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Shirley Ann Jackson

Chairman

U.S8. Nuclear Regulatory Commission
washington, D.C. 20555

Dear Ms. Jackson:

I am writing because I am very concerned about a uranium
tailings pile near the Colorado River in Moab, Utah. I
understand that remediation proposals are currently under
consideration by the Nuclear Regulatory Commission (NRC) and a
final Environmental Impact Statement (EIS) will be issued soon.

According to media reports, this tailings pile is located in
the river's flood plain. I further understand that the spring
flows are expected to be the highest in 15 years and that some
environmental groups believe the site poses a threat to the
Colorado River. I ask that you work with the EPA to ensure the
area is secured from the Spring flows.

I am also concerned about how to remediate the tailings pile
in the long-term and want to be sure that any action comports
with the Clean wWater Act. Therefore, I have contacted the
Environmental Protection Agency to ask that they evaluate any
proposed remediation to ensure that the Colorado River is
protected.

I understand that the NRC is poised to issue an EIS which
does not require moving the uranium tailings pile but, instead,
would cap the materials in place. I am extremely concerned that,
given the proximity of these harmful materials to the Colorado
River, a flood event could lead to its contamination.

Therefore, in accordance with all appropriate rules,
regulations and ethical guidelines, I ask that you take all steps
necessary to ensure that any long term plan for remediation of
the tailings pile protects the Colorado River and that, in the
interim, the Colorado River is protected against any risks that
may be posed by an excessive spring flow.
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The Colorado River is a vital natural resource. I am sure
that you agree that we must do all we can to protect it from
pollution.

Sincerely,

%"A' .
John McCain
United States Senator
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ABSTRACT

This final Technical Evaluation Report (TER) summarizes the U.S. Nuclear
Regulatory Commission staff’s review of Atlas Corporation’s proposed
reciamation plan for its uranium mill tailings pile near Moab, Utah. The
piroposed reclamation would allow Atlas to (1) reclaim the tailings pile for
permanent disposal and long-term custodial care by a government agency in its
current location on the Moab site, (2) prepare the site for closure, and

(3) relinquish responsibility of the site after having its NRC license
terminated. The NRC staff concludes that, subject to license conditions
identified in the TER, the proposed reclamation plan meets the requirements
identified in NRC regulations, which appear primarily in 10 CFR Part 40.
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1.0 INTRODUCTION

1.1 Background

Source Material License SUA-917 for the Moab Mill is held by the Atlas
Corporation (At]as). The mill has not operated since 1984, A
decommissioning’ plan for the mill was approved by Amendment No. 3 dated
November 28, 1988. Decommissioning of the mill began in 1988, and interim
cover place?ent over the tailings disposal area began in 1989. The
reclamation® plan that was prepared in 1981 and approved by NRC in 1982 was
based on projected disposal capacity requirements and was designed for an
ultimate crest elevation of 4076 feet. The maximum crest elevaiion
constructed before mill operations ceased was 4058 feet, reculting in the
necessity to redesign the tailings impoundment and thus revise the reclamation
plan. In July 1993, NRC noticed in the Federal Register the intent to approve
Atlas’ revised reclamation plan and made available for pub'ic comment an
environmental assessment of the effects of the proposed action. As is usual
in cases where a licensee proposes revisions to an approved reclamation plan,
both the NRC technical evaluation and environmental assessment only addressed
the revised elements of the plan and the environmental effects of changes to
the plan approved in 1982. Extensive adverse public comments were received in
response to the Federal Register notice. As a result, NRC decided to
reevaluate the entire reclamation plan and to prepare an Environmental Impact
Statement (EIS) addressing reclamation.

This final Technical Evaluation Report (TER) documents the NRC staff review of
Atlas’ proposed reclamation plan ana staff conclusions with respect to the
appropriate regulations. The regulations governirg reclamation of uranium
mill tailings appear primarily in 10 CFR Pari 40. Technical criteria appear
in Appendix A to Part 40, which al¢c allows licensees to propose alternatives
to the specific requirements in the appendix. NRC can approve an alternative
if it finds that it will achieve a level of stabilization and containment of
the site, and 3 1evel of protection of public health, safety, and the
environment, equivalent to, to extent practicable, the level which would be
achieved by the requirements in the appendix.

A draft TER was prepared and published in January 1996 documenting the staff’s
initial review of Atlas’ proposed reclamation plan and its conclusions with
respect to the appropriate regulations. That draft TER contained 20 open
issues that needed to be resolved by Atlas before NRC could conclude that the
proposed action of on-site stabilization met the requirements of 10 CFR

Part 40, Appendix A. In most licensing reviews, a draft TER is provided to
the licensee, in lieu of an additional round of questions and requests for
information, as a means to expedite the review process. While the draft TER
is a publicly available document, it is not normally available for public

'Decommissioning refers to the dismantling and disposal of the mill
buildings and structures.

Reclamation refers to the stabilization and closure of the tailings
impoundment .
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comment in most licensing cases. However, due to the extensive public
interest and comment on the 1993 TER, NRC decided to make the Atlas draft TER
available for public comment. The comments received and the staff responses
to those comments, are provided in Appendix A of this document.

