, Radiological Support Plan, describes the procedures used
to characterize the existing radiological conditions at the site, and the
procedures to be used to control and verify the results of remedial
action.

Appendix D, Site Characterization, describes site geological,
geotechnical, hydrological, meteorological, and seismic conditions which
affect the design.

Appendix E, Groundwater Protection Strategy, contains the approach
and technical discussion of how the stabilized tailings will comply with
the EPA groundwater protection standards. The supplemental standards
demonstration is included as Attachment A to Appendix E.

Appendix F. Subcontract Documents, contains the final design
specifications and drawings.

1.4 COLLATERAL DOCUMENTS

A collateral document for this site is the Environmental Assessment
(EA) (DOE, 1987), which contains many of the existing site conditions,
the proposed action and alternatives, and the environmental impacts of
the proposed action.

The Uranium Mill Tailings Remedial Action (UMTRA) Project staff has
prepared the Technical Approach Document (DOE, 1989) which addresses
general Project guidelines on the operating procedures, specifications,
calculations, schedule and cost estimates, and design constraints to be
incorporated in the final design documents. This general guidance, in
conjunction with the RAP, serves as the basis or guideline for prepara-
tion of the final design documentation for the UMTRA Project sites. It
is further intended to provide sufficient criteria for the reader to
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understand the constraints, procedures, codes, and standards to be used
during the design and performance of the remedial actions at the UMTRA
Project sites.

Copies of all referenced documents, supporting data, calculations,
and design drawings are on file in the U.S. Department of Energy UMTRA
Project Office in Albuquerque, New Mexico.
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2.0 EPA STANDARDS

2.1 GENERAL

The requirements and considerations for long-term isolation and
stabilization of tailings, radon control, cleanup of land and buildings,
and protection of water quality have been published in the "Plan for
Implementing EPA Standards for UMTRA Sites" (DOE, 1984). That document
was used as a guide in the development of this RAP. The following
discussion has been extracted from the above-referenced document.

Pursuant to the requirements of the UMTRCA, the EPA promulgated
health and environmental standards to govern cleanup, stabilization, and
control of residual radioactive materials at inactive uranium mill
tailings sites. The promulgated standards establish requirements for
long-term stability and radiation protection and provide procedures for
ensuring the protection of groundwater quality.

In developing the standards, the EPA determined "that a primary
objective for control of tailings should be isolation and stabilization
to prevent their misuse by man and dispersal by natural forces such as
wind, rain, and flood waters" and that "a second objective should be to
reduce radon emissions from tailings piles." A third objective should be
"the elimination of significant exposure to gamma radiation from tailings
piles" (from 48 FR 594, preamble to Standards for Remedial Action at
inactive Uranium Processing Sites, 40 CFR 192.) These objections were
based on a determination that the most significant public health risks
associated with inactive tailings were posed by exposure to people living
and working in structures contaminated by relocated tailings. The EPA
further concluded that the potential for groundwater and surface-water
contamination should be evaluated on a site-specific basis.

On September 3, 1985, the U.S. Tenth Circuit Court of Appeals
remanded the groundwater standards, 40 CFR 192.2(a)(2)-(3). The EPA
issued proposed groundwater protection standards for comment on September
24, 1987. Section 2.4, Water-Quality Protection, discusses the DOE plan
for implementing the proposed standards until final standards are issued.

The EPA standards are discussed in the following paragraphs and are
summarized in Table 2.1.

2.2 LONG-TERM STABILITY

Isolation and stabilization of tailings in order to prevent misuse
by man and dispersion by natural forces is the primary objective of the
EPA Standards. Accordingly, long-term stability was emphasized in the
development and promulgation of the standards. This is consistent with
the guidance provided by the legislative history of the UMTRCA, which
stresses the importance of avoiding remedial actions which would be
effective for only a short period of time and which would require future
Congressional consideration.
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PART 192 - HEALTH AD ENVIRONMENTAL PROTECTION STANDARDS FOR URANIUM MILL TAILINGS

SUBPART A - Standa'ds for the Control of Residual Radioactive Materials from Inactive Processing Sites

192.02 Standards

Control shall be designed to:

(a) Be effective for up to one thousand years, to the extent reasonably achievable, and, in
any case, for at least 200 years, and,

(b) Provide reasonable assurance that releases of radon-222 from residual radioactive
material to the atmosphere will not:

(1) Exceed an average release rate of 20 picocuries per square meter per second, or
(2) Increase the annual average concentration of radon-222 in air at or above any

location outside the disposal site by more than one-half picocurie per liter.

SUBPART - Standards for Cleanup of Land and Buildings Contaminated with Residual Radioactive Materials
from Inactive Uranium Processing Sites

192.12 Standards

Remedial actions shall be conducted so as to provide reasonable assurance that, as a result
of residual radioactive materials from any designated processing site:

(a) The concentration of radium-226 in land averaged over any area of 100 square meters
shall not exceed the background level by more than -

(1) 5 pCi/g, averaged over the first 15 cm of soil below the surface, and
(2) 15 pCi/g, averaged over 15 cm thick layers of soil more than 15 cm below the

surface.

(b) In any occupied or habitable building -

(1) The objective of remedial action shall be, and reasonable effort shall be made to
achieve, an annual average (or equivalent) radon decay product concentration
(including background) not to exceed 0.02 WL. In any case, the radon decay product
concentration (including background) shall not exceed 0.03 L, and

(21 The level of gamma radiation shall not exceed the background level by more than 20
microroentgens per hour.

SUBPART C - Implementation (condensed)

192.20 Guidance for Implementation

Remedial action will be performed with the concurrence of the Nuclear Regulatory Commission
and the full participation of any state that pays part of the cost" and in consultation as
appropriate with other government agencies.

192.21 Criteria for Applying Supplemental Standards

The implementing agencies may apply standards in lieu of the standards of Subparts A or B if
certain circumstances exist, as defined in 192.21.

192.22 Supplemental Standards

'Federal agencies implementing Subparts A and B may in lieu thereof proceed pursuant to this
section with respect to generic or individual situations meeting the eligibility requirements
of 192.21."

(a) ". . the implementing agencies shall select and perform remedial actions that come as
close to meeting the otherwise applicable standards as is reasonable under the
circumstances."

(b) ". . .remedial actions shall, in addition to satisfying the standards of Subparts A and
B. reduce other residual radioactivity to levels that are as low as is reasonably
achievable."

(c) "The implementing agencies may make general determinations concerning remedial actions
under this Section that will apply to all locations with specified characteristics, or
they may make a determination for a specific location. When remedial actions are
proposed under this Section for a specific location, the Department of Energy shall
inform any private owners and occupants of the affected location and solicit their
comments. The Department of Energy shall provide any such comments to the other
implementing agencies and] shall also periodically inform the Environmental Protection
Agency of both general and individual determinations under the provisions of this
section."

Ref: Federal Register, Volume 48, No. 3 January 5. 1983, 40 CFR Part 192.

TABLE 2.1 EPA STANDARDS
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The EPA standard-setting process distinguished "passive controls,"
such as thick earthen covers, below-ground disposal, rock covers, and
massive earth and rock dikes, from "active controls," such as semi-
permanent covers, fences, warning signs, and restrictions on land use.
Active controls could be expected to need frequent replacement or other
major repairs requiring the ongoing appropriation and expenditure of
public funds. In setting the standards, the EPA called for designs which
rely primarily on passive controls.

The EPA performance standard is framed as a longevity requirement
that recognizes the difficulty in predicting very long-term performance
with a very high degree of confidence. In establishing the longevity
requirement, the EPA concluded that existing knowledge permits the design
of control systems that have a good expectation of lasting at least 1000
years. Therefore, a design objective of 1000 years was established to be
satisfied whenever reasonably achievable, but in any case a minimum
performance period of 200 years must be achieved.

The standard recognizes the need for institutional controls such as
custodial maintenance, monitoring, and contingency response measures. In
the preamble to the standards, the EPA calls for such controls to be
provided as an essential backup to the primary, passive controls.

2.3 RADON EMISSIONS CONTROL

The EPA identified a reduction of radon emissions from tailings
piles as the second objective in its standards for the control of
tailings. In developing the standards, it considered several alternative
approaches and selected an emission limitation as the primary form of the
standard. In addition, it established a concentration limit as an
alternative form of the standard for use in cases where the DOE
determines that the alternative was appropriate.

In establishing the emission limitation for tailings piles, the EPA
sought to reduce both the maximum risk to individuals living very near
to the sites and the risk to the population as a whole. With regard to
individuals very near to disposal sites, the EPA estimates that exposure
to radon emissions will be reduced by more than 96 percent. The radon
standard of 20 picocuries per square meter per second (pCi/m2s) on the
disposal site or 0.5 picocuries per liter (pCi/l) outside the disposal
site will limit the increase in radon concentration attributable to a
pile to a small increase above the background radon level near the
disposal site. Both standards are design standards with compliance to be
determined on the basis of predicted rather than measured emission rates
and concentrations. The EPA states that "post-remediation monitoring
will not be required to show compliance, but may serve a useful role in
determining whether the anticipated performance of the control system is
achieved" (from 48 CFR 601, preamble to Standards for Remedial Actions at
Inactive Uranium Processing Sites, 40 CFR 192). In establishing the
radon standard, the EPA determined that the emission limitation could be
achieved by well-designed thick earthen covers and that such control
techniques would be compatible with the requirements of the EPA longevity
standard.
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2.4 WATER-QUALITY PROTECTION

The EPA reviewed available water-quality data from inactive tailings
sites and determined that there was little evidence of recent movement of
contaminants into groundwater. They also determined that any degradation
of groundwater quality should be evaluated in the context of potential
beneficial uses of the groundwater as determined by background water
quality and the available quantity of groundwater.

Rather than establish specific numerical limitations for contaminant
discharges or groundwater quality, the EPA determined that the most
appropriate course of action would be to require site-specific analyses
of potential future contaminant discharge and a case-by-case evaluation
of the significance of such a discharge. The implementation guidelines
for the EPA standards call for adequate hydrological surveys at each site
to be a basis for determining whether specific water-protection measures
should be applied.

Specific site assessments must include monitoring programs suffi-
cient to establish background groundwater quality through one or more
upgradient wells and to identify the present movement and extent of con-
taminant plumes associated with the tailings piles. The water protection
standards further call for judgments of the need for restoration or
prevention, or both, to be guided by the EPA's hazardous waste management
system and relevant state and Federal water-quality criteria. Decisions
on specific actions to protect or restore water quality are to be guided
by such factors as the technical feasibility of improving the aquifer,
the cost of applicable restorative or protective programs, the present
and future value of the aquifer as a water source, the availability of
alternative water supplies, and the degree to which human exposure is
likely to occur.

The UMTRCA (PL95-604, Section 206) requires that the standards
promulgated by the EPA "to the maximum extent practicable, be consis-
tent with the requirements of the Solid Waste Disposal Act, as amended."
In setting the standard, the EPA determined that the statutory
requirement for the NRC to concur with the selection and performance of
remedial actions and to issue licenses encompassing monitoring,
maintenance, or emergency measures necessary to protect public health and
safety" was consistent with the EPA regulations implementing the Solid
Waste Disposal Act (47 CFR 32274, July 26, 1982). Accordingly, the EPA
established implementation procedures requiring case-by-case evaluations
of potential contamination at sites. Decisions regarding monitoring or
remedial actions will be guided by relevant considerations of the
hazardous waste management systems.

As mentioned in Section 2.1, the EPA issued proposed groundwater
protection standards for comment on September 24, 1987. Prior to
promulgation of the final standards, the DOE intends to implement the
provisions of Subpart A and C of the proposed standards to the extent
reasonably achievable within the UMTRA Project regulatory framework.
When the final EPA standards are promulgated, the DOE will re-evaluate
its groundwater protection plan and undertake such action as is necessary
to ensure that the revised standards are met. The need for and extent of
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aquifer restoration will be evaluated in a separate decision-making
process under the National Environmental Policy Act.

In response to the Court's remand of the original standards, the
newly proposed EPA groundwater standards involve:

o Protection of human health, safety, and the environment.

o Consideration of radiological and nonradiological hazards.

o Consistency with the requirements of the Resource Conservation
and Recovery Act (RCRA), as amended.

o General standards applicable to all UMTRA Project sites (i.e.,
not site-specific as was the case for the remanded standards).

These items are discussed below.

Subpart A (40 CFR 192.01-192.02) consists of the requirements for
control of potential contaminant releases to the groundwater at disposal
sites. It incorporates the following:

o A list of hazardous constituents.

o Maximum concentration limits (MCLs), background limits, or
alternate concentration limits (ACLs). The establishment of ACLs
must be concurred in by the NRC, be as low as reasonably
achievable, and satisfy the water-quality protection
considerations.

o Point of compliance at the downgradient vertical plane of the
disposal facility.

o A liner or equivalent beneath the disposal site if the tailings
contain excess water.

o Monitoring during a post-remedial action period to verify design
performance.

o Corrective action to be initiated within 18 months after monitor-
ing indicates or projects an exceedance of the applicable concen-
tration limits.

Subpart B (40 CFR 192.11-192.12) lists the standards applicable for
remediating contaminated groundwater. It incorporates:

o Cleanup of the listed groundwater constituents to levels
specified in Subpart A.

o Extension of the remedial period to allow for natural flushing if:

- The groundwater is not, and is not projected to be, a public
drinking water source, and

-9-



- Institutional controls will effectively protect health and
satisfy other beneficial uses, and

- Concentration limits (40 CFR 264.94) will be met in less than
100 years.

Subpart C (40 CFR 192.20-192.22) addresses supplemental standards
applicable to Subparts A and B. The supplemental standards provide for
alternative actions that come as close to meeting the otherwise
applicable standards as is reasonably achievable." The NRC must concur
in the application of supplemental standards. The supplemental standards
may be applied if protection of human health and the environment is
assured (40 CFR 192.22(d)) and:

o Remedial actions pose a clear and present threat to workers or
the public (192.21(a)).

o The proposed action would cause more environmental harm than it
would prevent (40 CFR 192.21(b)), or

o Restoration is technically impracticable from an engineering
perspective (40 CFR 192.21(f)), or

o The groundwater is Class III (limited use) (40 CFR 192.21(g)).

o There is no known remedial action (192.21(e)).

2.5 CLEANUP OF LANDS AND BUILDINGS

The EPA evaluated the risk associated with the dispersion of
tailings off the site and concluded that the principal risk to man was
the exposure to radon daughter products inside buildings. The EPA
therefore stated that the objective of the cleanup of tailings from
around existing structures was to achieve an indoor radon daughter
concentration (RDC) of less than 0.02 working level (WL). For open
lands, the purpose of removing the contamination is to remove the
potential for excessive indoor radon daughter concentrations that might
arise from new construction on contaminated land. The five picocuries
per gram (pCi/g) and 15 pCi/g radium-226 concentration limits for
15-centimeter surface and subsurface layers, respectfully, were
considered adequate to limit indoor RCs to below 0.02 WL. A secondary
concern was to limit exposure to people from gamma radiation.

The standard requires that residual radioactive materials be removed
from buildings exceeding 0.03 WL. Measures such as sealants, filtra-
tion devices, or ventilation devices may be used to provide reasonable
assurance of reductions to below 0.02 WL.
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3.0 SITE CHARACTERIZATION

Site characterization describes the present condition of the Ambrosia
Lake processing site. Appendix D, Site Characterization, contains additional
supporting information.

3.1 LOCATION

The inactive Phillips/United Nuclear mill and tailings pile, known
as the Ambrosia Lake site, is in McKinley County in northwest New
Mexico. The site is 25 road miles north of Grants, New Mexico (Figure
3.1).

3.2 HISTORY

Constructed in 1957, the Phillips Mill was operated by Phillips
Petroleum Company from June 1958 until March 1963. Three million tons of
uranium ore, averaging 0.23 percent uranium oxide, were processed during
the five-year operational period of the mill (FBDU, 1981). Three million
tons of tailings were produced during the milling operation. An esti-
mated 396,000 tons of tailings were removed from the site and used as
underground mine fill. Following purchase by United Nuclear Corporation,
all mining and milling operations were scaled back and milling ceased in
April 1963.

All the ore came from nearby mines. Uranium extraction was accom-
plished at the Phillips Mill using alkaline pressure leach technology
(NMEMD, 1979). Portions of the mill were used as a resin ion exchange
facility by United Nuclear until late 1982, when all local operations
ceased.

3.3 PHYSICAL DESCRIPTION

The site covers 195.6 acres, including the 111-acre tailings pile
which contains 2,659,000 cubic yards of tailings. The base of the
tailings pile is almost square; the surface of the tailings pile is
concave. A perimeter fence has been erected around the tailings pile and
windblown area. There are 1,100,000 cubic yards of soil contaminated by
windblown material. Details of the extent of windblown contamination are
presented in Appendix D, Site Characterization, Section D.3, Radiation
Data.

The mill buildings have been demolished and the rubble has been
separated into two piles. The contaminated rubble will be placed in the
disposal cell during the main construction phase. The less contaminated
rubble will be placed in a separate trench to be excavated northeast of
the tailings disposal cell.
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The site is in a valley within the Ambrosia Lake portion of the
Grants mineral belt, a major uranium production region. This valley is
drained by the Arroyo del Puerto, an ephemeral stream that derives most
of its flow from mine-water and mill-water discharge treated elsewhere.

3.4 RADIATION

Radioactive elements occur naturally throughout the earth's air,
water, and soil. The concentration of these elements varies greatly
throughout the United States. Baseline radioactivity levels in soils
typical of the Ambrosia Lake area and not influenced by the tailings pile
have been established as 1.2 + 0.7 pCi/g for radium-226 (Ra-226) (BFEC,
1985). Background concentrations of Ra-226 in soils from areas not
influenced by uranium mining and milling averaged 0.57 + 0.08 pCi/g for
Ra-226 (NMEID, 1985).

The average background gamma radiation exposure rate in the Ambrosia
Lake region from both terrestrial and cosmic sources, measured at three
feet above the ground, is 15.2 microroentgens per hour (microR/hr) with a
range of 12.6 to 16.5 microR/hr (BFEC, 1985).

No background radon measurements reflecting current conditions in
the vicinity of the Ambrosia Lake designated site are available. However,
24-hour baseline measurements at three locations (0.5 and 0.75 mile north
of the tailings pile, and one mile northwest) taken in 1976 averaged
4.3 pCi/l with a range of three to five pCi/l (FBDU, 1981). Natural back-
ground radon concentrations in undisturbed areas with similar geologic
settings as Ambrosia Lake have been measured by several investigations
and averaged 0.19 + 0.02 pCi/l (NMEID, 1985; Millard and Baggett, 1984).

Soil samples from 106 drill holes on the tailings pile were analyzed
by gamma spectroscopy, and computer modeling was used to determine the
contaminant distribution and the average Ra-226 concentration of the
pile. The resulting average Ra-226 concentration of the tailings was
571 pCi/g (BFEC, 1985). The maximum Ra-226 concentration was 1807 pCi/g.

The soil beneath the tailings pile exceeded the EPA standard of
15 pCi/g Ra-226 to an average depth of approximately 4.75 feet.

Using Schiager's estimate (Schiager, 1974) of 2.5 (microR/hr)/
(pCi/g), and the average tailings pile Ra-226 concentration of 571 pCi/g,
the gamma exposure rate for the pile would be 1428 microR/hr. Based on
an aerial survey, exposure rates ranged from 350 to 1500 microR/hr (EG&G,
1981).

The radon flux source term from the tailings pile was calculated
using the RAECOM model (NRC, 1984), resulting in an estimated annual
average radon flux of 556 pCi/m2s under existing conditions.

Field data (Haywood et al., 1980; BFEC, 1985) indicate that exten-
sive transport of gamma-emitting contamination by wind or water erosion
has occurred into the area surrounding the tailings pile. Contamination
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sources include residual ores and wastes from mining, and ponded slimes
from mine dewatering. Analysis of the Ra-226/uranium-238 ratio in soil
samples was used to delineate areas contaminated by ore from areas
contaminated by windblown tailings. Five-hundred and seventy acres
contaminated by windblown tailings and ore stock piles will require
remedial action. Concentrations of Ra-226 ranged from five pCi/g to
4058 pCi/g.

3.5 GEOLOGY, GEOMORPHOLOGY, AND SEISMICITY

3.5.1 Introduction

Geologic, geomorphic, and seismic investigations were con-
ducted in the area and region of the Ambrosia Lake site. Detailed
findings of the studies are presented in Section .4, Appendix D,
Site Characterization. Geologic hazards with the potential to
affect long-term pile stability have been identified and evaluated
during UMTRA Project geologic investigations.

The investigations performed for the Ambrosia Lake designated
site included:

o Compilation and analysis of previous geologic work.

o Review of earthquake data using the National Geophysical
Data Center (NGDC) earthquake listing and other seismic
net catalogs.

o Analysis of site-specific UMTRA Project geologic data.

o Evaluation of existing remote sensing imagery.

o Low-sun-angle aerial reconnaissance.

o Ground reconnaissance and mapping.

3.5.2 Geologic setting

The Ambrosia Lake site is in northwestern New Mexico, within
the Navajo section of the Colorado Plateau physiographic province
(Figure 3.2). Terrain in this section of the plateau is generally
moderate to low relief, and is composed primarily of flat-topped,
gently sloping cuestas, broad steep-scarped mesas, low-gradient
pediment and fan surfaces, deeply incised canyons and arroyos, and
strike valleys. The Mt. Taylor volcanic complex dominates the
physiography within the 40-mile (65-kilometer) study region,
rising to more than 4000 feet above surrounding the topography.
Vast basalt flows and cinder cone fields cover large areas west
and south of the Ambrosia Lake site.

Cenozoic tectonic and erosional processes have exposed rocks
of Precambrian through Late Quaternary age in the study region
(Figure 3.3). With the exception of Quaternary basalt flows,
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Q QUATERNARY (undivided): Fluvial sediments of gravel, sand and

clay; alluvial fan deposits; colluvium, soils, landslides.

Locally includes units mapped as Pliocene-Pleistocene.

Kdm LOWER TO UPPER CRETACEOUS: Undifferentiated Mancos Shale and

Dakota Sandstone in northwestern New Mexico.

Kd LOWER TO UPPER CRETACEOUS: Dakota Sandstone.

Qb QUATERNARY MAFIC VOLCANIC ROCKS ( < 1.8 m.y.): Tholeiite,

basanite, alkali olivine basalt, and related alkalic basaltic

rocks.

Tpb PLIOCENE MAFIC VOLCANIC ROCKS l.8 - 5.0 m.y.): Tholeiite, alkali

olivine basalt, basanite, and related alkalic basaltic rocks.

Tps PLIOCENE INTERMEDIATE AND SILICIC VOLCANIC ROCKS (1.8 - 5.0

m.y.): Basaltic andesite, alkali andesite, quartz latite, dacite,

rhyolite, trachyte.

KI UPPER CRETACEOUS: Shale, with minor sandstone and siltstone.

Lewis Shale in northwestern New Mexico.

Kmv UPPER CRETACEOUS: Sandstone, shale, carbonaceous shale, and coal.

Mesa Verde Group (Menefee Formation, Gallup Sandstone, Crevasse

Canyon Formation, Point Lookout Sandstone).

Jm UPPER JURASSIC: Sandstone, mudstone, conglomerate, with nodular

chert. Morrison Formation.

Jsr MIDDLE JURASSIC: Limestone, shale, bituminous shale, mudstone and

limestone. San Raphael Group (Bluff Formation, Summerville

Formation, Todilto Formation, Entrada Sandstone.

Tr TRIASSIC: Shale, siltstone, sandstone, conglomerate, limestone.

Wingate Formation, Chinle Formation.

P PERMIAN: Sandstone, siltstone, shale, limestone, gypsum,

conglomeratic sandstone, orthoquartzitic sandstone. Glorieta

Formation, San Andres Limestone.

PC PRECAMBRIAN: Phyllite, quartz schist, metaquartzite, gneiss,

granite, and metavolcanic rocks. In central New Mexico also

olivine gabbro, amphibolite, and granite pegmatite.
Km UPPER CRETACEOUS: Shale with minor sandstone and limestone.

Mancos Shale.

FIGURE 3.3 (CONCLUDED).
BEDROCK GEOLOGY OF THE AMBROSIA LAKE STUDY REGION



Precambrian igneous and Paleozoic sedimentary units crop out south
of the tailings site in the vicinity of the Zuni Uplift. Progres-
sively younger strata are exposed in the central and northern
portions of the study area, terminating with deltaic deposits of
the upper Cretaceous Fruitland Formation. Extrusive volcanic
rocks of primarily Miocene and Pliocene age constitute the Mt.
Taylor and Mesa Chivato physiographic features east and northeast
of the existing tailings pile.

The Ambrosia Lake site lies in a northwest-trending strike
valley cut into the upper Cretaceous Mancos Shale. Approximately
3000 feet (1000 meters) of Permian to Cretaceous age clastic
sedimentary strata underlie the site (Figure 3.4). The sedimentary
section dips northeastward at two degrees, and forms a regional
homocline of the southern San Juan Basin referred to as the Chaco
Slope.

Wind erosion and dispersion of the mill tailings over the
past 22 years has resulted in the formation of dunes immediately
east of the existing pile. Numerous locations in the Ambrosia
Lake area contain localized dune fields and reflect the signifi-
cance of eolian activity. The embankment design contains
protective layers of earthen and rock material that will prevent
future wind erosion of tailings. Pile armoring and other design
features are discussed in Section 4.0, Site Design.

Gullying processes are active throughout the upland sideslope
areas of the Ambrosia Lake valley. However, gullying does not
have the potential to affect the tailings embankment within
the proposed 1000-year design life due to the design and location
of the stabilized pile. Established drainages north, south, and
east of the site exhibit no evidence of active lateral erosion or
headcutting.

As discussed in Section 4.0, tectonic faults are abundant in
the study region and reflect multiple episodes of deformation.
Most of the structures are of Laramide age, exhibiting north and
northeast trends. Displacement is most commonly down to the
east and on the order of a few tens of feet. In addition to the
regional uplifts and monoclinal elements forming the southern
margin of the San Juan Basin, numerous small-scale domes, anti-
clines, and synclines locally deform the otherwise uniform regional
bedding orientation. Vertical displacement of the Laramide age
local structures is generally less than 500 feet.

Unconsolidated alluvial and eolian deposits of late Quaternary
age mantle extensive low-lying portions of the study region and
site vicinity (Figure 3.5). Within the Ambrosia Lake valley,
thicknesses of alluvium exceed 100 feet near Arroyo del Puerto,
which is one mile southwest of the site. Valley sideslope alluvial
sediments in the immediate site vicinity range in depth from five
to 55 feet.
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3.5.3 Geomorphology

Geomorphic processes operating in the study region were
identified primarily through an analysis of regional and local
landforms. A subsequent evaluation of active geomorphic processes
modifying the present-day landscape was conducted.

The current geomorphic regime in the Ambrosia Lake region is
dominated by fluvial and eolian erosion processes. Present geo-
morphic conditions have persisted in the area for the past few
thousand years and are not expected to change significantly during
the 1000-year embankment design life. The proposed stabilized
pile has been designed to preclude future disturbance of tailings
by fluvial geomorphic processes, including flooding and on-pile
rill and gully development.

Mass wasting and natural slope failure processes are not
active in the vicinity of the Ambrosia Lake site. Potential
geomorphic processes which have been eliminated as hazards with
respect to long-term pile integrity are:

o Landslides.
o Debris flows.
o Mudflows.
o Rock falls.
o Soil creep.

Mining-induced surface subsidence has occurred at several
locations in the Ambrosia Lake valley. The failure of strata
overlying mine voids in adjacent Section 27 has resulted in the
formation of an elliptical depression 800 feet west of the edge of
the existing tailings pile. Mining passages that are present
beneath the southwestern edge of the tailings pile are of
considerably smaller dimension and reflect a different mining
method than those causing the Ambrosia Lake subsidence zones.
Engineering and geologic analyses presented in Section D.4.5.4 of
Appendix D, Site Characterization, and in calculations supporting
Appendix B. Engineering Design, conclude that a collapse of the
strata overlying these voids would not jeopardize the integrity of
the stabilized embankment.

3.5.4 Seismicity

An area within a 120-mile (200-kilometer) radius of the
Ambrosia Lake site was examined during the seismic investigation.
The seismotectonic setting of the study region includes portions
of the Colorado Plateau, Basin and Range, Rio Grande Rift, Western
Mountains, and Great Plains seismotectonic provinces.

The Colorado Plateau province, which contains the designated
site (Figure 3.6). consists of a stable interior flanked on the
western, southern, and eastern sides by tectonic transition zones.
In comparison to the stable interior, the transition zones exhibit
elevated levels of seismic activity and contain structures that
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reflect the stress fields dominating adjacent provinces. The
Ambrosia Lake study region constitutes a portion of the transition
zone that separates the Colorado Plateau interior and the Rio
Grande Rift.

The largest historical earthquake in the 120-mile study
radius occurred in 1906, 105 miles (165 kilometers) southeast of
the existing tailings pile in the Rio Grande Rift. Intensity
effects indicate that the event had a 6.3 Richter magnitude.
Smaller shocks of 4.6 and 4.2 local magnitude occurred in 1976 and
1977 near Crownpoint, New Mexico, 36 miles (58 kilometers) and 34
miles (54 kilometers) northwest of the site, respectively. The
vast majority of the seismic events recorded in the study region
are epicentered in the Mt. Taylor and Mesa Chivato volcanic
complex. No relationship can be drawn between the dominantly
microseismic data and known tectonic faults in the volcanic
complex.

The Ambrosia Lake seismic study in each of the pertinent
seismotectonic provinces included:

o An evaluation of major fault systems and known capable
or potentially capable structures which could possibly
influence pile design.

o An analysis of on-site acceleration effects due to the
Maximum Credible Earthquake value as obtained from
published seismic studies. The event was assumed to occur
at the closest approach of a province to the site.

o An examination of the seismic character of the site
through the review and interpretation of historical
earthquake records and journal articles related to
provincial seismicity.

Structures capable of producing large magnitude earthquakes
exist in seismotectonic provinces bordering the Colorado Plateau.
Predicted on-site accelerations resulting from the occurrence
of large earthquakes in adjacent provinces will not affect the
stabilized pile.

No late Quaternary deposits in the area of investigation are
tectonically offset; hence, it is concluded that all faults in the
40-mile radius surrounding the site are noncapable as defined in
10 CFR 100. The lack of capable structures in the study area
requires that a floating earthquake be used to establish seismic
design parameters for the proposed embankment. Such an event is
independent of known tectonic structure and could occur anywhere
within the Colorado Plateau seismotectonic province. A review of
historical Colorado Plateau seismicity and of documented ground
breakage associated with large magnitude earthquakes in the
western United States prompted the specification of 6.2 local
magnitude for the plateau floating earthquake. The epicenter of
the floating earthquake is assumed to occur at a nine-mile
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(15-kilometer) distance from the site. The on-site, nonamplified,
free-field Peak Horizontal Acceleration resulting from this event
is 0.21g. Focal plane solutions for events in the Ambrosia Lake
region suggest that the source mechanism for the design earthquake
would be controlled by the prevailing northeast-southwest directed
extensional stress field.

There is no potential for fault rupture at or near the
Ambrosia Lake site based on intense geologic field studies
conducted in the area. The tectonically induced collapse of mine
workings is a remote possibility; however, its occurrence would
not threaten the structural integrity of the tailings embankment
(Section D.4.5.4 of Appendix D, Site Characterization).

3.5.5 Volcanism

Extrusive volcanic rocks constitute a significant portion of
the southern and eastern study area bedrock exposures (Figure
3.3). The potential for eruptions and surface flows northeast,
east, and south of the site vicinity is high as evidenced by
recurrent late Cenozoic volcanism in the Mt. Taylor volcanic
field. The youngest basalt flows in the study region are between
800 and 1200 years old. Surface flows emanating from the Mt.
Taylor area would need to greatly exceed the physical proportions
of typical Quaternary flows in the study region in order to
jeopardize the structural integrity of the proposed embankment.
Ash falls resulting from the occurrence of explosive volcanism
within the Mt. Taylor volcanic complex would not impact site
stability.

3.5.6 Mineral resources

Low-grade uranium, vanadium, and molybdenum ores exist in
strata underlying the site vicinity. Extraction of these reserves
is presently uneconomical except by mine water recovery. With the
exception of minor quantities of sand and gravel building
aggregates and mine water recovery of uranium, there are no
recoverable metallic or nonmetallic resources in the Ambrosia Lake
area. Continued strip mining of coal reserves north of the site
area will not impact pile stability because of the distance
involved. Resource exploitation beneath the disposal site will be
prohibited to ensure the long-term integrity of the tailings
embankment.

3.6 GEOTECHNICAL

The definition of geotechnical conditions at the processing site
included the following work:

o Definition of stratigraphy within the pile and foundations.
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o Development of design parameters for both in situ and remolded
borrow materials.

o Completion of field and laboratory tests.

The site and surrounding soils were characterized by drilling
281 borings, drilling 126 piezocone holes, and digging 25 test pits.
Figures 3.7 through 3.11 show the locations of the boreholes, piezocone
soundings, on-pile hydrological borings, and test pits that were sampled
for geotechnical purposes. Of the 281 borings, 209 were made during
previous studies. (MSRD, 1982; FBDU, 1981.) (Figure 3.7.) Bendix
(BFEC, 1985) drilled and geophysically logged 43 holes to determine the
depths of subsurface contamination. During 1985, DOE contractors drilled
and logged 72 boreholes and pushed 126 piezocone-sounding holes on the
pile, drilled 26 holes off the pile for monitor wells, and dug test pits
in the radon/infiltration barrier borrow area. The lithology logs for
the various characterization efforts were presented in Addendum D3 of
Appendix D, Site Characterization in the May 1987 Preliminary Field RAP.
These data have not been reproduced in this issue of the RAP.

3.6.1 Foundation soils

The soils underlying the site generally consist of alluvium
and weathered Mancos Shale as shown in Figures 3.12 through 3.15.
These figures show the cross sections and general zones for the
different material types as represented in the actual pile. In
order to see some of the small layers in the embankment, an
exaggerated vertical scale was used in the cross sections. Figure
3.16 shows the structural contour map for the top of bedrock under
the tailings embankment. The data used to construct the cross
sections and structural contour maps come from piezocone
soundings, geotechnical borings, and logs from the hydrologic
monitor wells. The bedrock elevations shown on the cross sections
are based on the bedrock contour map. The alluvium is generally
thickest on the western portion of the pile, while the weathered
Mancos Shale is thickest under the eastern portion of the pile.
The alluvium consists of clayey or silty sands with some very
sandy clays. The origin of these materials appears to be pri-
marily from the Crevasse Canyon Formation and secondarily from the
Mancos Shale.

The weathered Mancos Shale is thickest on the eastern portion
of the pile, while on the southwest side of the pile the thickness
of the weathered shale reduces to zero. Toward the western side
of the pile it appears that the weathered shale may have been
eroded away before deposition of the alluvium.

The contact between the alluvium and weathered Mancos Shale
was difficult to locate because the alluvium is a clayey or silty
sand while the weathered Mancos Shale is often a sandy clay. Near
the east side of the pile, the Mancos Shale is at a fairly shallow
depth and the tailings rest directly over the weathered Mancos
Shale. The alluvium in this area may have been used for
construction of the starter dike or it may simply have eroded
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away. In any case, the tailings over the weathered Mancos appear
to cause a perched water table in the area. This perched water
table and engineering properties of the foundation soils are
discussed in more detail in Appendix 0, Site Characterization.

3.6.2 Tailings

Materials forming the tailings can generally be put into one
of three categories: sand, sand-slime mixture, and slime. The
limits for classifying these materials were set at zero to 30
percent passing the No. 200 sieve for the sand, 30 to 70 percent
for the sandslime mixture, and 70 to 100 percent for the slime.
Using these criteria, the laboratory tests were used to classify
the tailings into one of the three categories. Carbonate leach
tailings are generally finer than acid leach tailings and since
the tailings at Ambrosia Lake were processed using the carbonate
leach method, the tailings were predominantly sand-slime and
slimes.

According to Purtymun et al. (1977), the tailings were pumped
to the disposal area, which was originally surrounded on four
sides by starter dikes. The tailings were discharged from pipes
along the inner side of the dikes. As the impoundment filled, a
second tier of dikes was constructed along the southern and
western edges of the impoundment. Because the eastern edge is
covered with wind-deposited tailings, it is not known if the
second tier was constructed along this edge. The first tier was
constructed of natural materials; however, the second tier appears
to have been constructed of natural materials with some tailings.

The tailings impoundment at Ambrosia Lake was constructed
using the upstream method, which involves discharging the tailings
peripherally from the crest to form a beach. The upstream method
of discharge encourages segregation of the grain sizes. The
coarser particles occur near the outer portion of the embankment
and the slimes are toward the center of the pond. Limits between
the sands, sand-slime mixtures, and slimes are often difficult to
locate because segregation during deposition is a gradual and
continuous process. Figure 3.17 shows the conceptual material
type variation for a tailings deposit constructed using the
upstream method. A model developed by Kealy and Busch (1971) was
used as a guide to plot the position of various types of
tailings. The width of each zone depends on several different
factors such as the initial proportion of sands and slime within
the mill slurry, the location of the pond relative to the
discharge, and whether the discharge is at a single point or
distributed evenly across the embankment crest. Small slime
stringers may be in the sands or vice versa; therefore, only
generalizations can be made for the different zone widths.

Figure 3.18 shows a plan view of the tailings impoundment and
the different material-type locations. This map was determined by
plotting the different percentages of sand, sand-slime mixture,
and slimes for each piezocone hole and then dividing the pile
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according to the largest percentage of material recorded in each
piezocone hole.

The starter dike location was determined by locating what is
left of the downstream toe and then assuming an upstream slope of
two horizontal to one vertical. It is not known if the starter
dike was constructed with compacted engineered fill or by piling
loose dirt to the desired height. Some compaction is believed to
have been done; however, to be conservative in the design, it is
assumed that the entire starter dike was constructed of loose
material.

Discharge of the tailings slurry was done on nearly all sides
of the embankment, as noted by the distribution pipes currently
along the crests. It appears that the major tailings discharge
was done on the northern-most edge of the pile since the tailings
pile slopes to the south. Some of the tailings were discharged
near the center of the impoundment, as evidenced by the present
discharge pipes running from the embankment crest to the interior
of the pile. Section D.7 of Appendix D, Site Characterization,
discusses the engineering properties of the tailings materials.

In order to define the in situ consolidation and settlement
behavior of the tailings, two trial embankments were constructed.
The amount and the rate of settlement (hence consolidation) of the
tailings were measured with numerous instruments at each trial
embankment. A detailed description of the final embankment and the
interpretation of the results are given in the calculations that
accompany this report. Generally, the trial embankment showed
that the rate of consolidation is greater and the amount of
settlement is slightly less than predicted from laboratory tests.

3.6.3 Radon/infiltration barrier

Mancos Shale from an area one mile north of the Ambrosia Lake
site will be used as a radon/infiltration barrier over the
tailings. This area was chosen because the weathered Mancos Shale
is near the surface and little overburden stripping would be
required. The weathered Mancos Shale is a very clayey material
that has been shown in laboratory tests to be efficient in
controlling radon gas release. Engineering properties of the
proposed radon/infiltration barrier materials are discussed in
Section D.6 of Appendix D, Site Characterization.

3.6.4 Contaminated materials

Prior to placement of the radon/infiltration barrier, the
pile will be covered with a layer of windblown tailings and
contaminated alluvium from beneath the north part of the tailings
pile. This layer will be predominately alluvium, which is
composed of very silty to clayey sands. The compacted
characteristics and engineering behavior of the alluvium are
discussed in Appendix D, Site Characterization, Section .5.
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3.6.5 Erosion barrier

The rock proposed for erosion protection is hard, dense
basalt boulders that will come from an existing quarry near the
town of San Mateo, south of the processing site. The basalt will
have to be drilled and blasted.

An outcrop of Dakota Sandstone 6.5 miles south of the Ambrosia
Lake site and another basalt deposit were sampled and tested as
part of an evaluation of alternate sources of rock for erosion
protection. The sandstone rock did not meet the NRC durability
requirements (NRC, 1985). Based on these findings, Dakota Sand-
stone in the area is not considered acceptable rock for erosion
protection. The original basalt deposit was not selected because
access would have required road construction though valuable big
game habitat that was disfavored by the U.S. Forest Service.
Section D.6 of Appendix D, Site Characterization, describes the
rock durability test results.

3.7 GROUNDWATER

The Ambrosia Lake tailings pile is underlain by alluvium which
grades into weathered Mancos Shale on the eastern side of the site. The
alluvium and weathered Mancos Shale are hydraulically interconnected and
behave as a single hydrologic unit. The Tres Hermanos-C sandstone of the
lower Mancos Shale subcrops into the alluvium beneath the western side of
the tailings site. Other hydrostratigraphic units beneath the site which
may be water-bearing include (in descending order) the Tres Hermanos-B
and -A sandstones of the lower Mancos Shale, the Dakota Formation, and
the Westwater Canyon Member of the Morrison Formation.

The condition of saturation in the alluvium/weathered Mancos Shale
at the site exists due to the uranium mining activities in the area.
Seepage from an unlined mill make up process water pond, discharge of
mine water from the Ann Lee Mine, and seepage from the tailings have
artificially recharged groundwater in the alluvium and weathered Mancos
Shale. Groundwater in the area of saturation in the alluvium/weathered
Mancos Shale north of the pile flows to the southwest under the tailings
along the southwesterly sloping contact of the Mancos Shale under a
hydraulic gradient averaging 0.025 foot per foot. The average hydraulic
conductivity in the alluvium/weathered Mancos Shale is 3.48 x 10-4
centimeter per second (cm/s) and the average linear groundwater velocity
is 6.69 x 10-5 cm/s.

The alluvium/weathered Mancos Shale and the Tres Hermanos-C sand-
stone are incapable of producing more than 150 gallons per day, which
classifies the groundwater contained in these units as limited use (Class
III) groundwater. The existing level of saturation in the alluvium/
weathered Mancos Shale will probably not be sustained after remedial
actions are completed. Groundwater within the Tres Hermanos-C sandstone
is recharged mostly from seepage from the alluvium in the subcrop area.
The extent of recharge from the alluvium will diminish after remedial
action.
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The Tres Hermanos-C sandstone is only basically saturated, receiving
most of its recharge from the overlying alluvium/weathered Mancos Shale
where it subcrops on the western side of the pile. Groundwater within
the Tres Hermanos-C sandstone flows to the northeast in the direction of
regional dip under a hydraulic gradient averaging 0.025 ft/ft. The
average hydraulic conductivity in the Tres Hermanos-C sandstone is 2.67 x
10-4 cm/s and the average linear groundwater velocity is 1.37 x 10-4
cm/s.

Groundwater within the Westwater Canyon Member of the Morrison
Formation flows to the northeast in the direction of regional dip under a
hydraulic gradient averaging 0.026 ft/ft. The average hdraulic conduc-
tivity in the Westwater Canyon Member is 4.31 x 04 cm/s and the
average linear groundwater velocity is 1.14 x 10-4 cm/s.

Because there was originally no saturation in the alluvium, no
pre-operational water quality data is available. It is only possible to
establish existing water quality as background for the isolated pocket of
saturation in the alluvium and weathered Mancos Shale.

Maximum observed concentrations of chromium, molybdenum, nitrate,
lead, selenium, silver, uranium, and activities of radium 226 and 228 and
gross alpha in pore fluids in the tailings and unsaturated alluvium
beneath the tailings exceed the proposed MCLs.

Maximum observed concentrations of chromium, molybdenum, nitrate,
lead, selenium, silver, uranium, and activities of radium 226 and 228 and
gross alpha in groundwater in the alluvium/weathered Mancos Shale exceed
the proposed MCLs. Maximum observed concentrations of cadmium, chromium,
molybdenum, nitrate, selenium, silver, uranium, and activities of radium
226 and 228 and gross alpha in groundwater in the Tres Hermanos-C sand-
stone member exceed the proposed MCLs.

Maximum observed concentrations of cadmium, chromium, lead,
molybdenum, selenium, silver, uranium, and activities of radium-226,
radium-228, and gross alpha in groundwater in the Westwater Canyon Member
of the Morrison Formation exceed the proposed MCLs.

Geochemical simulation of mixing tailings pore fluids with mill
makeup water suggests that groundwater in the alluvium/weathered Mancos
Shale is derived largely from these two sources. Concentrations of
nitrate, a conservative species, are relatively the same in groundwater
in the alluvium/weathered Mancos Shale and the Tres Hermanos -C sandstone
suggesting much of the groundwater in the Tres Hermanos-C sandstone is
derived from seepage from the alluvium/weathered Mancos Shale.

A comparison of concentrations of hazardous constituents in the Tres
Hermanos-C sandstone with those in the Westwater Canyon member of the
Morrison Formation indicates that seepage down mine shafts and ventholes
will not influence water quality in the Westwater Canyon Member. Concen-
trations of most hazardous constituents in the Tres Hermanos-C sandstone
are lower than those in the Westwater Canyon Member and the relative rate
of groundwater underflow in the Westwater Canyon member compared to the
Tres Hermanos-C sandstone assures that no water quality impacts will occur
In the Westwater Canyon Member.
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3.8 SURFACE WATER

There are no natural perennial streams at the Ambrosia Lake site.
The Arroyo del Puerto, the principal drainage channel for the Ambrosia
Lake area, is a tributary of San Mateo Creek. Flow in the channel has
been sustained by mine water discharges, creating a perennial stream from
the late 1950s until 1980. Flow within the Arroyo del Puerto has been a
source of recharge to the alluvium along its course toward San Mateo
Creek. This saturation in the alluvium does not extend as far as the
Ambrosia Lake tailings pile, and alluvial wells south of the pile are
dry. Saturation at the Ambrosia Lake processing site is localized and
distinct from saturation along the Arroyo del Puerto. Water quality in
the Arroyo del Puerto reflects the quality of mine water discharges and
contains concentrations of gross alpha, Ra-226, molybdenum, selenium,
uranium, and possibly chloride and/or sulfate that exceed background
levels designated from upstream samples from San Mateo Creek (Gallaher
and Goad, 1981).

Ponded water on the tailings pile resulted from rainfall and
collected in the depression at the south central portion of the existing
pile until it was drained into a lined wastewater retention basin in
1988. Additional ponds in the vicinity of the site, all of which are
usually dry, include abandoned mine ponds, abandoned sewage ponds, and
various stock watering ponds northeast of the mill. Surface
water-quality analyses results are included in Appendix D, Site
Characterization.

None of the surface water in intermittent drainages from San Mateo
Mesa or within the Arroyo del Puerto are utilized as a potable water
source. However, some surface water from the Arroyo del Puerto has been
diverted for stock watering.

The watershed and associated drainage network above the site were
evaluated to determine the impact that intense storms and flooding would
have on the site. The watershed covers 3.8 square miles and is divided
into two separate ephemeral drainage pathways, one north of the site
and one northeast of the site. Flood analysis included a determina-
tion of the Probable Maximum Flood conditions. This is discussed in
greater detail in the surface water hydrology portion of Appendix D, Site
Characterization, and in calculations supporting Appendix F, Subcontract
Documents.
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4.0 SITE DESIGN

4.1 INTRODUCTION

This section discusses remedial action objectives, construction
features, permanent design features, and the schedule for in-place
stabilization of the uranium tailings, mill structures, and windblown
contamination associated with the Ambrosia Lake designated site. Maps,
drawings, and tables relevant to the design are provided here and more
detailed data are included in Appendix F, Subcontract Documents. The
site design presented is described to demonstrate compliance with EPA
standards.

The main objective of the site design is to meet the requirements of
the UMTRCA and EPA standards. These standards require protection against
release of contaminated materials into the environment and provide for
limits on the release of radon gas and gamma radiation from radium in the
tailings and other contaminated soils.

Design objectives

The following are the major design objectives:

o Consolidate and stabilize contaminated materials on the existing site.

o Reduce the radon flux from the stabilized tailings and associated con-
taminated materials to the atmosphere to levels not greater than 20
pCi/m 2 s.

o Design controls to be effective for up to 1000 years to the extent
achievable, and at least for 200 years.

o Prevent inadvertent human or animal intrusion into, or disturbance of,
the tailings.

o Ensure that existing or anticipated uses of ground and surface waters
are not adversely affected by the stabilized tailings and contaminated
materials.

o Reduce contaminant levels in areas to be released for unrestricted use
to levels which do not exceed five pCi/g Ra-226 above background
values in the top 15 centimeters (cm) of soil, and 15 pCi/g in any
15-cm layer below that depth.

o Minimize the size of the restricted final disposal site.

o Prevent the release of contaminants from the site during construction.

o Minimize the area disturbed during construction.
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o Minimize exposure of workers and the general public to contaminated
materials.

4.2 DESIGN SUMMARY

This section summarizes the remedial action and design features.
Appendix F, Subcontract Documents, provides the details.

The main feature of the remedial action is the consolidation of
contaminated subsoils and windblown contaminants, and their stabilization
in the current location of the Ambrosia Lake tailings. Mill buildings,
foundations, and other facilities (including asbestos) will be demolished.
Radioactively contaminated rubble and asbestos will be buried with the
tailings. Uncontaminated rubble and some slightly contaminated rubble
will be buried in a trench north of the mill area. Figure 4.1 shows a
.-cross sectional view of the final tailings pile.

Tailings and subsoils from the northern portion of the pile will be
used to fill the depression on the top of the existing pile and to shape
the embankment to ensure drainage. Existing tailings pile sideslopes are
about 3.3 horizontal to one vertical. The existing sideslopes will be
supported by a buttress with a slope of five horizontal to one vertical
made of windblown material. Buttressing with windblown material rather
than shaping the existing embankment will be used to avoid weak slime
zones close to the pile perimeter that would be exposed in a five to one
cut. The remaining windblown material will be used primarily to cover
the tailings. Some windblown material may be blended with wet tailings
to facilitate fill placement.

The windblown material is significantly less contaminated than the
tailings and subsoils. Placement of the windblown-contaminated materials
on top of the tailings directly beneath the radon/infiltration barrier
will reduce the required thickness of the radon/infiltration barrier.

The radon/infiltration barrier will consist primarily of compacted
weathered Mancos Shale from a borrow site one mile north of the pile and
will be placed over the consolidated tailings and windblown materials.
To reduce radon flux to 20 pCi/m2s or less, the initial design requires
a 3.5-foot thick radon/infiltration barrier. The actual thickness will
be recalculated after additional sampling and testing of the barrier
materials.

Embankment erosion protection consists of rock and bedding layers
designed to withstand the Probable Maximum Precipitation (PMP) on the
embankment and Probable Maximum Flood (PMF) flows around the embankment.

A bedding layer will be placed on the radon/infiltration barrier to
protect against erosion or migration of material at bedding interfaces
with the radon/infiltration barrier and erosion protection layers. A
layer of rock, the erosion protection layer, will be placed over the
bedding layer. This rock layer is designed to withstand a PMP event on
the surface of the embankment. Sideslopes will be covered with a layer
of larger rock, which can withstand both a PMP event on the embankment
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sideslopes and flows against the pile from a PMF from the watershed above
the embankment. Riprap sizes based on PMP runoff from the pile are
larger than rock sizes required to protect against PMF flow in the swales
due to runoff from upslope watersheds.

Excavated and disturbed site areas and borrow sites will be regraded
or backfilled as required to promote drainage and will be revegetated.
Areas outside the final disposal site boundary will be released for
unrestricted use upon completion of the remedial action.

4.2.1 Reprocessing assessment

An aspect of the project which must be addressed in order to
comply with the UMTRCA is the economic and technical feasibility
of reprocessing the tailings for the recovery of residual uranium
and vanadium. In 1980 and 1981, Ford, Bacon & Davis Utah Inc.
performed an economic evaluation of reprocessing the Ambrosia Lake
tailings. Samples of the tailings were analyzed to determine the
amount of recoverable uranium, vanadium, and other metals. Labora-
tory leaching tests were conducted on the samples to estimate
extractability and the process to be applied. The evaluation
compared the recoverable values of the metals versus the capital
and operating costs for processing by heap leaching or conventional
milling. Site excavation, haulage, and final disposal costs were
not included. The results of the study indicated that repro-
cessing was not economical at 1980 market prices for the metals
(FBDU, 1981). Since that date, market prices for uranium and
vanadium have fallen and reprocessing is not expected to be
feasible in the foreseeable future.

4.2.2 Site acquisition requirements

The Ambrosia Lake disposal site is on land currently owned by
the State of New Mexico. Following completion of the remedial
action title to the disposal site will pass from the State of New
Mexico to the DOE.

4.3 PERMANENT DESIGN FEATURES

4.3.1 Introduction

Permanent design features are described below for in-place
stabilization of the Ambrosia Lake tailings pile. Reasons are
presented for selecting particular design solutions in preference
to other possible methods of meeting EPA criteria for remedial
action at UMTRA Project sites. Factors considered in the design,
such as subsurface conditions, the nature of the tailings in
the pile, and requirements for erosion and radon control, are
described as they affect the layout and construction of the pile.
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4.3.2 Pile location

In-place stabilization of the tailings is the preferred
alternative. The environmental assessment for the site (DOE,
1987) provides a detailed description of alternative disposal
options for the Ambrosia Lake tailings and reasons for selecting
the preferred alternative. Stabilization in place is an economic
solution that has the same or lesser environmental impacts than
alternative disposal options considered but rejected.

4.3.3 Pile layout

A description of the pile at the completion of remedial
action is provided in Section 4.2. Mill site debris will be
buried in the tailings pile. The northern one-quarter to
one-third and southeast corner of the pile will be relocated by
placing the tailings in the depression on the present pile. The
surface of the pile will be built up with the relocated tailings
and windblown-contaminated soils. A planar top surface will be
constructed to slope from the center of the reshaped pile to the
outer perimeters to avoid flow concentrations and to minimize peak
runoff flow rates for riprap size design. A buttress of compacted
windblown-contaminated soil will be placed around the perimeter of
the pile.

The northern portion of the pile is to be relocated for the
following reasons:

o The depth of tailings and contaminated material is suffi-
ciently small and it is more economical to relocate these
materials onto the main portion of the pile, thereby
minimizing the area to be covered with radon and erosion
control barriers. The depth of tailings and contaminated
subsoils is lowest in the northern portion of the pile.

o Material is required to fill the depression in the pile in
order to create a crown that ensures positive drainage
from the pile and avoid the development of flow concentra-
tions. Without adequate drainage, water would continue to
accumulate on the pile, seep through the tailings, and
contaminate groundwater. In order to be economical it is
best to use materials that are closest to the pile. The
closest suitable materials are the tailings in the
northern part of the pile.

o Moving the northern portion of the pile can be accom-
plished concurrently with the northern swale construc-
tion. This facilitates more efficient and economical
overall construction in this area.

The southern portion of the pile will not be moved as it is
economically advantageous to stabilize this portion in-place. The
tailings and contaminated subsoils in this portion are sufficiently
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thick that it is more economical to cover them with a radon/
infiltration barrier and erosion barrier than to relocate them.
The relatively larger volume of very wet slimes present in the
southern portion of the pile would also be difficult and costly to
move.

The layout provides for a buttress to be placed around the
total perimeter of the pile in order to provide stability.

Figure 4.1 illustrates the general cross section through the
stabilized pile.

4.3.4 Demolition

Because of the higher expense for decontamination and the
improbable chance of future usefulness, all mill buildings and
other facilities have been demolished, and the resulting debris
will be placed either in the stabilized tailings pile or in a
trench northeast of the mill area depending on the degree of
contamination. Asbestos was removed from the buildings and
facilities prior to major demolition work. This was the most
practical means of protecting the health and safety of the workers
and for minimizing release of asbestos to the environment.

4.3.5 Subsurface conditions

Mine workings

Abandoned mine workings exist 580 feet beneath the southwest
corner of the pile. An evaluation indicates that surface sub-
sidence due to collapse of these workings would be too small to
cause differential settlement that would result in cracking of the
radon/infiltration barrier or surface water flow concentrations.
Accordingly, the southwestern part of the pile in the area
potentially affected by subsidence need not be relocated.

Geohydrological conditions

The low permeability radon/infiltration barrier will reduce
infiltration of contaminants through the tailings to the ground-
water. The low hydraulic conductivity and drainage slope of this
barrier will preclude significant infiltration of water into the
pile, through the tailings, and into the groundwater.

4.3.6 Geotechnical considerations

A portion of the tailings in the pile is relatively compress-
ible and saturated. A test embankment was constructed to deter-
mine the in-place consolidation characteristics of the tailings.
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This test showed that the primary compression will be completed in
a matter of months; hence cracking of the radon/infiltration
barrier from settlement should not be a problem. The tailings
still contain areas of soft slimes which could, in the event of
the design earthquake, decrease in strength. These facts lead to
adoption of a buttress around the pile perimeter to ensure against
slope instability. A special construction schedule is not needed
to accommodate primary settlement since the test embankment showed
primary settlement will occur during the proposed construction
schedule.

Buttressing the perimeter with windblown materials makes
it possible to reduce the sideslopes from 3.3:1 to 5:1 without
excavating wet tailings. With 5:1 sideslopes, reasonably sized
erosion protection material may be used and a stable slope created.
The buttress provides increased resistance to slope movement
during an earthquake, thus providing an adequate factor of safety
against slope failure.

The tailings in the northern portion of the pile are also
wet, i.e., well above the optimum moisture content. Therefore, it
may be necessary to dry them by discing and evaporation before
they can be placed and compacted to the specified density.

4.3.7 Surface hydrology

There are no perennial watercourses at the site. Flooding in
the nearest perennial watercourse would not reach the pile. The
only water that could affect the integrity of the pile is that
which flows off the pile or from upslope watersheds north and east
of the pile. Accordingly, the design includes construction of
swales to the north and east of the pile, and grading of adjacent
ground away from the pile on all sides.

Wide swales are preferred to narrower ditches for the
following reasons:

o Wide swales can convey the design flows with minimal
erosion potential, thereby not requiring rock erosion
protection.

o Swale earthwork is easier to construct than rock-lined
ditches.

o Swales may be developed in conjunction with clearing
windblown and off-pile contamination and relocation of
tailings from the northern portion of the pile.

The swales are designed to carry frequent flows well away
from the pile perimeter. Only flow from large precipitation
events will flow against the pile, and erosion protection on the
pile will protect against such flows. The swales are designed to
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reduce flow velocities below that considered to be erosive.
Riprap toe protection around the pile perimeter will prevent
erosion into the tailings.

4.3.8 Erosion protection

Protection against erosion will be provided by rock layers
placed on the pile. Rock sizes have been designed to resist
erosive forces of runoff flows from the pile and from flows in the
north and east swales. In order to control erosion of natural
ground around the pile, rock toe protection will be extended a
suitable distance from the pile.

A natural vegetated soil cover was considered as an alternate
erosion barrier but was rejected as unlikely to provide sufficient
erosion protection, particularly on the sideslopes of the pile.
The site area is one of sparse vegetation due to the semiarid
climate and soil conditions. Ground cover could not be reliably
established at the site without an unreasonably thick soil layer.
An extended drought could cause the vegetation to die, which would
leave the radon/infiltration barrier unprotected against erosion.
Thus, a soil cover over the pile would increase the cost of
remedial action.

Table 4.1 illustrates the recommended rock erosion protection
requirements for final embankment topslopes and sideslopes. Rock
material will be selected that satisfies the NRC criteria. An
approved source of rock for erosion protection is an inactive U.S.
Forest Service quarry northeast of the community of San Mateo
(Figure 4.2).

4.3.9 Radon control

The EPA standards limit allowable radon emanation from the
tailings pile. An uncontaminated soil radon/infiltration barrier
is provided over the entire pile in order to achieve the
applicable standard.

The design specifies placing less contaminated windblown soils
over the combined in situ and relocated tailings. This reduces
the radon emanation from the tailings and reduces the required
radon/infiltration barrier thickness. The radon/infiltration
barrier will consist of a layer of clean soil from a borrow area
north of the site that will be placed over the pile and the
relocated materials. Based on preliminary calculations, a
radon/infiltration barrier 3.5 feet thick is required to reduce
radon flux to the EPA limit of 20 pCi/m2s. Actual radon/
infiltration barrier thickness will be determined during
construction using data for in-place materials.
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Table 4.1 Rock protection requirements for Ambrosia Lake tailings pile

Rock size Layer Design Volume
requirements thickness flow (cubic

Location (inches) (feet) (cfs)a yards)

Bedding (b) 0.5 69,000

Top 1.5 < D50 < 3.0 0.5 0.96 98,000
2.0 < D100 < 4.0

Sideslopes 3.7 < D50 < 5.4 1.0 1.23 35,000
5.0 < D100 < 7.0

Riprap toe 10 < D50 < 14 2.3 1.26 31,000
protection 13 < D100 < 18

acfs - cubic feet per second.
bA bedding layer will be provided under the rock erosion protection layer.
Size and gradation of bedding material is adequate to protect against
migration of materials at interfaces with radon/infiltration barrier and
riprap layers.

4.3.10 Economic considerations

To the maximum extent practicable, the design includes the
formulation and adoption of methods that provide for the most
economic construction consistent with meeting design standards,
applicable criteria, and safe construction goals.

The EPA standards can be met by stabilizing the tailings in
place as described above. Stabilizing the tailings in place is
less expensive and creates lesser environmental impacts than
moving them to a new disposal site.

4.4 CONSTRUCTION FEATURES

4.4.1 Overview

Construction features include staging areas, decontamination
facilities, temporary drainage ditches, wastewater collection and
retention systems, and construction offices and facilities. A
planned layout is described below to provide an overview of the
implementation of remedial action. The exact location and size of
construction features may be changed to facilitate construction
activities.
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The access control and decontamination area have been
constructed near the southwest corner of the existing tailings
pile, north of the existing main east-west road. The office area
is south of the access control and decontamination area, across
the main east-west road.

Site security has been accomplished by erecting a woven wire
perimeter fence with an entrance gate at the access control and
decontamination area. The perimeter fence will provide control of
traffic entering and leaving the site and prevent unauthorized
traffic from entering the area. Equipment will be decontaminated
prior to leaving the controlled area.

Temporary diversion ditches on both the north and east sides
of the site will prevent off-site surface water runoff from enter-
ing the site during remedial action construction. Collection
ditches on the east, west, and south sides of the site will
channel on-site contaminated runoff water to a wastewater reten-
tion basin.

Contaminated material on the site will be transported on
temporary roads. New or existing permanent roads will not be
required for transporting contaminated materials. A short tempo-
rary haul road will be required to transport the
radon/infiltration barrier material. Part of this haul road will
be located outside the designated site. New Mexico State Highway
59 and 53 North will provide access to the erosion protection
borrow site.

Site utilities are shown in Figure 4.3. They will be pro-
tected, removed, or relocated during construction. Electricity is
available from Public Service Company of New Mexico. Telephone
service at the site can be obtained from USWest Communications.

An existing deep well southeast of the mill is planned to be
used for a source of clean water for construction. The well was
found to be usable during the demolition phase of the project.

4.4.2 Drainage, erosion control, and wastewater retention basin

Surface water runoff from contaminated areas will be
collected and drained to a retention basin. Uncontaminated water
from clean areas will be diverted to off-site areas.

Runoff from contaminated areas will either be retained in the
retention basin and evaporated or treated as necessary and dis-
charged. Contaminated water will, to the extent practicable, be
evaporated. Treatment and discharge may be necessary if runoff
during the construction period exceeds the basin capacity, or if
the water cannot be evaporated before completing
radon/infiltration barrier construction. Controlled discharges
from the retention basin will meet effluent limits established by
a Federal point discharge permit. Emergency uncontrolled
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discharge will be used only as necessary to prevent failure of the
retention basin.

Wastewater collection ditches will be designed to carry the
peak flow from a 10-year storm event to a retention basin.
Diversion ditches will be sized to carry the peak runoff flows
from a 25-year storm event, thus preventing uncontaminated runoff
from entering the site and possibly exceeding the retention basin
capacity.

The wastewater retention basin will receive waters from:

o Runoff over contaminated areas.

o Minor processing site dewatering, if required.

o Decontamination activities including, equipment and truck
washdown.

o Washbasin and emergency shower facilities.

The retention basin at the site is sized to retain, as a
minimum, runoff resulting from a 10-year, 24-hour storm event as
well as wastewater generated from remedial action activities. The
surface area of the basin is large enough to maximize evaporation.
The retention basin has sufficient capacity to hold the total
estimated sediment inflow during the project life. As a minimum,
the emergency outlet from the basin will safely discharge the
25-year storm peak runoff while one foot of freeboard is maintained
between the top of the embankment and the water surface with the
emergency spillway when flowing at design depth.

4.4.3 Demolition

All buildings, facilities, abandoned equipment, and materials
at the Ambrosia Lake mill site have been demolished; the contami-
nated demolition debris will be buried in the tailings pile or in
a trench north of the mill area, depending on the degree of con-
tamination. Contaminated material will not leave the site.
Uncontaminated and slightly contaminated demolition debris will be
disposed of in an area northeast of the mill buildings as shown in
Figure 4.3. Asbestos was removed prior to major demolition
activities, and was buried in the tailings pile. All demolition
activities were controlled to restrict release of airborne con-
taminants and to protect workers. Asbestos removal in particular
was also controlled by special measures to protect workers and the
environment.

4.4.4 Dewatering

Dewatering of the tailings pond will be accomplished prior
to or during construction. The water may be retained until it
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evaporates naturally or it may be treated and discharged. This
water may also be used as compaction water or dust-suppression
water for contaminated soils. Dewatering of tailings and borrow
soil excavations is not anticipated because the groundwater depths
are considerably below expected excavation depths.

4.4.5 Equipment decontamination pad

To prevent contaminated materials from being carried out of
the construction areas, a decontamination pad with a holding tank
and pump is provided at the access control and decontamination
area to wash contaminated equipment. A washwater recycling system
will be used to reduce the generation of contaminated water.

4.4.6 Dust control

Dust generated by excavation, earth movement, vehicle use,
temporary materials stockpiling, and similar activities will be
controlled by the use of water and/or water-based surfactants
sprayed from hoses or trucks. Special care will be taken to
control dust created by building decontamination or demolition and
the temporary stockpiling or mixing of contaminated materials.

The sources of dust suppression water for use on contaminated
areas will include recycled water from the wastewater retention
basin and the tailings pond. Only uncontaminated water will be
used in the uncontaminated areas.

The schedules for spraying the roads and pile areas will vary
daily and will be adjusted as required. The frequency of spraying
will increase when combinations of low soil moisture and high wind
speed are encountered.

4.4.7 Borrow areas

Rock and soil borrow sites are shown in Figure 4.2. Sand,
gravel, and cement are also available from local commercial
sources.

4.4.8 Archeological sites

There are numerous archeological sites near the tailings pile
and in areas to be disturbed during construction. These sites
have been surveyed as required by state authorities according to
Federal regulations. Mitigative measures will be taken at
significant sites, or those sites will be protected during
construction. Cultural resource clearance will be obtained for
all areas to be disturbed during construction.
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4.4.9 Construction sequence

The following construction sequence is probable for the
remedial action within constraints. The construction subcontractor
will be allowed some flexibility in executing the work; therefore,
the actual construction sequence may differ from the following.

Initial construction activities have been completed and
included sealing abandoned wells and providing temporary fencing,
utilities, and associated facilities to be used for the remainder
of the construction period. Wastewater retention basin and col-
lection ditches were also constructed. Some of the uncontaminated
materials excavated during construction of these facilities were
stockpiled for later use as backfill, or used as fill during
embankment construction. Temporary access and haul roads were
constructed or upgraded at this time. Asbestos removal was
accomplished prior to major mill site demolition; the asbestos was
buried in the pile. A perimeter fence and diversion ditches were
also constructed.

Embankment construction is the next major construction phase
at the site. This will include the following activities:

o Disposing of all debris from demolished mill buildings and
facilities in the pile, or in a trench north of the mill
area, depending on the degree of contamination.

o Shaping and buttressing the southern portion of the pile.

o Relocating the northern portion of the pile to the
southern portion.

o Excavating and placing the remaining windblown-
contaminated soils and other off-pile contaminated soils
in the pile.

All work will conform with the detailed requirements for
sequence of excavation and placement of contaminated materials
given in the construction documents.

The final stages of remedial action will involve placement of
the radon/infiltration barrier, bedding, and rock layers over the
embankment; overall site grading; and restoration and revegetation
of disturbed areas at the site and borrow area. A small area of
the embankment will be left open temporarily for placement of the
minor amount of contaminated materials cleaned-up during
demobilization.

Demobilization will consist of removal of the staging areas,
wastewater retention basin, decontamination pad, and temporary
drainage ditches. Water remaining in the basins will be treated,
if contaminated, and discharged. The contaminated sediments,
sludges, and the bottom and sides of the basin and ditches will be
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excavated and incorporated into the tailings pile. The decontami-
nation area and staging area will be destroyed and all contaminated
items will be either cleaned for salvage or buried. All equipment
used on the site will be inspected and decontaminated before
removal from the site.

4.5 CONSTRUCTION SCHEDULE

The construction schedule presented in Figure 4.4 is based on a
continuous construction effort of 18 months. The schedule reflects
construction requirements and constraints discussed above in this
section. The site preparation, asbestos removal, and demolition have
been completed; however, the main tailings construction has been delayed
until Federal funding becomes available in 1990.
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5.0 GROUNDWATER PROTECTION

Groundwater in the uppermost aquifer at the Ambrosia Lake disposal site
qualifies for supplemental standards (40 CFR Part 192.11 (e)). The supple-
mental standard application is based on the insufficient yield of the alluvium/
weathered Mancos Shale and Tres Hermanos-C Sandstone that comprise the upper-
most aquifer beneath the Ambrosia Lake site. The uppermost aquifer is incapa-
ble of producing 150 gallons per day or more for a sustained period of time
which classifies it as limited use (class III) groundwater (Section D.8.4 of
Appendix D). In addition to insufficient yield, the water contained in the
alluvium/weathered Mancos Shale and Tres Hermanos-C Sandstone is of poor
quality and cannot be used for drinking or other beneficial purposes.

The hazardous constituents within the tailings pore fluids at Ambrosia
Lake are mostly metal and metalloid elements associated with the uranium
milling process. Concentrations of arsenic, barium, cadmium, lead, molyb-
denum, nitrate, selenium, silver, uranium, and activities of gross alpha,
radium -226 and -228 exceed the Maximum Concentration Limits (MCLs) estab-
lished by the U.S. Environmental Protection Agency (EPA) in at least one
tailings pore field sample collected from lysimeters or well points. Anti-
mony, cobalt, copper, cyanide, fluoride, nickel, tin, vanadium, and zinc are
inorganic hazardous constituents without MCLs, but were present in tailings
pore fluid at concentrations higher than the laboratory method detection
limit. No organic hazardous constituents were above laboratory method
detection limits.

For this supplemental standards application, no concentration limits or
point of compliance have been specified. This is justified considering that
uranium processing activities established the condition of saturation in the
alluvium/weathered Mancos Shale and the Tres Hermanos-C Sandstone. As part of
the supplemental standards application, a risk assessment was performed to
evaluate whether supplemental standards would protect human health and the
environment from the consumption of groundwater in the uppermost aquifer. The
risk assessment considered the hypothetical use of the uppermost aquifer as a
source of drinking water. The results of the risk assessment indicate that
there would be non-carcinogenic health effects associated with the long-term
consumption of the groundwater. In addition, short and long-term carcinogenic
health effects may occur. The concentration of uranium in the groundwater was
the major contributor to carcinogenic risk. However, the likelihood of
consumption of groundwater from the alluvium/weathered Mancos Shale and Tres
Hermanos-C Sandstone is negligible because groundwater cannot be developed due
to insufficient yield. Furthermore, the area of saturation is covered mostly
by the tailings and the confines of the site boundaries, providing positive
institutional control over the use of groundwater. A review of land and water
use patterns in the site vicinity supports the application of supplemental
standards. An engineering evaluation of the proposed remedial action design
determined that the disposal cell protects human health and the environment by
incorporate design features that are as close to meeting the otherwise
applicable standard as is reasonably achievable.

Consumption of groundwater from the Westwater Canyon Member may also
result in carcinogenic and non-carcinogenic health effects. Contaminated
groundwater may have migrated down mine shafts and vent holes into the
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Westwater Canyon Member. The Westwater Canyon Member is a source of drinking
water in the area, but due to mining in the region, water quality has already
deteriorated to the extent that there is some risk to human consumption.
Groundwater in the Westwater Canyon Member exceeds the MCLs for cadmium,
chromium, lead, molybdenum, selenium, silver, and uranium and activities of
radium -226 and -228. However, mixing of contaminated groundwater from the
Ambrosia Lake site with the Westwater Canyon Member groundwater has negligible
effect on water quality in the Westwater and results in no additional risk to
humans.

The proposed disposal cell cover at the Ambrosia Lake site is a low
hydraulic conductivity clay radon barrier (saturated hydraulic conductivity of
1 x 10-7 centimeters per second (cm/s)), overlain by a high hydraulic
conductivity (0.1 cms) filter layer and an erosion protection layer. The
radon barrier will limit steady state vertical seepage (flux) through the
tailings to 1 x 10-7 cm/s. This flux is lower than the drainage capacity of
the alluvium/weathered Mancos Shale, preventing tailings seepage from perching
on the contact between the base of the tailings and the alluvium/weathered
Mancos Shale. Because this flux is approximately equal to natural recharge at
the Ambrosia Lake site, tailings seepage will not create a condition of
saturation in the alluvium/weathered Mancos Shale at the contact with the
Mancos Shale.

Following closure of the disposal cell, active maintenance of the cell
will be minimized because it will be built with durable, natural materials
meeting the longevity requirements of 40 CFR Part 192.02. Furthermore, the
disposal cell is designed to accommodate natural forces such as erosion and
frost heave.

A surveillance and maintenance (S&M) plan will be developed to address
the various monitoring needs of the disposal cell, including biointrusion and
soil erosion. The data collected will be used to evaluate the performance of
the disposal cell.

The need for and extent of groundwater restoration at the Ambrosia Lake
site will be based on the extent of existing contamination, the potential for
current or future use of the alluvium/weathered Mancos Shale and Tres Hermanos-
C Sandstone for drinking water supplies, and the technical practicability of
restoring the aquifer. Studies are currently underway to develop plans,
guidance materials, and procedures for aquifer restoration activities.
Implementation will be through a separate Department of Energy (DOE) project
after the EPA groundwater standards are finalized.
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6.0 ENVIRONMENTAL, HEALTH, AND SAFETY

6.1 POLICY

The UMTRA Project health and safety policy requires the DOE and its
contractors to take all reasonable precautions in the performance of the
remedial action work to protect the environment and ensure the health and
safety of employees and the public. The DOE and its contractors will
comply with all applicable Federal and state health and safety regulations
and requirements including but not limited to those established pursuant
to the Occupational Safety and Health Act (OSHA).

The site Remedial Action Contractor (RAC) is responsible for imple-
menting a site-specific health and safety program. The program should
include an on-site professional radiation health staff responsible for
implementing monitoring, sampling, training, and reporting procedures.
The surrounding community and the on-site workers must be protected to
prevent accidents and radiation exposure. The RAC will comply with the
requirements of the UMTRA Project Environmental, Health, and Safety
Plan" (DOE, 1989b).

6.2 SITE CONDITIONS AFFECTING HEALTH AND SAFETY PLANNING

The remedial actions at the Ambrosia Lake site will require special
attention to potential hazards because of the wide range of activities
conducted at the site during its operation, the various toxic and
hazardous materials which remain at the site, and the physical hazards
that exist at the site and the nearby mines. This section describes
those conditions known or suspected to exist at the site that will
require special attention as remedial action activities proceed at the
site.

Site utilities, as described in Appendix D, Site Characterization,
Section D.ll, Land Survey Data, can present a significant health and
safety hazard if located within the area of potential disturbance. Gas
and power lines and buried fuel storage tanks are present at the Ambrosia
Lake site. A buried gas line exists, marked with yellow-flagged stakes
and white signs spaced 0.25 mile apart. Unmarked gas lines feeding the
individual mill buildings may exist around the mill yard. Electric power
lines are above the the ground, leading to a substation at the site.
Buried power lines exist between the former mill area and the nearby Ann
Lee Mine, and from the substation to the individual mill areas. The
buried lines have been disconnected by locking out the breaker at the
substation. Electrical transformers of unspecified age and coolant type
are present at the designated site. Thus, the potential for
polychlorinated biphenyls (PCBs) to be present exists.

Some containers of potentially hazardous materials are present on
the site awaiting determination of proper treatment or disposal. The RAC
will prepare and implement a plan for removal and/or safe disposal of
hazardous or toxic wastes that have not been removed from the site by the
site owner prior to the remedial action. This effort will be conducted
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in accordance with requirements of the New Mexico Environmental Improve-
ment Division and the EPA.

A fueling station is near the mechanics' shop and buried fuel tanks
probably exist in that area. An additional underground gasoline tank has
been reported near the Ann Lee Mine, 300 yards northwest of the mill site.

As with most remote, uninhabited sites in the Southwest, poisonous
snakes may be encountered.

A number of abandoned mines exist near the site, presenting
potential falling and cave-in hazards to intruders. Also, mine spoils
stored nearby contain materials with elevated levels of radioactivity,
and may contain undetonated explosives.

Elevated concentrations of airborne radionuclides have been docu-
mented during on-pile characterization activities. Gross alpha measure-
ments of air filters have exceeded the Maximum Permissible Concentration
for soluble Th-230 by factors of up to 800, and a problem with dust
generation is expected during remedial activities when tailings are
moved. Workers may be required to wear respirators if engineering
controls cannot reduce airborne dust and radionuclide concentrations to
acceptable levels.

The nearest emergency response facilities are in Grants, New Mexico,
30 minutes from the site. There is a hospital with 24-hour emergency
service available at 1212 Bonita Ave. in Grants, as shown on the map in
Figure 6.1. Phone numbers for local emergency response organizations are
listed below:

Ambulance 1-287-7446
Cibola General Hospital 1-287-4446
Fire Department 1-287-4404
Police/Sheriff 1-287-4404
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7.0 RESPONSIBILITIES OF PROJECT PARTICIPANTS

7.1 INTRODUCTION

The following defines the various responsibilities of the DOE UTRA
Project Office, the NRC, and the State of New Mexico during design and
remedial action, and through the initiation of custodial surveillance
and maintenance. The State of New Mexico's responsibilities will be
administered and coordinated by the New Mexico Environmental Improvement
Division (NMEID).

Major areas of responsibility for future actions by the DOE, the
State of New Mexico, and the NRC are summarized as follows:

o DOE:
Manage and coordinate project.
Obtain permits and approvals.
Prepare detailed designs and specifications.
Prepare quality assurance plan.
Prepare Remedial Action Inspection Plan (RAIP).
Prepare and implement public participation and public information

plans.
Provide funds.
Conduct remedial action.
Audit remedial action.
Prepare surveillance and maintenance plan.
Certify remedial action.
Conduct surveillance and maintenance.

o State of New Mexico:
Review and concur in the RAP.
Assist DOE in acquiring or extinguishing the interests of land-

owners or others with property interests at the designated
disposal site.

Assist in obtaining local government approvals.
Issue state permits or approvals.
Assist in public participation and information.
Convey to the Federal government title to residual radioactive
materials stabilized at the site.

Provide funds.

o NRC:
Review and concur in the RAP including supplemental standards for
groundwater protection.

Concur with the DOE on acquisition and disposition of lands and
materials.

Review and concur in the RAIP.
Review and concur in the surveillance and maintenance plan.
Review and concur in the final certification report.
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7.2 DETAILED RESPONSIBILITIES

Detailed responsibilities of project participants in the areas of
permitting, licensing, land acquisition, detailed design, construction,
health and safety, public information, radiological support, quality
assurance, and custodial surveillance and maintenance are defined in the
following text.

7.2.1 Regulatory compliance

Requirements for regulatory compliance, identified by Federal
and state agencies, will be incorporated into the final design
specifications as directed by the DOE. Revisions to the design
and specifications resulting from internal DOE reviews will be
incorporated prior to the agencies' review for permits.

The RAC will submit permit applications and supporting details
to the Federal and state agencies for permit issuance.

During the remedial action, the DOE will audit construction
activities for compliance with the provisions of the permits and
approvals. (Permitting agencies may independently audit relevant
activities consistent with normal practice.) Summary audit
reports will be prepared by the DOE and submitted to appropriate
Federal and state agencies as required. Depending upon agency
comments, revisions to construction compliance activities may be
made.

Upon completion of the permitted action, the DOE will conduct
a final review and will prepare a close-out report for submittal
to the Federal and state agencies as required. Permits will then
be terminated.

7.2.2 Licensing

The NRC plans to issue a general license for post-remedial
maintenance of Title I sites by amendment to 10 CFR 40 as proposed
in the NRC advanced notice of proposed rule making of August 25,
1988. The NRC's concurrence in the site-specific surveillance and
maintenance plan will render the site licensed. A draft site
surveillance and maintenance plan will be submitted to the NRC
prior to certification. Based on NRC comments, a final
surveillance and maintenance plan will be prepared by the DOE and
submitted to the NRC. The final plan will contain the
site-specific surveillance and maintenance program, legal
description of the site, site ownership, subsurface mineral
ownership, and reporting and record keeping requirements.
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7.2.3 Land acquisition

The State of New Mexico will assist the DOE in acquiring or
extinguishing the interests of landowners, permittees, lessees,
and sublessees of, or other individuals with property interests in
the processing and disposal sites. Upon completion of the remedial
action, legal title to the disposal site and attendant residual
radioactive materials will be conveyed to the Federal government.

7.2.4 Detailed design

The RAC will prepare preliminary engineering drawings for
review by the DOE. Based upon this review, the RAC will prepare
final design drawings, specifications, and bid packages. Once
finalized and approved by the DOE, the bid packages will be issued
to prospective bidders pursuant to Federal regulations and a
construction subcontractor selected.

Final design and specifications will be available to the NRC
and the state upon request.

7.2.5 Construction

The DOE prepares guideline documents to comply with health
and safety, security, quality assurance, public information, and
other regulatory requirements. The RAC will prepare a site-
specific remedial action inspection plan that will be reviewed and
concurred upon by the DOE and NRC prior to the initiation of
construction activities.

The RAC acquires the necessary permits and approvals from the
appropriate agencies.

Site mobilization and initiation of construction activities
will occur in accordance with the DOE-approved construction
schedule.

Construction activities will be audited by the DOE. These
audits will be provided to the NRC and the State of New Mexico,
and to other regulatory agencies upon request. The state, NRC,
and other regulatory agencies may also perform an independent
audit of the remedial action. Revisions to the remedial action
resulting from site audits will be incorporated into the as-built
design and the remedial action plan by the DOE as necessary.

Upon completion of the remedial action, the site will be
certified by the DOE. The NRC will review and concur in the final
site certification report.
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7.2.6 Health and safety

The environmental, health, and safety plan for the Ambrosia
Lake site is found in Section 6.0 and was prepared in conformance
with the UMTRA Project Environmental, Health, and Safety Plan"
(DOE, 1989b). Based upon this guidance, site-specific implementa-
tion procedures will be developed by the RAC. As part of the
implementation procedures, the RAC institutes radiation control
and environmental monitoring, and develops response procedures for
severe weather and medical emergencies.

Construction contractors will comply with approved procedures
and file reports with the DOE that record the results of
monitoring, and report accidents and illnesses. Records will be
maintained by the DOE following remedial action construction.

Employee and public complaints will be investigated by the
DOE.

7.2.7 Public information

The DOE will establish a local site manager who will provide
information to the public and local media. Prior to and during
construction, the DOE, with assistance from the State of New
Mexico officials and local citizens, will conduct public
information meetings to inform the interested public of key
aspects and current progress of the remedial action. Concurrent
with the public meetings, the DOE will provide status and progress
reports to the State of New Mexico and other agencies (e.g., NRC
and EPA).

7.2.8 Radiological support

The DOE will prepare and implement a radiological support
plan (Appendix C), and take measures to independently assure the
quality of the analyses and their compliance with established
procedures for site decontamination, verification, data and sample
management, and certification.

After remedial action, the DOE will prepare a completion
report, conduct a final verification survey, and provide a
recommendation for site certification. The NRC will concur in the
final site certification report.

7.2.9 Quality assurance

The Quality Assurance (QA) Plan for the Ambrosia Lake site is
presented in Section 9.0 and has been prepared in conformance with
guidelines established in the UMTRA Project QA plan (DOE, 1986).
The DOE will audit and document the construction activities
through audit reports.
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7.2.10 Surveillance and maintenance

The DOE will prepare and submit to the NRC the site
surveillance and maintenance plan (summarized in Section 8.0).
The NRC will review and concur with the plan, and the DOE (or
responsible Federal agency designated) will ensure that the plan
is implemented. Once the NRC concurs in the plan, the general
license and its provisions will be in effect per the requirements
of 10 CFR 40.
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8.0 SURVEILLANCE AND MAINTENANCE

8.1 INTRODUCTION

The objective of the custodial surveillance and maintenance program
is to ensure that the disposal site continues to function as designed.
The custodial surveillance and maintenance program will be defined jointly
by the DOE and the NRC in the proposed surveillance and maintenance plan
and concurrence process. Following are the basic elements that may be
included in this program.

8.2 SURVEILLANCE

8.2.1 Site inspections

Site inspections constitute a visual and definitive verifica-
tion that the disposal site continues to function as designed.
Inspections will consist of two phases: Phase I, a systematic
walk-over designed to evaluate qualitatively the conditions of the
disposal site and monitoring of displacement monuments; and Phase
II, an investigation to assess quantitatively changes in the
disposal site that could lead to functional failure of the design
in the absence of custodial maintenance.

The Phase I walk-over will be conducted on a specific sched-
ule, such as annually, by a team of qualified professionals. The
inspection team will review as-built drawings, engineering details,
available aerial photographs, and supporting documents. A site
walk-over will then be performed to evaluate any changes at the
site with regard to factors such as erosion, slope/cover stability,
settlement, displacement, plant or animal intrusion, and access
control. As part of the Phase I inspection, displacement
monuments will be surveyed on a schedule to be determined during
remedial action.

Based upon the evaluation and recommendations of the inspec-
tion team, a Phase II evaluation may be conducted to quantitatively
determine the magnitude and rate of effect of changes in the above
factors. From these studies, the need for corrective action (i.e.,
custodial maintenance) would be ascertained.

8.2.2 Aerial photographs

Aerial photographs may be used to supplement site inspections.
The objectives will be to identify changes in site conditions
(e.g., patterns of developing erosion that may affect the function
of the design), provide visual documentation of long-term variation
in site conditions, and identify activities (e.g., road condi-
tions, storm drainage construction) adjacent to the site that may
affect its function.
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Aerial photographs may also be taken on a periodic schedule.
Photographs will be taken at both low (i.e., high resolution) and
high (i.e., for adjacent activities) altitudes, and at oblique and
vertical angles. The type of film, ground control, camera
specifications, amount of aerial overlap, interpretative keys, and
other requirements will be established prior to completion of
remedial action.

8.2.3 Reporting

Summary reports that evaluate the results of surveillance
activities and recommend needed custodial maintenance (i.e.,
corrective actions), along with future surveillance and monitoring
requirements, will be prepared. Reports and supporting documen-
tation will be placed on file with the DOE, NRC, and State of New
Mexico.

8.3 CUSTODIAL MAINTENANCE

The need for custodial maintenance (i.e., corrective action) can
only be determined following site inspection and monitoring. However, it
is anticipated that custodial maintenance will consist primarily of the
following:

o Limited soil/rock replacement due to unanticipated erosion, human
or animal intrusion, or cover disturbance--these activities are
expected to be required infrequently.

o Control of deep-rooted plants by infrequent application of
herbicides or physical removal as required.

o Mechanical repairs to warning signs, when necessary.

8.4 CONTINGENCY PLANS

Procedures will be developed to inspect and perform custodial
maintenance of the disposal site upon the occurrence of severe meteoro-
logical events (e.g., extreme rainfall), seismic events, or unusual human
intrusion.
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9.0 QUALITY ASSURANCE

9.1 GENERAL

The RAC shall provide and maintain an effective QA program and
procedural system to ensure that all work, materials, supplies, and
services required under the contract conform to contract requirements,
whether constructed or processed by the RAC or its subcontractors or
procured by subcontractors or vendors. The RAC shall perform or have
performed adequate inspections and tests to ensure and substantiate that
all work, materials, supplies, and services conform to contract
requirements.

The RAC shall furnish a QA test and inspection plan that defines the
health, safety, and environmental activities to be incorporated into the
design and/or performed during construction to ensure contract com-
pliance and site certification. Test and inspection requirements shall be
approved by the DOE prior to the start of any physical job site construc-
tion work under this contract. If the RAC revises the plan, the RAC shall
concurrently furnish a copy of the revision to the DOE for approval prior
to implementing the revision on work under the contract.

9.2 QUALITY ASSURANCE PLAN

Before construction operations are started, the RAC shall meet with
the authorized DOE QA representative to review and discuss the RAC's
proposed QA plan. The meeting shall develop mutual understanding
relative to details of the individual site plan requirements, including
the formats to be used for recording and reporting tests and inspections,
administration of the plan, personnel assignments, and the interrelation-
ship between the RAC and the DOE QA representative. The RAC shall
furnish a list of the procedures required to implement the project plan.
This list shall include, at a minimum, procedures for data collection,
analyzing samples, inspection, and testing, and formats of reports to be
used.

9.3 DAILY INSPECTION REPORT

The RAC shall prepare a daily report for every day worked and a
weekly summary report covering the RAC's and/or subcontractor's
operations in an appropriate format. These daily reports shall be
maintained at the site until work is complete. These reports shall
provide complete and factual evidence that continuous, effective quality
control construction inspections and tests have been performed, including
but not limited to: (1) the type and number of inspections and tests
involved; (2) the results of inspections and tests; (3) the nature of
deficiencies requiring corrections; and (4) the corrective actions taken
or to be taken.

The RAC shall maintain current records of all inspections and shall
furnish, as part of the files at the end of the project, copies of the
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inspection reports and all other files appropriate to each individual
subcontract. The reports of inspection shall cover all work placement
subsequent to the previous report and shall be verified by the RAC's
designated QA representative.

9.4 MEASURING AND TEST EQUIPMENT CALIBRATION AND CONTROL

The RAC shall provide measuring and test equipment having the
precision and accuracy needed to establish conformance with specified
quality assurance requirements. Calibrations shall be in accordance
with nationally recognized standards. The RAC shall identify procedures
for calibrating and recalling test equipment.

9.5 NONCONFORMANCE

A nonconformance and change procedure system shall be developed by
the RAC and approved by the DOE.

9.6 RECORDS CONTROL

The RAC shall be responsible for generating, retaining, and
retrieving legible records that provide objective evidence of conformance
to the specified quality requirements. These records shall be considered
valid only if they are completed and signed or otherwise authenticated
and dated by authorized personnel. These records should include, but are
not limited to:

o Data on radionuclides in soil.
o Air monitoring data.
o Design review files.
o Water contaminant analysis.
o Data on personnel radiation exposure.
o As-built drawings.
o Test and inspection reports.
o Engineering specifications.
o Material certifications.
o Certificates of compliance.
o Reports and corrective action requests.
o Operating procedures.
o Change orders.
o Reports of unusual occurrence.

All records shall be available to the DOE for review upon request.
All personnel radiation exposure records shall be turned over to the DOE
upon completion of the remedial action.

9.7 CODES AND STANDARDS

The RAC shall have on the job site, no later than three weeks after
site mobilization, the applicable quality assurance codes and standards
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available for ready reference by all personnel. The RAC shall maintain
at the job site copies of all approved-for-construction drawings,
specifications, and other documents that describe the remedial action.

9.8 RECORD DRAWINGS

The RAC shall develop QA procedure systems to ensure the use of
authorized (approved-for-construction) drawings and specifications and
the maintenance of current record drawings. Two full-sized sets of
contract drawings shall be used by the RAC for this purpose. All varia-
tions from the contract drawings shall be depicted. Generally, the
drawings shall reflect only changes and/or corrections to data and
dimensions shown on contract drawings. Where the contract specifications
or drawings permit a choice in material or equipment, the type of
material or equipment used shall be shown on the drawings. The drawings
shall be maintained in a current condition at all times, and shall be
made available for review by the DOE at all times. Variations from the
contract drawings shall be shown in the contract working drawings and
shall be incorporated into the record drawings. Upon physical completion
of the contract work, two reproducible copies of these drawings shall be
furnished to DOE.

9.9 MATERIAL CERTIFICATION

The technical specifications may require that certain materials be
certified. Two types of certifications that may be specified are:

o Certificate of compliance.

o Certified material test report (CMTR). When a CMTR is requested
from the RAC or its subcontractors, it shall be accompanied by a
certificate of compliance certifying that the tested material is
actually that material incorporated in the work.

9.10 QUALITY ASSURANCE PROGRAM VERIFICATION

The DOE may verify that the QA Program is being implemented by:

o Review of daily or weekly summary reports.

o On-site inspections and surveillances.

o Periodic audits.

o Acceptance of DOE QA recommendations based on DOE QA audits of
RAC activities.

o Any combination of the above.
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9.11 REMEDIAL ACTION FIELD CHANGES

During the course of remedial action, design changes are expected to
occur. Some of these changes may impact compliance with EPA Standards,
but most changes are expected to be unrelated to critical design elements
of the stabilized tailings pile. The following sections define three
classes of changes and establish guidelines to be used when implementing
changes.

9.11.1 Class 1 changes

A Class 1 change is a change which may affect compliance
with the EPA Standards (40 CFR Part 192). Class 1 changes will
be reflected in a Modification to the RAP, which will ultimately
result in a change to the appropriate State Cooperative Agree-
ment. The NRC and the affected state will be required to concur
on all Class 1 changes.

Class 1 changes include, but are not limited to, the
following:

o Discovery of unusually high levels of residual radio-
active materials which will change the radon emission
concentrations post-remedial action according to the
final design as presented within the final RAP.

o Disposal of hazardous/mixed wastes within the disposal
cell.

o Changes in the radon/infiltration barrier thickness or
permanent erosion protection.

o Adjustments to contract specifications which affect the
major aspects of design such as infiltration, radon
flux, stability, or groundwater contamination.

9.11.2 Class 2 changes

A Class 2 change is a change to any permanent construction
feature which does not clearly affect compliance with the EPA
Standards. Class 2 changes will be forwarded to the NRC and the
affected state for informative purposes. At any time that the
NRC and/or state feel a change has been incorrectly designated
as Class 2, the change may be redesignated as Class 1 upon veri-
fication of error. By approaching Class 2 in such a manner,
construction delays will be avoided, and the NRC and state will
consistently be aware of all changes affecting the RAP. Class 2
changes will not require cooperative agency concurrence, and
will not require a modification to the RAP or Cooperative
Agreement.
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Class 2 changes include, but are not limited to, the
following:

o Adjustments to specifications which will not affect
the major aspects of design, such as permeability,
infiltration, radon flux, or groundwater contamination.

o Requests for additional well sealing for newly
discovered wells.

o Disposal cell perimeter access road.

o Changes in location of permanent fencing.

o Changes in location of monuments.

o Changes in location of construction/excavation materials.

o Changes to contract specifications which do not affect
compliance with the EPA standards.

9.11.3 Class 3 changes

A Class 3 change is a change to temporary features which
have no impact on the design for the stabilization of the
tailings pile. Class 3 changes will not require cooperative
agency concurrence and may be approved by a representative of
the Remedial Action Contractor (RAC) of appropriate supervisory
position.

Class 3 changes include, but are not limited to, the
following:

o Change in location of temporary fencing.

o Alteration of temporary drainage facilities, roads, or
site office facilities.

o Changes in stockpile location of construction/excavation
materials.

9.11.4 General requirements

The general requirements which are to be fully understood
and commonly interpreted by all parties (DOE, NRC, state) in
utilization of the above classification of changes are as
follows:

o All changes will be logged on a Project Interface
Document (PID), which will be initiated by the Remedial
Action Contractor (RAC) and forwarded to the DOE Project
Office (PO). The DOE PO will then forward copies of the
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PID and supporting data, if required, to the NRC and the
affected state as outlined below.

o Each change will be classified promptly by the RAC and
concurred upon by the DOE PO, with input from the TAC if
needed, immediately following notification from the
field. Contact for DOE concurrence will be documented
in the space provided on the PID.

o For all Class 1 changes, the DOE will notify the NRC and
state no later than one working day after notification
by the RAC. The NRC and the state will then be copied
on all pertinent data necessary for review and concur-
rence or comment within one working day after receipt of
same by the DOE PO. This may be transmitted verbally or
telefaxed prior to formal issuance.

o RAP Modifications may be handled as a group as opposed
to separate issuance of individual modifications for
each Class 1 change.

o For all Class 2 changes, appropriate justification data
will be forwarded to the NRC and state as submitted
to the DOE PO by the RAC. This may be transmitted
following verbal or telefaxed notification as noted
under the third general requirement above. Written
justification will be forwarded by the DOE PO within
five working days after receipt.

o For all Class 1 changes requiring immediate approval to
avoid impacting construction, the DOE/state/NRC shall
give that change top priority for expeditious review and
approval as necessary to avoid delay.

o Comment or non-occurrence by the state or NRC will be
accompanied by a technical evaluation supporting the
area in question.

o For all Class 3 changes, the PID will be forwarded to
the NRC and the affected state within a reasonable time.

o The RAC shall maintain an up-to-date record of all
changes for all sites. In addition, the DOE PO will
maintain up-to-date file of all PIDs.
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10.0 PUBLIC INFORMATION AND PARTICIPATION

10.1 INTRODUCTION

Section III of the UMTRCA states,

In carrying out the provisions of this title, including the
designation of processing sites, establishing priorities for
such sites, the selection of remedial action and the execution
of cooperative agreements, the Secretary (of Energy), the
Administrator (of the Environmental Protection Agency), and
the (Nuclear Regulatory) Commission shall encourage public
participation and, where appropriate, the Secretary shall hold
public hearings relative to such matters in the state where
processing sites and disposal sites are located.

It is the intent of the public information and public participation
program to inform the interested public fully and use the feedback in the
decision-making processes and remedial action activities related to the
Ambrosia Lake site. The following sections describe the actions the DOE
and the State of New Mexico will take and have taken to encourage the
participation of an informed public in this project.

10.2 PUBLIC PARTICIPATION

The National Environmental Policy Act (NEPA) of 1969 requires an
evaluation of the environmental impacts of major Federal actions that
may significantly affect the environment. Before remedial action con-
struction began, an EA was completed for the Ambrosia Lake site. Public
participation is an important part of the preparation of the EA; the
participation requirements are detailed in the Council on Environmental
Quality Regulations (effective July 1979) for implementing the
provisions of the NEPA, and in the DOE guidelines of 1980 for NEPA
compliance.

In preparing the EA, the DOE conducted individual meetings with
community officials, interest groups, and private citizens to discuss
the purpose of the proposed remedial actions and ascertain the extent of
public interest in this project. At these meetings the public was given
the opportunity to express their concerns and identify what they believe
to be significant issues.

The identified issues were documented in the EA and incorporated
into the decision-making process. The DOE accepted written comments for
a 30-day period after publication of the EA. The EA was discussed at a
public meeting held after publication of the EA and prior to the close
of the comment period.

In addition to meetings on the EA, the DOE continues to hold public
information meetings in the area to describe the progress on the project.
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Informal meetings and briefings are held to provide information and
project status updates and solicit public participation in the project
activities. The DOE, state and local officials, and interested citizens
are involved in frequent discussions regarding remedial action
construction schedules, radiation monitoring reports, groundwater
protection plans, and other project activities.

10.3 PUBLIC INFORMATION

In order for public participation to be effective, the public must
be informed concerning the remedial action project at the Ambrosia Lake
designated site. Several methods of information dissemination are used
by the DOE. Press releases, background statements, media briefings, or
other necessary types of information dissemination are provided for the
general public and appropriate officials at an early stage in the
Implementation of any new task or activity of interest.

Information is provided to interested persons in the Federal
government, state administration, and private citizens in the Ambrosia
Lake area. The names and addresses of individuals, media
representatives, and Federal, state, and local officials are contained
in a computerized list for information dissemination purposes. A
continuing effort is made to update and expand the mailing list.

A public preconstruction meeting was conducted by the DOE.
Principal topics of discussion included the remedial action plan and
construction methods and schedules.

An on-site representative will be designated by the DOE to respond
to public inquiries during the remedial action main construction. This
representative provides information and meets frequently with the public
throughout the construction period.

A variety of printed materials have been prepared concerning the
UMTRA Project and the Ambrosia Lake designated site. These include
project fact sheets, a site fact sheet, and EA. As they are printed,
these materials and other fact sheets and documents are sent to
interested individuals and made available in local public libraries,
local governmental offices, and the New Mexico Environmental Improvement
Division. The same materials are also available at DOE-designated
libraries nationwide.
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GLOSSARY

absorbed dose,
radiological

alluvium

alpha particle

The energy imparted to matter by ionizing radiation per
unit mass of irradiated material at the place of interest.
The unit of absorbed dose is the rad. One rad equals
100 ergs per gram.

Unconsolidated sediments composed of sands, silts, clays,
and gravels deposited by late Quaternary fluvial systems.

A positively charged particle emitted from certain radio-
nuclides. It is composed of two protons and two neutrons,
and is identical to the helium nucleus.

aquifer A formation containing sufficiently saturated permeable
material to yield significant quantities of water to wells
and springs.

background
radiation

beta particle

bioassay

confined aquifer

Levels of radiation or concentration of radionuclides that
are typical of an undisturbed area, or an area not affected
by residual radioactive material.

Charged particle emitted from the nucleus of an atom, with
mass and charge equal to those of an electron.

A method for quantitatively determining the concentration
of radionuclides in a body by measuring the quantities of
those radionuclides that are eliminated from the body,
usually in the urine or the feces.

An aquifer bounded above, and possibly below, by continuous
beds or strata of much lower permeability. In general, a
confined aquifer contains water under pressure that is
significantly greater, or less than, the normal hydrostatic
pressure gradient of water created by the force of gravity.

contamination

daughter
product(s)

decay,
radioactive

decontamination

In this report, the presence of radioactive material in
undesirable concentrations and in undesirable locations.

A nuclide resulting from radioactive disintegration of a
radionuclide, formed either directly or as a result of
successive transformations in a radioactive series; it may
be either radioactive or stable.

Disintegration of the nucleus of an unstable nuclide by
spontaneous emission of charged particles, photons, or both.

The reduction of radioactive contamination from an area to
a predetermined level, set by a standards-setting body such
as the EPA, by removing the contaminated material.

DOE U.S. Department of Energy.



disintegrations
per minute
or second

disposal

dose

dose, absorbed

The number of radioactive decay events occurring per minute
or second.

The planned, safe, permanent placement of radioactive waste.

A general term denoting the quantity of radiation or energy
absorbed, usually by a person. For special purposes, it
must be qualified; if unqualified, it refers to absorbed
dose.

The amount of energy imparted to matter by ionizing radia-
tion per unit mass of irradiated material at the point of
interest; given in units of rads.

dose commitment

dose equivalent

dose, external

dose, internal

EA

EIS

EPA

exposure

floodplain

flux, radon

The cumulative dose equivalent that results and will result
from exposure to radioactive materials over a discrete time
period; given in units of rems.

The quantity that expresses all kinds of radiation on a
common scale for calculating the effective absorbed dose,
defined as the product of the absorbed dose in rads and
modifying factors, especially the qualifying factor; given
in terms of rems. Often abbreviated "dose."

The absorbed dose that is due to a radioactive source
external to the individual as opposed to radiation emitted
by inhaled or ingested sources.

The absorbed dose or dose commitment resulting from inhaled
or ingested radioactivity.

Environmental Assessment.

Environmental Impact Statement.

U.S. Environmental Protection Agency.

A measure of the ionization produced in air by X or gamma
radiation. It is the sum of the electrical charges on all
Ions of one sign produced in air when all electrons liber-
ated by photons in a volume element of air are completely
stopped in air, divided by the mass of the air in the
volume element. The unit of exposure is the roentgen (R).

Lowland or relatively flat areas that are subject to a one
percent or greater probability of flooding in any given
year (i.e., a 100-year or more frequent floods).

The emission of radon gas from the earth or other material,
usually measured in units of picocuries per square meter
per second (pCi/m2s).

gamma dose Radiation dose caused by gamma radiation.



gamma logging
(or logs)

gamma ray or
radiation

gamma spectral
analysis
(gamma
spectroscopy)

groundwater

half-life

hydraulic
conductivity

hydraulic
gradient

internal dose

isotopes

licensing

A technique for determining gamma radiation levels at
various depths in a borehole.

High-energy electromagnetic radiation emitted from some
radionuclides. The energy levels are specified for
different radionuclides.

An analytical technique for identifying radionuclides based
on their different gamma energy levels.

Water below the land surface that occupies the voids within
a geologic unit or formation.

The time required for a radioactive substance to lose
50 percent of its activity by decay. Each radionuclide has
a unique half-life.

The volume of groundwater that will move in unit time under
a unit hydraulic gradient through a unit area measured at
right angles to the direction of flow.

The change in hydraulic head per unit of distance in a
given direction. If not specified, the direction is gener-
ally understood to be in the maximum rate of decrease in
hydraulic head.

The absorbed dose or dose commitment resulting from inhaled
or ingested radioactivity.

Nuclides having the same number of protons in their nuclei,
but differing in the number of neutrons; the chemical
properties of isotopes of a particular element are almost
identical.

In this report, the process by which the NRC will, after
the remedial actions are completed, approve the final
disposition and controls over a disposal site.

maintenance,
custodial

Modified
Mercalli
(scale)

monitor

The repair of fencing, repair or replacement of monitoring
equipment, revegetation, minor additions to soil cover, and
general disposal site upkeep such as mowing grass.

A standard scale for the evaluation of the local intensity
of earthquakes based on observed phenomena such as the
resulting level of damage. Not to be confused with magni-
tude, such as measured by the Richter scale, which is a
measure of the comparative strength of earthquakes at their
sources.

To observe and make measurements resulting in data for
evaluation of the performance and characteristics of the
disposal site.



NEPA National Environmental Policy Act.

NRC U.S. Nuclear Regulatory Commission.

Occupational Safety and Health Administration.OSHA

pachuca tank

passive
institutional
controls

PERM

Large vessel used for air agitation of uranium ore during
batch leaching.

Those controls that require action by a governmental
agency to preclude human contact with the waste or
require a continuing social order. Examples include
Federal ownership of a disposal site, monuments on the
site, records with agencies, and physical barriers (e.g.,
riprap covers, vegetation, waste burial).

Passive environmental radon monitor. A radon monitoring
device, which, when placed at a point for a period of time,
responds proportionally to the average radon concentration
in the air.

permeability

permissible dose

person-rem

picocurie

p1iezometri c

surface

promulgate

PSCR

rad

A measure of the relative ease with which a porous medium
can transmit a liquid under a potential gradient. It is a
property of the medium alone and independent of the liquid
properties and the force field causing movement. Techni--
cally, the permeability of a medium is the volume of liquid
of unit kinematic viscosity that will move in unit time
under a unit potential gradient through a unit area at
right angles to the direction of flow.

The dose of ionizing radiation that is considered accept-
able by standards-setting bodies such as the EPA. Also,
the dose of radiation that may be received by an individual
within a specified period with the expectation of no
substantially harmful result.

Unit of population exposure obtained by summing individual
dose-equivalent values for all people in the population.
Thus, the number of person-rems attributed to one person
exposed to 100 rems is equal to that attributed to 100
people each exposed to one rem.

A unit of radioactivity defined as 0.037 disintegrations
per second.

An imaginary surface that represents the static level of
the water (hydraulic head) in one specified aquifer.

To make known by open declaration; proclaim.

Processing Site Characterization Report.

A unit of measure for the absorbed dose of radiation. It
is equivalent to 100 ergs per gram of material.



radioisotope

radionuclide

radium-226
(Ra-226)

radon-222
(Rn-222)

radon daughter
product

RAC

RAP

RDC

recharge

ROD

rem

roentgen
(R)

A radioactive isotope of an element with which it shares
almost identical chemical properties.

A radioactive nuclide.

A radioactive daughter product of uranium-238. Radium is
present in all uranium-bearing ores; it has a half-life of
1620 years.

An inert gas continuously generated by the decay of Ra-226
in rock and soil with a half-life of 3.8 days generating a
series of non-gaseous radioactive decay products.

One of several short-lived radioactive daughter products of
radon-222. All are solids.

Remedial Action Contractor

Remedial Action Plan.

Radon daughter concentration.

The process by which water is absorbed by surficial soils
or geologic units and is added to the zone of saturation.

Record of Decision; final decision document of the NEPA
process.

A unit of dose equivalent equal to the absorbed dose in
rads times quality factor times any other necessary modify-
ing factor. It represents the quantity of radiation that
is equivalent in biological damage to one rad of X-rays.

The unit of exposure. One roentgen equals 2.58 x 10-4
coulombs per kilogram of air. One roentgen in air is
approximately equal to one rad and one rem in tissue.

soil nfiltra-
tion rate

soil percolation
rate

stabilization

standard Proctor

surveillance

The rate at which water enters the soil surface and moves
vertically downward.

The rate at which water moves through soil in all
directions.

The reduction of radioactive contamination in an area to a
predetermined level by a standards-setting board such as
the EPA, by encapsulating or covering the contaminated
material.

A test procedure to measure moisture-density relationship
(ASTM D698).

The observation of the disposal site for purposes of visual
detection of need for custodial care, evidence of intru-
sion, and compliance with other license and regulatory
requirements.



TAC Technical Assistance Contractor.

tailings,
uranium-mill

thorium-230
(Th-230)

transmissivity,
hydraulic

UMTRA

UMTRCA

The waste material remaining after most of the uranium has
been extracted from uranium ore.

A radioactive daughter product of uranium-238; it has a
half-life of 80,000 years and is the parent of radium-226.

A measure of the ability of an aquifer to transmit water.
The value of transmissivity is equal to the product of the
hydraulic conductivity and the thickness of the aquifer.

Uranium Mill Tailings Remedial Action.

Uranium Mill Tailings Radiation Control Act of 1978.

unconfined
aquifer

uranium-238
(U-238)

An aquifer that has a water table.

A naturally occurring radioisotope with a half-life of 4.5
billion years; it is the parent of uranium-234, thorium-230,
radium-226, radon-222, and others.

vicinity
property

A property in the vicinity
is determined by the DOE,
to be contaminated with
derived from the site, and
to require remedial action.

of the Ambrosia Lake site that
in consultation with the NRC,
residual radioactive material
which is determined by the DOE

water table

working level
(WL)

working-level
month (WLM)

The upper surface in an unconfined groundwater body (i.e.,
unconfined aquifer) at which the pressure is equal to
atmospheric pressure. This surface is defined by the level
to which water will rise in a well penetrating the upper
portion of an unconfined aquifer.

A measure of radon daughter product concentrations. Tech-
nically, it is any combination of short-lived radon decay
products in one liter of air that will result in the
ultimate emission of alpha particles with a total energy of
130,000 MeV.

Exposure to a worker resulting from inhalation of air with
a concentration of one WL of radon daughters for 170 work-
ing hours. Continuous exposure of a member of the general
public to one WL for one year results in approximately 51.5
WLM.
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A.1 INTRODUCTION

This appendix identifies and describes the permits, licenses, and
approvals that are likely to be required for the proposed remedial action at
the Ambrosia Lake site based upon the conceptual design. Other permits and
approvals may be required for activities beyond the scope of the Remedial
Action Plan (RAP) or due to modifications in the conceptual design.

The discussion of each permit/approval includes the following information:

o Legal citation.

o Agency contact (individual, address, and phone number).

o Application procedure and required detail.

o Special considerations (e.g., multiple agency review).

o Schedule.

A tentative schedule of regulatory compliance activities (Figure A.1)
is included for initial project planning purposes. The Remedial Action
Contractor (RAC) should sequence the preparation and filing of permit applica-
tions so that approvals will be received in a timely manner without causing
delay to construction activities. Figure A.2 is a matrix indicating the lead
agencies and cooperating agencies involved with each permit.

The RAC should consider this appendix to be an introduction to the
permitting process. Details must be obtained from the regulatory agencies by
RAC personnel.
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FIGURE A.1 REGULATORY COMPLIANCE SCHEDULE - AMBROSIA LAKE, NEW MEXICO
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ACTIVITY: FREE USE PERMIT

LEGAL CITATION: Material Sales Act of 1947, PL-167; 43 CFR 3620; 36 CFR
228 (c)

AGENCY/CONTACT: U.S. Forest Service
Mt. Taylor Ranger District
201 Roosevelt St.
Grants, NM 87020
ATTN: Ray Thompson, District Ranger (505) 287-8833

Mike Baca, Minerals Assistant

PROCEDURE: This permit authorizes government agencies to excavate and utilize
common variety minerals for public works construction projects. Application
is made by filing Form FS-2700-3 with the District Ranger, including the
following information:

(1) Name and address of the government entity sponsoring the project.

(2) A statement of applicant's technical and financial competence.

(3) Name, address, and telephone number of the authorized officer.

(4) Type of material to be extracted (e.g., stone, sand, and gravel).

(5) Quantity of material to be extracted.

(6) Legal description of location.

(7) Intended use of material.

U.S. Forest Service (USFS) personnel evaluate the application, inspect
the site, and prepare a technical examination report. The USFS also prepares
an environmental assessment and may recommend mitigating measures to offset
or diminish the impacts of mineral extraction. The USFS then notifies the
applicant that the permit will be either disapproved or approved pending
acceptance of the applicant's mining plan which incorporates the mitigating
measures.

The mining plan shall include:

(1) A map or aerial photograph showing the area subject to the applica-
tion, the area to be disturbed, existing and proposed access, or any
proposed modification thereto, and names of any major topographic or
cultural features.

(2) A description of the proposed methods of operation and duration of
proposed activities.

(3) A description of measures to be taken to prevent hazards to public
health and safety and to prevent unnecessary and undue degradation
of the environment.
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FREE USE PERMIT (Concluded)

If requested by the Forest Supervisor, the applicant shall provide a
reclamation plan including, but not limited to:

(1) A statement of the proposed manner and time for completion of
reclamation of the areas disturbed by the permittee's operation.

(2) A map or sketch delineating the location and area to be reclaimed.

SPECIAL CONSIDERATIONS: A cultural resource survey will be required if the
area has not been surveyed previously.

If the proposed quarry or borrow area includes valid mining claims,
individual agreements with claimants will be required before the permit can be
issued.

The Free Use Permit customarily includes right-of-way through USFS-
administered lands.

The RAC has filed a Free Use Permit application for a quarry site north-
east of the community of San Mateo.

SCHEDULE: The USFS requires as long as three months to process an application
for a Free Use Permit.
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ACTIVITY: THREATENED OR ENDANGERED SPECIES CONSULTATION PROCESS

LEGAL CITATION: Endangered Species Act of 1973, Section 7
16 USC 1531, et seq.

AGENCY/CONTACT: U.S. Fish and Wildlife Service
Endangered Species ffice
P.O. Box 4487
Albuquerque, NM 87196
ATTN: Jim Johnson, Chief (505) 766-3972

PROCEDURE: A Federal agency must ensure that any action authorized, funded,
or carried out by the agency is not likely to jeopardize the continued exis-
tence of any threatened or endangered (T&E) species or its critical habitat.
The responsible Federal agency must consult with the U.S. Fish and Wildlife
Service (FWS) to determine what effect, if any, the proposed action might have
on T&E species.

In most cases, a letter is sent by the Federal agency to the FWS out-
lining the proposed action. If the FWS determines that no T&E species would
be adversely affected by the action, no further action is necessary. If the
FWS identifies that any T&E species may be affected, the Federal agency is
required to prepare a biological assessment considering the species list
identified by the FWS, and make a "no effect" or "may effect" determination
for the species. For a "may effect" determination, the Federal agency
recommends appropriate mitigation measures. The FWS will review and comment
or concur with the determination and the mitigative measures.

SPECIAL CONSIDERATIONS: The site and proposed borrow areas were surveyed for
T&E species in 1985. No prairie dog towns were observed and no T&E species
were identified in the area at that time. An additional survey may be
required within one year prior to beginning remedial action construction. The
rock borrow source will require Section 7 consultation.

SCHEDULE: After obtaining the list of T&E species from the FWS, the Federal
agency has 180 days or another mutually agreeable time period to complete a
biological assessment. The Federal agency requests a Section 7 consultation
and the FWS is required to issue a biological opinion within 90 days.
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ACTIVITY: CULTURAL RESOURCE CLEARANCE

LEGAL CITATION: National Historic Preservation Act,
36 CFR 800 and 25 CFR 281

AGENCY/CONTACT: State Historic Preservation Office (SHPO)
Office of Cultural Affairs
228 E. Palace Ave., Room 101
Santa Fe, NM 87503
ATTN: Thomas W. Merlan (505) 827-8320

State Historic Preservation Officer (SHPO)
Nancy Wood, Staff Archaeologist

Emily Garber
Forest Archaeologist
Cibola National Forest
10308 Candelaria NE
Albuquerque, New Mexico 87112
(505) 766-2185

PROCEDURE: Prior to surface-disturbing activities, cultural resource clearance
must be obtained. The person or government agency proposing the activity must
contract with an approved archaeologist to conduct a Class III archaeological
survey of the land to be affected. The survey report and a copy of the envi-
ronmental assessment for remedial action should be sent to the SHPO and the
USFS if USFS lands are involved. The SHPO issues a letter of clearance
stating stipulations for the proposed activity. Recommendations can range
from no stipulations to avoidance or excavation of archaeological features
that may have been identified. The USFS takes the lead in issuing clearances
for USFS lands.

SPECIAL CONSIDERATIONS: The discovery of archaeological sites during the
course of Federally assisted, permitted, funded, or licensed construction or
land alteration must be reported to the Interagency Archaeological Service
(IAS) of the U.S. Department of the Interior. If a previously undiscovered
site is revealed during the course of construction, the official in charge
should halt construction and request an on-site assessment by the IAS. The
IAS will respond within 48 hours with a professional assessment of the
significance of the site. In consultation with agency officials, the IAS
representative makes an on-site decision for (a) salvage, (b) burial, or
(c) destruction of the site. The main office of IAS can be contacted at
(202) 272-3750. For more information, see 36 CFR 66.

Twenty-seven sites have been identified in the area surveyed on and
adjacent to the Ambrosia Lake site. Three sites are ineligible for nomination
to the National Register of Historic Places (NRHP), 10 are eligible, and 14
need additional data to determine their eligibility (see discussion in con-
cluding remarks).

The northern portion of one proposed borrow site was surveyed for
cultural resources in February 1987, and seven cultural resource sites were
identified, consisting of one ineligible historic site and six eligible
archaeological sites.
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CULTURAL RESOURCE CLEARANCE (Concluded)

Three of the 34 cultural sites are within the windblown contamination
area. One of the three sites is eligible for nomination to the NRHP. The
other two sites require more data (subsurface testing) before a determination
of eligibility can be made. Impacts to these sites and proposed mitigation
measures must be described in a DOE "determination of effect."

SCHEDULE: Completion of a Class III archaeological survey usually requires
two to four weeks, depending upon the size of the area and availability of
archaeologists. The SHPO reviews the survey and responds within 30 days
following receipt of the survey report.
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ACTIVITY: NOTICE OF INTENT TO DISCHARGE

LEGAL CITATION: New Mexico Water Quality Act, 74-6-1 through 74-6-13, NMSA,
1978. Water Quality Control Commission Regulations, Parts 1
and 3.

AGENCY/CONTACT: New Mexico Health and Environment Department
Environmental Improvement Division (EID)
Groundwater and Hazardous Waste Bureau
Groundwater Section
P.O. Box 968
Santa Fe, NM 87503
ATTN: Peter Maggiore, Program Manager (505) 827-0020

Ext. 281

PROCEDURE: Any person intending to make a new water contaminant discharge or
to alter the character or location of an existing water contaminant discharge
shall file a notice with the Water Pollution Control Bureau (the Bureau).
Notices shall state:

(1) The name and address of the person making the discharge.

(2) The location of the discharge.

(3) An estimate of the concentration of water contaminants in the
discharge.

(4) The quantity of the discharge.

The Bureau evaluates the notice and determines within 60 days whether a
groundwater discharge plan will be required. Discharge plans are required for
all projects which may cause a discharge to groundwater. Approval of a
Discharge plan by the Bureau is required prior to initiating or altering a
discharge.

A discharge plan is required to contain the following information:

(1) Quantity, quality, and flow characteristics of the discharge.

(2) Location of the discharge and of any bodies of water, watercourses,
and groundwater discharge sites within one mile of the outside
perimeter of the discharge site, and existing or proposed wells to
be used for monitoring.

(3) Depth to, and total dissolved solids (TDS) concentration of, the
groundwater most likely to be affected by the discharge.

(4) Flooding potential of the site.

(5) Location and design of site(s) and method(s) to be available for
sampling, and for measurement or calculation of flow.

(6) Depth to, and lithological description of, rock at the base of
alluvium below the discharge site if such information is available.
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NOTICE OF INTENT TO DISCHARGE (Concluded)

(7) Any additional information that may be necessary to demonstrate that
approval of the discharge plan will not result in concentrations in
excess of New Mexico Human Health Standards for groundwater or the
presence of any toxic pollutant at any place of withdrawal of water
for present or reasonably foreseeable future use. Detailed informa-
tion on site geologic and hydrologic conditions may be required for
a technical evaluation of the applicant's proposed discharge plan.

SPECIAL CONSIDERATIONS: The Bureau may require groundwater monitoring
including:

(1) Monitoring in the vadose zone.

(2) Continuation of monitoring after cessation of operations.

(3) Submission of reports to the Bureau detailing results of monitoring.

(4) Procedures for detecting failure of the discharge system.
(5) Contingency plans to cope with failure of the discharge plan or

system.

(6) Measures to prevent groundwater contamination after the cessation of
operation, including post-operational monitoring.

Design and specifications of surface runoff control facilities, waste-
water reservoirs, and sewage storage/treatment facilities are subject to
groundwater discharge notification requirements. Submittal of conceptual
design calculations for EID review will expedite compliance with these
requirements.

The New Mexico Human Health Standards for groundwater are found in the
New Mexico Water Quality Control Commission Regulations as amended November
17, 1983, Part 3-103A.

The EID's review of the Notice of Intent to Discharge is preliminary to
determination of the requirement for an a National Pollutant Discharge
Elimination System (NPDES) permit discussed in the following section.

SCHEDULE: The Bureau determines whether a Discharge Plan is required within
60 days of filing. If a Discharge Plan is required, two to three months'
additional review time is usually required.
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ACTIVITY: NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) PERMIT

LEGAL CITATION: New Mexico Water Quality Act, 74-1-6 et seq., in conformity
with the Federal Water Pollution Control Act Amendments of
1972, the Clean Water Act of 1977, and regulations promulgated
thereunder. (New Mexico has adopted these regulations
verbatim in the development of the state's program.)

AGENCY/CONTACT: New Mexico Health and Environment Department
Environmental Improvement Division (EID)
Surface Water Quality Branch
P.O. Box 968
Santa Fe, NM 87503
ATTN: Glen Saums, (505) 827-2795

Health Resource Specialist

PROCEDURE: The permit applies to all operations discharging to waters of the
state from a point source. Application is made by filing completed U.S.
Environmental Protection Agency (EPA) Forms 1 and 2C under the EPA
Consolidated Permits Program. The EPA forms specified are available from the
New Mexico EID. Information required on Form 1 includes:

(1) Name, mailing address, and location of the facility.

(2) Facility contact.

(3) Standard industrial classification code for the facility.

(4) Existing Federal, state, or local permits.

(5) A map covering an area extending at least one mile beyond the
facility property boundaries. The map should be based on a
7 1/2-minute U.S. Geological Survey (USGS) Quadrangle map.

(6) A description of the nature of the business.

Form 2C requires the following information:

(1) Location, by Latitude and Longitude, and number designation of each
effluent outfall.

(2) Name of receiving water for each outfall.

(3) A schematic flow diagram indicating sources of water, operations
contributing waste water for the effluent water balance, and
treatment processes for each waste stream.

(4) A list of each operation, average flow, and treatment related to
each outfall.

(5) Description of the variation and frequency of water flow.

(6) Explanation of any Federal, state, or local implementation schedule
for construction or improvement of wastewater treatment or other
environmental programs.
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NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) PERMIT (Concluded)

(7) Influent and effluent characteristics:
- Pollutants present.
- Source of pollutants.
- Concentration of pollutants.
- Temperature of effluent.
- Flow of effluent.
- pH of effluent.
- Mass discharge of pollutants over a stated time interval.

SPECIAL CONSIDERATIONS: Form C may be used as an alternative to Form 2C
in the application. The conceptual design specifies that a zero discharge
evaporation pond will be used to receive contaminated water. For this type
of facility, the main purpose in obtaining an NPDES permit is to limit the
liability of the operator for discharges that may result from a very large
precipitation event or other unanticipated situations. EID officials encourage
operators to obtain a permit for a no-discharge facility. Prohibitions of a
discharge permit include, but are not limited to, the following:

(1) No discharge is allowed that will violate state, regional, or local
land use plans unless all requirements and conditions of applicable
Federal and state statutes and regulations are met or will be met
according to a schedule of compliance. Similarly, no discharge is
permitted that by itself or in combination with other pollutants will
result in pollution of the receiving waters in excess of standards,
unless the permit contains effluent limitations and a schedule of
compliance with water-quality requirements.

(2) No discharge of any radiological, chemical, or biological warfare
agent or high-level radioactive waste is permitted. Limits of
radiological wastes that may be discharged are determined by state
water-quality standards.

(3) No discharge from a point source that is in conflict with an
established water-quality management plan promulgated under Sections
201, 208, 209, and 303(e) of the Federal Water Pollution Control Act
of 1972 and the Clean Water Act of 1977 is permitted unless the waste
discharge permit contains limitations and a schedule of compliance
approved by the EID.

Frequency of measuring, monitoring, and reporting is dependent on
specific discharges.

EPA concurrence may be required on the determination of the New Mexico
EID for the Notice of Intent to Discharge.

SCHEDULE: An applicant is to apply for a permit at least 180 days in advance
of the date the discharge is to begin. In some cases, the EID may determine
that a site visit or extra information is necessary. In such cases, the
applicant has 60 days to reply.
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ACTIVITY: AIR QUALITY CONSTRUCTION PERMIT

LEGAL CITATION: New Mexico Air Quality Control Act, 74-2-1 through 74-2-17,
NMSA, 1978, as amended 1981. Air Quality Control Regulation
702, Permits.'

AGENCY/CONTACT: New Mexico Health and Environment Department
Environmental Improvement Division
Air Quality Bureau
P.O. Box 968
Santa Fe, NM 87503
ATTN: Bruce Nicholson, Program Manager
(505) 827-0064

David Duran, Environmental Engineer

PROCEDURE: A permit application and certificate of registration are filed with
the Air Quality Bureau. Information that is needed includes the following:

(1) Name and address of applicant.

(2) Address and location of facility.

(3) USGS Quadrangle map showing the location of the facility.

(4) A brief description of the facility and related activities.

(5) Construction schedule.

(6) Inventory of fuel usage.

(7) Inventory of materials processed or handled.

(8) Inventory of air emissions.

(9) List of hazardous or toxic materials that will be emitted or handled.

SPECIAL CONSIDERATIONS: Any proposed new or modified facility that has
uncontrolled emissions greater than either 10 pounds per hour or 25 tons per
year is required to obtain a construction permit. Emission estimates should
be based on emission factors from the following documents:

(1) Fugitive Particulate Emissions Memorandum dated July 2, 1984, Air
Pollution Control Division, Colorado Department of Health, from
Tom Tistinic.

(2) Supplement No. 14 for Compilation of Air Pollutant Emission Factors,
Third Edition, May, 1983. U.S. Environmental Protection Agency,
AP-42, Supplement 14.

(3) EPA AP-40 ComDilation of Air Pollutant Emission Factors, Fourth
Edition, September, 1985. U.S. Environmental Protection Agency.

The Air Quality Bureau uses the PAL, CDM, or ISC computer dispersion
models to predict the concentrations of contaminants at the project boundary.
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AIR QUALITY CONSTRUCTION PERMIT (Concluded)

If TSP concentrations (modeled project-related increase plus ambient concen-
trations) are less than 150 micrograms per cubic meter, then no fugitive dust
controls would be required. Water spray and surfactant spray are commonly
used to control fugitive dust emissions.

Computer modeling of the projected impacts of the proposed remedial
action was completed during preparation of the environmental assessment using
the Industrial Source Complex Short Term (ISCST) model. Realizing that some
differences in air emissions estimates may develop between the conceptual
design and final design, the RAC should discuss with the Bureau the need for
further modeling.

SCHEDULE: Applications should be filed with the Bureau a minimum of 60 days
prior to commencement of construction. The Bureau determines the completeness
of the application within 15 days. A newspaper notice is published followed
by a 15-day comment period. The Bureau either grants or denies the permit
within 30 days after the application is ruled complete.
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ACTIVI TY: ASBESTOS DEMOLITION NOTIFICATION

LEGAL CITATION: New Mexico Air Quality Control Act, 40 CFR 61

AGENCY/CONTACT: New Mexico Environmental Information Division
Air Quality Bureau
P.O. Box 968
Santa Fe, NM 87504
ATTN: David Duran, Asbestos Coordinator (505) 827-0064

PROCEDURE: A letter sent notifying EID of Asbestos Demolition requires the
following information:

(1) The name and address of owner or operator.

(2) Description of the facility being demolished, including the size,
age, and prior use of the facility.

(3) Estimate of the approximate amount of friable asbestos material
present in terms of linear feet of pipe and surface area on other
facility components. For facilities with estimates of less than
260 linear feet on pipe and less than 160 square feet on other
components, provide explanation of estimation techniques.

(4) Location of the facility being demolished.

(5) Schedule starting and completion dates.

(6) Nature of planned demolition and method(s) to be used.

(7) Procedures to be used to comply with requirements of the regulations.

(8) Name and location of the waste disposal site where the friable
asbestos waste material will be deposited.

SPECIAL CONSIDERATIONS: The State of New Mexico requires that contractors
removing asbestos material be properly trained in handling asbestos. In addi-
tion, asbestos must be disposed of at a facility permitted to accept asbestos
wastes. In the case of Ambrosia Lake, the state is allowing disposal of the
material with the tailings.

SCHEDULE: If the facility contains less than 260 linear feet on pipe or
160 square feet on other components of friable asbestos, at least 20 days'
notice is required. For quantities in excess of the above mentioned, at least
10 days' notice is required.
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ACTIVITY: PERMIT TO APPROPRIATE THE PUBLIC SURFACE WATERS OF THE STATE
OF NEW MEXICO

LEGAL CITATION: NMSA, 1978, 72-5; Rules and Regulations Governing the
Appropriation and Use of the Surface Water of the State of
New Mexico, Revised August, 1953.

AGENCY/CONTACT: Office of the State Engineer, District One
Water Resources Division
New Mexico Natural Resources Department
2340 Menaul Blvd., NE
Albuquerque, NM 87107
ATTN: Charles Wohlenberg

Basin Supervisor
Don Lopez
Engineer (Santa Fe)

(505) 841-6323

(505) 827-6140

PROCEDURE: Activities including the diversion, channeling, or impoundment of
natural surface drainage requires a Permit to Appropriate the Public Surface
Waters. Application forms (no form number designated) are available from the
Headquarters (Santa Fe) or District Office of the State Engineer. Information
to be provided on or supplementary to the application includes:

(1) Name and address of applicant.

(2) Quantity of water to be diverted or impounded.

(3) Period of use.

(4) Location of diversion or impoundment.

(5) Type of diversion or impoundment.

(6) Description of intended use.

(7) Place of use described by legal subdivision.

(8) Plans and drawings of proposed construction.

An application fee of $10 plus $1 per $1,000 of the estimated construction
cost of the impoundment or diversion structure will be charged.

SPECIAL CONSIDERATIONS: The conceptual design for remedial action should be
submitted to the State Engineer's Office prior to submission of an application
to allow an official determination on the applicability of the subject permit.

SCHEDULE: The normal processing time is 45 days, including publication of a
notice in a local newspaper once each week for three consecutive weeks followed
by a 10-day public comment period. If publicly protested, the sequence of
hearings and appeals could delay permit issuance.
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ACTI VI TY: PERMIT TO APPROPRIATE GROUNDWATER

LEGAL CITATION: NMSA, 1978, 72-12-1; also 6a-3-6; "Rules and Regulations
Governing the Drilling of Wells and Appropriation and Use of
Groundwater in New Mexico, 1966."

AGENCY/CONTACT: Office of the State Engineer, District One
Water Resources Division
New Mexico Natural Resources Department
2340 Menaul Blvd., NE
Albuquerque, NM 87107
ATTN: Charles Wohlenberg (505) 841-6323

Basin Supervisor
Bob Rogers
Engineer (Santa Fe) (505) 827-6120

PROCEDURE: The application form (no form number designated) can be obtained
from the State Engineer's Office and completed with the following information:

(1) Name and address of applicant.

(2) Proposed quantity and site of water withdrawal.

(3) Proposed use of groundwater withdrawn.

(4) Design of proposed wells: depth, diameter, casing, packing, pumping
system.

(5) Legal description of well location.

(6) The notice of application must be advertised once each week for three
successive weeks. The last advertisement is followed by a ten-day
period for public comment.

SPECIAL CONSIDERATIONS: Application to withdraw less than three acre-feet per
year can be expedited. For the Ambrosia Lake designated site, however, a
permit for a new groundwater withdrawal right will probably not be issued.
The site and surrounding area are within a "Declared Groundwater Basin" where
no new production is allowed. If the existing United Nuclear Corporation (UNC)
water rights are inadequate, additional water must be purchased from private
parties with existing groundwater rights.

A Permit to Appropriate Groundwater, when issued, also comprises the well
permit.

SCHEDULE: If not summarily rejected for the reason stated above, applications
are usually processed within 30 days. Public protest, however, could delay
the permit.
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ACTIVITY: PERMIT TO CONSTRUCT A TEMPORARY RETENTION BASIN

LEGAL CITATION: NMSA, 1978, 72-511

AGENCY/CONTACT: New Mexico State Engineer's Office
Design and Construction Section
Bataan Memorial Building
Santa Fe, NM 87503
ATTN: Don Lopez, Chief (505) 827-6140

PROCEDURE: For activities that impound more than 10 acre feet or if the dam
is higher than 10 feet, a "Permit to Construct a Flood Control Dam" is
required.

Information to be supplied includes the plans and specifications for the
retention basin and source and owner of water rights.

SPECIAL CONSIDERATIONS: A fee of $10.00 plus $1.00 per $1,000 of estimated
construction cost is required.

SCHEDULE: One month.
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ACTIVITY: APPROVAL OF DRILL HOLE OR MONITOR WELL PLUGGING

LEGAL CITATION: NMSA, 1978, 6a-3-6; "Rules and Regulations Governing the
Drilling of Wells and Appropriation and Use of Groundwater in
New Mexico, 1966;" "Procedures for Plugging and Reporting of
Drill Holes in San Juan Structural Basin, May, 1971.u

AGENCY/CONTACT: Office of the State Engineer, District One
Water Resources Division
New Mexico Natural Resources Department
2340 Menaul Blvd., NE
Albuquerque, NM 87107
ATTN: Charles Wohlenberg

Basin Supervisor
Bob Rogers
Engineer (Santa Fe)

(505) 841-6323

(505) 827-6120

PROCEDURE: When drill holes or monitor wells are to be abandoned, they should
be plugged with cement (neat cement slurry, not less than 15 pounds per
gallon), or if drilling fluids are used, they should meet the following
minimum specifications:

(1) Ten-minute gel strength of at least 20 pounds per 100 square feet.

(2) Filtrate volume not to exceed 13.5 cc as determined in accordance
with RP 13-B, Sections 2 and 3, (low temperature test), "Standard
Procedure for Testing Drilling Fluids," Third Edition, February,
1971, American Petroleum Institute.

The hole must be filled from total depth to the land surface with
appropriate drilling fluids or cement.

Upon completion of proper hole abandonment, a report shall be filed with
the Office of the State Engineer. In lieu of direct supervision of the
plugging of drill holes by State Engineer's Office personnel, the State
Engineer may designate a person who is an employee of the person, firm, or
corporation for which the drilling is done, and whose qualifications for
such designation are acceptable to the State Engineer to supervise the hole
abandonment and plugging.

The report should include a copy of the drill hole log(s) or well log(s).

SPECIAL CONSIDERATIONS: Drill hole abandonment procedures are applicable to
any hole in the San Juan Basin with a total depth of more than 10 feet and
which has encountered groundwater or a water-bearing formation.

SCHEDULE: A report of the plugging procedures should be filed within 90 days
of hole abandonment.
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ACTIVITY: GENERAL CONSTRUCTION BUILDING (DEMOLITION) PERMIT

LEGAL CITATION: New Mexico Construction Industries Act, 1978, Construction
Industries Rules and Regulations, Section 301; New Mexico
Uniform Building Code, 1982 edition.

AGENCY/CONTACT: New Mexico Construction Industries Commission
Regulatory and Licensing Department
Bataan Memorial Building
Santa Fe, NM 87503
ATTN: Phil Santistevan (505) 827-6251

Supervisory Architectural Technician
Christina Garcia
Architectural Technician

PROCEDURE: The application form (no form number specified) must be completed
with the following information and attachments:

(1) Name and address of applicant.

(2) Location of proposed building; legal land description.

(3) Detailed plans and drawings of proposed structure.

A filing fee will be required according to the following schedule:

(1) $2.50 per $1,000 of estimated cost of building (demolition) up to
$15,000.

(2) $0.75 for each $1,000 increment in excess of $15,000.

SPECIAL CONSIDERATIONS: The same application form and procedures apply for
either construction of permanent structures or demolition. No permit is
required for temporary structures such as a mobile home or site office.

SCHEDULE: Applications are usually processed in three to five days.

A-20



A.2 CONCLUDING REMARKS

This section provides brief discussions of issues that do not, at this
time, require permits, or which might require permits if the RAP is
significantly modified.

Spill prevention control and countermeasures plan (SPCC)

If on-site fuel and oil storage facilities exceed a total capacity of
1320 gallons, or if any single fuel or oil tank exceeds 660 gallons capacity,
the EPA requires the operator to prepare an SPCC plan meeting specifications
cited in 40 CFR 112 and certified by a professional engineer. No permit is
required, but a copy of the plan must be kept at the fuel storage site and
available for review by the EPA in the event of a spill or general inspection.

Overweight loads

Loads on New Mexico highways must not exceed any posted limits or a
maximum of 80,000 pounds gross vehicle weight, unless a special permit has
been obtained. If such a permit becomes necessary, the agency contact is:

New Mexico Department of Transportation
Enforcement Bureau
PERA Building
P.O. Box 1028
Santa Fe, NM 87501
ATTN: John Montoya (505) 827-4689

Permit Office Supervisor

Hazardous waste

Hazardous wastes that may be encountered during the remedial action will
be handled in compliance with the procedures set forth in the UMTRA Project
Environmental Health, and Safety Plan" (DOE, 1989) and in other DOE guidance
documents. The U.S. Environmental Protection Agency (EPA), the New Mexico
Environmental Improvement Division (NMEID), and the Nuclear Regulatory
Commission (NRC) should be consulted to determine permitting requirements for
storage and disposal of hazardous wastes. Proper disposal of hazardous waste
may require packaging and transportation to other licensed facilities.

Archaeological considerations

The majority of the site area has been surveyed for cultural resources.
Twenty-seven sites were identified in the 1680 acres surveyed in March 1985
(Figure A.3) (CAS, 1985). Of the 27, three sites are ineligible for nomina-
tion to the National Register of Historic Places, 10 sites are eligible, and
14 sites need additional data to determine their eligibility. Eight sites are
located near the limits of decontamination. Three sites, one eligible and
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two requiring additional data, will be impacted by cleanup of windblown
contamination. The remaining sites, two of which are ineligible, are outside
the area to be decontaminated.

The radon/infiltration barrier borrow site had about 40 percent of the
area surveyed for cultural sites during the March 1985 survey. The remaining
60 percent (248 acres) was surveyed in February 1987 (CASA, 1987). This Class
III survey identified one ineligible historic site and six eligible
archaeological sites (Figure A.3).

Sites which cannot be avoided will have to be excavated and recorded
prior to surface disturbance. Sites which can be avoided should be given a
200-foot buffer zone to avoid impacting the sites.

The 30 sites which are eligible or need additional data should be located
by a land surveyor in the spring of 1987, to determine their exact coordinates
to avoid any possible impacts during the remedial action.
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The conceptual design that had been included in
Appendix B of the draft RAP has been superceded by
the subcontract specifications, special conditions,
and drawings for subcontract AMB-04 (main site
construction) in Appendix F.
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C.1 INTRODUCTION

The Uranium Mill Tailings Radiation Control Act (UMTRCA) of 1978 (PL95-
604) gave the responsibility of developing standards for remedial actions to
the U.S. Environmental Protection Agency (EPA). Section 108 of the UMTRCA
states that the U.S. Department of Energy (DOE) shall "select and perform
remedial actions at the designated processing sites and disposal sites in
accordance with the general standards" prescribed by the EPA. The EPA
standards state:

Section 108 of the Act requires the Secretary of Energy to select
and perform remedial actions with the concurrence of the Nuclear
Regulatory Commission and the full participation of any State that
pays part of the cost, and in consultation, as appropriate, with
affected Indian Tribes and the Secretary of the Interior. These
parties, n their respective roles under Section 108, are referred
to hereafter as 'the implementing agencies.'

The implementing agencies shall establish methods and procedures to
provide 'reasonable assurance' that the provisions of Subparts A and
B are satisfied. This should be done primarily through use of
analytical models, in the case of Subpart A, and for Subpart B
through measurements performed within the accuracy of currently
available types of field and sampling procedures. These methods and
procedures may be varied to suit conditions at specific sites.

Subpart B consists of standards for cleanup of land and buildings. The
standards applicable to the project are:

Remedial actions shall be conducted so as to provide reasonable
assurance that, as a result of residual radioactive materials from
any designated processing site:

A. the concentration of Radium-226 in land averaged over any area
of 100 square meters shall not exceed the background level by
more than --

(1) 5 pCi/g, averaged over the first 15 cm of soil below the
surface, and

(2) 15 pCi/g, averaged over 15-cm-thick layers of soil more
than 15 cm below the surface.

B. in any occupied or habitable building --

(1) the objective of remedial action shall be, and reasonable
effort shall be made to achieve, an annual average (or
equivalent) radon decay product concentration (including
background) not to exceed 0.02 WL. In any case, the radon
decay product concentration (including background) shall
not exceed 0.03 WL, and
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(2) the level of gamma radiation shall not exceed the
background level by more than 20 microR/h.

In addition to the EPA standards for buildings, removable surface alpha
contamination shall not exceed 1000 disintegrations per minute per 100 square
centimeters (dpm/100cm2), and total non-removable alpha contamination shall
not exceed 5000 dpm/100 cm2 (NRC, 1974). These limits will ensure that
occupants of structures will not incur radiation exposures in excess of limits
imposed by the U.S. Nuclear Regulatory Commission in 10 CFR 20, Appendix B.

As indicated earlier, the standards suggest that the implementing
agencies determine what methods and procedures will be used to provide
"reasonable assurance" that the standards are met. Reasonable assurance
implies that a site-specific analysis is appropriate where the cost of
demonstrating compliance with the standards is to be weighed against the
health risks or other impacts associated with leaving areas which slightly
exceed the standards.

The sections which follow provide the procedures proposed for future use
at the Ambrosia Lake site. Consideration was given to the time required to
collect samples and perform the analyses.
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C.2 BASIS FOR RADIOLOGICAL SURVEY STRATEGY

The Ambrosia Lake site consists of a tailings pile, ore storage area, mill
yard, leach pad for low-grade ore, storage pile for low-grade ore, and wind-
blown areas. Excavation to remove off-pile contaminated materials will require
removal of soil to a depth of several feet below grade. Most of the disturbed
site areas will be restored to a grade that will adequately control surface
drainage. Fill material will be uncontaminated to minimize potential health
effects due to residual contamination.

Clean fill may not be required in some excavated areas, and residual con-
tamination may remain exposed at the surface. In those areas where backfill
after excavation is not required, residual contamination will not exceed the
5 picocuries per gram (pCi/g) limit when averaged over an area of one hundred
square meters (930 square feet).

There are 12 buildings on the site, all of which will be demolished and
buried on the site according to the degree of contamination.
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C.3 REMEDIAL ACTION RADIOLOGICAL SURVEY PLAN

Radiological surveys are performed for three purposes: site characteri-
zation, excavation control, and final radiological verification. Site charac-
terization surveys or pre-remedial action surveys are performed to identify
volumes of material which exceed the standard. The results are used for
planning and engineering design. Exacavation control monitoring is performed
as the work is being done to guide and control the amount of contaminated
material removed. Finally, when excavation control monitoring results indicate
that there is a high probability that the area meets the standards, a final
radiological survey is carefully performed and the results documented.

C.3.1 SITE CHARACTERIZATION SURVEYS

Radiological surveys have been performed by Bendix Field
Engineering Corporation (BFEC) to identify the subsurface boundary
of the tailings pile to be excavated as well as the depth and area of
the windblown contaminated materials on adjacent land. Subsurface
evaluations were performed using gamma well logging techniques and by
analyzing cores from boreholes. In general, these measurements were
made on a 200-foot grid. Additional measurements were performed in
areas of radiological interest. The grid points have been identified
by a land survey tied to a state plane survey point and all recordable
data were located by these coordinates.

Radiological surveys were performed by BFEC inside the building to
determine gamma exposure rates and the levels and extent of surface
contamination.

C.3.2 EXCAVATION CONTROL MONITORING

The purpose of excavation control monitoring is to guide excavation
through the use of real-time radiological measurements. It is designed
to ensure that the 5 pCi/g (surface) and 15 pCi/g (subsurface) standards
are met. In addition, it minimizes the possibility that material
meeting the standards is also excavated. Properly performed excavation
control monitoring simultaneously ensures that neither under-excavation
nor over-excavation occurs.

Excavation will be monitored by qualified technicians relying
principally on gamma field measurements employing hand-held instruments
such as gamma-scintillation detectors. This technique will only be
used where measurements are not seriously impaired by interference from
nearby tailings deposits. In areas where significant interference
exists, alternate monitoring techniques will be used. These techniques
may include use of a shielded probe gamma-scintillation instrument
(operated in a gross count mode or in a delta mode) or the immediate
counting of soil samples. In all cases, these techniques will be
routinely calibrated by comparison of the field measurements to soil
samples analyzed in the laboratory and reported on a fully equilibrated
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dry-weight basis. Because the standards are based upon average areas
of 100 square meters (m2), the excavation control monitoring will be
performed on areas of this characteristic size as well.

Elevated gamma-ray radiation fields will preclude exclusive use of
in situ monitoring devices to estimate the surface radionuclide concen-
trations in soil on or immediately adjacent to the Ambrosia Lake pile.
When in situ measurements cannot be performed, the suggested method for
analysis is to take individual or composite samples of soil, seal by
canning, and immediately count the sample by gamma-ray spectrometry.
Errors associated with this approach will be reduced by taking several
samples 30 days prior to starting work to determine calibration factors.
These samples will be counted, dried, pulverized, and screened with
recanning for subsequent analysis. They will be counted after the
Radium-226 (Ra-226) daughters reach equilibrium. Analyses of these
prepared samples can then be compared to standards. Several samples
will be collected weekly during the remedial action and analyzed to
provide a measure of the variation of the calibration factor.

C.3.3 FINAL RADIOLOGICAL VERIFICATION SURVEY FOR LAND

The final radiological survey will be based on 100 2 areas, with
a composite sample used to obtain a measure of the average Ra-226
concentration in an area. The radium measurement will be reported on a
dry-weight basis. For measurements based on gamma spectrometry of
radium daughters, full equilibrium will be assumed. It is expected
that at least preliminary measurement results will be obtained prior to
backfilling. The error limits for Ra-226 verification measurement
techniques must be better than plus or minus 30 percent, at the 95
percent confidence level.

The average Ra-226 concentration in each 100 2 area will be
determined with a composite sample composed of a number of 15 cm deep
samples of approximately equal mass and uniform spacing over the survey
area. Nine samples is an appropriate number for forming the composite.

In large areas of relatively uniform contamination (windblown) it
may not be necessary to measure every 100 m2 area to provide reason-
able assurance that the entire excavation area meets EPA standards. A
gamma-scanning tractor (R-TRAC) will be used to verify that these areas
are clean. Approximately five percent of the area being verified by
this technique will be cross-checked with soil samples to provide a
means of quality control.
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C.4 DATA SAMPLE MANAGEMENT

During the cleanup operations, the Remedial Action Contractor will
collect data to support excavation control. Data used in declaring an area
adequately decontaminated will be documented in a format approved by the UMTRA
Project Office.

Site characterization survey data, excavation control data, and the final
radiological survey data will be collected using procedures and analytical
methods meeting the requirements of the UMTRA Project Quality Assurance
Program Plan (DOE, 1986). All data used in describing the final radiological
condition of the site as well as other data as specified by the UMTRA Project
Office will be provided in a convenient format for input into the UMTRA
Project Data Management System. Data generated in the remedial action will be
presented in a report documenting the final radiological condition of the
property. Verification samples will be archived pending notification from the
UMTRA Project Office to transfer or dispose of the samples.
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C.5 CERTIFICATION

Certification is a professional judgment by an independent party that the
remedial action has been completed according to the site-specific Remedial
Action Plan and meets the applicable standards.

During the remedial action operations, the Remedial Action Contractor
will make available to appropriate state agencies, Federal agencies, or UMTRA
Project-designated contractors data related to the cleanup. In addition,
samples collected during the cleanup operations may be split for analyses by
these agencies to allow comparison of analytical results. These data, along
with any additional data collected at the discretion of the certifying agent,
will be used in the final certification report.
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0.1 INTRODUCTION

The Uranium Mill Tailings Radiation Control Act (UMTRCA) of 1978
(PL95-604), requires the U.S. Department of Energy (DOE) to assess the degree
of radiological contamination at the sites of certain former uranium mill
operations and to conduct remedial actions "to stabilize and control such
tailings in a safe and environmentally sound manner and to minimize or elimi-
nate radiation health hazards to the public." This appendix summarizes and is
an assessment of the present conditions and available data at the Ambrosia
Lake inactive uranium mill site near Grants, New Mexico.

For ease in reading, figures and tables are grouped at the end of each
section, figures first, in this appendix.
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D.2 SITE DESCRIPTION

D.2.1 LOCATION

The Ambrosia Lake designated site, an inactive Phillips/United
Nuclear mill and tailings pile, encompasses 195.6 acres in the southern
half of Section 28, Township 14 North, Range 9 West, in east-central
McKinley County, New Mexico (Figure D.2.1). The tailings are at New
Mexico principal meridian at north Latitude 35 degrees, 24 minutes, and
30 seconds, and west Longitude 107 degrees, 47 minutes, and 55 seconds.

D.2.2 PHYSICAL CHARACTERISTICS

The Ambrosia Lake designated site is composed of an inactive
milling facility and a tailings pile (Figure D.2.2). The tailings
cover 111 acres 0.25 mile west of the processing complex. Several
large mill buildings, pachuca and water storage tanks, office barracks,
and pieces of processing equipment remain at the designated site.

Tailings, composed primarily of sand-slimes and slimes, are
configured in an almost square pile. Erosion by wind and water have
actively moved the tailings although an indurated crust is present on
some of the pile surface. A quasi-radial drainage network has devel-
oped on the pile surface, terminating in a south-central depression
containing an apparently permanent pond. No significant vegetation is
present. Native soil and tailings were used to construct embankments
or dikes around the edge of the pile (FBDU, 1981), which averages 16
feet in depth. Recent visits to the Ambrosia Lake site have failed to
establish the presence of the dikes; windblown tailings cover the dikes.

A four-strand barbed-wire fence was erected around the periphery
of the tailings pile (Figure D.2.2). A power line runs along the inside
of the east fence line, and a buried telephone cable and gas line run
along the outside of the south fence line (FBDU, 1981). Except for
several small missing segments on the east side, the fence is still
intact; however, windblown tailings have covered two to three strands
of sections of the fence on the east and north pile edges (Purtymun
et al., 1977). Evidence of the windblown tailings areal extent indi-
cates accumulation of the contaminants as far as 4500 feet from the
pile (FBDU, 1981). Water erosion has resulted in a minor breach of the
southwest side of the boundary fence, depositing tailings five feet
beyond it and at least 30 feet from the pile. Three dirt roads have
provided access to the pile on the southwest, south, and east sides,
and the mill site is accessible by a gravel road heading east off New
Mexico Highway 509. Entry into the designated site is restricted by
means of a locked gate on the primary access road.

D.2.3 SETTING

Situated at an altitude of 6980 feet above sea level, the site
is within a northwest to southeast striking valley entrenched into
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Cretaceous shales. The valley averages four miles in width and is
bounded by Cretaceous sandstone outcrops of Mesa Montanosa to the south
and Cretaceous sandstone and shale outcrops of San Mateo Mesa to the
north (see Figure D.4.2). Other major features visible from the
Ambrosia Lake area include Mt. Taylor, elevation 11,389 feet, and the
Zuni mountains, elevation over 9000 feet. The continental divide
bisects McKinley County 20 miles west of the Ambrosia Lake site.

No natural perennial streams drain the Ambrosia Lake valley;
however, water discharge from mining activity has resulted in continuous
flow in portions of the Arroyo del Puerto, one of two major watercourses
in the area (Figure D.4.2) (Purtymun et al., 1977). Several tributaries
heading in Mesa Montanosa and most arroyos downcutting the slopes of
San Mateo Mesa within the Ambrosia Lake valley discharge into the Arroyo
del Puerto. In the far southeast part of the basin, where the Arroyo
del Puerto joins San Mateo Creek, most arroyos are tributary into San
Mateo Creek. A thin alluvial layer composed of clay and silt underlies
the mill and tailings pile, and, with the exception of scattered shale
outcrops, most of the valley floor.

D.2.4 HISTORY

The Ambrosia Lake district in which the designated site is
situated is one of the three ore districts within the Grants mineral
belt (Figure D.2.1). Well into the late 1970s, the Grants region was
the most prolific uranium producing district in the United States,
providing over 40 percent of the national uranium concentrate production
(NMEMD, 1979).

D.2.4.1 Operations

Constructed in 1957, the Phillips Mill was operated by
Phillips Petroleum Company from June, 1958, until March. 1963.
Thereafter, following purchase by United Nuclear Corporation
(UNC), all mining and milling operations were scaled back and
milling ceased during April of 1963. Three million tons of
uranium ore, averaging 0.23 percent U308, were processed
during the five-year operational period of the mill (FBOU,
1981). Tailings produced over the same period totalled some
2.996 x 106 tons, 396,000 of which were subsequently used as
mine backfill.

A license was issued by the Atomic Energy Commission to
UNC in 1971 to store and decontaminate milling equipment and
operate a resin ion exchange (IX) facility at the Phillips
mill. The IX operation continued until the spring of 1983
while intermittent demolition of inactive parts of the mill
site proceeded during the same period. An experimental heap
leach system was operated in conjunction with the IX circuit
beginning in July, 1980. Initially, 20,200 tons of protore
and mine waste were treated at a two-pond, single-pile heap
leach pad at the Section 27 mine east of the designated site.
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Heap leaching continued sporadically through late 1982, and
was terminated when UNC IX operations concluded.

D.2.4.2 Process

Uranium extraction was accomplished at the Phillips Mill
using alkaline pressure leach technology (Figure D.2.3)
(NMEMD, 1979). In this process, finely-ground ore was
agitated and leached under elevated pressure with an alkaline
liquid. Ore sands and slimes were then separated from the
enriched leachate. The latter was subjected to continuous
recirculation in a closed circuit where uranium in solution
was precipitated by the addition of caustic soda. Increased
yield was assured by recarbonation of the pregnant solution
with CO2 gas and subsequent addition of soda ash. Uranium
precipitate was collected in a three-stage drum filter and
discard liquid was reintroduced into the circuit.

Vanadium contamination in the uranium precipitate was an
early problem which led to the installation of a roasting and
water leaching system for purification. The uranium preci-
pitate was roasted with soda ash to produce a calcine from
which vanadium could be removed by water leaching, leaving a
purified uranium product as the insoluble residue.

The ion exchange circuit operated from 1971 to 1983 as
part of a solution mining process. Water pumped from the
lower levels of the Westwater Canyon ore horizon in the Ann
Lee, Section 27E, and Sandstone mines was circulated through
the resin ion exchange facility and returned to the upper
levels of the ore horizon in the same mines. Uranium-rich
liquors extracted in the resin columns were stored and ulti-
mately sent to be processed at the Homestake-Partners mill
(UNC, 1976).

During the final phases of activity at the UNC IX
facility, heap leaching of protore was accomplished using
feed water from the Section 27E mine. In this process, ore,
piled over drain pads, was leached and the percolated waters
collected. The leachate was then introduced into the mine
water pipeline of the IX circuit (UNC, 1978), thus, the final
steps of UNC's Ambrosia Lake heap leach process were those of
the IX process.

D.2.4.3 Ownership and leaseholders

The Phillips Petroleum Company owned and operated the
mill from its inception in 1957 until 1963 when UNC purchased
the site and subsequently ceased milling operations. UNC
presently owns the site.
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D.3 RADIATION DATA

D.3.1 PURPOSE

Background radiation levels must be established for the designated
site and surrounding areas so that construction impacts on the environ-
ment can be assessed and the levels of radiation and contamination
associated with the designated site can be compared to background.
Knowledge of the radium content of the pile, off-site soils, and sub-
surface pile soils is necessary to design the excavation and pile
cover. Groundwater sample data can be used to determine impacts due to
contaminant migration from the tailings pile. Air concentration
and gamma-ray exposure rate measurements aid in determining limits of
contamination and potential health hazards. Finally, the building con-
tamination data are necessary for decontamination/demolition planning
activities.

D.3.2 BACKGROUND RADIATION DATA

Gamma-ray exposure rates, one meter above the ground, and surface
soil samples were taken by Oak Ridge National Laboratory (ORNL) in 1980;
sampling locations and results obtained are given in Table 0.3.1
(Haywood et al., 1980). Based on these data, an average background
gamma exposure rate of 11 microR/hr and an average Ra-226 soil concen-
tration of 1.0 pCi/g were obtained (Haywood et al., 1980). Gamma-ray
exposure rates were measured using energy compensated Geiger-Mueller
(G-M) detectors.

Although taken in the general region of the state of New Mexico in
which the Ambrosia Lake site is located, the values obtained from these
background locations are probably significantly smaller than the back-
ground value near the site. This is primarily due to the influence of
uranium mining and milling in the Ambrosia Lake area. The results from
an aerial radiological survey conducted in August, 1981, by EG&G are
shown in Figure D.3.1. Elevated gamma exposure rates due to mining and
milling activities are superimposed on a background field which ranges
from about 14 to 19 microR/hr.

No background Rn-222 sample values are available from the Ambrosia
Lake site. Although some 24-hour baseline samples were collected (FBDU,
1981) up to three miles from the Phillips/UNC site, none were less than
2.9 pCi/l. This was the result of the intense mining and milling
activity throughout the valley. The results of Rn-222 monitoring
(FBDU, 1981) at the Ambrosia Lake site are presented in Figure D.3.2.
Natural background radon concentrations in undisturbed areas with
similar geologic settings as Ambrosia Lake have been measured by several
investigators and average 0.19 + 0.02 pCi/l (NMEID, 1985; Millard and
Baggett, 1984).

Baseline concentrations of radioactive air particulates in the
Ambrosia Lake area have been measured one mile west of the existing
tailings site. Concentrations for the principle radionuclides of
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concern averaged 1.1 femtocuries per cubic meter (fCi/m3) for U-238,
1.1 fCi/m3 for U-234, 3.1 fCi/m3 for Th-230, and 3.3 fCi/m3 for
Ra-226 from 26 months of continuous air sampling (NMEID, 1986a).
Average concentrations for air particulates from 25 months of continuous
air sampling in an undisturbed background location by San Mateo were
0.4 fCi/m3 fr U-238, 0.5 fCi/m3 for U-234, 0.3 fCi/m3 for Th-230,
and 0.7 fCi/ma for Ra-226 (NMEID, 1986a).

Baseline radioactivity levels in soils typical of the Ambrosia
Lake area which were not influenced by the tailings pile have been
established as 1.2 + 0.7 pCi/g for Ra-226, 1.0 + 1.0 pCi/g for Th-230,
and 3.0 + 1.0 ppm for natural uranium (2.0 0.7 pCi/g) (BFEC, 1985a).
Background concentrations of Ra-226 in soils from areas not influenced
by uranium mining and milling averaged 0.57 + 0.08 pCi/g (NMEID, 1985),
and 0.51 + 0.09 pCi/g for Th-230 (NMEID, 1986a).

D.3.3 RADIONUCLIDE CONTENT OF THE PILE

The isotopes which have been analyzed for soil concentration are
natural uranium and Ra-226. Concentrations of other isotopes may
be estimated based on the abundance of these radionuclides and the
assumption of secular equilibrium. Radionuclide concentration values
reported herein are based on the statistically designed drilling and
sampling program of Mountain States Research and Development (MSRD,
1982). Additional radiological characterization using MSRD samples was
conducted by Sandia National Laboratories (SNL, 1982) and Bendix Field
Engineering Corporation (BFEC, 1985a).

MSRD (1982) found an average of 0.0132 percent U308 in the
tailings pile, corresponding to 37 pCi/g U-238 based on 106 boreholes
sampled at a vertical interval of 2.5 feet. This concentration is
based on the most complete data available.