1.2 §ite Description
1.2.1 Location and Description

The Atlas’ Moab Mill site is located in Grand County, Utah. The site is
located on the northwest shore of the Colorado River, 5 km (3 miles) northwest
of the center of Moab (Figure 1-1). The site can be accessed from U.S.
Highway 191 north of Moab. The Atlas mill site encompasses 162 hectares (400
acres) on the outside bend of the Colorado River, at the southern terminus of
the Moab Canyon. The site is surrounded on the north and west sides by high
sandstone cliffs. To the north and east is Moab Wash, to the east and south
is the flood plain of the Colorado River, and across the river is Moab Marsh.
The city of Moab is southwest of the marsh. The eievation at the mill is
approximately 1130 meters (3700 feet) above mean sea level (MSL).

The mill grounds slope generally towards the Colorado River and Moab Wash.
The substratum upon which the mill was constructed is composed mainly of
alluvial materials brought down the Moab Canyon and Colorado River. Adjacent
to the mill site on the north and west are U.S. Highway 191 and Utah Highway
279, respectively. Arches National Park is north of the site across U.S.
Highway 191. The Rio Grande Railroad traverses a small section of Atlas
property, just west of Highway 279, prior to entering a tunnel that emerges
many kilometers cown river.

1.2.2 Description of Mill Facility

The processing facility and tailings pond combined, cover approximately

81 hectares (200 acres) of an available 162 hectares (400 acres) owned by
Atlas. The mill was authorized to extract uranium oxide (yellowcake) by both
the acid and alkaline leach processes and was licensed for production at

850 metric tons (MT, 1,870,000 pounds) of yellowcake annually. During the
Tife of the mill, only one tailings pond was used.

The plant site, before decommissioning, was composed of a main processing
plant, a 53-hectare tailings pond, storage yards, ore receiving facilities,
various process-related structures, and an office complex. These structures
and facilities are enclosed by a four-strand barbed wire fence which prevents
random access. All structures, including the office complex, are being razed
during decommissioning of the facility.

1.2.3 Description and Characteristics of Tailings

The majority of the ore for the Atlas Mill came from the Big Indian Uranium
District approximately 130 km (80 miles) to the southeast. The ore was
primarily a sandstone with minor amounts of carbonate. Ore was trucked to the
mill, ground to a sufficiently fine consistency to allow maximum efficient
chemical reactions to occur. It was then processed through either the acid-
Teach circuit or the alkaline-leach circuit, both of which were used in this

NUREG-1532 1-2
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mill. Analysis of the mineral content of the ore would determine which
circuit the ore would be processed through. After milling, the combined waste
slurry from both circuits was pumped to the tailings impoundment.

The approximate wet weight of the tailings contained within the tailings
impoundment is determined to be 9.5 million MT (10.5 million tons), with a
volume of 5.7 million cubic meters (7.5 million cubic yards). The tailings
basin is composed of fine tailings (simes), coarse tailings (sand), and ore
which was placed there at the end of operation of the mill as part of the
interim cover. A composite analysis of the tailings by Atlas. determined that
the average radium activity of the slimes was 1275 picocuries per gram (pCi/g)
and that of the sands was 241 pCi/g. The activity of the ore in the tailings
impoundmert was determined to be 213 pCi/g radium.

1.3 Site History and Proposed Action

The Uranium Reduction Company (URC) built and began operations at the Moab
Mill in October 1956. Atlas acquired URC in 1962 and operated the mill until
1984 when it was placed in stand-by status. Atlas holds NRC Source Material
License SUA-917 for the Moab Mill which was changed to a possession only
status on December 18, 1992.

A decommissioning plan for the mill was approved on November 28, 1988.
Decommissioning of the mill began in 1988, and interim cover placement over
the tailings disposal area began in 1989 and was completed in 1995.

The proposed action is approval of a reclamation plan for onsite disposal of
the tailings. A reclamation plan was prepared by Atlas in 1981 and approved
by NRC in 1982. This plan was based on the projected life of facility
disposal capacity requirements; the disposal pile was designed for an ultimate
crest elevation of 4076 feet. The maximum crest elevation constructed before
the mill ceased operation was 4058 feet, resulting in the necessity to revise
the reclamation plan. In accordance with 10 CFR 40, Appendix A, Atlas, by
letter dated August 2, 1988, submitted a revised reclamation plan for NRC
review and approval. NRC staff review of the proposed plan resulted in
requests for additional information, reevaluation, and redesign. As a result,
Atlas submitted a revised reclamation plan (Canonie, 1992). NRC staff review
of this document resulted in a request for additional information dated

March ), 1993, Revisions to the 1992 reclamation plan were submitted by
letters dated Apri) 14, and April 23, 1993. On July 20, 1993, NRC noticed in
the Federal Register its intent to approve the reclamation plan and made
available for public comment an environmental assessment of the effects of the
proposed action which only addressed the environmental effects of changes to
the plan approved in 1982. Extensive adverse public comments were received.
Major concerns and questions related to seismic and fault evaluations, the
potential effects of the Colorado River and local tributaries on the stability
of the dispusal cell, and the need for an updated, complete environmental
assessment of the entire reciamation plan, including alternative disposal
locations. The comments received prompted NRC to withdraw, by

Register notice dated October 8, 1993, its previously noticed intent to
approve the revised reclamation plan. By Federal Register notice dated

March 30, 1994, NRC announced its intent to prepare an EIS.
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The NRC staff review that resulted in the decision to approve the revised
reclamation plan (and noticed on July 20, 1993, in the federal 1
focused only on revisions to the previously approved reciamation plan. Due to
the extensive public comments, NRC decided to reevaluate the revised
reclamation plan in its entirety. This lead to additional requests for
information by the staff and to submittals by Atlas, in response, in