The Ra-226 concentration in and below the pile averaged 455 pCi/g
based on 407 samples from the 106 boreholes drilled by MSRD. Based on
a pile volume of 3.437 x 106 cy, the total Ra-226 activity is 1795
Ci. Results of Ra-226 analyses performed by BFEC (1985a) and by SNL
(1982) were input into a computer model which generated the above
estimates. Resultant Ra-226 data appear in Table D1.2.1, Addendum D1.
A description of the computer model along with detailed results are
also presented.

0.3.4 RADON FLUX

Radon flux measurements made in 1976 and 1980 (FBDU, 1981) are
indicated in Figure D.3.3. These values represent 12-hour averages
using the charcoal canister technique. As short-term averages, their
comparison to an annual average must be done in light of the variability
of radon flux with moisture content, barometric pressure, and other
meteorological parameters. The average of all measurements on the pile
is 128.6 pCi/m2s.
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D.3.5 SUBPILE CONTAMINATION

A total of 312 samples taken by MSRD were derived at or below the
physical interface between the tailings and underlying soil. The
samples were analyzed by SNL for Ra-226 content. The analytical method
employed placed the split-barrel sample in a shielded sodium iodide
detector assembly where the Ra-226 content of the lower 10 inches of
sample was estimated. These values are shown in the seventh column of
Table D.2.1, Addendum D.

At the time of the split-barrel sampling, the drilling supervisor
inspected the samples as they were extracted to determine the depth of
the physical interface. This depth was based on visual and textural
changes from the tailings material to the subbase material. Estimates
of the depth to the physical interface are listed in the third column
of Table D1.2.1, Addendum D.

By inspection of the SNL Ra-226 concentration estimates, the depth
at which 15 pCi/g Ra-226 is reached can be estimated in 80 percent of
the boreholes. The SNL data are insufficient to provide an objective
estimate in the remaining 20 percent of the holes. The depths to
the 15 pCi/g concentration are listed in column 8 of Table D1.2.1,
Addendum D. The average depth below the tailings pile from the
physical interface to the 15 pCi/g concentration is 4.76 feet. This
value was added to the physical interface depth for boreholes where
data did not allow an objective determination of the depth to the
15 pCi/g concentration.

D.3.6 GAMMA RADIATION

The radiological characteristics of the Ambrosia Lake site are
extremely complex. The designated site is in the center of the
Ambrosia Lake Mining District within the Grants Mineral Belt. Mining
and milling activities around the site extended for two to three miles
in virtually all directions but have reduced significantly in recent
years. Because of the extensive uranium development in the area, the
areal extent of contamination in excess of the EPA standards is very
large. The contribution to total contamination due to the operation of
the inactive Phillips/UNC facility is very difficult to separate from
the contamination due to the other facilities and activities in the
area.

An aerial radiological survey (EG&G, 1981) was conducted in August,
1981. Figure .3.1 is reproduced from the aerial survey and shows the
average values of gamma radiation fields surrounding the site. The
5 pCi/g level of radium contamination corresponds to the lower end of
the range indicated by the letter C or 18 to 19 microR/hr. The mill
complex and ore storage area correspond to the F" field 2000 feet east
of the pile. The small F area about 2000 feet south of the south-
east corner of the pile corresponds with the location of Kerr-McGee's
Section 33 mine.
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The F" area 4000 to 6000 feet east of the mill yard represents
the UNC Section 27 mine. There are several roads between the mine and
the Phillips/UNC mill which exhibit significantly elevated gamma
levels. This is a result of ore being transported along these routes
to the Phillips/UNC mill. A heap leach pile covering two to three
acres lies to the east-southeast of the mill yard area 2000 feet
distant. There are several large diameter pipes connecting the mill
yard area to this pile, indicating that its presence is likely due to
the operation of the Ambrosia Lake facility. Both the mine and heap
leach pad are well beyond the designated site boundary.

An additional feature which is contaminated and related to the
facility is a canal which extends from the mill yard to the southeast
about 6000 feet, where t joins other canals from other mines and mills
at the lagoon called Voght Tank. Whether the contamination in this
canal system is due to contaminated discharges from the site is
unknown. Additionally, the contribution of contamination due to each
facility connected by the canal system is unknown.

Primary access roads crossing the valley are contaminated due to
past mining activity. Contamination along these roads extends almost
1000 feet to either side. The potential for sources other than the
Phillips/UNC tailings to have contributed to contamination around the
designated site is unknown. This is particularly true for the elevated
readings indicated in Figure D.3.1 for the area southwest of the pile
to New Mexico Highway 509. A radiological survey to define the limit
of contamination attributable to the Phillips/UNC tailings has been
conducted and is discussed in section D.3.7, Off-Pile Contamination.

An area of contamination northeast of the Phillips/UNC tailings
pile is readily apparent and extends nearly a mile to the east-northeast
from the pile edge. The contamination due to windblown tailings versus
that resulting from Section 27 mine windblown ore has been estimated by
Bendix (BFEC, 1985b). The shape of the contour between areas C" and
'DI indicates that only in the immediate vicinity (500 to 1000 feet) of
the mine workings does windblown ore dominate the contamination. This
is to be expected due to the larger-than-tailings particle size of
typical ore material.

D.3.7 OFF-PILE CONTAMINATION

The off-pile surface contamination data reflect the extent of
windblown and waterborne contamination as well as contamination due to
ore storage and mining operations. FBDU (1981) conducted off-pile
surface contamination surveys, using delta measurements and, based on
these surveys, determined a preliminary 5 pCi/g Ra-226 boundary (Figure
D.3.4). The measurements were made using a lead shielded, unidirec-
tional scintillometer. By taking the measurements with the unshielded
end one inch above ground surface, and then placing a 0.5-inch shield
over the unshielded surface and repeating the measurements, a difference
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is obtained. This difference, known as delta," can be used to esti-
mate the contamination at the point of measurement (FBDU, 1981). Based
on the small amount of data obtained, the distance between sample
traverses, and the lack of evidence of a good calibration, the FBDU
boundary in Figure D.3.4 is considered only an approximation.

Limited surface soil sampling was also conducted at the site
(ORNL, 1980). The results of the survey are shown in Table D.3.2. The
samples indicate that extensive contamination exists in the ephemeral
washes around the site. Because of the limited nature of the ORNL sam-
pling program, all that can be assessed is that there are indications
of contamination across and extending far beyond the designated site.

In order to obtain a more reliable estimate of the areal extent
of the off-pile surface and subsurface contamination, a more exten-
sive survey was conducted by Bendix (BFEC, 1985b). The sampling
procedure used by BFEC allows an accurate determination of the extent
of contamination off the pile.

Several methods were employed to determine Ra-226 activity. Soil
samples and delta measurements were taken to aid in the characteriza-
tion of the areal extent of the contamination to a depth of 24 inches.
The extent of contamination below 24 inches was determined by borehole
gamma-logging and analysis of split-barrel soil samples.

Soil samples and delta measurements were taken in an alternating
manner. Initially, a zero-to-six-inch depth soil sample was collected,
followed by a delta measurement at the six-inch depth. If the delta
measurement detected a Ra-226 concentration in excess of 5 pCi/g, a
second soil sample (six-to-twelve-inch) was collected, followed by a
12-inch delta measurement. This alternating sequence was repeated
until either the delta measurement indicated a value less than 5 pCi/g
or a depth of 24 inches was reached. All soil samples were analyzed
using gamma-ray spectrometry for Ra-226 content. Several were also
analyzed for Th-230 and natural uranium contents.

The extent of contamination below 24 inches was determined by
interpretation of the results of 225 off-pile borehole gamma-logs. Log
data were recorded in successively deeper six-inch intervals. In 41 of
the borehole locations, split-barrel soil samples were also taken and
analyzed by gamma-ray spectrometry.

The soil sample results were used to determine the areal extent
and depth of Ra-226 concentrations exceeding 5 pCi/g (Figure D.3.5).

Because a portion of the contamination was thought to result from
spillage of ore during uranium mining and transport activities, it was
necessary to examine the Ra-226/U-238 ratio in a number of samples to
determine whether the associated radioactivity was attributable to
uranium ore or tailings. The Ra-226/U-238 ratio was determined for 19
samples known to be ore and six samples known to be composed of tail-
ings. A Behrens-Fischer T-test and a Wilcoxon Two-Sample Rank Test
were performed on the two sample populations; from these tests, it was
determined that with a 99 percent degree of confidence the means of the
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two sample populations could be distinguished. A mean Ra-226/U-238
ratio of 2.28 was determined for the ore samples along with a standard
deviation of 0.759. The mean Ra-226/U-238 ratio of the tailings samples
was 8.31 with a standard deviation of 3.01. A mean Ra-226/U-238 ratio
of 12.3 can be derived from Mountain States Research and Development
borehole samples taken directly from the tailings pile (MSRD, 1982).
Assuming that the ratios for ore and tailings are normally distributed,
95 percent confidence intervals for ore and tailings were 1.91-2.65 and
5.15-11.47, respectively. A conservative ratio of four was used as the
cut-off value in discerning between a soil sample containing ore and
one containing tailings. Soil contaminated with ore is not required to
be cleaned up under the UMTRA Project.

Figure D.3.5 also indicates the off-pile areas contaminated below
0.5 foot. The average depth of contamination in the twelve areas drawn
ranges from one foot to 10.5 feet. The average depth of contamination
in each area identified in Figure D.3.5 was estimated by determining
the depth to the 5 pCi/g concentration at each measurement location and
averaging the depths. In most areas, the depth to the 5 pCi/g concen-
tration was six inches below the 15 pCi/g interface. Furthermore, it
was felt that if backfilling of an area would be required, this decision
was best made during the remedial action.

Note that the depths of contamination shown in Figure D.3.5 are
average depths. It is not intended that these entire areas be excavated
uniformly to this average depth. These average depths were used for
preliminary volume estimates only. The depth of contamination to the
5 and 15 pCi/g concentration at each measurement location is listed in
Table D.3.3 by location identification number. Plate 1 is a map showing
the relative position of each measurement location and the depth to the
5 pCi/g Ra-226 concentration. The actual depth of excavation at any
particular point must be determined by excavation control measurements
during remedial action.

Adjacent to the eastern and northern edge of the pile are the mill
yard, ore storage area, and Ann Lee Mine. The average depth of contam-
ination in this area is two feet and ranges from zero to five feet.
Refer to Plate 1 to determine the depth to the 5 pCi/g concentration at
a given measurement location.

East of the drainage canal is the leach pad and the protore stor-
age pile. The leach pad was an experimental facility used to process
low-grade protore extracted from the Section 27 mine. The pile east
and south of the leach pad is a stockpile of protore. The depth of
contamination in the 1.10-acre leach pad area is based on the average
of two borehole measurement locations. One hole had a total contami-
nated depth of 5.5 feet; the other hole indicated contamination to a
depth of 15.5 feet. The protore storage pile had an average depth of
5.5 feet. This pile is surrounded by 13.13 acres contaminated to an
average depth of 3.5 feet.

The topography of the protore storage pile is irregular. It
was estimated that ridges extending an average of 4.2 feet above the
local ground surface cover one-third of the pile area. Six boreholes
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were drilled on the pile at the same elevation as the local ground
surface. The average depth of contamination in these holes was 4.1
feet. Therefore, the average depth of contamination in this area was
estimated as:

1/3(4.1 feet + 4.2 feet) + 2/3(4.1 feet) = 5.5 feet.

The 13.13 acres surrounding the protore pile had depths of con-
tamination ranging from 1.5 feet to five feet. The actual depth to the
5 pCi/g concentration at each measurement location is shown on Plate 1.

It is important to note that the average depth of contamination in
the leach pad and protore storage area is based on the depth to the
5 pCi/g concentration. Since the average depth of contamination in
these areas is relatively large, backfilling may be necessary to provide
suitable drainage.

Figure D.3.6 shows contours of the depths to the 5 pCi/g concen-
tration. This surface was generated using the depths of contamination
listed in Table D.3.3. If a measurement location indicated a depth of
contamination of zero feet, but the location was within the 5 pCi/g
contamination boundary shown in Figure D.3.6, the excavation depth was
set to 0.5 foot. Note that the canal shown in Figure D.3.6 is probably
uniformly contaminated to five feet. The contours show four isolated
areas of deep contamination; however, this anomaly is the result of
only four measurement locations in the canal.

The final estimate of the volume of off-pile contamination is based
on excavation to the surface shown in Figure D.3.6. Note, however,
that 391 acres are contaminated to a depth of 0.5 foot. Since it is
anticipated that most of this area will be excavated by scrapers and
it may be difficult for scrapers to excavate only 0.5 foot, the volume
of contaminated material removed from these 391 acres to a depth of
0.5 foot was increased by 33 percent. A summary of the final off-pile
estimates of the volumes of contamination at Ambrosia Lake is presented
in Table D.3.4. Also included in the table are area-specific average
Ra-226 concentrations and total activities.

D.3.8 RADIONUCLIDE CONCENTRATIONS IN AIR SAMPLES

Airborne particles were collected by ORNL (Haywood et al.. 1980)
on asbestos fiber filters having a collection efficiency of greater
than 99 percent for particles of 0.3 mm or larger. Air was drawn
through the filters by a Staplex high-volume pump.

Three air samples were taken, each over a 90-minute period. The
samples were taken at locations along a line extending northeast of the
pile. The results are listed in Table D.3.5. Sample A-3HV was col-
lected about 500 feet south of the northeast corner of the pile right
at the pile edge, sample A-4HV was collected about 500 feet to the
northeast of A-3HV, and sample A-5HV was collected an additional 500
feet to the northeast of A-4HV. Concentrations of U-238, Ra-226, and
Pb-210 in air were one to several orders of magnitude lower than the
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maximum permissible concentrations (MPCa) for an unrestricted area
listed in 10 CFR Part 20. The concentration of Th-230 ranged from
90 to 850 fCi/m3, exceeding the 80 fCi/m3 standard. These values,
however, do not reflect annual average concentrations due to the
relatively short sampling period on a single day.

Continuous monthly air samples were collected 800 feet east and
downwind of the pile by the New Mexico Radiation Protection Bureau from
February 9, 1983, to April 15, 1985 (NMEID, 1986b). As can be seen in
Table 0.3.5, all NMEID average radionuclide concentrations were below
the MPCa standards for an unrestricted area. Average Th-230 concentra-
tions were 24 percent of the MPCa. However, these average air concen-
trations are expected to increase as a result of mechanical disruption
of the pile during stabilization. Therefore, appropriate measures
should be taken to ensure worker safety in view of potentially high
Th-230 air particulate concentrations.

D.3.9 BUILDING CONTAMINATION

Numerous buildings remained at the UNC mill site in 1985. The
Bendix radiological characterization report (BFEC, 1985b) indicates the
results of waist-level exposure rate surveys, alpha-radiation measure-
ments, and radon-daughter working levels made in the buildings during
February 1985. This report is on file in the DOE UMTRA Project Office,
Albuquerque, New Mexico.
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Table D.3.1 Background exposure rates and radionuclide concentrations
in surface soil near Ambrosia Lake, New Mexico

External
Sample exposure Nuclide concentration
desig- ratea (pCi/g)
nation Description of sample location (microR/hr) Ra-226 Th-232 U-238

NM10 Right-hand side of 1-40 100 yd 7.4 1.0 0.6 0.5
(91 m) off Route 66 SW corner

NMll W side of Route 53 - 9 miles 11 1.2 0.8 0.5
(14 km) S from 1-40

NM12 3 miles (2.4 km) E of San Mateo 16 0.7 0.9 0.4
in Cibola National Forest 1.5 miles
(2.4 km) on dirt road forking
to right and then to left at top
of ridge

NM13 2 miles (3.6 km) north of Gallup 9.2 1.1 1.3 0.6
on E side of US 666 at RR crossing

Average 11 1.0 0.9 0.5

aone meter above the ground.

Ref. Haywood et al., 1980.
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Table D.3.2 Concentration of Ra-226 in surface soil and sediment samples
at Ambrosia Lake

Sample Sample location Concentration of
description and description Ra-226 (pCi/g)

A200E Surface soil 183 m SE from 60
base of Tailings Pile (TP)

A400E Surface soil 366 m SE from 87
base of TP

A600E Surface soil 549 m SE from 18
base of TP

A800E Surface soil 732 m SE from 7.3
base of TP

A1OOOE Surface soil 914 m SE from 15
base of TP

A200N Surface soil 183 m NE from 180
base of TP

A400N Surfce soil 366 m NE from 160
base of TP

A600N Surface soil 549 m NE from 9.4
base of TP

A800N Surface soil 732 m NE from 57
base of TP

AlOOON Surface soil 914 m NE from 20
base of TP

A200W Surface soil 183 m NW from 21
base of TP

A400W Surface soil 366 m NW from 4.4
base of TP

A200S Surface soil 183 m SW from 30
base of TP

A400S Surface soil 366 m SW from 15
base of TP

A600S Surface soil 549 m SW from 6
base of TP
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Table D.3.2 Concentration of Ra-226 in surface soil and sediment samples
at Ambrosia Lake (Continued)

Sample Sample location Concentration of
description and description Ra-226 (pCi/g)

ABOOS Surface soil 732 m SW from 6.4
base of TP

ADW1 Surface sediment from dry wash 170
outside fence 183 m from NW
corner of TP

ADW2 Sediment from same location as 31
ADW1 but 15 cm below surface

ADW3 Surface sediment from dry wash 5.8
914 m NE of TP

ADW4 Sediment from same location as 1.5
ADW3 but 15 cm below surface

ADW5 Surface sediment from dry wash 110
274 m north of TP in north-south
wash

ADW6 Sediment from same point as ADW5 150
but 15 cm below surface

ADW7 Surface sediment from dry wash 54
50 m from SE corner of rectan-
gular pond NE of TP

ADW8 Sediment from same point as ADW7 7.0
but 15 cm below surface

ADW9 Surface sediment from head of dry 130
wash near NW corner of TP inside
fence

ADW10 Sediment from same point as ADW9 32
but 15 cm below surface.

ADWll Surface sediment from dry wash 100
10 m outside fence 200 m N from SW
corner

ADW12 Sediment from same point as ADWl1 7.9
but 15 cm below surface

ADW13 Surface sediment from dry wash near 300
SW corner 18 m outside fence
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Table .3.2 Concentration of Ra-226 in surface soil and sediment samples
at Ambrosia Lake (Concluded)

Sample Sample location Concentration of
description and description Ra-226 (pCi/g)

ADW14 Sediment from same point as ADW13 35
but 15 cm below surface

ADW15 Surface sediment from dry wash SE 62
of mill site

ADW16 Sediment from same point as AW15 9.1
but 15 cm below surface

ADW17 Surface sediment from dry wash 228 170
m from SE corner of TP, 37 m outside
fence in flat drain area

ADWl9 Surface sediment from dry wash about 62
550 m SW of TP 18 m N of road in
flat drain area

ADW20 Sediment from same point as ADWl9 3.8
but 15 cm below surface

AWS1 Water sediment from pond at N edge 200
of TP

AWS2 Water sediment in drainage from 78
mill site to NE side of TP

AWS3 Water sediment from hole under 200
fence at side TP across from
guard shack

AWS4 Water sediment from pond at E side 330
of TP inside fence

AWS5 Water sediment from NW side of 24
large rectangualr pond near NE
corner of TP

AWS6 Water sediment from ditch on NE 20
side of mill where pipeline crosses
ditch

Ref: Haywood et al., 1980.

D-26



Table D.3.3 Depths to 5 and 15 pCi/g interface at each measurement location

Location 15 pCi/g 5 pCi/g
1.D. North East depth (ft) depth (ft)

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

53135.000
53080.000
55000.000
54400.000
53600.000
53075.000
55600.000
53200.000
53073.500
55600.000
53200.000
53075.000
55400.000
56000.000
53077.000
56800.000
56400.000
56000.000
55600.000
55200.000
54800.000
54500.000
53200.000
55800.000
55400.000
55000.000
54600.000
54200.000
53800.000
53400.000
53085.000
56800.000
56400.000
56000.000
55600.000
55200.000
55000.000
54800.000
54400.000
54200.000
54000.000
53600.000
53200.000
56000.000
55800.000
55400.000
55200.000
55000.000

57600.000
58400.000
58800.000
58800.000
58800.000
59000.000
59200.000
59200.000
59600.000
60000.000
60000.000
60200.000
60300.000
60800.000
60800.000
61200.000
61200.000
61200.000
61200.000
61200.000
61200.000
61200.000
61200.000
61400.000
61400.000
61400.000
61400.000
61400.000
61400.000
61400.000
61400.000
61600.000
61600.000
61600.000
61600.000
61600.000
61600.000
61600.000
61600.000
61600.000
61600.000
61600.000
61600.000
61800.000
61806.000
61800.000
61800.000
61800.000

.500
.000
.000
.000
.500
.000
.500
.500
.000
.000
.000
.500
.000
.000
.500
.500
.500
.500
.000
.000
.500
.500
.000
.500
.500
.500
.500
.000
.500
.500
.500
.000
.000
.500
.500
.500
.500
.500
.000
.500
.000
.500
.000
.500
.500
.000
.000
.000

2.000
1.500
.500
.500

1.500
1.500
1.000

.500
1.000
2.000
1.000
1.500
3.000
2.000
1.500
1.000
.500

2.000
5.000
1.000
2.000
2.000
2.000
2.000
1.000
.500

1.000
3.500
3.000
.500

3.500
.500

1.500
3.000

.500
4.000
.500

1.000
.500

4.000
2.000
.500
2. 500
3.000

14.500
1.000
1.000
2.000

D-27



Table D.3.3 Depths to 5
(Continued)

and 15 pCi/g interface at each measurement location

Location 15 pCi/g 5 pCi/g
I.D. North East depth (ft) depth (ft)

158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

54800.000
54600.000
54200.000
53800.000
53400.000
55700.000
56400.000
56000.000
55200.000
54800.000
54573.500
54400.000
54000.000
53800.000
53600.000
53200.000
55696.000
56000.000
55400.000
55000.000
54500.000
54166.000
53800.000
53090.000
55800.000
54700.000
54500.000
53600.000
53400.000
53200.000
56000.000
55700.000
55200.000
54796.000
54393.500
53500.000
53300.000
54500.000
54300.000
53895.000
53800.000
53600.000
53400.000
53200.000
55400.000
55000.000
54800.000

61800.000
61800.000
61800.000
61800.000
61800.000
61900.000
62000.000
62000.000
62000.000
62000.000
62000.000
62000.000
62000.000
62000.000
62000.000
62000.000
62036.000
62200.000
62200.000
62200.000
62200.000
62207.500
62200.000
62200.000
62260.000
62300.000
62300.000
62300.000
62300.000
62300.000
62400.000
62400.000
62400.000
62375.000
62408.000
62400.000
62400.000
62500.000
62500.000
62500.000
62500.000
62500.000
62500.000
62500.000
62600.000
62600.000
62600.000

.500

.000

.000

.000

.500

.000

.500

.500

.000

.500

.500

.500

.500

.500

.500
.000
.500
.500
.500
.500
.000
.500
.500
.000
.500
.000
.000
.500
.500
.500
.500
.500
.500
.500
.000
.000
.500
.000
.000
.500
.500
.500
.500
.000
.000
.000
.000

1.000
2.000
.500

2.000
1.000
1.500
2.000
3.500
1.000
1.500
2.000
1.000
.500
.500
.500
.500

2.000
1.000
.500

2.000
1.500
1.000
1.000
1.500
.500

2.000
2.500
.500

1.000
.500
.500
.500
.500

1.500
3.500
1.000
.500

2.000
3.000
3.500
.500

2.000
1.000
.500
.500
.500

2.000
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Table D.3.3 Depths to 5
(Continued)

and 15 pCi/g interface at each measurement location

Location 15 pCi/g 5 pCi/g
I. D. North East depth (ft) depth (ft)

206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252

54600.000
54406.000
54200.000
54000.000
53700.000
53500.000
53300.000
54700.000
54300.000
54100.000
53900.000
53800.000
53600.000
53400.000
53200.000
56000.000
55600.000
55200.000
54991.500
54800.000
54599.000
54400.000
54200.000
54011.000
53900.000
53700.000
53500.000
53300.000
53090.000
54700.000
54500.000
54300.000
54100.000
53400.000
55400.000
55024.500
54800.000
54600.000
54395.000
54200.000
54000.000
53800.000
53600.000
53200.000
54500.000
54300.000
55200.000

62600.000
62600.000
62600.000
62600.000
62600.000
62600.000
62600.000
62700.000
62700.000
62700.000
62700.000
62700.000
62700.000
62700.000
62700.000
62800.000
62800.000
62800.000
62801.500
62800.000
62816.000
62800.000
62800.000
62792.500
62800.000
62800.000
62800.000
62800.000
62800.000
62900.000
62900.000
62900.000
62900.000
62900.000
63000.000
62971.500
63000.000
63000. 00
63000.000
63000.000
63000.000
63000.000
63000.000
63000.000
63100.000
63100.000
63200.000

.000

.000

.000

.500

.500

.500

.500

.000

.500

.000

.000

.500

.000

.500

.000

.500

.000

.500

.000

.000

.500

.500

.500

.000

.500

.000

.500

.500

.500

.500

.000

.500

.500

.500

.500
.500
.500
.000
.000
.000
.000
.500
.500
.500
.000
.000
.500

1.500
.500

1.000
2.000
2.000
1.000

.500
1.000
2.000
2.000
1.000

.500
1.000
1.000
.500
.500
.500
.500

2.500
1.000
3.000
2.000

.500
1.000
1.500
1.500
1.000

.500
1.500

.500
2.000
1.000
1.000

.500

.500
5.000
1.000
2.000
2.000

.500

.500
2.500

.500

.500

.500
1.000

.500
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Table D.3.3 Depths to 5 and 15 pCi/g interface at each measurement location
(Continued)

Location 15 pCi/g 5 pCi/g
I.D. North East depth (ft) depth (ft)

253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299

55000.000
54800.000
54600.000
54400.000
54200.000
54000.000
53800.000
53600.000
53400.000
55400.000
55000.000
54800.000
54400.000
54000.000
53600.000
53200.000
55100.000
55600.000
55400.000
55194.500
54780.000
54600.000
54200.000
53800.000
53400.000
53090.000
54900.000
55420.000
55000.000
54800.000
54600.000
54000.000
53600.000
53200.000
54800.000
54125.000
54085.000
54000.000
53800.000
53400.000
54100.000
53095.000
54100.000
53900.000
54200.000
54000.000
53363.000

63193.000
63200.000
63200.000
63200.000
63200.000
63200.000
63200.000
63200.000
63200.000
63400.000
63400.000
63400.000
63400.000
63400.000
63400.000
63400.000
63500.000
63600.000
63600.000
63394.500
63600.000
63600.000
63600.000
63600.000
63600.000
63600.000
63700.000
63800.500
63800.000
63800.000
63800.000
63800.000
63800.000
63800.000
64000.000
64000.000
64000.000
64200.000
64200.000
64200.000
64300.000
64400.000
64465.000
64400.000
64600.000
64600.000
64546.500

.500

.000

.500

.000

.000

.500

.500

.000

.000

.500

.500

.500

.500

.500

.000

.500

.000

.000

.000
.000
.000
.500
.500
.500
.500
.500
.500
.000
.000
.000
.000
.000
.500
.500
.000
.500
.500
.500
.000
.500
.000
.500
.500
.000
.000
.500
.000

1.000
.500
.500

3.000
.500
.500

1.000
.500
.500

1.000
1.500
3.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500
1.500
.500
.500
.500
.500
.500
.500

1.000
.500
.500

5.500
.500
.500
.500
.500
.500

1.500
15.500
3.000
.500

5.500
6.000
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Table D.3.3 Depths to 5
(Continued)

and 15 pCi/g interface at each measurement location

Location 15 pCi/g 5 pCi/g
I.D. North East depth (ft) depth (ft)

300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
334
335
337
338
400
401
402
403
404
405
406
407
408
409
410

54000.000
53793.000
54000.000
53800.000
53600.000
53400.000
53070.000
53900.000
53500.000
54200.000
53700.000
52460.000
53900.000
53500.000
54000.000
53800.000
51672.000
51041.500
50009.500
50166.000
51023.500
50720.000
56400.000
55600.000
53900.000
53700.000
53700.000
53600.000
53600.000
53600.000
53400.000
52800.000
53200.000
56400.000
53000.000
55601.500
47800.000
49500.000
49561.000
49575.000
49700.000
49800.000
49954.000
50022.000
50293.000
50400.000
50400.000

64800.000
64800.000
65000.000
65000.000
65000.000
65000.000
65000.000
65100.000
65100.000
65200.000
65200.000
65200.000
65300.000
65300.000
65400.000
65400.000
65729.000
66057.500
66428.500
66262.000
65989.500
67025.000
63345.000
64800.000
65200.000
65100.000
65300.000
65100.000
65200.000
65300.000
65200.000
61600.000
60400.000
60800.000
66000.000
61804.000
58000.000
58800.000
59285.000
59309.000
60800.000
63600.000
62585.000
59068.000
62952.000
60000.000
62800.000

.000

.500

.000

.000

.000

.500

.500

.000

.000

.000

.000

.000

.500

.500

.500

.500
.500
.000
.500
.000
.500
.500
.000
.000
.000
.000
.000
.500
.000
.000
.500
.500
.000
.000
.500
.500
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

2.500
1.500
4.500
4.500
5.000
5.000
3.000
5.000
2.500
5.000
3.000
6.000
2.500
3.000
2.500
2.500
1.500
.500

1.500
2.500
.500
.500
.500
.500

5.000
5.000
7.000
2.000
3.000
3.000
2.500
5.000
2.000
3.500
7.000

11. 500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
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Table D.3.3 Depths to 5 and 15 pCi/g interface at
(Continued)

each measurement location

Location 15 pCi/g 5 pCi/g
I.D. North East depth (ft) depth (ft)

411
412
413
414
415
416
417
418
419 
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457

50447.000
50467.000
50636.000
50917.000
50984.000
51324.000
51367.000
51600.000
51600.000
51600.000
51600.000
51600.000
51669.000
51819.000
51926.000
51995.000
52000.000
52000.000
52000.000
52000.000
52000.000
52000.000
52126.000
52270.000
52329.000
52383.000
52400.000
52400.000
52400.000
52400.000
52400.000
52400.000
52400.000
52400.000
52400.000
52423.000
52602.000
52624.000
52697.000
52717.000
52800.000
52800.000
52800.000
52800.000
52800.000
52800.000
52800.000

62694.000
58826.000
63332.000
58583.000
63714.000
64085.000
58340.000
58000.000
58400.000
59200.000
60000.000
60800.000
64464.000
58097.000
63018.000
64828.000
58000.000
58800.000
59600.000
60400.000
62800.000
63600.000
64966.000
57854.000
65188.000
65255.000
57600.000
58400.000
59200.000
60000.000
60800.000
61600.000
62400.000
63200.000
64000.000
63127.000
65484.000
63172.000
65589.000
57614.000
58000.000
58400.000
58800.000
59200.000
59600.000
60000.000
60400.000

.000

.000

.000

.000

.000

.000

.000

.500

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.500

.000

.000

.500

.000

.000

.000

.000

.000

.500

.500

.000

.000

.000

.000

.000

.000

.500

.000

.000

.000

.000

.000

.000

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500
2.000
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500

1.500
.500
.500
.500
.500

1.000
.500

1.000
.500
.500
.500
.500
.500
.500
.500
.500
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Table D.3.3 Depths to 5
(Continued)

and 15 pCi/g interface at each measurement location

Location 15 pCi/g 5 Ci/g
I.D. North East depth (ft) depth (ft)

458
459
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
487
488
489
490
491
492
493
494
495
496
497
498
499
501
502
503
504
505
506
507

52800.000
52800.000
52800.000
52800.000
52800.000
52800.000
52800.000
52800.000
52825.000
52897.000
52939.000
52987.000
53000.000
53000.000
53000.000
53000.000
53000.000
53000.000
53000.000
53000.000
53000.000
53000.000
53000.000
53000.000
53000.000
53000.000
53000.000
53029.000
53075.000
53150.000
53163.000
53200.000
53200.000
53200.000
53200.000
53200.000
53200.000
53200.000
53200.000
53200.000
53200.000
53200.000
53200.000
53200.000
53200.000
53200.000
53200.000

60800.000
61200.000
62000.000
62400.000
62800.000
63200.000
63600.000
64000.000
63216.000
57515.000
65876.000
57468.000
58600.000
59000.000
59400.000
59800. 000
60200.000
60600.000
61000.000
61400.000
62000.000
62600.000
63000.000
63400.000
63800.000
64400.000
64800.000
63261.000
57420.000
61945.000
57373.000
57600.000
58400.000
58600.000
58800.000
59000.000
59400.000
59600.000
59800.000
60200.000
60600.000
60800.000
61000.000
61400.000
61800.000
64800.000
65000.000

.000

.000

.500

.000

.000

.000

.000

.000

.500

.500

.000

.500

.500

.000
.000
.500
.500
.500

>2.000
.500
.500
.000
.000
.000
.000
.000

>2.000
.000
.500
.500
.500
.000
.500
.000
.500
.000
.500
.500
.500
.000
.500
.500
.500
.000
.500
.000

>2.000

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500
1.000
.500
.500
.500
.500
.500
.500
.500

>2.000
1.500
.500
.500
.500
.500
.500
.500

>2.000
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500

1.000
1.500
.500
.500

1.500
1.000
.500

1.500
>2.000
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Table D.3.3 Depths to 5
(Continued)

and 15 pCi/g interface at each measurement location

Location 15 pCi/g 5 pCi/g
I.D. North East depth (ft) depth (ft)

508
509
510
511
512
513
514
515
516
.517 -
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554

53200.000
53200.000
53229.000
53252.000
53277.000
53338.000
53400.000
53400.000
53400.000
53400.000
53400.000
53400.000
53400.000
53400.000
53407.000
53500.000
53500.000
53519.000
53600.000
53600.000
53600.000
53600.000
53600.000
53600.000
53600.000
53624.000
53629.000
53701.000
53720.000
53800.000
53800.000
53800.000
53800.000
53800.000
53825.000
53900.000
53986.000
54000.000
54000.000
54000.000
54000.000
54000.000
54000.000
54000.000
54000.000
54000.000
54000.000

65200.000
65400.000
63305.000
57326.000
66219.000
57278.000
58600.000
58800.000
64000.000
64400.000
64600.000
64800.000
65100.000
65600.000
63346.000
65200.000
65400.000
57182.000
58000.000
58400.000
61400.000
64000.000
64400.000
64600.000
64800.000
63391.000
66596.000
57084.000
65000.000
58600.000
58800.000
64000.000
64400.000
64600.000
63434.000
65050.000
66996.000
57600.000
58400.000
58800.000
61400.000
64000.000
64400.000
65100.000
65200.000
65300.000
65600.000

.000

.500

.500

.000

.000

.500

.000

.500

.000
>2.000

.000
>2.000
>2.000

.500
.000

>2.000
>2.000

.000
.000
.000

>2.000
.500
.500
.500

>2.000
.000
.000
.000

>2.000
.500
.500
.500

>2.000
>2.000

.500
>2.000

.000

.-000

.000

.500
>2.000

.000

.500
>2.000
>2.000
>2.000
>2.000

1.500
.500
.500
.500
.500
.500
.500

1.000
.500

>2.000
1.500

>2.000
>2.000

.500

.500
>2.000
>2.000

.500

.500

.500
>2.000

.500
1.000
1.000

>2.000
.500

1.000
.500

>2.000
.500
.500
.500

>2.000
>2.000

.500
>2.000

.500

.500

.500

.500
>2.000

.500

.500
>2.000
>2.000
>2.000
>2.000
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Table D.3.3 Depths to 5 and 15 pCi/g interface at each measurement location
(Continued)

Location 15 pCi/g 5 pCi/g
I.D. North East depth (ft) depth (ft)

555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601

54010.000
54019.000
54031.000
54062.000
54141.000
54200.000
54200.000
54200.000
54200.000
54200.000
54200.000
54200.000
54200.000
54200.000
54229.000
54391.000
54400.000
544^ M0.000
54 30.000
5' u.000
541 '00. 000
54400.000
54400.000
54400.000
54400.000
54430.000
54507.000
54600.000
54600.000
54600.000
54600.000
54600.000
54600.000
54630.000
54723.000
54800.000
54800.000
54800.000
54800.000
54800.000
54834.000
54995.000
55000.000
55000.000
55027.000
55200.000
55200.000

62200.000
62200.000
63478.000
56891.000
67163.000
58600.000
58800.000
64200.000
64400.000
64465.000
64800.000
65000.000
65400.000
65600.000
63521.000
67447.000
58000.000
58400.000
61400.000
63600.000
64000.000
64200.000
64400.000
65200.000
65400.000
63564.000
56653.000
58600.000
58800.000
61200.000
63400.000
64000.000
64800.000
63608.000
67816.000
57600.000
58400.000
58800.000
64400.000
65600.000
63652.000
68122.000
58600.000
61200.000
63692.000
58000.000
58400.000

.500

.500

.000

.000

.000

.000

.500

.000
>2.000

.500

.500

.000

.500

.500

.000

.500

.000

.000

.000

.500

.000

.000

.000

.500

.000

.500

.000

.500

.500

.000

.500

.500

.000

.000

.500

.000

.000

.500

.000

.000

.000

.000
.000

>2.000
.000
.000
.000

.500

.500

.500

.500
1.000
.500
.500
.500

>2.000
.500
.500
.500

1.500
1.000
.500
.500
.500
.500

3.000
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500

1.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500

>2.000
.500
.500
.500
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Table D.3.3 Depths to 5 and 15 pCi/g interface at
(Continued)

each measurement location

Location 15 pCi/g 5 pCi/g
I.D. North East depth (ft) depth (ft)

602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648

55200.000
55200.000
55200.000
55200.000
55200.000
55225.000
55250.000
55321.000
55400.000
55400.000
55400.000
55423.000
55515.000
55570.000
55571.000
55600.000
55600.000
55600.000
55600.000
55600.000
55600.000
55600.000
55600.000
55600.000
55600.000
55600.000
55600.000
55600.000
55656.000
55723.000
55800.000
55800.000
55800.000
55800.000
55800.000
55800.000
55800.000
55800.000
55800.000
55800.000
55800.000
55925.000
55982.000
56000.000
56000.000
56000.000
56000.000

58800.000
64000.000
64400.000
64800.000
66000.000
63734.000
66125.000
68482.000
58600.000
58800.000
61200.000
63778.000
62342.000
61783.000
61778.000
57600.000
58400.000
58600.000
58800.000
59000.000
59400.000
59600.000
59800.000
60200.000
63200.000
64000.000
64400.000
65200.000
68849.000
61764.000
58600.000
58800.000
59000.000
59400.000
59800.000
60200.000
60400.000
60600.000
60800.000
61000.000
61200.000
63887.000
69209.000
58000.000
58400.000
58800.000
59200.000

.500

.000

.000

.000

.000

.000

.500

.000

.000

.000
>2.000

.000

.500

.500

.500

.000

.000

.000

.000

.500

.000

.500

.000

.500
.000
.000
.000
.000
.000
.500
.000
.000
.000
.500
.000
.500
.500
.500
.500
.000
.000
.000
.000
.000
.000
.000
.500

.500

.500

.500

.500
1.000
.500
.500
.500
.500
.500

>2.000
.500
.500
.500

3.000
.500
.500
.500
.500
.500

1.000
.500

1.000
3.000
.500
.500
.500
.500
.500

1.500
.500
.500
.500
.500

1.000
1.000
2.000
1.000
1.000
3.000
.500
.500
.500
.500
.500
.500
.500
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Table D.3.3 Depths to 5 and 15 pCi/g interface at each measurement location
(Continued)

Location 15 pCi/g 5 pCi/g
I.D. North East depth (ft) depth (ft)

649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696

56000.000
56000.000
56000.000
56000.000
56000.000
56000.000
56000.000
56000.000
56000.000
56000.000
56200.000
56200.000
56200.000
56200.000
56200.000
56200.000
56250.000
56400.000
56400.000
56400.000
56400.000
56400.000
56400.000
56400.000
56400.000
56400.000
56400.000
56400.000
56400.000
56400.000
56433.000
56500.000
56570.000
56600.000
56617.000
56630.000
56653.000
56800.000
56800.000
56800.000
56800.000
56800.000
56800.000
56800.000
56800.000
56800.000
56800.000

59600.000
60000.000
60400.000
60600.000
61000.000
63200. 000
63600.000
64000.000
64400.000
65600.000
59000.000
59400.000
59800.000
60200.000
60600.000
61000.000
61175.000
8400.000
59200.000
59600.000
60000.000
60400.000
61000.000
62400.000
62800.000
63200.000
63600.000
64000.000
648007000
66000.000
63996.000
58000.000
63386.000
58000.000
63530.000
63258.000
63342.000
58800.000
59600.000
60000.000
60400.000
60800.000
62000.000
62400.000
62800.000
63200.000
63600.000

.500

.500

.000

.500

.500

.500
.000
.000
.000
.000
.000
.000
.500
.500
.500
.500
.500
.000
.000
.500
.500
.000
.500
.000
.500
.000
.000
.000
.000
.000
.000
.000
.500
.000
.000
.500
.500
.000
.000
.000
.500
.500
.000
.500
.000
.000
.000

.500

.500

.500
2. 000
1.000
.500
.500

1.000
.500
.500
.500
.500
.500
.500
.500

1.500
.500
.500
.500

3.000
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500

1.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500
.500

D-37



Table D.3.3 Depths to 5 and 15 pCi/g interface at each measurement location
(Continued)

Location 15 pCi/g 5 pCi/g
I.D. North - East depth (ft) depth (ft)

697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743

56800.000
56800.000
56809.000
56900.000
56906.000
56936.000
57000.000
57200.000
57200.000
57200.000
57200.000
57200.000
57200.000
57200.000
57200.000
57200.000
57301.000
57438.000
57600.000
57600.000
57600.000
57600.000
57600.000
57600.000
57600.000
57797.000
57900.000
57941.000
58000.000
58000.000
58000.000
58000.000
58000.000
58289.000
58300.000
58400.000
58500.000
58600.000
58757.000
58900.000
59000.000
59000.000
59100.000
59300.000
59300.000
59400.000
59400.000

64400.000
65200.000
61401.000
58400.000
61424.000
64102.000
58400.000
59200.000
60000.000
60800.000
61600.000
62400.000
63200.000
64000.000
64800.000
65600. 000
61497.000
64210.000
59600.000
60400.000
61200.000
62000.000
62800.000
63600.000
65200.000
61588.000
59200.000
64318.000
60000.000
60800.000
61600.000
62400.000
63200.000
61679.000
64800.000
64800.000
59200.000
59200.000
61762.000
62400.000
62400.000
63200.000
63200.000
60000.000
61600.000
60000.000
61600.000

.000

.000

.000

.000

.500

.500
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.500
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500

.500
.500
.500
.500
.500
.500
.500
.500
.500
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Table D.3.3 Depths to 5
(Concluded)

and 15 pCi/g interface at each measurement location

Location 15 pCi/g 5 pCi/g
I.D. North East depth (ft) depth (ft)

744 59400.000 64000.000 .000 .500
745 59500.000 64000.000 .000 .500
746 60800.000 60800.000 .000 .500
747 60900.000 60800.000 .000 .500
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Table D3.4 Summary of the off-pile volumes of contamination

Volume Ra-226 No. of Activity
Description (cy) (pCi/g) measurements (Ci)

Mill yard, ore storage,
Ann Lee mine 277.111 57.3 537 19.5

Protore storage pile area
and leach pad area 151,481 74.9 348 13.9

Windblown 560,270 30.5 473 21.2

Excess excavation 104,179 4 .0a -- 0.51

Total 1,100,000 40.8 1358 55.1

aEstimated.
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Table D.3.5 Concentration of airborne particulate radionuclide activity
at the Ambrosia Lake site

Radionuclide concentration (fCi/m3)a

Sample Date Ra-226 Pb-210 Th-230 U-238

A-3HV 7-14-76 700 + 28 660 + 190 850 + 28 100 + 12

A-4HV 7-14-76 140 + 7.1 190 + 71 150 + 6.1 45 + 4.2

A-5HV 7-14-76 82 + 5.7 140 + 71 90 + 4.7 25 + 2.8

NMEID 2/83 - 4/85 23 + 8 41 + 6 19 + 5 2.9 + 0.5
(26) (25) (25) (25)

MPCb 2000 4000 80 3000

aIndicated errors associated with these concentrations are two sigma counting
errors for A-3HV, A-4HV, and A-5HY. Average NMEID air concentrations are
shown with associated standard errors and number of samples (n).

bMaximum permissible concentrations in air for unrestricted areas from
10 CFR Part 20, Appendix B. Table 2, Column 1. Limiting concentrations for
the given radionuclides are for the soluble state excepting Ra-226 which is
for the insoluble state.

Refs. Haywood et al., 1980; NMEID, 1986b.
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D.4 GEOLOGY, GEOMORPHOLOGY, AND SEISMICITY

D.4.1 INTRODUCTION

D.4.1.1 General statement

The Ambrosia Lake, New Mexico, designated site is near
the southeastern margin of the Colorado Plateau physiographic
province at 350 24' 30" north Latitude and 1070 47' 55" west
Longitude (see Figure D.2.1). The existing 106-acre pile
is roughly square in plan view, and overlies a low-gradient
alluvial slope which forms the northern side of the northwest-
trending Ambrosia Lake valley.

The following report provides a thorough characterization
of the regional geologic setting and correlates this informa-
tion to the geologic aspects of the designated site. In con-
Junction with the geotechnical and hydrological investigative
efforts, the study provides an understanding of the natural
framework which governs many aspects of the encapsulation
design.

The perspective of the following characterization is broad
and complete, elaborating on the regional and site-specific
geologic characteristics of structural and seismotectonic
setting, lithology and stratigraphy, geomorphology, economic
geology, and seismicity. Regional geologic character is
defined through a combination of remote sensing and field
investigative techniques and the review of an extensive, pre-
existing data base. The local geologic setting is further
delineated through the analysis of data obtained from subsur-
face drilling programs conducted in support of UMTRA Project
geotechnical and hydrological characterization efforts. A
discussion of the geologic hazards identified as significant
to final pile design is presented in Section D.4.5.

Pursuant to the objective design life of 200 to 1000
years established by the EPA, geological processes which
present the greatest risk to long-term stability are evaluated
in the following discussions. For the Ambrosia Lake study,
geomorphic processes, seismic hazard, and the presence of
potentially marketable ore reserves and subsurface mine
workings were identified as areas of special concern. The
geomorphic hazards of wind erosion, potential changes in the
position of drainage channels, slope erosion, and subsidence
over mine workings are important to the remedial action design.
Current geomorphic conditions and the impact of geomorphic pro-
cesses on the long-term stability of the stabilized embankment
are addressed.

An assessment of the seismic potential of the immediate
and surrounding seismotectonic provinces was performed;
recommendation for the earthquake engineering parameters of
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design earthquake and design acceleration applicable to the
site are given. Subsequent determinations of site-specific
slope stability and liquefaction potential based, in part, on
the earthquake design parameters are addressed in Sections 8.3
and B.4 of Appendix B Engineering Design. Phenomenon includ-
ing on-site fault rupture, earthquake-induced landsliding, and
potential volcanic activity were examined. Where specific
geologic hazards were identified which could jeopardize
protracted embankment integrity, preventive measures are
recommended.

D.4.1.2 Criteria and definitions

Legislation controlling remedial action at UTRA Project
sites states, in part, that:

"The objective of tailings control and stabilization
efforts are to prevent their misuse by man, to reduce
radon emissions (and gamma radiation exposures), and to
avoid the contamination of land and water by preventing
erosion by natural processes. The long-term integrity of
control is particularly important. This is affected by
the potential for disruption by man; by the probability
of occurrence of such natural phenomena as earthquakes,
floods, windstorms. and glaciers; and by chemical and
mechanical processes in the piles" (40 CFR Part 192,
Section II (8)(1)).

With respect to ensuring pile integrity against earth-
quakes. it is imperative that governmental agencies reviewing
and licensing UMTRA Project sites concur with the definitions
and methods used to derive earthquake design parameters. The
definitions discussed below are appropriate to the study
herein described:

o Design life. As specified by the EPA promulgated
standards for remedial actions at inactive uranium
processing sites (40 CFR Part 192), the controls
implemented at the UMTRA Project sites are to be
effective for up to 1000 years, to the extent reason-
ably achievable, and, in any case, for at least 200
years. In the case of assessing seismic hazards, the
criteria established and the methodologies applied
seek to ensure that the reclaimed wastes will not be
damaged by earthquake ground motions or related ground
rupture for up to 1000 years.

o Floating earthquake. A floating earthquake (FE) is an
earthquake within a specific seismotectonic province
which is not associated with a known tectonic struc-
ture. Before assigning the maximum FE magnitude,
the earthquake history and tectonic character of the
province are analyzed.
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o Design earthquake. For an UMTRA Project site, the
magnitude of the earthquake which produces the largest
on-site peak horizontal acceleration and which produces
the most severe effects upon the site will be the
magnitude of the design earthquake. This earthquake
could be an FE or an earthquake whose magnitude is
derived from a relationship between fault rupture
and/or fault length and maximum magnitude, or both.

o Capable fault. A capable fault is a fault which has
exhibited one or more of the following characteristics:

- Movement at or near the ground surface at least
once within the past 35,000 years or movement of a
recurring nature within the past 500,000 years.

- Macroseismicity instrumentally determined with
records of sufficient precision to demonstrate a
direct relationship with the fault.

- A structural relationship to a capable fault such
that movement on one fault could be reasonably
expected to cause movement on the other.

This definition is essentially the one adopted by the
NRC for the siting of nuclear power plants (10 CFR
Part 100. Appendix A, 1975).

o Acceleration. Within the context of the UMTRA Project
studies, acceleration s defined as the mean of the
peaks of the two horizontal components of an accel-
erograph record. The exact term used is "peak hori-
zontal acceleration." The design accelerations are
determined from the constrained attenuation relation-
ship based on distance and magnitude developed by
Campbell (1981). The mean-plus-one standard deviation
(84th percentile) values are adopted. The design
acceleration value is considered a nonamplified.
free-field, peak horizontal acceleration.

o Magnitude and intensity. Magnitude was originally
defined by C. F. Richter as the base-10 logarithm
of amplitude of the largest deflection observed on
a torsion seismograph 60 miles (100 km) from the
epicenter. This local magnitude value may not be the
same as the body-wave and surface-wave magnitudes
derived from measurements made at teleseismic dis-
tances. Unless specified otherwise, Richter magnitude
values will be used n the UMTRA Project seismic
hazard evaluations.

Intensity is the index of the effects of an
earthquake on the human population and man-made struc-
tures. The most commonly applied scale is the 1931
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Modified Mercalli (MM) Intensity Scale which will be
used in the UMTRA Project studies.

Because pre-instrumental earthquake records are
reported in intensity and more recent instrumental
records are in magnitude, there may be a need to
relate these values. Several equations have been
proposed. Unless otherwise specified, the relation-
ship developed by Gutenberg and Richter (1956) will be
applied. This equation is as follows:

M = 1 + 2/3 Io

where

M = Magnitude on the Richter Scale.
10 = Modified Mercalli (MM) intensity in the

epicenter area.

Schumm and Chorley (1983) published a monograph concerning
the long-term geomorphic stability of nuclear waste storage
sites. The document outlines the fundamental processes con-
trolling landform development and the response of landforms to
change in environmental and tectonic conditions, and identifies
several specific geomorphic hazards to be considered in the
long-term siting process. Geomorphic hazard investigative
procedures suggested by Schumm and Chorley (1983) include
analysis of regional and local geologic and geomorphic data,
airphoto coverage and mapping, and detailed on-site reconnais-
sance. Nelson et al. (1983) present a handbook approach to
specific methods for site assessment, engineering procedures
for mitigation, and confidence levels for hazard predictions
over periods of 200, 500, and 1000 years. The methodologies
and criteria presented in these publications are used as
guides for the geomorphological investigations of the UMTRA
Project sites.

D.4.1.3 Investigative approach

Conmilation and analysis of previous geologic work

Preceding the fieldwork conducted in support of this
investigation, literature concerning the tectonic, geomorphic,
lithologic, seismologic, stratigraphic, geophysical, mineral
resource, and soils aspects of the Ambrosia Lake region was
identified through a GeoRef data search (UMTRAP, 1985a).
Copies of the data search are available, upon request, from
the TAC Albuquerque office. Geologic map coverage for an area
surrounding the tailings pile out to 120 miles (200 km) was
acquired and reviewed. The scale of published geologic
mapping in the region ranged from 1:24,000 to 1:500,000.
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A search was conducted for all unpublished geologic
reports, studies, drillhole logs, and maps that would aid in
the geologic characterization of the site region. Four
Federally sponsored geologic studies produced for major man-
made structures in the southeastern Colorado Plateau were
evaluated, as well as several private reports completed for
area mining firms. In addition, published and unpublished TAC
UMTRA Project summary reports were integrated into the review
process.

Analysis was performed in the Albuquerque TAC office.
All literature reviewed is on file in the Albuquerque UMTRA
Project Document Control Center and Sergent, Hauskins, &
Beckwith, Phoenix, library and listed in the References and
Map References section which concludes this report.

An extensive amount of information concerning the mineral
resource, stratigraphic, sedimentological, lithologic, and geo-
physical aspects of the study region is available. Similarly,
much data exist concerning the tectonic, seismologic, and
geomorphic character of the region, though these studies apply
to small, localized areas in the study region. Application of
their conclusions to Ambrosia Lake site characterization was
done in a conservatively selective manner.

Ambrosia Lake site-specific geomorphic, seismologic, and
soils information is limited. Geomorphic studies completed
for specific localities within the study region were reviewed.
Extrapolation of their results was used, where applicable, in
the characterization of the Ambrosia Lake site vicinity. The
seismology of the structural transition zone in which the site
is located is not well understood. Personal conversations
with Los Alamos Scientific Laboratory researchers (Baldridge,
1985; Cash, 1985) provided valuable insight into the possible
neotectonic character of the study area. Assistance was
afforded to TAC team members in the soil characterization area
by the staff of the Soil Conservation Service field offices in
Grants, New Mexico.

Site-sDecific UMTRA ProJect geologic data

Data gathered during UMTRA Project hydrological and
geotechnical studies of the Ambrosia Lake site aided in the
definition of the local geologic setting. The engineering and
physical properties of the tailings and foundation soils were
determined from the laboratory test results of 138 piezocone
tests and 15 auger-drilled boreholes (UMTRAP, 1985b). Piezo-
cone data provided a high-resolution perspective of the mate-
rials present within and beneath the pile to a maximum depth
of 60 feet. Continuous sampling during auger hole drilling
provided control to a depth of 70 feet for piezocone correla-
tion. A detailed evaluation of pile and near-surface subpile
stratigraphy is found in Sections D.5 and D.7. Groundwater
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monitor wells were drilled to depths ranging from 12 feet to
265 feet. Primarily intended to aid in the definition of
subpile hydrostratigraphy and delineation of contaminant
migration pathways, several of the wells provided stratigra-
phic control into the Cretaceous Dakota Sandstone (UNTRAP,
1985c). Section D.8 contains an evaluation of site-specific
geohydrologic data. Geologic information from the hydrological
and geotechnical work is integrated into Section D.4.2.3 of
this appendix.

Earthquake data compilation

Micro- and macroseismic data were obtained for the area
within a 200-mile (320-km) radius of the Ambrosia Lake site.
The primary sources of instrumental data were:

o The NOAA-NGDC Earthquake Data File (NOAA, 1985;
Addendum B2).

o Quarterly Earthquake Catalogs published by the Los
Alamos Scientific Laboratory for the north-central New
Mexico LASL seismic net (LASL, 1984; Addendum B2).

Historical records of earthquake intensity for events
predating the regional period of instrumentation, along with
literature discussing such events, were acquired and evaluated.

Where possible, regional studies such as Kirkham and
Rogers (1981) were used as references for values such as the
provincial Maximum Credible Earthquake (MCE), largest histori-
cal earthquake, and for information on regional earthquake
history and distribution of potentially capable faults. For
bounding seismotectonic provinces where such information is
limited or non-existent, previous TAC seismic hazard studies
provided this information. Available studies of the tectonic
setting, structure, seismicity, and earthquake history of
provinces bordering and including the Colorado Plateau were
reviewed and are on file in the TAC Albuquerque office.
Included in the evaluation were unpublished seismic hazard
reports completed for uranium processing mills in the immediate
vicinity of the Ambrosia Lake site.

Photogeologic interpretation of existing remote sensing imagery

Regional structural and physiographic features were
examined on a 1:250,000-scale color NASA ERTS photograph,
number E5181-16512, flight 037-035, taken in October, 1975.
Detailed examination and interpretation of smaller-scale
structures and lineaments was accomplished through evaluation
of numerous flights of 1:24,000-scale (approximate), good
quality, black-and-white stereopair imagery taken during 1981
and 1982. Complete coverage of an area slightly exceeding
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40 miles (65 km) in all directions from the processing site
was analyzed by the TAC in the Grants, Gallup, and Crownpoint
offices of the U.S. Soil Conservation Service during August,
1985. Features identified using a Fairchild F-71 Magnifying
Stereoscope were transferred primarily to 1:250,000-scale
topographic maps in areas > nine miles (15 km) from the
tailings pile. Critical structures were transposed onto
1:100,000-scale topographic base maps, and all structures
closer than nine miles (15 km) to the site were plotted
on 1:24,000-scale topographic maps. Based on subsequent field
observations of structures identified during airphoto
analysis, the limit of perception associated with the 24" x
24" stereophotos was one to two vertical feet. Relief
differences smaller than this were observable on some photos
because of shading from near low-sun-angle conditions present
during several of the photographic missions.

Stereo aerial photographs taken in 1935 (black-and-white,
scale 1:31.680), 1956 (black-and-white, scale 1:28,000), and
1983 (color, scale 1:24,000) were used to determine changes in
stream channel locations and to estimate stream erosion rates.
TAC geologists evaluated near site stereopairs between June 24
and June 28, 1985, for indications of past and present geo-
morphic processes. Features delineated on the 1:24,000-scale
photos were transferred to 1:24,000-scale USGS topographic
base maps.

Low-sun-angle aerial reconnaissance

As an essential element of the first phase of the TAC
seismic hazard study, low-sun-angle (LSA) reconnaissance
flights were conducted to:

o Examine and evaluate mapped faults for geomorphic
indications of Quaternary activity.

o Search the site region for geomorphic evidence of
unmapped Quaternary fault activity.

o Evaluate regional and local landforms for evidence of
active geomorphic processes.

Slemmons (1969, 1977), Clark (1971), Cluff and Slemmons
(1972), and Glass and Slemmons (1978) have discussed the
rationale and methodology of low-sun-angle (LSA) observation.
According to Glass and Slemmons (1978), oversteepened land
surfaces (fault scarps) serve as definitive evidence of active
faulting. Further, the authors contend that the most effec-
tive method of detecting and delineating such structures is
through aerial reconnaissance performed and/or imagery acquired
during low-irradiation sun angles to produce shadowing or
highlighting on fault scarps. Slemmons (1977) indicates
that LSA methods can greatly aid in delineating very subtle
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geomorphic features associated with fault displacement. The
degradation of fault scarps has been shown by Wallace (1977)
and Bucknam and Anderson (1979) to occur as a result of mass-
wasting and erosional processes over a period of several
thousand to a few million years in the climate of the Basin
and Range of the western United States. Although the site
region is within the Colorado Plateau, where erosional pro-
cesses may work somewhat faster than in the arid Basin and
Range. it is reasonable to assume that any faulting of Late
Quaternary age would still exhibit scarps that are detectable
using LSA methods of observation.

For the Ambrosia Lake study region, an area of generally
moderate relief, the authors indicate that LSA reconnaissance
is best accomplished with the sun ranging from 100 to 25 in
elevation above the horizon. This condition occurs during two
2.5-hour intervals beginning roughly 0.5 hour after sunrise or
ending 0.5 hour before sunset. These guidelines were followed
during this evaluation.

A multifaceted approach relative to the time of day,
season, and number of observers is recommended by Glass
and Slemmons (1978). The use of both morning and afternoon
missions and multiple observers were employed during an aerial
LSA reconnaissance program on September 5, 1985. Clear,
mostly sunny weather conditions prevailed during the morning
and afternoon missions. A high-wing Cessna 210 aircraft was
used to conduct the reconnaissance. An average altitude of
1000 to 3000 feet above mean ground elevation was maintained
throughout most of the mission. Intense observation of the
structural features within nine miles (15 km) of the existing
tailings pile was performed, followed by terrain inspection of
the site region out to 40 miles (65 km). Within the broader
radius, faults exhibiting possible indications of Quaternary
activity were identified, observed at low altitude (< 1000
feet), and scheduled for ground examination.

Ground reconnaissance and mapping

Field inspection of geologic and geomorphic features in
the site region involved two phases. Initially, during late
June through early August of 1985, the area within a three-
mile (five-km) radius of the site was thoroughly studied to
assess the potential for on-site fault rupture and evaluate
local geomorphic conditions. Using 24 x 24 1:24,000-scale
airphotos and 7.5-minute USGS geologic maps for reference,
areas containing traces of all mapped faults were examined.
Exposed faults and unusual geomorphic features were analyzed
for evidence of recent activity by TAC geologists during this
first phase of field work.

A system of potentially capable structures was identi-
fied during the photogeologic analysis and LSA reconnaissance
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efforts and subsequently visited during the second phase of
the field work. TAC geologists evaluated the exposures of a
group of faults northwest of the San Mateo Mesa and south and
east of the designated site on Mesa Chivato, the major land-
form of the Mt. Taylor volcanic field. The three-day second
phase of investigation concluded on September 18, 1985.

D.4.2 GEOLOGIC SETTING

D.4.2.1 Regional conditions

The Ambrosia Lake site is in northwestern New Mexico,
on the southern edge of the San Juan Basin portion of the
Colorado Plateau (Figure D.4.1). Referred to as the Navajo
section by Fenneman (1931), the site occurs in one of several
northwest-trending, cuesta-bounded strike valleys character-
istic of the region. Notable landforms common to the study
area are diverse and include basalt capped mesas, deeply
incised arroyos and canyons, solitary buttes and cinder cones,
large lava flows, steep escarpments, gently sloping plains,
and broad flat valleys.

The Mt. Taylor volcanic field occurs east of the site
vicinity. An elevation of 11,301 feet marks the highpoint of
the crater rim, below which vast, mesa-forming basalt flows
extend in a dominantly northeast-southwest trend. An elevation
of 9000 feet is delineated by the mesa surfaces, the closest
topographic projection occurring six miles southeast of
the site at La Jara Mesa. Southwest of the site, the Zuni
Mountains exceed an elevation of 9000 feet.

San Mateo Mesa. a steeply scarped, highly dissected
cuesta forms the northern and eastern boundary of Ambrosia
Lake valley (Figure .4.2). Relatively low gradient slopes of
Mesa Montanosa terminate the valley to the southwest. Valley
elevations range from 6860 feet at Arroyo del Puerto to 7200
feet at the base of talus slopes below bedrock escarpments.
Elevations on the top of San Mateo Mesa range from 7300 feet
to 8200 feet. The northeastern valley floor slopes to the
southwest at 1.1 degrees and consists of low relief, north and
northeast-trending ridges and swales.

One-fifth of the western part of the study region lies
west of the Continental Divide. Rainfall within the Ambrosia
Lake valley is channelled southeast by Arroyo del Puerto to
the valley mouth, where the arroyo is confluent with San Mateo
Creek. Most major streams south of the site, including San
Mateo Creek, drain into the Rio San Jose which flows eastward
from Grants (Plate 2). The portion of the study area north
and east of San Mateo Mesa is dissected by drainages that
eventually discharge into the southwardly meandering Rio Puerco
40 miles (65 km) east of the designated site.
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Relief and topographic gradient are highly variable in
the study area and are landform dependent. Generally, low
slopes predominate (Table D.4.1), though vertical or near
vertical slopes are common along mesa edges.

The bedrock setting of northwest New Mexico has been
described in detail by numerous researchers. Mapping of the
surficial stratigraphy within Ambrosia Lake valley and to the
south beyond Grants was completed during the late 1960s by the
USGS. Detailed information on map sources is listed in the
reference and map reference section of this report. Geohydro-
logical investigations conducted by Brod (1979) and Purtymun
et al. (1977) provide local stratigraphic information on the
geology beneath and around the designated site. A consider-
able amount of subsurface information is available as a result
of extensive uranium mining activity in the site vicinity
(Kelley, 1963a). A synthesis of the stratigraphic and litho-
logic information presented by the aforementioned and other
sources appears in Table D.4.2. The characteristics of the
rock units described reflect Ambrosia Lake valley subsurface
conditions, and are generally valid for occurrences of the
strata throughout the study region (Figure D.4.3). Evaporite
beds are not known to occur in the subsurface of the area of
investigation.

From the Zuni Mountains in the south of the study area to
Chaco Mesa in the north, rocks of Precambrian to Holocene age
are exposed (Figure D.4.4). Generally, strata in the region
dip to the north and northeast at one to three degrees (Cooper
and John, 1968). Rocks of successively younger age crop out
in a south-to-north traverse of the study area. Permian strata
crop out around the flanks of the Zuni Mountains, an uplift
composed of Precambrian age igneous and metamorphic rock.
Beneath the designated site, the unconformity truncating the
Permian Glorieta Sandstone and San Andres Limestone occurs at
a depth of 998 meters (Purtymun et al., 1977).

Exposures of relatively incompetent strata in the study
area have Influenced the development of major stream valleys
that, together with intervening resistant bedrock outcrops,
reflect the regional northeast-tilted stratigraphic attitude.
Examples include a broad valley south of the site area eroded
Into shales of the Triassic Chinle Formation, the Ambrosia
Lake strike valley, and the basin north of San Mateo Mesa
incised into shales of the Upper Cretaceous Menefee Formation.
Northwest-trending cuestas occur to the north and south of
the designated site. Mesa Montanosa constitutes one of the
southerly ridges and is capped by the Lower Cretaceous Dakota
Sandstone. Immediately southwest of the escarpment and across
a small valley incised Into primarily the Jurassic Morrison
Formation is a smaller cuesta composed of the Triassic Wingate
Sandstone and overlying Jurassic Todilto Limestone. Cliffs
of the upper Cretaceous Point Lookout Sandstone form a major
cuesta north and east of the site on San Mateo Mesa.
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The Ambrosia Lake study area has experienced a consider-
able amount of volcanic activity beginning in the late Tertiary
and continuing into the Holocene. Six miles southeast of
the site the edge of the dominantly Pliocene age Mt. Taylor
volcanic field is exposed. Porphyritic rhyolites, andesite,
tholeiite, and alkali-olivine basalt are the principal rock
types of the complex (Cooper and John, 1968; Baldridge et al.,
1983). Mafic extrusives of Quaternary age form extensive flows
as close as 15 miles (25 km) south and nine miles (15 km)
southwest of the site area. The youngest flows have been
dated at 1000 years before the present (Nichols, 1946).

The Ambrosia Lake site occurs within the Chaco Slope, one
of three regional structural elements that compose the study
region (Brod, 1979). Strata of the Chaco Slope, which consti-
tutes the southern margin of the San Juan Basin section of the
Colorado Plateau, generally dip north and northeastward into
the basin at one to three degrees (Purtymun et al., 1979).
One of several structural platforms surrounding the central
San Juan Basin, the Chaco homocline trends northwest-southeast
and covers an area 110 miles (180 km) long and 30 to 40 miles
(50 to 65 km) wide (Wong et al., 1984). The Zuni uplift
terminates the Chaco Slope to the south, and together with the
Acoma Sag forms the remaining portion of the study area.
Strata that flank the north end of the uplift dip toward the
north at three to five degrees, lessening gradually across the
transition to the Chaco Slope (Cooper and John, 1968).
Bedding inclinations on the east flank of the Zuni Mountains
exceed 20 degrees and delineate the western limit of the Acoma
Sag. The northern boundary of the depression with the Chaco
Slope is characterized by bedding attitudes that dip northward
at two degrees (Kelley, 1951).

Santos (1970) observed that the Ambrosia Lake area occurs
within the most intensely deformed portion of the Chaco
homocline. Elliptical dome-like anticlines, plunging anti-
clines, small-scale synclines, and broad gentle folds paral-
leling surficial bed outcrops locally disrupt the otherwise
uniform regional dip (Wong et al., 1984). In general, the
structures trend northeast. The northward-plunging Ambrosia
anticline is expressed at the surface five miles northwest of
the Ambrosia Lake site. Several horsts and grabens displace
the northeast flank of the fold, and the steeply dipping west
flank terminates at the Ambrosia fault zone (Cooper and John,
1968). The Ambrosia fault system (fault system #6, Plate 2)
extends 10 miles in a north-south orientation and exhibits
from 200 to 400 feet of displacement, downdropped to the east.
Major structures east of the site consist of the San Mateo
Dome and fault zone. The eastern flank of the dome is exten-
sively faulted and plunges beneath the western limit of the
Mt. Taylor volcanic field. Hunt (1936) first noted the master
fault of the San Mateo fault zone, a complex structure which
exhibits displacements in the subsurface of over 400 feet and
extends for over 15 miles (25 km) along New Mexico Highway 53
and San Mateo Creek.
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Numerous faults have been mapped in the vicinity of the
designated site (Santos and Thaden, 1966). The structures are
dominantly normal-slip and exhibit throws ranging from a few
feet to less than 40 feet (Brod, 1979). Structural expression
is generally confined to the subsurface and outcrops of
resistant Cretaceous age strata. Fractures and joints have
been observed throughout the study area, particularly in the
subsurface (Squyres, 1963; Clark and Havenstrite, 1963; Harmon
and Taylor, 1963; Brod, 1979). Separation on the joint set
faces, which generally strike between N20W and N20E immedi-
ately north of the existing tailings, is as much as an inch
(Squyres, 1963). The subsurface jointing occurs in swarms and
is confined to relatively competent strata such as the Dakota
Sandstone.

Cordell (1978) postulated that the Colorado Plateau was
appended onto the Great Plains Province of the craton during
Precambrian time. Development of the San Juan Basin section
of the plateau was probably initiated during late Paleozoic
time with local recurrent episodes of deformation occurring
during the Mesozoic Era (Kelley, 1951). In the Ambrosia Lake
area, several episodes of deformation have occurred during
the Mesozoic and Cenozoic, though no active structures have
been identified that suggest ongoing structural deformation.
Formation of the Chaco Slope, Acoma Sag, and the resurgence of
the Zuni Uplift occurred with the onset of the Laramide Orogeny
during Late Cretaceous-Early Tertiary time (Kelley, 1963b).
Regional bedding attitudes, prominent folds, and much of the
faulting in the study region also developed during this event.
Possible relationships between the principal regional fault
orientations and specific tectonic episodes are discussed
below in Section D.4.4.

Epeirogenic uplift of the entire Colorado Plateau
commenced during the Oligocene and continued into Quaternary
time (Blatz, 1978). The major drainages of the Colorado and
San Juan river systems were established during this period.
In the Ambrosia Lake region, extensive Miocene to Pliocene age
arching and denudation resulted in the formation of a low
relief erosional surface probably near the base of Mt. Taylor
(Kelley, 1963b).

On a regional scale, present geomorphic features reflect
the Influence of bedrock lithology and Quaternary fluvial and
eolian processes. Geomorphic elements of the present landscape
Include flat-topped, gently sloping cuestas, deeply incised
canyons along bedrock escarpments, low gradient pediment and
fan surfaces, and entrenched stream channels.

Pediment surfaces developed in some areas on sedimentary
bedrock have a relatively thin cover of unconsolidated, poorly
sorted gravel mixed with colluvial sands and eolian sands and
silts. Minor talus and landslide deposits occur beneath steep
bedrock cliffs and extend for short distances down the upper
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pediment surfaces. Quaternary eolian deposits are common on
pediment slopes and alluvial terraces. The major drainages of
the Rio San Jose and San Mateo Creek contain alluvial fills of
sand, gravel, and boulders of Late Tertiary to Late Quaternary
age. The thickness of alluvial sediments in major streams
exceeds 100 feet (Wells and Gardner, 1985). Alluvial fills in
smaller tributary valleys range from several feet to 30 feet
thick.

Eolian deposits consist of scattered sand dunes and thin
sand and silt sheets deposited from mid-Quaternary through
Holocene time. Dunes along existing and former stream channels
are often interbedded with alluvial sand and gravel. Small
alluvial fans composed of unconsolidated silt, sand, gravel,
and boulders extend downslope at low gradients from the mouths
of canyons incised into bedrock escarpments.

Landscape development west of the Mt. Taylor volcanic
field was strongly influenced by outpourings of basaltic flows
from 4.3 to 1.5 million years ago. A regional erosional
surface, formed at least 3.3 million years ago, is partially
covered by later flows of Mt. Taylor volcanics (Wells and
Gardner, 1985). North of Grants, Wells and Gardner (1985)
have determined that the surface was graded to an ancestral
Rio San Jose 650 feet above its present level, and sloped one
degree to the south. A similar surface probably was present
on San Mateo Mesa north of the study area but has subsequently
been lowered by erosion. Lava flows from Mt. Taylor inundated
drainage systems in the region northeast of Grants, changing
base levels and covering older pediment surfaces. Streams
as close as 15 miles (25 km) south of the site probably were
affected.

A major regional period of degradation and channel
incision commenced 2.5 to 3.0 million years ago, and was
concurrent with the latest Mt. Taylor eruptive events (Wells
and Gardner, 1985). Drainage systems and watershed boundaries
similar to the present ones were established during this period
of downcutting. A period of base-level stability resulted in
the lateral planation of major streams and the formation of
sediment surfaces 40 to 250 feet above current local base
levels (Wells and Gardner, 1985). Subsequent downcutting
allowed soil development to occur on pediment surfaces of
middle to earliest Late Pleistocene age. The oldest eolian
deposits in the region formed in the Late Pleistocene during a
relatively long, but undated, period of base level stability.
These dunes may be as old as 13,000+ years before the present
(Schultz, 1983). Regional degradation during the Late Pleis-
tocene to Early Holocene is inferred from the evidence of
erosion of the Late Quaternary dunes in the Grants and Chaco
Canyon areas (Wells et al., 1983). Deposition of two younger
alluvial units and associated eolian dunes in the Grants area
indicates a relatively long period of base-level stability,
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with deposition on alluvial fan complexes and valley floors
(Wells and Gardner, 1985). The age of deposition of the
oldest Holocene alluvial and eolian unit is estimated to be
between 7000 and 2500 years ago, based on soil development,
cultural artifacts, and radiocarbon dates (Wells and Gardner,
1985; Schultz. 1983). Radiocarbon dates from the youngest
Holocene units indicate an age no greater than 2300 years ago
(Wells and Gardner, 1985). Sand dunes and sheets associated
with the youngest Holocene alluvial deposits are estimated to
be less than 2000 years old and possibly only a few decades
old (Wells and Gardner, 1985). Similar sequences of erosion,
deposition, and soil development in the Chaco Canyon area to
the north (Lowe, 1980) suggest a regional pattern throughout
the Ambrosia Lake study area.

The Ambrosia Lake valley, in the immediate vicinity
of the site, is characterized by a sequence of Holocene
alluviation, degradation, and pedogenesis analogous to that
described by Wells and Gardner (1985) for Lobo Canyon. Sand
and gravel terrace remnants near Arroyo del Puerto, Mulatto
Wash, and an unnamed drainage north of the tailings pile
indicate periods of deposition and subsequent erosion. These
deposits are undated but soil carbonate formation stages in
associated eolian dunes and soil development in buried horizons
are similar to those in Lobo Canyon deposits of Mid-Holocene
age (3000 to 5000 years before the present).

D.4.2.2 Climate and vegetation

The region has a semi-arid climate with annual precipita-
tion ranging from 10 inches in the lower valleys to over 23
inches on Mt. Taylor, 18 miles to the southeast of the study
area (Cooper and John, 1968). Over one-half of the total
annual precipitation occurs from July to September, usually
during brief, intense thunderstorms (Cooper and John, 1968).
Temperatures are dependent on elevation, ranging from winter
temperatures lower than F to occasional summer temperatures
of 1000F. Potential evaporation is five times the mean
annual precipitation due to high insolation and low relative
humidity. Wind records at Ambrosia Lake indicate the strongest
and most frequent winds are from the west, the northwest, and
the southwest (see Figure D.9.1).

Paleoclimatic reconstructions for the last full glacial
period in the southwestern United States indicate a difference
in precipitation amounts and temperature variations in com-
parison to the present. The last full glacial period was
characterized either by increased precipitation, cooler summer
temperatures, and mild winters, or by a period of precipitation
amounts similar to the present, with much colder summers and
winters (Spaulding et al., 1983). Hydrological and botanical
data from different physiographic areas of the southwest
support several interpretations of the temperature and pre-
cipitation patterns during the last full glacial period.
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Climatic reconstructions based on studies in the Chaco Canyon
region are more applicable to past conditions at Ambrosia Lake
than paleoclimatic interpretations for other semiarid areas of
the Southwest.

Full glacial climatic reconstructions based on Late
Pleistocene paleoecological data from the Chaco Canyon area
Imply that the Ambrosia Lake region was cooler and possibly
moister 10,000 years ago. Based on an increase in total annual
precipitation of 10 inches (Schumm and Chorley, 1983), the
full glacial annual precipitation may have been as great as
20 inches in the valleys and 33 inches in the mountains, an
increase of 100 percent over current amounts. Using an average
annual temperature lowering of 130F (Brackenridge, 1978),
the full glacial mean temperature was probably about 380F.
Summer temperatures were only slightly lower (Spaulding et al.,
1983). Annual evaporation rates for soil moisture are esti-
mated to have been 10 to 50 percent less than current rates
(Spaulding et al., 1983). It is important to note that the
magnitude of climatic change differs throughout the Southwest,
depending on geographic location, site elevation, and local
topography.

The record of climatic variation during the past 10,000
years (Holocene) in the northwestern New Mexico region has
been inferred from soil and alluvial stratigraphy and paleo-
ecological evidence. In Chaco Canyon, botanical evidence
supports increasing annual temperatures and summer monsoon
patterns by about 8300 years before the present (Betancourt
et al., 1983). Holocene warming in the nearby Rocky Mountains
commenced about 10,000 years before the present (Knox, 1983).
Decreasing effective precipitation and warmer temperatures
allowed desert grasslands to replace conifer woodlands by about
8000 years ago (Baker, 1983). Widespread regional erosion
suggests a change from cool, moist conditions to warmer, drier
conditions. An increase in aridity in northwestern New Mexico
from 7000 to 2400 years ago correlates with the establish-
ment of the present-day desert vegetation in the Southwest.
Slightly more arid conditions existed from 2000 to 850 years
ago, followed by increased rainfall until 650 years ago (Lowe,
1980). A period of fairly stable climatic conditions similar
to those of the present existed until the onset of a brief
period of decreased moisture and possibly drought in the late
19th century.

Climatic variation within the last 1000 years in north-
western New Mexico has probably been significantly less than
the glacial-postglacial change. Interpretations of Colorado
Plateau climatic conditions from tree-ring studies (Stockton
and Jacoby, 1976) and historical records show a high degree
of variability in precipitation during the past few hundred
years. Annual rainfall variability is high for recorded sites
near the Ambrosia Lake valley for the period of 1915 to 1965
(Cooper and John, 1968). Average ranges of temperature and
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precipitation for the pre-historical few hundred years and for
the future few hundred to a thousand years probably occurred
in the past and can be expected to occur within the next
thousand years. Uncharacteristic, extreme precipitation events
may occur, however, which could produce rapid surface water
runoff, localized flooding, and increased channel erosion
and/or deposition.

Vegetation in the region is strongly influenced by eleva-
tion, aspect, bedrock geology, and soil moisture. In general,
the dominant vegetation of the central San Juan Basin consists
of Indian rice grass, alkali sacaton, salt brush, greasewood,
and tamarisk (Wells and Gardner, 1985). Lower elevation
valleys in the site area are covered by grasses and sagebrush,
with salt cedar along drainage channels and juniper and pinon
pine on the sandy ridges. Higher elevation mountains and
mesas support stands of juniper, pinon pine, ponderosa pine,
and Douglas fir. Soils are highly variable, and types and
degrees of development are dependent on local parent materials,
vegetation types, and microclimate.

0.4.2.3 Site geology

Bedrock geology in the vicinity of the Ambrosia Lake
tailings pile consists of a Cretaceous age sequence of marine
and marginal marine strata composed of the Dakota Sandstone,
Mancos Shale, and units of the Crevasse Canyon Formation. The
lithologic aspects of the Cretaceous strata are listed in
Table D.4.2.

The Ambrosia Lake valley floor has developed on the
relatively incompetent Mancos Shale. Several silty sandstone
interbeds, locally referred to as the Tres Hermanos Sandstones,
crop out on the northeastern valley slope. South of the site,
two of these interbeds are exposed, forming low-relief mesas.
Throughout most of the valley, an alluvial and eolian cover
conceals the Mancos Shale (Figure D.4.5). The alluvium is
derived from the Mancos Shale, the Gallup Sandstone, and the
Crevasse Canyon Formation and is composed of tan-to-gray silty
sand and gravel with a few cobbles of sandstone. Much of the
alluvial cover has been reworked by fluvial and eolian agents.
A layer of eolian sandy silt six to 12 inches thick overlies
most of the coarser alluvium. The total thickness of these
unconsolidated deposits ranges from a foot or two near the
bases of the mesa escarpments to 100 feet near Arroyo del
Puerto (Purtymun et al., 1977). Uppermost deposits in the
valley consist of one foot of silty eolian sand on undissected
level surfaces and three feet of stratified sand and gravel in
ephemeral stream channels. Soils are poorly developed on the
present eolian and alluvial surfaces.

The valley sideslope upon which the tailings are located
is mantled primarily with the soils of the Las Lucas-Litle-
Persayo Association (Figure .4.6). Rockland, a miscellaneous
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land type consisting of interstratified shale and sandstone
exposures, forms an extensive component of the association
near San Mateo Mesa north and east of the pile. South and
west of the areas dominated by Rockland, Persayo series soils
form the major component. The series is a Typic Torriorthent,
shallow and light yellowish-brown in color. It generally has
a thin surface layer of calcareous silt loam or silty clay
loam derived from the underlying Mancos Shale. Shale frag-
ments are common in the shallow subsurface and increase in
abundance toward the bedrock, which is usually less than 30
feet below the surface.

Litle and Las Lucas soils are common in the vicinity
of the mill and tailings pile. Classified as Ustollic
Camborthids, these series are generally light olive-brown to
light yellowish-brown and have surface layers composed of
calcareous loam, light clay loam, or silty clay loam, clay
loam, silty clay, or more rarely, clay. Depth to the under-
lying Mancos Shale, the parent material, ranges from less than
20 to greater than 60 inches, increasing toward the Arroyo del
Puerto.

Lohmiller-San Mateo soils characterize the areas adjacent
to either side of Arroyo del Puerto. The association is
developed in alluvium derived from sedimentary strata dominated
by sandstones and shales. Typically deep (-60 inches) and
calcareous, it consists of loam, clay loam, silty clay loam,
sandy loam, and clay, often stratified. Soil color ranges
from light brownish-gray to reddish-brown.

Other associations constituting a major part of the
Ambrosia Lake area are the Rockland-Travessilla, Rockland-
Bond, and Hagerman-Travessilla Associations. These associa-
tions are poorly developed in comparison to those previously
described and generally form at altitudes above 7200 feet.
Generally, the series are less than 20 inches thick and
contain a larger amount of weathered bedrock clasts in their
profile. Detailed information on the Rockland, Hagerman,
Bond, and Travessilla Series is contained in the New Mexico
State University Agricultural Experiment Station Research
Report No. 262. Engineering properties of foundation material
are discussed in Section D.5.

Eolian sand dunes lie to the north and east of the tail-
ings pile. The dunes are composed of fine- to medium-grained
sand with weak (Stage I) carbonate cementation and slightly
increasing reddish-brown color with depth. The dunes north of
the tailings pile appear to have been incised by a former
stream channel. Ten to twelve inches of loose, silty eolian
deposits overlie the dune sands. The landform expression of
the Mancos Shale and overlying alluvial deposits is that of
gently sloping valley slopes containing low-relief ridges and
swales.
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South of the site, the cuesta-forming Dakota Sandstone
outcrops, constituting part of the southwestern valley
sideslope. The sandstone unit dips northeast at two degrees
and is overlain by units of the Mancos Shale, alluvium, and
eolian deposits one mile south of Arroyo del Puerto (Santos
and Thaden, 1966). Resistant units of the Gallup Sandstone
form bluffs north and east of the site area. Northeast of the
Gallup Sandstone outcrops, a high elevation, northwest-trending
cuesta reflects the exposure of the competent Point Lookout
Sandstone of the Crevasse Canyon Formation. Laramide age
fault traces undiscernible in the valley outcrops of Mancos
Shale are readily observable in Gallup and Crevasse Canyon
exposures northeast of the tailings pile.

Monitor wells completed as part of the TAC hydrological
characterization effort penetrated the Dakota Sandstone near
the east pile edge. Well number 773 was continuously cored
and geophysically logged to a depth of 360 feet. A cross
section correlating the lithologic data from the TAC wells
773, 781, and 785 is depicted in Figure D.4.7. Additional
control on the thickness and attitude of Paleozoic and
Mesozoic units underlying the tailings pile is provided by
United Nuclear Corporation water well B-376 data. The maximum
depth penetrated by United Nuclear drillholes is 3366 feet,
finishing in the Permian Glorieta Sandstone.

Surficial material beneath the pile consists primarily of
alluvial and eolian deposits that range in thickness from less
than five feet on the east-southern edge to 55 feet on the
northwestern corner and western edge. Beneath the unconsoli-
dated material, the Mancos Shale has an average thickness of
345 feet. Within the Mancos, two of the three Tres Hermanos
interbeds are present. The lower sandstone, a light to dark
gray, fine-grained calcareous unit averages 24 feet in thick-
ness beneath the tailings and occurs at an average depth of
170 feet. An average thickness of 120 feet of shale separates
the lower sandstone from the overlying Tres Hermanos unit. The
average depth and thickness of the upper interbed are 55 feet
and 30 feet, respectively. Data from TAC monitor wells
around the southwestern corner of the pile suggest that the
alluvium underlying the tailings is in direct contact with
the upper interbed, a fine- to coarse-grained, light to dark
gray, calcareous, poorly indurated sandstone. Lithologic
and stratigraphic characteristics of deeper units beneath the
designated site are shown in Table D.4.2. Additional informa-
tion on shallow subpile stratigraphy is found in Sections D.5
and D.8.

TAC drilling program data agree with the observations of
Squyres (1963). Strata beneath the site dip to the northeast
at two degrees, reflecting the southern position of the site
on the regional Chaco Slope. The dip of strata constituting
this structural element gradually decreases in the direction
of the central San Juan Basin located north of the site area.
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Normal faults downthrown to the east, with displacements
ranging from 18 inches to several tens of feet, occur in the
subsurface of Section 27, east of the pile Santos and Thaden,
1966; Squyres, 1963). Mine workings in Section 27 continue
northwest into the northern half of Section 28, but have not
revealed the presence of faults in the immediate tailings area
(Fletcher, 1985). Joint swarms with openings as wide as one
inch locally occur n more competent ore-bearing strata in the
section adjacent to the existing pile.

The tailings consist primarily of very fine-grained
sands, silts, and clayey slimes. Engineering properties and
physical characteristics are described in Section D.7. Large
quantities of tailings have been removed from the surface of
the pile and have been deposited as windblown contaminants
on adjacent terrain. The windblown materials are composed
primarily of fine-grained silts which, immediately east of the
pile, form shallow dunes. Ablation of finer-grained fractions
of the remaining starter dikes has resulted in gravel armoring
along their surfaces. Section D.3 describes the distribution
and depths of contamination in the site area constituting the
windblown tailings.

Man-made structures including earthen dams and subsurface
mine workings in uranium ore bodies are important aspects of
the immediate site vicinity which potentially could affect
embankment stability within the 1000-year design life (Figures
D.4.8 and D.4.9). Section D.10 and Subsections D.4.5.1 and
D.4.5.4 address these topics.

The terrain north and northeast of the tailings pile
constitutes the local watershed (see Figure D.10.1). Two
major ephemeral streams channel runoff from the drainage
basin. A channel from Roman Hill carries runoff to a small
watering tank northeast of the site. Abandoned evaporation
ponds and runoff diversion dams are present in the lower
course of this arroyo east of the mill complex. Purtymun
et al. (1977) observed that the 7550-foot-long drainage
exhibited an average gradient of 0.03. Another major drainage
path north of the tailings pile heads in the canyon northwest
of Roman Hill (see Figure D.4.6). This low-gradient drainage
shows evidence of ephemeral flow and ponding toward the north
boundary of the site. Highly permeable surface materials
result in rapid infiltration rates and very little surface
runoff toward the pile. The drainage channel to the north
continues from the south side of the tailings pile, and widens
into a series of small, closed depressions before being inter-
cepted by abandoned irrigation canals (Figure D.4.8). Sand
and gravel terraces occur at the head of the drainage north
of the tailings pile and along the drainage south of the pile
(see Figure D.4.6). The head of the present drainage channel
north of the site lies about ten feet below the terrace
surface. The terrace consists of subangular to subrounded sand
and gravel clasts derived mainly from the Gallup Sandstone,
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overlain by 10 inches of eolian sandy silt. Terrace remnants
immediately north and south of the tailings pile indicate the
position of a former throughgoing drainage channel. Gravel
and cobble clasts are more rounded in terrraces south of the
tailings pile. Hand-dug test pits in these terraces show six
inches of eolian silt overlying at least three feet of fine-
grained sand with minor gravel lenses. Terrace surfaces are
covered with well rounded sandstone gravel and cobbles. The
present drainage topography between the terrace remnants con-
sists of shallowly incised, ephemeral channels with many
closed depressions. Desiccation cracks indicative of occa-
sional ponded water occur throughout the drainage course.

The existing tailings pile is deeply gullied by surface-
water runoff. The intensity of gullying varies on the pile
surface, ranging from narrow, shallow rills to wide channels
over three feet deep. Most gullies drain to the pond near the
center of the pile, resulting in an on-pile radial drainage
pattern. The outer flanks of the tailings are incised with
numerous, spaced shallow rills and occasional deeply incised
gullies. Along the western and southern edges of the pile,
several road cuts through the starter impoundments have
resulted in deep erosion and fan-type deposition outside the
site bondaries. Subsection D.4.5.1, Geomorphic Hazards, and
Section D.10 contain additional information regarding the
drainage and surface water hydrological characteristics of the
site vicinity.

D.4.3 MINERAL AND OTHER RESOURCES

Natural resources present in the Ambrosia Lake study region consist
primarily of coal, uranium, and building aggregates.

The Ambrosia Lake mining district is one of three ore districts
that comprise the Grants Mineral Belt (see Figure 0.2.1), historically
a prolific uranium producing region (NMEMD, 1979). Until the late
1970s, the region accounted for more than 40 percent of the nation's
uranium concentrate production. Since the late 1950s, some 24 mines
have operated in the Ambrosia Lake valley, working an ore trend that
spans from Section 11, Township 14 north, Range 10 west to Section 18,
Township 13 north, Range 8 west (see Figure D.4.9). The primary ore
horizon has been the Westwater Canyon Member of the Jurassic Morrison
Formation, although lesser quantities of ore have been mined from the
overlying Brushy Basin Member and underlying Todilto Limestone (Purtymun
et al., 1977). Vanadium, molybdenum, and selenium are also present,
although only the vanadium and molybdenum exist in potentially economic
concentrations. Prior to the depression of the rare metals market and
decline of the local uranium industry in 1981, both vanadium and uranium
concentrates were produced at area mills (FBDU, 1981).

The ore minerals in the Westwater Canyon generally occur as
coatings on sand grains or as interstitial filling constituting an
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authigenic matrix. The uranium species present are coffinite [U(SiO4)
1-x (OH)4x], uraninite [(U+41_xUx+6) 02+x], and carnotite
[K2(U02)2(V04)2 xl - 3H20]. Ore processed at the Phillips/UNC mill
averaged 0.23 percent U308 over the five-year operational period
(Purtymun et al., 1977).

Primary vanadium and molybdenum minerals are present as montro-
site, paramonstrosite, and jordisite, respectively, all of which occur
in the uranium ore and in a uranium deficient substance termed "barren
material" by mining personnel (Squyres, 1963). Concentrations of
V205 range from 0.03 to 0.5 percent and generally are higher with
increasing uranium content. Conversely, the molybdenum oxide content,
which ranges from 0.2 to 0.36 percent in the barren material, is
negligible in the uranium ore. Selenium generally occurs in its native
state as film coatings in fractures of deformed mudstone cobbles and is
also encountered in the barren material in concentrations varying from
0.05 to 0.02 percent.

Active mining of uranium in the immediate area has ceased. With
the exception of the Chevron Mt. Taylor shaft outside the valley near
San Mateo, all mines are closed. Both the Kerr-McGee and Homestake
milling facilities, however, continue to maintain chemical in situ
mining operations through the injection, ion-exchange, and recirculation
of mine water.

Nearly 25 years of aggressive exploitation of local uranium
reserves has left an extensive network of subsurface mine workings
beneath the valley floor. Areas of existing surface subsidence are
shown in Figure D.4.15. Section D.4.5.4 addresses this problem in
detail.

Abundant commercial coal deposits occur north and west of the site
area. The reserves are associated with the backshore facies of marine
sandstone units of the San Juan Basin (BLM, 1984). Development of this
resource has been underway near Gallup, New Mexico. since the late
1800s. Active strip mining is currently in progress 12 miles (20 km)
north of the site at the Santa Fe coal mine. Coal-bearing strata are
found in the Upper Cretaceous Crevasse Canyon and Menefee Formations of
the Mesa Verde Group; however, the largest reserves occur in the Upper
Cretaceous Fruitland Formation (Fassett and Hinds, 1971), which crops
out at the extreme northern limit of the 40-mile-radius (65-km) study
area. No known commercial coal reserves exist beneath or in the general
vicinity of the Ambrosia Lake site.

Construction aggregate resources are abundant throughout the study
region and consist primarily of alluvial sands and gravels, volcanic
cinder deposits, and basalt, limestone, and sandstone quarries.
Numerous quarries have been developed in the general locality of the
site to provide construction materials for the building of New Mexico
Highways 53 and 509 and the Santa Fe coal mine railroad spur (NMSHD,
1978). No deposits identified as major potential sources of construc-
tion aggregate occur in the Ambrosia Lake valley, nor have any of the
units or deposits exposed in the valley been utilized for such purposes
in the past.
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Hydrocarbon resource development has occurred in the study region
near Hospah, 23 miles (37 km) north of the designated site (Cooper and
John, 1968). Oil test wells drilled nearer the site indicated that the
limited reserves encountered were uneconomical to develop.

D.4.4 SEISMOTECTONIC SETTING

Regional setting

The Ambrosia Lake site and study area are near the southeastern
limit of the Colorado Plateau physiographic province near Grants, New
Mexico. The historical record of earthquake activity in New Mexico
dates back to 1849 (Sanford et al., 1981). This data base is of
limited value in assessing the long-term earthquake hazard. Comparable
earthquake records exist for the bordering states of Arizona (1776 to
present) (Dubois et al., 1982) and Colorado (1870 on) (Kirkham and
Rogers, 1981). Records of historical seismic activity in Utah cover a
period of 135 years, beginning in 1850 (Arabasz et al., 1979). Instru-
mental recordings of regional seismic activity commenced in the early
1960s, contributing primarily microseismic information to the historical
data base. The limited nature of recorded historical earthquake
activity in the Colorado Plateau and bounding provinces requires that
evaluations of recent fault activity and seismotectonic setting be
conducted. Major seismotectonic provinces of relevance to the Ambrosia
Lake study are delineated on Figure D.4.10.

Colorado Plateau

Composed of a Precambrian crystalline core overlain by Paleozoic
and Mesozoic strata, the Colorado Plateau constitutes a major intra-
continental subplate that has been uplifted at a mean rate of two mm/yr
since Late Tertiary time (Gable and Hatton. 1980). Encompassing 114,000
square miles in New Mexico, Colorado. Arizona, and Utah, the province
can be divided into a stable interior and three flanking, more seis-
mically active transition zones (Figure .4.11). Geophysical research
including studies of. heat flow (Blackwell, 1978; Riecker et al., 1975;
Eggleston and Riecker, 1984), crustal stress states (Zoback and Zoback,
1980), gravity profiles (Society of Exploration Geophysicists, 1982),
seismic event data (Wong et al., 1984; Keller et al., 1979), and
regional earthquake history, serve to delineate the extent and location
of the more active border zones.

Zoback and Zoback (1980) have demonstrated that the Colorado
Plateau tectonic block is presently an area of low differential stress,
and uplift has been accompanied by little or no internal deformation.
The stable interior has been characterized as a region of moderately
thick crust (Smith, 1973) and low heat flow (Blackwell, 1978), and
exhibits few faults of Quaternary age. Late Tertiary movement on
faults associated with the Uncompahgre Uplift has occurred, as well as
faulting of evaporite-cored anticlines in the Paradox Valley (UMTRA,
1985d). Earthquake activity within the plateau interior has histori-
cally been very low, leading most researchers to consider the region as
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one of relatively low seismic heard (Algermissen et al., 1982). Remote
portions of the plateau which ransition into considerably more active
provinces exhib't elevated levels of seismicity and are discussed below.

Seismic events representative of the stable interior have histori-
cally been of low to moderate magnitude, generally not exceeding values
of 4.5 to 5.0 (Wong, 1984). Epicentral locations are diffusely distri-
buted and generally do not correlate with mapped faults. Historical
occurrences exceeding the Colorado Plateau (interior and border zones)
background seismicity include:

o The magnitude 5.5 Ridgway earthquake of October 11, 1960,
epicentrally located near Montrose, Colorado (Kirkham and
Rogers, 1981). The shock occurred at the border of the Colorado
Plateau interior and Western Mountain Province, over 125 miles
(200 km) from the Ambrosia Lake site.

o Events registering local magnitudes of 4.6 and 4.2 (Wong, 1984)
immediately north of Crownpoint, New Mexico, in January, 1976,
and March, 1977, respectively. The focal depths of 25 and 27
miles (41 and 44 km) associated with these earthquakes contrast
with the shallow, upper crustal hypocenters typical of intra-
plate events. The events occurred in the Colorado Plateau/Rio
Grande Rift transition zone 37 miles (60 km) from the site.

o The Dulce, New Mexico, earthquake of January 23, 1966. Presumed
to have occurred from movement on north-northwest-striking
normal faults most active during Miocene time. The magnitude
5.1 (MbLg, USCGS) event registered a focal depth of two miles
(three km) (Herrman et al., 1980) and occurred in a seismo-
tectonic transition zone 110 miles (180 km) from the subject
site.

o Estimated local magnitude (ML) 5.5 to 5.75 earthquakes near
Lockett Tanks, Arizona (1912), and Fredonia, Arizona (1959)
(DuBois et al., 1982). These Colorado Plateau/Basin and Range
transition zone epicenters are >125 miles (>200 km) from
Ambrosia Lake.

Epicenters of several of the aforementioned events, along with
those of the remaining historical earthquakes of perceptible (> 3.0)
magnitude occuring within 125 miles (200 km) of the designated site,
are shown on Figure 0.4.12. The seismic record for all events detected
in the study area is presented in Addendum 2. On-site peak horizontal
accelerations have been determined for larger magnitude events occurring
within the Colorado Plateau and in adjacent provinces and are listed in
Table D.4.3.

No known capable faults or fault systems as defined in 10 CFR Part
100, Appendix A, have been identified in the northeastern Arizona and
southeastern Utah portions of the Colorado Plateau (Scarborough et al.,
1983; Pearthree et al., 1983; Anderson and Miller, 1979). If deemed
capable, faults associated with the San Francisco volcanic field of
north-central Arizona could produce earthquakes of 6.5 magnitude based
on mapped fault length (UMTRA, 1985e). At a distance of 220 miles
(350 km) from the Ambrosia Lake site, the on-site peak horizontal
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acceleration associated with such an event would be considerably less
than 0.01g. Within the New Mexico portion of the plateau, no known
capable faults have been conclusively shown to exist (Cash, 1985). A
potentially capable system of Early Pleistocene to Pliocene age normal
faults displace basalt flows 45 miles (74 km) south of the site
(Machette et al., 1983). Utilizing the magnitude versus fault length
relationships developed by Bonilla et al. (1984) and the attenuation
equation of Campbell (1981), a magnitude 6.8 event originating in this
system would produce an on-site peak horizontal acceleration of 0.07g.
Table D.4.9 provides detailed information regarding this and other
faults significant to the Ambrosia Lake seismic investigation.
Although some microseismic activity has been recorded in the general
area of these faults, no patterns or associations can be drawn between
the epicentral and fault locations.

Two regions of presumed capable or potentially capable faulting
within the Colorado Plateau have been identified by Kirkham and Rogers
(1981). These faults are along the northeastern and southwestern
flanks of the Uncompahgre Uplift and within the Paradox Basin. Late
Cenozoic age faults bounding and adjacent to the Uncompahgre Uplift may
have undergone considerable movement during the Pliocene and Quaternary
and may be presently capable (UMTRA, 1985f). Included is the Ridgway
fault, conclusively associated with a swarm of micro-earthquakes in
1978 and 1979, and possibly related to the magnitude 5.5 Ridgway event
previously described. Previous UMTRA Project investigations have
estimated the overall system to have the potential of producing earth-
quakes of magnitude 6.6, which, at a distance of 175 miles (280 km)
from the Ambrosia Lake site would produce insignificant ground accelera-
tion (<O.Olg) on the site. Kirkham and Rogers (1981) conclude that the
large Paleozoic age basement faults controlled the formation of the
Paradox Valley salt anticlines, which exhibit evidence of Quaternary
fault movement (Cater, 1970). Maximum magnitudes of 4.0 to 5.0 are
postulated for events resulting from movement on collapse faults of the
anticlinal crests (UMTRA, 1985d). Accelerations related to such an
occurrence would attentuate to near-zero values in the vicinity of the
proposed encapsulation (Table .4.4).

Colorado Plateau - southern Rio Grande Rift transition zone

The Ambrosia Lake study area lies within one of the more
seismically active border zones of the Colorado Plateau previously
discussed. Many of the youngest structures in the province, as well as
the larger magnitude historical earthquakes (Dulce, New Mexico, 1966;
Crownpoint, New Mexico, 1976 and 1977; Lockett Tanks, Arizona, 1912;
and Fredonia, Arizona, 1959) occur or have occurred in these transition
zones. Geophysical and seismic characteristics of the border zones
contrast with those of the plateau interior. Within the study region,
investigations by researchers at LASL indicate that the 28-mile-thick
(45-km) crust typical of the plateau interior (Keller et al., 1979)
diminishes to 20 miles (35 km) in the transition zone (Baldrige, 1985;
Keller et al., 1979). Seismic data and elevated heat flow measurements
support this conclusion (Wong et al., 1984).
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Figure D.4.13 presents the distribution of the overall seismicity
within and surrounding the study area for the September, 1973, to
December, 1984, period. Shallow focus events, generally less than nine
miles (15 km), are characteristic of the region (Olsen et al., 1984),
with the exception of the deep focus Crownpoint earthquakes. Epicentral
accuracy within the 40-mile (65-km) study area is roughly + one to
three miles (two to five km); magnitude determinations are accurate to
the order of 0.1 to 0.2 Richter units for events greater than ML = 2.5
(Cash, 1985). Notable events reflecting the elevated seismic potential
of the area are the Dulce, 1966, and Crownpoint, 1976 and 1977, earth-
quakes previously mentioned above. The fault plane solution for the
Dulce event indicates that the transitional zone may be influenced by
east-west tensional stresses characteristic of the Rio Grande Rift
(Herrmann et al., 1980). The regional structural fabric of the western
portion of the rift appears to extend well into the plateau margin on
large-scale structural maps of the study area (Plate D.4.2), where a
structural trend of northeast-southwest characterizes most faults.
Although no known capable faults have been identified within the
40 miles (65-km) area of study, potentially critical structures are
present and are discussed in detail in Section D.4.5.5 of this report.

Known capable faults of any consequence to the Ambrosia Lake pile
design do not exist. Possible future breakage on those structures
within the Colorado Plateau identified as capable could not produce
ground accelerations at the tailings location that would affect pile
stability (Table D.4.4). Kirkham and Rogers (1981) estimated an MCE of
5.5 to 6.5 for the Colorado Plateau. The lower bound of this estimate
correlates with the historical record in that the largest recorded
event for the province was 5.5 to 5.75. The upper bound of magnitude
6.5, however, may be rather conservative. Studies of intraplate earth-
quake records for many parts of the North American Plate (excluding
tectonically active zones such as the Charleston, South Carolina, and
New Madrid, Missouri, locations), the Atlantic Ocean, and worldwide
intraplate settings have been performed by Liu and Kanamori (1980).
These studies indicate that Maximum Credible Earthquakes in those
tectonic settings range in magnitude from 5.8 to 6.4. For the purpose
of this study, the floating earthquake magnitude, or that of an
unpredictable, structurally nonassociable event, is assumed to be 6.2
(ML). The justification for using a magnitude of 6.2 is discussed
in Section D.4.5.5. Sources of future Colorado Plateau earthquakes
theoretically capable of generating magnitudes exceeding the estimates
of Kirkham and Rogers (1981) and Liu and Kanamori (1980) have been
identified (Table D.4.4) and classified as being noncritical.

Rio Grande Rift

The Rio Grande Rift is one of the world's principal rift systems,
extending for more than 600 miles (1000 km) from Leadville, Colorado,
to near Chihuahua, Mexico. Structurally it is expressed as a series
of north-south trending, asymmetrical, tilted-block grabens which
have experienced vertical movements of as much as four miles (six km).
Resulting from Late Cenozoic extensional deformation, the province
developed during two periods: (1) an initial phase commencing
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30 million years ago (MA) and continuing 10 to 12 MA, and (2) a second
phase of activity between 9 or 10 MA and three MA (Olsen et al.,
1984). Several researchers suggest that formation of the rift and
Colorado Plateau transition zone represent secondary expressions of the
Basin and Range deformational event, and that extension of the rift
continues to the present (Sanford et al., 1979; Olsen et al., 1984;
Chapin, 1979).

Fault blocks bounding the central rift basins expose Proterozoic
sequences composed of volcanic and volcaniclastic, mature clastic, and
silicic plutonic rocks (Olsen et al., 1984). Neogene-age sedimentary
basin-fill units are abundant in the rift, though associated rift
magmatism failed to produce the volume of eruptive rocks characteristic
of most rift systems (i.e.. the East Africa Rift).

Moderate crustal attenuation has occurred beneath the rift, where
geophysical measurements indicate the crustal thickness near 350N
Latitude to be on the order of 20 miles (33 km) (Olsen et al., 1979).
High heat flow and modern elevation changes are also characteristic
(Chapin, 1979). Abundant fault scarps displace Pleistocene age and
younger alluvial deposits, and geomorphic features indicative of recent
faulting such as faceted spurs are present. A large percentage of
capable faults identified in New Mexico lie within the southern Rio
Grande Rift defined by Kirkham and Rogers (1981). Evidence of recurrent
Late Quaternary movement is widespread, with several potentially
capable fault systems with lengths exceeding 60 miles (100 km) identi-
fied (Machette and McGimsey, 1983; Kirkham and Rogers, 1981). Table
D.4.4 cites an example of a potentially capable Rio Grande Rift
structure.

The seismicity of the Rio Grande Rift has been summarized by
Sanford et al. (1979). The instrumental record, dating only from the
early 1960s, is biased both in space and time by the expansion of
seismograph arrays employed in the study of the province. Magnitudes
of seismic events must be estimated from intensity effects noted on
historical records for those shocks occurring prior to the establishment
of regional networks. Consequently, such information is of limited
use, especially considering the limited and clustered population of the
area. Table 0.4.5 presents events from the historical record which are
significant to this study. The areal distribution of rift seismicity
is depicted in Figures D.4.12 and D.4.13. Although the control (number
of recorders), sensitivity, and accuracies of the data sets represented
in the figures differ greatly, the general association of seismicity
with active rifting is readily apparent. No conclusive correlation
between mapped epicenters and specific surface faults can be made at
present, presumably due to the lack of instrumentation and resultant
location inaccuracies. Fault plane solutions for numerous events
occurring in the region indicate shallow-focus hypocentral depths of
generally less than nine miles (15 km), although this parameter is the
least accurate for any given event (Sanford et al., 1979).

Strong earthquakes within the rift are generally associated with
temporal earthquake swarms, which worldwide are associated with active
volcanoes and areas that have hosted volcanic activity in geologically
recent times (Richter, 1958). The occurrence of recent basalt flows,
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especially in the central portion of the rift, together with the
locations of earthquake swarms, suggests that magma is being injected
into the subrift crust (Sanford et al., 1979).

In summary, the active extensional processes present within the
Rio Grande Rift dictate that the province be considered as one capable
of generating large earthquakes. Application of the Bonilla et al.
(1984) and Campbell (1981) relationships to the potentially capable
fault systems cited above indicate the potential for magnitude >7
events to exist. Within the limited scope of the New Mexico historical
record, events with calculated magnitudes approaching 6.5 have occurred
(Table .4.5). Kirkham and Rogers (1981) concluded that the MCE for
the southern part of the Rio Grande Rift has a magnitude from 6.5 to
7.5. For the purposes of this investigation, a magnitude 7.5 event is
assumed to occur at the closest approach to the Ambrosia Lake site 68
miles (110 km) distant near 35° 22' 30 N Latitude (Figure D.4.11).
The on-site peak horizontal acceleration resulting from the event would
be 0.07g (Table D.4.6).

Western Mountain province

The southern limit of the Western Mountain province lies six miles
(10 km) beyond the 125-miles (200-km) radius of the study area (Figure
D.4.9) and comprises the mountainous areas to the west of the Rio
Grande Rift extending as far as the border of the Colorado Plateau.
The province includes the San Juan, Elk, and West Elk Mountains, the
west flank of the Sawatch Range, and the White River and Gunnison
uplifts. Relatively few Neogene faults are known in this province.
Neogene rocks in the San Juan mountains are offset by faults related to
caldera collapse, but these are not considered to be capable faults
(UMTRA, 1985d). Several faults associated with evaporate flowage or
solution also offset Neogene rocks. These faults are generally not
considered capable of generating earthquakes having magnitudes larger
than about 4 or 5 (UMTRA, 1985d).

Minor evidence of Neogene reactivation of west-to-northwest-
trending Precambrian faults, such as the Cimarron fault (Fault No. 94
of Kirkham and Rogers, 1981), and a few other Neogene faults scattered
throughout the province, have been identified but none are major
tectonic faults that have experienced any known Quaternary activity.

As evidenced in Table D.4.6, the Kirkham and Rogers (1981) MCE
magnitude of 6.5 originating at the closest approach of the Western
Mountain Province to Ambrosia Lake would result in an insignificant
on-site acceleration of <0.01g.

Basin and RanQe province

Linear block-faulted mountain ranges and intervening alluvial
valleys typify the Basin and Range province, an area of thin crust and
elevated heat flow. Tectonically, the southern part of the province is
less active, though stress measurements indicate the entire province to
be a region of active crustal spreading (Zoback and Zoback, 1980).
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Within the 125-mile (200-km) study radius, the province is represented
by very low levels of seismic activity (Figure .4.14).

No capable faulting has been identified in the part of the Basin
and Range of concern to this investigation. The historical earthquake
record covers a 209-year period (Dubois et al., 1982). Within the
study area, no historical events have been associated with surface
rupture. Cenozoic-age surface rupture on faults of the Big Chino
Valley system of east-central Arizona are used to estimate the MCE of
the Basin and Range (east-central Arizona--west central New Mexico
portion) province. According to the mathematical relationships of
Bonilla et al. (1984), the 30-mile-long (49-km) cumulative length of
the Big Chino Valley system could rupture to produce an earthquake of
magnitude 7.25. Low-sun-angle (LSA) reconnaissance performed for
previous UMTRA Project studies (UMTRA, l9B5e) established the length of
the system, which represents the Basin and Range structural feature
nearest the Colorado Plateau which could produce the largest magnitude
event. Applying the 7.25 theoretical maximum earthquake value to the
east- central Arizona--west-central New Mexico portion of the province,
and assuming the event will occur at the closest approach of this
province to the site (340 15" N Latitude, 1080 W Longitude), an on-site
acceleration of 0.04g is estimated (Table D.4.6).

Great Plains

Although the Great Plains province falls within the geographic
scope of this investigation, it is of minor concern due primarily to
its low level of seismicity. In the north-central New Mexico portion
of the province 114 miles (183 km) east of Ambrosia Lake, the largest
instrumentally recorded events are: (1) the magnitude 3.1 (ML)
September 11, 1980, event located at Latitude 36.46° N, Longitude
105.190 W (NOAA, 1985); and (2) the September 15, 1983, magnitude
3.2 event near Santa Rosa. New Mexico (LASL, 1984). For the 1962 to
1978 period, Sanford et al. (1979) observed the Great Plains seismicity
to be comparable to that of the Colorado Plateau, producing an average
of only two ML > 2.4 events per year. An MCE estimate for the
New Mexico portion of the Great Plains province was not found in the
literature reviewed for this study. In addition, an evaluation of
large-scale geologic maps of the region within the 125-mile-radius
(200-km) study area revealed the absence of significant Cenozoic-age
faulting. An estimated MCE of magnitude 6.0 is assumed for the Great
Plains province in New Mexico. This value is the same as the upper
limit used by Kirkham and Rogers (1981) for the Colorado Plateau
portion of the Great Plains province. An event of this magnitude
occurring at the closest approach-to-site location would result in an
on-site acceleration of O.Olg (Table D.4.6).

D.4.5 GEOLOGIC HAZARD ANALYSES

D.4.5.1 GeomorDhic hazards

The Ambrosia Lake tailings site is on a low-gradient
alluvial slope upland from the main active valley stream
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channel. Erosion processes operating in the active channel
will not conceivably affect the tailings pile within the
projected stabilization life of 1000 years. The site is also
at a great enough distance from nearby mesa cliff faces to
preclude any hazard from slope failure processes such as
landslides, debris flows, mud flows, and rockfalls. The
geomorphic processes posing a potential hazard to the
stabilized site are ephemeral drainage channel changes, low
gradient slope erosion, and wind erosion.

Drainage network rejuvenation and extension have been
expressed in the site area mainly as gully erosion and head-
cutting associated with human land use practices. Modifica-
tions to established channels by diversion dams and catchment
ponds have increased sedimentation in minor ephemeral washes.
The active channel of Mulatto Canyon Wash one mile east of
the site is incised 10 to 30 feet into valley alluvial and
colluvial sediments. Faint traces of former channel boundaries
to either side of the present channel are evident on aerial
photographs and are depicted on Figure D.4.10. Active
headcutting of tributary arroyos associated with shallow
subsurface piping and bank failure is occurring throughout
the lower Mulatto Canyon drainage. A discontinuous sand and
gravel terrace occurs three feet above the active channel
within the present deeply incised wash. Ring counts of
sagebrush sections indicate that vegetation on this terrace is
five years old, suggesting recent downcutting of the ephemeral
channel. A buried soil horizon is exposed in the channel
along most of its middle reach. Development of the soil
horizon and a Stage I calcium carbonate development imply that
this soil is Mid-Holocene in age, similar to alluvial units
near Grants (Wells and Gardner, 1985). Comparison with soil
development in New Mexico (Gile, 1975) indicates that the
Ambrosia Lake buried soil may be as old as 4000 years and as
young as 2000 years. Seven feet of fluvially deposited sand
and gravel overlie the buried soil and are in turn over-lain
by 10 inches of eolian sandy silt. Gravel lenses and rare
colluvial or rockfall boulders up to two feet across occur
above the buried soil on upper valley slopes and indicate
brief historical episodes of high stream discharge and slope
instability. The sequence of channel deposition and incision
indicates a period of aggradation following soil development,
succeeded by deep channel incision.

The date of the onset of channel incision is not known,
but probably commenced during the mid-19th century period of
Southwest arroyo cutting. Aerial photographs taken in 1935,
1956, 1974, and 1983, show the growth of arroyo headcuts and
minor lateral shifts in the main channel location. Small
diversion dams and catchment ponds were constructed in the
lower wash between 1935 and 1956. The average rate of headcut
extension, estimated from aerial photographs from 1935 to 1956,
is 1.6 feet per year. Lateral changes in the incised channel
were limited to minor erosion of low terraces, channel bars,
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and steep banks in meander bends. After 1956, construction of
a mine and mill site along the lower channel reach diverted
the drainage to a series of dikes and ponds with spillover
into the former downstream channel. Sedimentation filled the
channel from the dam to a point 1000 feet upstream. Head-
cutting rates in the tributaries of the upper drainage reach
increased to an average of 1.7 feet per year, as estimated
from 1956 and 1983 aerial photographs. Minor bank erosion and
cutoffs of short meander bends occurred from 1956 to 1974. No
lateral channel changes are evident from 1974 to 1983. Former
drainage boundaries of Mulatto Canyon Wash are no closer than
4500 feet from the perimeter of the tailings site. Changes in
the channel due to arroyo headcutting and lateral erosion
should present no hazards to the site within the desgin life
of 1000 years.

The small drainage channel extending from the middle spur
of Roman Hill to the mill site (see Figure D.4.10) has under-
gone major changes since the construction of dams and catch-
ment ponds along its course. Between 1935 and 1956, one dam
and two catchment ponds were constructed across the lower
reach of the wash. The ponds appear to have caught all flow
from the incised upstream channel and rapidly filled with
sediment. Alluviation occurred in the former channel to a
point about 800 feet upstream from the dam. Arroyo head-
cutting ceased immediately upstream from the dam, but continued
at an estimated rate of two feet per year in the upper reach
of the channel. A new period of gully headcutting near the
dam began prior to 1974 and has proceeded at an estimated
average rate of 2.2 feet per year. Prior to 1974, a dam was
constructed between two bedrock spurs in the upper reach of
the channel at an elevation of 7140 feet (see Figure D.4.10).
Aerial photographs show increased channel alluviation down-
stream from the dam between 1974 and 1983. Gully headcutting
in channel tributaries apparently ceased after dam construc-
tion. Gully erosion of the main channel immediately below
the 7140 foot elevation dam has proceeded at an estimated
average rate of 11 feet per year, based on 1974 and 1983 aerial
photograph inspection.

The lower reach of this drainage is separated from the
tailings pile by the higher elevation mill site. Any future
headcutting and lateral shifting of this drainage would not be
expected to reach the perimeter of the tailings pile. Sediment
from channel erosion will initially be caught by the downstream
ponds before reaching the mill site. A large irrigation canal
south of the ponds can be expected to drain any increased
amounts of runoff away from the site. Surface flow from the
drainage is currently to the east of the mill site. If the
catchment ponds are nfilled and the canal berms breached,
erosion of the mill site boundary would be possible during
high runoff events.
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The major drainage directly affecting the tailings site
heads in the canyon west of Roman Hill flows in a very low-
gradient, broad channel to the north side of the tailings
pile, and continues in a narrow, shallow channel south of the
site (see Figure D.4.10). Prior to construction of the tail-
ings pile, the drainage branched around a low hill now under
the north-central area of the pile. The channel was not
incised but followed low swales through the northwest corner
of the site and from the northeast corner to the south-central
side. The channel is incised three feet deep into sandstone
bedrock at its canyon head. The channel gradient lessens on
the sandy alluvial fan surface north of the tailings site.
Throughout this reach, the drainage is expressed as low ridges
and swales with numerous closed depressions and branching
channels 10 feet wide incised 10 inches into the fan surface.
Rapid infiltration rates and the low gradient prevent much
overland flow toward the site perimeter. The drainage was
plowed in very low terraces perpendicular to the flow direction
prior to 1974, further reducing the amount of overland flow.
A narrow gully is incised 1.5 feet into the fan surface 0.5
mile north of the tailings site. The slope gradient changes
slightly at the point of gully development, becoming less
steep immediately north of the tailings site. Surface flow
ceases in this area and collects in shallow depressions
exhibiting numerous desiccation cracks. Overall slope is
toward the northwest corner of the site.

Surface runoff passes in a southwesterly direction around
the west side of the pile. A diversion ditch dug along the
west perimeter of the pile collects surface runoff from the
pile and adjacent alluvial surfaces. The northern end of the
ditch contains an active headcut and has eroded laterally
toward the tailings dike. Lateral bank failure approaches
to within 16 feet of the dike base. The headcut currently
extends 10 feet north of the perimeter fence and appears to be
actively expanding through processes of shallow piping and
bank failure. Estimates from 1974 and 1983 aerial photographs
show 10 feet of headward erosion during the nine-year period,
yielding an average erosion rate of 1.1 feet per year.

The drainage channel south of the site consists of a
closed depression and a low gradient, wide path heading
southwest. A culvert formerly carrying runoff from the pile
dike beneath the mill road has been infilled with sediment. A
low area between the road and the dike collects rainfall and
runoff water in small, closed depressions. Current drainage
is through a series of low depressions and narrow channels
incised one foot into the alluvial surface. One-half mile
south of the mill road, the drainage is intercepted by several
abandoned irrigation canals. South of this point, the surface
slope decreases and runoff spreads out across a large area,
periodically forming a marsh. Former drainage path boundaries
are indicated by low alluvial sand and gravel terraces 100 feet
apart and four feet above the present channel floor.
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The Ambrosia Lake tailings site lies within the broad,
low gradient drainage flowing southwest from the west flank of
Roman Hill. Sand and gravel terraces north and south of the
site indicate the location of a channel which in the past was
more well defined, narrower, and carried more surface flow
than the present channel. The terraces appear to be relic
features of a wetter climatic period. No distinct soil devel-
opment was observed in the terraces that occur significantly
higher in elevation than the buried soil in Mulatto Wash.
Comparison with dated alluvial sequences in Lobo Canyon to the
southeast (Wells and Gardner, 1985) suggests that the terraces
are less than 2000 years old. Subsequent channel incision and
eolian deposition has occurred, possibly related to short-term
precipitation variations.

Drainage channel changes in the site area operate through
processes of channel floor incision, headcutting, and lateral
erosion. Subsurface piping and bank failure are associated
with headcutting and lateral erosion. Changes in the channels,
which may affect site stability, appear to be more closely
related to man's activities than to climatic variability.
Rapid arroyo headcutting rates occur downstream from diversion
dams constructed on gentle slopes near the tailings site.
Studies of pre-mining and post-mining erosion rates in north-
western New Mexico (Mills and Gardner. 1983) indicate up to
10-fold increases in headcut erosion rates downstream from
man-made structures. Historic bank erosion rates for the
uranium region of northwestern New Mexico range from five to
20 feet per year (Wells et al., 1983). Gully headcut erosion
rates near the tailings site during the past 48 years have
ranged from 1.6 to 2.2 feet per year, based on measurements
from aerial photographs.

Groundwater withdrawal and injection in the Ambrosia Lake
valley has significantly affected the piezometric levels in
the local aquifers. A lowering of the water table surface can
result in a lowering of the stream base level, while a water
table rise can increase the base level elevation. Local base
level lowering usually causes vertical incision in streams and
headward erosion in ephemeral channels. The rate of arroyo
cutting and headcut erosion in the Ambrosia Lake area may have
increased following groundwater withdrawal. Currently, ground-
water levels in the Grants area are rising significantly,
prompted by the cessation of mining activity, decreased domes-
tic, mill, and irrigation use, and an abnormally high amount
of precipitation.

The drainage channel from the dam east of the tailings
pile to the mill site can be expected to extend its headcut
and breach the upstream dam. Increased channel flow would
cause initial channel incision near the breach and increased
deposition downstream near the collection ponds. Infilling of
collection ponds and the irrigation canals may result in a
channel shift toward the mill site perimeter. The former
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channel runoff direction to the south could be reestablished,
thus threatening the long-term integrity of the southwestern
corner of the encapsulation. Regrading of portions of the
contaminated areas east of the tailings following windblown
deposit removal should be considered as a preventive measure.
A slightly enhanced gradient in one of the swales south of the
collection ponds could effectively divert a future channel
shift away from the encapsulation.

The broad drainage channel north and south of the tailings
site is currently unaffected by major man-made structures.
Contouring of the upper channel has decreased surface flow.
No active lateral erosion or headcutting was observed along
the channel reach. Surface water ponding occurs north of the
site perimeter and between the south perimeter and the mill
road. The water appears to rapidly infiltrate the eolian silt
and the sandy alluvial cover. High-intensity runoff events
channel water around the west side of the pile into the
drainage ditch. Active headcut and lateral erosion will
breach the western base of the pile unless the ditch is filled
and contoured away from the pile. Using a minimum estimated
erosion rate of 1.1 feet per year, the base of the pile will
begin to erode within 14 years. Gully development south of
the tailings pile during the next 1000 years will depend
greatly on modifications to the area during the stabilization
process. Increasing surface runoff to the southern drainage
next to the pile boundary will probably result in gully
development and active headcut erosion capable of breaching
the stabilized pile within a few hundred years. Proper place-
ment of diversion ditches around the west side of the pile and
channelization of runoff to the canals southwest of the site
will significantly reduce the chances of gully development in
the existing drainage pathways.

Fluvial erosion processes are currently carving extensive
gullies into the surface and side of the unprotected tailings.
Proper cover materials placed on the pile during stabilization
should prevent future gully and rill development. Potential
erosional processes capable of affecting the site are confined
to the existing drainage channel north and south of the pile.
The low gradient of the channel and the relatively high infil-
tration rate of the surficial materials suggests little
potential for fluvial erosion to the proposed encapsulation.
More deeply incised channels in the site area do not have the
potential for reaching the disposal site within the proposed
design life.

The following additional preventive measures warrant
consideration during the stabilization process:

o Surface runoff to the north boundary of the tailings
pile should be diverted around the west side of the
site.
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o The drainage ditch along the west boundary should be
filled and contoured to prevent future bank erosion
from breaching the tailings dike.

o No structures which may cause accelerated fluvial
erosion should be placed within the existing drainage
channels.

Flooding in Arroyo del Puerto and the drainage channels
adjacent to the disposal site is not anticipated to be a major
problem during the design life of the pile. Sections B.7
and B.8 of Appendix B. Engineering Design, discuss in detail
potential flood events and their relation to remedial action
design.

Over a long period, significant amounts of slope erosion
can occur through processes of sheetwash and rill and gully
flow. Denudation processes can remove large amounts of
surficial sediment, creating badland features on shale slopes
in as little as 3000 years (Wells and Gutierrez, 1982).
Badlands landscape development is a remote possibility within
the design life of the stabilized tailings pile.

In northwestern New Mexico, badlands can develop rela-
tively rapidly on gently dipping Cretaceous shale slopes
covered with thin veneeers of Quaternary surficial deposits.
The Ambrosia Lake tailings site is in an area of incipient
badland development and potentially high surface erosion
rates. Base level lowering can result in removal of the
unconsolidated surficial deposits and expose the underlying
Mancos Shales to badland development. Rates of surficial
material removal and badland development appear to have
remained relatively constant in northern New Mexico during the
present semiarid climatic period starting about 5800 years ago
(Wells et al., 1983).

The Ambrosia Lake valley is currently an area of erosional
stability and eolian deposition. Processes of rilling and
sheetwash move loose, weathered, bedrock-derived material
downslope to developed drainage channels. In this region,
slope erosion by sheetwash proceeds at rates of 0.04 to 0.02
inch per year (Gutierrez, 1983). Material is constantly being
supplied by weathering of shale and sandstone bedrock upslope.
The initiation of gully development by land use practices can
result in a more rapid removal of surficial material, exposing
the underlying shale bedrock to badland development. In the
Chaco Canyon area north of Ambrosia Lake, slope lowering rates
of 0.1 to 0.8 inch per year have occurred with badland topog-
raphy developing in 300 to 1500 years (Wells and Gutierrez,
1982). Badland development apparently ceased 1000 years ago,
followed by eolian and alluvial deposition. Badlands could be
expected to develop at similar rates in the Ambrosia Lake
tailings site area, following surficial cover removal. Inten-
sive gully development, caused by man-made disturbance or
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climatic changes, would have to precede badland initiation.
Unless major site conditions change, badland development is
not expected to occur within the 1000-year stabilization
design life. Proper revegetation and protection of drainage
swales and areas stripped of windblown contaminants are
recommended to assure long-term stabilization.

Erosional processes have locally exposed interbeds of
silty sandstone present within the Lower Mancos Shale. The
outcrops of two of the sandstones form low relief resistive
caps 5800 feet south of the designated site. Scarp heights
associated with these features range from one foot to a few
feet and are generally flanked by broad, low-gradient talus
slopes. The extremely low relief of the structures and their
distance from the site area render the possibility of scarp
retreat to the site area negligible.

Wind activity in the Ambrosia Lake site area has signifi-
cant potential for impacts on the tailings site stability.
Past eolian erosion and deposition have produced deflation
features and extensive dunes and sandsheets. Current wind
activity is an active geomorphic process moving large amounts
of loose surficial material and unstabilized uranium tailings.
A major period of eolian deposition appears to have ended
about 90 years ago (Wells and Gardner, 1985), but wind action
during the past several decades has redeposited large amounts
of tailings downwind from unprotected tailings piles.

The tailings pile at the Ambrosia Lake site exhibits
numerous eolian features, such as wind sculptured erosional
pinnacles, sandsheets, and dunes. Undisturbed surface crusts
forming on the pile due to moisture evaporation have histori-
cally retarded wind deflation when left undisturbed. Dunes
are most extensive along the east side of the pile. Fine-
grained uranium tailings are encountered as far as two miles
from the pile (FBDU, 1981). Stabilized sand dunes north and
east of the tailings pile are relic features of past eolian
activity. Most of the land surface of the Ambrosia Lake
valley is covered with up to 12 inches of fine-grained sand
and silt. Thin crusts formed on these deposits tend to reduce
wind erosion, although the sediments are easily wind eroded
once the crust is disturbed.

Long-term and modern wind removal and transport rates
along the Rio San Mateo (Wells and Gardner, 1985) indicate a
minimum eolian transport rate of 1.3 cubic inches per square
foot per year or 1.01 ounces per square foot per year and an
average rate of 2.6 ounces per square foot per year.

A stabilized tailings pile with a wind-resistant cover
can be expected to experience very low eolian erosion rates.
The presence of gravel armoring on the starter dikes of the
existing pile indicates selective removal of fine-grained
particles and the formation of a more wind-resistant surface
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composed of gravel-size clasts. Thin crusts formed on the
pile during surface water evaporation currently help to reduce
the severity of wind erosion. Crusts are not present on dunes
composed of windblown tailings. These dunes are actively
shifting and increasing their size and extent downwind of the
tailings pile.

Stabilized sand dunes and thin, silty sandsheets do not
appear to present a hazard to the stabilized tailings pile.
Old dunes are partially cemented by calcium carbonate and
would not be expected to shift by wind transport during the
1000-year design life. Eolian sediment transport into the
site area is not currently creating dunes. Fine-grained,
loose surficial material is being deposited evenly over the
landscape during high wind velocity events. Stabilization of
the land surface by vegetation can greatly reduce the severity
of wind erosion. Unvegetated areas near Grants have experi-
enced up to 16 feet of vertical wind erosion during the past
7000 years (Wells and Gardner, 1985). Complete removal of
vegetation in the tailings pile vicinity could result in the
initiation of rapid vertical erosion rates affecting stability
of above-ground or below-grade unarmored encapsulations.

Wind erosion has been a dominant force during the life of
the unstabilized pile. Significant amounts of fine-grained
tailings have been eroded from the pile surface and deposited
in dunes along the south and east site boundaries. Eolian
deposition is currently occurring throughout the Ambrosia Lake
valley. The potential for periodic erosion of fine-grained
material from the unprotected pile surface and deposition
immediately downwind is great. The site cover design should
minimize the potential erosive effects of the prevailing
westerly winds. A low, west-facing slope and wind-resistant
cover materials will help prevent future wind erosion. The
height of the stabilized pile should be kept as low as
possible. Alternatively, the rock erosion barrier designed for
protection of the pile against surface water runoff would be
sufficient to protect against wind erosion. Long-term wind
processes are expected to result in deposition of silt and
sand on a properly stabilized site, rather than erosion of a
resistant surface cover.

D.4.5.2 Impact of natural resource development

A consequence of the past development of uranium resources
in the Ambrosia Lake valley is the potential for subsidence.
The phenomenon is related to the roof collapse of underground
mine workings and has occurred at numerous locations throughout
the mining district (BLN, 1984). Sections D.4.5.4 and 8.10
of Appendix B. Engineering Design, discuss in detail the
geological and engineering aspects of the mine void problem
and quantify the long-term potential for subsidence.
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Uranium and the associated base metals of vanadium and
molybdenum are the only natural resources historically
developed in the Ambrosia Lake valley. Known commercial coal
or hydrocarbon reserves do not exist beneath or near the
site. An abundance of local and regional building aggregate
sources occur throughout the study area, precluding the
necessity of future extraction of these materials in the
immediate pile vicinity. Established aggregate and cement
facilities near Milan, New Mexico, currently provide ample
quantities of construction material for the declining popula-
tion center of Grants and surrounding regions. It is unlikely
that the exploitation of sand and gravel resources from area
streambeds would induce base level changes that could affect
the site vicinity, as major drainages in the site locality are
ephemeral and exhibit minimal flow (Purtymun et al., 1977).

The decline in price of uranium on the world market during
the late 1970s and early 1980s prompted the cessation of
mining activity in the Ambrosia Lake region. Milling facility
operations and staffs have been minimized, and the foreseeable
future of the local industry is poor. The unpredictable nature
of the uranium market in the context of the 1000-year objec-
tive design life of the stabilized pile, however, warrants the
consideration of potential future mining activity in the pile
vicinity.

The areal extent and grade of ore reserves remaining
beneath the existing tailings are proprietary information and
thus unavailable. Mineral rights to the section containing
the designated site will be transferred, upon stabilization of
the tailings, to the Federal Government as part of the UMTRA
Project process (UMTRCA, 1978). Section 104 (h) of PL95-604,
however, authorizes the government to acquire the subsurface
mineral rights of lands containing stabilized tailings piles
(NRC, 1985). This will protect the stabilized tailings
from subsidence which would occur if new mine workings were
developed beneath the site.

Resurgence of the Ambrosia Lake uranium industry could
result in the lowering of groundwater tables due to mine
dewatering. Surficial fluvial conditions and base level could
thus be affected, inducing accelerated erosion and entrenchment
of local streams. Rates of erosion and entrenchment are not
expected to exceed those experienced during the past period of
mining activity.

The in-place stabilization of the Ambrosia Lake tailings
and associated windblown contaminants will consume 500,000
cubic yards (cy) of soil/regolith, 71,000 cy of sand, and
150,000 cy of rock. All material will be obtained from
deposits n the site vicinity and a local basalt outcrop south-
east of the existing pile. Regional resource availability
will not be affected, and borrow areas will be restored to a
condition compatible with surrounding terrain.
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D.4.5.3 Volcanic hazard

The possibility of nearby extrusive volcanic activity
within the 1000-year objective design life of the Ambrosia
Lake encapsulation cannot be precluded. Although no Quaternary
volcanic rocks occur within an eight-mile radius of the tail-
ings pile, large basalt flows lie to the south and southwest
of the site (see Figure .4.4 and Plate 2). The ages of the
flows are generally less than 1.5 million years ago; however,
the McCarty's flow 20 miles south of the site has been dated
as 1000 years old (Nichols, 1946). The faults identified on
Mesa Chivato are potentially subject to reactivation should the
Mt. Taylor volcanic center revive. The period of quiescence
interrupting Jemez lineament volcanic center active phases are
on the order of a few hundred thousand to a few million years;
thus reactivation of Ambrosia Lake region faults as a result
of catastrophic volcanism is unlikely within the 1000-year
design life of the encapsulation. Quaternary basalt flows
within the study radius conceal the fault traces but are not
displaced by tectonic faults.

Within the Ambrosia Lake valley. no volcanic activity has
occurred. To the north, volcanic rocks of any age are absent;
to the east, the youngest extrusives are Pliocene age. The
topographic setting of the site vicinity is higher in eleva-
tion than the local areas that contain Quaternary flows. The
cuestas that bound Ambrosia Valley, and the upgradient location
of the site with respect to the valley bottom and terminus.
presumably might afford the final encapsulation protection
from any off-site volcanic flows. The magnitude of any future
eruptions would need to significantly exceed the physical
proportions of regional Quaternary flows in order to endanger
the stabilized tailings. Potential ash falls associated with
explosive volcanism would not adversely affect pile stability.

D.4.5.4 Subsidence hazards

Numerous occurrences of mine working induced subsidence
have been recorded in the Ambrosia Lake mining district.
Surface manifestation of the collapse of underground workings
is evident 800 feet west of the existing tailings pile (Figure
0.4.15). Information acquired from Quivira Mining Company has
established the initial presence of mine workings beneath the
southwest corner of the tailings pile (see Figure .4.15).

Uranium deposits in the Ambrosia Lake ore district have
been developed primarily in the Westwater Canyon Member of the
upper Jurassic Morrison Formation. The general distribution of
the ore trends follows the strike of the northeastward incline
of the Chaco slope, and is modified by a series of dominantly
eastward downdropped normal faults in the southeast portion of
the ore district. Depth to mine workings is shallowest in the
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-northwestern part of Ambrosia Lake valley, and ranges from 540
feet at the Kerr-McGee Section 22 mine to nearly 1500 feet at
the Kerr-McGee Cliffside mine (see Figure D.4.8). Lithologic
characteristics of the ore bearing strata are described in
Table D.4.2.

Two principal mining methods were used in the extraction
of the Ambrosia Lake ore. A technique referred to as scram'
stope mining was used to exploit the thickest ore bodies dur-
ing the early years of activity in the Ambrosia Lake valley.
Changes in mining industry regulations and the decreasing
grade of ore prompted area mining firms to develop ore bodies
using primarily the multiple level room and pillar method
during the 1970s. Two levels of room and pillar type workings
underlie the southwest corner of the tailings pile at a depth
of 580 feet (Figure B.10.2, Appendix 8, Engineering Design of
the Ambrosia Lake Environmental Assessment).

Surface expression of subterranean collapse occurs in
sections 18 and 29 of T14N. R9W and in sections 22, 23, 24,
25, 26, and 30 of T14N, ROW (Figure D.4.15). Close examina-
tion of mine working maps provided by firms operating in these
sections indicates that surface subsidence in the Ambrosia
Lake area is always associated with scram' stoping development
of the underlying ore body. As the mining technique involved
the use of the entire rock column overlying the ore bearing
strata as a natural gravity crusher of the ore, failure of
ground surfaces was concurrent with mining activity (Kennedy,
1985). Sections of the ore district containing subsidence
depressions were examined using stereophoto pairs of 1:24,000
scale and 1:200 scale orthophoto quadrangle amplifications.
The depressions are circular or elliptical in outline and
exhibit depths ranging from a few feet to several tens of feet.
Ground reconnaissance was conducted on a zone of subsidence
occurring within 800 feet of the western edge of the existing
tailings in Section 29, T14N, R9W. The depression is 1200
feet in diameter, five feet deep at the lowest point, and is
delineated by discontinuous subsidence cracks, piping holes,
and enhanced vegetation growth along its perimeter. Two
concentric subsidence scarps of seven- and three-foot widths
are present along the north and east edges of the subsidence
zone. Erosion and piping have developed troughs in the
scarps exceeding a depth of three feet, although vertical
offset is no greater than six inches. Similar features are
seen in airphotos circumscribing other subsidence areas in the
Ambrosia Lake valley.

No recognized surface subsidence has occurred over any
areas of multiple room and pillar development in the Ambrosia
Lake area (Abel, 1985). Abel and Lee (1984) in a study
of the lithologic controls on subsidence observed that, in
Pennsylvania, the negligible magnitudes of surface subsidence
associated with the failure of room and pillar type workings
were frequently undetectable. At least for the short term,
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this statement appears valid for areas of room and pillar
mining in the Ambrosia Lake ore district.

Sandstones, siltstones, and shale of Jurassic and
Cretaceous age constitute the 580-foot rock column overlying
the sub-pile mine voids. No tectonic structures disturb the
uniformly dipping units. The ore-bearing strata are poorly
to very poorly indurated, and presented a constant caving
hazard in the workings during the years that area mines were
operating. Ground support of mine passages was typically
placed on six-foot or less centers (Kennedy. 1985) and ceiling
failure generally occurred in the form of localized arcuate
slabs. It is possible, therefore, that collapse of the
Section 29 stopes has already occurred. Peele and Church
(1945) describe earlier studies in which the volumetric
expansion that disaggregated rock slabs underwent during the
failure of successively shallower strata was characterized
(Table .4.7). The phenomenon, termed swell factor," varies
primarily with the lithologic character of the rock column
and depth of working being evaluated. Application of the
values specified in column three of Table D.4.7 to the subject
workings suggests that complete infilling of the failure void
would occur at a depth of 496 feet below ground surface.
Utilization of the column three values assumes a depth to
the mine openings roughly three times that beneath the exist-
ing tailings and is therefore a very conservative approach.
Alternative quantifications of potential subsidence are
discussed in calculations accompanying Appendix B, Engineering
Design.

Future subsidence induced by seismic activity is a
possibility in the Ambrosia Lake area, particularly for areally
large room and pillar type workings. The local magnitude 4.6
and 4.2 Crownpoint earthquakes of 1976 and 1977, however,
apparently had minimal effect on area workings and caused no
surface collapse (Glover, 1985; Gebeau, 1985; Kennedy, 1985).
Based on the exclusive association of Ambrosia Lake areas of
subsidence with subsurface zones of scram stope mining and the
absence of surface depressions over room and pillar workings.
the subsidence potential for the southwest corner of the tail-
ings pile appears to be minimal. The alluvial and eolian
depositional processes actively at work throughout the valley
could negate any drainage-influencing effects of a creep-type
subsidence occurring over the long term.

D.4.5.5 Seismic hazards

Technical approach

An assessment of the seismic hazards potentially affecting
the Ambrosia Lake site was conducted to:

o Determine the magnitude, duration, focal depth,
and source mechanism of the design earthquake and
concomitant on-site acceleration value.
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o Evaluate the potential for on-site fault rupture.

o Assess the potential for earthquake-induced surface
subsidence and landsliding in the site area.

Evaluation of the Ambrosia Lake seismic hazard was
initiated with a critical review of published and unpublished
literature relevant to the historical seismicity, Quaternary
faulting, neotectonic setting, and geologic mapping of north-
western New Mexico and adjoining portions of Colorado and
Arizona. Regional seismotectonic nvestigations and seismic
hazard evaluations for critical engineered structures provided
data including estimated Maximum Earthquake (ME) and predicted
recurrence period for several tectonic provinces and seismic
source zones within a 125-mile (200-km) radius of the Ambrosia
Lake site.

A systematic approach was employed to evaluate the data
generated during the study and to estimate ground motion
parameters for use in the subsequent design of the stabilized
pile. Guidelines for the determination of seismic hazard
enumerated in the U.S. Nuclear Regulatory Commission (NRC)
"Standard Review Plan for UMTRCA Title I Hill Tailings Reme-
dial Action Plans' (1985) were followed.

A determination of the magnitudes of Floating Earthquakes
(FE) in each of the seismotectonic provinces within 125-mile
(200 km) of the Ambrosia Lake site provided the basis for
establishing the scope of critical fault analysis.

For the province within which the site is located, the FE
was assumed to occur at a radial distance of nine miles (15 km)
from the site. An on-site peak horizontal acceleration (PHA)
associated with this local FE was calculated using the con-
strained attenuation relationship of Campbell (1981). The
rationale leading to the FE specification in the local
seismotectonic province is discussed later in this section.

FEs in each of the proximate seismotectonic provinces of
interest were conservatively assumed to be equal to provincial
maximum earthquakes estimated in published studies, hazard
evaluations, and through personal consultation with expert
seismologists well acquainted with relevant provinces. Exami-
nation of published and unpublished maps and literature
indicated that each of the adjoining seismotectonic provinces
lay greater than nine miles (15 km) from the Ambrosia Lake
site. The site-to-source distance for each was therefore
assumed to be the actual distance of closest approach of the
province boundary to the Ambrosia Lake site, as delineated in
available literature. On-site PHA values were then calculated
for remote province FE occurrences using the constrained
attenuation relationship of Campbell (1981).
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A maximum on-site (FE) PHA value was determined by com-
paring the predicted accelerations resulting from FE occurrence
in each seismotectonic province within 125 miles (200 km) of
the Ambrosia Lake site (Table D.4.6). An isopleth of the
maximum on-site (FE) PHA value, plotted as a function of total
mapped fault length and fault-to-site distance, is presented
in Figure D.4.18.

From Figure .4.18, the radial area of fault investiga-
tion was determined by calculating the distance (LOG R) value
corresponding to the intersection of the PHA isopleth and
the vertical projection of LOG L = 3.0. For this area, a
compilation of all mapped faults and lineaments was prepared
incorporating data obtained during the review of published and
unpublished literature and analysis of aerial and orbital
imagery. Measurement of the total mapped fault length and
closest fault-to-site distance was made for each fault or
fault system (Table D.4.9). The data pairs were then plotted
on Figure .4.18, where each numbered point corresponds to a
specific structure or system of related structures within the
area of investigation. Noncritical faults in the Ambrosia
Lake region are represented by points that lay above the line,
while structures whose graphical plots occur below the isopleth
were further analyzed as being potentially critical to pile
design (i.e., potential design faults).

Each potential design fault was, for analytical purposes,
considered to be a seismogenic source. Using a fault length/
magnitude relationship of Bonilla et al. (1984), a Maximum
Earthquake (ME) magnitude was calculated, and the resultant
ground motion attenuated to the site (Table .4.9). Detailed
inspection was conducted on all structures whose calculated
on-site acceleration exceeded the (FE) maximum PHA value
illustrated in Figure 0.4.18.

The field investigation that served to determine whether
or not a given potential design fault was capable consisted of:

o Analysis of the historical and instrumental earthquake
record for evidence of micro- or macroseismicity
associated with the fault.

o Careful examination of surficial deposits in the area
of the mapped fault trace on low-altitude aerial
photography.

o Detailed and repeated observation of the structure
and adjacent or overlying terrain under varying sun
angle conditions during low-sun-angle (LSA) aerial
reconnaisance.

o Comprehensive ground reconnaissance for geomorphic
evidence of Late Quaternary or Holocene surface
deformation.
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If evidence was found during the field investigation that
indicated a potential design fault(s) was capable, the ME
associated with the capable structure producing the largest
on-site PHA would be designated the design earthquake. Con-
firming that all potential design faults were noncapable would
result in the provincial FE associated with the largest on-site
PHA being designated as the design earthquake. For either
case, a design acceleration calculated during the seismic
hazard evaluation is specified, and the duration, focal depth,
and source mechanism for the design earthquake are discussed.

Previous seismic zoning and site studies

Several probabilistic earthquake maps which plot contours
of maximum horizontal accelerations, velocities, and intensi-
ties for various return periods have been prepared for the
contiguous United States. Examples include Liu and DeCapua
(1975), the Applied Technology Council (ATC, 1978), and
Algermissen et al. (1982). The maximum values for the
parameters specified in each of the studies were determined
for the Ambrosia Lake site and are listed in Table 0.4.8.

Liu and DeCapua (1975) developed 100-year contour maps
of intensity and acceleration for the Rocky Mountain states.
Based on their information, a Modified Mercalli Intensity
shock of IV is expected in the site region. To the west, the
Rio Grande Rift is expected to yield an event of intensity V
for the 100-year period. The peak horizontal acceleration
associated with such an event is 0.05g to 0.06g.

Probabilistic estimates of effective peak acceleration
(EPA) and velocity in rock for periods of 10, 50, and 250
years were computed for the continental United States by
Algermissen et al. (1982). Their study indicates that the
immediate study area can expect EPA values of <0.04g, and
0.07g for return periods of 10, 50, and 250 years, respec-
tively. The probability of exceedence of these values during
the time intervals is 10 percent. In general, these values
agree with the 0.05g value derived from the Applied Technology
Council study.

Sanford (1981a) completed a probabilistic seismic risk
investigation for the Kerr-McGee uranium processing plant.
The facility is in the Ambrosia Lake valley, 1.5 miles west-
southwest of the Ambrosia Lake site. Based on the locations,
numbers, and strengths of events comprising the historical
record for a 60-mile (100-km) radius surrounding the mill,
Sanford (1981a) concluded that the maximum magnitude event
anticipated for the region in a 100-year period would be 4.9
(ML). Assumed to occur anywhere within the 60-mile (100-km)
radius, maximum ground acceleration in the immediate vicinity
of the epicenter was estimated to be on the order of 0.1g.
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Review of the Plains/Escalante power-generating station
Environmental Assessment (Burns and McDonnell, 1979) and San
Juan River Regional Coal Environmental Impact Statement (BLM,
1984) documents revealed no additional information.

Reservoir-induced seismicity

The vicinity of the El Vado and Heron reservoirs 98 miles
(157 km) northeast of the Ambrosia Lake site has exhibited an
elevated level of seismicity during the past few years (Cash
and Wolff, 1984). A swarm of 100 microseismic events was
recorded at these localities in 1982, the largest of which
registered a magnitude of 2.7 (M). The possibility exists
that the heightened seismic activfty observed near the reser-
voir sites is not actually reservoir-induced seismicity.
Rather, it could be representative of the seismically active
Gallina-Archuleta Arch. a regional seismogenic source area
that contains the area of the Dulce, New Mexico. 1966 earth-
quake. Neither the largest recorded event in the reservoir
vicinities nor the Dulce shock produced on-site ground
accelerations exceeding that estimated for the floating
earthquake discussed below; therefore, the possible reservoir-
induced seismicity associated with the El Vado-Heron area is
not critical to the Ambrosia encapsulation design.

Analysis of floating earthquake

The term floating earthquake (FE) employed in UNTRA
Project seismic hazard evaluations is defined as an earth-
quake within a specific seismotectonic province which is not
associated with a known tectonic structure. The FE differs
from the Maximum Credible Earthquake (MCE) in that the latter
is typically a large magnitude event usually associated
with ground breakage on a known tectonic structure. It is
generally accepted that FEs are events of low to moderate
magnitude. Krinitzsky and Chang (1975) state that "long
faults, which are necessary for large earthquakes, would not
remain undetected if careful geologic investigations were
made.' They further observe that uncertainties in the cor-
relation of faults and earthquakes occur with small events of
magnitude four or five. Thus the magnitude of the FE cannot
exceed that of the Maximum Credible Earthquake.

In the eastern and central United States the maximum
FE is considered to be a magnitude (M.) 5.75 to 6 event
(Slemmons et al., 1982), a value presumably equal to the
threshold magnitude at which ground breakage will occur. In
the Basin and Range province of the western United States,
earthquakes of magnitude greater than 6 normally produce fault
scarps (Wallace, 1982).

The threshold magnitude is not precisely known for the
Colorado Plateau, because there are no recorded seismic events
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associated with ground breakage. The largest recorded earth-
quakes in the Colorado Plateau have all fallen in the magnitude
range of 5.5 to 5.8. It is conceivable that this range may
represent the MCE value for the prevailing stress field.
Thompson and Zoback (1979) state that the lack of major fault-
ing and/or seismicity within the Plateau interior indicates
low differential (shear) stresses. This range is considerably
lower than the estimated maximum earthquake value of 6.5 used
for some UTRA Project studies in the Colorado Plateau. The
larger value is adopted in part because of the limitations of
the historical data base. The magnitude range 5.5 to 5.8 may
be a reasonable value for the FE magnitude, but again a more
conservative value is advisable considering the lack of a
long-term data base. Since all earthquakes of magnitude 6.5
should be associated with ground breakage (i.e., be associated
with a known tectonic structure) and the largest historical
events fall in the range of 5.5 to 5.8, the FE magnitude
probably falls somewhere within the range 5.8 to 6.5.

An estimate can be made by evaluating the threshold
magnitude at which ground breakage occurs from the appropriate
fault length/magnitude relationship. The relationship of
Bonilla et al. (1984) for plate interiors is:

Ns = 6.02 + 0.729 log L

where

L = mapped fault rupture length (km).

The threshold magnitude can be estimated by setting L
equal to zero. The resulting magnitude (Ms) is equal to
about 6. This is in general agreement with the arguments of
Slemmons et al. (1982), Krinitzsky and Chang (1975), and
Wallace (1982), cited above. Allowing for possible errors
and variability in the determinations discussed above, the
more conservative value of ML = 6.2 is recommended for the
maximum magnitude of the FE in the Colorado Plateau.

In accordance with seismic design procedures commonly
used in the siting of nuclear power plants, the FE event is
assumed to occur at a radial distance of nine miles (15 km)
from the site. Using the acceleration/attenuation relation-
ship of Campbell (1981). this results in an on-site peak
horizontal acceleration (PHA) of 0.21g at an 84 percent
percentile level of confidence. This event is designated as
the design earthquake for the Ambrosia Lake stabilized pile.
with a design acceleration of 0.21g.

Analysis of sianificant faulting

The Precambrian through Tertiary rocks exposed in the
study region have undergone at least three major episodes of
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tectonic deformation (Kelley, 1963b; Santos, 1970; Smith and
Peterson, 1980). A synthesis of the results of: (1) a review
of published and unpublished geologic maps and literature;
(2) results of low-sun-angle reconnaissance and photogeologic
analysis; and (3) ground reconnaissance of critical structures
is presented in Plates 2 and 3. The majority of the struc-
tural elements apparent in the figures are attributable to:
(1) Late Cretaceous-Early Tertiary Laramide deformation; (2) a
north-trending right-shear force couple related to the north-
northeast translation of the Colorado Plateau during the Late
Paleocene-Early Eocene; or (3) Miocene and younger-age stresses
related to the formation of the Rio Grande Rift (Santos, 1970;
Laughlin et al., 1983; Slack, 1975).

Within the 40-mile (65-km) radius of the study region, no
known capable faults have been identified. Field mapping con-
ducted primarily by the USGS indicates that no Late Quaternary
activity has occurred on any structure potentially critical to
the design of the encapsulation. To facilitate the conveyance
of the regional structural fabric to the reader, structures on
Plate 3 have been drawn as continuous features for their entire
mapped or inferred length. These values (length of fault and
distance from fault to site) have been utilized to develop
MCE magnitude values and estimate on-site accelerations. A
considerable amount of the fault data presented was derived
from drillhole logs and sub-surface mining activities. The
reader is therefore urged to review elements of the geologic
map reference list following this report for more detailed
representations of regional structure.

As discussed above, a floating earthquake would produce
an on-site PHA of 0.21g were it to occur at a distance of nine
mile (15 km) from the site. If deemed capable, movement along
several faults or fault systems within nine miles (15 km) of
the designated site could produce, accelerations which would
exceed floating earthquake effects. A discussion of the
nature of these dominantly normal-slip faults follows.
Specific numerical parameters that characterize the features
are listed in Table 0.4.9.

o Fault system 1. Derived from the field studies of
Thaden et al. (1967) and Santos and Thaden (1966),
structures of fault system 1 have an overall trend of
slightly west of north. Upper Cretaceous units of the
Mancos Shale are the youngest strata displaced by the
system with offsets ranging from one to 25 feet. The
overall sense of displacement is down to the east.
Fault traces were observed during stereophoto analysis,
LSA missions, and field checking. Zones of intense
fracturing were observed in units of the Dakota Sand-
stone where offsets were less than 10 feet (area A,
system 1, Plate 3). Displacements in Cretaceous age
strata of four and eight feet and 25 feet are mapped
for the faults field checked in areas 8 and C, respec-
tively; however, the only evidence of faulting observed
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at the localities was the presence of slickensided
sandstone and limestone debris. Visible displacement
was similarly absent in stereophotos and during LSA
work. No offset of Quaternary deposits is apparent,
and no micro- or macroseismicity is associated with
the system, therefore it is considered noncapable.

o Fault system 2. Also derived from the work of Santos
and Thaden (1966), system 2 faults trend north and
northeast and are offset predominantly down to the
east and southeast. Within that portion of the system
blanketed by Quaternary alluvium and regolith, no
offset was observed during any phase of this evalua-
tion. The youngest units displaced are those of the
upper Cretaceous Point Lookout Sandstone. Mineral-
ized gouge zones as thick as four feet were observed
at Roman Hill (area A, system 2, Plate 3), and Mulatto
Canyon (area B. system 1, Plate 3). The structures
mapped in area C were not evident during ground recon-
naissance, though slickensided calcite-on-sandstone
fragments were found. Faults of this system are con-
sidered noncapable due to lack of Quaternary geomorphic
evidence and association with seismicity.

o Fault system 3. Presumably delineated through
borehole studies, no evidence of any kind, geomorphic
or otherwise, suggest fault capability. Thus, system
3, mapped as down to the east, north-trending faults,
is considered noncapable.

o Fault system 4. The structures of this system trend
west-northwest for the most part and could be related
to the formation of the Chaco Slope margin of the San
Juan Basin. Displacements are generally on the order
of a few feet, ranging from one to 35 feet. The
dominant sense of offset is down to the southeast and
no strata younger than the Upper Cretaceous ancos
Shale are affected. Field evaluation of an area of
intense faulting within the system revealed the
presence of zones of intense fracturing and rare,
slickensided fault plane exposures. Quaternary units
concealing portions of system 4 fault traces exhibit
no displacement. The system is aseismic and presumably
noncapable.

o Fault system 5. Locally referred to as the San Mateo
fault zone, the system purportedly extends, in the
subsurface, from San Mateo Mesa to well beyond Section
27 of T12N. ROW, a distance exceeding 19 miles (30 km)
(Thaden et al., 1967a). Throw on the structure is
down to the east and 250 feet east of the site
vicinity. Thick, late Quaternary alluvial deposits
overlie nearly the entire fault trace. No offset of
these deposits was visible on airphotos or during LSA
flights. Santos (1966ab) indicates the main fault
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displaces Upper Cretaceous (Point Lookout Sandstone)
units capping San Mateo Mesa; therefore, for lack of
evidence indicating offset of younger strata, the
system is considered noncapable.

o Fault system 6. Locally referred to as the Ambrosia
fault zone. The youngest unit offset by fault number
6 is the Upper Cretaceous Mancos Shale. Displacement
as mapped by Thaden and Ostling (1967) and Thaden
et al. (1966) is down to the west and decreases
northward from 50 feet to five feet. Widespread Late
Quaternary alluvial cover blanketing the fault is not
offset. A noncapable status is assumed from the lack
of seismic activity or geomorphic evidence.

o Fault system 7. A group of north-trending faults
possibly constituting a graben system located north-
west of the designated site. The last movement
probably occurred after the Late Cretaceous; however,
no Quaternary deposits are offset (NMSHD, 1978; Wyant
and Olson, 1978). Stereophoto interpretation, LSA
reconnaissance, and field checking failed to con-
clusively confirm the presence of the easternmost
structure. Evidence of faulting including concen-
trated vertical jointing and possible sandstone
breccia dikes were observed. As no Quaternary age
valley fill deposits are offset, and because intense
field reconnaissance failed to identify a distinct
fault scarp. the system is considered noncapable.

o Fault system 8. Locally known as the Big Draw Fault,
the master structure extends in the subsurface south
of Prewitt, New Mexico, to section 17, T16N, Rl1W
(Green and Pierson, 1971; Robertson, 1976). The
system consists of a north-trending main fault and
several northwest-trending branch faults. Splaying
of the primary structure occurs near its terminus
immediately north of the Prewitt Quadrangle. As much
as 520 feet of downdrop is indicated for the Big Draw
Fault. The trace of the structure was not readily
apparent during LSA reconnaissance or airphoto
analysis. A small amount of offset, probably on the
order of a few tens of feet, was observable in the
Upper Cretaceous Point Lookout Sandstone at the
northern limit of the mapped trace. Such offset
agrees with the decreasing northward displacement
as mapped in the subsurface. No Quaternary valley-
fill deposits exhibit offset, and no seismicity is
associated with faults of the system. The system,
therefore, is considered to be noncapable.
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o Fault system 9. Fault system 9 was located primarily
from the field mapping performed by Santos (1966a,b),
Thaden et al. (1967a,b), and Maxwell (1977a-e). The
system exhibits normal displacement which is down to
the southeast, with a few tens of feet of displace-
ment which is generally concealed at the surface. Of
notable exception is the fault chosen as the master
fault for the system (Plate 3, system 9). Up to 1270
feet of strike-slip and normal-slip displacement are
mapped for the structure. Miocene to Pliocene basalts
capping La Jara Mesa are displaced by the branch faults
of the strike-slip feature; however, field inspection
of the mesa edges and fault scarps indicate that, on
these struc-tures, no strike-slip movement has
occurred. LSA reconnaissance and airphoto analysis
confirmed offset on only the northernmost elements of
the fault system. Subsequent field evaluation
revealed the presence of broad, highly eroded fault
scarps draped in several locations with alluvial
cover. As was evident in numerous other locations
which contain Late Quaternary alluvial cover, no Late
Quaternary displacement is evident.