January 1994, June 1994, and March 1995. The draft TER, published in

January 1996, contained 20 open issues. In response to these open issues
Atlas provided further submittals in February 1996, June 1996, and July 1996,
and submitted a revised reclamation plan and technical specifications in
October 1996, which were modified by submittals in November 1996 and December
1996. As a result, the reciamation plan reviewed by the NRC staff consists of
the following documents:

Base Reclamation Plan of June 1992 (Canonie, 1992),

April 1993 Response (Canonie, 1993),

January 1994 Response (Canonie, 1994a),

June 1954 Response (Canonie, 1994b),

March 1995 Response (Canonie, 1995),

February 1996 Response (Woodward-Clyde, 1996a),

February 1996 Response (Smith, 1996a),

June 1996 Response (Smith, 1996b),

July 1996 Response (Woodward-Clyde, 1996b),

0. Final Reclamation Plan (Smith, 1996c), and

1 Technica  “pecifications (Smith, 1996d).

bt et GO OO SO LN B WA

1.4 Review Pr. 55 and TER Organization

The NRC staff rev;eu was performed in accordance with the Final Standard
Review Plan (SRP)” for the Review and Remedial Action of Inactive Mill
Tailings Sites under Title I of the Uranium Mill Tailings Radiation Control
Act (UMTRCA), Revision 1 (NRC, 1993) and is a comprehensive assessment of
Atlas’ proposed reclamation plan as documented by this TER. Appendix A to

10 CFR Part 40 contains the technical requirements for disposition of tailings
and waste produced from the extraction or concentration of source material
from ores. The TER is organized by the technical disciplines involved in the
assessment of the reclamation plan to assure compliance with Appendix A. Each
section describes the compliance with the applicable Criteria in Appendix A as
it pertains to the specific discipline addressed in that section. Sections 2,
3 and 4 provide the technical basis far the NRC staff’s conclusions with
respect to long-term stability, Section 5 the plan’s compliance with
groundwater standards, and Section 6 describes radon control assessment.
Section 7 provides a criterion by criterion evaluation of the reclamatien plan
with respect to Appendix A.

’Although the SRP is written for the UMTRCA Title I program, the
applicable standards for the Title Il program are similar. Division of Waste
Management guidance directs the staff to use this SRP for Title Il reviews to
the extent practicable. A1l NRC licensed mill sites, including the Atlas
site, are covered under the Title Il program.
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1.5 License Conditions

The NRC staff review of the reclamation pian identified a number of issues for
which a lTicense condition may be desirable to ensure that staff requirements
are met. These items, with appropriate references to related sections of the
TER, are identified in Table 1-1.

Table 1-1: License Conditions

License Condition Section ;

1. Verificatior of Ra-226 concentration in coarse tailings 6.2.2
2. Verification of parameter values for "affected" soil 6.2.2

3. Verification of characteristics of clay for cover

4. Justification of radon barrier design if parameter values
| are not met

6.3
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2.0 GEOLOGIC STABILITY
2.1 Introduction

This section of the TER documents the staff’s review of geologic and
seismologic information and analyses of Atlas Corporation’s revised
reclamation plan for its mill tailings site at Moab, Utah. 10 CFR Part 40
requires the tailings disposal area to be closed in accordance with a design
which provides reasonable assurance of control of radiological hazards to be
effective for 1000 years, to the extent reasonably achievable, and, in any
case, for at least 200 years [Appendix A, Criterion 6]. Also, the tailings
may not be located near a capable fault that could cause a maximum credib?e
earthquake (MCE) larger than that which the tailings could reasonably be
expected to withstand [Appendix A, Criterion 4(e)].

NRC staff considers this standard (Appendix A) to mean that certain geologic
and seismologic conditions [such as Criteria 4(e) and 6] must be met in order
to have reasonable assurance that the long-term performance objectives will be
met. Guidance with regard to these conditions is provided in Final Standard
Review Plan (SRP) for UMTRCA Title I sites which are applicable to Atlas and
other Title Il sites (NRC, 1993). Basically, Atlas has to identify geologic
processes and events and the seismic hazards that might affect its reclamation
designs over the next 1000 years, and provide reasonable assurance that
significant hazards will be mitigated.

The staff’s review of the geology and seismology is based upon the following
sources of information and interpretations: Atlas Corporation’s documents;
interactions with Atlas Corporation and its consultants, including telephone
conference calls, meetings and site visits; interactions (including exchange
of documents, phone calls, field trips and office visits) with geologists,
seismologists, hydrolcgists and rangers employed by the Utah Geological Survey
(UGS), U.S. Geological Survey (USGS), University of Utah, Utah Division of
Radiation Protection, U.S. National Park Service; proprietary reports of the
Petroleum Science and Technology Institute, Edinburgh, Scotland; and
independent sources, as cited.

2.2 Location

The Atles site is located at the confluence of Moab Wash and the Colorado
River, 2t the base of an escarpment of about 1100 feet of relief which borders
an elonyated, northwest-trending, topographic depression called Moab-Spanish
Valley Section 1.2 provides a more detailed description and map location of
the site and vicinity in eastern Utah’s Paradox Basin.