On December 24. 1973, an earthquake of intensity
VI occurred which was epicentrally located at 35.260N
Latitude, 107.740W Longitude (Plate 3). So located,
the event falls at the boundary of fault system 9 on
the southern edge of La Jara Mesa. The accuracy of
epicenter location, however, is no better than + six
miles (±10 km), even though 16 stations recorded the
event (Sanford. 1981a). Estimates of local magnitude
ranged from 3.44 to 4.1 and the focal depth was
estimated to be 11 miles (18 km) (Northrop, 1980). In
1975, LASL installed a recording station on Mount
Taylor, six miles (10 km) east of La Jara Mesa. The
present accuracy of epicenter location in the La Jara
area for events > magnitude 2.0 (ML) is on the order
of one mile (two km) (Cash, 1985). A few microseismic
events have been located in the mesa vicinity to date.
However, no epicentral patterns or trends are apparent
that can be associated with system 9 faults, either as
a whole or along discrete structural elements. For
the purposes of this study, t s concluded, based
primarily on geomorphic and seismologic evidence, that
the system is noncapable.

o Fault system 10. The master fault of system 10 is
assumed to extend in a north-south orientation from
six miles (10 km) north of Smith Lake to the northern
abutment of the Bluewater Lake dam. The major elements
of the system trend north and northwest and are normal-
slip, downdropped to the east. A secondary east-west
trending system crosscuts system 10 in the vicinity of
the northernmost segments. Displacement as mapped by
Robertson (1976) and Robertson and Jackson (1975)
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ranges from several tens of feet to as much as 250
feet immediately north of Smith Lake. Inspection of
airphotos confirmed the presence of off-sets in units
as young as the Upper Cretaceous Point Lookout Sand-
stone. Subsequent LSA and field evaluations revealed
that no Late Quaternary deposits were displaced along
the fault trace. At one location along New Mexico 56,
a faulted outcrop of Cretaceous strata exhibited 50
feet of offset. Immediately adjacent to the outcrop,
the mapped fault trace continues eastward, concealed
beneath a thick alluvial terrace. A 10-foot-deep
arroyo dissected into the terrace and oriented per-
pendicular to the fault trace exhibited no offset of
Late Quaternary strata. The system is thus considered
to be noncapable.

The faults and fault systems discussed above represent
structures that were considered potentially critical to pile
design. Subsequent field evaluation confirmed that all were
noncapable. Of the remaining five systems delineated on Plate
3, two merit discussion because of their relationship to the
tectonic processes dominating the Colorado Plateau-Rio Grande
Rift transition zone. Remote systems in the study region
(systems 11 through 15) that would appear potentially critical
to pile design are evaluated as to maximum magnitude and
acceleration potential in Table .4.9. All are noncapable.

Mesa Chivato fault system

A 1:500,000-scale geologic map of the site region
(Baldridge et al., 1983) indicates the existence of the Mesa
Chivato faults. Several other geologic maps reviewed during
the initial phase of this investigation did not indicate the
presence of faulting on Mesa Chivato, a Pliocene and Miocene
age basalt highland that extends northeast from Mt. Taylor.
Included were the maps of the New Mexico State Highway Depart-
ment (NMSHD, 1978), Wyant and Olson (1978), and Clemmons
et al. (1982). Photogeologic analyses and LSA efforts con-
ducted by the TAC located surface traces of these features. A
detailed representation of the distribution and orientation of
the structures appears in Figure 0.4.16. Overall the sense of
displacement of the system is down to the east; however, down
to the west offsets, usually associated with graben structures,
do occur. Field inspection of several of the features revealed
the presence of geomorphically distinct, nearly vertical fault
scarps in bedrock. Locations where thick (>four feet) alluvial
aprons draped over the fault trace offered no evidence of Late
Quaternary activity. An eroded trench oriented perpendicular
to and crossing the trace of one of the structures similarly
exhibited no indication of Late Quaternary movement. To
either side of the cut the scarp continued with an offset of
10 to 20 feet. From an airphoto inspection, a stream was
identified that had been diverted and ponded against an
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upthrown block of one of the structures. Subsequent erosion
through the latter had enabled the stream to return to its
original course. The time involved for such a sequence of
events to take place is presumably many times that of the
proposed 1000-year design life of the encapsulation (Harvey,
1985). The geomorphic evidence gathered during the three
phases of the investigation thus suggests that faults of the
Mesa Chivato system are noncapable.

Because of the wide areal gaps existing between struc-
tures of the Mesa Chivato system as it is defined above, it is
appropriate to discuss the possible genesis of the faults.
Their proximity to a zone of major crustal extension and
development in a large volcanic field suggest they are features
associated with the processes of volcanism or rifting.

The structural aspects of geographic orientation, overall
sense of displacement, and length of the Mesa Chivato faults
bear strong resemblance to the extensional fabric typical of
the neighboring west flank of the Rio Grande rift. As dis-
cussed above in Section D.4.4, several researchers have
hypothesized that rift-type stresses extend well into the
flank of the Colorado Plateau in this region. Slack (1975)
asserts that much of the Rio Puerco structure is due to the
development of the rift. This zone of deformation, as modified
to fit the regional structural fabric examined during this
study, approaches to within six miles (10 km) of the east edge
of the Mesa Chivato system. Mesa Chivato faults may represent
the most distant extensional structures related to the rifting
event. The amount of displacement exhibited on the Mesa
Chivato faults supports the contention that offset on the
rift faults decreases dramatically as the plateau interior is
approached (Olson et al., 1984). The basalts displaced by
the Mesa Chivato faults constitute part of a broadly linear,
northeast-trending group of Late Cenozoic volcanic fields
referred to as the Jemez lineament. Occurring along a major
zone of weakness in the earth's crust, the volcanic activity
was syngenetic with the episodic formation of the rift. Fault
planes probably served as magmatic avenues of ascent. Align-
ment of cinder cones within one area of the Mesa Chivato field
was readily visible during the stereophoto evaluation, though
no similar alignment was seen along other distinct fault scarps
delineated during the same effort.

Research by scientists of LASL in the Lucero (Jemez
lineament) volcanic field may serve to help characterize
the nature of the fault activity associated with these areas.
Located to the south of the Ambrosia Lake study area, the 60-
by-40-mile Lucero volcanic field has exhibited recurrent activ-
ity during Pliocene-Miocene, and Quaternary time Baldridge,
1965). The rift-type faults that displace Lucero extrusives
probably also acted as the conduits for their ascent. The
evidence gathered so far suggests that as the episodes of
volcanism come to an end, fault activity likewise ceases.
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Extrapolated and applied to the Mt. Taylor volcanic field this
hypothesis suggests that the latter region is currently in an
inactive phase. The youngest volcanics of the field have been
age dated at 1.8 to 5 million years ago (aldridge et al.,
1983). Minor flows in the study region are as young as 800 to
1200 years, though, and the abundant diffuse micro-seismicity
characteristic of the Mesa Chivato area may be attributed to
magmatic transport processes (Cash, 1985). Were the Mesa
Chivato fault system to be considered active based primarily
on seismological evidence, an unrealistically high 7.3 magni-
tude event would result from the total rupture of the proposed
master fault trace. Research by Baldridge et al. (1983),
however, concluded that the Jemez lineament, and thus the
Chivato fault system, does not represent a simple structure
such as a fracture zone or discrete fault. Therefore, rupture
of the total length of the system as defined in Plate 2 is
unlikely. A magnitude 7.3 (ML) event centered on the design
fault is attenuated to the designated site in Table D.4.9 to
demonstrate the noncritical nature of the system with respect
to pile design.

An alternative interpretation of the Mesa Chivato
structures is diagrammed in Figure .4.17. This explanation
postulates that the structures are due to the intrusion of
sheeted dikes. The effect of sequential dike intrusion exerts
a laterally directed stress on the host rock. At some point,
the overlying strata and basalt flows fail, forming exten-
sional grabens. Ultimately, as the less resistive flows are
eroded away, a structure consisting of a central plug (pos-
sibly Mt. Taylor) with radial dikes is left such as is seen
today at Shiprock. New Mexico. Seismic events associated with
the formation (assuming it to be catastrophic) or subsequent
movement of the graben faults would probably be of relatively
small magnitude due to their shallow extent.

Rio Puerco fault zone

The Rio Puerco fault zone consists of numerous north- and
northeast-trending normal faults that extend for 45 miles (75
km) from the Lucero Uplift to the Nacimiento Uplift (Figure
D.4.14 and Plate 2). The closest approach of the system is 45
miles (70 km) east of the Ambrosia Lake site. The development
of the fault zone has been attributed to two primary episodes
of tectonic deformation (Slack, 1975). Northeast-trending,
northwest-dipping elements of the system formed in response to
a Late Paleocene and Eocene north-oriented, right-lateral
shear couple associated with the northeast translation of the
Colorado Plateau. The Jemez lineament has similarly been
proposed as the surface manifestation of such shear stresses
(Laughlin et al., 1983). North-striking, east-dipping normal
faults of the Rio Puerco deformation zone resulted from the
Middle Miocene to Holocene activity of the Rio Grande Rift.
Up to 600 meters of stratigraphic separation is observed on
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the easternmost rift-related faults. However, most of the Rio
Puerco structures exhibit less than 30 meters of displacement.
The youngest movement apparent in the system is pre-Eocene.
No large-magnitude earthquakes have been recorded within the
fault zone, though numerous microseismic events have occurred
over the period of September, 1973, to December, 1983 (LASL,
1984). Over the same period, the number of events recorded
for the Mt. Taylor-Mesa Chivato region was comparably greater,
implying that the Rio Puerco system may present a lesser
seismic hazard. The proposed master fault for the Rio Puerco
fault zone evaluated in this study is delineated in Plate 2.

Earthquake design arameters

The absence of any potentially capable fault systems near
the designated site requires that the floating earthquake,
assumed to occur at a distance of nine miles (15 km), be
utilized as the design earthquake. A justification of the
magnitude 6.2 (ML)event arrived at and employed in this
investigation is discussed elsewhere in Section D.4.5.5.
Although a fault mechanism is not specified for the floating
earthquake, the proximity of the site to the Rio Grande Rift
suggests that an extensional stress might be the source
mechanism. This is supported by the historical development of
extensional features well into the flank of the Colorado
Plateau. The focal depth associated with the floating earth-
quake is difficult to predict based on the regional seismic
history. Anomalously deep events such as the Crownpoint
quakes could occur. More likely, the event would be a shallow
focus occurrence with a hypocentral depth of less than 12 miles
(20 km), as evidenced by numerous events of the instrumental
record for which fault-plane solutions have been produced
(Olson et al., 1984; Plate 2).

An on-site, nonamplified, free-field, peak horizontal
acceleration of 0.21g is estimated for the occurrence of a
magnitude 6.2 (ML) event with an epicentral distance of nine
miles (15 km) from the Ambrosia Lake site. This mean-plus-
one standard deviation value is based upon the constrained
relationship of Campbell (1981) which relates the on-site
acceleration to earthquake magnitude and fault-to-site dis-
tance. An additional factor of safety is incorporated into
the 0.21g value in that it represents the 4th percentile
result of the acceleration calculation.

Actual site conditions affect the acceleration value and
are discussed in detail in Section .5. The liquefaction
potential of the site and tailings material are evaluated in
Section .3 of Appendix B. Engineering Design.
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Potential for on-site fault rupture

The potential for on-site rupture in the immediate
vicinity of the encapsulation is essentially non-existent. The
nearest known capable faults are in the Rio Grande Rift, over
70 miles (110 km) to the east of the site. Late Quaternary
deposits within the 40 miles (65-km) study radius received
intense examination where they concealed the trace of criti-
cal structures. Nowhere in the study region was there any
evidence, geomorphic or otherwise, of offset or disturbance of
recent deposits.

The encapsulation will be located on a valley sideslope
of 1.25 percent gradient. Prominent bluffs of Cretaceous
sedimentary strata outcrop 6500 feet northeast of the tailings
pile. Large boulders, transported as a result of landslide or
other mass-wasting phenomenon, are not present beyond 700 feet
of the mesa edges. The combination of low topographic gradient
and large site-to-outcrop distance would appear to preclude
potential landslide disturbance of the stabilized pile.
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Table D.4.1 Generalized geomorphic properties of the major features
of the Ambrosia Lake region

Geomorphic Local Height above
element Lithology cover Slope base level

High mesas Tertiary Locally derived 0.3°-0.9° 558-1968 feet
basalt alluvium; ridge

dunes

Hillslopes Mainly Thin slopewash; 8.1°-28° --
Cretaceous complex colluvium;
strata slumps; dunes

Sedimentary Mesozoic Ridge dunes 1.00 --
cuestas sandstone

and limestone

Pediments Resistant Gravelly 1.7° 40-197 feet
Cretaceous basaltic
strata alluvium

Valley floor All Mesozoic Muddy to gravelly 0.50-3.4° 0-66 feet
strata alluvium; eolian

dune fields and
sand sheets

Ref. Modified from Wells and Gardner, 1985.
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Table D.4.2 Detailed description of the Ambrosia Lake region
stratigraphic section

Geologic age Unit Physical characteristics

Permian San Andres Ls Thick-bedded to massive, yellowish-
brown, gray, and red marine limestone.
Locally sandy or containing limey
sandstone lenses. Prominent interbed-
ded. fine- to medium-grained, yellow,
cross-bedded sandstone. Unit is well
indurated and truncates upward in a
karst-surfaced erosional unconformity.

Upper Triassic Chinle Fm (Lower) - Dominantly a thin-bedded,
grayish-red to reddish-purple mudstone.
Lesser sandy siltstone and fine- to
medium-grained. purple to white
sandstone present.

(Middle) - Alternating very fine-
grained to conglomeratic white, light-
gray, and yellowish-gray sandstones,
claystones, and grayish-red, reddish-
brown, and purple mudstone, siltstone,
and sandy siltstone. Sandstones
exhibit medium to thick bedding; finer-
grained lithologies are thin-bedded and
discontinuous. Generally, all litholo-
gies are calcareous, and petrified wood
fragments are common in the sandstones.

(Upper) - Chiefly greenish- to reddish-
purple claystone and siltstone with
medium to massive sandstone interbeds.
Greenish-gray limestone and sand lime-
stone beds are rare. The sandstone is
texturally mature (well-rounded grains)
but is poorly sorted. The calcareous
sequence is conformable with the over-
lying Wingate Sandstone. Environments
of deposition (EOD) were dominantly
continental.

D-117



Table D.4.2 Detailed description of the Ambrosia Lake region
stratigraphic section (Continued)

Geologic age Unit Physical characteristics

Upper Triassic

Upper Jurassic

Wingate Ss

San Rafael Group
Entrada Ss

A fine- to medium-grained, medium to
massively bedded, light-brown to
reddish-orange sandstone. Clasts are
well sorted and subrounded, and the
unit is calcareous. Calcite cement
occupies 10 percent of the grain inter-
stices and porosity ranges from 15 to
20 percent. Sedimentary structures
present include large scale, tangen-
tial, high angle trough and tabular-
planar cross-beds. An uncomformity
truncates the upper part of the
sequence. Unit is considered to be an
eolian deposit.

Dominantly very fine-grained to fine-
grained calcareous sandstones with
lesser silty sandstone. Colors range
from grayish-pink to reddish-brown.
Bedding ranges from thin to massive and
is uneven and irregular. Roundness of
grains varies from angular to rounded;
sorting is moderate to well sorted.
Calcite, the primary cementing agent,
ranges from 15 to 20 percent. Porosity
averages 12 percent. Large scale,
tangential, high angle trough cross-
beds are alundant. An abrupt contact
separates the Entrada from the over-
lying Todilto Limestone. Origin is
presumed to be littoral and eolian.

San Rafael Group,
Todilto Ls

Thinly laminated to thickly bedded,
fine-grained, yellowish-gray to dark
olive-gray micritic limestone. The
unit is well indurated, unfossilif-
erous, locally gypsyferous, fetid where
freshly broken, and locally mineral-
ized. Historically, small amounts of
uranium ore have been mined from the
Todilto. EOD was most probably a vast
playa lake. The Summerville Formation
gradationally overlies the limestone.
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Table D.4.2 Detailed description of the Ambrosia Lake region
stratigraphic section (Continued)

Geologic age Unit Physical characteristics

San Rafael Group,
Summerville Fm

A sequence composed primarily of very
fine-grained, white, grayish-red, and
greenish-red sandstones, silty sand-
stones, and siltstones. Largely thinly
laminated but ranging to thick and even
massive bedding in upper section.
Interbedded variegated mudstones
present. Sandstones are moderately
poorly to very well sorted and contain
angular to rounded clasts. Upper con-
tact is gradational. Unit frequently
contains uranium ore where underlying
Todilto is mineralized.

Sandstone, very fine-grained to medium-
grained ranging from grayish-orange to
yellowish-orange in color. Beds are
commonly thin to very thick and locally
massive. Individual grains are sub-
angular to rounded, and sorting varies
from moderately well to well sorted.
Unit s calcareous in upper section
only and contains small to very large
scale tangential, low to high angle,
tabular and wedge planar and trough
cross-beds. Porosity varies from five
to 10 percent. The Bluff Sandstone is
considered to be an eolian sand.

Upper Jurassic Bluff Ss

Upper Jurassic Morrison Fm,
Recapture Mbr

The Recapture Member unconformably over-
lies the Bluff Sandstone. Regionally
it is composed of three general facies:
conglomeratic sandstone, sandstone, and
claystone and sandstone. Beneath
Ambrosia Lake, lithologies present are
interbedded sandstones, silty sand-
stones, and sandy siltstones which are
pale red, grayish-red, and greenish-
gray in color. The subrounded, very
fine- to fine-grained sandstones are
moderately sorted to well-sorted. The
sequence is only partly calcareous and
exhibits no distinct or unique sedimen-
tary structure. A gradational and

D-119



Table D.4.2 Detailed description of the Ambrosia Lake region
stratigraphic section (Continued)

Geologic age Unit Physical characteristics

intertonguing contact separates the
Recapture from the overlying Westwater
Canyon Member. Deposition probably
took place on a broad alluvial plain.

Morrison Fm,
Westwater Canyon Mbr

Morrison Fm,
Brushy Basin Mbr

Primarily a fine- to coarse-grained,
arkosic sandstone, the Member also
contains interbedded sandy and silty
mudstones. Mining personnel have dif-
ferentiated the unit into two facies, a
sandstone and a conglomeratic sand-
stone. The sequence ranges in color
from grayish-orange and greenish-gray
to light brown. Thin to thick, uneven
beds are present. Clasts are moder-
ately poorly to well sorted and angular
to rounded. Diastems are common, as
are medium to large scale, discordant
and tangential, low to high angle,
trough, tabular planar, and wedge
planar cross-beds. Organic debris is
abundant. The unit is porous (- 10
percent) and permeable and constitutes
the primary aquifer in the area. The
majority of the uranium and vanadium
ores mined in the region are removed
from the Westwater Canyon. Cementing
agents in the poorly indurated member
include calcite, limonite, hematite,
montmorillonite, illite, kaolinite, and
chlorite. Contintental environments
hosted the deposition of Westwater
Canyon sediments.

Predominantly a greenish-gray mudstone
with fine- to medium-grained, light-
gray and yellowish-gray arkosic
sandstone lenses and rare limestone
interbeds. Lower contact is comform-
able with the Westwater Canyon Member.
An erosional unconformity truncates
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Table 0.4.2 Detailed description of the Ambrosia Lake region
stratigraphic section (Continued)

Geologic age Unit Physical characteristics

the sequence. The member contains
uranium ore in some parts of Ambrosia
Lake. Locally the unit is gypsyferous
and bentonitic.

Upper
Cretaceous

Upper
Cretaceous

Upper
Cretaceous

Dakota Ss

Mancos Sh

Mesa Verde Group
Gallup Ss

Sandstone, fine- to medium-grained,
grayish-orange, very light-gray, and
white in color. Bedding ranges from
thin to more commonly very thick. The
noncalcareous unit is very well sorted
and is composed of subrounded clasts
weakly cemented with silica. Porosity
ranges from 15 to 20 percent. Carbon-
aceous material is common in the basal
section, as are small to large scale,
tangential and discordant, low to high
angle tabular planar cross beds. Cliff
scarps south of the designated site are
Dakota outcrops. Upper contact with
Mancos Shale is conformable and inter-
tongues. The unit most probably
represents a shore-zone sandstone in
the first transgression of the
Cretaceous sea.

A thick, dark-gray calcareous, fissile
marine shale containing up to four
silty sandstone interbeds in the lower
part of the main body. Though obscured
in broad areas by Quaternary alluvium,
the unit forms most of the valley floor
and underlies the designated site area.

Primarily a very fine- to fine-grained,
white to light-brown, noncalcareous
sandstone. Locally contains a discon-
tinuous shale interbed. Bedding is
generally thick but ranges from thin to
massive. The sandstone is moderately
well to well sorted, fossiliferous,
micaceous, and contains angular to
subrounded grains. Porosity ranges
from 24 to 30 percent. Rare coal seams
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Table D.4.2 Detailed description of the Ambrosia Lake region
stratigraphic section (Concluded)

Geologic age Unit Physical characteristics

are present, as well as vertical and
horizontal burrows, detrital organic
fragments, and iron rich horizons.
Unit represents a beach facies. Bluffs
of Gallup Sandstone outcrop less than
two miles north and east of the
tailings pile.

Upper
Cretaceous

Mesa Verde Group
Crevass Canyon Fm

Dominantly an alternating sequence of
yellowish-gray, grayish-orange, light
bluish-gray, and white shales and very
fine-grained to coarse-grained sand-
stones. Siltstone interbeds constitute
a lesser component of the sequence.
With the exception of a few massively
bedded sandstones, thin to medium uneven
beds characterize most of the sequence.
Coarser-grained strata exhibit poor
to well sorted grain populations which
range in roundness from angular to
subrounded. Sandstone sedimentary
structures include large scale, tangen-
tial and discordant, high angle wedge
and tabular planar cross beds. Porosity
is 15 percent. Intergranular space is
occupied primarily by silt and clay and
more rarely, carbonate cement. Iron
stains in shale partings and fracture
are common, as are molds and casts
of plant debris. In some parts, the
largely noncalcareous sequence is
densely fossiliferous. At least three
coal seams are persistent in the subsur-
face throughout the region; presently
one seam is being actively mined 17
miles northwest of the designated site.

Ref. Brod, 1979; Hilpert and Moench, 1960; Smith and Peterson, 1980; Santos,
1970; Squyres, 1963; Harmon and Taylor, 1963; Purtymun et al., 1977;
Cooper and John, 1968.
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Table D.4.3 On-site nonamplified, free-field PHA values associated
with large magnitude historical earthquakes of the
Colorado Plateau and adjacent provinces

Epicenter-to- On-site
Event Magnitude site distance PHA (g)d Province

Socorro, NM, 11/15/1906 6.3a 102 miles -0.01 Rio Grande Rift
(-165 km)

Cerrillos, NM, 5/28/1918 5.5b 94 miles <0.01 Rio Grande Rift
(-151 km)

Dulce, NM, 1/23/1966 5.3c 112 miles <0.01 Colorado Plateau
(-180 km)

Crownpoint, NM. 1/76 4.6c 36 miles <0.01 Colorado Plateau
(- 58 km)

Crownpoint, NM. 3/77 4.2c 34 miles <0.01 Colorado Plateau
(- 54 km)

aSanford et al., 1981; reported MM intensity of VIII converted to Richter
magnitude using M = 1 x 2/3(MM intensity).

bOlsen, 1979.
cSee text for description of event, references.
dPeak horizontal acceleration given as a fraction of gravity (Campbell,
1981).
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Table D.4.4 On-site bedrock PHA values resulting from theoretical
maximum earthquake occurrences on capable or
potentially capable faults of the Colorado Plateau
and adjacent provinces

MCE Distance to On-site
Structure magnitude site PHAd (g)

Uncompahgre Uplift Faultsa, CO 6.6 >125 miles (>200 km) <0.01
Paradox Basin Faultsa, CO, UT 5.0 >125 miles (>200 km) <0.01
San Francisco Volcanic Fielda, AZ 6.5 >125 miles (>200 km) <0.01
North Cebolleta Mesab, NM 7.0 46 miles ( 74 km) 0.07
Rio Grande RiftC, NM 7.4 > 68 miles (-110 km) 0.06

aUMTRA Project Studies.
bMachette and McGimsey (1983).
cCoyote Springs Fault. __ miles (72 km) length (Machette and McGimsey, 1983).
dPeak Horizontal Acceleration given as a fraction of gravity (Campbell, 1981).
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Table D.4.5 Pre-instrumentation historical earthquake record for the
Rio Grande Rifta

Origin time Richter
Date GMT Location Maximum intensity magnitude

mon/day/year hr/min/s LatON Long°W (Modified Mercalli) equivalentb

Apr 28, 1868
Apr 1869

1879
Jul 6, 1886
Jul 12, 1893
Sep 7, 1893
Oct 7, 1895
Oct 31, 1895

1897
Jan 20, 1904
Jan 20, 1904
Jan 30, 1904
Mar 9, 1904
Sep 6, 1904
Jul 2, 1906
Jul 12, 1906
Jul 16, 1906
Nov 15, 1906
Jul 18, 1913
Dec 6, 1913
May 28, 1918
Feb 1, 1919
Aug 13, 1924
Dec 3, 1930
Feb 3, 1931
Feb 5, 1931
Jan 8, 1934
May 7, 1934
Feb 21. 1935
Feb 21. 1935
Dec 18, 1935
Dec 19, 1935
Sep 17, 1938
Sep 20, 1938
Sep 29, 1938
Nov 1, 1938
Nov 27, 1938
Dec 28, 1938
Jun 4, 1939
Aug 4, 1941
Nov 6, 1947

13 30

12

2
9
12
7

11
10
12
19
12

10

30
30
30
15
15

15

0 15
11 30
20 30
4 23

21 36
23 45
4 48
1 32
5 22
1 25
3 5
5 33
1 57

17 20
5 40

23 34
1 26
0 13

22 7
1 15
7 40

16 50

34.00
34.10
34.05
34.00
35.00
34.70
34.50
34.05
33.95
33.95
34.10
34.10
34.10
34.10
34.15
33.95
34.10
34.05
34.00
34.10
35.45
34.00
36.00
35.00
35.00
35.00
34.05
32.70
34.50
34.55
34.80
34.80
33.20
33.25
33.25
33.30
33.20
33.20
33.25
34.15
35.00

107.00
107.00
107.00
107.05
106.40
106.60
106.70
107.05
107.00
107.05
107.10
107.05
107.00
106.95
107.10
106.95
106.95
106.95
107.00
106.80
106.10
107.10
104.50
106.40
106.45
106.45
107.10
108.20
106.80
106.80
106.80
106.85
108.60
108.60
108.65
108.70
108.65
108.70
108.75
107.05
106.40

V
VII

V
V
V

VII
V

VI
VI
VI
V
V
V
V
VI

VII to VIII
VIII
VIII

YI

V
V

V to VI
V
VI
V
V
VI
V

V to VI
V to VI

VI
V
V

V to VI
V
V
V
V
VI

5.0

6.3

4.3
5.7
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Table D.4.5 Pre-instrumentation historical earthquake record for the
Rio Grande Rifta (Concluded)

Origin time Richter
Date GMT Location Maximum intensity magnitude

mon/day/year hr/min/s Lat'N Long1W (Modified Mercalli) equivalentb

May 23, 1949 7 22 34.60 105.20 VI
Aug 3, 1952 20 42 36.50 105.00 V
Aug 17, 1952 10 45 35.50 106.20 V
Oct 7, 1952 9 20 37.00 106.00 V
Nov 3, 1954 20 39 35.10 106.70 V
Aug 3, 1955 6 39 42.0 37.00 107.30 VI
Aug 12, 1955 16 20 35.70 106.10 V
Apr 26, 1956 3 30 35.10 106.30 V
Jul 22, 1960 15 49 34.30 106.85 V
Jul 23, 1960 14 15 34.35 106.85 VI
Jul 24, 1960 10 37 34.30 106.80 V
Jul 3, 1961 7 6 34.10 106.95 VI

aModified from Sanford et al. (1981).
bTranslation equation: M = 1 + 2/3 (MM intensity).
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Table D.4.6 Estimated peak horizontal acceleration values at the
Ambrosia Lake site from MCE occurrence in remote
seismotectonic provinces

Maximuma
Credible Distance On-siteb

Source Earthquake from bedrock
area magnitude site PHA (g)

Rio Grande Rift 7.5 68 miles (110 km) -0.07
Western Mountain province 6.5 -130 miles (210 km) <0.01
Basin and Range 7.25 - 80 miles (129 km) -0.04
Great Plains 6.0 -114 miles (183 km) -0.01

aRefer to text for province evaluation and explanation of values used.
bPeak horizontal acceleration expressed as a fraction of gravity (Campbell,
1981).
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Table D.4.7 Fayol's tests on volume increase of different materials,
when crushed to granular size (20 mm) and compressed;
original volume being unity

aCorresponds to vertical rock Volume when compressed
pressure at depth of 1638 ft By pressure By pressure

bCorresponds to vertical rock Increase of 1422 lb of 2844 lb
pressure at depth of 3276 ft In vol per sq ina per sq inb

Clay 2.16 1.00 0.90
Shale 2.29 1.28 1.16
Sandstone 2.14 1.36 1.25
Coal 2.02 1.30 1.25

aAmbrosia Lake, T14N, R9W, Section 28:
78 percent.

bModified from Peele and Church, 1975.

sandstone 22 percent, shale
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Table D.4.8 Probabilistic estimates of maximum acceleration, velocity,
and intensity at the Ambrosia Lake designated site from
various published sources

Maximum
Return Maximum Modified

period or Acceleration velocity Mercalli
Source probability (g-units) (cm/s) Intensity

Liu and DeCapua
(1975)

100 years I V-V

ATC (1978)

Algermissen et al.
(1982)

Algermissen et al.
(1982)

Algermissen et al.
(1982)

90% probability
of not being
exceeded in 10 yrs.

90% probability
of not being
exceeded in 50 yrs.

90% probability
of not being
exceeded in 250 yrs.

<O. 04b

<O. 04 b

<2

<2

3

aMaximum acceleration.
bEffective peak acceleration.
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Table .4.9 Summary of geologic and seismic evaluation data for significant faults and fault systems of the Ambrosia Lake study area

Fault/system

#1

12

#3

#4

#5 (San ateo
fault zone)

#6

o2 #7
..a

o 8 (Big Draw
fault)

#9

110 (Bluewater
fault)

#11 (Mesa Chivato
fault system)

#12

#13

114 (Rio Puerco
fault zone)

#15

Length
(km)

12

9

7

16

28

18

16

32

48

48

70

60

28

76.6

74

Estimated
maximum
earthquake
magnitudes

6.8

6.7

6.6

6.9

7.1

6.9

6.9

7.1

7.2

7.2

7.3

7.3

7.1

7.4

7.4

Distance to
site (km)

5

1

0.5

4

4

9

18

24

24

38

48

48

46

70

74

On-site
bedrock
PHA (g)

0.54

0.71

0.74

0.58

0.60

0.44

0.28

0.25

0.27

0.18

0.16

0.15

0.13

0.11

0.10

Age of
youngest
strata

displaced

Upper
Cretaceous

Upper
Cretaceous

Upper
Cretaceous(

Upper
Cretaceous

Upper
Cretaceous

Upper
Cretaceous

Upper
Cretaceous

Upper
Cretaceous

Pliocene

Upper
Cretaceous

Pliocene

Permian

Pliocene

Paleocene

Upper
Cretaceous

Overall
sense of

displacement

Down to east

Down to east/
southeast

Down to east

Down to
southeast

Down to east

Down to west

North-trending
Graben

Down to east

Down to
southeast

Down to east

Down to east

Down to
northeast

Down to east

Down to east

Down to north

Maximum
magnitude of
displacement
on faults or
for system (feet)

25

35

250

50

Criticality
to site design

Potentially critical

Potentially critical

Potentially critical

Potentially critical

Potentially critical

Potentially critical

Potentially critical

Potentially critical

Potentially critical

Noncritical

Noncritical

Noncritical

Noncritical

Noncritical

Noncritical

Capabilityb

Noncapable

Noncapable

Noncapable

Noncapable

Noncapable

Noncapable

Noncapable

Noncapable

Noncapable

Noncapable

Noncapable

Noncapable

Noncapable

Noncapable

Noncapable

520

1270

250

50

160

2000

aEstimated utilizing the Bonila
bAs defined in 10 CFR Part 100.

et al. (1984) int. Im. relationship and assuming rupture of total length of master fault.

I I I I I I I I j I I 1 t I
I 



D.5 SITE (FOUNDATION) SOIL CHARACTERISTICS

The locations of referenced boreholes and piezocone soundings are shown
in Figures 3.8 and 3.9 in the Remedial Action Plan (RAP).

D.5.1 LABORATORY TEST RESULTS

The following is a description of the tests conducted and their
results.

D.5.1.1 Classification tests

Classification of the foundation materials according to
USCS (ASTM D2487) included Atterberg limits (ASTM D4318) and
gradation testing (ASTM D422) on several of the samples.
Table D.5.1 shows the results of the Atterberg limits, grada-
tion tests, and the resulting USCS classification. Atterberg
limits were not conducted on all samples so the portion of
these samples that are finer than the #200 sieve are classified
using procedures described in the ASTM Standard Recommended
Practice for Description of Soils (Visual-Manual Procedure)
(ASTM D2488). The individual sample gradation test results
are in Addendum 3.

The alluvium sands are silty or clayey and believed to be
deposited by an alluvial process. The clays range from low
to high plasticity with some sand and are from the weathered
Mancos Shale.

In addition to classification tests, 1368 feet of piezo-
cone soundings were made in the foundation materials. In
order to correlate laboratory classification tests and piezo-
cone soundings 23 boreholes were made adjacent to piezocone
holes. The piezocone logs were examined at the depth from
which samples for laboratory testing were taken. The corre-
sponding cone resistance and friction ratio were noted for
each laboratory sample. To determine the piezocone classifi-
cation, a graph which shows the classification of a material
as a function of the cone resistance and the friction ratio
was compiled. Figure D.5.1 shows the classification scheme
used for the piezocone holes. Although, as can be seen on
Figure D.5.1, all the data for the different soil types fall
within the designated category for a specific material, only
ten data points were available to construct the chart so it
was supplemented with published results (Douglas and Olsen,
1981). This correlation between other physical and engineer-
ing properties measured both in the lab and with the piezocone
are described below.
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D.5.1.2 Specific gravity, natural moisture content, and unit weight

Specific gravity tests (ASTM D854) were run on both the
clay and alluvium samples. The results of these tests are
shown on Table D.5.2.

Of the tests performed, five were on the alluvium and
had an average specific gravity of 2.62. Three tests were
performed on the clays and the average was 2.68.

The results of the in-place moisture and density test are
listed in Table D.5.3. The in-place moisture content tests
indicated that the alluvium has an average moisture content of
10.9 percent and an average unit weight of 100.6 pcf. The
blow counts for the alluvium ranged from two to 80 and averaged
19 blows per foot. Based on the blow counts and the in-place
dry density, the alluvium is classified as being medium dense
with a relative density of 50 percent (Bowles, 1977). The
average degree of saturation for the alluvium is 46 percent.

The average moisture content and dry in-place unit weight
for the clays are 18.7 percent and 106.3 pcf, respectively.
This combination produces an 87 percent degree of saturation
for the clays. The clays are generally medium stiff, the blow
counts ranged from 18 to refusal, and have an average of 28
blows per foot. There are some clay layers in the alluvium
but they are generally less than three feet in thickness and
are quite sandy.

D.5.1.3 Hydraulic conductivity

Hydraulic conductivity tests (EM1110-2-1906) were per-
formed to determine the saturated hydraulic conductivity of
the clay and alluvium. A series of back pressure saturated
triaxial tests were performed on undisturbed samples; the
results are presented in Table D.5.4. The average hydraulic
conductivity of the clay is 1.2 x 10-6 cm/s and of the
alluvium 6.6 x 10-4 cm/s. A material with a hydraulic
conductivity of 1 x 10-6 cm/s is considered essentially
*impervious,' therefore the clays are considered impervious
and the alluvium hydraulic conductivity is "very low" (Lambe
and Whitman, 1969).

D.5.1.4 Consolidation tests

Consolidation tests (ASTM D2435) were performed to
measure the compressibility of the foundation materials. The
results of these tests are summarized on Table D.5.5 and are
shown individually in Figures D.5.2 through D.5.7. Foundation
settlement is important in the construction of the pile. The
magnitude of long-term settlement and the amount of time for
consolidation to occur affects the remedial action plan. The
consolidation tests were performed on submerged, undisturbed
samples.
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Consolidation settlement is a time-dependent process that
occurs in saturated, fine-grained soils. The factor that
controls the magnitude of settlement is the Compression Index
(Cc) and the factor which controls the time required for
consolidation is the coefficient of consolidation (Cv).
Since the clays and some of the alluvium in the Ambrosia Lake
foundation are near saturation and fine-grained materials,
the results of the saturated consolidation tests can be used
to predict both the magnitude and time of settlement. The
average coefficent of consolidation for alluvium and clays is
6.1 x 10-3 cm2/s and 2.1 x 10-3cm2/s, respectively.

The coefficient of consolidation can also be calculated
from pore pressure decay curves generated by the piezocone.

At Ambrosia Lake several pore pressure decay tests were
conducted in the foundation materials (Table D.5.6). The
coefficients of consolidation measured by the piezocone are
for the horizontal direction so they are designated as Ch.
The average Ch for the alluvium and Mancos Shale is 1.5 x 10-2
cm2/s and 6.7 x 10-5 cm2/s, respectively.

The average Cc value for the alluvium is 0.047 and
clays 0.161.

The secondary compression index is used to determine the
amount of secondary settlement. The average value of the
secondary compression index for all alluvium and clays is
0.006 and 0.0015. Lambe and Whitman (1969) give the value for
a normally consolidated clay as being between 0.005 and 0.02.
Since the clays have an average overconsolidation ratio (OCR)
of 3.9, the Cc is expected to be lower than the Cc for
normally consolidated clays, as listed above. A discussion on
the methods used to calculate settlement is found under the
settlement section in the text.

D.5.1.5 Triaxial tests

Triaxial tests (EM 1110-2-1906) were performed to deter-
mine the shear strength of the in situ foundation materials.
These data are used to determine the stability of the tailings
embankment. In order to determine the soil parameters at
the end of construction loading, unsaturated, unconsolidated,
undrained (Q) tests were performed. Table D.5.7 shows the
results of the individual tests. Tests were performed on
both the alluvium and clay. In order to determine the shear
strength of the soils for long-term stability, a series of
consolidated, undrained triaxial tests with pore pressure
measurement (R) were performed. Plots for the individual
tests are shown in Figures D.5.8 and 0.5.9.
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The Q tests were performed on samples that were not
back pressure saturated but on samples at their natural
moisture content, the condition which best represents field
conditions. All the QII tests were performed on undisturbed
samples.

The undrained shear strength for the clay is 2150 pounds
per square foot and 5060 for the alluvium. A limited number
of Q' tests were run since Q" tests can be supplemented by
piezocone data.

The piezocone results can be used as an indication of the
undrained shear strength of a silty or clayey material such
as the clay or clayey sands (Robertson and Campanella, 1984).
This is done by dividing the point stress by a constant
according to the following relationship

Su = qc/Nc

where

Su = undrained shear strength from vane tests or half-
unconfined compression tests or half-unconsolidated,
undrained triaxial tests.

qc = point stress.
Nc = constant that varies from 9 to 20 with an average

of 15.

The undrained strength and the point stress were
correlated: the correlation factor Nc is 17. Because this
correlates well with the value presented by Robertson and
Campanella (1984), it was used to determine the undrained
shear strength for the piezocone holes.

The average undrained shear strength for the alluvium is
4059 psf. It was determined using readings from 405 feet of
piezocone soundings. The average undrained shear strength for
the weathered clay is 2284 psf from 688 feet of piezocone
soundings. These values are close to those determined by the
"" test. The values from the lab tests are used as the

design parameters. Because only a limited number of tests
were performed, these parameters were halved for design pur-
poses to take into account the variability of the foundation
materials.

The R" test was performed on both the alluvium and clay
in order to obtain parameters for long-term stability analyses.
The results of these tests are shown in Figures D.5.8 and
D.5.9. In order to determine the effective strength, the
samples were saturated and pore water pressures were measured
during testing. Both samples had B parameters in excess of
0.97 so the samples were very close to 100 percent saturation.
The Mohr circles on the different graphs fall on a reasonably
straight line. The friction angle and cohesion values were
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determined by linear regression through the effective p-q
points at failure and were used to calculate the slope and
intercept of the regression line friction angle and cohesion.
All OR" triaxial were staged tests, however, as with the
undrained tests, the materials were not sensitive since they
showed no loss of strength with large strains.

The tests indicated that the alluvium has a low cohesion,
68 psf, and a friction angle of 33.5° (Figure D.5.9). The
piezocone measured an average friction angle of 330 for the
sands. A medium-dense sand can generally be expected to have
a friction angle of 340 (Bowles, 1977).

Since there were only two R" tests in the foundation,
the full range of friction angle versus point stress and
friction ratio could not be developed so these correlations
were used as discussed by Robertson and Campanella (1984).
The average friction angle from the piezocone data for the
alluvium was 33.60 which correlates well with that determined
by triaxial testing.

The clay had a cohesion of 245 psf and a friction angle
of 30.50 (see Figure D.5.8). The cohesion of the alluvium and
clay is 68 and 245 psf, respectively; this is so low that the
effects on slope stability are negligible.

D.5.1.6 Capillary moisture content tests

Capillary moisture content test results are generally
used to help predict the long-term moisture content of a
material and to help determine the relationship between the
degree of saturation and hydraulic conductivity. Table D.5.8
shows the results of these tests.

Three capillary moisture content tests were performed
on the alluvium and two on weathered Mancos Shale samples.
Although the tests could not be performed on undisturbed
samples, the in situ moisture content and density were
calculated and the materials were placed in the testing
apparatus at the in situ conditions. Table D.5.8 shows the
results of the capillary moisture content tests for the
foundation materials. These tests used both the ASTM D2325
and D3152 testing procedures. The moisture contents for
pressures below one bar used the D2325 testing procedures and
moisture contents for pressures above one bar used the 3152
testing procedures.
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Table .5.1 Summary of classification test results of the foundation materials

Bore- Depth Plasticity Liquid % passing
hole (ft) USCS index limit # 200 sieve

753 4.0-6.5 CL -- -- 60
756 14.5-17.0 SM -- -- 19
768 2.5-5.0 SM -- -- 20
770 10.5-13.0 SM -- -- 42
771 15.5-18.0 CH 33 58 86

951 22.5-24.5 CH 35 61 --
952 28.5-31.0 CL 10 29 55
953 10.5-12.5 CH 28 52 82
954 22.0-24.5 CL-ML 4 25 --
957 16.0-18.0 CL -- -- 60
958 10.0-12.0 CH 38 66 --

958 14.5-16.5 SM NP -- 23
958 25.5-26.5 SM NP -- 46
964 20.5-22.0 CH 31 62 99
965 21.0-23.0 SM NP -- 48

Table D.5.2 Summary of specific gravity test results

Depth Specific
Borehole (ft) USCS gravity

753 4.0-6.5 CL 2.67
756 14.5-17.5 SM 2.62
768 2.5-5.0 SM 2.59
770 10.5-13.0 SM 2.61
771 15.5-18.0 CH 2.69

952 28.5-31.0 CL 2.67
958 14.5-16.5 SM 2.66
958 25.5-26.5 SM 2.64
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Table D.5.3 Summary of in situ moisture, dry density, and saturation results

Dry
Depth Moisture density Saturation

Borehole (ft) USCS (%) (pcf) (%)

753 4.0-6.5 CL 20.0 116.0 100.0
756 14.5-17.0 SM 6.1 91.8 20.0
768 2.5-5.0 SM 16.5 96.0 63.0
770 10.5-13.0 SM 12.7 99.8 52.0
771 15.5-18.0 CH 21.6 105.0 97.0
958 14.0-16.5 SM 9.0 96.9 34.0
952 28.5-31.0 CL 15.4 106.2 72.0
958 24.5-26.5 SM 17.3 106.4 84.0
951 22.5-24.5 CH 20.3 108.5 100.0
952 22.5-24.5 SC 5.3 99.2 21.0
957 16.0-18.0 CL 21.2 98.0 80.0
959 22.5-24.5 SC 10.8 110.3 59.0
960 16.0-18.0 SC 9.2 104.3 42.0
964 20.5-22.5 CH 13.6 103.9 60.0
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Table D.5.4 Summary of hydraulic conductivity test results

Total Hydraulic
Moisture Dry density Saturation pressure conduct-

Bore- Depth content (Pcf) % head ivity
hole USCS (ft) Init Final Init Final Init Final (ft) (cm/s)

753 CL 4.0-6.5 20.0 21.1 116.0 118.8 580 4.Oxl0-8
756 SM 14.5-17.0 6.1 27.9 91.8 92.7 20 100 580 1.3x10-3
768 SM 2.5-5.0 16.5 29.3 96.0 96.1 63 100 580 1.6x10-4
770 SM 10.5-13.0 12.7 24.1 99.8 102.8 52 100 580 5.lxlO-4
771 CH 15.5-18.0 21.6 24.9 105.0 108.4 97 100 580 2.3x10-6
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Site
ID

951

952

957

-Pa

C 959

960

964

Depth
(ft)

22.5-24.5

22.5-24.5

16.0-18.0

22.5-24.5

16.0-18.0

20.5-22.0

USCS

CH

SC

CL

SC

SC

CH

Material
type

Weathered
Mancos

Alluvium

Weathered
Mancos

Alluvium

Alluvium

Weathered
clay

Dry
density
(pcf)

108.5

99.2

98.0

110.3

104.3

103.9

Moisture
content

(X)

20.3

5.3

21.2

10.8

9.2

14.0

Table 0.5.5 Summary of consolidation tests

Over-
Void consolidation Compression R
ratio ratio index

0.531 5.3 0.165

0.648 1.2 0.048

0.676 1.1 0.180

0.493 5.1 0.051

0.574 1.7 0.043

0.561 5.4 0.138

ecompress ion
index

0.012

0.008

0.062

0.007

0.006

0.063

Load
increment
(psf)

128.000
256.000
50,000

3200
6400

12,800

1600
3200
6400

12,800
25,600
50,000

12,800
25.600
50,000

25,600
50,000

100,000

Coefficient of
consolidation

(m2/sec)

8.0 x 10-3
5.3 x 10-2
1.5 x 10-3

9.4 x 10-3
6.0 x 10-3
4.2 x 10-3

4.1 x 10-3
4.5 x 10-3
3.3 x 10-3

8.0 x 10-3
6.7 x 10-3
2.5 x 10-3

1.3 x 10-2
1.3 x 10-2
1.3 x 10-2

2.7 x 10-3
2.3 x 10-3
4.2 x 10-2

Secondary
compress ion

index

0.0005
0.0008
0.0007

0.0003
0.0003
0.0012

0.0004
0.0017
0.0026

0.0004
0.0005
0.0012

0.0002
0.0004
0.0005

0.0020
0.0029
0.0021
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Table D.5.6 Summary of coefficients of consolidation determined
using the piezocone

Piezocone Depth Soil Ch
number (ft) type cm2/s

864 27.8 Alluvium 1.6 x 10-2

914 13.3 Alluvium 1.5 x 10-3

914 19.8 Alluvium 2.5 x 10-3

932 21.9 Alluvium 3.9 x 10-2

921 24.8 Clay 6.5 x 10-5

922 31.5 Clay 3.8 x 10-5

936 33.2 Clay 9.7 x 10-5

Table D.5.7 Summary of Q" test results

Dry Moisture Shear
Location Depth Material density content Saturation strength Su a

ID (ft) type (pcf) (X) (X) su (psf) vo

958 14.0-16.5 Alluvium 96.9 9.0 34 2150 0.60
959 22.5-24.5 Clayey sand 103.7 16.0 71 5060 0.80
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Table D.5.8 Summary of capillary moisture content test results

Initial conditions
Moisture Moisture

Location Material content Pressure content
ID Depth type (%) bar (%)

753

756

768

770

4.0-6.5 Weathered
shale

14.5-17.0 Alluvium

2.5-5.0 Alluvium

10.5-13.0 Alluvium

19.3

2.1

16.2

13.3

116.6

95.7

96.3

99.7

0.1
0.3
0.5
0.7
1.0
2.0
4.0
7.0

15.0

0.1
0.3
0.5
0.7
1.0
2.0
4.0
7.0

15.0

0.1
0.3
0.5
0.7
1.0
2.0
4.0
7.0

15.0

0.1
0.3
0.5
0.7
1.0
2.0
4.0
7.0

15.0

22.2
23.2
22.4
21.5
21.0
20.4
19.0
17.8
16.7

8.2
8.0
5.0
3.9
3.4
3.1
2.7
2.3
1.9

12.4
10.6
8.2
7.3
6.7
6.4
5.3
4.7
3.7

25.0
23.7
21.7
20.0
19.2
18.6
17.0
15.7
14.3
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Table D.5.8 Summary of capillary moisture content test results (Concluded)

Initial conditions
Moisture Moisture

Location Material content Pressure content
ID Depth type (%) bar (%)

771 15.5-18.0 Weathered 21.0 105.2 0.1 29.6
shale 0.3 27.8

0.5 26.5
0.7 25.2
1.0 24.5
2.0 23.5
4.0 21.4
7.0 19.7

15.0 18.2
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D.6 BORROW MATERIAL CHARACrFRISTICS

The locations of referenced test pits are shown on Figure 3.11.

D.6.1 LABORATORY TESTING - RADON BARRIER

Samples were taken from test pits at the borrow area at intervals
ranging from 0.5 to 12 feet. Atterberg limits, gradation, compaction,
moisture contents, specific gravities, and triaxial tests were done on
the samples.

D.6.1.1 Classification tests

The Atterberg and gradation test results were used
to classify the materials according to the Unified Soil
Classification System (USCS, ASTM D2487). The results of
these tests and the resulting USCS classifications for the
samples tested are summarized in Table D.6.1 and the plots
for the gradation tests are shown in Addendum 3 for each
individual test.

All samples are from the weathered Mancos Shale except
for test pit 511 which is from the surface alluvium and is
expected to behave in a fashion similar to the windblown
contaminated materials.

D.6.1.2 Compaction tests

The materials were compacted according to ASTM D698
in order to determine the optimum moisture content and the
maximum dry density. Specific gravities were determined and
used to calculate the percent saturation of the materials at
optimum moisture content and maximum dry density. Table D.6.2
summarizes' these tests. The results for the individual tests
are shown in Figures D.6.1 through D.6.7.

Permeability, capillary moisture, consolidation, and
triaxial compression tests were performed on samples compacted
at 95 percent of maximum density and above optimum moisture
content.

D.6.1.3 Pinhole and double hydrometer tests

Research has shown that dispersive clays, or erodible
clays as they have come to be known, cannot be distinguished
from nonerodible clays using standard tests such as gradation,
Atterberg limits, or compaction tests. In order to test for
the erosion potential of the cover materials, the pinhole and
double hydrometer tests were used. These tests are only for
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fine-grained materials since the erosion potential for sands
with a few fines does not depend on whether the fines are
dispersive or not.

From the pinhole tests, a soil may be classified as non-
dispersive, intermediate, or dispersive. Two tests were run
on the weathered Mancos Shale, and the results from samples
from test pit 517 at a depth of three to four feet and from
test pit 516 at a depth of 11 to 11.5 feet both indicate that
the weathered clays are nondispersive.

The double hydrometer (ASTM D4221) also indicates the
extent to which a material is dispersive. This test involves
taking one sample at natural moisture content without a dis-
persing agent and then another sample with a dispersing agent
and then performing a hydrometer test. The two results are
compared by dividing the percent passing the 0.005-mm size by
the percent passing the 0.005-mm size from the standard test.
A ratio of zero percent indicates a completely nondispersive
material while a 100-percent ratio indicates a completely
dispersive material. The same two samples that were tested in
the pinhole were also tested using the double hydrometer and
the results of both were zero percent dispersive.

Based on the results of both the pinhole and double
hydrometer test, the compacted Mancos Shales are nondispersive
and therefore not susceptible to colloidal erosion.

D.6.1.4 Hydraulic conductivity

Tests were performed to determine hydraulic conductivi-
ties. The hydraulic conductivity is used to analyze seepage
through the cover and into the tailings pile. The results of
these tests are shown on Table D.6.3. As can be seen from the
table, the average hydraulic conductivity for the compacted
clay is 2.0 x 10-7 cm/s and the compacted alluvium sample
has a hydraulic conductivity of 3.1 x 10-3.

In order to help determine the long-term moisture content
and relate hydraulic conductivity to degree of saturation.
capillary moisture tests were run. The results of these tests
are shown on Table D.6.5.

D.6.1.5 Consolidation tests

Consolidation tests were done on soils to measure the
parameters required to calculate settlement of the soil. The
results of these tests are shown on Table D.6.4 and the indi-
vidual tests are shown in Figures D.6.8 through D.6.10. Three
consolidation tests were run on compacted materials, one on
the alluvium and the other two on the weathered Mancos Shale.
All tests were run on materials that were compacted near
optimum moisture content and then saturated during the test.
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D.6.1.6 Triaxial tests

Triaxial tests are performed to determine the shear
strength of a soil or rock. This is important for determining
the stability of a slope that is constructed using this mate-
rial. Two types of tests were run, an R" test for drained or
long-term conditions and the UQI for undrained or short-term
conditions. Both tests were performed on the alluvium and
clay materials.

The RI test is a stage test on compacted samples. The B
parameter was near 0.98 at the beginning of the test. One R"
test was run on compacted alluvium and two were run on the
weathered Mancos Shale. The results of the tests are shown on
Figures D.6.11 through D.6.13. The compacted alluvium has a
cohesion of 264 pcf and a friction angle of 33°. The com-
pacted Mancos Shale has an average cohesion of 448 psf and an
average friction angle of 28.20. Experience with the Mancos
Shale shows that a friction angle of 20 to 25 degrees is more
common so the 373 psf cohesion and 210 friction angle from
location 518 at 6.5 to seven feet may be more representative
of the Mancos Shale.

The QII test was performed on three remolded Mancos Shale
samples compacted near optimum moisture content. The samples
were not saturated during the test so some sample consolida-
tion was possible, hence, a friction angle was measured during
the test.

The results of the Q" tests are shown on Figures D.6.14
through D.6.16. The average cohesion for the samples is 1265
psf and the friction angle is near 11.50.

Because of the sandy nature of the alluvium, it is
expected to behave in a drained condition so no Q tests were
performed on this material.

D.6.1.7 Capillary moisture content

Table D.6.5 shows the results of the capillary moisture
content test performed on the borrow materials. These tests
were performed on samples that were remolded at optimum
moisture content and 95 percent of the maximum dry density as
determined by ASTM D698.

D.6.2 MATERIAL DESCRIPTION - EROSION BARRIER

The material used for erosion protection will come from an area
12 miles southeast of the site. The material consists of hard dense
basalt boulders which are at the foot of a mesa. Crushing could be
done at the foot of the mesa to separate boulders from the surround-
ing soils. If quarrying thick layers is preferred, a road would have
to be constructed to the crest of the mesa where there is essentially
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no overburden. The basalt in this area would have to be drilled and
blasted. Dakota Sandstone outcropping seven miles south of the Ambrosia
site was also considered for use as erosion protection.

Surface samples of the basalt and Dakota Sandstone were sent to
the laboratory. The tests performed were specific gravity, absorption.
and sodium sulfate soundness. Results of the laboratory testing are
shown on Table D.6.6.
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Table D.6.1 Summary of classification tests

Depth Plasticity

Test Dit

511

516

517

518

519

523

Sample
no.

004

002
005

002

003

003

003

Depth
(ft)

5-6

4-4.5
11-11.5

3-4

6.5-7

5.5-6

5.5-6

USCS

SM

CL
CL

CH

CH

CH

CH

Plasticity
index

NP

15
11

26

30

36

32

Liquid
limit (%) %

32
28

56

56

58

58

- 200

38

54
53

74

88

84

92

Table D.6.2 Summary of moisture density test results

Saturation
at optimum

Maximum moisture
In situ dry Optimum content and

Depth moisture Specific density moisture max dry
Test pit (ft) USCS content (%) gravity (pcf) content () density (X)

511 5-6 SM 4.5 2.62 115.5 13.5 85

516 4-4.5 CL - 2.66 113.0 15.0 85
11-11.5 CL 6.2 2.67 115.0 14.0 83

517 3-4 CH 15.7 2.72 102.3 20.5 85

518 6.5-7 CH 14.0 2.78 100.0 21.0 79

519 5.5-6 CH 14.9 2.74 102.5 20.5 84

523 5.5-6.5 CH 14.8 2.69 104.0 20.0 88
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Table D.6.3 Summary of hydraulic conductivity test results

Dry density Saturation Hydraulic
Test Depth Moisture (Dcf) % Head conductivity
Pit (ft) Init Final Init Final Init Final (ft) (cm/s)

511 5-6 13.5 17.3 113.1 120.3 66 100 1440 3.1 x 10-3

517 3-4 22.1 26.3 97.5 96.5 59 100 1440 2.0 x 10-7

518 6.5-7 22.1 28.3 95.8 98.9 63 100 1440 2.0 x 10-7

All remolded samples.
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Table 0.6.4 Summary of consolidation test resultsa

Dry Recom- Load Coefficient of Secondary
Site Depth Material density Moisture Void Compression pression increments consolidation compression
ID (ft) USCS type (pcf) content () ratio index index (psf) cm2/s index

516 11-11.5 SM Alluvium 109.7 15.9 0.520 0.128 0.013 3200 5.2 x 10-4 0.0012
6400 6.0 x 10-3 0.0018

12,800 7.9 x 10-3 0.0033
25,600 1.5 x 10-3 0.0040

519 5.0-5.6 CH Weathered 98.8 21.9 0.731 0.182 0.050 3200 2.3 x 10-3 0.0062
shale 6400 2.7 x 10-3 0.0042

12,800 2.3 x 10-3 0.0125

523 5.5-6.5 CH Weathered 79.6 21.6 0.686 0.140 0.055 3200 5.2 x 10-3 0.0013
shale 6400 4.1 x 10-3 0.0024

12,800 1.8 x 10-3 0.0047

aAll samples are remolded.



Table D.6.5 Capillary moisture content test results

Initial conditions
Moisture Dry Percent Moisture

Location Depth Material content density compaction Pressure content
ID (ft) type (X) (pcf) (%) bar (X)

511 5.0-6.0 Alluvium 12.5 110 95 1.0 12.3
2.0 11.4
4.0 9.8
7.0 8.5

10.0 7.9
15.0 7.3

517 3.0-4.0 Weathered 22.1 97 95 1.0 22.1
shale 2.0 20.8

4.0 19.2
7.0 18.3

10.0 16.7
15.0 16.4

Table D.6.6 Design parameters for erosion protection materials

Results
Test San Mateo Quarry La Jara Mesa Roman Hillb

Classification hard dense basalt hard dense basalt sandstone

Specific gravity (dry) 2 .62a 2.60a 2.47%

Absorption 1.8a 2.6%a 6.7%

Sodium sulfate soundness 3.3a 0 .06 %b 72.8%

aEvaluation of rock quality for riprap borrow source, Ambrosia Lake site,
New Mexico. December. 1986, Morrison Knudsen-Ferguson Company, Albuquerque,
New Mexico.

bRocky material property test results, A-016, Chen and Associates, Denver,
Colorado, December, 1985, for Jacobs Engineering Group Inc., Albuquerque, New
Mexico.
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0.7 TAILINGS GEOTECHNICAL DATA

The locations of referenced boreholes and piezocone soundings are shown
on Figures 3.8 and 3.9 in the RAP.

D.7.1 CLASSIFICATION TESTS

Classification of the tailings according to USCS (ASTM D2487) in-
cluded Atterberg limits (ASTM D4318) and gradation testing (ASTM C136
and ASTM D422) on several of the samples. Table D.7.1 shows the results
of the Atterberg limits, gradation tests, and the resulting USCS classi-
fication. All reported moisture contents are by dry weight (gravimet-
ric). Atterberg limits were not conducted on all samples so the portion
of these samples that were finer than the #200 sieve was classified
using procedures described in the ASTM Standard Recommended Practice
for Description of Soils (Visual-Manual Procedure) (ASTM D2488). The
individual sample gradation test results are shown in Addendum D3.

The results of these classification tests showed that the slime
portion of the tailings varied from low to high plasticity clays.
Although the materials used in the Atterberg limit tests were not
selected at andom, the testing indicates that the percent clay in the
pile is higher than the percentage of silt.

Laboratory classification tests were correlated with piezocone
soundings. The method used is discussed in Section D.5. Figure D.7.1
shows the peizocone classification chart used for the tailings. This
chart contains data from Mexican Hat, Tuba City, and Ambrosia Lake.

The piezocone soundings were made at 200-foot intervals and a
total length of 2152 feet in tailings. Of the 2152 feet, 14 percent
were sand, 40 percent were a sand-slime mixture, and 46 percent were
slime. The piezocone results show that the tailings at Ambrosia Lake
are very fine as seen by the large amount of sand-slime mixtures and
slimes. This is common for a carbonate leach milling process such as
that used at Ambrosia Lake.

In addition to using the piezocone to classify the soils and
tailings in the pile, correlations were also made for other physical
and engineering properties and the results of these correlations are
described below.

D.7.2 SPECIFIC GRAVITY, NATURAL MOISTURE CONTENT, AND UNIT WEIGHT

Specific gravities (ASTM D854) on several samples were also
measured and the results are summarized on Table D.7.2. The specific
gravities listed in the table for the tailings have an average of 2.64.
In addition to specific gravity, natural moisture and density tests
were also performed on undisturbed samples. The results of these tests
are shown on Table D.7.3. From these tests and the average specific

0-177



gravity, the percent in-place saturation was calculated and is also
shown on Table D.7.3.

The unit weights of the tailings varied significantly between
material types. The average moisture content was 38 percent and the
average dry unit weight was 83 pounds per cubic foot. The degree of
saturation for the slimes was calculated to be 93 percent. Moisture
contents were determined for the sand portions and averaged 13 percent.
The average dry unit weight for the sands was 96 pcf and the average
saturation was 66 percent. The sand- slime mixtures had an average dry
density of 99 pcf with a moisture content of 21 percent. The resulting
percent saturation is 87 percent.

These moisture contents for the various materials indicate that
the materials are still very moist. Of significance is the fact that
two of the moisture contents for the slimes were higher than their
respective liquid limits. This indicates that the slimes may be in a
liquid state. Because the in situ moisture content is higher than the
liquid limit, the in-place material is not necessarily liquid. As
Lambe and Whitman (1969) point out, the Atterberg limits are on
materials that have been thoroughly reworked and therefore give no
indication of particle fabric or residual bonds between particles that
are destroyed during testing. Carbonate tailings often exhibit a degree
of cementation.

D.7.3 HYDRAULIC CONDUCTIVITY TESTS

Hydraulic conductivity tests (EM 1110-2-1906) were done to deter-
mine the saturated hydraulic conductivity of the tailings. A series of
back pressure saturation triaxial permeability tests were performed on
the undisturbed samples; the results are presented in Table D.7.4.

The results of the permeability tests indicated that the sands had
an average hydraulic conductivity of 5.6 x 10-4 cm/s, while the sand-
slime mixture sample tested had an average hydraulic conductivity of
4.4 x 10-6 cm/s. No slime samples were tested for hydraulic conduc-
tivity. Terzaghi and Peck (1967) feel that a material with a hydraulic
conductivity less than 10-7 cm/s is practically impermeable. They
note that a material with a hydraulic conductivity between 10- and
10-5 cm/s has a low permeability. This means that the sand-slime
mixtures at Ambrosia Lake are practically mpermeable' and the sands
have a low degree of permeability.

In order to check the permeability of the sands and sand-slime
mixtures, Hazen's formula as presented by Lambe and Whitman (1969) was
used and is shown below:

K - 100 D102

where

K hydraulic conductivity in cm/s.
D0 diameter in cm.
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Based on their past experience, Mittal and Morganstern (1977) feel
that this is a valid equation to use on tailings sands; Mabes et al.
(1977) show that Hazen's formula can be extended to nonplastic slimes.
The average D10 for the sands, sand-slime mixtures, and slimes were
0.0578, 0.0094, and 0.00021 mm, respectively. This produces a hydrau-
lic conductivity for the sand of 3.3 x 10-3 cm/s. This is higher
than the hydraulic conductivity that was measured for the sands but is
still within the expected range for tailings sands. The hydraulic
conductivity for the sand-slime mixture and slimes using this method
was calculated to be 8.8 x 10-5 cm/s and 4.3 x 10-8 cm/s. Vick
(1983) presents typical tailings hydraulic conductivity ranges for
peripherally discharged beach sands with up to 30 percent fines to be
1 x 10-3 to 5 x 10-4 cm/s. The nonplastic or low plasticity slimes
range from 1 x 10-5 to 5 x 10-7 cm/s. The hydraulic conductivities
tested at Ambrosia Lake generally fall within these ranges. It should
be noted that the hydraulic conductivities discussed above are for
tailings that are 100-percent saturated.

D.7.4 COMPACTION TESTS

Three compaction tests (ASTM D698) were run on three bulk samples
from the tailings pile. The individual results of these tests are
shown on Figures D.7.2 through D.7.4 and are summarized in Table D.7.5.
These tests were run for radiologic calculations and to determine the
amount of moisture conditioning that might be required.

In order to achieve the desired compaction the slimes and sand-
slimes mixtures will have to be blended to reduce the high variability
in moisture content (see Table D.7.1).

0.7.5 CONSOLIDATION TESTS

Consolidation tests (ASTM D2435) were performed to quantify the
compressibility of the tailings impoundment. Tailings consolidation is
important in the construction of the pile. The magnitude of long-term
settlement and the amount of time for consolidation to occur affects
the remedial action plan. The consolidation tests were performed on
submerged, undisturbed, and remolded samples. The graphs of the change
in height versus the load for the individual samples are shown in
Figures D.7.5 through D.7.9, and Tables D.7.6 amd D.7.7 summarize the
results of these tests.

Consolidation settlement is time-dependent and occurs in saturated,
fine-grained soils. Table D.7.6 shows the different in situ consolida-
tion parameters for each test and Table D.7.7 shows the remolded
consolidation test parameters for each test. The factor that relates
the magnitude of settlement is called the compression index (Cc) and
the factor indicating the time required for consolidation is the
coefficient of consolidation (Cv). Since the slimes and sand-slime
mixtures in the Ambrosia Lake pile are nearly saturated and fine-
grained, the consolidation tests results may be used to predict both
the magnitude and time of settlement.
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The average in situ coefficent of consolidation of the sand-slime
mixtures and slimes from all load increments in each test is 4.7 x
10-3 and 1.7 x 10-3 cm2/s, respectively.

The coefficient of consolidation can also be calculated from pore
pressure decay curves generated by the piezocone. At Ambrosia Lake,
five pore pressure decay tests were conducted in tailings and are sum-
marized in Table D.7.7. The average C for the sand-slime mixtures
and the slime as determined from the piezocone pore pressure decay test
was calculated to be 2.8 x 10- and 1.0 x 10-3 cm2/s, respective-
ly, which correlates with the C determined from the laboratory con-
solidation test. Vick (1983) notes that the C for tailings slimes
is generally between 10-2 to 10-4 cm2/s.

Since the sands are generally below 66 percent saturation, addi-
tional load would cause almost immediate settlement. Therefore, a
coefficient of consolidation is meaningless for the sands at Ambrosia
Lake.

In order for the sands to become saturated, they would have to
experience 27 percent compression. This would result in a unit weight
of 132 pcf. Although the SPT blow counts indicate the sands are loose,
the additional strain to reach saturation is considered to be unrealis-
tically high. Therefore, the sands are not expected to experience
enough compression to become saturated as a result of adding the cover
and off-pile contaminated materials.

The compression index relates how much a material will settle
after a given load is applied. The average in situ Cc values for the
sand-slime mixtures and the slimes are 0.09 and 0.40, respectively.
This value for the slimes corresponds well with 0.52 which was noted by
Nelson et al. (1983) for typical uranium mill slimes.

The method which best predicts settlement of nonsaturated sands is
based on the theory of elasticity. The most difficult problem with
this method is determining the in situ modulus of elasticity of the
sands and sand-slime mixtures. Duncan and Buchigani (1976) note that
an estimate of the modulus of elasticity using the cone penetrometer
is more accurate than that obtained with the SPT. Schmertmann (1978)
states that the modulus can be estimated using the piezocone point
stress which is then multiplied by a factor of 3.5. Because the
piezocone was run on 138 different holes, using the simple multiplier
determined by Schmertmann enabled the modulus of elasticity to be
computed for every sand and sand-slime mixture layer encountered. The
average modulus of elasticity for the sands, sand-slime mixtures, and
slimes is 188 kg/cm2, 118 kg/cm2, and 28 kg/cm2, respectively.

As a check on these values, a modulus of elasticity was determined
for the sands and sand-slime mixtures from the results of the SPT
(Bowles, 1977). The modulus for the sands was 145 kg/cm2 while
the sand-slime mixture was 90 kg/cm 2. Bowles (1977) indicates the
following to be appropriate ranges: sands - 100 to 250 kg/cm2; silty
sands - 50 to 200 kg/cm2; and soft clays - 20 to 40 kg/cm2.
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The secondary compression index is used to determine the amount of
secondary settlement. The average value of the secondary compression
index from all load increments in all tests for the sand-slime mixtures
and slimes is 0.0019 and 0.0067, respectively. Lambe and Whitman
(1969) list the expected value for a normally consolidated clay to be
between 0.005 to 0.02.

D.7.6 TRIAXIAL TESTS

Triaxial tests (EN 1110-2-1906) were performed to determine the
shear strength of the in situ tailings. These data are used to deter-
mine the overall stability of the tailings embankment. To determine
the soil parameters at the end of construction loading conditions, a
series of unsaturated, unconsolidated, undrained (Q) tests was performed
on clayey material. The shear strength of the soils for long-term
stability was determined by a series of consolidated, undrained triaxial
tests with pore pressure measurement (R). Plots for the individual
tests are given in Figures D.7.10 and D.7.11.

The Q" tests were performed on samples at their natural moisture
content, the condition which best represents actual field conditions.
Two of the Q tests were performed on undisturbed samples. one on a
sand-slime mixture sample, and the other on a slime sample. Since the
sands are not saturated and are not expected to become saturated, pore
pressures are not expected to develop. The materials will behave in a
drained fashion and the behavior can be represented in analyses by
effective strength parameters; the materials therefore were not tested
using the Q test.

The undrained shear strength for the sand-slime mixtures and slimes
is 740 and 570 pounds per square foot, respectively.

The 740 and 570 psf indicates that the slimes and sand-slime
mixtures are soft (Bowles, 1977). Although different materials may be
normally consolidated, their consistencies may still vary because of
the overburden stress during consolidation. An example is that a
normally consolidated deep clay may be stiff, but a normally consoli-
dated shallow clay may still be soft. Ladd and Foott (1974) point
out that the undrained strength of a normally consolidated clay when
divided by the effective overburden pressure (Su/p) ranges from 0.16 to
0.40 with 0.33 being most applicable. When the individual undrained
shear strengths of the tailings are compared to their effective over-
burden stresses (Su/p), the average is 0.55 which indicates that the
material is slightly overconsolidated. Because there were only two
samples tested, these strengths were halved to account for material
variability. The Su/p ratio for this condition is reduced to 0.28
which is appropriate for a normally consolidated material.

The piezocone gives a good indication of the undrained shear
strength for a silty or clayey material such as the slimes (Robertson
and Campanella, 1984). This is obtained by dividing the point stress
by a constant value. They point out that many people have had good
experience with the following relationship:
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Su = qc/Nc

where

Su = undrained shear strength from vane tests or half-unconfined
compression tests or half-unconsolidated, undrained triaxial
tests.

qc = point stress.
Nc = constant that varies from 9 to 20 with an average of 15.

Correlations were made with the undrained strength and the point
stress. The Nc determined at Ambrosia Lake from testing ranged from
17 to 19 with the average being 18. Because this value correlates well
with that presented by Robertson and Campanella (1984), it was used to
determine the undrained shear strength for the piezocone holes. The
average Su from the piezocone for the slimes is 1045 psf. This is
slightly higher than the triaxial tests because this value includes the
surface materials which are highly over-consolidated due to desiccation
and the O" tests are from normally consolidated samples.

The R" test was performed on all tailings material types in order
to perform long-term stability analyses. Two tests were performed on
undisturbed tailings samples (Figures D.7.10 and D.7.11). Of the two
samples, one was on a sand-slime mixture and one was on a slime. In
order to determine the effective strength, the samples were saturated
and then pore water pressures were measured. All samples had B param-
eters in excess of 0.97 so the samples were very close to being 100
percent saturated. The friction angle and cohesion values were deter-
mined by doing a linear regression through the effective p-q points at
failure and then converting the slope and intercept of the regression
line back to friction angle and cohesion.

The results of the piezocone tests indicated that the expected
friction angles for the sands and sand-slime mixtures are 34.4 and 31.3
degrees, respectively. These values are within the range of tailings
materials as discussed previously.

D.7.7 CAPILLARY MOISTURE CONTENT TEST RESULTS

Table D.7.9 shows the results of the capillary moisture content
test results performed on tailings samples. These tests are generally
used to supplement predictions of the long-term moisture content and to
help determine the relationship between the hydraulic conductivity and
the degree of saturation.

Four capillary moisture content tests were performed on tailings
samples. Although the tests could not be performed on undisturbed
samples, the in situ moisture content and density from an undisturbed
sample were calculated and then the materials were placed inside the
testing apparatus at the in situ conditions.
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Table D.7.1 Summary of classification test results

Bore- Depth Plasticity Liquid % passing Tailings
hole (ft) USCS index limit # 200 sieve type

732 10.5-13 ML NP NP 57 S-S
735 16-18.5 SM 4 25 44 S-S
740 6.5-9 SM - - 44 S-S
742 10-12.5 SM NP NP 46 S-S
745 4-6.5 SM NP NP 32 S-S
764 5.5-8 SM - - 25 sand
765 15.5-18 SM - - 36 S-S
766 15.5-18 SM - - 23 sand
767 20.5-23 SM - - 42 S-S
951 10.5-12.5 CL 14 32 70 slime
953 4-6.5 CL-ML 5 26 55 S-S
953 10.5-12.5 CH 28 52 82 slime
954 10.5-13 SM - - 38 S-S
954 22-24.5 SM-SC 4 25 49 S-S
955 4-6 SM - - 37 S-S
955 16-18 SM NP NP 26 sand
956 12-14 SM NP NP 40 S-S
957 4-6 SM - - 38 S-S
957 10-12 ML 2 22 67 S-S
958 8-10.5 CH 38 66 87 slime
959 4-6 SC - - 35 S-S
959 12.5-14.5 SM NP NP 44 S-S
960 4-6 SM NP NP 41 S-S
961 4-6 SC 15 34 49 S-S
962 10-12 SM NP NP 48 S-S
962 16-18 ML 4 24 50 S-S
963 8-10 SM - - 43 S-S
963 16-18 SM - - 26 sand
964 2-4 SM - - 41 S-S
964 8-10.5 SM 3 23 39 S-S
965 8.5-11 CC 10 31 92 slime

S-S = sand-slime mixture.
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Table D.7.2 Summary of specific gravity test results

Test pit or Depth Material Specific
borehole (ft) type gravity

301 18.5 slime 2.67
302 15.0 S-S 2.67
303 14.5 S-S 2.69
735 16-18.5 S-S 2.65
740 6.5-9 S-S 2.64
742 10-12.5 S-S 2.65
745 4-6.5 sand 2.68
764 5.5-8 S-S 2.62
764 8-10.5 SM S-S 2.63
765 10.5-13 S-S 2.62
766 15.5-18 sand 2.62
767 20.5-23 SM S-S 2.64

S-S = sand-slime mixture.
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Table D.7.3 Summary of in situ moisture, dry density, and
saturation test results

Bore- Depth Material Moisture Density Saturation
hole (ft) type (%) (pcf) (%)

735 16-18.5 S-S 29.2 94.6 100
740 6.5-9 S-S 22.9 103.6 100
742 10-12.5 S-S 20.7 100.6 85
742 11.7-11.8 slime 59.2 64.0 99
745 4-6.5 S-S 27.4 95.8 98
747 14.5-17.5 slime 62.7 61.4 100
764 5.5-8 sand 16.5 97.0 63
765 10.5-13 S-S 21.1 98.0 83
766 15.5-18 sand 10.2 94.3 36
767 20.5-23 S-S 27.2 94.7 97

951 5.7-5.8 slime 34.0 82.4 90
951 10.5-12.5 slime 36.8 81.0 95
953 10.5-12.5 slime 20.4 103.4 92
955 4-6 S-S 16.5 ---
957 4-6 S-S 11.0 100.9 46
960 4-6 S-S 19.4 95.4 71
962 10-12 S-S 26.3 97.9 100
963 8-10 S-S 21
964 8-10.5 S-S 20.7 105.4 97
965 8.5-11.0 slime 55.3 65.4 96

S-S = sand-slime mixture.
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Table D.7.4 Summary of hydraulic conductivity test results

Total
Moisture Dry density Saturation pressure Hydraulic

Bore- Depth content (Dcf) % head conductivity
hole (ft) Init Final Init Final Init Final (ft) (cm/s)

764 5.5-8 16.5 24.1 97.0 98.4 63 100 580 1.7 x 10-5
765 10.5-13 21.1 23.2 98.0 98.2 83 100 580 2.2 x 10-6
766 15.5-18 10.2 26.5 94.3 95.6 36 100 580 1.1 x 10-3
767 20.5-23 27.2 25.2 94.7 96.0 97 100 580 6.5 x 10-6

Table D.7.5 Compaction test results for tailings

Optimum moisture content Maximum dry density
Test pit Material type % pcf

301 slime 18.5 106.0
302 sand-slime 15.0 111.0
303 sand-slime 14.5 111.0
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Table 0.7.6 Summary of consolidation tests

Dry Over- Recom- Load Coefficient of Secondary
Sample Depth Material density Moisture Void consolidation Compression pression increment consolidation compression
ID (ft) USCS type (pcf) content (%) ratio ratio index index (psf) (cm2/s) index

735 16.0-18.5 SM sand-slime 94.6 29.0 0.756 0.9 0.140 0.010 1600 2.1 x 10-3 0.0031
3200 5.2 x 10-2 0.0032
6400 3.3 x 10-3 0.0042

12,800 3.7 x 10-3 0.0037
25,600 3.3 x 10-3 0.0029

740 6.5-9.0 SM sand-slime 103.6 23.0 0.591 0.7 0.088 0.010 3200 4.6 x 10-3 0.0008
6400 9.2 x 10-3 0.0021

12,800 2.1 x 10-2 0.0015

742 10.0-12.5 SM sand-slime 100.6 21.0 0.644 3.2 0.065 0.008 6400 6.8 x 10-3 0.0006
12,800 5.7 x 10-3 0.0005
25,600 3.6 x 10-3 0.0010

742 11.7-18.5 CH slime 64.0 59.0 1.581 1.5 0.387 0.052 1192 1.8 x 10-4 0.0046
2183 9.0 x 10-4 0.0075
4365 6.3 x 10-4 0.0070
8733 5.0 x 10-4 0.0067

17,881 6.1 x 10-4 0.0095

745 4.0-6.5 SM sand-slime 95.8 27.0 0.746 1.5 0.104 0.007 1600 2.3 x 10-3 0.0012
3200 2.8 x 10-3 0.0026
6400 2.0 x 10-3 0.0028

12.800 3.3 x 10-3 0.0020

747 14.5-17.5 CH sand-slime 95.8 27.0 0.558 2.4 0.070 0.008 1084 3.4 x 10-4 0.0101
2292 5.9 x 10-4 0.0096
4446 1.0 x 10-3 0.0113
8980 6.6 x 10-3 0.0096
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Table 0.7.6 Summary of consolidation tests (Concluded)

Dry Over- Recom- Load Coefficient of Secondary
Sample Depth Material density Moisture Void consolidation Compression pression increment consolidation compression
ID (ft) USCS type (pcf) content (%) ratio ratio index index (psf) (cm2/s) index

951 5.7-5.8 CL slime 82.4 34.0 1.003 1.3 0.256 0.024 1092 2.7 x 10-3 0.0018
2183 2.6 x 10-3 0.0062
4365 2.4 x 10-3 0.0039
8733 2.2 x 10-3 0.0030

17,386 2.2 x 10-3 0.0024

964 8.0-10.5 SM sand-slime 105.4 21.0 0.558 2.4 0.070 0.008 1600 1.8 x 10-3 0.0012
3200 4.2 x 10-3 0.0004
6400 2.3 x 10-3 0.0009

12,800 1.4 x 10-3 0.0010

aAll samples are remolded.



Location
ID

302

o 302

303

saturated

nonsaturated

saturated

Material
type

sand-slime

sand-slime

sand-slime

Table D.7.7 Summary of remolded tailings consolidation test

Dry Moisture Initial
density content void Compression Recompression
(pef) (X) ratio index index

100.2 24.6 0.648 0.065 0.008

98.0 24.2 0.682 0.084 0.013

100.0 22.2 0.660 0.051 0.007

results

Load
increment

(psf)

800
1600
3200

400
800

1600

8oo
1600
3200

_.