2.3 Geology

Atlas has presenced information about the geology and seismology of its site
from such sources as topographic maps and aerial photographs, soil and
groundwater samples, geological and seismological maps and observations,
geodetic surveys and literature searches. Subsurface geologic data derived
from boreholes and logs of cuttings were presented as recommended in Final
Standard Review Plan, Section 1.3.2 (NRC, 1993). In addition, Atlas provided
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interpreted seismic reflections surveys of its site. Further, Atlas
considered and discussed alternative conceptual models of the subsurface at
the site. In aggregate, Atlas has provided invormation on the alluvium and
bedrock beneath the tailings and operative geological processes in the site
vicinity sufficient to establish specifications of geologic hazards that are
reasonably expected to occur in the next 200 to 1000 years. The staff has
independently compiled the following descriptions of the site geologic setting
emphasizing those features, conditions, processes and events that represent
potential geologic hazards or conditions that could adversely affect site
stability during the next 200 to 1000 years.

2.3.1 Physiographic Setting

The site is located in the Moab-Spanish Valley, one of about eight prominent
topographic depressions in the Paradox Basin. General technical descriptions,
which include maps and cross sections of the Colorado Plateau physiographic
province and its subprovince, the Paradox Basin in which the Atlas site lies,
are found in the following references, among others: Cater (1970); Doelling
(1985, 1988) and Hunt (1969, 1974).

2.3.1.1 Colorado Plateau Physiographic Province

The Atlas site lies within a geologically distinct sedimentary rock basir

the Paradox Basin - that is part of the Colorado Plateau physiographic
province (CPPP). The CPPP is characterized by these features and conditions:
extensive plateaus bordered by receding escarpments, canyons, altitudes
generally exceeding 5000 feet, semi-arid climate (except for variitions caused
by local altitude), and angular topography due to the combination ¢i gently
dipping strata of contrasting resistance to erosion and penetrative near-
vertical fracture sets.

Much of the physiography of the CPPP can be related to subsurface and near-
surface geological structures. Examples of physiographic features that are
related to subsurface and near-surface structures are salt anticlines and salt
depressions like the Moab anticline and Valley, upwarps like the Uncompahgre
Plateau, fault valleys 1ike Moab central segment and Lisbon Valleys, igneous
domal uplifts like the La Sal Mountains, grabens of Canyonlands National Park
(N.P.), and the fins and arches of Arches N.P.

The incised landscape of the CPPP results principally from erosion of upper
reaches of drainage basins dominated by stream transport. Streams need not
flow year-round to dominate the local sediment transport process. The sediment
lead of streams may be preserved for awhile as alluvial valley fill or
alluvial terraces (both occur at and near the site). Both the erosional and
depositional effects of transport by gravity (such as talus and landslides)
and by wind (such as sand dunes) are also widespread. However, the
spectacular canyons and escarpments (such as the Poison Spider Mesa escarpment
adjacent to the site) are evidence of the dominance of erosional processes
particularly stream migration and incision in response to on-going plateau
uplift often with obvious structural controls.

The Colorado River and its tributaries dominate the drainage history of the
plateau and the Paradox Basin. The geomorphic evolution of the Colorado River
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is discussed briefly in the Section 2.3.4 on geomorphic setting.
2.3.1.2 Paradox Basin

The Atlas site lies within the thickest stratigraphic section and most
structurally deformed zone of a northwest-trending wedge-shaped sequence of
sedimentary rocks called the Paradox Basin. Paradox Basin sediments filled an
asymmetric structural depression a few miles deep (Cater, 1970). The thickest
part of the basin was subjected to a variety of geologic processes, including
cyclical evaporite deposition in the Pennsylvanian Period, faulting, salt
diapirism, folding, igneous intrusion, jointing, uplift, subsidence,
érosion/deposition, and seismicity. The latter four processes are considered
to be potential hazards that might adversely affect the tailings pile and are
discussed in this section.

2.3.2 Stratigraphic Setting

The thick part of the wedge of the Paradox Basin sedimentary rocks (e.g., the
Moab area) has had a long history of deposition and erosion in marine and
continental environments periodically punctuated by tectonic, geomorphic and
climatic processes and events. The regional stratigraphy is briefly described
to provide background to discussions of processes that are deemed likely to
continue to operate over the next 1000 years. UGS defers to Molenaar's (1975)
lexizon of stratigraphic names for appropriate use in the Paradox Ba in. The
staff considers the stratigraphic nomenclature, rock descriptions, t .ckness
measurements and correlations in Coelling, et al. (1995) more than adequate
for this review. The immediate foundation of the tailings appears to be a
wedge of Quaternary alluvium that thickens to the south and west from on the
order of 10 m (30 feet) to 120 m (400 feet). The wedge is underlain by
probable Paleozoic and Mesozoic rocks that were downfaulted from the cliffs
and plateaus around the site. Rocks older than Mississippian occur beneath
the site at depths greater than about 3 kms (10,000 feet) (Doelling, et al.,
1996, Plate 2). Precambrian basement rocks, still deeper, are the sources of
earthquakes that have been adequately characterized by Atlas. Atlas has
characterized the Quaternary alluvium and the rocks beneath the site to the
extent necessary to support its conclusions of bedrock, geomorphic and
seismic stability, as discussed later in this section. Marine conditions
existed in the basin throughout the Late Cretaceous tpoch during which clays,
silts, and thin layers of sand now referred to as the Mancos Shale were
deposited. The Mancos i: widely exposed north of Moab Valley (such as by the
Moab airport and along Interstate 70 to near Cisco). Alternative disposal
sites have been identified in the Mancos and discussed in the FEIS.

2.3.2.1 Stratigraphy of the Moab Area, Utah

The Mesozoic rock sequelr : expesed around the site from top of Poison Spider
Mesa and Arches N.P. down the cliff to Colorado River level includes the
Jurassic Entrada and Mavajo Sandstones, Kayenta Formation and Wingate
Sandstone, and the Triassic Chinie and Moenkopi Formations. The Paleozoic
rock sequence exposed near the pile is represented by Permian age rocks of the
Cutler Formation, Pennsylvanian rocks of the Honaker Trail Formation and
Paradox Formation caprock. Mississippian and older rocks are knowp to occur
in the subsurface (Doelling et al., 1995, Description and Correlation of Map
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and Bedrock Units). The basin was nearly filled with cyclical deposits of
marine evaporite minerals by the end of the Late Pennsylvanian Epoch.
Deposits of potash minerals and other evaporite mineral resources occur in
these rocks. Paleozoic rocks also harbor oil and gas in the Grand County, UT

area.

There is little rock record for the interval from 67 million to about

5 million years ago in the Paradox Basin. Magma (melted rocks) intruded the
area about 25 million years ago that is now exposed in the La Sal Mountains.
The Paradox Basin salt-cored valleys, such as Moab-Spanish Valley, which
formed by collapse and erosion of cover rocks above salt-cored anticlines,
contain conspicuous deposits of sediments that are predominantly Quaternary
in age. These deposits suggest that the Moab Valley has been a local
depocenter during the Quaternary. Caprock represents the relatively insoluble
residue of salt dissolutioning. Caprock is exposed across the Colorado River
from the Atlas site (Doelling et al., 1995) and is postulated to occur beneath
the site (Woodward-Clyde, 1996, Section 2). Presumably, caprock is continuing
to form by salt dissolutioning in the subsurface as evidenced by briney

groundwater.
2.3.2.2 Quaternary Stratigraphy

From a regulatory point of view, the record of geologic processes and events
which occurred in the last two-million-years, the Quaternary Period, is most
indicative of what might occur in the next few thousand years. The site is at
the confluence of the Colorado River and Moab Wash and lies a few hundred
meters downstream from the Courthouse Wash - Colorado River confluence.
81Tuvium from the three fluvial systems are expected to occur beneath the
site. The Atlas site is underlain by alluvium that apparently is greater than
120 m (400 feet) thick, as suggested from a drillhole on site. The local base
level is the Colorado River bed and appears to be controlled by the elevation
of the bedrock channel at The Portal. Therefore, the accumulation of alluvium
at the site to depths below the elevation of The Portal suggests that the site
and Moab Marsh have been subjected to local subsidence of approximately 120 m
(four hundred feet) or more. The general maximum thickness of alluvium in
Moab Valley is about 150 m (500 feet), shown schematically on some UGS cross
sections (Dcelling et al., 1995).

The geometry of the alluvial wedge bereath the site has been acceptably
defined by Atlas for purposes of assessing site response to future geologic
events, such as seismicity and differential subsidence. The Atlas site is
underlain by an alluvial wedge that varies from about 10 m (30 feet) on the
north boundary to greater than 120 m (400 feet) thick on the south near the
Colorado River, as suggested from drillholes (Woodward-Clyde, 1996, Section 3)
and seismic reflection surveys (Cooksley, 1995, 1996). The surface on which
the alluvium was deposited, dipping southward and westward, has undulations
with relief up to about 15 m (50 feet), which is the reported relief across
the Moab Fauit at the south end of pile (Cooksley, 1995, 1996). This is a
substantiated buried scarp. As interpreted by Cooksley, alluvium is thicker
everywhere on west side of the Moab fault than on the east side. Cooksley
suggests that an eastward dipping reflector in the rortheast part of the wedge
represents an older stream terrace. The age and fluvial history of the
alluvial wedge is insufficiently known to make precise estimates of the
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potential future course of the Colorado River or Moab Wash, of subsidence
rate, or of deposition rate for the site.

Quaternary to recent eolian sand deposits occur as dunes, sand ramps and
discontinuous sheets in the Arches N.P. area near the site (Huntoon et al.,
1982). They are derived from the numerous sandstones, especially the Jurassic
Entrada Sandstone (Doelling et al., 1995, Description of Map Units). In the
Moab area, sand is transported predominantly from the west and accumu)ates on
the northeast-facing slopes and their base (Doelling, 1988). The slopes of
Poison Spider Mesa are a prime zone of accumulation. Sand deposits adjacent
to the site are largely stabilized (vegetated). However, about 20 cm (8
inches) of sand has blown in and accumulated in and around a borrow-pit on the
northeast side of the tailings pile. Atlas has considered the potential
hazard caused by windblown sand and the staff has determined that Atlas’
proposed design will acceptably mitigate the hazard (see Section 4.5.5),

Quaternary landslide deposits, broken, but coherent rock masses that slip on
shears which develop on oversteepened cl1iffs or on previously developed faults
or joints, have been mapped in Moab Valley (Doelling et al., 1995), including
the c1iff adjacent to the site (Huntoon et al., 1982). They are often
associated with the Morrison Formation (Doelling, 1988). However, landslide
deposits formerly mapped by Huntoon et al. (1982) are no longer considered by
them to be landslides (Smith, 1996, Part 2). Atlas has investigated the
potential for future landslides and has adequately demonstrated that it is not
a significant hazard (see Section 2.4.2.2).