Coefficient of
consolidation

(CM2/s)

1.4 x 10-3
1.7 x 10-3
1.9 x 10-3

6.9 x 10-3
7.2 x 10-3
6.6 x 10-3

3.4 x 10-3
3.8 x 10-3
2.1 x 10-3

__

Secondary
compression

index

0.0027
0.0029
0.0027

0.0027
0.0023
0.0034

0.0015
0.0017
0.0017
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Table D.7.8 Summary of coeffecient of consolidation determined
by the piezocone pore pressure decay data

Coefficient of
Piezocone Depth Material consolidation
soundings (ft) type Cv (cm2/s)

921 8.3 slime 1.6 x 10-3
923 22.3 sand-slime 2.8 x 10-3
926 20.5 slime 5.9 x 10-4
928 9.3 slime 4.8 x 10-4
928 15.8 slime 1.4 x 10-3
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Table D.7.9 Summary of capillary moisture content test results

Initial conditions
Moisture Moisture

Location Tailings content Pressure content
ID Depth type (X) bar (%)

764

765

766

767

5.5-8.0 sand

10.5-13.0 sand-slime

15.5-18.0 sand

20.5-23.0 sand-slime

16.5

18.9

9.7

32.8

97.2

100.2

95.2

91.0

0.1
0.3
0.5
0.7
1.0
2.0
4.0
7.0

15.0

0.1
0.3
0.5
0.7
1.0
2.0
4.0
7.0

15.0

0.1
0.3
0.5
0.7
1.0
2.0
4.0
7.0

15.0

0.1
0.3
0.5
0.7
1 .0
2.0
4.0
7.0

15.0

16.3
15.1
14.5
13.9
13.4
13.1
11.9
10.6

9.0

15.8
14.6
13.9
12.9
12.4
12.0
10.8
9.3
7.4

9.0
7.7
6.9
6.3
5.8
5.2
4.2
3.0
2.0

27.9
26.2
25.4
24.6
24.3
23.9
21.8
19.0
16.4
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Table D.7.9 Summary of capillary moisture content test results (Concluded)

Initial conditions
Moisture Moisture

Location Tailings content Pressure content
ID Depth type (%) bar (X)

0.1
0.3
0.5
0.7
1.0
2.0
4.0
7.0

15.0

0.1
0.3
0.5
0.7
1.0
2.0
4.0
7.0

15.0

D-203



9-204



D.8 GROUNDWATER HYDROLOGY

D.8.1 INTRODUCTION

The U.S. Environmental Protection Agency (EPA) has established
health and environmental protection regulations to correct and prevent
groundwater contamination resulting from processing activities at
inactive uranium processing sites (40 CFR 192). According to the
Uranium Mill Tailings Radiation Control Act (UMTRCA), the U.S. Depart-
ment of Energy (DOE) is responsible for assessing the processing sites.
The DOE has determined this assessment shall include (DOE, 1988):

o Definition of hydrogeologic characteristics of the environment,
including hydrostratigraphy, aquifer parameters, areas of
aquifer recharge and discharge, potentiometric surface, and
groundwater velocity.

o Comparison of existing water quality with background water
quality, and the maximum concentration limits (MCLs) of the
proposed EPA groundwater protection standards.

o Definition of physical and chemical characteristics of the
contaminant source, including concentration and leachability
of the source in relation to migration in groundwater and
hydraulically connected surface water.

o Description of local water use including availability, current
and future use and value, and alternative supplies.

o Evaluation of the compliance of the remedial action with the
EPA groundwater protection standards.

On January 5, 1983, the EPA promulgated final standards for the
disposal and cleanup of the inactive uranium processing sites under the
UMTRCA (48 FR 590). On September 3, 1985, the groundwater provisions
of the regulations (40 CFR 192.20(a)(2)-(3)) were remanded to the EPA
by the U.S. Tenth Circuit Court of Appeals. On September 24, 1987, the
EPA issued proposed groundwater regulations to replace those set aside
(52 FR 36000).

The DOE characterized groundwater quality at the Ambrosia Lake
tailings site and compared it with the MCLs of the proposed EPA ground-
water standards for remedial action at inactive uranium processing
sites. The DOE does not anticipate that any substantial changes to the
remedial action design will be required to comply with the final EPA
groundwater standards. When the final EPA groundwater protection
standards are issued, the DOE will fully determine the need for insti-
tutional controls, aquifer restoration, or other controls as part of a
separate decision-making process under the National Environmental
Policy Act.
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Summa rv

To comply with the proposed EPA groundwater protection standards
for remedial action at inactive uranium mill tailings sites (40 CFR
Part 192), the DOE has characterized the hydrogeology, groundwater
quality, and water resources at the Ambrosia Lake site in New Mexico.
This summary is followed by a detailed discussion of the site
characterization.

o The Ambrosia Lake tailings site is underlain by alluvium which
grades into weathered Mancos Shale on the eastern side of the
site. The alluvium/weathered Mancos Shale are hydraulically
interconnected and behave as a single hydrologic unit. The
Tres Hermanos-C Sandstone of the lower Mancos Shale subcrops
into the alluvium beneath the western side of the tailings
site. Other hydrostratigraphic units beneath the site which
may be water-bearing include (in descending order) the Tres
Hermanos-B and -A Sandstones of the lower Mancos Shale, the
Dakota Formation, and the Westwater Canyon Member of the
Morrison Formation.

o The condition of saturation in the alluvium/weathered Mancos
Shale at the site exists due to the uranium mining activities
in the area. Seepage from an unlined mill make up process
water pond, discharge of mine water from the Ann Lee Mine, and
seepage from the tailings have artificially recharged ground-
water in the alluvium and weathered Mancos Shale. Groundwater
in the area of saturation in the alluvium/weathered Mancos
Shale north of the pile flows to the southwest under the
tailings along the southwesterly sloping contact of the Mancos
Shale under a hydraulic gradient averaging 0.025 foot per foot.
The average hydraulic conductivity in the alluvium/weathered
Mancos Shale is 3.48 x 10-4 centimeter per second (cm/s) and
the average linear groundwater velocity is 6.69 x 10-5 cm/s.

o The alluvium/weathered Mancos Shale and the Tres Hermanos-C
Sandstone are incapable of producing more than 150 gallons per
day, which classifies the groundwater contained in these units
as limited use (Class III) groundwater. The existing level of
saturation in the alluvium/weathered Mancos Shale will probably
not be sustained after remedial actions are completed. Ground-
water within the Tres Hermanos-C Sandstone is recharged mostly
from seepage from the alluvium in the subcrop area. The extent
of recharge from the alluvium will diminish after remedial
action.

o The Tres Hermanos-C Sandstone is only basally saturated,
receiving most of its recharge from the overlying alluvium/
weathered Mancos Shale where it subcrops on the western side of
the pile. Groundwater within the Tres Hermanos-C Sandstone
flows to the northeast in the direction of regional dip under a
hydraulic gradient averaging 0.025 ft/ft. The average hydraulic
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conductivity in the Tres Hermanos-C Sandstone is 2 7 x 10-4
cm/s and the average linear groundwater velocity is 1.37 x
10-4 cm/s.

o Groundwater within the Westwater Canyon Member of the Morrison
Formation flows to the northeast in the direction of regional
dip under a hydraulic gradient averaging 0.026 ft/ft. The
average hydraulic conductivity in the Westwater Canyon Member
is 4.31 x 10-4 cm/s and the average linear groundwater
velocity is 1.14 x 10-4 cm/s.

o Because there was originally no saturation in the alluvium, no
pre-operational water quality data is available. It is only
possible to establish existing water quality as background for
the isolated pocket of saturation in the alluvium and weathered
Mancos Shale.

o Maximum observed concentrations of chromium, molybdenum,
nitrate, lead, selenium, silver, uranium, and activities of
radium 226 and 228 and gross alpha in pore fluids in the
tailings and unsaturated alluvium beneath the tailings exceed
the proposed MCLs.

o Maximum observed concentrations of chromium, molybdenum,
nitrate, lead, selenium, silver, uranium, and activities of
radium 226 and 228 and gross alpha in groundwater in the
alluvium/weathered Mancos Shale exceed the proposed MCLs.
Maximum observed concentrations of cadmium, chromium, molyb-
denum, nitrate, selenium, silver, uranium, and activities of
radium 226 and 228 and gross alpha in groundwater in the Tres
Hermanos-C Sandstone Member exceed the proposed MCLs.

o Maximum observed concentrations of cadmium, chromium, lead,
molybdenum, selenium, silver, uranium, and activities of radium
226 and radium 228 in groundwater in the Westwater Canyon
Member of the Morrison Formation exceed the proposed MCLs.

o Geochemical simulation of mixing tailings pore fluids with
mill make-up water suggests that groundwater in the alluvium/
weathered Mancos Shale is derived largely from these two
sources. Concentrations of nitrate, a conservative species,
are relatively the same in groundwater in the alluvium/
weathered ancos Shale and the Tres Hermanos-C Sandstone
suggesting much of the groundwater in the Tres Hermanos-C
Sandstone is derived from seepage from the alluvium/weathered
Mancos Shale.

o A comparison of concentrations of hazardous constituents in the
Tres Hermanos-C Sandstone with those in the Westwater Canyon
Member of the Morrison Formation indicates that seepage down
mine shafts and vent holes will not influence water quality in
the Westwater Canyon Member. Concentrations of most hazardous
constituents in the Tres Hermanos-C Sandstone are lower than
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those in the Westwater Canyon Member and the relative rate of
groundwater underflow in the Westwater Canyon Member compared
to the Tres Hermanos-C Sandstone assures that no water quality
impacts will occur in the Westwater Canyon Member.

D.8.2 GROUNDWATER INVESTIGATIONS

Regional hydrogeologic investigations have been conducted in the
southern portion of the San Juan Basin in McKinley County, which
includes the Ambrosia Lake uranium mining district, by the state of
New Mexico (Brod and Stone, 1981; Cooper and John, 1968). Extensive
uranium exploration, mining, and milling activities in the Ambrosia
Lake area from the 1950's through the 1980's have resulted in publi-
cation of economic mineral investigations by Federal and state govern-
ment agencies, reports by mining companies conducting operations in the
district, and reports on water resources and water quality resulting
from these activities.

Preliminary site-specific investigations conducted at the Ambrosia
Lake uranium mill tailings site include an engineering assessment by
Ford, Bacon & Davis Utah Inc. (FBDU, 1981), an economic evaluation of
the uranium mill tailings by Mountain States Research and Development
(MSRD, 1982), and a preliminary environmental assessment by the DOE
(DOE, 1983).

Additional hydrogeologic field data were collected by the DOE
during 1985 and 1989 to further characterize the lithology, groundwater
elevations and hydraulic gradients, aquifer properties, and groundwater
quality at the Ambrosia Lake site. In 1985, the DOE installed 26 four-
inch polyvinyl chloride (PVC) monitor wells (773 through 799) at the
site (Figure D.8.1 and Table D.8.1). In 1989, the DOE installed another
eight, four-inch PVC monitor wells (674 through 681) at the site.
Details of monitor well construction and installation are available for
review in the Uranium Mill Tailings Remedial Action (UMTRA) Project
Office, Albuquerque, New Mexico. Of the 34 monitor wells, 15 are cur-
rently being sampled for water quality analyses, 13 are dry, four are
not being sampled because of high pH values resulting from grout con-
tamination during installation, and two have been sealed to facilitate
the remedial action program. The monitor wells have been screened in
several hydrostratigraphic units, including the alluvium/weathered
Mancos Shale, the Tres Hermanos-C, -B and -A Sandstone units, and the
Dakota Sandstone. Of the 15 wells currently being sampled, four are in
the alluvium, seven are in the Tres Hermanos-C Sandstone, and two are
in the Tres Hermanos-B Sandstone, and one each in the Tres Hermanos-A
and Dakota Sandstones. To characterize tailings fluids, two lysimeters
and nine well points were nstalled in the tailings material (Figure
D.8.2 and Table D.8.2).

Groundwater elevations were measured in monitor wells during
October 1985, May 1986, April and July 1988, and February 1989 to
construct potentiometric surface maps to determine the directions of
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groundwater flow. Slug tests were performed in monitor wells to mea-
sure hydraulic conductivities of lithologic units under the site. A
pumping test was performed in a monitor well to determine the transmis-
sivity, storativity, and sustainable yield of the alluvium/weathered
Mancos Shale. Water samples were collected from monitor wells during
October 1985, May 1986, April and July 1988, and February 1989 to
determine background water quality, and the degree and extent of
contamination caused by the uranium mill tailings at the site. All
field and laboratory procedures and calculations were performed in
accordance with the DOE Technical ApDproach Document (DOE, 1989).

D.8.3 HYDROSTRATIGRAPHY

The Ambrosia Lake tailings site is underlain by alluvium (Quater-
nary) which grades into weathered Mancos Shale (Cretaceous) on the
eastern side of the site. The Tres Hermanos-C Sandstone of the lower
Mancos Shale subcrops into the alluvium beneath the western side of the
tailings site. Other hydrostratigraphic units beneath the site which
may be water-bearing include (in descending order) the Tres Hermanos-B
and -A Sandstones of the lower Mancos Shale, the Dakota Formation
(Cretaceous), and the Westwater Canyon Member of the Morrison Formation
(Jurassic). Hydrostratigraphic units below the Westwater Canyon Member
will not be impacted by tailings seepage because there is an upward
hydraulic gradient into the Westwater Canyon Member, and the underlying
units are separated by more than 150 feet of shale, siltstone, and
sandstone of the Recapture Member of the Morrison Formation, which was
not disturbed during uranium mining.

The alluvium at the site generally consists of very fine-grained
sand and clay with occasional basal gravel layers. The alluvium was
deposited on the southwestward sloping bedrock surface, and ranges in
thickness from several feet on the east side of the tailings to almost
60 feet on the west side of the southwest corner of the tailings
(Figure D.8.3).

Bedrock at the site dips several degrees to the northeast (Figures
D.8.4 through .8.8). Because the topography slopes to the southwest,
progressively older bedrock formations subcrop beneath the alluvium in
this direction. The Mancos Shale subcrops in the alluvium under the
eastern side of the tailings, and the Tres Hermanos-C Sandstone subcrops
under the alluvium on the western side of the tailings (Figures D.8.4
through D.8.8). The Tres Hermanos-C Sandstone consists of an upper
(Tres Hermanos-Cl) and lower (Tres Hermanos-C2) member separated by a
10- to 15-foot thick interbed of shale near the top of the unit. The
Tres Hermanos-C Sandstone unit has an average thickness of 60 feet and
grades into the Mancos Shale near the bottom. Approximately 50 feet of
Mancos Shale separates the Tres Hermanos-C Sandstone from the under-
lying Tres Hermanos-B Sandstone. Generally, no water quality impacts
from tailings seepage have occurred in deeper formations below the Tres
Hermanos-C Sandstone because they subcrop to the southwest of the
tailings and are separated from the Tres Hermanos-C Sandstone by the
low hydraulic conductivity Mancos Shale. However, some groundwater
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affected by tailings seepage may discharge down mine shafts and vent
holes to the Westwater Canyon Member in the site vicinity.

The Westwater Canyon Member of the Morrison Formation is approxi-
mately 200 feet thick in the area and consists of fine- to coarse-
grained arkosic sandstone typical of fluvial deposits. Uranium ore
within the Westwater Canyon Member has been extensively mined in the
Ambrosia Lake mining district.

D.8.4 HYDRAULIC CHARACTERISTICS

Unconfined groundwater occurs in the alluvium/weathered Mancos
Shale. Depths to groundwater range from 15 to 45 feet. A water table
map for the alluvium/weathered Mancos Shale is presented in Figure
D.8.9. The alluvium/weathered Mancos Shale is not continuously satu-
rated in the vicinity of the tailings pile. The maximum observed
thickness of saturation in the alluvium/weathered Mancos Shale is no
more than 15 feet and occurs south of the western corner of the
tailings pile (monitor well 675). The alluvium has been found to be
saturated only along the northeastern portion of the tailings pile, but
the alluvium remains dry to the south and west of the tailings. Hydro-
graphs of wells screened in the alluvium/weathered Mancos Shale located
along the northeast corner of the tailings pile indicate groundwater
levels have dropped approximately 1.5 feet between the period of October
1985 to February 1989 (Figure D.8.10 and Table D.8.3). Groundwater
levels have remained relatively constant in wells screened in the Tres
Hermanos-C Sandstone over the same period of time. Groundwater eleva-
tion data from monitor wells completed through the tailings into the
alluvium and weathered Mancos suggest that there may be some extent of
saturation below the tailings. However, wells completed through the
tailings were not used to prepare the water table map because the
integrity of well seals in tailings could not be determined.

Groundwater within the alluvium/weathered Mancos Shale is naturally
recharged by flows from arroyos off Roman Hill to the northeast of the
site. Some basal saturation may occur where the alluvium is underlain
by the relatively low-hydraulic conductivity unweathered Mancos Shale.
Seepage from the unlined mill process (make-up) water pond, discharge
of mine water from dewatering the Ann Lee Mine, and seepage from the
tailings have artificially recharged groundwater in the alluvium and
weathered Mancos Shale at the site (Figure D.8.6). Cravens and Hammock
(1958) report the valley fill (alluvium) does not contain much water
north of the McKinley County line. All water in the alluvium north of
the McKinley County line is either seepage from waste ponds at the Kerr
McGee (Quivira) and Phillips (Ambrosia Lake tailings site) mills or
mine water, which is pumped to the surface from the Westwater Canyon
Member of the Morrison Formation.'

Groundwater in the area of saturation in the alluvium/weathered
Mancos Shale north of the pile flows to the southwest under the
tailings along the southwestward sloping contact of the Mancos Shale
under a hydraulic gradient averaging 0.025 foot per foot (ft/ft)
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(Figure D.8.9). Groundwater commingles with tailings seepage as it
flows under the pile and recharges the Tres Hermanos-C Sandstone in its
subcrop area in the western side of the tailings (Figure .8.6).
Monitor wells to the southwest of the tailings are dry because the Tres
Hermanos-C Sandstone accepts the flow in the alluvium/weathered Mancos
Shale. Although some saturation in the alluvium is evident several
thousand feet southwest of the site, this groundwater is associated
with the discharge of mine dewatering in the Arroyo del Puerto, which
is topographically much lower and not hydraulically connected to the
alluvium at the Ambrosia Lake site.

Groundwater within both the upper and lower Tres Hermanos-C
Sandstone beds flow to the northeast in the direction of regional dip
under a hydraulic gradient averaging 0.026 ft/ft for the upper (Tres
Hermanos-Cl) and the lower (Tres Hermanos-C2) member (Figures D.8.5,
D.8.6, .8.11, and D.8.12). The Tres Hermanos-C Sandstone is uncon-
fined in the vicinity of the tailings and groundwater elevations from
monitor wells completed in both the upper and lower sandstone beds
(which are separated by 10 to 15 feet of shale) suggest that there is
basal saturation in each unit. The Tres Hermanos-C Sandstone may have
originally been saturated in the premining days, but was depressurized
by seepage down mine shafts and vent holes in the vicinity. Existing
basal saturation is probably sustained by recharge from the alluvium in
the subcrop area of the Tres Hermanos-C Sandstone.

The Tres Hermanos-B Sandstone is separated from the Tres Hermanos-C
Sandstone by 50 feet of contiguous Mancos Shale. This shale is of suf-
ficiently low-hydraulic conductivity to prevent the vertical migration
of contaminants, even though there are vertically downward hydraulic
gradients. Groundwater within Tres Hermanos-8 Sandstone beds flows to
the northeast in the direction of regional dip under a hydraulic gradi-
ent averaging 0.04 ft/ft (Figures D.8.5, D.8.6, and D.8.13). Monitor
well 789, completed in the top of the Tres Hermanos-B Sandstone is dry,
which indicates that there may be only basal saturation in the Tres
Hermanos-B as seepage down mine shafts and vent holes has caused
depressurization. Flow down mine shafts and vent holes could not
potentially contaminate the Tres Hermanos-B Sandstone or any other
water-bearing formations above the Westwater Canyon Member because the
mine shafts and vent holes are points of groundwater discharge. Fur-
thermore, the Tres Hermanos-B subcrops in the alluvium to the west of
the site and contamination in the alluvium from the site could not
potentially recharge the Tres Hermanos-B Sandstone.

Groundwater in the Westwater Canyon Member flowed downdip to the
northeast into the San Juan Basin during premining days (Figure
D.8.14). Development of the ore body necessitated dewatering of the
Westwater Canyon Member. The potentiometric surface has been modeled
(Lyford et al., 1978) and the potentiometric surface of the Westwater
Canyon Member in the Ambrosia Lake area represents a potentiometric
trough depressurized by several hundred feet (Figure D.8.15). Ground-
water will continue to flow towards this trough for approximately the
next 100 years as the Westwater Canyon Member starts to repressurize.
Flow in the site area is probably downdip towards the Ann Lee Mine or
towards the potentimetric depression to the southeast (Figure D.8.16).
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Several falling head slug displacement tests were conducted in the
monitor wells at the Ambrosia Lake site to measure the hydraulic con-
ductivities of the lithologic units under the site. Methods used to
analyze the slug test data and the calculated hydraulic conductivities
are summarized in Table D.8.4. Calculations are on file at the
Albuquerque Operations UMTRA Project office.

An aquifer pumping test was performed in the alluvium/weathered
Mancos Shale in well 675, located 200 hundred feet south of the Ambro-
sia Lake tailings pile. The modified Theis method (Jacob straight-line
method) was used to analyse the pumping test data, yielding transmis-
sivities ranging from 13 to 18 gallons per day per square foot
(gpd/ft2) and a storage coefficient of 0.001. The saturated thick-
ness of the alluvium/weathered Mancos Shale at this location is 15
feet, yielding hydraulic conductivities ranging from 4.1 x 10-5
centimeters per second (cm/s) and 5.7 x 10-> cm/s. The discharge
rate during the pumping test was 0.35 gallons per minute (500 gallons
per day) which could only be sustained for 12 hours before the pump
broke suction when the drawdown exceeded 13 feet. Slug test data
obtained from wells screened in the alluvium/weathered Mancos Shale
yielded hydraulic conductivities comparable to the pumping test with a
range of 1.9 x 10-5 cm/s to 1.1 x 10-3 cm/s and an average
hydraulic conductivity of 1.4 x 10-4 cm/s (Table D.8.4).

Horizontal hydraulic conductivities measured from slug tests in
monitor wells in the Tres Hermanos-C Sandstone ranged from 1.1 x 10-5
cm/s to 1.2 x 10-3 cm/s and averaged 2.5 x 10-4 cm/s. Monitor
wells in the subcrop area of the Tres Hermanos-C Sandstone generally
have higher hydraulic conductivities than the alluvium/weathered Mancos
Shale or the portions of the Tres Hermanos-C Sandstone that are over-
lain by Mancos Shale. No pumping tests have been conducted by other
investigators in the Tres Hermanos-C Sandstone because the sandstone is
either not present or is unsaturated to the southwest of the Ambrosia
Lake site.

Other investigators have also measured aquifer parameters in the
Ambrosia Lake region. Hydraulic conductivities reported by these
investigators for the alluvium, Tres Hermanos-B Sandstone and the
Mancos Shale are presented in Table D.8.5.

Hydraulic conductivities of 1.0 x 10-3 cm/s to 5.0 x 10-3 cm/s
were measured in slug tests in the alluvium at the Ambrosia Lake site
(Thomson and Heggen, 1981). Two aquifer pumping tests, performed in
wells AW-1 and AW-2 (shown in Figure D.8.17) in the central channel of
alluvium in the Arroyo del Puerto in the vicinity of Quivera Mining
Company operations, yielded hydraulic conductivities of 2 x 10-4 cm/s
and 5 x 10-4 cm/s and a storage coefficient of 2 x 10-5 (Garus,
1980). These pumping tests were conducted in the thickest portion of
the alluvium where sediments are substantially coarser than at the
Ambrosia Lake site.

Hydraulic conductivities of the Mancos Shale have been measured by
several investigators in the Ambrosia Lake region. Weathered Mancos
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Shale may range from 1.4 x 10-6 to 1.4 x 10-7 cm/s in horizontal
hydraulic conductivity (Brod and Stone, 1981). However, a hydraulic
conductivity of 4.3 x 10-8 cm/s was measured in undisturbed Mancos
Shale and is probably representative of the vertical hydraulic con-
ductivity of the Mancos Shale aquitard that occurs between the Tres
Hermanos-C and the Tres Hermanos-B Sandstones (Thomson and Heggen,
1981).

The Tres Hermanos-C, -B, and -A Sandstones encountered at the
Ambrosia Lake site are fine-grained (silt and very fine-grained
sandstone) and are not easily distinguishable from the Mancos Shale.
During drilling, the contacts between each Tres Hermanos Sandstone
Member and the Mancos Shale often occurred as a subtle gradational
lithologic change rather than a distinct and abrupt lithologic change
with contact locations that could be discerned only on the basis of
minor lithologic changes observed from geophysical logs. The gradual
nature in litholigic changes between the Tres Hermanos sandstones and
the Mancos Shale are reflected by the absence of sharp permeability
contrasts between the Tres Hermanos Sandstones and the Mancos Shale.
In particular, the hydraulic conductivities of the Tres Hermanos-B and
-A Sandstones were too low to be quantified by slug tests. The Tres
Hermanos-C had higher groundwater yields than the -A and -B Sandstones
mainly due to the recharge the Tres Hermanos-C Sandstone receives from
the overlying alluvium/weathered Mancos Shale.

In situ single packer permeability tests conducted in the Tres
Hermanos-B Sandstone in the vicinity of the Quivira Mining Company
operations measured composite horizontal and vertical hydraulic
conductivities that ranged from 1 x 10-3 to 1 x 10-4 cm/s.

Transmissivities for the Westwater Canyon Member were reported by
Kelly et al. (1980) to range from 100 to 300 ft2/day. If the West-
water Canyon Member is approximately 200 feet thick, this would yield a
hydraulic conductivity ranging from 7.74 x 10-7 to 2.32 x 10-6 cm/s.

Darcy's Law was used to calculate average linear groundwater velo-
cities for the alluvium/weathered Mancos Shale, and the Tres Hermanos-C
Sandstone. Using the hydraulic conductivities and hydraulic gradients
of the alluvium/weathered Mancos Shale, and the Tres Hermanos-C Sand-
stone, and assuming effective porosities of 13 and five percent, average
linear groundwater velocities are 365 and 438 ft/yr, respectively
(Table D.8.6).

The Theis equation (Freeze and Cherry, 1979) was used to compute
drawdown in a hypothetical well completed in the alluvium/weathered
Mancos Shale to determine if the well could sustain a yield of 150
gallons per day for an extended period of time. A yield of less than
150 gallons per day classifies the groundwater in the alluvium/weathered
Mancos Shale as Class III by the criterion of limited use. The values
for transmisslvity and storage coefficient were obtained from an analy-
sis of data collected during the pumping test performed on monitor well
675. Monitor well 675 was installed to a depth of 35 feet, penetrating
the entire thickness of the alluvium/weathered Mancos Shale, which has
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a saturated thickness of approximately 15 feet at that location. The
saturated thickness for the alluvium/weathered Mancos Shale at the site
is not constant or continuous and can vary from being unsaturated to
being saturated to a thickness of 15 feet. Monitor well 675 was chosen
for the pumping test because it has the largest saturated thickness of
the monitor wells installed in the alluvium/weathered Mancos Shale and
probably produces the maximum amount of groundwater that can be obtained
from the alluvium/weathered Mancos Shale at the site. Typically, as a
rule of thumb, the maximum allowable drawdown for a well screened in
water-table conditions is two-thirds the saturated thickness of the
aquifer. Assuming a maximum saturated thickness of 15 feet, the
maximum allowable drawdown is 2/3 x 15 feet = 10 feet. Assuming an
average transmissivity of 15 gallons per day per foot, a storage
coefficient of 0.001, and 10 feet as the maximum amount of available
drawdown for the alluvium/weathered Mancos Shale aquifer, a constant
discharge of 150 gallons per day cannot be sustained for more than a
day (Table D.8.7). The discharge from monitor well 675 during the pump
test had a total dissolved solids (TDS) concentration of 7200 milli-
grams per liter (mg/I). The limited extent of saturation within the
alluvium/weathered Mancos Shale is a boundary condition that was not
factored into the computation and provides additional conservatism to
the computation of the long-term sustained yield.

D.8.5 BACKGROUND GROUNDWATER QUALITY

Background groundwater quality in the alluvium/weathered Mancos
Shale and the Tres Hermanos-C Sandstone at the Ambrosia Lake site is
considered existing water quality because mining and milling activities
have created the conditions of saturation (Bostick, 1985). Groundwater
within the alluvium/weathered Mancos Shale has been demonstrated
through geochemical modeling to be derived from reinfiltration of mine
dewatering discharge or tailings seepage (Section D.8.8).

Because there was originally no measurable water in the alluvium,
preoperational water quality data are not available for the Ambrosia
Lake site. It is only possible to establish existing water quality as
background for the isolated pocket of saturation within the alluvium/
weathered Mancos Shale. Furthermore, the existing level of saturation
in the alluvium/weathered Mancos Shale will probably not be sustained
after remedial actions are completed. The concept of background water
quality applies only to a sustainable aquifer with upgradient ground-
water flow and the alluvium/weathered Mancos Shale are not aquifers.
Existing water quality is therefore characterized in Section D.8.7,
Extent of Existing Contamination.

Groundwater within the Tres Hermanos-C Sandstone at the Ambrosia
Lake site is recharged primarily from seepage from the alluvium in the
subcrop area. The extent of recharge from the alluvium will diminish
after remedial action. Existing levels of saturation within the Tres
Hermanos-C Sandstone may decrease as groundwater continues to drain
into mine shafts and vent holes. However, the Tres Hermanos-C Sand-
stone may eventually repressurize, if the current trend of reducing
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mine dewatering persists. Some repressurization will probably occur by
groundwater flow through mine shafts and vent holes completed in the
Westwater Canyon Member up through the hydrostratigraphic section.
Because levels of saturation are variable, there is no upgradient
groundwater underflow and sources of recharge may change with time,
existing water quality in the Tres Hermanos-C Sandstone must also be
defined as background (Section D.8.7).

Present background groundwater quality of the Westwater Canyon
Member has been identified in the Ambrosia Lake region by samples from
mine water discharge (Table D.8.8). Water quality in the Westwater
Canyon Member has changed as a result of commingling of seepage from
overlying formations down mine shafts and vent holes. Kelly (1980)
found groundwater from the Westwater Canyon Member to be a sodium
bicarbonate type (Figure D.8.18). The percentage of sulfate in mine
water discharges from the Ann Lee Mine became higher over the period
from 1963 to 1979, which may reflect the influence of seepage from the
overlying Dakota Formation and tailings seepage within the Tres
Hermanos-C Sandstone flowing down mine shafts and vent holes into the
Westwater Canyon Member. Concentrations of cadmium, chromium, lead,
molybdenum, selenium, silver, and uranium, and activities of radium-226
and -228 exceed the EPA MCLs in the Westwater Canyon Member. It is
necessary to determine background water quality for the Westwater Canyon
Member, because most of the existing saturation in the Tres Hermanos-C
Sandstone will drain into the Westwater Canyon Member through mine
shafts and vent holes. The effects of the proposed remedial action on
water quality in the Westwater Canyon Member, are discussed in Section
D.8.8.4.

0.8.6 TAILINGS CHARACTERIZATION

Uranium ore was extracted using an alkaline leach process from
1958 to 1963 at the Ambrosia Lake site (Figure .8.19). The main chemi-
cals added in the mill process were sodium carbonate (Na2CO3) and
sodium hydroxide (NaOH) (caustic). In the precipitation process, sul-
furic acid and ammonia are converted to a sodium salt. The sodium
salt, along with other chemical constituents (Table 0.8.9), was dis-
posed of in the tailings pond. A complete chemical analysis of this
effluent is not available, but chemical compositions of alkaline-leach
effluent are found in the literature (Table .8.10). The constituents
of most concern for groundwater contamination, due to their high
concentrations or potential health impacts, are selenium, molybdenum,
nitrate, sodium, radium-226 and -228, sulfate, and uranium.

To characterize tailings fluids, two lysimeters and nine well
points were installed in the tailings material (Figure 0.8.2 and Table
D.8.2). Major ions used to trace the extent of pond seepage migration
in the groundwater are sulfate and sodium. A sulfate salt was the
predominant component of the effluent discharged to the pile. Sulfate
is a conservative species that travels relatively unimpeded in the
groundwater flow system. Sodium is not a conservative tracer, since it
is subject to ion exchange reactions. However, the large amount of
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soluble sodium discharged to the pile makes it a prime indicator for
tailings pile seepage. Molybdenum, also not a conservative tracer but
present in higher concentrations, was used as an additional indicator
for tailings pile seepage.

Concentrations of sulfate, sodium, and molydenum in the tailings
pore water (lysimeter 759) are shown in Figure D.8.20. Lysimeter
759 recovered pore water having sulfate, sodium, and molydenum con-
centrations of 11.000, 9880, and 247 mg/i, respectively. Tailings
water from well points had concentrations of sulfate ranging from 5416
to 7890 mg/i, sodium ranging from 4190 to 6620 mg/i, and molybdenum
ranging from 95.9 to 250 mg/1. These values are consistent with the
chemical composition of alkaline leach mill effluent given in Tables
D.8.9 and D.8.10.

A list of well points and lysimeters installed in the tailings
where hazardous constituents with concentrations that exceed EPA MCLs
or laboratory method detection limits were measured is given in Table
D.8.11. The following constituents exceed the proposed EPA MCLs for
most samples: molybdenum, radium-226 and -228, selenium, and uranium.
Chromium and nitrate MCLs were exceeded in a small number of samples.

Lysimeter 757 was installed in the unsaturated alluvium/weathered
Mancos Shale, beneath the tailings pile, and above the perched water
table. The analyses of two pore water samples collected from 757 are
listed in Table D.8.21. Concentrations of sulfate ranged from 7640 to
8010 mg/l, sodium ranged from 4790 to 6090 mg/I, and molybdenum con-
centrations ranged from 155 to 158 mg/i. These concentrations are
within the range measured in the tailings pore water. This is to be
expected as no mixing has taken place with the underlying perched water
or groundwater.

Hazardous constituents analyzed in water samples collected from
lysimeter 757 that exceed EPA MCLs are listed in Table 0.8.11 and
include molybdenum, nitrate, selenium, and uranium. Antimony, cobalt,
copper, cyanide, fluoride, nickel, tin, vanadium and zinc are hazardous
constituents without MCLs, but were present in tailings pore fluid at
concentrations above laboratory method detection limits (Table 0.8.16).

Tailings pore water was collected from lysimeter 751 for analysis
of Appendix I organic constituents. Methyl ethyl ketone was the only
Appendix I organic constituent detected, but at a concentration that
was below the laboratory method detection limit. The maximum observed
concentrations of Appendix I inorganic constituents for the tailings
pore water are shown in Table D.8.11.

D.8.7 EXTENT OF EXISTING CONTAMINATION

Water samples were collected from monitor wells at the Ambrosia
Lake site and analyzed to determine the quality of groundwater in the
alluvium/weathered Mancos Shale and in the Tres Hermanos-C and -B Sand-
stones to define the extent of the groundwater contamination caused by
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seepage of leachate from the tailings pile and mine water discharge
(Tables D.8.12 through D.8.20). Contaminants in groundwater related to
the tailings pile and mine water discharge are present in the saturated
zones of the alluvium/weathered Mancos Shale and in the Tres Hermanos-C
Sandstone.

Alluvium and weathered Mancos Shale

Prior to the uranium mill activities, the alluvium/weathered
Mancos Shale was unsaturated; therefore, background water quality is
the existing groundwater quality (see Section D.8.5, Background Water
Quality). Concentrations of chromium, molydenum, nitrate, lead,
selenium, silver, and uranium, and activities of radium-226 and -228
and gross alpha in groundwater in the alluvium/weathered Mancos Shale
exceed the proposed EPA MCLs (Table D.8.12). The sulfate anion is used
as an indicator of the extent of tailings-related recharge in the
alluvium/weathered Mancos Shale (Figure D.8.21). Monitor wells are
probably influenced by tailings seepage as indicated by high sulfate
concentrations in 674, 675, 792, and 793. Concentration distributions
for molybdenum and uranium are shown in Figures D.8.22 and D.8.23 for
the February 1989 sampling round.

No Appendix I organic constituents were detected in groundwater
samples collected from monitor well 793, located along the northeast
corner of the tailings pile. The maximum observed concentrations for
Appendix I inorganic constituents in groundwater samples collected from
the alluvium/weathered Mancos Shale are shown in Table .8.17.

Tres Hermanos-Cl and -C2 Sandstone Members

The groundwater quality of the Tres Hermanos-Cl and C2 Sandstones
are reported separately because wells screened in the two different
units indicate different levels of contamination. Maximum observed
concentrations of cadmium, chromium, molydenum, nitrate, selenium,
silver, and uranium, and activities of radium-226 and -228 and gross
alpha in groundwater in the Tres Hermanos-Cl Sandstone Member exceed
the EPA MCLs (Table D.8.13). Maximum observed concentrations of
chromium, molybdenum, selenium, silver, uranium, and activities of gross
alpha in groundwater in Tres Hermanos-C2 Sandstone Member exceed EPA
MCLs (Table D.8.14). The groundwater in the stratigraphically lower
Tres Hermanos-C2 Sandstone Member has fewer constituents exceeding the
EPA CLs than the Tres Hermanos-Cl Sandstone Member. The smaller
number of MCL exceedances in the Tres Hermanos-C2 Sandstone Member as
compared to the overlying Tres Hermanos-Cl Sandstone Member can be
attributed to the 10 to 15 foot thick bed of low permeable Mancos Shale
that separates the two sandstone members. The sulfate anion is used as
an indicator of the extent of tailings-related recharge in the Tres
Hermanos-C2 Sandstone Member (Figure D.8.24). Monitor wells exhibiting
recharge related to the tailings seepage as indicated by high sulfate
concentrations are 676, 677, 779, 782, 784, 785 and 787. Concentration
distributions for molybdenum and uranium are shown in Figures D.8.25
and 0.8.26 for the February 1989 sampling round.

D-217



Appendix I organic constituents were not analyzed in groundwater
samples collected from monitor wells screened in the Tres Hermanos-Cl
and -C2 Sandstone, because they were not detected in the overlying
alluvium/weathered Mancos Shale. The maximum observed concentrations
for Appendix I inorganic constituents in groundwater samples collected
from the Tres Hermanos-Cl and -C2 Sandstone Members are shown in Tables
D.8.18 and D.8.19.

Tres Hermanos-B

Groundwater in the Tres Hermanos-B Sandstone does not appear to be
affected by the seepage of leachate from the tailings pile at the
Ambrosia Lake site and concentrations of all constitutents are at or
below the proposed EPA MCLs except for nitrate (monitor well 678) and
selenium (monitor wells 678 and 777) (Table D.8.15). The elevated
concentrations of nitrate and selenium in groundwater samples from
monitor wells 678 and 777 were detected during initial rounds of
sampling and may be a result of contamination introduced into the
groundwater during well drilling and installation operations. The
concentration of selenium in a groundwater sample collected from
monitor well 777 was below the proposed EPA MCL in a sampling round
subsequent to the initial round. Monitor well 678 was recently
installed and has only been sampled once; therefore, additional
groundwater quality data is required to determine the trend in the
nitrate concentration. Groundwater samples collected from monitor
wells screened in the Tres Hermanos-B Sandstone were not analysed for
Appendix I organic constituents because they were not detected in the
overlying tailings (except for methyl ethyl ketone at a concentration
below the method detection limit) or alluvium/weathered Mancos Shale.
The maximum observed concentrations of Appendix I inorganic consti-
tuents are shown in Table D.8.20.

Westwater Canyon Member

A potential point of exposure (POE) for the tailing seepage is the
Westwater Canyon Member, since groundwater from overlying units
recharged by the tailings seepage (primarily the alluvium/weathered
Mancos Shale and Tres Hermanos-C Sandstone) drains into the Westwater
Canyon Member down mine shafts and vent holes. Mining activities not
related to tailings seepage have introduced many other sources of
contamination into the Westwater Canyon Member; thus, it is difficult
to quantify changes in the groundwater quality of the Westwater Canyon
Member that are attributable to the Ambrosia Lake site. The existing
groundwater quality of the Westwater Canyon Member in the Ambrosia Lake
region has been characterized by samples of mine water discharge pumped
from the United Nuclear and Quivira Mining Company mines (Figure .8.24
and Table D.8.8). Concentrations of cadmium, chromium, lead, molyb-
denum, selenium, silver, and uranium and activities of radium-226 and
-228 and gross alpha exceed the EPA MCLs.
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D.8.8 GEOCHEMICAL ENVIRONMENT

Geochemical characterization was conducted at the Ambrosia Lake
site to determine the extent of migration of non-radiological hazardous
constituents in soils beneath the tailings impoundment and areas of the
tailings that will be removed. Geochemical properties of the subsoils
and the lithologic matrix of the alluvium/weathered Mancos Shale and
the Tres Hermanos-C Sandstone were investigated to determine their
potential for control of contaminant concentrations in groundwater.
Geochemical modeling was used to speciate analyses of tailings fluid
and groundwater analyses from the alluvium/weathered Mancos Shale and
the Tres Hermanos-C Sandstone to determine whether contaminants may
occur as cations or anions that may be adsorbed by ion exchange.
Saturation indices were calculated to determine if mineral solubility
controls contaminant concentrations in tailings fluid and groundwater.
Modeling was also performed to volumetrically mix tailings fluid at
different proportions with mill make-up pond water to determine the
origin of groundwater in the alluvium/weathered Mancos Shale and Tres
Hermanos-C Sandstone. Lastly, concentrations of hazardous constituents
in the Tres Hermanos-C and Westwater Canyon Member were compared to
determine their potential influence on water quality in the Westwater
Canyon Member from seepage migrating down mine shafts and vent holes
into the Westwater Canyon Member.

Generally, non-radiological hazardous constituents are below
detection limits in subsoils beneath the tailings. Although an
alkaline pH front has advanced through subsoils beneath the tailings,
the change in pH is relatively insignificant and does not affect the
solubility of hazardous constituents in tailings seepage. The redox
potential (Eh) of the tailings fluid and groundwater in the alluvium/
weathered Mancos Shale is relatively oxidizing. Groundwater becomes
slightly less oxidizing as it enters the Tres Hermanos-C Sandstone and
flows down dip. However, the change in Eh between the alluvium/
weathered Mancos Shale and the Tress Hermanos-C Sandstone does not
significantly affect the solubility of most hazardous constituents.
The most important hazardous constituents in the tailings pore fluid
and groundwater in the alluvium/weathered Mancos Shale, including
nitrate, selenium, molybdenum and uranium, occur as anions. Adsorption
by the cation exchange process is not an important process of removal
of most of these hazardous constituents. Dilution of tailings seepage
by mill make-up water that drained into the alluvium/weathered Mancos
Shale reduces concentrations of these hazardous constituents in ground-
water in the alluvium/weathered Mancos Shale. Geochemical simulation
of this volumetric mixing of waters suggests that groundwater in the
alluvium/weathered Mancos Shale is derived largely from these two
sources. Because the concentration of nitrate, a conservative species,
is the same in groundwater in the alluvium/weathered Mancos Shale and
the Tres Hermanos-C Sandstone, much of the groundwater in the Tres
Hermanos-C Sandstone is probably derived from seepage from the alluvium/
weathered Mancos Shale. A comparison of concentrations of hazardous
constituents In the Tres Hermanos-C Sandstone with those in the
Westwater Canyon Member indicates that seepage down mine shafts and
vent holes will not influence water quality in the Westwater Canyon
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Member. Concentrations of most hazardous constituents in the Tres
Hermanos-C Sandstone are lower than those in the Westwater Canyon
Member and the relative rate of groundwater underflow in the Westwater
Canyon Member compared to the Tres Hermanos-C Sandstone assures that no
water quality impacts will occur in the Westwater Canyon Member.

D.8.8.1 Non-radiologic hazardous constituents in soils

Non-radiological hazardous constituents in soils are de-
fined as elements listed in Appendix I of 40 CFR 192 that are
not regulated under the radiation protection standards. Infor-
mation regarding concentrations of residual non-radiologic con-
stituents in soils is important because it must be demonstrated
that the remedial action under Subpart A can be decoupled from
groundwater cleanup under Subpart B of 40 CFR 192. It must be
demonstrated that residual levels of non-radiological hazard-
ous constituents will not cause groundwater cleanup standards
to be exceeded. Because Ambrosia Lake groundwater is classi-
fied as limited use and supplemental standards apply, ground-
water restoration is not anticipated and cleanup is not
applicable. However, a pathways analysis must be performed to
demonstrate that there is a low risk of potential harm to human
health or the environment. In order to conduct the pathways
analysis, a field program was conducted and previous site
characterization data were reviewed to provide information on
the distribution of non-radiological hazardous constituents in
subsoils in the vicinity of the tailings. This information
was used as the basis of the pathways analysis discussed in
Addendum A of Appendix E.

As part of a field program, the DOE obtained split spoon
samples of tailings and subsoils beneath the tailings in the
northern portion of the pile. Locations of these borings are
shown on Figure D.B.27. These samples were analyzed for non-
radiologic hazardous constituents using dionized water extrac-
tion method (DOE, 1986) and EPA methods of analysis. The data
from the DOE field program suggest that concentrations of most
non-radiological hazardous constituents are below detection
limits in tailings subsoils. However, concentrations of
molybdenum were observed above detection limits down to two
feet below the tailings in one borehole (#683).

D.8.8.2 Geochemical conditions

Geochemical properties of the soils and lithologic matrix
of the alluvium/weathered Mancos Shale and the Tres Hermanos-C
Sandstone were investigated to determine their potential for
control of contaminant concentrations in groundwater. In terms
of controls on contaminant migration, the base-neutralization
potential of the alluvium and the weathered Mancos Shale and
the Tres Hermanos-C Sandstone have not been exhausted. This
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is confirmed by the near-neutral pH values measured in ground-
water samples obtained from the Tres Hermanos-C Sandstone
(D.8.21). Percolation of alkaline tailings leachate to
groundwater has not raised the pH of groundwater in monitor
wells completed in the alluvium/weathered Mancos Shale, or the
Tres Hermanos-C Sandstone subjacent to the tailings pile.
Profiles of pH as a function of depth beneath the tailings,
constructed from data obtained from Markos and Bush (1983),
are presented in Table D.8.21. Locations of the borings are
shown on Figure D.8.27. Generally the profiles indicate that
there is an alkaline pH front in the soils beneath the tail-
ings. However, because the soil pH only changes from 10.4 to
8.5 within the soil horizon, the change in pH is sufficiently
small that there is no concentration of non-radiolgoical
hazardous constituents with the soils above detection limits
as a function of depth.

As part of the DOE field program, the Eh was measured in
the tailings pore fluid and groundwater in both the alluvium/
weathered Mancos Shale and the Tres Hermanos-C Sandstone. The
Eh of the tailings pore fluids and groundwater in the alluvium/
weathered Mancos Shale is oxidizing. Groundwater in the
subcrop area of the Tres Hermanos-C Sandstone may be oxidizing
but then changes to less oxidizing conditions down dip.
Longmire (1984) reports that the Eh of groundwater in the
Westwater Canyon Member is also oxidized. A summary of Eh and
pH conditions in the tailings and each water-bearing unit of
interest is provided in Table D.8.22.

Visual inspection of core samples obtained during the DOE
field program suggests that mineral assemblages in the allu-
vium/weathered Mancos Shale are typical of weakly oxidized
conditions. Calcite, gypsum, and ferric oxyhydroxides are
mineral assemblages found in the alluvium/weathered Mancos
Shale. However, under the less oxidizing conditions in the
Tres Hermanos-C Sandstone, the mineral assemblages of calcite
and pyrite are present along with locally occurring solid
organic matter.

D.8.8.3 Geochemical modeling

Geochemical modeling was used to determine the dissolved
species of hazardous constituents in groundwater, using
analyses from the tailings pore fluids, alluvium/weathered
Mancos Shale and the Tres Hermanos-C Sandstone. This specia-
tion helps to determine whether contaminants may occur as
cations or anions that may be absorbed by ion exchange. How-
ever, ion exchange was not modeled and is only discussed
qualitatively. Saturation indices (SI) were calculated to
determine whether solubility controls contaminant concentra-
tions in tailings fluid and groundwater. Modeling was also
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performed to mix tailings pore fluid at different proportions
with mill make-up pond water to determine if the origin of
groundwater in the alluvium/weathered Mancos Shale is due to
these two fluids.

Computer code

The FORTRAN computer code PHREEQE (Parkhurst et al.,
1980) was used in the geochemical modeling. PHREEQE solves
simultaneous equations that describe the equilibrium chemical
reactions that may occur in a specified water. Lindberg
(Department of Geology, University of Colorado) has expanded
the thermochemical data base in this version of PHREEQE for
dissolved species and solid compounds of uranium and molyb-
denum; however, only nitrate, selenium, uranium, and molyb-
denum were modeled. Jacobs Engineering Group personnel have
run test cases using this version of PHREEQE to verify that
the geochemical calculations are accurate and in agreement
with the non-modified PHREEQE code (Parkhurst et al., 1980).
All modeling results are on file at the UMTRA Project Office
in Albuquerque, New Mexico.

Speciation of tailings fluids and groundwater

Geochemical modeling was used to speciate analyses of
tailings pore fluid and groundwater analyses from the alluvium/
weathered Mancos Shale and the Tres Hermanos-C Sandstone to
determine whether contaminants may occur as cations or anions
that may be absorbed by ion exchange. Input to the PHREEQE
model included laboratory chemical analyses, and field mea-
surements of temperature, pH and Eh. Distribution of species
of selected hazardous constituents are presented in Table
0.8.23. Selenium, nitrate, molybdenum, and uranium all are
present as anions under physiochemical conditions found within
the tailings and groundwaters. Anion exchange or sorption
sites usually occur in concentrations that are about 10% of
those of cation exchange sites. Only molybdenum seems to be
removed or atenuated within the groundwaters of the Tres Her-
manos-C Sandstone. Nitrate concentrations are relatively the
same in groundwater in the alluvium/weathered Mancos Shale and
the Tres Hermanos-C Sandstone indicating that a large per-
centage of groundwater in the Tres Hermanos-C Sandstone is
derived from seepage from the alluvium/weathered Mancos Shale.

Saturation indices

Saturation indices for different minerals were calculated
to determine whether minerals that contain hazardous consti-
tuents will precipitate from solution, causing a resulting
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decrease in concentration. The saturation index for a given
mineral and solid phase is defined as:

S= ogo activity product (AP)
solubility product (Ksp)

When the calculated satuation index for a mineral or
solid compound is greater than zero, the solution is over-
saturated, and that mineral should precipitate from solution
to reach equilibrium. If the saturation index is equal to
zero, a solution is in equilibrium with a particular mineral.
Conversely, when the saturation index is less than zero, a
solution is undersaturated with a particular mineral and that
mineral is predicted to dissolve.

Saturation indices for minerals in the tailings, alluvium/
weathered Mancos Shale, the Tres Hermanos-C Sandstone and the
Westwater Canyon Member are presented in Table D.8.24. All of
the solutions are oversaturated with respect to calcite, hema-
tite, and the ferric oxyhydroxides that include lepidocrocite,
ferric hydroxide, and goethite. This implies that iron will
precipitate from solution under all conditions. The predic-
tion of the precipitation of ferric oxyhydroxide in ground-
water is verified by their existence in core samples.

The precipitation of ferric oxyhydroxide is important
because they control the concentration of selenium and molyb-
denum via adsorption (Rai and Zachara, 1984; Leckie et al.,
1980). Selenium and molybdenum may also be adsorbed onto
solid organic carbon. Adsorption on ferric oxyhydroxide may
account for the partial removal of uranium and molybdenum from
tailings pore fluid during mixing with mill make-up pond water
in the alluvium/weathered Mancos Shale.

Origin of groundwater

The PHREEQE geochemical code was used to calculate the
results of mixing different amounts of tailings solutions with
mill make-up water to try to delineate the origin of ground-
water in the alluvium/weathered Mancos Shale. If observed
analyses of water quality and the alluvium/weathered Mancos
Shale could be simulated by this mixing calculation, it is
reasonable that most of the groundwater derived from these
sources and that the condition of saturation within the
alluvium/weathered Mancos Shale was created by uranium
processing activities.
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Three possible sources of recharge water available to the
alluvium/weathered Mancos Shale include tailings seepage, seep-
age through the unlined mill water make-up pond, and recharge
from arroyos from Roman Hill. The water quality of tailings
seepage was represented by lysimeter analytical data. Mill
make-up water was primarily mine water discharge derived from
the mean Westwater Canyon Member concentrations. The water
quality of recharge from arroyos from Roman Hill is undeter-
mined.

Mill make-up water and tailings pore fluid were mixed in
different ratios (0.30, 0.40, 0.50, 0.60, and 0.65) and equi-
librated with calcite, gypsum and ferric oxyhydroxide to simu-
late aqueous concentrations in groundwater the alluvium/
weathered Mancos Shale. The mean concentrations of water
quality parameters used in the mixing calculations, the pre-
dicted concentrations and the observed mean concentrations in
the analyses of alluvium/weathered Mancos Shale groundwater
are presented in Table D.8.25. Based on comparison of the log
molalities of chloride, sulfate, nitrate and uranium, a mixing
ratio of approximately 1:3 best simulates the mixture of
tailings fluids and mill make-up water that combined to create
the condition of saturation in the alluvium/weathered Mancos
Shale.

From the modeling of mixing ratios, it appears that
dilution of tailings seepage by mill make-up water is the
major process for the decrease in concentrations of nitrate
and uranium. Concentrations of selenium are higher in the
alluvium/weathered Mancos Shale than in the tailings pore
fluids suggesting that naturally occuring selenium may be
released into solution.

D.8.8.4 Potential influence of seepage on water Quality in the
Westwater Canyon member

Concentrations of hazardous constituents in the Tres
Hermanos-C Sandstone and the Westwater Canyon Member were
compared to determine the potential influence on water quality
in the Westwater Canyon Member from seepage migrating down
mine shafts and vent holes into the Westwater Canyon Member.
Mean concentrations of hazardous constituents in the Tres
Hermanos-C Sandstone and the Westwater Canyon Member are
presented in Table D.8.26. Generally, mean concentrations of
hazardous constituents in the Tres Hermanos-C Sandstone are
lower than in the Westwater Canyon Member. Exceptions to this
generalization are chromium, nitrate, vanadium, and gross
alpha activity. Concentrations of chromium in the Tres Her-
manos-C Sandstone are only slightly higher than that found in
the Westwater Canyon Member. Nitrate and gross alpha activity
slightly exceed the MCLs in mean analyses of groundwater from
the Tres Hermanos-C Sandstone. Although vanadium is one and
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one half orders of magnitude higher in concentration in the
Tres Hermanos-C Sandstone than in the Westwater Canyon Member,
the relative rates of groundwater flow in the formations is
such that any seepage into the Westwater Canyon Member would
be substantially diluted. This suggests that seepage of Tres
Hermanos-C Sandstone groundwater into the Westwater Canyon
Member will produce no increase in the concentrations of
hazardous constituents in the Westwater Canyon Member.

D.8.9 GROUNDWATER USE, VALUE, AND ALTERNATIVE SUPPLIES

The primary water supply in the Ambrosia Lake area is groundwater.
Surface water is not a viable water supply source as all streams in the
area are intermittent and are sediment-laden during the short periods
of storm runoff. Groundwater in the Ambrosia Lake area is used by the
uranium mining industry, and for domestic and ranch supplies. Present
groundwater use is approaching pre-1955 levels because of the recent
decline of the uranium mining industry (Brod and Stone, 1981). A dis-
cussion of groundwater use as it relates to supplemental standards is
contained in Addendum A of Appendix E.

Uranium industry

Uranium mine dewatering beginning in the mid-1950s withdrew large
amounts of groundwater to facilitate ore removal from the Westwater
Canyon Member. Early pumping totalled 24 million gallons per day for
the Ambrosia Lake, San Mateo, and Bluewater-Milan areas (Cooper and
John, 1968). The New Mexico Environmental Improvement Division (NMEID,
1980) indicated pumpage from mines just in the Ambrosia Lake area
ranged from eight to 13 million gallons per day. After 20 years of
pumping, potentiometric levels were lowered hundreds of feet in the
eastern Ambrosia Lake area (Brod and Stone, 1981). Most of the pumped
water was discharged to surface drainages where it evaporated or
infiltrated to recharge the shallow sediments.

The pumped mine water was considered a resource and was used by
the mills for ore processing and by a few ranchers in the area for
domestic and stock purposes. It was not until the late 1970s that the
quality of mine discharge water came under scrutiny by the state, and
settling ponds and water treatment were required. It was also at this
time that the quanity of the water pumped was monitored.

Presently, the uranium industry is retiring the mines in Ambrosia
Lake. Ore is being actively mined at only one mine. However, many of
the mines are still being dewatered and some water presently pumped
from active and inactive mines is being reinjected during a low-scale
solution recovery of uranium from the mined-out areas. If uranium
production becomes economically viable in the future, water usage would
probably be similar in nature and extent as in the past during the
1950s through the 1970s.
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Domestic

The nearest municipality operating a public water supply is San
Mateo, 10 miles southeast of the Ambrosia Lake site (Figure D.8.28).
In the community of Ambrosia Lake, a few private wells draw water from
the Westwater Canyon Member and the alluvium along San Mateo Creek to
obtain water for domestic use. In the early 1970s, deeper wells in the
Westwater Canyon Member went dry due to mine pumpage, and Kerr-McGee
(Quivira) constructed a pipeline to supply domestic needs in the area.

There are no domestic wells completed in any of the Tres Hermanos
Sandstones or within the alluvium in the Ambrosia Lake valley. The
valley includes the area between San Mateo Mesa and Mesa Montonosa
north of New Mexico Highway 53, and within three miles of the tailings
site (Figure D.8.28). The Tres Hermanos Sandstones and alluvium do not
yield an adequate groundwater supply of acceptable quality for domestic
use.

Most of the domestic wells in the Ambrosia Lake valley have been
abandoned (Brod and Stone, 1981). A total of nine active wells are
known to be within five miles of the Ambrosia Lake site and five are
used for domestic purposes (Table D.8.21). Two domestic wells supply
homes at the junction of New Mexico Highways 53 and 509 (Figure D.8.28),
4.5 miles southwest of the site. One well completed in the Westwater
Canyon Member is reported (Marquez, 1985) to be 300 feet deep and
supplies poor quality (very hard) water to three residences. The depth
of the second well is unknown.

The third domestic well is on the Phil Harris ranch, which is one
mile northwest of the junction of New Mexico Highway 509 and New Mexico
Highway 53 (Figure 0.8.28). This well was completed in the Westwater
Canyon Member or in deeper formations and supplies the ranch house.
The Berryhill ranch, three miles northwest of the Ambrosia Lake site,
has an 800-foot-deep well completed in the Westwater Canyon Member.
This well went dry in the early 1970s, and Quivira has supplied the
ranch water via a pipeline from their Section 17 mine. A second
Berryhill Ranch well was listed in Brod and Stone (1981), but the ranch
foreman revealed that the water for the trailer, house, and 15 horses
is supplied entirely by the Quivira pipeline (Baughman, 1985a).

The fifth well, reportedly belonging to a Mr. Jerry Elkins, is
used for both domestic and stock purposes (NMEID, 1987). This well is
believed to be completed in the Westwater Canyon Member of the Morrison
Formation and is located approximately 3.5 miles northwest of the
Ambrosia Lake tailings pile.

Stock

There are five ranch headquarters in the Ambrosia Lake area. The
Berryhill and Harris lands are used for grazing and three wells were
reportedly used for stock supply (see Table D.8.28). None of these
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stock wells were completed in the shallow aquifers including the
alluvium or the Tres Hermanos Sandstones (Baughman, 1985b). All stock
supply wells in the valley were completed in the Westwater Canyon
Member or San Andres Limestone at depths of 500 to 3000 feet. There is
no present or historical irrigation within the Ambrosia Lake valley and
demand is anticipated to remain low because the area is poorly suited
for farming due to low precipitation, poor soils, and limited
good-quality groundwater.

Prior to mining, there was little development in the Ambrosia Lake
area and limited use of groundwater. The twenty-year period of uranium
mining and milling activity spurred temporary development of the valley
and drastically altered the quality and quantity of groundwater re-
sources. Future groundwater development in the valley is expected to
be even more limited than premining times due to the unknown residual
effects of the mining industry. There is an extremely small potential
for future use of shallow groundwater because of the large areal extent
of naturally poor-quality water, limited yield capability, artificially
saturated zones drying up, regional contamination of the groundwater
due to mine dewatering, and discharge of mill effluents. These factors
qualify the groundwater to be designated as Class III (limited use).

The value of existing groundwater use within a five-mile radius of
the site can be estimated by multiplying existing use by current water
rates. The total use of groundwater from the nine wells (five domestic
wells and four livestock wells), assuming each well pumps at an average
rate of one gallon a minute, is 389,000 gallons per month (4.7 million
gallons per year). The commercial water supply rate being charged in
1989 by the municipal water supply of Milan, New Mexico, is $14.60 per
month for the service connection, plus $.96 per 1000 gallons (Henley,
1989). Thus the value of existing groundwater use, based on Milan
municipal water supply rates, is $6233 per year.

D.8.10 CLIMATE

Meteorological data for the Ambrosia Lake area are presented in
Section D.9 of this document. The following is a summary of data
pertinent to the hydrologic cycle.

The regional climate is classified as semiarid and continental.
The climate is characterized by low precipitation, abundant sunshine,
low relative humidity, and moderate temperatures with large diurnal
and annual ranges (QMC, 1981).

Most of the precipitation in the project area occurs during the
late summer thunderstorm season, although there is considerable
monthly and annual variation in total rainfall. Long-term precipita-
tion measurements made at the Floyd Lee Ranch near San Mateo (13 miles
southeast of the tailings site) and three other regional stations are
presented in Table .9.4. Long-term annual average precipitation for
San Mateo is 8.83 inches with a maximum annual precipitation of 13.55
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inches in 1956. August was the wettest month with an average of 2.13
inches. Most of the winter precipitation in this area falls as snow
(QMC, 1981).

The mean annual lake evaporation in the area is 54 inches.
Seventy-two percent of the annual evaporation occurs from May through
October (NOAA, 1979).
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Table 0.8.1 Ambrosia ake site monitor well nformation

Ground Screened nterval
Well Well Total surface Top of Begin depth

location Well diameter depth elevation casing (ft from Length
numbera installerb (in) (ft) (ft MSL) (ft MSL) top of casing) (ft) rormationc

173 DOE 4.0 131.0 1006.2 1001. 7 132.0 5.0 TrC1
174 DOE 4.0 255.0 1006.6 7001.4 250.0 5.0 TrB
115 DOE 4.0 95.0 6996.5 6998.1 90.0 5.0 TrC2
716 DOE 4.0 50.0 6991.0 6999.1 45.0 5.0 QAL
777 DOE 4.0 158.0 6961.3 6963.2 153.0 5.0 TrB
118 DOE 4.0 31.0 6961.2 6962.7 30.0 5.0 TrC1
119 DOE 4.0 62.0 6961.1 6964.0 51.0 5.0 TrC2
780 DOE 4.0 43.0 6966.0 6968.5 38.0 5.0 QA/rC2
181 DOE 4.0 40.0 6965.1 6968.4 35.0 5.0 QAL
18? DOE 4.0 10.0 6989.1 6991.8 65.0 5.0 TrC2
183 DOE 4.0 50.0 6990.1 6993.2 45.0 5.0 QAL
184 DOE 4.0 55.0 6914.8 6911.3 50.0 5.0 TrC2
785 DOE .4.0 45.0 6959.2 6961.3 40.0 5.0 TrC2
786 DOE 4.0 35.0 6961.5 6963.4 30.0 5.0 TrC1
181 DOE 4.0 80.0 6969.2 6911.3 15.0 5.0 TrC2
188 DOE 4.0 30.0 6961.5 6969.8 25.0 5.0 QAL
189 DOE 4.0 226.0 1001.8 1003.9 216.0 10.0 TrB
790 DOE 4.0 30.0 1002.9 7004.6 25.0 5.0 QAL
191 DOE 4.0 115.0 6998.8 1000.8 110.0 5.0 TrCl
192 DOE 4.0 20.0 6999.0 1001.1 15.0 5.0 QAL/weathered Kmc
793 DOE 4.0 28.0 6996.6 6998.6 23.0 5.0 QAL/weathered Kmc
194 DOE 4.0 22.0 6961.9 6964.2 11.0 5.0 QAI/weathered Kmc
196 DOE 4.0 23.0 6955.1 6951.3 18.0 5.0 QAL.
191 DOE 4.0 21.5 6969.1 6912.0 16.5 5.0 QAL/weathered Kmc:
198 DOE 4.0 20.0 6978.2 6980.4 15.0 5.0 QAL
199 DOE 4.0 12.0 6980.1 6892.8 1.0 5.0 QAL/weathered Kmc
614 DOE 4.0 49.0 6669.5 6912.9 36.5 10.0 QAL
615 DOE 4.0 35.0 6962.1 6966.0 32.5 10.0 QAL/weathered Kmc
616 DOE 4.0 120.0 6989.1 6991.8 97.5 20.0 rC2
617 DOE 4.0 112.0 6999.2 1001.6 150.0 20.0 TrC2



Table D.8.1 Ambrosia Lake site monitor well information (Concluded)

Ground Screened interval
Well Well Total surface Top of Begin depth

location Well diameter depth elevation casing (ft from Length
numbera installerb (in) (ft) (ft MSL) (ft MSL) top of casing) (ft) Formationc

678 DOE 4.0 262.0 6962.1 6963.2 240.0 20.0 TrB
679 DOE 4.0 362.0 6982.1 6983.6 340.0 20.0 TrA
680 DOE 4.0 350.0 6963.7 6965.7 310.0 20.0 Dakota
681 DOE 4.0 235.0 7000.7 7002.5 200.0 30.0 TrB
706d SNL 4.0 45.0 6989.5 6990.45 35.0 10.0 QAL
620a QMC 4.0 36.0 6951.9 6953.90 37.0 5.0 QAL

I Z~ aWell locations plotted on
bWell installer: DOE -

.L" Contractor; SNL = Sandia 
CFormation: TrCl Tres
Kmc = Mancos Shale; QAL 

dWell locations plotted on

Figure 0.8.1.
wells installed for the U.S. Department of E

National Laboratories; QMC = Quivira Mining Co.
Hermanos-Cl; TrC2 = Tres Hermanos-C2; TrB = Tres
Alluvium.
Figure D.8.21.

Energy by the Technical Assistance

Hermanos-B; TrA = Tres Hermanos-A;

I ( I I I I ( I I I I I I I



Table D.8.2 Summary of lysimeters and well points

Well location
numbera Formation sampledb Hydraulic position

Lysimeter
757 QAL/Kmc pore water Source area
759 Tailings pore water Source area

Well point
737 Tailings water Source area
743 Tailings water Source area
746 Tailings water Source area
747 QAL/Kmc water Source area
748 QAL/Kmc water Source area
749 QAL/Kmc water Source area
750 Tailings water Source area
751 Tailings water Source area
752 Tailings water Source area

aWell locations plotted in Figure D.8.14.

bQAL = alluvium; Kmc = Mancos Shale.

D-259



Table 0.8.3 Water-level elevations in feet above sea level at the Ambrosia Lake site

Date of measurement

February
October October 1985 May 1986 May 1986 April 1988 April 1988 July 1988 July 1988 February 1989

Well Casing 1985 depth water-level depth to water-level depth to water-level depth to water-(vYe 1989 depth water-level
Unit no. elevation to water elevation water elevation water elevation water elevation to water elevation

Alluvium and Weathered Mancos Shale
620 6953.9 31.8 6922.1 29.5 6924.4 29.8 6924.1
674 6972.9 45.8 6927.1
675 6966.0 22.2 6943.8
792 7001.1 15.8 6985.3 17.2 6983.9 16.9 6984.2 16.9 6984.2 17.1 6984.0
793 6998.6 21.4 6977.2 23.4 6975.2 22.5 6976.1 22.7 6975.9 22.9 6975.7

Tres Hermanos-Cl Sandstone
773 7007.7 132.1 6875.6 136.1 6871.6 Dry 137.4 6870.3
778 6962.7 26.9 6935.8 28.0 6934.7 26.8 6935.9 26.8 6935.9 26.7 6936.0
786 6963.4 21.5 6941.9 22.8 6940.6 21.7 6941.7 21.8 6941.6 21.8 6941.6

p7 791 7000.8 107.6 6893.2 104.2 6896.6 103.5 6897.3 101.5 6899.3 98.3 6902.5

c Tres Hermanos-C2 Sandstone
o 676 6991.8 95.3 6896.5

677 7001.6 87.9 6913.7
779 6964.0 35.1 6928.9 39.2 6924.8 32.0 6932.0 30.9 6933.1 31.7 6932.3
782 6991.8 60.6 6931.2 60.9 6930.9 59.5 6932.3 47.3 6944.5 59.7 6932.1
784 6977.3 45.3 6932.0 48.1 6929.2 47.5 6929.8 59.5 6917.8 47.8 6929.5
785 6961.3 41.8 6919.5 43.7 6917.6 41.1 6920.2 41.0 6929.3 41.5 6919.8
787 6971.3 51.8 6916.5 61.6 6909.7 48.0 6923.3 51.6 6919.7 49.0 6922.3

Tres Hermanos-O Sandstone
777 6963.2 Dry 147.5 6815.7 147.4 6815.8
678 6963.2 223.3 6739.9
681 1002.5 212.7 6789.8

Tres Hermanos-A Sandstone
679 6983.6 346.6 6637.0

Dakota Sandstone
680 6965.7 317.1 6648.6

I I I I I I I I I I I I l 1I 



Table D.8.4 Slug test results from the Ambrosia Lake site monitor wells

Hydraulic conductivity methods and resultsa

Cooper-
Well Ferris- Papadopolous- Bouwer-
locatiog Skibitzke KnowlesC BredehoeftC Rice K
number (cm/s) (cm/s) (cm/s) (cm/s) ft/day Geologic unit

Confined
779 l.13x10-5 Not valid Not valid N/A 0.032 TrC2d
787 2.08x10-5 Not valid Not valid N/A 0.059 TrC2
791 1.46x10-5 Not valid Not valid N/A 0.041 TrCle

Semi-confined
780 3.06x10-5 3.86xl0-5 l.88x10-4 7.31xlO-5 0 .2 3h QALf/TrC2

Unconfined
778 N/A N/A N/A 1.21x10-3 3.4 TrCl
782 N/A N/A N/A 1.64x10-4 0.46 TrC2
785 N/A N/A N/A 2.48x10-4 0.70 TrC2
786 N/A N/A N/A 8.40x10-5 0.24 TrCl
620 N/A N/A N/A l.l1x10-3 3.1 QAL
674 N/A N/A N/A l.90x10-5 0.54 QAL
792 N/A N/A N/A 3.48x10-4 0.99 QAL/weathered Kmc9
793 N/A N/A N/A 4.67xlO-5 0.13 QAL/weathered Kmc9

aN/A - method not applicable.
bWell locations plotted on Figure D.8.I.
CNot valid - data did not fit the assumptions
dTrC2 - Tres Hermanos-C2 Sandstone.
eTrCl Tres Hermanos-Cl Sandstone.
fQAL alluvium.
9Kmc Mancos Shale.
haveraged value.

of the method.
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Table D.8.5 Hydraulic conductivities reported for the alluvium and
Tres Hermanos-B Sandstone in Ambrosia Lake Valley

Hydraulic Method and
Unit conductivity reference

Alluvium

Alluvium

2 x 10-4 to
5 x 10-4 cm/s

2 x 10-5 cm/s

1.0 x 10-3 to 5.0 x
10-3 cm/s

Two pumping tests by
Quivira Mining Co.,
1980 (Ganus, 1980)

Pumping test in
monitor well H-9
(FBD. 1983)

Alluvium Falling head
permeability
(Thomson and
1981)

tests
Heggen,

Tres Hermanos-B Sandstone

Tres Hermanos-B Sandstone/
Mancos Shale

Mancos Shale (weathered)

Mancos Shale

1 x 10-4 to
I x 10-3 cm/s

2 x 10-5 cm/s

1.4 x 10-7 to
1.4 x 10-6 cm/s

4.33 x 10-8 cm/s

In situ single
packer permeability
tests by Woodward-
Clyde Consultants
for Quivira W-C.
1983)

In situ permeability
tests by Woodward-
Clyde Consultants
for Quivira (W-C,
1983)

Measured by Gulf Corp
in their San Mateo
mine in T14N R8W
(Brod and Stone,
1981)

Grinding then
estimated from a
consolidation test
(Thomson and Heggen,
1981)
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Table D.8.6 Average linear groundwater velocities for Ambrosia Lake site

Stratigraphic Veloc-.
unit Parameter Minimum Maximum Average

Alluvium/weathered Inputs:
Mancos Shale Hydraulic conductivity (K)(cm/s) 4.67x10-5 l.lIx10-3 3.48x10-4

Hydraulic gradient (i) 0.017 0.033 0.025
Effective porosity (ne) 0.16 0.10 0.13

Average linear velocity (v = Ne )(cm/s) 4.96x106 3.66x10-4 6.69x10-5

Tres Hermanos-Cl Inputs:
Sandstone Hydraulic conductivity (K)(cm/s) 1.46x10-5 1.21x10-3 4.24xl-4
Member Hydraulic gradient (i) 0.019 0.033 0.026

Effective porosity (ne) 0.06 0.04 0.05a
Ki

Average linear velocity (v = j- )(cm/s) 4.62x10-6 9.98x10-4 2.21x10-4

Tres Hermanos-C2 Inputs:
Sandstone Hydraulic conductivity (K)(cm/s) 1.13x10-5 2.48x10-4 1.O9x10-4
Member Hydraulic gradient (i) 0.014 0.033 0.024

Effective porosity (ne) 0.06 0.04 0.05a

Average linear velocity (v = Ki )(cm/s) 2.64x10-6 2.05x10-4 5.23x10-5

Westwater Canyon Inputs:
Member Hydraulic conductivity K)(cm/s)a 3.81x10-4 4.70x10-4 4.31x10-4

Hydraulic gradient (i) O.Ol9b 0.0 33b 0.02 6b
Effective porosity (ne) 0.12 0.08 0.10a

Average linear velocity (v - Ki )(cm/s) 6.03xlO-5 1.94x10-4 1.14x10-4

aRef. rod, 1979.
bAssumed to be similar to the Tres Hermanos-Cl and -C2 Sandstone Members as the dip of the
geologic units is identical and the hydraulic conductivities are similar.
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Table D.8.7 Calculated drawdown in alluvium/weathered Mancos Shale
at the Ambrosia Lake site for different transmissivity
valuesa

Transmissivity Pumping duration
(gpd/ft2) 1 day 10 days 100 days

13 11.82 ft 13.94 ft 16.05 ft

15 10.36 ft 12.19 ft 14.02 ft

18 8.75 ft 10.28 ft 11.81 ft

aDistance from pumping well = 0.1 ft. Storage coefficient based on actual
pump test data = 0.001. Calculated drawdown based on the Theis equation
(Freeze and Cherry, 1979).
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Table .8.8 United Nuclear Corporation and Quivira Mine Company mine water discharge quality

cry
I

Quivira Section
Unit United Nuclear Corporation Ann Lee Mine 30 W. Mine
of Sample Dates

Constituent measurement 10/27/77 11/17/78 11/07/79 06/21/82 05/13/83

Aluminum mg/l -- -- <0.250 <0.100 0.37
Ammonia mg/l 0.015 0 0.05 -- --
Arsenic mg/l <0.005 <0.005 0.009 0.006 0.27
Barium mg/l 0.27 0.074 <0.100 <0.100 <0.02
Bicarbonate mg/l -- 228 174.0 317 730
Cadmium mg/l <0.001 <0.001 -- <0.01 0.024
Calcium mg/l -- 150 194 265 720
Chloride mg/l 108 97.5 188 210 470
Chromium mg/l -- -- -- <0.100 0.078
Cobalt mg/l - -- 0.059
Copper mg/l -- -- -- <0.025 0.066
Conductivity micromhos 2657 2241 3288 3250 --
Iron mg/i -- -- -- 0.23 0.21
Lead mg/l -- <0.005 <0.005 <0.010 0.48
Magnesium mg/l -- -- 45.3 43 410
Manganese mg/l -- -- -- -- 7.2
Mercury mg/l -- -- -- <0.002 --
Molybdenum mg/i 3.20 1.914 3.05 1.8 0.076
Nickel mg/ -- -- -- -- 0.140
Nitrate (as N) mg/l 0.11 <0.01 -- <1.00 <1.00
pH standard 8.08 -- 8.12 6.77 6.90
Potassium mg/l -- 8.19 9.75 11 10
Selenium mg/i 0.268 0.171 0.122 0.13 0.30
Silver mg/l -- -- -- 0.008 0.099
Sodium mg/ 428 421 511 510 410
Sulfate mg/l 1060 1115 1280 1460 2910
Total suspended
solids mg/l 1.1 1.0 2.0 -- --

Total dissolved
solids mg/l 1852 1903 2441 2660 5220

Vanadium mg/i -- <0.010 <0.010 0.010 --
Zinc mg/i -- <0.100 <0.250 -- 0.22

Gross alpha pCi/i -- 0 0 -- --
Radium-226 pCi/l 29+1 65+1 19+6 23 2.5
Radium-228 pCi/l 0+2 -- -- 0 2.5
Lead-210 pCi/l 17+6 -- -- 0 --
Uranium mg/l 0.32 2.23 1.31 5.1 --

Ref. NMEID, 1983, 1980.

Note: -- means not analyzed.



Table D.8.9 Composition of mill effluent at the Ambrosia Lake
tailings pond

Unit of
Constituenta measurement Concentration

Sodium sulfate mg/l 10,000
Sodium carbonate mg/l 5,000
Uranium mg/i 5
Vanadium mg/l 114
Molybdenum mg/i 178
Silicon dioxide mg/I 228
Percent solids 45
Percent liquid 55

aSmall amounts of chloride, selenium, fluoride, and phosphate also present.

Ref. Hunter, 1958.
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Table D.8.10 Chemical composition of alkaline leach mill effluents

Mill

United Nuclear- An alkaline leach
Unit of Homestake Partners mill in New Mexico

Constituents measurementa (Milan, New Mexico) (median from 3 samples)

Total suspended
solids mg/l 52.0 --

Total dissolved
solids mg/l 20,710 20,700
Conductivity (micromhos) 23,990 --
-pH standard 10.2 10.2
Arsenic mg/i 7.19 5.0
Barium mg/l 0.051 --
Selenium mg/l 31.16 31.0
Molybdenum mg/l 105 104
Ammonia mg/l 13.9 --
Sodium mg/l 8,464 8,460
Chloride mg/l 1,014 1,010
Sulfate mg/i 8,346 8,350
Calcium mg/l 10.0 --
Potassium mg/l 31.2
Bicarbonate mg/l --
Cadmium mg/l 0.028 --

Nitrate (as N) mg/l 22.42 --

Magnesium mg/l --
Vanadium mg/l 13.6
Zinc mg/l <0.10 --

Aluminum mg/l --
Lead mg/i <0.005 --
Gross alpha pCi/i 10,000 + 1,000 6,700
Radium pCi/i 90 + 1 58 + 4
Lead pCi/l 49 + 8 --
Uranium mg/i 52.8 44

apCi/1 - picocuries per liter + one standard deviation.