Quaternary to recent talus deposits are accumulations of rock block, and
debris falls on and at the base of steep slopes. Talus has been mapped
adjacent to the site and is readily observed. Atlas has considered rock and
debris fall and adequately demonstrated that the effects of rock falls and
talus encroachment into the drainage system on the western side of the pile
will be mitigated by the proposed design (Section 4.5.1.3.2).

Two Quaternary volcanic events that might have affected the site have been
preserved in Quaternary basins in Arches N.P: Volcanism near Bishop, CA, about
740,000 years ago and near Yellowstone, WY about 620,000 years ago wafted ash
in the area evidenced by scattered deposits in the Park (Oviatt, 1988).
Nevertheless, in the staff has concluded that a volcanic ash fall at the site
is not sufficiently 1ikely to occur in the next 200 to 1000 years to be
considered as a basis for design (see Sections 2.3.3.5 and 2.4.2.3).

2.3.3 Structural Setting

Alternative conceptual tectonic models of the = te vicinity generally show
agreement on the presence of the folluwing major tectenic elements, including
Atlas’ concept: (1) the Moab Valley and Moab anticline are underlain by the
Moab salt-cored anticline; (2) the Paleozoic and Mesozoic rocks exposed in
valley walls and the adjacent plateaus are faulted, mainly by normal slip
faults, dominantly subparallel to the salt-anticline axis; (3) most faults in
Moab Valley and adjacent rims are rooted in the salt anticline and are not
structurally connected to basement faults (for example, the Moab fault
system); (4) Moab fault system has been the Toci of slip due to differential
subsidence caused by dissolution or creep of underlying salt, or by re-
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activation episodic diapirism or extensional tectonics (Foxford et al., 1996;
Ge et al., 1996); (5) a zone of breccia piugs in the Valley, and one at Arches
N.P. entrance were probably caused by subsurface processes not currently
operative; (6) the current state of stress in the Colorado Plateau (and Moab
area) is generally NE-southwest (SW) extension (Wong and Humphrey, 1989; Wong,
et al., 1996); (7) historical seigmicity indicates a NE-trending seismic
source zone in the basement rocks beneath the Colorado River from confluence
with the Green River to Moab, UT is a seismogenic hazard to the site
(Woodward-Clyde, 1996, Section 4).

Figure 2-1 shows the general location of the Moab fault system and alignment
of seismicity along an alleged basement fault. The Cenozoic faults are after
Hecker, 1993. The seismicity includes records from 1953 to 1994 with possible
induced seismicity associated with the Cane Creek mine at Potash omitted.
Stippled areas represent distributed deformation; ball is on the downthrown
side of normal faults (see Olig, et al., 1996; Wong et al., 1996). Figure 2-¢
shows a conceptual relationship of the Moab fault, West Branch of Moab fault,
Moab salt-cored anticline, Moab anticline and associated faults rooted in the
salt-cored anticline, pre-Paradox Formation structure and Poison Spider Mesa
escarpment with crest above 1.5 km (5000 feet).

Atlas has performed a literature review of the Moab fault system to develop a
basis for seismic and faulting hazard analyses and to assess conceptual
tectonic models of the site. It has gathered primary data from field
investigations and observations and made interpretations of drill-hole logs,
seismic reflection and topographic profiles, such as those described in SRP
Sections 1.3.2, 1.3.3 and 1.3.5 (NRC, 1993). Atlas considers that Paleozoic
and Triassic rocks may immediately underlie the site west of the Moab fault
trace, and Triassic and Jurassic rocks may immediatelv underlie the site east
of Moab fault trace (Woodward-Clyde 1996, Section 2, .igure 2-14; Fig. 2-2).
Also, Atlas considers that Paradox Formation (salt beds) is 450 to 610 m (1500
to 2000 feet) below the pile (Woodward-Clyde, 1996, Section 2). Paradox
Formation cap ock crops out on the south side of the Colorado River, implying
that salt is closer to the surface there than at the Atlas site. This is in
general agreement with the UGS model (Fig. 2-2 ). The NRC staff find the
general conceptualization to be acceptable and have considered differences
among the models in its hazarc analyses.

2.3.3.1 Structural Features - Regional

The Paradox Basin structures have been considered to be compatible with a
wrench tectonic system, and it has been suggested that part of the Basin ic a
pull-apart structure (Stevenson and Baars, 1986, 1987). From a regulatory
perspective, the evidence for the existence of NW and NE basement faults is
sufficient for concluding that an alignment of seismicity at basement depths
may be correlated with such an otherwise unseen basement fault. This is the
case for the NE-trending Colorado River seismic source which has been
delimited in the Moab area (Section 2.4.3; Fig. 2-1).

Tectonism is generally considered to have initiated the salt-wall diupirism of
the Late Paleozoic through Cretaceous(?) which led to the formation of salt-
cored anticlines with long northwest-trending master faults, such as the Moab
fault system. Some of the diapirs breached, or nearly breached, cover rocks,
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Figure 2-1: Location map of selected Cenozoic faults and seismicity in
Moab, Utah area. See text for explanation (from Wong, et al., 1996; by
permission).