Ref. NMEID, 1980; Gallagher and Gord, 1981; presumably the United Nuclear Home-
stake Partners mill, although not stated.
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Table .8.11 Maximum observed concentrations of EPA MCL constituents in lysimeter and well points at the Ambrosia Lake, New Mexico.
site -- tailings and unsaturated alluvium beneath taillngsa

Lysimeters and well points

Constituent MCL (mg/i) 743 746 747 748 749 750 751 752 757 759

Arsenic 0.05 0.005 0.005 0.005 0.005 0.005 0.30 0.10 0.11 0.01 0.17
Barium 1.0 NA 0.30 0.1 NA NA 0.10 0.10 0.10 0.1 0.10
Cadmium 0.01 0.0005 0.0005 0.0005 0.0005 0.0005 0.0070 0.0060 0.0060 0.005 0.008
Chromium 0.05 0.10 0.03 0.04 0.05 0.05 0.09b 0.11 b 0.04 0.02 0.11b
Lead 0.05 NA 0.0005 0.0005 NA NA 0.74 0.02 0.03 0.005 0.02
Mercury 0.05 NA 0.0001 0.0001 NA NA 0.0001 0.0001 0.0001 NA NA
Molybdenum 0.1 161.0b 113.0b 48.7b 29.0b 66 .0b 120 .0b 118.0b 148.0b 158 .0b 247.0b
Nitrate 44.0 6.0 3.0 3.0 2.0 1.0 1.0 3600 .0b 3.0b 150 .0b NA
Selenium 0.01 0.0025 0.0025 0.0025 0.0025 0.0025 0.320 0.294 0.371 0 .016b 0.403b
Silver 0.05 NA 0.005 0.005 NA NA 0.01 0.02 0.005 0.005 0.02
Uranium 0.044 2.17b 1.32b 1 .24b 5.84b 5.76b 8 .4b 14.6b 8.65b 14.7b 12.6b

Gross alpha 5 pCi/i NA NA NA NA NA NA NA 0 NA NA
Radium-226 and 15 pCi/l NA 140.0b ,g0.0b 113 .0b 117 .0b g0 .1b 220 .0b 22.1b NA NA

-228

aNA - Not analyzed.
bExceeds MCL in proposed EPA standard.
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Table D.8.12 Maximum observed concentrations
Ambrosia Lake, New Mexico, site

of EPA MCL constituents in monitor wells at the
-- alluvium/weathered Mancos Shalea

Monitor wells

Constituent MCL (mg/l) 706 620 674 675 780 792 793

Arsenic 0.005 0.2720b 0.01 0.0005 0.0005 0.005 0.016 0.16
Barium 1.0 NA 0.10 0.005 0.02 0.05 0.05 0.05
Cadmium 0.01 NA 0.0005 0.0005 0.0003 0.0005 0.005 0.005
Chromium 0.05 0.02 0.16b 0.005 0.005 0.02 0.28b 0.28b
Lead 0.05 NA 0.005 0.001 0.001 0.005 0.01 0.01
Mercury 0.05 NA 0.0001 0.0001 0.0001 0.0001 0.0007 0.0003
Molybdenum 0.1 220.0b 0.5b 9.81b 2.72b 3.6b 1.87b 2.01b
Nitrate 44.0 25.0 13.6 40.0 145.0b 140.0b 1.8 252.0b
Selenium 0.01 0.012b 0.07b 1.39b 0.51b 0.54b 1.8b .lb
Silver 0.05 0.02 0.04 0.005 0.005 0.005 O.llb O.l1b
Uranium 0.044 1.11b 7.88b 3.80b 2.08b 3.47b 3.31b 0.39b

Gross alpha 5 pCi/l 0 0 0 0 285.54 48.44
Radium-226 and 15 pCi/l 131.8b 10.03b 0.744 2.52 3.10 6.90 1.56

-228

aNA = Not analyzed.
bExceeds MCL n proposed EPA standard.



Table D.8.13 Maximum observed concentrations of EPA MCL constituents in
monitor wells at the Ambrosia Lake, New Mexico, site -- Tres
Hermanos-Cl Sandstone Membera

Monitor wells

Constituent MCL (mg/i) 773 778 786 791

Arsenic 0.05 0.005 0.022 0.01 0.02
Barium 1.0 NA 0.05 0.22 0.10
Cadmium 0.01 0.0005 0.014b 0.001 O.OO5
Chromium 0.05 0.05 0 .22b 0*14b 0.21
Lead 0.05 NA 0.01 0.005 0.005
Mercury 0.05 NA 0.0005 0.0003 0.0001
Molybdenum 0.1 0.320b 0.160b 0.212b 0.210b
Nitrate 44.0 2.0 430.0b 53.0b 8.0
Selenium 0.01 0.0025 0.280b 0.764b 0 .1 6b
Silver 0.05 NA 0.06b 0.02 0.005
Uranium 0.044 0.0001 11.8b 1 .73b 0.0007

Gross alpha 5 pCi/l NA 3422.85 218.78b NA
Radium-226 and 15 pCi/l 22.0b 8.81b 21.3b 1.5
-228

aNA = Not analyzed.
bExceeds MCL in proposed EPA standard.
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Table D.8.14 Maximum observed concentrations of EPA MCL constituents in monitor wells at the
Ambrosia Lake, New Mexico, site -- Tres Hermanos-C2 Sandstone Membera

Monitor wells

Constituent MCL (mg/i) 676 677 779 782 784 785 787

Arsenic 0.05 0.0005 0.0005 0.005 0.005 0.005 0.026 0.019
Barium 1.0 0.02 0.02 0.30 0.30 NA 0.10 0.05
Cadmium 0.01 0.0001 0.0009 0.0005 0.0005 0.0005 0.0090 0.0070
Chromium 0.05 0.005 0.005 0.04 0.04 0 .11b 0.24b 0 2 3 b
Lead 0.05 0.0005 0.0005 0.005 0.005 NA 0.01 0.01
Mercury 0.05 0.0001 0.0001 0.0001 0.0001 NA 0.0006 0.0004
Molybdenum 0.1 0,595b 0 .024b 0.14b 0.16b Olgb 0 .35b 0.25b
Nitrate 44.0 4.75 5.10 2.00 4.00 5.00 20.00 38.90
Selenium 0.01 0 .091b 0.006 0.0025 0.0025 0.007 0 .324b 0 .5 4b
Silver 0.05 0.005 0.005 0.005 0.005 NA 0 .080b O.090b
Uranium 0.044 0.207b 0.016 0.024 0.0031 0.0001 3.30 0.018

Gross alpha 5 pCi/i 0.00 0.00 64.26 NA NA 646.03b 20 .66b
Radium-226 and 15 pCi/l 2.48 1.87 5.60 2.80 0.80 11.56 3.06

-228

aNA = Not analyzed.
bExceeds MCL in proposed EPA standard.



Table D.8.15 Maximum observed concentrations of EPA MCL constituents in
monitor wells at the Ambrosia Lake, New Mexico, site -- Tres
Hermanos-B Sandstone Member

Monitor wells

Constituent MCL (mg/i) 678 681 777

Arsenic 0.05 0.001 0.003 0.012
Barium 1.0 0.02 0.02 0.03
Cadmium 0.01 0.0006 0.0001 0.006
Chromium 0.05 0.005 0.005 0.04
Lead 0.05 0.0005 0.0005 0.01
Mercury 0.05 0.0001 0.0001 0.0001
Molybdenum 0.1 0.016 0.003 0.100
Nitrate 44.0 250.0a 1.32 2.11
Selenium 0.01 O.Olla 0.001 0.047a

Silver 0.05 0.005 0.005 0.01
Uranium 0.044 0.029 0.01 0.009

Gross alpha 5 pCi/l 0 0 0
Radium-226 and 15 pCi/l 1.71 0.65 1.20

-228

aExceeds MCL in proposed EPA standard.
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Table D.8.16 Maximum observed concentrations of Appendix I inorganic constituents in monitor wells at the Ambrosia Lake,
New Mexico, site -- tailings and unsaturated alluvium beneath the tailingsa

Monitor wells

Detection
Constituentb Limits 743 746 747 748 749 750 751 752 757 759

Antimony 0.003 NA 0.0015 0.0015 NA NA 0.098 0.07 0.088 0.0015 0.083
Beryllium 0.010 NA NA NA NA NA NA NA NA NA NA
Carbon disulphide 0.005 NA NA NA NA NA NA <0.005 NA NA NA
Cobalt 0.050 0.10 0.08 0.09 0.12 0.11 0.07 0.07 0.07 0.10 0.05
Copper 0.020 NA 0.04 0.05 NA NA 0.08 0.08 0.04 0.03 0.09
Cyanide 0.010 NA 0.005 0.05 NA NA 0.005 0.005 0.005 0.005 0.005
Fluorine 0.100 19.0 19.0 2.8 NA NA 21.0 14.0 16.0 NA NA
Nickel 0.040 NA 0.14 0.14 NA NA 0.13 0.144 0.13 NA 0.02
Sulphide 0.100 NA 0.05 0.05 NA NA 0.05 0.05 0.05 0.05 0.05
Thallium 0.100 NA NA NA NA NA NA NA NA NA NA
Tin 0.005 NA 0.0025 0.0025 NA NA 0.398 0.338 0.323 0.0025 0.40

, Vanadium 0.010 0.56 0.09 0.005 0.54 0.55 0.005 0.005 0.005 0.45 0.005
' Zinc 0.005 NA 0.04 1.73 NA NA 0.53 0.326 0.780 0.01 0.025

aNA not analyzed.
ball constituents measured in mg/I.



Table 0.8.17 Maximum observed concentrations of Appendix I inorganic constituents in monitor wells
at the Ambrosia Lake. New Mexico, site -- alluvium/weathered Mancos Shalea

Monitor wells

Detection
Constituentb Limits 706 620 674 675 780 792 793

Antimony
Beryllium
Carbon disulphide
Cobalt
Copper
Cyanide
Fluorine
Nickel
Sulphide
Thallium

TP Tin
j Vanadium

Ab Zinc

0.003
0.010
0.005
0.050
0.020
0.010
0.100
0.040
0.100
0.100
0.005
0.010
0.005

NA
NA
NA

0.10
0.007
NA

14.5
NA
NA
NA
NA

0.390
NA

0.013
0.0025

<0.005
0.06
0.03
0.005
0.80
0.06
0.05
0.0005
0.01
0.070
0.017

0.003
0.0025
NA

0.005
0.005
0.004
0.60
0.01
0.005
0.0005
0.0005
0.005
0.580

0.003
0.0025
NA

0.005
0.005
0.263
0.30
0.01
0.01
0.005
0.0005
0.005
0.960

0.0015
NA
NA

0.24
0.03
0.0005
2.20
0.10
0.05
NA

0.0025
0.50
0.980

0.013
0.0025
NA

0.12
0.06
0.001
1.10
0.13
0.05
0.005
0.029
0.26
0.070

0.014
0.0025

<0. 005
0.13
0.06
0.001
2.80
0.14
0.05
0.002
0.026
0.39
0.068

aNA = not analyzed.
ball constituents measured in mg/l.
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Table D.8.18 Maximum observed concentrations of Appendix I inorganic
constituents in monitor wells at the Ambrosia Lake, New
Mexico, site--Tres Hermanos-Cl Sandstonea

Monitor wells

Detection
Constituentb Limits 773 778 786 791

Antimony 0.003 NA 0.022 0.0018 0.0015
Beryllium 0.010 NA 0.0025 0.0025 NA
Carbon disulphide 0.005 NA NA NA NA
Cobalt 0.050 0.07 0.08 0.09 0.06
Copper 0.020 NA 0.050 0.036 0.010
Cyanide 0.010 NA 0.103 0.493 0.005
Fluorine 0.100 1.10 0.60 2.20 1.10
Nickel 0.040 NA 0.08 0.08 0.07
Sulphide 0.100 NA 0.05 0.05 0.05
Thallium 0.100 NA NA 0.002 0.0005
Tin 0.005 NA 0.030 0.013 0.0025
Vanadium 0.010 0.21 0.23 0.42 0.030
Zinc 0.005 NA 0.039 0.166 0.0025

aNA = not analyzed.
ball constituents measured in mg/l.
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Table 0.8.19 Maximum observed concentrations of Appendix I inorganic constituents in monitor wells
at the Ambrosia Lake, New Mexico, site -- Tres Hermanos-C2 Sandstonea

Monitor wells

Detection
Constituentb limits 676 677 779 782 784 785 787

Antimony 0.003 0.009 0.004 0.0015 0.0015 NA 0.043 0.025
Beryllium 0.010 0.0025 0.0025 NA NA NA 0.0025 0.0025
Carbon disulphide 0.005 NA NA NA NA NA NA NA
Cobalt 0.050 0.005 0.005 0.10 0.025 0.025 0.10 0.005
Copper 0.020 0.01 0.005 0.03 0.02 NA 0.05 0.040
Cyanide 0.010 0.001 0.001 0.005 0.005 NA 0.350 0.005
Fluorine 0.100 1.10 1.0 0.5 0.90 0.80 1.4 0.5
Nickel 0.040 0.01 0.01 0.14 0.06 NA 0.15 0.13
Sulphide 0.100 0.01 0.005 0.05 0.05 NA 0.05 0.05
Thallium 0.100 0.005 0.005 NA NA NA 0.003 0.0005
Tin 0.005 0.0005 0.006 0.0025 0.0025 NA 0.03 0.031
Vanadium 0.010 0.005 0.005 0.34 0.005 0.38 0.40 0.29
Zinc 0.005 0.005 0.02 0.74 0.0025 NA 0.315 0.061

aNA = not analyzed.
ball constituents measured in mg/l.
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Table D.8.20 Maximum observed concentrations of Appendix I inorganic
constituents in monitor wells at the Ambrosia Lake, New
Mexico, site -- Tres Hermanos-B Sandstonea

Monitor wells

Detection
Constituentb limits 678 681 777

Antimony 0.003 0.005 0.019 0.009
Beryllium 0.010 0.0025 0.0025 0.0025
Carbon disulphide 0.005 NA NA NA
Cobalt 0.050 0.01 0.005 0.01
Copper 0.020 0.01 0.01 0.02
Cyanide 0.010 0.001 0.001 0.004
Fluorine 0.100 0.01 0.90 0.95
Nickel 0.040 0.04 0.01 0.02
Sulphide 0.100 0.005 0.005 0.050
Thallium 0.100 0.0005 0.0005 0.0005
Tin 0.005 0.0005 0.0005 0.370
Vanadium 0.010 0.005 0.005 0.06
Zinc 0.005 0.02 0.005 0.005

aNA = not analyzed.
bAll constituents measured in mg/I.
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Table D.B.21 Profiles of pH as a function of depth beneath tailingsa

Borehole #8 Borehole #11 Borehole #14

Sample Depth Sample Depth Sample Depth
Top Base Top Base Top Base
(cm) (cm) pH (cm) (cm) pH (cm) (cm) pH

1 10 9.60 1 10 8.70 1 10 10.10
10 20 9.50 10 20 9.50 10 20 10.20
40 50 9.70 40 50 10.00 100 150 10.20
90 100 9.20 140 150 9.90 150 200 10.20

190 200 10.10 290 300 9.40 230 250 10.30
240 2 50 b 10.30 350 360 10.10 380 400 10.40
290 300 10.30 360 3 7 0 b 9.60 480 500 10.10
340 350 10.30 370 385 9.90 570 580 10.20
440 450 10.40 385 400 10.00 580 5 90 b 9.80
590 600 8.50 440 450 8.60 590 600 10.40

740 750 8.50 600 625 10.30
625 650 10.40
675 700 10.40

aSample locations are shown on Figure D.8.
bTailings/subsoil interface.
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Table D.22 Summary of Eh and pH conditions at Ambrosia Lake tailings
site, New Mexico

Formation Eh pH

Tailings pore fluid +0.120 8.16

Alluvium/weathered Mancos Shale +0.117 7.31

Tres Hermanos-C Sandstone +0.071 7.14

Westwater Canyon embera +0.200 7.47

aLongmire, 1984
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Table D.8.23 Distributions of species of selected hazardous constituents at
Ambrosia Lake site. New Mexico

Tailings pore fluid

Tailings pore fluid
Species form (concentrations

Nitrate NO3 (329)

Selenium SeO3 (0.10)

Molybdenum MoO4 (115)

Uranium 1J02(C03)3 (7.18)

aConcentration units in mg/l.

Alluvium/weathered
Mancos Shale

form (concentration)

NO3 (56.76)

HSeO3 (0.43)

2-

4-

U0O )4 (3.67)U2(CO3 3.7

Tres Hermanos-C
Sandstone

form (concentration)

NO3 (55.18)

HSeO3 (0.118)

moO4 (0.147)
44

U02(C03)3 (1.87)

D-280



Table D.8.24 Saturation indices for Ambrosia Lake site, New Mexico

Tailings Alluvium/weathered Tres Hermanos-C Westwater
Solid Phase pore fluid Mancos Shale Sandstone Canyon

Member

Uraninite -7.45 -3.10 -0.58 -5.02

Amorphous
Uranium Dioxide -13.26 -8.98 -6.46 -10.82

Calcite 1.40 0.85 0.49 0.58

Gypsum -0.48 0.25 0.11 -0.3

Hematite 18.57 12.85 11.33 16.85

Pyrite -80.41 -65.63 -51.26 -90.24

Siderite 1.20 -0.32 -0.11 -0.76

Ferric Oxyhydroxides

Lepidocrocite 6.27 3.54 2.78 5.37

Ferric hydroxide 4.96 2.24 1.48 4.06
(FeOH 3 )

Goethite 6.81 3.96 3.19 5.94

Ferrihydrite 2.75 0.02 -0.74 1.85
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Table D.8.25 Comparison of observed and simulated aqueous species at the Ambrosia Lake
site, New Mexico

CP
I

as
to

Mill Mixing ratio
Tailings make-up (Mill make-up water: tailings water) Alluvium/weathered

Species pore fluid water 0.30 0.40 0.50 0.60 0.65 Mancos Shale
(Log molalities)

Carbon -1.12 -2.22 -2.18 -1.32 -1.39 1.48 -1.52 -1.68

Chloride -2.47 -2.22 -2.38 -2.35 -2.33 -2.30 -2.29 -2.22

Iron -4.91 -5.40 -5.01 -5.04 -5.10 -5.14 -5.16 -5.11

Sulfate -1.13 -1.79 -1.24 -1.29 -1.34 -1.40 -1.44 -1.40

Nitrate -2.27 -5.79 -2.42 -2.49 -2.57 -2.67 -2.72 -3.05

Uranium -4.52 -5.03 -4.62 -4.66 -4.70 -4.75 -4.77 -4.80

Molybdenum -2.91 -4.72 -3.06 -3.13 -3.21 -3.30 -3.36 -3.45

I ( i I I I I I t I I I I I I



Table D.8.26 Comparison of Tres Hermanos-C Sandstonea and Westwater
Canyon Memberb groundwaters

Unit of Tres Hermanos-C Westwater Canyon
Measurement Sandstone Member

Antimony mg/i 0.011 ---
Arsenic mg/l 0.007 0.095
Barium mg/i 0.070 0.172
Beryllium mg/I 0.003 ---
Cadmium mg/l 0.002 0.024
Chromium mg/l 0.074 0.078
Cobalt mg/l 0.042 0.059
Copper mg/l 0.022 0.066
Cyanide mg/l 0.070 ---
Fluorine mg/i 0.748 ---
Lead mg/i 0.005 0.48
Mercury mg/l 0.0002 <0.002
Molybdenum mg/i 0.147 2.008
Nickel mg/i 0.063 0.140
Nitrate mg/l 55.178 0.11
Selenium mg/l 0.118 0.198
Silver mg/l 0.018 0.053
Sulphide mg/l 0.065 ---
Thallium mg/l 0.002 ---
Tin mg/i 0.011 ---
Uranium mg/l 1.875 2.24
Vanadium mg/i 0.106 0.010
Zinc mg/l 0.045 0.22
Gross Alpha pCi/l 503 0
Radium 226 & 228 pCi/i 5.028 28

aMean concentration of values from DOE groundwater
at UMTRA Project Office, Albuquerque, New Mexico.

bMean concentration of values from Table D.8.8.
Note: 0-__n means not analyzed.

quality data base on file

D-283



Table D.8.27 Records of wells within five miles of the Ambrosia Lake site

Owner or Principal Location Total Year
well namea aquiferb no. depth (ft) constructed UseC

A. Berryhill 3M 14.9.18.243 800 1957 D
A. Berryhill 3M 14.9.32.314 550 -- -
Marvin Marquez JM? 13.9.15.34 300 -- 0
Marvin Marquez -- 13.9.15.34 -- -- D
Phil Harris -- 13.9.16.422 -- -- 0
Phil Harris S 14.9.17 >3000 -- S
Phil Harris S 13.9.13 >3000 -- S
Jerry Elkins JM? 14.10.14.214 -- -- D and S

aDoes not include observation wells or known abandoned wells.
bJM = Westwater Canyon Member, Morrison Formation; S = San Andres Limestone.
CD is domestic; S is stock.
Ref. NMEID, 1987; Marquez, 1985; Baughman, 1985b; Brod and Stone, 1981.
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D.9 METEOROLOGICAL DATA

D.9.1 PURPOSE

Meteorological data are provided to:

o Estimate the length of the construction season.

o Plan construction dust control.

o Plan construction runoff control.

o Design long-term erosion control.

o Determine long-term moisture content of cover materials.

o Determine any extraordinary protection required for personnel
or equipment.

D.9.2 WEATHER PATTERNS

The climate of the Ambrosia Lake area is characterized by low
precipitation, abundant sunshine, low relative humidity, and moderate
temperatures with large diurnal and annual ranges. The regional
climate is classified as semi-arid and continental (QMC, 1981).

D.9.3 WIND

The topography in the area suggests a wind regime dominated by
two major influences: nighttime drainage of cold air from the high
mesas, and channeling of synoptic winds through the northwest-southeast
oriented vlley (QMC, 1981).

The wind data from a meteorological station operated by the New
Mexico Environmental Improvement Division (NMEID) 0.25 mile north of
the tailings pile are presented in Table 0.9.1 and Figure D.9.1. The
predominant wind directions observed were westerly and
north-northwesterly.

Wind data from the combined National Weather Service Stations
at Acomita and Grants, New Mexico, are considered representative of
regional wind conditions. Wind data from this station are presented in
Table D.9.2. At the Acomita-Grants weather station, 17 miles southeast
of the tailings site, the annual average wind speed is 9.3 miles per
hour (all directions); the most frequent wind directions are from the
west (19.6 percent) and northwest (13.1 percent). Calm conditions
occur 6.6 percent of the time (FBDU, 1983).
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D.9.4 TEMPERATURE

The Ambrosia Lake area exhibits a large diurnal range in tempera-
ture, which is conducive to nighttime inversion formations. Ten and
one-half months of measurements at the NMEID monitoring site show a
mean daily minimum of 40.90F, and a mean daily maximum of 65.20F. The
mean daily average of 53.50F agrees reasonably well with the long-term
(1962-1974) average of 49.26F measured at the Floyd Lee Ranch near San
Mateo, New Mexico, 13 miles southeast of the tailings site (QMC, 1981).

Gulf Mineral Resources Company has established several meteoro-
logical monitoring stations in the Mt. Taylor area. Temperature data
from station No. 1 at 7280 feet near San Mateo. New Mexico, are given
in Table 0.9.3 for a one-year period between February, 1976, and
January, 1977 (QMC, 1981). Temperatures at this station are expected to
be somewhat lower than those at the tailings site due to the difference
in elevation between the two locations.

D.9.5 PRECIPITATION

Most of the precipitation in the project area occurs during the
late summer thunderstorm season, although there is considerable monthly
and annual variation in total rainfall. Table .9.4 presents long-term
precipitation measurements made at San Mateo (Floyd Lee Ranch) and
three other regional stations. The long-term annual average for San
Mateo was 8.83 inches with a maximum of 13.55 inches in 1956. August
was the wettest month with an average of 2.13 inches, and a maximum of
4.38 inches in 1948. Most of the winter precipitation in this area
falls as snow (QMC, 1981).

D.9.6 FROST

Freezing and thawing of the surface occurs frequently from December
through March. The average annual frost-free period is 120 days (NOAA,
1979). The average maximum frost penetration in soils in the Ambrosia
Lake area based on a 40-year period of record (1944-1984) is 24 inches
(Losito, 1985).

D.9.7 EVAPORATION

The mean annual lake evaporation in the area is 54 inches.
Seventy-two percent of the annual evaporation occurs from May through
October (NOAA, 1979).
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FIGURE D.9.1
AMBROSIA LAKE SURFAeE WIND ROSE: CUMULATIVE DATA FOR 1974
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Table D.9.1 Wind speed and direction and joint frequency distribution

Wind speed class (mph)

1-3 4-7 8-12 13-18 19-24 >24 Total

N 187 180 40 7 0 0 414
NNE 302 152 20 2 0 0 476
NE 214 43 12 1 1 0 271
ENE 145 17 7 6 0 0 175
E 185 23 6 2 0 0 216
ESE 107 53 23 9 0 0 192
SE 131 73 22 3 1 0 230
SSE 119 56 21 8 2 0 206
S 136 140 85 31 2 0 394
SSW 87 135 121 35 5 0 383
SW 94 74 82 42 9 0 301
WSW 81 90 99 87 12 0 369
W 133 153 169 127 28 0 610
WNW 84 102 88 50 14 1 339
NW 170 120 86 57 11 1 445
NNW 254 202 112 26 5 1 600

TOTAL 2429 1613 993 493 90 3

NOTE: Number of calms were 20.
Total number of occurrences were 5641.

Ref. QMC, 1981.
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Table D.9.2 Wind data for the Acomita-Grants, New Mexico,
National Weather Service Station

Monthly average wind speed and directional frequency distributions

Monthly distribution

Average Most frequent direction
wind Frequency
speed of calms Frequency

Month (mi/hr) (percent) Direction (percent)

January 10.8 3.9 W 23.7
February 9.8 2.4 W 21.8
March 12.0 4.4 W 28.1
April 11.5 5.9 W 28.0
May 10.4 6.5 W 19.9
June 10.4 8.3 W 19.4
July 9.0 11.5 W 13.5
August 7.9 13.2 W 12.9
September 8.9 8.1 NW 13.6
October 9.4 6.6 W 15.0
November 11.0 3.5 NW 20.8
December 10.1 4.1 W 21.7

Annual 9.3 6.6 W 19.6

Directional distributionb

Frequency Frequency
Direction (percent) Direction (percent)

N 2.3 SSW 2.0
NNE 0.6 SW 7.9
NE 1.3 WSW 9.1
ENE 1.3 W 19.6
E 5.2 WNW 11.3
ESE 5.2 NW 13.1
SE 5.6 NNW 4.7
SSE 2.4 Calm 6.6
S 2.0

Total 100.2

aPeriod of record is for the two stations combined, as follows: Acomita,
January, 1950. to April, 1953; Grants, May, 1953, to December, 1954.

bThe data format of this source does not permit calculation of directional
wind velocities.

Ref. FBDU, 1983.
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Table D.9.3 Monthly and annual means and extremes of temperatures (F)
Mt. Taylor uranium mill project monitoring site number 1,
elevation 7280 feet MSL

Mean Mean
daily daily

Month Mean maximum minimum Maximum Minimum

1976

February 37.1 46.2 28.7 58.0 14.0
March 34.6 45.6 22.5 63.0 10.5
April 48.0 57.3 36.9 65.5 19.0
May 55.2 64.7 45.1 76.0 30.0
June 64.5 75.1 52.8 84.0 42.0
July 67.3 78.3 57.1 86.0 52.0
August 66.2 76.5 56.7 83.0 44.5
September 59.8 70.4 49.8 82.0 39.5
October 48.3 57.6 38.9 72.0 29.5
November 38.8 49.8 28.3 62.0 5.0
December 31.9 43.8 22.4 58.0 10.0

1977

January 28.5 38.3 20.3 48.0 3.0

Annual 48.4 58.7 40.3 86.0 5.0

Period of record: February 11, 1976, to January 31, 1977.

Ref. QMC, 1981.
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Table D.9.4 Monthly and annual average precipitation (inches) for
San Mateo, Grants, Marquez, and San Fidel, New Mexico

Month San Mateoa Grantsb Marquezc San Fideld

January 0.42 0.36 0.45 0.37
February 0.38 0.39 0.49 0.46
March 0.40 0.45 0.57 0.44
April 0.43 0.36 0.67 0.65
May 0.37 0.43 0.70 0.79
June 0.47 0.69 0.73 0.79
July 1.72 1.81 1.79 1.65
August 2.13 2.18 2.71 2.02
September 1.14 1.17 1.20 1.43
October 0.75 1.07 1.31 0.61
November 0.33 0.33 0.51 0.41
December 0.44 0.62 0.55 0.47

Annual 8.83e 10.04 11.68 10.9

aElevation 7250 feet MSL; period of record 1939-1974.
bElevation 6480 feet MSL; period of record 1946-1960.
cElevation 7620 feet MSL; period of record 1941-1970.
dElevation 6160 feet MSL; period of record 1920-1954.
eTwenty-four years data available for annual mean.

Ref. QMC, 1981.
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0.10 SURFACE WATER HYDROLOGY

D.10.1 PURPOSE

Surface water hydrology data are required to:
o Characterize existing surface water conditions.
o Evaluate flood protection requirements.
o Evaluate the effect of surface runoff on surrounding areas.
o Assess watercourse cleanup or channelization requirements.
o Design facilities to protect water quality during construction.

D.10.2 GENERAL

The major watercourse in the Ambrosia Lake area is the Arroyo del
Puerto (Figure D.10.1), a southeast-meandering tributary of San Mateo
Creek. One mile southwest of the designated site and paralleling New
Mexico Highway 509, the arroyo is at an elevation of 60 to 80 feet
below the tailings pile. Though the arroyo is the principal drainage
from the Ambrosia Lake valley, flow in the low gradient stream is
minimal. Flow in the Arroyo del Puerto is augmented by seepage from
the Quivira Mining Company (QMC) ponds southwest of the designated
site, and discharge from the QMC and Homestake ion-exchange plants.

Arroyo del Puerto is incised primarily into Quaternary alluvium
which, in the valley bottom, exceeds 100 feet in thickness. The
Crevass Canyon Formation and Mancos Shale are the parent sources of
the alluvium (Purtymun et al., 1977). In several areas, especially
near the confluence of the arroyo with San Mateo Creek, the Dakota
Sandstone underlies the channel. Purtymun et al. (1977) suggest that
losses of water into underlying sandstones is greater than into the
Mancos Shale and associated detritus. The present semi-arid geomor-
phic environment precludes the possibility of lateral shifting of the
Arroyo del Puerto in a manner that could endanger the tailings pile.
Potential changes in the area drainage network are discussed in detail
in Section 0.4.5.1 of this Appendix.

Many smaller first- and second-order ephemeral streams are
tributary to the Arroyo del Puerto. The majority flow from San Mateo
Mesa toward the south-southwest. Stream density southwest of the
Arroyo del Puerto is much less due to the more resistant nature of the
sandstone which caps Mesa Montanosa. Two of the smaller tributaries
which affect the tailings pile are indicated in Figure D.10.1.
Spreading of contaminants from the pile as a result of erosional
processes and transport into the channels will continue as long as the
tailings pile remains unstabilized.

0.10.3 DRAINAGE AND HISTORICAL FLOWS

The Arroyo del Puerto was gauged by the USGS for three years from
October, 1979. to September, 1982. Monitoring of the gauge was
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discontinued due to little or no flow in the channel. The maximum
recorded discharge during the gauge period was about 6.8 cfs (Borland,
1985). Flow in the arroyo is generally lost to evapotranspiration and
channel infiltration five miles south of the designated site (FBDU,
1983). Loss of flow due to evapotranspiration is greater during
summer months (FBDU, 1983). No regular flow occurs in the arroyo
upstream of the discharge point from the Homestake Mining Company
ion-exchange plant.

The watershed above the tailings pile and mill site covers an
area of 3.14 square miles. Purtymun et al. (1977) reports that two
ephemeral channels carry runoff toward the pile from an area northeast
of the site on Roman Hill. The northern channel discharges runoff
near the base of the northern edge of the tailings pile and is 12,470
feet long with a gradient of 0.09. The gradient decreases rapidly to
0.03 as the channel emerges into the valley 3600 feet north of the
tailings pile. Adjacent to the pile, the channel branches out and
disappears into a catchment area containing some 100 exploration pits
and broad depressions (Figure D.10.1). The eastern channel discharges
runoff into two ponds east of the mill and is 7550 feet long with a
gradient of 0.03 (Purtymun et al., 1977).

A minor drainage network has developed along the western side of
the pile where outcropping silty sandstone was removed to construct
the lower part of the tailings impoundment. In 1977, no erosion in the
bedrock near the lower part of the dike by this channel was apparent.
There is significant channel incision in the soil close to the north-
west corner of the pile (Purtymun et al., 1977). Precipitation runoff
and suspended contaminants from at least the western slope of the
tailings pile are transported away from the designated site in this
channel. Haywood et al. (1980) found that the transport of tailings
by water erosion had occurred in all directions from the pile.

The top of the tailings pile is composed primarily of silty
tailings. The material is eroded by runoff which transports the
tailings into the central tailings pond as well as down the outer
edges of the dike (Purtymun et al., 1977). Evaluation of 1:24,000
scale orthophotoquad photographs of the pile confirms that the western
(-591 feet north of the southwest pile corner) and southern (-295
feet east of the southwest corner) impoundments have been breached by
erosion. This was also reported by Purtymun et al. (1977). No
specific causes or events were cited by the researcher.

As shown on Figure .10.1, there are six ponds in the drainage
area of the mill site and tailings pile. Two ponds northeast and
immediately adjacent to the mill, and a third in the embayment of the
north edge of the tailings pile, were used as runoff containment ponds
to buffer storm flow. A large double pond adjacent to the northeast
pile corner served as the mine-water discharge and evaporation pond
for the Ann Lee mine. Sewage effluent was contained in the depression
close to the east edge of the pile. The northeast pond most distant
from the designated site served and continues to be intermittently
used as a livestock watering tank.
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Following a 0.9-inch rainfall on August 19, 1976, the pond in the
north pile embayment filled to within inches of the top of the impound-
ment. Breaching the dike on August 21, water flowed into the basin
within the pile. The breach in the dike was 16 feet long and two feet
deep and was downcut to an elevation of 7000 feet. The overflow
eroded a deep channel into the surface of the pile as water filled the
basin, creating a pond of about 646,000 square feet. The volume of
tailings removed from the channel is estimated to be 20,000 cubic feet.
The transported tailings formed a delta extending southward into the
pond. The volume of inflow was calculated as 335 cubic feet from high
water marks on the north side of the dike (Purtymun et al., 1977).

D.10.4 FLOOD ANALYSIS

An analysis of a PMF resulting from a six-hour general storm in
the vicinity of the Arroyo del Puerto was conducted by Quivira Mining
Company at the request of the New Mexico State Engineer's Office to
evaluate the effects of a flood on the Quivira Mining Company (Kerr-
McGee) tailings pile. The U.S. Army Corps of Engineers HEC programs
were used to model flood flows. Flood levels in the Arroyo del Puerto
during a PMF would be over 40 feet below and one mile away from the
Ambrosia Lake site; therefore, such a flood would not be a hazard to
the stabilized tailings pile.

Flood analysis for the Ambrosia Lake site was performed to deter-
mine the effects of and design criteria for two distinct precipitation
events. Probable Maximum Precipitation (PMP) on the stabilized embank-
ment was analyzed to determine on-pile erosion protection requirements.
A PMP event in the watershed above the embankment would generate a
Probable Maximum Flood (PMF). This calculation was used to determine
erosion protection and drainage required to withstand the flood flows.

The PMP event

The PMP is theoretically the greatest intensity of precipitation
for a given duration that is physically possible over a given size
storm area at a particular geographic location. Hydrometeorological
Report #55 (DOC, 1977a) was used to generate this value. The one-
hour, local storm PMP of 10.67 inches was obtained from isopluvial
charts contained in HMR #55. This includes allowances for the site
elevation, the maximum 12-hour dewpoint, and areal reduction factors.

This PMP intensity was used as input in the erosion protection
analyses of the conceptual design. Additional PMP calculations to
support the final design in Appendix B. Engineering Design, have been
prepared by the RAC.

The PMF event

The drainage basin above the Ambrosia Lake site is divided into
two distinct drainages which impact separate portions of the site.
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The drainage area which collects runoff that could impact the north
side of the embankment covers 1555 acres. The north drainage is
subdivided into four units based on slope changes and internal
drainage networks. The upper two subunits are steep and rocky, begin
at the crest of San Mateo Mesa, and end where their drainages meet.
The middle subunit has an established arroyo which cuts through the
alluvial slope. The lowest subunit is a gently sloping region with no
well-established drainage network.

The eastern drainage consists of three subunits totaling 457
acres. The upper subunit consists of a relatively steep canyon on
the east side of Roman Hill. The mid subunit includes the catchment
leading to a stock watering pond, while the lower unit is the approach
slope to the mill site. The lower part of the east drainage includes
an incised gully which formed below the stock tank, and leads to an
interceptor ditch which diverts water southwest, to Voght Tank. The
interceptor ditch and stock tanks were assumed to have no impact on
the 1000-year design.

Additional design information on drainage basins and subunits was
developed for input into the HEC-1 computer model (COE, 1981). This
additional information includes area and slope calculations, time of
concentration by the Kirpich method (AISI, 1971), and lag times of
the subunits (DOI, 1977). A six-hour local storm PMF hydrograph was
developed by methods described in HMR-49 (DOC, 1977b).

Computer modeling was performed for the watersheds for conditions
of combined and routed sub-basins with ranges of infiltration rates
and SCS soil curve numbers. Maximum modeled flow rates were obtained
using a routing/combining format with a 0.2 infiltration rate.

Maximum HEC-1 model flow rates were 22,624 cubic feet per second
(cfs) in the north drainage, and 7292 cfs in the east drainage. Addi-
tional PMF calculations to support the final design in Appendix B,
Engineering Design, have been prepared by the RAC.

D.10.5 SURFACE WATER QUALITY

Water quality was analyzed from nine locations near the Ambrosia
Lake tailings site, and along San Mateo Creek and Arroyo del Puerto
(FBDU, 1983; NMEID, 1980; Gallaher and Goad, 1981) (Figure D.10.1). A
total of 30 constituents was analyzed from samples near the tailings
pile, Arroyo del Puerto, and San Mateo Creek (Table D.10.1) and a
second set of eight constituents was sampled from the arroyo and creek
(Table D.10.2). Analysis of these data on a trilinear diagram (Figure
D.10.2) reflects the differences in water chemistry between San Mateo
Creek and Arroyo del Puerto. Arroyo del Puerto and downstream sections
of the San Mateo Creek are affected by seepage from the Quivira Mine
tailings pond and mine water discharges from the Ambrosia Lake area
as evidenced by high calcium-sulfate content in surface waters (Table
D.10.1). Because flow in Arroyo del Puerto is sustained almost
entirely by groundwater discharge from mines, definition of surface
water quality is not applicable to the Arroyo del Puerto.
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Surface water which could be potentially affected by contamination
from the Ambrosia Lake tailings site, only occurs occasionally as
ponded runoff during excessive precipitation events. There was no
ponded water near the site to be sampled during the October, 1985,
Investigation. A sample (location 665 on Figure D.10.1) from the
surface pond on the tailings was collected in May, 1986. Chemical
analyses of this sample are presented in Table .10.1.

Samples 604, 605, and 606 were collected from intermittent
surface water ponds at the Ambrosia Lake tailings site, which are
presently dry. At the time of sampling (1981), localized ponded water
at the site contained levels of arsenic, iron, selenium, and, in one
case, cadmium, which exceeded state or Federal water-quality standards
(Table D.10.3).
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Table D.10.1 Surface-water quality data from the Ambrosia Lake area

-------------------------------- Ltk:A[ION l - SAMILE iU AND LUU OAW ----------------------------------
bsse-o 09/04/93 600-01 03/05/80 604-01 06/24/84 602-04 04/02/84 603-04 08/04/0?

______________________P_____ _____ .__________R__________________________________________________.___________R.

PARAMElER

ALRALINI1Y
ALunINUn
ARSk.NIC
BARIUM
B ICARBONATE
BORON
CAonUN
CALCIUH
ClWORIDE
CHROIUM
CUBHnA r
CONDUCIANCE

CP FLUURIDE
IRON
LEAD
"AGNESIUN
"ANUANESE
NOLYODENUN
NICKEL
NITRATE
PH
POlASSIUM
SELENI[UN
SILtON
Sli) I UN
STRON1IU
SIJLFATE
TENPERAlURE
TUTAL SOLIDS
U-234

RANIIM
VANADIUN
ZINC

UNIT OF
EASURE a

"O/L CAC03
NO/L
MG/L
NO/L
NO/I
NG/L
NO/L
NO/L
NO/I
NU/L
NO/I
UIIHO/CN
NO/L
NO/I
Nd/I
NOI
NO/I
NO/I

NO/I
Sol
N/I

NO/I
NO/I
NO/I
NO/L
C - DGREE
NOI
PCI1/L
NO/I
NO/I
NiL

PARAI* [ER
VALUE+/-UNt'ERI'AINTY

-c

0.049

456.00
473.00

0.02
4950.00

0 *05

0.01
0.60
0.02

7.SO
44.00
0.64
3.30

260.00
4.45

860.00

4.44
0.20

PARAMETER
VALUE+/-UNl:I. rAIN rY

________ ___________

84*00

0.005
0.179

205 .00

0.004
486.40
444.00

2327.00

O.005
67.50

0.976

8.20
44.00
0.425

2SS.JO

862.00

4794.00
2.2?5

0.02Y
0.25

PARAMLIER
VALUE+/-UN.R.IAINlY

____________________

02.00

0.009
0.40

200.00

0.004
50.00
O .00

74?.00

0.005
43.90

0.320

7.*80
3.90
0.032

442.70

243.00
23.50
bO .00

4.40

0.024
0.40

PARhHFTER
ALUM+-U4ogrsA FAINIY

____________________

32.00

0.005
0.40

78.00

0.004
42.00
3.00

PARAHVIER
VALUo:+/-si 4i:L r A IN1 Y

44.00

0.005
0.20

400.00

0.004
22.30
42.00

440.00

0.005
3. bO

O.OOS

9.30
3.90
0.005

9.20

*.00
42.00

444.00
0.006

0.005
0.40

0.005
4.80

0.067

.*40
9.00
0.044

404.70

0.40

0.04
0.05



Table D.10.1 Surface-water quality data from the Ambrosia Lake area (Concluded)

----------------------------------- LOAl tU ID - SAHIE 0 AN 11
604-04 08/04/81 60b-04 08/0/84 606-04 OU/0/8/

PARAMETER PARAIIIER PARIQtIHER
VALUE*/-UNCEATAINTY VALUE+/-UNe#-tAFAINIY VALUE/-hIN.FA rIANTY

…__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - --- - - --- - - -- ----

J0 ATE… -------------
666-S4 05/14/96

._____,____________--

,______________________

,______________________

UNIT OF
PARAMETER MEASURE

ALKALINIFY MG/L CAC03
ALUMINUM MI/L
ARSENIC MO/L
BARIUM MOIL
OICAMONATE MO/L
BORON MGIL
CAO)IUM MOIL
CALCIUM MO/L
CHLORIOE RQ/L
CHROMIUM G/L
COBAt.r M;L
CONDIJCTANCE U"HO/CM
FLU"iMIDE MGIL
IRON "D/L
LEAO MOIL

o MAGNESIUM RO/L
r Ma NG*ANE[E RO/L

MOLYBDENUM NOIL
NICKkL MOIL
NITRATE MOIL
eH SU
POTASSIUM MG/L
SELENIUM "OL
SILCON MG/L
SODIUM MUlL
STRONTIUM "OIL
8ULVATE "OIL
TERPLRATURE C - DEORLE
TOTAL SOLIDS MW/L
U-234 PCIlL
URANIUM MO/L
VANADIUM RO/L
ZINC RO/L

0.44
0.64

0.047

0 034

0.48

0.04

( 0.004

0.0?S

44.60
0 006

0.045?

4.03
0.40

0.826
0 2

0. 4S2
0.0?0

0.004

0.001

0.30
0. 4

0.66

0.49

PARAME IEk PARAW IEK
V4U11E I-IJN^.R I'AINTY VALU1 +-UH1e&T:A 1NT Y

…___________________ ---------- ----------

2444.

4 0.04

0.2
0.004

21.
220.

0.04
0.43

43000.
46.
7.09

7.9S
0.4

401.

( 4.
9.81

47.9
( 0.006

4390.
0.4

6/20.
2S.

42700.

4.940.04

arng/l = milligrams per liter; micromho/cm = micromho
bwater sampling locations shown on Figure B.1.3.
cDashed line indicates water-quality constituent was

per centimeter; SU = standard unit; pCi/l = picocurie per liter.

not analyzed.

Ref. FBDU, 1981; NMEID, 1980.
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Table .10.2 Surface-water quality at Ambrosia Lake monitoring stations at Arroyo del Puerto
(station 600) and San Mateo Creek (stations 601 and 603)a

Surface-water quality
Background station Downstream stations

Unit of (601) (603) (600)
Constituent measureb Minimum Maximum Minimum Maximum Minimum Maximum

Gross alpha pCl/l 0.0 + 2.5 3.0 + 0.7 250 + 40 740 + 40 310 + 40 1410 60
Radium-226 pCi/l <0.04 0.43 + 0.1 1.06 0.02 3.7 + 0.2 1.7 + 0.1 7.5 + 0.1
Molybdenum mg/l <0.005 <0.01 0.02 0.45 0.45 1.0
Selenium mg/l <0.005 0.006 0.02 0.04 0.07 0.45
Uranium-natural mg/l <0.005 0.02 0.58 1.1 1.2 2.3
Sulfate mg/l 5 20 230 550 350 950
Chloride mg/i 3 8 13 20 70 165
Total dissolved mg/l 125 300 600 970 800 1860
solids

ID0a

aSampled during the
bpCi/l = picocuries

time period April, 1978, to October, 1980.
per liter; mg/l = milligrams per liter.

Ref. Gallaher and Goad, 1981.



Table D.10.3 State and Federal groundwater standards

Units of Federal drinking State of New Mexico
Constituent measurea water standards WQCC groundwater standard

Arsenic mg/l 0.05b 0.13d
Barium mg/l 1.Ob 1.0
Cadmium mg/l O.Olb O.Old
Chromium mg/l 0.05b 0.05d
Cyanide mg/l 0.05 0.20d
Fluoride mg/l 1.40-2.40b 1.60d
Lead mg/l 0.05b 005d
Mercury mg/l 0.002b 0.002d
Nitrate mg/l 0.0b 10.0d
-Selenium mg/l O.Olb 0.05d
Silver mg/l 0 .05b 0.05d
Uranium mg/l -- 5*00d
(1
Radium-226 +
Radium-228 pCi/l 5.09 30d

Gross alpha pCi/g 15.0-
Chloride mg/l 250.0c 250*0e
Copper mg/l 10c 1.O0e
Iron mg/l 0.30c .Ooe
Manganese mg/l O.O5c 0.2e
Sulfate mg/l 250.0c 600.0e
Total dissolved
solids mg/l 500.0c loO.Oe

Zinc mg/l 5.Oc 10.0e
pH S.U. 6.5-8.5 S.U.C 6.0-9 oe
Aluminum mg/l -- 5o
Boron mg/l -- 0.75f
Cobalt mg/l -- 0.05f
Molybdenum mg/l -- 1.OOf
Nickel mg/l -- 0.20f

amg/l - milligrams per liter; pCi/l - picocuries/liter; S.U.
bInterim primary drinking water standards.
CSecodary drinking water standards.
dHuman health standards.
e0ther standards for domestic water supply.
fStandards for irrigation use.
9Standards for management of uranium byproduct materials.

- Standard Units.

Ref. EPA, 1985; WQCC, 1984; EPA, 1983.



D.11 LAND SURVEY DATA

D.11.1 PURPOSE

Land survey (topographic) coverage of the Ambrosia Lake designated
site is available to:

o Assist in delineation of the extent of contamination.

o Provide elevation detail for estimating volumes of contaminated
materials.

o Develop site conceptual design features.

D.11.2 TOPOGRAPHIC SURVEY

The Ambrosia Lake Mill tailings site topographic survey map was
prepared by Olympus Aerial Surveys Inc., Salt Lake City, Utah, and is
dated August 11, 1982. The scale of the map is one inch = 200 feet
with a two-foot contour interval. Ground control was established by
the WayJohn Surveying Co. A copy of the site topographic map is
available through the U.S. Department of Energy (DOE) UMTRA Project
Office in Albuquerque, New Mexico. Topographic features of the
tailings pile surface have been slightly altered by data collection
activities.

D.11.3 LAND SURVEY

A land survey map, horizontal and vertical control sheet, for the
Ambrosia Lake Mill tailings site was prepared by the WayJohn Surveying
Co., Albuquerque, New Mexico. The scale is one inch = 200 feet. The
survey is tied to the southwest corner of Section 28, T14N, R9W, NMPM,
McKinley County, New Mexico. No alterations to the map have been made
since its preparation. A copy of the map is available through the DOE
UMTRA Project Office in Albuquerque, New Mexico.

D.11.4 AERIAL PHOTOGRAPHS

The following photographs of the Ambrosia Lake Mill tailings site
are available through the DOE UMTRA Project Office in Albuquerque, New
Mexico.

o Aerial photograph, half-tone enlargement, scale one inch
equals 200 feet.

o Oblique photograph, 8.5 inches x 11 inches, by GEC Research,
Inc., Rapid City, South Dakota, June, 1980.

o Additional 8.5-inch x 11-inch aerial photographs of the site
from altitudes of 3,000 and 15,000 feet, July, 1974.
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D.11.5 OWNERSHIP AND EASEMENTS

The present owner of the Ambrosia Lake designated site is the
United Nuclear Corporation (UNC). All easements for the Ambrosia Lake
designated site are indicated on the land survey map previously
described.

Ownership of lands surrounding the Ambrosia Lake site is shown in
Figure D.ll.l.
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D.12 MISCELLANEOUS DATA

D.12.1 LAND USE

The Ambrosia Lake tailings site is in the Ambrosia Lake area of
eastern McKinley County. The nearest population center is 20 miles
southeast of the tailings site in Grants, a community of 11,500
persons. Since June 19, 1981, Grants has been in newly-created Cibola
County; Cibola County was formerly the western portion of Valencia
County. Land in the vicinity of the tailings site is used for mining
and grazing.

The dominant land use (90 percent) in McKinley County is low-
density grazing. An additional 7.5 percent of the land is used for
commercial timber operations. A small portion of the land, about one-
half of one percent, is used for raising crops, such as hay, grain,
and vegetables. Some of the land is used jointly for grazing and
mining. Small parcels of land are used for residential, commercial,
or industrial purposes (FBDU, 1983).

A significant factor affecting land use in McKinley County is
that less than 20 percent of the land is privately owned. Over half
(61.2 percent) is Indian land, under the management or control of
various tribes or the Bureau of Indian Affairs. The State controls
4.7 percent of the land in the county, the U.S. Bureau of Land
Management controls 5.9 percent, and the U.S. Forest Service controls
six percent (FBDU, 1983).

D.12.2 COMMUNITY SERVICES

Law enforcement in McKinley County is provided by the County
Sheriff's Department. The sheriff is assisted by the New Mexico State
Police Department which maintains a district office at Gallup, and by
two FBI agents assigned to cover McKinley County and portions of the
Navajo and Zuni reservations. The Navajo Police are responsible for
law enforcement on the Navajo Reservation.

Primary responsibility for fire protection at Ambrosia Lake rests
with the McKinley County Fire Department at Gallup; however, emergency
service can be obtained from the Milan, New Mexico, fire department
40 miles closer than the Gallup facility. The Milan Fire Department
is served by 14 volunteers, and maintains three pumper trucks and one
tank truck (Knotts, 1985).

Education in McKinley County is provided by the Gallup-McKinley
County School District. The district includes 21 elementary schools,
two junior high schools, five high schools, and seven private schools.
Given the proximity of Grants to the Ambrosia Lake area, many of the
individuals who would work on the remedial action project are likely
to live in the Grants area, and would utilize the resources of the
Cibola County School District. The district is comprised of six
elementary schools, two junior high schools, one high school, and one
combined junior-senior high school.
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Medical care in the Gallup area is provided by 16 physicians in
private practice, and by physicians associated with the Indian Health
Service. There are five hospitals in McKinley County, three of which
are exclusively for the use of American Indians. Ambulance service
is provided by a single city-county ambulance service which operates
four radio-equipped vehicles. In addition, the Indian Health Service
maintains a fleet of ambulances. Cibola General Hospital is the
primary source of local health care services in the Grants-Milan area
and has 39 licensed beds.

Social services in McKinley County are provided by two agencies:
the New Mexico Human Services Department and the Welfare Division of
the Bureau of Indian Affairs (BIA). BIA services, which include
alcohol-abuse counseling and other programs, are exclusively for
Indians. The Human Services Department has social workers that counsel
and assist families and individuals who are experiencing problems.
The Gallup Community Health Clinic has a volunteer psychiatric nurse
who provides mental health counseling to the general population.

D.12.3 UTILITIES

All utility service at the mill site has been disconnected.
Power, water, sewer, telephone, and natural gas installations remain
on the site, but are inactive. (Figure D.12.1).

Electricity in the Ambrosia Lake area is provided by the
Continental Divide Electric Cooperative, Inc. Natural gas is avail-
able from the Gas Company of New Mexico. Telephone service is provided
by Mountain Bell Telephone Company. Water and sewer facilities are
typically privately owned, and consist of domestic water wells and
septic systems.

D.12.4 TRANSPORTATION SYSTEMS

Surface travel by automobile is the primary mode of travel
throughout the area. The major vehicle route s Interstate 40 which
crosses Cibola County passing by Grants and Milan. New Mexico Highway
53 runs north from Milan toward Ambrosia Lake. Access to Ambrosia
Lake from New Mexico Highway 53 is along New Mexico Highway 509. These
are primarily two-lane highways that are well maintained. Average
daily traffic in 1984 on U.S. Interstate 40 was 10,400 vehicles for
the segment between Grants and Milan, New Mexico.

Air traffic to the Grants-Milan area of Cibola County utilizes
the Grants Municipal Airport. The airport has a one-mile-long paved
runway with an automatic lighting system.

The Atchison, Topeka, and Santa Fe Railroad passes through Grants
and Milan, generally following the route of U.S. Interstate 40. Rail
freight haulage is available, but passenger rail travel is not.
Greyhound and Continental Trailways provide bus service from Grants to
points intra- and inter-state.
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D.12.5 ENVIRONMENTALLY SENSITIVE AREAS

A Class I archaeological survey (records search) was conducted
for the area around the Ambrosia Lake site by the New Mexico State
Historic Preservation Office (FBDU, 1983). Six-hundred fifty sites
are listed on the National Register of Historic Places (NRHP) within a
15-mile radius of the tailings site. One-hundred sites are in three
adjacent sections within three miles to the south of the tailings
site. Additionally, several prehistoric sites are within four miles
west of the tailings site, and one historic Navajo site is four miles
to the north.

A Class III cultural resource survey (field reconnaissance) was
conducted on 1680 acres at the tailings site and adjacent areas to
identify and evaluate any cultural resources present in the survey
area. Twenty-seven archaeological sites were identified in the survey
(CASA, 1985). The sites consist primarily of habitation sites and
limited agricultural activity sites. The New Mexico SHPO (Merlan,
1985) has determined that three sites are ineligible for nomination to
the NRHP, 10 sites are eligible to the NRHP, and 14 need additional
data to determine their eligibility. Eligible and potentially eligible
sites should be avoided if possible. Eligible sites that will be
impacted by remedial action activities will have to be excavated and
recorded prior to surface disturbances. In addition, areas (borrow
sites) not previously surveyed for cultural resources will have to be
surveyed prior to surface disturbances.

An additional Class III survey of 248 acres north of the
previously surveyed area identified seven sites; one site, a historic
homestead, has been field evaluated to be ineligible. The remaining
six archaeological sites have been field evaluated as eligible.

No threatened or endangered species are present in the area.
However, the original basalt borrow site southeast of the Ambrosia
Lake site has been identified by the New Mexico Game and Fish Depart-
ment as critical winter habitat for deer and elk. The new borrow
location will require additional consultation with the Fish and
Wildlife Service and the New Mexico Game and Fish Department.
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E.1 WATER RESOURCES PROTECTION STRATEGY

Groundwater in the uppermost aquifer at the Ambrosia Lake disposal site
qualifies for supplemental standards (40 CFR Part 192.11 (e)). The supple-
mental standard application is based on the insufficient yield of the
alluvium/weathered Mancos Shale and Tres Hermanos-C Sandstone that comprise
the uppermost aquifer beneath the Ambrosia Lake site. The uppermost aquifer is
incapable of producing 150 gallons per day or more for a sustained period of
time which classifies it as limited use (class III) groundwater (Section D.8.4
of Appendix D). In addition to insufficient yield, the water contained in the
alluvium/weathered Mancos Shale and Tres Hermanos-C Sandstone is of poor
quality and cannot be used for drinking or other beneficial purposes.

The hazardous constituents within the tailings pore fluids at Ambrosia
Lake are mostly metal and metalloid elements associated with the uranium mill-
ing process. Concentrations of arsenic, barium, cadmium, lead, molybdenum,
nitrate, selenium, silver, uranium, and activities of gross alpha, radium -226
and -228 exceed the Maximum Concentration Limits (MCLs) established by the
U.S. Environmental Protection Agency (EPA) in at least one tailings pore water
sample collected from lysimeters or well points. Antimony, cobalt, copper,
cyanide, fluoride, nickel, tin, vanadium, and zinc are inorganic hazardous
constituents without MCLs, but were present in tailings pore fluid at
concentrations higher than the laboratory method detection limit. No organic
hazardous constituents were above laboratory method detection limits.

For this supplemental standards application, no concentration limits or
point of compliance have been specified. This is justified considering that
uranium processing activities established the condition of saturation in the
alluvium/weathered Mancos Shale and the Tres Hermanos-C Sandstone. As part of
the supplemental standards application, a risk assessment was performed to
evaluate whether supplemental standards would protect human health and the
environment from the consumption of groundwater in the uppermost aquifer. The
risk assessment considered the hypothetical use of the uppermost aquifer as a
source of drinking water. The results of the risk assessment indicate that
there would be noncarcinogenic health effects associated with the long-term
consumption of the groundwater. In addition, short and long-term carcinogenic
health effects may occur. The concentration of uranium in the groundwater was
the major contributor to carcinogenic risk. However, the likelihood of con-
sumption of groundwater from the alluvium/weathered Mancos Shale and Tres
Hermanos-C Sandstone is negligible because groundwater cannot be developed due
to insufficient yield. Furthermore, the area of saturation is covered mostly
by the tailings and the confines of the site boundaries, providing positive
institutional control over the use of groundwater. A review of land and water
use patterns in the site vicinity supports the application of supplemental
standards. An engineering evaluation of the proposed remedial action design
determined that the disposal cell protects human health and the environment by
incorporating design features that are as close to meeting the otherwise
applicable standard as is reasonably achievable.

Consumption of groundwater from the Westwater Canyon Member may also
result in carcinogenic and noncarcinogenic health effects. Contaminated
groundwater may have migrated down mine shafts and vent holes into the
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Westwater Canyon Member. The Westwater Canyon Member is a source of drinking
water in the area, but due to mining in the region, water quality has already
deteriorated to the extent that there is some risk to human consumption.
Groundwater in the Westwater Canyon Member exceeds the MCLs for cadmium,
chromium, lead, molybdenum, selenium, silver, and uranium and activities of
radium -226 and -228. However, mixing of contaminated groundwater from the
Ambrosia Lake site with the Westwater Canyon Member groundwater has negligible
effect on water quality in the Westwater and results in no additional risk to
humans.

The proposed disposal cell cover at the Ambrosia Lake site is a low
hydraulic conductivity clay radon barrier (saturated hydraulic conductivity of
1 x 10-7 centimeters per second (cm/s)), overlain by a high hydraulic
conductivity (0.1 cm/s) filter layer and an erosion protection layer. The
radon barrier will limit steady state vertical seepage (flux) through the
tailings to x 10-7 cm/s. This flux is lower than the drainage capacity of
the alluvium/weathered Mancos Shale, preventing tailings seepage from perching
on the contact between the base of the tailings and the alluvium/weathered
Mancos Shale. Because this flux is approximately equal to natural recharge at
the Ambrosia Lake site, tailings seepage will not create a condition of
saturation in the alluvium/weathered Mancos Shale at the contact with the
Mancos Shale.

Following closure of the disposal cell, active maintenance of the cell
will be minimized because it will be built with durable, natural materials
meeting the longevity requirements of 40 CFR Part 192.02. Furthermore, the
disposal cell is designed to accommodate natural forces such as erosion and
frost heave.

A surveillance and maintenance (S&M) plan will be developed to address
the various monitoring needs of the disposal cell, including biointrusion and
soil erosion. The data collected will be used to evaluate the performance of
the disposal cell.

The need for and extent of groundwater restoration at the Ambrosia Lake
site is based on the extent of existing contamination, the potential for
current or future use of the alluvium/weathered Mancos Shale and Tres Hermanos
-C Sandstone for drinking water supplies, and the technical practicability of
restoring the aquifer. Because groundwater in the alluvium/weathered Mancos
shale and Tres Hermanos-C Sandstone (the uppermost aquifer) is Class III,
groundwater clean-up is unwarranted. There is insufficient yield in the
uppermost aquifer for it to be considered a water resource and, therefore, it
cannot be put to beneficial use. The low yield makes groundwater clean-up
technically impracticable.

By not performing groundwater clean-up, the DOE is still protecting human
health and the environment because there is no present or predicted future use
of groundwater in the uppermost aquifer.
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E.2 CONCEPTUAL DISPOSAL CELL DESIGN FEATURES TO PROTECT WATER RESOURCES

The disposal cell cover system being considered for the Ambrosia Lake
site is a low hydraulic conductivity clay radon barrier overlying the
tailings. The radon barrier will serve as the primary infiltration barrier
and will be overlain by a high-hydraulic conductivity filter layer, which will
divert water rapidly off the pile. This will be overlain by an erosion
protection layer consisting of rock riprap.

The disposal cell will be constructed on the unconsolidated alluvium/
weathered ancos Shale. A cross section of the disposal cell is shown on
Figure E.2.1. Additional information on the geology at the Ambrosia Lake site
is presented in Section D.4 of Appendix D.

E.2.1 DESIGN CONSIDERATIONS

Design considerations for the disposal cell include identifying
natural infiltration rates and rates of drainage into the underlying
materials to ascertain whether seepage from the disposal cell will
continue to create a condition of saturation in the alluvium/weathered
Mancos Shale at the contact of the unweathered Mancos Shale. Long-term
seepage from the disposal cell is a function of the unsaturated
hydraulic conductivity of the radon barrier and the transient rate of
drainage of moisture already in the tailings. Field studies at other
disposal sites with similar cover designs and climate and unsaturated
flow modeling of the radon barrier suggest that the radon barrier will
remain unsaturated during the design life of the disposal cell (DOE,
1989).

E.2.1.1 Natural infiltration

Naturally occurring infiltration into the alluvium/weath-
ered Mancos Shale was considered in the design of the disposal
cell. A condition of saturation in the alluvium/weathered
Mancos Shale could occur at the contact with the unweathered
Mancos Shale below the disposal cell f infiltration through
the tailings is significantly greater than natural ambient
infiltration. Because the alluvium/weathered Mancos Shale is
in some areas only 10 feet thick, it is a consideration that
saturation does not extend up into the tailings. Thus,
infiltration through the radon barrier must be restricted to a
flux that is less than the natural ambient infiltration.

Natural infiltration may be estimated from the annual
precipitation. In semiarid regions, infiltration is often one
or two percent of the annual precipitation (Rush et al., 1982).
The average annual precipitation for Ambrosia Lake is 8.8
Inches (QMC, 1981). If the annual precipitation at the site
is conservatively assumed to be 12 inches and infiltration to
groundwater is less than two percent of precipitation, infil-
tration would be less than 0.24 inch a year, equivalent to an
annual flux of less than 2 x 10-8 cm/s.
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Most of the alluvium/weathered Mancos Shale at the site
would not be saturated, if uranium processing activities had
not discharged tailings or seepage from the mill make-up pond.
By designing the radon barrier with less infiltration than
ambient natural infiltration, no saturation will develop at
the contact of the alluvium and weathered Mancos Shale.

E.2.1.2 Transient drainage of tailings fluids

Seepage of water from the tailings pile continues to be a
source of saturation of the alluvium/weathered Mancos Shale
and the Tres Hermanos C sandstones. However, groundwater
levels are not currently high enough to mound into the
tailings and surface seeps have not been observed near the
tailings pile. Because the seepage rate from the tailings
will be less after remedial action than what is presently
observed, mounding of seepage at the contact between the
alluvium/weathered Mancos Shale and the competent Mancos Shale
or the creation of surface seeps should not be a problem.
Water use during construction will be limited so that the
tailings will not become saturated and potentially cause an
increase in the rate of seepage. The current trend of
decreasing seepage is expected to continue during construction
and in the post construction period.

E.2.1.3 Subsurface drainage

Tailings seepage will generally perch on a low-hydraulic
conductivity geologic unit wherever the vertical seepage flux
is greater than the drainage capacity of the geologic unit.
Under steady state conditions, this drainage capacity is equal
to the saturated hydraulic conductivity of the unit. The
saturated hydraulic conductivity of the alluvium/weathered
Mancos Shale is 4.1 x 10-5 cm/s producing a drainage capacity
greater than the infiltration rate (1 x 10-7 cm/s) of the
radon barrier. For this reason there should be no perching of
seepage at the base of the disposal cell.

Natural infiltration at Ambrosia Lake also does not
exceed this vertical drainage capacity, because there is
presently no significant quantity of perched surface water at
the site other than that related to uranium processing. This
is consistent with the estimate of a natural infiltration rate
of less than 2 x 10-8 cm/s.

E.2.2 COVER DESIGN

The disposal cell cover at Ambrosia Lake will 1) restrict radon
emanation into the atmosphere; 2) limit infiltration into the tailings;
3) limit or prevent erosion from surface flow; and 4) promote runoff
across the pile, preventing surface ponding. The cover will also
restrict seepage, thereby maintaining unsaturated conditions in the
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underlying materials. The seepage rate will be less than 1 x 10-7
cm/s, and will not result in contaminated seepage perching on the
low-hydraulic conductivity alluvium/weathered Mancos Shale or create a
condition of saturation at the contact of the unweathered Mancos Shale.

E.2.2.1 Cover components

This section describes the components of the cover design
which limit infiltration into the tailings. The performance
of the cover in terms of seepage flux and meeting the proposed
EPA groundwater standards is also discussed.

Figure E.2.1 is a generalized cross section of the
proposed disposal cell embankment and foundation. Table E.2.1
lists the functions of each component of the pile. The cover
components described below are listed in ascending order.

Radon/infiltration barrier

The 3.5-foot-thick radon/infiltration barrier will reduce
radon emissions into the atmosphere and will limit infiltra-
tion of precipitation into the tailings. The radon/infiltra-
tion barrier is desi ned with a saturated hydraulic conduc-
tivity of 1 x 10- cm/s. However, field studies on a
similarly constructed disposal cell at Shiprock. New Mexico,
indicate that long-term moisture contents are unsaturated,
yielding a steady state unsaturated hydraulic conductivity of
1 x 10-9 cm/s (DOE, 1989). Seepage will occur primarily as
unsaturated flow, and will not perch on the lower permeability
alluvium/weathered Mancos Shale. Because this seepage flux is
approximately equal to the natural infiltration rate at the
Ambrosia Lake site, tailings seepage will not cause a
condition of saturation in the alluvium/weathered Mancos Shale
at the contact with the unweathered Mancos Shale.

Specifications:

The radon/infiltration barrier at the Ambrosia Lake site
will be constructed of weathered ancos Shale. The weathered
Mancos Shale will be compacted to more than 100 percent
standard proctor density. A sheep's foot-type compactor will
be used in order to insure that adequate mixing and kneading
of the shale takes place.

Performance:

By using a high degree of compaction, the saturated
hydraulic conductivity of the radon barrier will be 1 x 10-7
cm/s. Because the climate at Ambrosia Lake is semiarid, the
cover is expected to perform in an unsaturated condition. The
long term flux through the unsaturated cover is expected to be
much less than the saturated hydraulic conductivity.

E-6



Table E.2.1 Cover components and functions of disposal cell cover,
Ambrosia Lake site, New Mexico

Cover component

Erosion protection rock

Filter layer

Radon/infiltration barrier
(weathered Mancos shale)

Purpose and function

o Provide protection against erosion of the
radon/infiltration barrier

o Reduce evaporation rate within the underlying
layers and thereby preclude drying of the
radon barrier

o Protect underlying layers from the effects of
frost heave and frost penetration

o Drain water laterally off the disposal cell to
limit infiltration

o Protect underlying radon/infiltration barrier
from rock penetration

o Protect the underlying radon/infiltration
barrier from the effects of frost heave and
frost penetration

o Inhibit radon emanation

o Limit infiltration
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Longevity:

The radon/infiltration barrier will be protected by a
sand/filter layer overlain by an erosion protection layer.
These layers will protect the radon/infiltration barrier from
eroding. The thicknesses of both the erosion protection layer
and the radon/infiltration barrier is sufficiently thick that
effects of freezing on the hydraulic conductivity in the lower
portions of the radon/infiltration barrier are prevented.
Because of these design features, the EPA design period will
be met.

Filter layer

The sand filter layer above the radon barrier is designed
to prevent erosion of the underlying radon barrier by intersti-
tial flow and drain water rapidly off the pile. The filter
layer will be six inches thick and constructed of a clean,
high permeability (0.1 cm/s) sand.

Specifications:

The filter layer will be a clean sand and gravel with a
hydraulic conductivity of 0.1 cm/s or greater. The grada-
tion has been chosen to preclude damage of the radon/infiltra-
tion barrier. The gradation has also been selected to promote
the shedding of the surface water as fast as possible.

Performance:

The filter layer will shed water off the pile, downslope
and above the radon/infiltration barrier, thereby reducing the
amount of water available for infiltration.

Longevity:

The EPA design period will be met.

Erosion protection layer

An erosion protection layer will be constructed over the
filter layer. The erosion protection layer will protect the
radon barrier and tailings embankment from runoff resulting
from a Probable Maximum Precipitation event on the embankment
and from runoff resulting from a Probable Maximum Flood (PMF)
on the small watershed upslope of the embankment. The erosion
protection layer is also designed to protect the embankment
from the encroachment of gullies.

SDecifications

The rock to be used for the Ambrosia Lake cover is a
dense basalt which has been evaluated using standard Uranium
Mill Tailings Action (UMTRA) Project procedures and U.S.
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Nuclear Regulatory Commission (NRC) requirements. The rock is
of sufficient quality to resist weathering processes and
physical forces caused by wind and water.

Performance:

The rock will prevent erosion by flow in gullies. The
rock is also sufficiently large to serve as a barrier against
burrowing animals and encroaching vegetation.

Longevity:

The durable rock cover will meet the EPA design criteria.
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E.3 DISPOSAL AND CONTROL OF RADIOACTIVE MATERIALS
AND NONRADIOLOGICAL HAZARDOUS CONSTITUENTS

The proposed EPA standards in Subparts A - C of 40 CFR 192 require
information and assessments to demonstrate that the disposal of residual
radioactive material complies with groundwater protection and performance
standards. The information and assessments needed for each site can be
categorized into four components: 1) the groundwater protection standard,
2) a performance assessment, 3) a closure performance standard, and 4) a moni-
toring and corrective action program. The purpose of the groundwater protec-
tion and performance standards is to establish the minimum acceptable
performance of the disposal and control of residual radioactive material in
preventing or controlling future releases of hazardous constituents. The
monitoring for the performance assessment confirms the adequacy of the
disposal cell and provides for corrective actions that may be necessary if
disposal cell does not perform adequately (NRC, 1988). The following sections
describe in detail the four components of groundwater protection and
performance standards.

E.3.1 GROUNDWATER PROTECTION STANDARDS FOR DISPOSAL

The EPA groundwater protection standards in 40 CFR 192.02(a)(3)
require that disposal units be designed to control residual radioactive
material in conformance with site specific groundwater protection
standards. The groundwater protection standard applies to the
uppermost aquifer hydraulically downgradient from the disposal unit
(NRC, 1988). Definitions of the uppermost aquifer provided in 10 CFR
40, Appendix A, were used to implement the groundwater protection
standards of 40 CFR 192, Subparts A-C.

Groundwater in the uppermost aquifer (the alluvium/weathered
Mancos Shale and Tres Hermanos-C Sandstone) meets one of the criteria
for supplemental standards. The supplemental standard application is
based on the insufficient yield of groundwater. The alluvium/weathered
Mancos Shale and the Tres Hermanos-C Sandstone are saturated zones
created by uranium recovery operations at the designated processing
site. Geochemical modeling, described in Sections D.8.8.1 through
D.8.8.3 of Appendix D, indicates that most of the groundwater within
these units is derived from tailings and mill make-up pond water
seepage. It is probable that existing levels of saturation will not be
maintained after remedial action and neither unit can yield significant
quantities of groundwater to wells or springs.

As discussed in Section D.8.4 of Appendix D, the alluvium/
weathered Mancos Shale and Tres Hermanos-C Sandstone are incapable of
producing more than 150 gallons per day, which classifies the ground-
water contained in these units as limited use (Class III) groundwater,
based on the insufficient yield criterion set forth in 40 CFR 192
Subpart B. The units are also not considered aquifers because they are
not capable of discharging groundwater to surface water (NRC, 1988).
Discharge of groundwater from the small pocket of saturation within
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the alluvium/weathered Mancos Shale occurs into the subcrop area of the
Tres Hermanos-C Sandstone on the western side of the tailings.
Groundwater within the Tres Hermanos-C Sandstone flows downdip to the
northeast and discharges down mine shafts and vent holes. Although the
Tres Hermanos-C Sandstone may be fully saturated farther downdip in the
San Juan Basin, the mine shafts and vent holes have created a hydraulic
sink that prevents further movement of groundwater beyond the point of
discharge. Thus, there is probably no migration of contamination
within the Tres Hermanos-C Sandstone beyond the Ann Lee Mine (Figure
E.3.1). Areas of saturation within the Tres Hermanos-C Sandstone at
the Ambrosia Lake tailings site are therefore not hydraulically
connected to areas where the Tres Hermanos-C Sandstone may be an
aquifer. Furthermore, the Tres Hermanos is stratigraphically isolated
from other water-bearing units by the low-hydraulic conductivity Mancos
Shale.

Because groundwater within the Tres Hermanos-C Sandstone drains
down mine shafts and vent holes into the Westwater Canyon Member and
potential water-bearing units above the Westwater are dewatered, the
Westwater Canyon Member is considered the potential point of exposure
where water quality impacts have and may continue to occur. The West-
water Canyon Member is capable of yielding a significant quantity of
groundwater to wells. Although the Westwater Canyon Member underlies
the site, the principal drainage of groundwater within the Tres Her-
manos-C Sandstone is to the northeast of the designated site boundary
in the vicinity of the Ann Lee Mine, and from there into the Westwater
Canyon Member.

The groundwater protection standards consist of three components:
1) a list of hazardous constituents, 2) a corresponding list of concen-
tration limits for the constituents, and 3) a point of compliance (NRC,
1988). The DOE has identified hazardous constituents in pore fluids of
residual radioactive materials and in groundwater within the alluvium/
weathered Mancos Shale, the Tres Hermanos-C Sandstone, and the West-
water Canyon Member. For this supplemental standards application, no
concentration limits or point of compliance have been specified. This
is justified considering that uranium processing activities established
the condition of saturation in the alluvium/weathered Mancos Shale and
the Tres Hermanos-C Sandstone. As part of the supplemental standards
application, a risk assessment was performed to evaluate whether sup-
plemental standards would protect human health and the environment from
the consumption of groundwater in the uppermost aquifer.

E.3.1.1 Hazardous constituents

Hazardous constituents were identified during the DOE
characterization at the Ambrosia Lake site. The DOE identified
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hazardous constituents that 1) are reasonably expected to be
in, or derived from the residual radioactive material to be
stabilized at the disposal site, and 2) include radium,
uranium, gross alpha activity, nitrate, molybdenum, selenium,
or those listed in Table 1 of 40 CFR 192 or in Appendix I of
40 CFR 192.02 (Draft Final EPA Standards (EPA, 1989)). The
MCLs for hazardous constituents are listed in Table E.3.1.

The hazardous constituents within the Ambrosia Lake
tailings pore fluids are related to both the uranium ore and
the chemicals used in the milling process. A summary of the
mill processes and reagents used in the processing of uranium
is presented in Section D.2.4 of Appendix D. The following
discussion of hazardous constituents within the Ambrosia Lake
tailings is subdivided into inorganic and organic components.
Table E.3.2 is a summary of the hazardous inorganic
constituents identified within the Ambrosia Lake tailings.
Hazardous constituents present in groundwater are discussed in
Section D.8.6 of Appendix D and Section E.3.1.2, and are
summarized in Table E.3.2. Each hazardous constituent that is
expected to be in, or derived from residual contaminated
materials at the Ambrosia Lake site is identified.

Tailings pore water was collected from lysimeter 751 for
analysis of Appendix I organic constituents as defined in the
Draft Final EPA Standards (EPA, 1989). No organic con-
stituents were identified above laboratory method detection
limits.

The inorganic constituents within the tailings at the
Ambrosia Lake site are mostly metal and metalloid elements
associated with the uranium ore and milling process. As shown
in Table E.3.2, concentrations of arsenic, barium, lead,
molybdenum, nitrate, selenium, silver, and uranium, and
activities of radium -226 and -228 exceed the EPA MCLs in at
least one tailings pore water sample collected from lysimeters
or well points. Although concentrations of cadmium, copper,
and zinc did not exceed the EPA MCL, they were present at
concentrations higher than the laboratory method detection
limit (Table E.3.2).

Those inorganic hazardous constituents without MCLs, but
present at concentrations higher than the laboratory method
detection limit are antimony, beryllium, cobalt, cyanide,
fluoride, nickel, thallium, tin, and vanadium (see Table
E.3.2).
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Table E.3.1 Maximum concentration of constituents for groundwater protections

Maximum
Constituent concentrationb

(40 CFR 192)

Arsenic. . . . . . . . . . . . . . . . . . . . . . . . . . . 0.05
Barium ..... . . .. . . . . . . . . . . . . . . . . . . 1.0
Cadmium. . . . . . . . . . . . . . . . . . . . . . . . . . . 0.01
Chromium . . . . . . . . . . . . . . . . . . . . . . . . . . 0.05
Lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.05
Mercury. . . . . . . . . . . . . . . . . . . . . . . . . . . 0.002
Selenium . . . . . . . . . . . . . . . . . . . . . . . . . . 0.01
Silver ...... . . . .. . . . 0.05
Endrin (1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,

4a,5,6,7,8,Ba-octahydro-1,4-endo,endo-5,8-
dimethanonaphthalene . . . . . 0.0002

Lindane (1,2,3,4,5,6-hexachlorocyclohexane, gamma isomer . 0.004
Methoxychlor (l,1,1-Trichloro-2,2'-bis (p-methoxy-

phenylethane)). . . . . . . . . . . . . . . . . . . . 0.1
Toxaphene (CloHlOC16, Technical chlorinated

camphene, 67-69 percent chlorine) . . . . . . . . . . 0.005
2,4-D (2,4-Dichlorophenoxyacetic acid) . . ... . . . . . . 0.1
2,4,5-TP Silvex (2,4,5-Trichlorophenoxypropionic acid) . . . 0.01
Benzene (Cyclohexatriene) . . . . . . . . . . . . . . . . . 0.005
Vinyl chloride (Ethene, chloro-) . . . . . . . . . . . . . . 0.002
Tetrachloromethane (Carbon tetrachloride). . . . . . . . . . 0.005
1,2-Dichloroethane (Ethylene dichloride) . . . . . . . . . . 0.005
Trichloroethene (Trichloroethylene). . 0.005
1,l-Dichloroethylene (Ethene, l,l-dichloro-) . . . . . . . . 0.007
l,l,l-Trichloroethane (Methyl chloroform). . . . . . . . . . 0.20
p-Dichlorobenzene (Benzene, 1,4-dichloro-) . . . . . . . . . 0.075
Nitrate (as N) .......... 10
Molybdenum. . . ..... 0.1

Combined radium-226 and radium-228 . . . . . . . . . . . . . 5 pci/liter
Combined uranium-234 and uranium-238 . . . . . . . . . . . . 30 pCi/liter
Gross alpha-particle activity (excluding radon and uranium). 15 pCi/liter

aAppendix IX (40 CFR 264) elemental inorganic and organic constituents are
analyzed in tailings fluids and groundwater to characterize the site with re-
gards to hazardous constituents listed in Appendix I (40 CFR 192).

bMilligrams per liter unless stated otherwise.
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Table E.3.2 Summary of inorganic hazardous constituents within uranium mill
tailings and groundwater at Ambrosia Lake Site, New Mexico

Concentration Concentration Detection EPA
Constituent tailings groundwater limit MCL

Antimony 0.098 0.043 0.003 none
Arsenic 0.300 0.272 0.01 0.05
Barium 0.300 0.22 0.1 1.0
Beryllium 0.02 0.0025 0.01 none
Cadmium 0.008 0.014 0.001 0.010
Chromium 0.110 0.28 0.01 0.05
Cobalt 0.120 0.24 0.05 none
Copper 0.090 0.06 0.02 1.0
Cyanide 0.05 0.493 0.01 none
Fluorine 21.0 14.5 0.1 none
Lead 0.740 0.01 0.01 0.05
Mercury 0.0001 0.0007 0.0002 0.05
Molybdenum 247.0 220 0.01 0.1
Nickel 0.144 0.15 0.04 none
Nitrate 3600.0 430 1 44
Selenium 0.403 1.8 0.005 0.01
Silver 0.020 0.11 0.01 0.01
Sulphide 0.05 0.05 0.1 none
Thallium 0.05A 0.005 0.1 none
Tin 0.400 0.031 0.005 none
Uranium 14.7 11.8 0.003 0.044
Vanadium 0.560 0.42 0.01 none
Zinc 1.730 0.980 0.005 5.0
Gross Alpha 3200.0 pCi/l 8720 0.2 pCi/l 15.0 pCi/l
Radium 226 & 228 222.0 pCi/l 131.8 2.0 pCi/l 5.0 pCi/l
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E.3.1.2 Supplemental standards

To achieve compliance with the proposed EPA groundwater
protection standards, the DOE is submitting an application for
supplemental standards (Subpart C of 40 CFR 192) at the
Ambrosia Lake site, based on the criterion that the uppermost
aquifer contains limited use (class III) groundwater. The
uppermost aquifer is classified as limited use groundwater
based on the criterion that the aquifer is incapable of pro-
ducing more than 150 gallons per day (gpd) for a sustained
period of time (40 CFR 192.21 (g)). The supplemental standards
application is presented in Addendum A to Appendix D and the
key elements are summarized here. As part of the supplemental
standards application, a risk assessment was performed to
evaluate whether supplemental standards would protect human
health and the environment from the consumption of groundwater
in the uppermost aquifer. The risk assessment considered the
hypothetical use of the uppermost aquifer as a source of
drinking water containing the hazardous constituents radium,
uranium, and molybdenum. A review of land and water use
patterns in the site vicinity was also provided to support the
application of supplemental standards. An engineering evalua-
tion of the proposed remedial action design was performed in
the supplemental standards application to demonstrate that the
disposal cell protects human health and the environment by
incorporating design features that are as close to meeting the
otherwise applicable standard as is reasonably achievable.