2-7 NUREG-1532



ZEST-9UNN

8-

60039 :2-2 34nbB| 4

youeag 3SaM “83Ls SBIY JO YjJou

“(uoyssiwaad £q t2 aje|d ‘G661 ‘"Le 32 ‘Bui||30g wouy) 33Ls se(IY 3y}

3L 4apun 0} pajdalfoud aue sy nej qeoy pue
Wy [ IN0OGe BUj|J|jue PaL0d-}|BS GROK JO UOL}IIS SSO0UD 3|

SOUTHWEST ——
a aheb Moab anticline A
fault Moab
Feet -
5000 —
4,000
3,000
2,000
1,000
S
Sea level — Py \\ \\J—Seo leve!
e Ph
~1,000 ~ MOAB VALLEY SALT-CORED \ - — 1,000
ANTICLINE \\
i k. N\ s
2,000 [ ~ 2,000
\ .
~
~3,000 - - —3,000
¢+ Prm e
-4,000 __1;:!§f>fl: M ’\\ L—4.000
;:_:"._:—"" "tf &
\\ e e e T o g
~5,000 - \ O gt SEFETEIES Y - —5,000
, WS
Highly conjectural below 3,000 feet ‘; Thin surficio! deposits not shown




e.g., Moab (Fig. 2-2), Salt-Cache, Castle and Fisher Valleys. Other diapirs,
like the Lisbon Valley salt-cored anticline, have a master fault(s) that
penetrated cover rocks, e.g., the Lisbon Valley fault (Fig. 2-1), but have not
sufficiently deformed the cover rocks or dissolved or flowed laterally to the
extent necessary to initiate collapse of the cover rocks (Cater, 1970).

Mid-Tertiary (about 25 million years old) igneous intrusions which comprise
the La Sal Mountains are considered to be structurally controlled by
northwest-trending and northeast-trending faults in the Precambrian

basement.* In particular, the southern intrusive complex intruded the
northwest basement fault that is projected to underlie Moab-Spanish Valley.
Northeast-trending basement faults are considered to segment the basement into
blocks. The Moab-Spanish Valley basement fauit (NW) and the Castle Valley-
Paradox Valley basement fault (NW) are possibly cennected by ¢ ¢ .neast-
trending basement fault, south of Wilson Mesa‘ (Friedman et al., 1994). The
trace of these faults separates deeper basement (2-4 km [7,000-14,000 feet]
below sea level) of the northeast portion of the Paradox Basin, from shallower
basement, to the south and west. The intrusives occur in and near the fault-
controlled, steep, basement gradient.

A recent review of the geophysical and geoloaica’ evidence for northeast-
trending structures in the basement (Friedman et al., 1994), suggested that
such features are faults thousands of feet beneath the Colorado River and
beneath the middle La Sal Mountains, among other places. In addition, some
authors have suggested that basement faults were invo]xed in the alignment of
the Colorado River and the La Sal Mountains intrusions” (Friedman et al.,
1994; Hite, 1975). Further, it has been suggested that the Colorado River
seismic zone might be a manifestation of a basement fault segment beneath the
river (Wong and Humphrey, 1989). Two northeasterly faults transect the Moab
fault, the Roberts Rift (Hite, 1975) and the Kane Springs graben system
(Friedman et al., 1994). The Roberts Rift is brecciated and mineralized and
considered to be deep-seated, though its displacement is small. The Kane
Springs graben is at the southeastern terminus of the Moab fault. The Lisbon
Valley fault also terminates at the graben. Several faults parallel to the
Lisbon Valley fault, near Lisbon, may have last moved in the Holocene
(Woodward-Clyde, 1982b). Evidence suggests that a fault in the Kane Springs
graben system moved in the Pleistocene (Friedman et al., 1994). Should the
Kane Springs graben or the Lisben Vailey fault system have a structural
connection to the Moab fault system, then that would have constituted evidence
for presuming that the Moab fault is a capabie fault. The staff has concluded
that the Moab fault is not a capable fault, for reasons discussed in Section
2.4.1.1.

2.3.3.2 Salt Tectonics - Diapirism and Subsidence
Salt diapirism, differential displacement of up to about 1000 m (3100 feet) on

“Ross, M.L., "Geology of the Tertiary Intrusive Centers of the La Sal
Mountains, Utah: Influence of Pre-existing Structural Fzatures on Emplacement
and Morphology," U.S. Geol. Surv. Bull., Friedman, J.D. and A.C. Huffman,
coord., Laccolith complexes of southeastern Utah: time of emplacement and
tectonic setting-- workshop proceedings, in press.
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longitudinal master faults in cover rocks (for example, Moab fault), and
concomitant stream erosion of cover rocks (for example, Colorado River and
tributaries 1ike Moab Wash and Pack Creek) explain the distribution of rocks
and sediments, structures and topography in the site vicinity. Active
diapirism and longitudinal faulting are no longer controlling-processes in the
Moab Valley. However, stream erosion and gradual subsidence are active and
are design considerations.