Background groundwater quality in the alluvium/weathered
Mancos Shale and the Tres Hermanos-C Sandstone at the Ambrosia
Lake site is considered to be existing groundwater quality be-
cause mining and milling activities have created the condition
of saturation (Bostick, 1985). Groundwater within the
alluvium/weathered Mancos Shale has been demonstrated through
geochemical modeling to be derived from reinfiltration of mine
dewatering discharge or tailings seepage (Sections D.8.8.1 -
D.8.8.3 of Appendix D).

Because there was originally no saturation in the allu-
vium, no pre-operational water quality data or upgradient
background water quality data are available as a basis for
establishing proposed concentration limits for hazardous
constituents at the Ambrosia Lake site. It is only possible
to establish existing water quality as background for the
isolated pocket of saturation within the alluvium/weathered
Mancos Shale. Furthermore, the existing level of saturation
in the alluvium/weathered Mancos Shale will probably not be
sustained after remedial actions are completed. Therefore,
the DOE is not proposing a concentration limit for each
hazardous constituent identified under 40 CFR 264.93 for the
alluvium and weathered ancos Shale (the uppermost aquifer)
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and for the Tres Hermanos-C Sandstone hydraulically down-
gradient from the disposal unit. No alternate concentration
limits (ACLs) are proposed.

E.3.1.3 Point of compliance

Because the condition of saturation in the alluvium/
weathered Mancos Shale was created by uranium processing,
there is no reason to establish proposed concentration limits
(Section E.3.1.2) and no groundwater quality monitoring is
proposed. Therefore t is not necessary to establish a point
of compliance for the Ambrosia Lake site. In addition, it is
not likely that current groundwater quality conditions at the
site will worsen, as the existing level of saturation in the
alluvium and weathered Mancos Shale will not be sustained by
seepage from the disposal cell after remedial actions are
completed.

E.3.1.4 Point of exposure

A potential point of exposure could be from the consump-
tion of groundwater obtained from the Westwater Canyon Member
of the Morrison Formation. Contamination from the Ambrosia
Lake site may have migrated down mine shafts and vent holes
into the Westwater Canyon Member. Consumption of groundwater
from the Westwater Canyon Member may result in carcinogenic
and non-carcinogenic health effects. The Westwater Canyon
Member is a source of drinking water in the area, but due to
mining in the region, water quality has already deteriorated
to the extent that there is some risk to human consumption.

Background water quality in the Westwater Canyon Member
is discussed in Sections D.8.5 and 0.8.6. of Appendix 0.
Background concentrations for each hazardous constituent are
given in Table E.3.3. Background for the Westwater Canyon
Member was chosen to be represented as existing concentrations
(Section D.8.5 of Appendix D), because of the effects of mining
activity on up-hydraulic gradient water quality. Groundwater
samples were collected from mine discharge water from United
Nuclear and Quivira Mining Company mines. As shown on Table
E.3.3, groundwater in the Westwater Canyon Member exceeds the
MCLs for cadmium, chromium, lead, molybdenum, selenium, silver,
and uranium and activities of radium -226 and -228. However,
mixing of contaminated groundwater from the Ambrosia Lake site
with the Westwater Canyon Member groundwater has negligible
effect on water quality in the Westwater and results in no
additional risk to humans. In addition, tailings leachate
contained within the Tres Hermanos-C Sandstone contains lower
concentrations of molybdenum and uranium than what is observed
in the Westwater Canyon Member (Sections D.8.8.1 - D.8.8.3 of
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Table E.3.3 United Nuclear Corporation and Quivira Mine Company mine water discharge quality

-a
to

Quivira Section
Unit United Nuclear Corporation Ann Lee Mine 30 W. Mine
of Sample Dates

Constituent measurement 10/27/77 11/17/78 11/07/79 06/21/82 05/13/83

Aluminum mg/l -- -- <0.250 <0.100 0.37
Ammonia mg/l 0.015 0 0.05 
Arsenic mg/l <0.005 <0.005 0.009 0.006 0.27
Barium mg/l 0.27 0.074 <0.100 <0.100 <0.02
Bicarbonate mg/l -- 228 174.0 317 730
Cadmium mg/l <0.001 <0.001 -- <0.01 0.024
Calcium mg/l -- 150 194 265 720
Chloride mg/l 108 97.5 188 210 470
Chromium mg/i -- -- -- <0.100 0.078
Cobalt mg/l --- 0.059
Copper mg/l -- -- -- <0.025 0.066
Conductivity micromhos 2657 2241 3288 3250 --
Iron mg/l -- -- -- 0.23 0.21
Lead mg/i -- <0.005 <0.005 <0.010 0.48
Magnesium mg/l -- -- 45.3 43 410
Manganese mg/i -- -- -- -- 7.2
Mercury mg/i -- -- -- <0.002 --
Molybdenum mg/l 3.20 1.914 3.05 1.8 0.076
Nickel mg/i -- -- -- -- 0.140
Nitrate (as N) mg/ 0.11 <0.01 -- <1.00 <1.00
pH standard 8.08 -- 8.12 6.77 6.90
Potassium mg/l -- 8.19 9.75 11 10
Selenium mg/l 0.268 0.171 0.122 0.13 0.30
Silver mg/l -- -- -- 0.008 0.099
Sodium mg/i 428 421 511 510 410
Sulfate mg/i 1060 illS 1280 1460 2910
Total suspended
solids mg/i 1.1 1.0 . 2.0 -- --

Total dissolved
solids mg/l 1852 1903 2441 2660 5220

Vanadium mg/ -- <0.010 <0.010 0.010 --
Zinc mg/i -- <0.100 <0.250 -- 0.22

Gross alpha pCi/I -- 0 0 -- --
Radium-226 pCO/P 29+1 65+1 19+6 23 2.5
Radium-228 pCi/i 0+2 -- 0 2.5
Lead-210 pCi/i 17+6 -- -- 0 --
Uranium mg/l 0.32 2.23 1.31 5.1 --

Ref. NMEID, 1983, 1980.

Note: -- means not analyzed.



Appendix D). The influence of Ambrosia Lake tailings leachate
on the concentrations of hazardous constituents in groundwater
in Westwater Canyon Member, therefore should be minimal due to
the existing elevated concentrations in the Westwater Canyon
Member.

E.3.2 PERFORMANCE ASSESSMENT

The performance of the disposal unit will comply with the ground-
water protection standards in 40 CFR 192.02 (a)(3) as determined from
an assessment of the hydrogeologic characteristics of the site, design
analysis of the disposal unit and performance assessment of the dis-
posal site (NRC, 1988). For this supplemental standards application,
no concentration limits or point of compliance have been specified.
This is justified considering that uranium processing activities
established the condition of saturation in the alluvium/weathered
Mancos Shale and the Tres Hermanos-C Sandstone. The performance
assessment therefore consists of assuring that the application for
supplemental standards protects human health and the environment. The
supplemental standards application consists of a risk assessment, an
evaluation of land and water use in the site vicinity, and an
engineering evaluation. The findings of these are summarized in
Section E.3.2.3 and presented in detail in Addendum A to Appendix D.
Long-term and transient seepage are also discussed as they relate to
the performance of the disposal cell to assure that human health and
the environment are protected by incorporating design features that are
as close to meeting the otherwise applicable standard as is reasonably
achievable.

E.3.2.1 Long-term seepage

Long-term seepage from the disposal unit to groundwater
is a function of the unsaturated hydraulic conductivity of the
radon/infiltration barrier, multiplied by a hydraulic gradient
of unity. Recent investigations on constructed DOE infiltra-
tion barriers suggest that the infiltration barriers may be
unsaturated and have a much lower unsaturated hydraulic con-
ductivity than the saturated design of 1 x 10- cm/s. The
DOE has used an unsaturated flow model to predict long-term
percent saturation and seepage rates from the disposal
facility. Modeling results are on file at the UMTRA Project
Office in Albuquerque, New Mexico.

Covering the tailings with a low hydraulic conductivity
infiltration barrier will substantially reduce the rate of
seepage to the alluvium/weathered Mancos Shale and Tres
Hermanos-C Sandstone. Less recharge will also be available as
the mill make-up water pond is no longer in use and areas of
saturation within the alluvium/weathered Mancos Shale and the
Tres Hermanos-C Sandstone begin to decrease in thickness and
areal extent. Concentrations of contaminants in the seepage
will eventually decrease as tailings salts are leached. The
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DOE is currently performing laboratory column leaching studies
to determine the rate of leaching. Eventually, less tailings
seepage will drain into the Westwater Canyon Member and it
will repressurize and further dilute concentrations of con-
taminants. Quivira Mining Company (QMC) demonstrated the
substantial dilution capacity of Westwater repressurization on
all formations above and including the Westwater. In the
QMC-approved Groundwater Discharge Plan to the State of New
Mexico' (Ganus, 1980), it was demonstrated that repressuriza-
tion of aquifers by flow up mine shafts and vent holes would
dilute concentrations of contaminants below the State of New
Mexico standards.

Several components of the cover design will provide
additional conservatism for compliance with the EPA ground-
water standards. The combination of the filter layer and low
hydraulic conductivity radon/infiltration barrier will
restrict infiltration through the tailings to at least the
estimated ambient annual recharge rate 0.24 inch per year (2 x
10-8 cm/s) (Rush et al., 1982). However, recent field
studies at two UMTRA Project sites that have climate and cover
design characteristics similar to the Ambrosia Lake site have
shown infiltration may be less because the barriers at these
two sites are unsaturated (DOE, 1989). Thus, the moisture
conditions in the radon barrier at the Ambrosia Lake site
should closely approximate the measured moisture conditions at
these two sites and be unsaturated (DOE, 1989).

Observed percent saturations within the radon barriers at
the Shiprock, New Mexico, and Clive, Utah, UMTRA Project
disposal sites which have been completed for more than two
years were 84 and 82 percent, respectively. Unsaturated
hydraulic conductivities at these percent saturations were
typically less than 1 x 10-9 cm/s. Because the percent
saturation is relatively uniform with depth, the vertical
hydraulic gradient is unity. The infiltration rate (flux)
through the radon barrier is the unsaturated hydraulic
conductivity times unity, or 1 x 10-9 cm/s (DOE, 1989).

The relation of the hydraulic conductivity to percent
saturation for the radon/infiltration barrier at the Ambrosia
Lake site was developed using an algorithm derived by Van
Genuchten (1985) based on a method described by Maulem
(1976). This method calculates relative hydraulic conduc-
tivity from the laboratory-measured relation of percent
saturation to soil tension. The unsaturated hydraulic
conductivity is then calculated by multiplying the relative
hydraulic conductivity by the saturated hydraulic conduc-
tivity. The intersect of the average radon/infiltration
barrier percent saturation with the unsaturated hydraulic
conductivity curve on Figure E.3.2 determines the infiltration
rate.
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Although insufficient time has passed for the radon/
infiltration barriers at Shiprock and Clive to reach steady
state conditions, field studies at Shiprock suggest that the
percent saturation in the radon/infiltration barrier has not
changed since placement. Unsaturated modeling of the
radon/infiltration barrier performed to predict the long-term
percent saturations within radon/infiltration barrier at
Shiprock indicates that the percent saturation will not change
from the observed percent saturation over the next 100 years.

Considering that the Ambrosia Lake disposal cell cover is
to be constructed in a manner and in a climate similar to the
Shiprock and Clive disposal sites, it is valid to assume that
the radon/infiltration barrier at the Ambrosia Lake site would
be unsaturated and that unsaturated hydraulic conductivities,
such as observed at the Shiprock and Clive sites, would occur
at the Ambrosia Lake disposal cell. Thus, operational unsatu-
rated conditions in the Ambrosia Lake radon/infiltration
barrier would result in an estimated seepage rate through the
stabilized pile two to three orders of magnitude less than is
occurring under present, unstabilized conditions.

E.3.2.2 Transient seepage

The transient drainage of water added to suppress dust
and compact relocated tailings, and tailings drainage that
occurs prior to equilibration with the infiltration rate
through the cover, will be controlled and will not cause an
increase in contaminant concentrations, because the seepage
rate will be less than that which occurred from the tailings
during milling activities.

E.3.2.3 Risk assessment and athways analysis

As part of the supplemental standards application, a risk
assessment was performed to evaluate whether supplemental
standards would protect human health and the environment from
the consumption of groundwater in the uppermost aquifer. The
risk assessment considered the hypothetical use of the upper-
most aquifer as a source of drinking water. The hazardous
constituents selected for analysis were selenium, radium, and
uranium. The results of the risk assessment indicate that
there would be non-carcinogenic health effects associated with
the long-term consumption of the groundwater. In addition,
short and long-term carcinogenic health effects may occur. The
concentration of uranium in the groundwater was the major
contributor to carcinogenic risk. However, the likelihood of
consumption of groundwater from the alluvium/ weathered Mancos
Shale and Tres Hermanos-C Sandstone is negligible because
groundwater cannot be developed due to insufficient yield.
Furthermore, the area of saturation is covered mostly by
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the tailings and the confines of the site boundaries,
providing positive institutional control over the use of
groundwater. The complete risk assessment is provided in
Addendum A to Appendix D.

E.3.3 CLOSURE PERFORMANCE ASSESSMENT

Pursuant to 40 CFR Parts 192, this section discusses the adequacy
of the proposed disposal cell design to minimize the need for active
maintenance, and to minimize or eliminate releases of hazardous
constituents to groundwater to the extent necessary to protect human
health and the environment.

The need to minimize active maintenance is achieved by:

o Using natural, durable materials.
o Shaping the pile to accommodate natural forces such as erosion.
o Minimizing infiltration by design features of the cover.

Sections E.1.2 and E.3.2 of this document describe the design
requirements and the projected performance of the proposed cover. As
discussed in those sections, all materials selected meet NRC
requirements applicable to the UMTRA Project, are as durable as is
reasonably achievable, and are placed to promote their long term
performance in the absence of maintenance. Specifically:

o The radon barrier of compacted soil is placed below the zone
where it is subject to the influence of natural forces such as
erosion, frost, and biointrusion. It is protected by the
design of the overlying filter layer and riprap.

o The sand filter, drain, and bedding layer is clean, durable,
and will not deteriorate. It is sized to avoid plugging by
piping of soil particles, and is protected from erosion by the
overlying rock layer.

o The erosion protection riprap will be constructed with durable
rock material sized to protect the radon barrier and tailings
embankment from runoff resulting from a Probable Maximum
Precipitation Event (PMP) or a Probable Maximum Flood (PMF)
event.

In addition, the pile morphology has been designed to provide
slope, settlement, and deformation integrity. Therefore, maintenance
requirements are minimal.

The DOE is required to document a performance assessment moni-
toring and surveillance plan. The DOE has compiled an UMTRA Project
Surveillance and Maintenance (S&M) Plan. That document constitutes the
basis of the surveillance and performance monitoring program to be
undertaken at the Ambrosia Lake site. As is standard for other UMTRA
Project sites, a site-specific (S&M) Plan will be compiled and included
in the preparation of the site final design.
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The performance monitoring needs to be addressed in the S&M Plan
are summarized below:

Vegetation growth.
Biointrusion.
Soil erosion.
Runoff from the pile.

E.3.4 GROUNDWATER PERFORMANCE MONITORING PROGRAM

The results of the existing on-site groundwater monitoring program
are presented in Section D.8.6 of Appendix D. This program will be
continued during construction of the disposal unit. However, some
monitor wells may be destroyed during construction.

Following construction of the disposal cell, the DOE will institute
a new monitoring plan for the post disposal period, pursuant to 40 CFR
192.02 (a)(4)(b). Details of the post disposal monitoring plan will be
supplied in a separate document. The DOE recognizes the need to
monitor the disposal cell.

E.3.5 CORRECTIVE ACTION PLAN

Pursuant to 40 CFR 192.02 (a)(4)(c), the DOE will define alter-
native corrective actions that could be implemented to bring the site
into compliance if the disposal monitoring indicates the disposal unit
is not functioning properly. Although it is not possible to propose
specific detailed action plans, potential failure modes for the
Ambrosia Lake disposal site and potential remedial actions are
summarized in Table E.3.4. Should a failure of the cell occur or the
site projected to be not in compliance with regulations following
tailings stabilization, a corrective action plan will be formulated and
implemented within 18 months.

E.3.6 AQUIFER RESTORATION

Cleanup of contaminated groundwater is addressed under Subpart 
of the EPA's proposed standards for the UMTRA Project. The need for
and extent of aquifer restoration at the Ambrosia Lake site will be
based on the extent of existing contamination, the potential for
current or future use of the aquifer for drinking water supplies, and
the technical practicability of restoring the aquifer from an engi-
neering perspective. Because groundwater in the uppermost aquifer, the
alluvium/weathered Mancos shale and the Tres Hermanos-C Sandstone, is
Class III, groundwater clean-up is expected to be unnecessary. There
is insufficient yield in the alluvium/weathered Mancos Shale and Tres
Hermanos-C Sandstone for it to be considered a water resource. The low
yield makes groundwater clean-up technically impracticable. Further-
more, the remedial action will reduce the major source of recharge to
the uppermost aquifer so that it will eventually become unsaturated.
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Table E.3.4 Corrective action plan summary for the Ambrosia Lake site

Failure Scenario Remedial Action

Contaminated seepage emerges
in artificially-induced
springs below the pile.

Modify cover to
eliminate excess
infiltration.

Groundwater quality deterioration
occurs off-site due to tailings
seepage.

Radon barrier cracks due to
dessication.

Modify cover and
apply institutional
controls (ground-
water restoration
impractical).

Replace
permeability filter
layer with lower
permeability layer.

Siltation of erosion
protection layer.

No action needed
unless it increases
infiltration or
induces vegetation.

Vegetation threatens integrity
of cover.

Biointrusion layer

Biointrusion by animals. Modify rock cover.

Frost heave. Not realistic
failure scenario
(frost barrier is
included in design).

Erosion of cover. Not realistic
failure scenario
(pile is designed
for PMP and PMF
events).
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There is no present or future groundwater use in the uppermost
aquifer. The disposal cell will provide institutional control over
most of the existing areas of saturation in the uppermost aquifer.

Lastly, when the stratigraphic sequence in the Ambrosia Lake
repressurizes with time, all contamination in the formations will
become nonexistent.
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A1.0 SUMMARY

This addendum to the water resources protection strategy is intended to
provide a discussion of the various components that comprise a supplemental
standard demonstration for groundwater compliance at the Ambrosia Lake Uranium
Mill Tailings Remedial Action (UMTRA) Project disposal site. For the Ambrosia
Lake site, narrative, instead of numeric, supplemental standards are proposed.

In order to obtain supplemental standards for groundwater at UMTRA Project
disposal sites, certain criteria must be met. The main factor in establishing
supplemental standards for groundwater compliance at disposal sites is
demonstrating the presence of Class III groundwater (EPA, 1987). Class III, or
limited use, groundwater is not a current or potential source of drinking water
due to one or more of the following conditions (40 CFR 192.11(e)):

o The total dissolved solids (TDS) concentration is greater than 10,000
milligrams/liter.

o The groundwater has widespread ambient contamination not caused by an
UMTRA Project site, that cannot be cleaned up using methods
reasonably employed by public water supply systems.

o The groundwater is incapable of producing more than 150 gallons per
day.

Supplemental standards established under the limited use groundwater
criterion must protect human health and the environment, must come as close to
meeting the otherwise applicable standard (i.e., concentration limits) as is
reasonably achievable, and must protect current and potential beneficial uses
of the groundwater. These beneficial uses could include stock watering and
industrial uses (EPA, 1989).

An additional concept of importance for this discussion is the
classification review area (CRA), which is defined as an area within a three
mile radius of the disposal site (Figure A1.1). The CRA is investigated for
historic, current, and future water and land uses to support a supplemental
standard demonstration.

This supplemental standard demonstration for the Ambrosia Lake site is
based on the insufficient yield of the alluvium/weathered Mancos Shale and the
Tres Hermanos-C Sandstone, which is the uppermost aquifer beneath the site. As
discussed in Section D.8.4 of Appendix D, the uppermost aquifer is incapable of
producing 150 gallons per day or more for a sustained period of time. During
the pumping test, a pumping rate of 0.35 gallons per minute could not be
sustained for 12 hours.

The hydrostratigraphic units of interest for this discussion at the
Ambrosia Lake site are, in descending order, the alluvium, the weathered Mancos
Shale, the Tres Hermanos Sandstones, the Dakota Sandstone, and the Westwater
Canyon Member of the Morrison Formation. These units are described in more
detail in Section D.8.2 of Appendix D.
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The groundwater gradient in the alluvium at the site is toward the
southwest until it comes into contact with the bedrock, which dips a few
degrees to the northeast. The groundwater then follows the direction of the
regional dip (see Section D.8.2 of Appendix D).

The water resources of the Ambrosia Lake area, particularly within the
CRA, have been substantially affected by uranium mining and milling activities
(see discussions in Sections D.8.4, D.8.5, and D.8.9 of Appendix D). Mine
dewatering activities pumped eight to 13 million gallons per day during the
peak of the mining operations in the Ambrosia Lake area. This pumping lowered
the potentiometric head levels by hundreds of feet. Furthermore, the
hydrologic system is interrupted by numerous mines, mine shafts, and vent
holes.

The regional groundwater quality is influenced by several factors. In
particular, mining and milling in the Ambrosia Lake valley have significantly
affected regional water quality. Changes in the hydraulic gradients of the
some of the groundwater units have lead to inferior quality water degrading
some groundwater units. The presence of the ore body itself in the Westwater
Canyon Member also influences local water quality.

Groundwater within the uppermost aquifer at the disposal site is derived
primarily from tailings seepage and from the on-site milling operations. It is
expected that this zone of saturation will diminish with time. In addition,
the alluvium, weathered Mancos Shale, and Tres Hermanos-C Sandstone are not
continually saturated in the site vicinity (see Section D.8.4 of Appendix D).

Regional groundwater use is for industrial, domestic, and stock watering
purposes (see Attachment 1, Land and Water Use of this Addendum). Water from
the mine dewaterings has been use for mining and milling purposes. Water from
the Westwater Canyon Member is used for domestic and stock water purposes in
the area, although maximum concentration limits (MCLs) for uranium, radium, and
molybdenum are exceeded (see Section D.8.5 of Appendix D). Groundwater within
the CRA is used for limited domestic and stock water purposes. The shallow
groundwater in the CRA is not used due to limited quantities and poor quality.

Ninety percent of the land in McKinley County is used for low density
grazing, since the rangeland only supports five to six cattle per square mile;
the historic land use was also for low density grazing. Uranium milling and
mining operations also constitute an additional land use within the CRA (see
Attachment I of this Addendum). Land use in the area is not expected to change
in the future. The area soils are too poor to support irrigated agriculture,
although additional mining and milling activities could take place should the
market for uranium improve.

Within the CRA, two residents live at a ranch house (Berryhill) northwest
of the site (PNL, 1984). In 1984, it was reported that 60 people lived within
six miles of the site (DOE, 1987).
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The potential human and environmental exposure pathways for possible
contact with hazardous contaminants were examined. Since there is no chance
for a surface water expression of the contamination from the disposal site,
there is no surface water pathway. Due to the insufficient yield of the
uppermost aquifer (the alluvium/weathered Mancos Shale and the Tres Hermanos-C
Sandstone), the water contained in that unit cannot be used for drinking water
purposes. Furthermore, due to its limited yield and poor quality, the water
cannot realistically be used for other beneficial purposes. The areal extent
of the saturated alluvium and weathered Mancos Shale extends marginally off the
site. This further reduces the possibility of consumption of the contaminated
groundwater. A point of exposure could be through consumption of Westwater
Canyon Member water affected by contamination that could travel down mine
shafts and vent holes. However, dilution of the contaminated groundwater with
the Westwater Canyon Member will reduce hazardous constituent levels by at
least one order of magnitude. As stated previously, the Westwater Canyon
Member is a source of drinking water elsewhere in the region. However, due to
mine dewaterings and mine shafts in the area, the Westwater is incapable of
providing water to wells in localized areas. This is substantiated by the
-number of abandoned wells within the CRA (Brod and Stone, 1981). These wells
were completed in the upper portions of the Westwater Canyon Member and were
abandoned after mine dewaterings lowered the potentiometric levels. In
addition to dewatering parts of the Westwater Canyon Member, mining has also
degraded the water quality to the point where the existing water quality
exceeds MCLs for cadmium, chromium, lead, molybdenum, radium, selenium, and
uranium (see Table D.8.8 in Appendix D).

The only realistic potential pathway associated with the Ambrosia Lake
site is the consumption of contaminated groundwater by humans or livestock and
wildlife. Additional pathways, such as dermal exposure, are not considered to
be viable pathways for exposure. There are no sensitive environmental
populations (aquatic or terrestrial) or habitats in the area.

The Westwater Canyon Member is the unit most likely to be affected by
contamination, although due to the mechanisms of geochemical attenuation of the
constituents in the Tres Hermanos-C Sandstone (see discussion in Section D.8.8
of Appendix D) and dilution of the contaminated groundwater with the
groundwater in the Westwater Canyon Member, the water quality of the Westwater
Canyon Member would not be affected. Therefore, the consumption by humans,
livestock, and wildlife of contaminated groundwater from the Ambrosia Lake site
is considered to be very unlikely. In addition, due to the current water
quality of the Westwater Canyon Member, there is an existing risk to humans,
livestock, or wildlife consuming the groundwater.

For the purposes of determining the impact of the proposed supplemental
standards, a qualitative risk assessment was conducted to evaluate the
hypothetical risk associated with consumption of the existing groundwater in
the uppermost aquifer. The constituents selected for analysis were selenium,
radium, and uranium. The purpose of this risk assessment is to demonstrate
that the existing water quality would be harmful to human health and to help
substantiate that the proposed supplemental standards for Ambrosia Lake are
protective of human health and the environment. The only pathway examined for
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this risk assessment was the consumption of contaminated groundwater in the
uppermost aquifer by humans. The results of the risk assessment indicate that
there would be potential noncarcinogenic health effects associated with the
long-term consumption of the contaminated groundwater. In addition, short and
long-term carcinogenic health effects would also occur. The concentration of
uranium was found to be the driving factor for carcinogenic risk. Similar
conclusions would be expected if a comparable assessment were conducted for the
Westwater water quality, since the three constituents of concern are also
present in the Westwater Canyon Member in similar concentrations.

Various design and engineering options have been considered for disposal
of the tailings at Ambrosia Lake (see discussions in text Section 4.0 and
Appendix B). A coarser filter layer for more rapid shedding of precipitation
and compaction to 100 percent standard proctor density were features added to
the cover design for the Ambrosia Lake site. Additional options such as
CLAYMAXK, a vegetative cover, and a soil/rock matrix cover were rejected for
various reasons (see Section A4.0 of this discussion). Te existing design
incorporates a cover that restricts infiltration to 10- centim ters per
second under saturated conditions. This design is protective of human health
and the environment and comes as close to meeting the otherwise applicable
standard as is reasonably achievable.

In summary, the main thrust of this argument is that the existing water
quality conditions represent the worst case, since the uranium mining and
milling operations in the Ambrosia Lake valley have permanently altered the
water resources of the region. By limiting infiltration through the tailings,
the contamination source will be substantially decreased. The amount of
contamination generated from the remediated Ambrosia Lake site will be
indistinguishable from the existing water quality. Supplemental standards can
be applied because the uppermost aquifer is a limited use groundwater on the
basis of insufficient yield, and the supplemental standards come as close to
meeting the otherwise applicable standard as is reasonably achievable.
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A2.0 RISK ASSESSMENT

A2.1 INTRODUCTION

A qualitative risk assessment is a simplification in the depth and
scope of the more comprehensive quantitative risk assessment. A
qualitative assessment is concerned with the identification of hazards,
assessment of toxicity, assessment of potential exposure, and
characterization of risk.

This qualitative risk assessment for the Ambrosia Lake site
considers the potential health risks to humans from ingesting
contaminated groundwater from the uppermost aquifer. The intent of the
risk assessment is to assist in decision making. Of particular concern
for the Ambrosia Lake site is the background water quality that is
representative of the region. Background water refers to water that has
not been affected by activities at the Ambrosia Lake UMTRA Project
site. The results of this assessment will provide insight into whether
the local groundwater is suitable for human consumption or presents a
potential health hazard upon consumption.

The only potential pathway of concern for the Ambrosia Lake site is
the consumption of contaminated groundwater (see discussion in Section
A1.0). No exposure to contaminated surface water is possible. Dermal
exposure to the hazardous constituents is considered to be highly
unlikely. For the purposes of this risk assessment, only the
consumption of groundwater by humans was considered. Since the
consumption of water from the uppermost aquifer is highly unlikely, this
risk assessment represents a hypothetical analysis of an unlikely event.

A2.2 SELECTION OF INDICATOR CHEMICALS

Indicator chemicals represent those constituents known to pose the
greatest adverse health risk due to their magnitude, toxicity, mobility,
and persistence, and therefore those of greatest concern at a site.
Indicator chemicals are selected to create a subset of chemicals present
at a location in order to facilitate the risk assessment process.

Sample data from a number of groundwater wells in the area were
initially evaluated (Bierley, 1989). This information was supplemented
by additional groundwater data from a more recent hydrogeological
characterization (Storms, 1989). From these data, four background water
quality wells were identified as being appropriate for use in the risk
assessment. These wells were screened in formations unlikely to have
been impacted by the Ambrosia Lake UMTRA Project site, but which
contained groundwater of a quality judged to be representative of the
area. Three indicator chemicals were selected from the available
hydrogeological data with consideration given to the magnitude,
toxicity, mobility, and persistence of the various chemical
constituents. Selenium, radium-226, and natural uranium were judged to
represent the greatest hazard to human health. Attachment 2 provides
concise toxicology profiles for the indicator chemicals, emphasizing the
ingestion pathway of exposure. Attachment 4 contains the groundwater
quality values of the indicator chemicals as identified by the
hydrological assessment.
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A2.3 EXPOSURE ASSESSMENT

An exposure assessment describes the environmental fate and
transport of the indicator chemicals and identifies and characterizes
potentially exposed populations.

A2.3.1 Environmental fate and transport of indicator chemicals

As was discussed in the Section A1.0 and Section A2.1, the
primary route of concern for this assessment is the groundwater
pathway. In water, the indicator chemicals are known to all be
highly mobile and persistent. As a result, these chemicals will
also be readily available for human or animal consumption if
contaminated groundwater could be recovered for use. Attachment
3 contains fate and transport profiles for the indicator
chemicals.

A2.3.2 Identification of critical exposure pathways and opulations at
risk

As indicated by the water use discussion in Section A2 and
Attachment 1, no domestic wells have been completed in the
alluvium/weathered Mancos Shale and Tres Hermanos-C. Therefore,
in order to characterize the potential health risks associated
with exposure to indigenous groundwater, a hypothetically
exposed individual is considered for this discussion. The
hypothetical individual will be an adult who ingests groundwater
for one or 70 years (lifetime). Since it is recognized that the
hydrostratigraphic units of concern would not yield adequate
groundwater supplies for domestic use (see discussion in Section
D.8.4), this assessment considers a worst-case scenario having
very little likelihood of occurrence.

A2.3.3 Exposure athways and models

Two exposure pathways are considered in this assessment.
The first scenario (A) considers ingestion of groundwater from a
shallow well of approximately 0-50 feet, screened in the
alluvium/weathered Mancos Shale hydrostratigraphic unit. The
second scenario (B) considers ingestion of groundwater from a
deep well of approximately 50-150 feet screened in the Tres
Hermanos-C2 hydrostratigraphic unit. A conceptual presentation
of the two exposure pathways is shown in Table A2.1.

The algorithm for calculating exposure by the groundwater
ingestion pathway is presented in Table A2.2. An exposure dose
was not calculated for the radiotoxic components since the
nature of the data used in calculating the unit carcinogenic
risk does not allow for a calculation of dose in units of
(milligrams per kilogram per day, or mg/kg/day) (Vanderslice,
1989).
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Table A2.1 Conceptual risk model

Ingestion
Water - - - - - - - -> Dose - - - - - - -> Effects
Concentration

Table A2.2 Algorithm for estimating the exposure dose through
groundwater ingestiona

Equation:

DWD CGW X GWIR

BW

Variables:

DWD = Drinking water ingestion dose (mg/kg/day)

CGW = Chemical concentration in groundwater (mg/l)

BW = Body weight (kg)

GWIR = Groundwater ingestion rate (1/day)

amg/kg/day = milligrams per kilograms day: mg/l = milligrams per liter.

Note: Specific assumptions are presented in Section A2.3.

Ref: EPA, 1986
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It was conservatively assumed that the only source of
drinking water for the exposed individual would be the
contaminated groundwater. An ingestion rate of two liters/day
(NRC, 1986) and an average adult body weight of 70 kg (EPA,
1986) were assumed. Table A2.3 presents the estimated doses in
mg/kg/day, and corresponding water concentrations for the
radiotoxic constituents in picocuries per liter (pCi/l).

A2.4 TOXICITY ASSESSMENT

A2.4.1 Noncarcinoenic criteria

The criteria used to evaluate the potential for
noncarcinogenic health effects are generically referred to in
this assessment as reference doses (RfDs). The term RfD was
developed by the U.S. Environmental Protection Agency (EPA) to
refer to a daily intake of a chemical to which an individual can
be chronically exposed without any expectation of
noncarcinogenic adverse health effects occurring (e.g., organ
damage, biochemical alterations, birth defects). The term RfD
is used in this assessment to apply to an established or derived
criterion fitting this description. The reference doses for the
indicator chemicals are listed in Table A2.4. No reference dose
is available for radium-226 since the primary toxic effect of
concern in humans is carcinogenesis (see Attachment 2).

A2.4.2 Carcinogenic criteria

Of the three indicator chemicals, radium and uranium were
evaluated for carcinogenic risk. These contaminants are
associated with increased risks of cancer incidence through the
oral route of exposure. Table A2.5 lists the potency factors
for radium and uranium. These are reported in units of
(pCi/l/day)-1, which is consistent with EPA methodology for
estimating risk with radiotoxins. The potency factor for
radium-226 is based on a water concentration of 0.2 pCi/l,
representing a one in a million cancer risk over a lifetime
(Vanderslice, 1989). The potency factor for uranium was based
on a water concentration of 0.27 pCi/l, representing a one in a
million cancer risk for natural uranium (Vanderslice, 1989).

Table A2.6 represents the formula used to obtain potency
factors for radium-226 and natural uranium based on the above
water concentrations.

A2.5 RISK CHARACTERIZATION

In this section potential noncarcinogenic and carcinogenic risks
are evaluated based on estimated contaminant intakes. Selenium and
uranium are evaluated for noncarcinogenic risk. Radium
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Table A2.3 Estimated doses and concentrations through the groundwater ingestion pathway
in mg/kg/day (pCi/l in parentheses)

Scenario A Maximum Geometric Mean

Radium-226 ---- (2.65 x 100) ---- (1.15 x 100)

Selenium 2.71 x 10-2 1.11 x 10-3

Natural uranium 3.60 x 10-2 (8.70 x 102)a 4.63 x 10-3 (1.12 x 102)a

Scenario B

Radium-226 ---- (1.75 x 100) ---- (1.73 x 100)

Selenium 2.60 x 10-3 (1.75 x 100) 6.69 x 10-4

Natural uranium 5.91 x 10-3 (1.43 x 10 2)a 1.64 x 10-3 (3.97 x 101)

II.-I.-
I

aActivity conversions for uranium were computed based on assumption of secular equilibrium, assumed
relative abundances of 99.27%, U-238, 0.72% U-235, and 0.0057% U-234,
and specific activities from the Radiological Health Handbook
(U.S. Public Health Service, 1970): 330 pCi/kg - U-238

346 pCi/kg - U-234
15 pCi/kg - U-235

691 pCi/kg - Total Uranium



Table A2.4 Oral reference doses for the indicator chemicals
(mg/kg/day)

Contaminant Reference Dose Source

Selenium 3.0 x 10-3 IRIS, 1989
Natural uranium 1.7 x 10-3 FR, 1986a

aBased on adjusted acceptable daily intake (MDI) of 60 micrograms/liter
assuming 2 liters of water ingested by a 70 kg adult.

Table A2.5 Oral carcinogenic potency factors
(pCi/l/day)-l

Chemical Potency factor

Radium-226 5.0 x 10-6

Natural Uranium 3.7 x 10-6

Table A2.6 Formula for calculating potency factors

Formula:

PF R
D

Variables:

PF = Potency factor (pCi/l/day)-

R = Carcinogenic risk

D = Water concentration (pCi/l/day)

Ref: EPA, 1986
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was not evaluated for noncarcinogenic risk because it is associated
primarily with carcinogenic risk. Uranium and radium are evaluated for
carcinogenic effects.

A2.5.1 Noncarcinoienic risk

Noncarcinogenic risk was evaluated by comparing predicted
exposure doses with the RfDs presented in the toxicity
assessment (Section A2.4). This comparison was performed by
dividing the estimated dose by the RfD to derive a ratio called
the Hazard Index (HI) (EPA, 1986). The HIs are summarized in
Table A2.7. The HIs for individual chemicals are summed to
derive an overall HI.

A2.5.2 Carcinogenic risk

The carcinogenic risk posed by exposure to a chemical is
dependent upon three factors: dose, carcinogenic potency of the
chemical, and exposure duration. This risk is expressed as the
excess cancer risk (i.e., risk above background risk) posed over
a 70-year lifetime. Because carcinogenic potency factors are
based on a 70-year exposure, the calculation of carcinogenic
risk must take into account the length of exposure.

Table A2.7 Hazard indexes

Scenario A

Maximum Average

Selenium 9.0 x 100 3.7 x 10-1

Uranium 2.1 x 101 2.7 x 100

Total 3.0 x 101 3.1 x 100

Scenario B

Maximum Averace

Selenium 8.7 x 10-1 2.2 x 10-1

Uranium 3.5 x 100 9.7 x 10-1

Total 4.3 x 100 1.9 x 10-1
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Carcinogenic risk was calculated based on a one and 70-year
exposure, thereby presenting a range of risk associated with
differing exposure assumptions. For a 70-year exposure,
carcinogenic risk was calculated by multiplying the appropriate
groundwater concentration levels with the appropriate potency
factors. To adjust the lifetime risk estimate to a one-year
risk, the risk was multiplied by 1/70 (one year out of a
lifetime). The resulting value was then doubled to account for
the ingestion of two liters of water per day. Individual
carcinogenic risks for each chemical were summed to arrive at a
total carcinogenic risk. Potential carcinogenic risks posed by
the drinking water exposure pathways are presented in Table
A2.8.

A2.6 CONCLUSIONS

With respect to noncarcinogenic risks, the total HI exceeds one for
both scenarios using both maximum and mean concentrations. Thus, there
is a potential for noncarcinogenic health effects to occur from
consumption of existing groundwater in the uppermost aquifer based on
the assumptions made in this assessment.

It is important to note that the noncarcinogenic health criteria
incorporate a margin of safety, and protect for chronic exposure. Thus,
although the HI for the site is greater than one, this does not
necessarily indicate that an adverse effect will occur, particularly for
short-term exposures.

With respect to carcinogenic risks, the total carcinogenic risk for
both scenarios using maximum and mean concentrations and considering a
one-year and a 70-year exposure duration exceed the EPA recommended
point of departure of one in a million risk. Uranium appears to be
driving the carcinogenic risk in all incidences.

The conclusions of this hypothetical risk assessment indicate that
consumption of the existing contaminated groundwater in the uppermost
aquifer would cause short and long-term health effects. Similar health
effects would result from the consumption of water from the Westwater
Canyon Member, since the hazardous constituents are in similar
concentrations.
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Table A2.8 Carcinogenic risk estimate

ONE-YEAR EXPOSURE
Scenario A

Maximum Average

Radium 3.8 x 10-7 1.6 x 10-7

Uranium 9.2 x 10-5 1.2 x 10-5

Total 9.2 x 10-5 1.2 x 10-5

Scenario B

Maximum Average

Radium 2.5 x 10-7 2.5x 10 7

Uranium 1.5 x 10-5 4.2 x 10-6

Total 1.5 x 10-5 4.5 x 10-6

70-YEAR EXPOSURE
Scenario A

Maximum Average

Radium 2.7 x 10-5 1.2 x 10-5

Uranium 6.4 x 10 3 8.3 x 10-4

Total 6.4 x 10-3 8.4 x 10-4

Scenario B

Maximum Average

Radium 1.8 x 10-5 1.7 x 10-5

Uranium 1.1 x 10-3 2.9 x 10-4

Total 1.1 x 10-3 3.1 x 10-4
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A3.0 DESIGN AND ENGINEERING ASSESSMENT

A3.1 REMEDIAL ACTION DESIGN

The tailings, windblown contamination, and building rubble will be
consolidated and covered with a 3.5 foot thick radon barrier composed of
highly compacted clay derived from weathered Mancos Shale and locally
obtained (see discussion in text Section 4.0, Site Design, Appendix B,
Engineering Design, and Appendix F, Subcontract Documents). The
contaminated materials will be protected from erosion by water with a
rock riprap erosion barrier. A bedding layer will be placed between the
fine-grained radon barrier and the rock erosion layer. This is in order
to provide internal stability against erosion of the radon barrier by
water, which can flow through the rock pore spaces.

These design features have been chosen from a number of alternative
features because they provide assurance of the long-term stability of
the disposal cell and allow compliance with the radon standard.
Infiltration through the disposal cell will be reduced to a practical
minimum by allowing rapid shedding of surface water following rainfall
events. In addition, the use of advanced compaction techniques on the
relatively impervious radon barrier material will reduce infiltration
through the contaminated materials to as low as is reasonably
achievable.

A3.2 DESIGN REFINEMENTS FOR SUPPLEMENTAL STANDARDS FOR GROUNDWATER
COMPLIANCE

An important concept for obtaining supplemental standards is that
the remedial action must come as close to meeting the otherwise
applicable standard as is reasonably achievable (EPA, 1989). It is
proposed to meet all of the applicable primary standards for UMTRA
Project sites except those relating to groundwater compliance. In the
case of the groundwater compliance, the design will provide the maximum
protection of water resources in context with other, sometimes
conflicting, performance considerations. The cost of additional design
features to reduce the level of groundwater contamination slightly was
also considered.

The design incorporates all engineering features that are
considered economically justified in order to minimize the contaminated
seepage. These features include:

o Consolidation of the tailings, windblown contamination, and
building rubble from an area of over 110 acres to an area of less
than 85 acres. This will reduce the surface area of the pile
exposed to precipitation events and reduce the areal extent of
contaminate seepage to the underlying groundwater.

o The filter layer will have the maximum grain size considered
feasible while still performing its needed function. This will be
done to encourage rapid runoff of precipitation, and therefore
reduce infiltration through the radon barrier.
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o The radon barrier material has been specifically selected because
of its low natural permeability. This permeability will be further
reduced by compacting the material to a high density in order to
reduce the void spaces. The material will be placed wet of the
standard optimum moisture content so that compaction will achieve
the best soil fabric with regard to further reducing permeability.
The following construction techniques will be employed in order to
reduce the macro permeability of the cover: limiting clod size,
scarifying the fill surface between each lift, and protecting each
fill lift from excessive drying and cracking.

o A portion of the radon/infiltration barrier will extend below the
design frost depth. This will reduce the potential for increasing
infiltration with time due to the effects of freezing and thawing.

o The rock erosion protection will not only protect the radon barrier
from erosion by surface water, but will prevent disruption by
burrowing animals and limit the disruption by vegetation.

A3.3 DESIGN OPTIONS CONSIDERED BUT REJECTED

A number of options and features were evaluated for inclusion in
the final design but were rejected for a variety of reasons. Several
changes in the cover layers to reduce infiltration further were
evaluated. These included a sodium amendment to the radon barrier,
steeper slopes, a CLAYMAX membrane, a soil/rock matrix layer, a
vegetated soil cover, and a soil covered topslope with rock sideslope.
The DOE has conducted studies to evaluate various design options for the
UMTRA Project (DOE, 1988a, b; 1985; Gee, et al., 1988).

The application of additional sodium to the radon barrier was
considered because of its potential to reduce the hydraulic
conductivity. However, the Mancos Shale, which is present in the
Ambrosia Lake area, has a reasonable sodium content. Therefore, a radon
barrier material has been selected that is derived from the Mancos
Shale.

Precipitation can be shed faster by steepening the top and
sideslopes of the cover. The current design has three to four percent
topslopes and 20 percent sideslopes. The primary drawback of steepening
the slopes is the necessary increase of the mean diameter of rock and
possibly the thickness of the rock layer to compensate for faster flow
velocities. In addition, the cost of the additional, larger rock and
the increased earthwork necessary to execute such a design is large
compared to the small reduction in retention time of storm water runoff
off the pile.

CLAYMAXR, which is a layer of bentonite between two geotextile
layers, was considered since it could restiict the saturated hydraulic
conductivity to approximately 2 x 10- cm/s. Incorporating a
CLAYMAX layer would require expanding the land area occupied by the
cell so that gentler slopes could be used. Thus, some of the advantage
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gained by decreased infiltration from steeper slopes would be lost to
the increased pile area available for infiltration and the increased
areal extent of the contaminated seepage to the groundwater.
Furthermore, due to the unknown long-term performance of this material,
a higher permeability than indicated in the laboratory tests is likely,
further reducing its effectiveness compared to cost. Since the current
design is protective of human health and the environment, CLAYMAX was
not found to be required.

Alternative surface layers, such as rock with a soil matrix and a
vegetated soil cover, were also considered but rejected. A rock/soil
matrix layer is less resistant to erosion than a rock cover, assuming
the slope angles remain the same. Slopes could be made less steep so
that the matrix would meet the criteria for protection from erosion.
However, the southern part of the tailings pile would have to be
relocated to avoid encroaching on the county road by the flattened and
extended disposal cell slopes; the county road could be relocated to
accommodate this. A vegetative cover was rejected primarily due to the
lack of precipitation, although sideslope stability was also a factor.
Since the current design will meet the standards and be protective of
human health and the environment, these options were rejected.

A soil cover for the topslope and rock covered siJeslopes was also
considered. Such a design could be effectively .iplemented at the
Ambrosia Lake site. The advantage of the soil topslope is that bare
soil promotes evaporation better than rock, thus reducing the amount of
infiltration entering the pile. However, because of the increased
potential for water to erode soil compared to rock, the topslope would
have to be much flatter and an internal drainage swale would be
required. The advantages gained by increased evaporation would be
offset by the increased infiltration and contaminant seepage due to the
larger pile area. The cost of constructing this design is not
significantly different from that of the current design. Therefore,
there is no advantage to adopting this design option.
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1.0 INTRODUCTION

The following sections discuss the historical, current, and projected land
use and water use in the vicinity of the DOE's Ambrosia Lake, New Mexico, UMTRA
Project site. This discussion provides the information to support the
supplemental standards application for the Ambrosia Lake site. Additional
information and figures can be found in Appendix D.
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2.0 DEFINITION OF STUDY AREA

The Ambrosia Lake tailings site is located approximately 20 miles north of
the town of Grants in McKinley County, western New Mexico. The site is
situated in the Ambrosia Lake valley in the Grants Uranium District (see Figure
D.2.1 of Appendix D). In the 1970's, the Grants Uranium District was one of the
most active in the United States, having between 38 and 45 mines in operation
within a 50-mile radius of Grants. The 196 acre designated site currently
consists of an approximately 111 acre tailings pile and piles of rubble from
demolition of the abandoned mill buildings (see Figure D.2.2 of Appendix D).

The EPA has developed a draft groundwater classification process, which
the DOE has adopted for defining Class III (limited use) groundwaters at UMTRA
Project sites (DOE, 1989a; EPA, 1986). This classification system is not
designed for use on a region-wide or aquifer-wide basis, and therefore relies
on site-specific information. Consistent with the DOE policy for utilizing
site-specific information, this land use and water use study encompasses, at a
minimum, the area within a three-mile radius (28.3 square miles) of the
Ambrosia Lake site (Figure 2.1). The three-mile radius area of study is termed
the classification review area (CRA) for the purposes of groundwater
classifications (DOE, 1989a). Since information for the Ambrosia Lake area is
sparse, some data for areas outside the CRA are used in this discussion.
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3.0 BACKGROUND

The Ambrosia Lake tailings site is in Ambrosia valley in the Grants
Uranium District in McKinley County. The closest town is San Mateo
(unincorporated), approximately 15 air miles southeast of the site. The
community of Ambrosia Lake is located approximately two miles northwest of the
site. The nearest population center is Grants, a community of approximately
8900 people, which is in Cibola County. The land within the CRA is sparsely
populated and is primarily used for mining and grazing (FBDU, 1983). The
nearest residence is more than two miles northwest of the tailings site (Figure
2.1). Approximately 60 people live within a six-mile radius (DOE, 1987).

The topography of the area surrounding the site consists of broad,
elongated valleys separated by basalt-capped mesas. The site lies within the
drainage basin of Arroyo del Puerto, a tributary of San Mateo Creek. Arroyo
del Puerto is an intermittent stream which lies approximately one mile
southwest of the tailings site. Small ephemeral streams are also present north
and east of the site and drain to the southwest.

The Ambrosia Lake area is semiarid with annual precipitation less than 11
inches. Plant species common to the area include Russian thistle, squirreltail
grass, and snakeweed. Elevation in the general vicinity of the site is
approximately 7000 feet above mean sea level. Soils in the area are of the Las
Lucas-Little-Persayo association, which underlie and surround the tailings pile
(see Figure D.4.6 and Section D.4.2.3 in Appendix D). Wildlife habitat near
the site is marginal due to overgrazing and is dominated by grasses, herbs, and
widely scattered shrubs (DOE, 1987).
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4.0 POPULATION AND GROWTH

The Ambrosia Lake site is located in southeastern McKinley County, which
is rural and sparsely populated. Although the site is located in McKinley
County, the socioeconomic focus is primarily on Cibola County to the south and
the Grants-Milan population center (see Figure D.2.1 in Appendix D).

The decline of the uranium industry in the early 1980s had a significant
impact on the cities of Grants and Milan. Many workers associated with the
uranium industry have left the area; as evidenced by the decline in the
population of both Grants and Milan since 1980. The population of Grants was
11,439 in 1980 and had declined 22 percent to 8,965 by 1984. Similarly, the
population of Milan declined 24 percent from 3,747 in 1980 to 2,831 by 1984.
As a result of the population decline, Grants and Milan have a surplus of
housing, and community services such as water, sewage treatment, and schools
are operating significantly below capacity. The potential for growth is tied
to any resurgence of the uranium industry, since there are no other major
industries in the area other than ranching. Within the CRA, the population
level is expected to stay at the current level, since ranching is the dominant
land use in the area and will not generate significant populations changes.
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5.0 CURRENT AND FUTURE LAND USE

5.1 CURRENT LAND USE

Historic land use in McKinley County was consisten with the primary
land use of today, which is low-density grazing. Ninety percent of the
land in the county is utilized for this purpose. Some land is also
utilized jointly for grazing and mining. Commercial timber operations
utilize approximately seven percent of the land. Less than one percent of
the land in the county is used for raising crops, which include hay, grain
and vegetables. Residential, commercial, or industrial land use occurs on
relatively small segments of land within McKinley County. Land use within
the CRA and within a five-mile radius of the site is shown in Figure 5.1.

Uranium was discovered in the Grants Mineral Belt in 1950 (NMEMD,
1979). Mining and milling of uranium deposits became the principal
industry of the Ambrosia Lake valley until about 1980, when the demand for
uranium declined (DOE, 1987). During the height of the industry, the
Grants-Milan area realized increased populations and requirements for
community services. Since 1981, uranium mining within McKinley County has
declined dramatically, with over 90 percent of the uranium mines having
ceased production (Durren, 1985).

5.2 FEDERAL LAND

The Federal government controls approximately 12 percent of the land
in McKinley County, which is divided approximately equally between the
U.S. Bureau of Land Management (BLM) and the U.S. Forest Service (FBDU,
1983). Some BLM and Forest Service land is located within the CRA (Figure
5.1).

5.3 TRIBAL LAND

About 61 percent of the land in McKinley County New Mexico is owned
or managed by Indian tribes or the Bureau of Indian Affairs (BIA) (FBDU,
1983). Several parcels of tribal land or BIA land are located near the
Ambrosia Lake tailings site. These lands are west and southwest of the
site (Figure 5.1).

5.4 STATE LAND

The State of New Mexico controls less than five percent of the land
in McKinley County (FBDU, 1983). Within the CRA, the State of New Mexico
controls several parcels of land surrounding the site (Figure 5.1).

5.5 PRIVATE LAND

Less than 20 percent of the land in McKinley County is under private
ownership. Parcels of privately owned land are scattered in all
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directions around the Ambrosia Lake tailings site (Figure 5.1). Within
the CRA, some of the privately owned land consists of both inactive and
abandoned mining operations. The Quivira Mining Company tailings site is
located approximately two miles southwest of the Ambrosia Lake site. The
inactive Ann Lee Mine No. 1 is located immediately northeast of the
Ambrosia Lake site. Other mines within a five-mile radius of the site
include the Homestake-New Mexico Partners Mine to the southwest, the
Section 33 Mine to the south, the Sandstone Mine to the southeast, the
Section 27 Mine to the east, the Kermac Mine No. 30 to the west, and Mine
No. 17 to the northwest (DOE, 1987) (see Figure D.8.9 in Appendix D).

5.6 FUTURE LAND USE

The area within the CRA has been recently dominated by the uranium
mining and milling industry, and historically by low-density grazing. It
is doubtful that a significant expansion of grazing will occur since the
area is semiarid, the soils are poor, and the rangeland is overgrazed, and
both surface water and high-quality shallow groundwater resources are
limited.

The future of the active uranium mines and mills of the area is
directly related to trends in the uranium market. Inactive mining and
milling areas could become active if there is a resurgence in the market
value of uranium ore. Also, future development of other lands for the
uranium mining industry could occur given an adequate market.
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6.0 GROUNDWATER USE AND PROXIMITY

6.1 EXISTING USE

Groundwater is the primary source of water in the Ambrosia Lake
area. Current groundwater consumption is approaching pre-1955 use due to
the decline of the uranium mining industry. The principal groundwater
uses in the Ambrosia Lake area are for the uranium mining industry, and
for domestic and stock watering purposes (DOE, 1987).

The uranium mining industry has been the principal user of
groundwater since the mid-1950s in the Ambrosia Lake area. The Westwater
Canyon Member of the Morrison Formation is the ore-bearing aquifer in the
Ambrosia Lake mining district. Beginning in the mid-1950s, uranium mine
dewatering withdrew large amounts of groundwater from the Westwater Canyon
Member to facilitate uranium ore removal. Pumpage from mines in the
Ambrosia Lake area ranged from eight to 13 million gallons per day (NMEID,
1980). Potentiometric levels were lowered hundreds of feet in the eastern
Ambrosia Lake area after 20 years of pumping.

At the current time, many of the uranium mines in the Ambrosia Lake
area have ceased operations due to the decline in domestic uranium
market. Many of the mines are still being dewatered and some of this
water is being reinjected for a solution recove V of uranium from the
previously mined areas (see additional discussion on water use in Section
D.8.9 in Appendix D).

The town of San Mateo, 15 miles southeast of the Ambrosia Lake site,
is the nearest municipality operating a public water supply. In the
former town of Ambrosia Lake, approximately two miles northwest of the
site, four private wells are completed in the Westwater Canyon Member and
the alluvium along San Mateo Creek, and supply water for homes and
trailers. There are no domestic wells completed in any of the Tres
Hermanos Sandstones or within the alluvium in the Ambrosia Lake valley,
since these hydrostratigraphic units do not yield an adequate supply of
groundwater of acceptable quality.

One active stock well, one domestic well, and one well with an
unknown use (probably for stock) are within the CRA (Table 6.1). One
stock well is completed in the San Andres Limestone at a depth in excess
of 3000 feet.

There is no present or historical irrigation within the Ambrosia Lake
valley, and no demand is anticipated due to poor soils and limited
groundwater of good quality (DOE, 1987).

6.2 POTENTIAL USE

If uranium production becomes economically viable in the future,
groundwater use for industrial purposes would likely be similar in nature
and extent as during the 1950s through the 1970s. Future development of
groundwater resources for non-mining (domestic and stock) use in the
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Table 6. 1 Records of domestic and stock wells within the CRA

Owner or Principgl Location Total
well namea aquifer no. depth(ft) Use

Phil Harris S 14.9.17 >3000 Stock

Berryhill JM 14.9.18.234 800 Domestic

Berryhill JM 14.9.32.314 550 Stock (?)

a Does not include I
b JM - Westwater

Limestone.
Ref. Brod and Stone,

1989.

known abandoned wells.
Canyon Member, Morrison Formation; S = San Andres

1981; Marquez, 1985; Baughman, 1985; Wohlenberg,

Ambrosia Lake area does not seem likely. The State of New Mexico
initiated a permit requirement for domestic wells in May 1976. Since the
initiation of the permit requirement, no permits have been issued for
domestic wells within five miles of the Ambrosia Lake tailings site
(Wohlenberg, 1989). As previously stated, many of the wells in the
Ambrosia Lake valley have been abandoned. Dewatering of the aquifers for
mining operations has lowered the potentiometric levels hundreds of feet
in the Ambrosia Lake area. In addition, there are no domestic wells
completed in any of the shallow aquifers, such as the Tres Hermanos
Sandstones or within the alluvium in the Ambrosia Lake valley.

Future development of groundwater for livestock watering is also
expected to be very minimal. Area lands are used for low-density grazing,
with some water needs currently met by the use of surface water collected
from ephemeral streams. Although there are two wells presently used for
livestock within the CRA, they are completed at depths in excess of 500
feet. Additional development of groundwater for stock watering purposes
is expected to be minimal. This is due to the lack of adequate forage to
support additional livestock.
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7.0 GROUNDWATER CLASSIFICATION

7.1 FEDERAL

The EPA has developed final-draft guidelines for groundwater
classification (EPA, 1986), which the DOE has adopted for determination of
Class III groundwaters (DOE, 1989a). The classification system, which is
related to use and quality, is based on three classes of water, Classes I,
II and III. Drinking water is considered to be the highest beneficial use
of groundwater.

Class I waters are special waters that require protection. These
aquifers are highly vulnerable to contamination and are irreplaceable
sources of water serving substantial populations, and/or are ecologically
vital.

Class II waters consist of aquifers that are current or potential
sources of drinking water. The EPA has subdivided Class II waters into
Class IIA and Class IIB. Class IIA waters are current sources of drinking
water and Class IIB are potential sources of drinking water.

Class III
potential sources
one or more of the

(limited use) groundwaters are neither current nor
of drinking water. Groundwater is Class III if it meets
following criteria (40 CFR 192.11(e)) (EPA, 1987):

o The total
milligrams

dissolved solids
per liter (mg/1).

(TDS) concentration exceeds 10,000

o The water is not a current or potential source of drinking water
due to widespread ambient contamination caused by natural
conditions or by human activity, excluding contributions from
uranium milling, and the water cannot be cleaned up using methods
reasonably employed by public water supply systems.

o The aquifer is incapable of producing more than 150 gallons per
day for a sustained period of time.

The EPA has subdivided Class III groundwater into two categories that
relate to the degree of interconnection. Class IIIA waters have an
intermediate to high degree of interconnection to adjacent surface waters
or groundwaters. Class IIIB groundwaters have a low degree of
interconnection. Groundwaters with insufficient yield (less than 150
gallons per day sustained yield) are classified as Class IIIA.

As discussed in Section
Lake site is incapable of
Therefore, the alluvial system

D.8.4, the uppermost aquifer at the Ambrosia
producing more than 150 gallons per day.
constitutes a Class III groundwater.
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7.2 STATE OF NEW MEXICO

A groundwater classification system has not been developed in New
Mexico, although the State of New Mexico does provide protection of
groundwater resources through implementation and enforcement of the New
Mexico Water Quality Act (WQCC, 1987), the New Mexico Water Quality
Standards (WQCC, 1981), and the New Mexico Water Quality Regulations
(WQCC, 1986). All aspects of groundwater protection are administered by
the New Mexico Water Quality Control Commission (WQCC).

The purpose of the WQCC groundwater regulations is to protect all
groundwaters of the state which have existing concentrations of total
dissolved solids of 10,000 mg/l or less. Groundwater protection is for
present and potential future use as domestic and agricultural water
supply, and for protection of those segments of surface waters which are
gaining because of groundwater inflow (WQCC, 1986).

The State of New Mexico has adopted some of the Federal maximum
concentration limits (MCLs) for a few of the chemicals regulated under the
Safe Drinking Water Act (ILENR, 1988).

The State of New Mexico has also made provisions for assessing
existing groundwater quality in groundwater discharge plans submitted by
the active mills in the Ambrosia Lake area. The WQCC regulations (WQCC,
1986), state that if the existing concentration of any water contaminant
in ground water is in conformance with the standard (Section 3-103, WQCC
1986), degradation of the ground water up to the limit of the standard
will be allowed." In the situation where "the existing concentration of
any contaminant in ground water exceeds the standard of Section 3-103, no
degradation of the ground water beyond the existing concentration will be
allowed" (WQCC, 1986). The numerical groundwater standards are
established at the point of present or foreseeable groundwater use
(Bostick, 1986).

The state and Federal groundwater quality regulations are listed in
Table D.10.3. of Appendix D.
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8.0 SURFACE WATER AND PROXIMITY

The Ambrosia Lake tailings site lies in the drainage basin of Arroyo
del Puerto, an intermittent tributary of San Mateo Creek (see Figure
D.10.2 of Appendix D). The water quality of Arroyo del Puerto and
downstream sections of San Mateo Creek is affected by seepage from the
Quivira Mine Company tailings ponds and mine water discharges from the
Ambrosia Lake area (FBDU, 1983; Gallaher and Goad, 1981; NMElD, 1980).
Perennial flow had been sustained in Arroyo del Puerto from the late 1950s
until 1980 by mine water discharge (Brod and Stone, 1981). Arroyo del
Puerto has since reverted to an intermittent stream due to the reduction
in mining activity. The flow in Arroyo del Puerto is generally lost to
channel infiltration and evapotranspiration a short distance above its
confluence with San Mateo Creek, about five miles south of the site.

Two unnamed drainage channels are also present near the site (see
Figure D.10.1 in Appendix D). These channels originate northeast of the
tailings pile. The northern ephemeral stream drains an area of
approximately 1550 acres and terminates northern of the existing tailings
pile. The northern ephemeral stream shows no indication of draining to
Arroyo del Puerto. The eastern ephemeral stream drains approximately 450
acres. Runoff from the eastern ephemeral stream is collected in three
stock tanks upstream of the tailings site or is intercepted just east of
the site and is diverted into Voght tank, a stock watering pond. The
eastern ephemeral stream is the only one of the two drainage channel that
is used for livestock watering. Overflow from the Voght tank enters a
drainage channel which discharges into Arroyo del Puerto approximately 2.5
miles south of the site (DOE, 1987).
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9.0 SURFACE WATER CLASSIFICATION

The waters of the state are defined in accordance with the New Mexico
Water Quality Standards, as established under the New Mexico Water Quality
Act. Water quality standards and regulations are administered by the WQCC.
The water quality standards for interstate and intrastate streams in New Mexico
define the designated uses of surface water and establish general standards and
area-specific standards for maintaining water quality. Since the only use of
surface water in the area is for stock watering purposes, no attempt at surface
water classification has been made for this discussion.
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10.0 POTENTIAL DEVELOPMENT OF WATER RESOURCES

Future development of the limited groundwater resources in the Ambrosia
Lake area is dependent upon the uranium mining industry. Development and
large-scale use of water resources in the area has coincided with the uranium
mining industry, which began in the 1950s. With the collapse of the mining and
milling activities, the majority of mines and support operations have closed.
Businesses in the Grants-Milan area that supported the mining industry have
also been adversely affected. New mining and milling activities could
stimulate a development of the groundwater resources similar to the past
20-year uranium mining period in the Grants area. If this occurs, further
degradation of the groundwater quality in the area may occur due to mine
dewaterings and the like.

Prior to the beginning of mining in the 1950s, there was little
development in the Ambrosia Lake area and limited use of groundwater. The
20-year period of uranium mining and milling activity stimulated the temporary
development of the Ambrosia Lake valley, substantially degraded the water
quality, and reduced the quantity of groundwater resources. Future development
of groundwater resources in the area is expected to be even more limited than
the minimal development which occurred prior to mining. Low density grazing
will continue in the Ambrosia Lake area. However, groundwater use for stock
watering purposes is not expected to increase much above current levels. If
additional stock water is required, it would be developed from the deeper
aquifers.

There are no permanent natural surface-water bodies within the CRA.
Arroyo del Puerto is not a reliable supply of surface water since it is an
intermittent stream because the flow is generally lost to channel infiltration
and evapotranspiration. The unnamed eastern ephemeral stream will likely
continue to be used for livestock watering. There is the potential for similar
development of the unnamed northern ephemeral stream for livestock watering.
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1.0 RADIUM

1.1 TOXICOLOGY

Radium (Ra) exists in water primarily as Ra-226 and Ra-228. Elevated
groundwater Ra-226 levels occur naturally in the southeastern coastal
plain states and in the midwestern states. The nationwide arithmetic mean
groundwater concentrations (excluding California) for Ra-226 and Ra-228
were 1.7 and 3.6 picocuries per liter (pCi/l), respectively (Aieta, et
al., 1987). The EPA associates a water concentration of 0.2 pCi/l Ra-226
with a one in a million cancer risk. This extrapolates to a drinking
water unit risk of 5.0 x 10-6 (pCi/l/day):1 (Vanderslice, 1989).

- Radium in humans presents primarily a radiotoxic hazard. The EPA
classifies radium as a group A carcinogen. Ingested radium in humans is
known to be either deposited in bone or excreted. Very little radium is
deposited in the other organs (EPA, 1985). Much epidemiological data is
available from persons exposed to radium as a result of dial painting
activities in the early part of this century. Low and medium doses of
internally deposited radium are associated with inducing cancer arising
from skeletal tissue. Exposure to Ra-226 is specifically associated with
causing bone sarcomas and head carcinomas in humans. Exposure to other
isotopes of radium is linked with inducing primarily sarcomas of the
bone. It has been suggested that the accumulation and radiotoxicity of
radon-222 in the head cavities resulting from the decay of Ra-226 is
responsible for this phenomenon. Animal data have been shown to support
these epidemiologically based results.

1.2 REGULATIONS AND GUIDELINES

1.2.1 Regulations

The maximum concentration limit (MCL) is five pCi/l for
combined Ra-226 and Ra-228.

1.2.2 Guidelines

No guidelines were found for radium in drinking water.
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2.0 SELENIUM

2.1 TOXICOLOGY

Selenium is an essential element in a number of mammals and is
thought to be vital to human health (EPA, 1980; Harr, 1978; Frost and
Lish, 1975;). The normal dietary intake in humans is approximately 50 to
150 micrograms per day (ATSDR, 1988).

Selenium may have a preventative role in sudden infant death
syndrome, coronary heart disease, cancer, and arthritis. Selenium is also
ass dlated with the reduction of heavy metal toxicity (Frost and Lish,
197b). It can gain entry to the body through ingestion, inhalation, and
possibly through dermal absorption; however, ingestion of food and
drinking water containing selenium is the most significant route of
exposure (EPA, 1985a).

Although both animal and human data on the acute health effects
following the ingestion of excessive amounts of selenium are limited, such
injestion is expected to result in a life-threatening condition should
immediate treatment be delayed (ATSDR, 1988). Considerably more data is
available regarding the toxicity of selenium following chronic oral
exposure in humans. Chronic oral exposure has occurred both from
foodstuffs grown in seleniferous soil and from well water containing
selenium (Wilbur, 1980).

The major health effects associated with chronic exposure to selenium
include abnormal skin pigmentation, jaundice, arthritis, edema, loss of
fingernails, loss of hair, peripheral anesthesia, paralysis, and
convulsions (Yang et al., 1983; Beath, 1962; Smith, et al., 1936). A
number of reports have also linked an increased incidence of dental
cavities from exposure to toxic levels of selenium (Hadjimarkos, 1969;
Hadjimarkos and Bonhorst, 1961; Tank and Stovick, 1960).

Exposure to high level of inorganic selenium compounds has been shown
to cause malformations in the embryos of birds; however, selenium
compounds have not been shown to cause such effects in humans or other
mammals (ATSDR, 1988).

Early studies in rats had suggested selenium to be a carcinogen.
Recent and more extensive studies have indicated that most selenium
compounds do not cause cancer in animals (ATSDR, 1988). The exception is
selenium sulfide, an ingredient used in anti-dandruff shampoos. Feeding
studies in rats and mice have resulted in tumor formation (NTP, 1988).
Because selenium sulfide is not absorbed through the skin, however, its
use in shampoos is considered safe (ATSDR, 1988).

Although mutagenicity has not been conclusively demonstrated in
humans, a number of in vitro human cell culture tests have indicated
mutagenic effects (Ray and Altenburg, 1980; Lo et al., 1978; Ray et al.,
1978; Nakamuro et al., 1976). These results point to selenium as a
possible mutagen in humans.
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2.2 REGULATIONS AND GUIDELINES

2.2.1 Regulations

The MCL for selenium is 0.010 milligrams per liter (mg/l)
(EPA, 1986a).

2.2.2 Guidelines

The U.S. Environmental Protection Agency (EPA) Ambient Water
Quality Criteria (AWQC) is 0.010 mg/i for the ingestion of water
(EPA, 1986b).

The Acceptable Daily Intake (ADI) is 0.213 mg (ATSDR, 1988).

The Drinking Water Equivalent Level (DWEL) is 0.107 mg/l
(ATSDR, 1988).

The Oral Reference Dose (RfD) is 0.0003 milligrams per
kilogram per day (mg/kg/day) (IRIS, 1988).

The Acceptable Intake Chronic (AIC) is 0.0003 mg/kg/day (oral)
(EPA, 1986a).

The Safe Daily Intake for Adults is 0.2 mg from all sources
(Shamberger, 1981).

-4-



3.0 URANIUM

3.1 TOXICOLOGY

Uranium (U) occurs naturally in the earth's crust and waters (EPA,
1985b). The average concentration in groundwater has been reported to be
three pCi/l with a range of 0.01 to 652 pCi/l (Richmond, 1986). Dietary
intake represents the most important exposure pathway to humans (NRC,
1983). Uranium potentially poses a dual health hazard; exhibiting both
chemical and radiological toxicity. Studies in humans and animals,
however, have found only limited evidence of radiological toxicity (EPA,
1985b).

Acute exposure to elevated levels primarily affects the kidneys
(Stokinger, 1981). Uranium-induced nephrotoxicity is characterized by
albuminuria, elevated blood urea nitrogen, and weight loss (Klaassen et
al., 1986). Terminal cancer patients then treated with uranyl nitrate
intravenously (extrapolating to an extraordinarily high oral dose)
exhibited acute nephrotoxicity characterized by catalasuria, albuminuria,
and urinary casts (NRC, 1980).

Chronic oral exposure in humans has not been associated with any
significant adverse health effects. Russian villagers ingesting drinking
water containing up to 0.05 mg/l natural uranium failed to present any
differences in birthrate, death rate, or incidence of cancer (NRC, 1980).
Animal studies have associated chronic oral exposure to natural uranium
with growth depression, kidney damage, liver damage, hematopoietic
deficiency, and disturbed thyroid function (EPA, 1985b).

Although the bone-seeking characteristics of natural uranium suggest
that chronic local irradiation of bone marrow cells due to radioactive
decay might lead to carcinogenesis, bone cancers have only been associated
in animals treated with the uranium isotopes of U-232 and U-233, which
exhibit high specific activities (EPA, 1985b). The ingestion of natural
uranium at quantities resulting in sufficient levels of these isotopes to
produce radiotoxicity would first cause death from chemically induced
nephrotoxicity (EPA, 1985b).

Despite this, the EPA associates a water concentration of 0.27 pCi/l
for natural uranium with a one in a million cancer risk (Vanderslice
1989). This extrapolates to a drinking water unit risk of 3.7 x 10-
pCi/l/day.

No data on the teratogenicity or mutagenicity of natural uranium were
found.

3.2 REGULATIONS AND GUIDELINES

3.2.1 ReQulations

The MCL is 30 pCi/l for combined U-234 and U-238.
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3.2.2 Guidelines

The Adjusted Acceptable Daily 
Intake (MDI) 

is 0.060 mg/l 
(40

pCi/1) (IRIS, 1988); the Chronic Suggested 
No-Adverse-Response

Level (SNARL) is 0.035 
mg/l (NRC, 1983).
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1.0 RADIUM

Radium (Ra) exists as a mixture of 16 isotopes with Ra-226 being the most
common. Radium-226 is a radioactive element with a half-life of 1,620 years
(CRC, 1983). Although radium metal decomposes in water, most radium compounds
are soluble (OHM/TADS, 1988).

Once radium is released into natural waters, it remains mobile until it is
scavenged or coprecipitated by water anions. Radium has a great affinity for
such species, particularly the sulfate ion, with which it readily forms
insoluble salts. Coprecipitation with calcium carbonate and silica (SiOy)
also contributes to the removal of radium from water (NCRPM, 1975). An
important aspect of the fate of radium in natural waters is the fate of its
decay product, radon. Each disintegration of one atom of radium results in the
formation of one atom of radon. Owing to a noble gas character, radon is
unreactive in the environment. Radon is recognized as being readily soluble in
groundwater with its mobility being determined by its diffusion rate and the
rate of groundwater migration Radon may eventually gain access to the
atmosphere and become dispersed downwind. The mobility of radon is, however,
limited by its 3.82 day half-life, after which it decays to solid polonium.
(NCRPM, 1984).
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2.0 SELENIUM

Selenium is found widely distributed in nature, existing in either the 0
(metal), +6 (selenate) +4 (selenite), or -2 (selenide) oxidation state (EPA,
1986). Naturally occurring selenium in soil and rock is recognized as the
greatest source of selenium in natural water (Versar, Inc., 1975). Elevated
levels of selenium in groundwater (over 100 micrograms/i) have resulted in
shallow wells drilled through seleniferous shales rich in soluble selenium
(NRC, 1977).

The solubility of selenium and its compounds is the primary determinant of
its mobility in natural waters (Life Systems, Inc., 1985). This solubility
depends on the speciation of selenium, which is influenced greatly by the pH
and redox potential of the water (EPA, 1986). Under anaerobic conditions
and/or low pH, the formation of insoluble selenium and slightly soluble metal
selenides is favored. Aerobic conditions and/on pH>6 favor the formation of
the water soluble selenite (SeOQ ) or selenate (SeO ) species (EPA, 1984).

Sorption and coprecipitation represent the dominant removal processes of
selenium from aerated natural waters. Under such oxidizing conditions,
adsorption to and coprecipitation with hydrous iron and manganese oxides is
favored. Adsorption to organic materials and clays also occurs but to a lesser
degree. Alkaline conditions are known to reduce the adsorption of selenium to
clay. Under reducing conditions (low pH), selenium may be rendered immobile by
formation of insoluble metal selenides or rendered increasingly mobile by the
formation of hydrogen selenide (H2Se) (Callahan, 1979).

Microorganisms are recognized as having a major role in the fate of
selenium in natural waters. They are responsible for the induction of a
variety of redox conversions and for the production of organic selenium
compounds, including dimethylselenide and dimethyl diselenide (EPA, 1987).
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3.0 URANIUM

Uranium (u) occurs widely in nature as a mixture of the isotopes U-238,
U-235, and U-234, with U-238 making up over 99 percent of the mixture
Stokigger, 1981). Uranium is a radioactive element having a half-life of 4.51
x 10 years (CRC, 1983). It is the first member of a radioactive decay
series ending with the eventual formation of stable lead (Pb-206) (NCRPM,
1984). Uranium may be encountered in more than 100 minerals (Stokinger,
1981). Depending on the presence of uranium-containing soil and rock, natural
water systems often contain minute traces of uranium (NRC, 1977).

Although uranium forms compounds in which it exhibits oxidation states of
+3, +4, +5. or +6, the only stable oxidation state in aqueous media is the +6
state. The important industrial uranium compounds include the oxide (UOZ),
trioxide (U03) octoxide (UgO8), tetrafluoride (UF4), hexafluoride
(UF6), and uranyl nitrate Fexahydrate (U02N03)26H20. While the
uranium oxides, fluorides, and metals are insoluble in water, uranyl nitrate is
soluble in water at a concentration of 8 grams per liter at 14*C. The uranyl
ion is known to form a number of soluble complexes with inorganic and organic
anions (Stokinger, 1981).

-5-



-6-



REFERENCES

Callahan, M.A., 1979.
tants, Report No.
Washington, DC.

Water Related Environmental Fate of 129 Priority Pollu-
440/4-79-029a, Office of Water Planning and Standards,

CRC (Chemical Rubber Company), 1983. Handbook of Chemistry and Physics, CRC
Press, Inc., Boca Raton, FL.

EPA (U.S. Environmental Protection Agency), 1987.
teria for Selenium - 1987, PB88-142237,
Development, Duluth, MN.

Ambient Water Ouality Cri-
Office of Research and

EPA (U.S. Environmental
Quality Criteria for
Duluth, MN.

Protection Agency), 1986. Ambient Aquatic Life Water
I Selenium (IV), Office of Research and Development,

EPA (U.S. Environmental Protection 
for Selenium (and Compounds),
Assessment Office, Cincinnati, OH.

Agency), 1984. Health Effects Assessment
ECAO-CIN-H058, Environmental Criteria and

Life Systems, Inc., 1985. Drinking Water Criteria Document for Selenium, Life
Systems, Inc., Cleveland, OH.

NCRPM (National Council on Radiation Protection and Measurements), 1984. Expo-
sures from the Uranium Series with Emphasis on Radon and Its Daughters,
NCRPM, Bethesda, MD.

NCRPM (National Council on Radiation Protection and Measurements), 1975.
tural Background Radiation in the United States, NCRPM, Bethesda, MD.

Na-

NRC (National Research Council), 1977.
Academy of Sciences, Washington, DC.

Drinking Water and Health, National

OHM/TADS (Oils and
1988. On-line.

Hazardous Materials/Technical Assistance Data
Chemical Information System, Baltimore, MD.

System),

Stokinger, H.E., 1981. "The Metals" in Patty's Industrial Hygiene and Toxi-
cology, Clayton, F.E. (Ed.), John Wiley & Sons, New York, NY.

Versar, Inc., 1975. Preliminary Investigation of Effects on the Environment of
Boron. Indium. Nickel. Selenium. Tin. Vandium. and their Compounds -
Volume IV - Selenium, Versar, Inc., Reston, VA.

-7-



ATTACHMENT 4

ANALYT I CAL RESULTS



LIST OF TABLES
Table Paqe

1.1 Sample results . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Composite sample results .... . . . . . . . . . . . . . . . . . 2

-i-



I [ f f [ I I I [ I I I I I I

Table 1.1 Sample results

WELL NUMBER b b
718a 650a 676b 677b

Max Mean Max Mean Max Mean Max Mean

Radium-226 (pCi/l) 2.6500 2.6500 0.5000 0.5000 1.7200 1.7200 1.7500 1.7500

Selenium (mg/l) 0.9500 0.3202 0.0070 0.0047 0.0910 0.0910 0.0060 0.0060

Uranium (mg/l) 1.2600 0.7973 0.0349 0.0330 0.2070 0.2070 0.0160 0.0160

aRepresents a background well screened in alluvium/weathered Mancos Shale.
bRepresents a cross-gradient well screened in the Tres Hermanos C2 unit and judged likely to represent
indigenous groundwater quality in the absence of more appropriate sampling data.

Note: Well 676 and well 677 locations can be found on Figure D.8.1 in Appendix D; Well 650 is approximately
one mile south of the site; Well 718 is approximately one-half mile southwest of the site.



Table 1.2 Composite sample results

"Shallow Wella 'Deep Welltb

Max Mean (Geo) Max Mean (Geo)

Radium-226 (pCi/L) 2.6500 1.1511 1.7500 1.7349

Selenium (mg/L) 0.9500 0.0388 0.0910 0.0234

Uranium (mg/L) 1.2600 0.1622 0.2070 0.0575

aScenario A
bScenario B
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