Atlas has postulated that the rates of subsidence related to salt dissolution
are lower now than have occurred in the past (Woodward-Clyde, 1994, p. 10).
The only basis provided to support this statement is that "...[subsidence or
dissolution] rates have probably slowed down since the time of Pinedale
glaciation (roughly 15,000 to 25,000 years ago) due to a drier c)imate"
(ibid., p. 10). Also, Atlas has asserted that "...there is no evidence for
late Quaternary subsidence north of the Colorado River in the vicinity of the
tailings pile" (ibid., p. 10). However, more than 400 feet of alluvium, at
least some of it probably late Quaternary, observed by Atlas in borehole ATP-1
beneath the tailings, lies below local baselevel. This suggests that 400 or
more feet of subsidence has occurred enabling sediments to accumulate there.
There is little or nc evidence to sugges. that subsidence is not continuing,
or #il11 not continue

Moreover, numerous breccia pipe collapse features attributed to a
dissolutioning-stoping mechanism have been identified in the Spanish Valley
(Sugiura and Kitcho, 1981; Weir et al., 1961). such breccia has been mapped
about 8 km (5 miles) from the site at Arches N.P. entrance (Doelling et al.,
1995). Also, sinkhole-1ike coilapse features have been reported in the Salt
Valley-Cache Valley and Castle Valley areas by UGS (Doelling, 1988; Mulvey,
1992). These may be analogs for Moab Valley. However, the UGS has not listed
subsidence among the geclogic hazards it has identified in the Moab Valley.
Although some of these features may be of Tertiary age and of little or no

C equence to the site, their occurrence, or potential future occurrence,

b th or near the site, has not been investigated or analyzed by Atlas. One
S | of thought suggests that regional extension, not diapirism or

d lution, played the main role in the origin of breached salt anticlines

3 ssociated lungitudinal fault systems (Ge, et al., 1996).

The UGS considers that subsidence in the vicinity of the Atlas site is
continuing but has no direct evidence of the rate. Based on observations of
relatively rapid and episodic types of collapse features (e.g., sinkholes,
breccia pipes, landslides), and of relatively slow types of subsidence
features (e.g., folds, syndepositional thickening, unconformities), the UGS
considers that a range of rates of future subsidence is possible in the site
vicinity (Allison, 1994),

Several estimates of long-term average rates of subsidence, incision of the
Colorado River, and denudation for drainage domains in the Colorado Plateau,
have been made. They all fall in the range 0.1 m to 1 m (0.3 to 3.1 feet) per
1000 years (Allison, 1994; Friedman et al., 1994; Woodward-Clyde, 1982a,

3-20 to 3-21). Such rates, determined from outside the Moab area, have been
considered in deliberations of long-term stability of Moab Valley. Similar
rates were independently derived in Moab Valley by Atlas (Woodward-Clyde,
1996, Section 3). These average rate estimates say little about the potential
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for rapid subsidence-collapse hazards. Atlas has evaluated and estim ted
;ub:}den;e4h;z;rd from all reasonable sources. This is further discu:s:d ::e
ection 2.4.1.3,

2.3.3.3  Moab Fault System

The location of the Moab fault on the site or under the pile, even its
existence there, has been particularly controversial because of its potential
as a seismic hazard or as the locus of future differentia) salt-subsidence.
Atlas appears to generally agree with the UGS interpretation (Doelling et al.,
1995) that two strands of the Moab fault system - the Moab fault and the West

underlie the site or pile (Cooksley, 1995, 1996: Woodward-Clyde, 1996, Section
2, additionally, see Baars and Doelling, 1987; Doelling, 1985, 1988; Huntoon
et al., 1982; Olig et al., 1996; Foxford et al., 1996).

The location and nature of the Moab fault, especially near the Atlas site, has
been subject to several interpretations. For example, McKnight (1940) mapped
the fault along the base of the northeastern valley wall, not underlying the
present Atlas site. Williams (1964) mapped the fault along the lower slope of
the Poison Spider Mesa escarpment, near the current location of the West
Branch fault, but not underlying the site. Huntoon et al. (1982) mapped one
splay of the Moab fault trending toward but terminating just north of the site
boundary and another fault skirting the pile along the base of Poison Spider
Mesa escarpment. Doelling (1985, 1993; Allison, 1994) mapped the main Moab
fault trace (queried) under the pile and the West Branch of the Moab fault
dipping under the pile (indicating the possibility that two faults underlie
the site; Fig. 2-2). Seismic reflection survey done for Atlas appears to have
imaged the Moab fault under the pile (Cooksley, 1995, 1996). The nearest
exposure of the Moab fault to the site is about 0.8 km (0.5 mi) north; the
West Branch fault is exposed in the escarpment about 0.3 km (0.2 mi) west,
Doelling et al. (1995) mapped three faults within the site boundary: (1) the
main Moab fault (queried); (2) the West Branch fault which dips under the
site; and (3) an unnamed arcuate fault which intersects the projection of the
other two faults (this is the "buried fault" introduced earlier that is not
presently considered part of the Moab fault system).

Selected results of detailed mapping and characterization of the Moab fault
system relevant to this licensing action are synthesized from Foxford et al.
(1996; northern and central segments) and 01ig et al. (1996; northern,
central, southern segments) are as follows. Total length of Moab fault
system, from Tenmile Graben on the north to near Kane Springs structure at
southern end of Moab-Spanish Valley is about 54 km (34 mi). The main faults
are normal dip slip, down to the east (Fig. 2-1). Three segments are ‘
distinguishable from surface characteristics: Northern segment-length is l§ km
(10 mi) from Courthouse Rock to Tenmile Wash; vert1ca] component of net slip
(throw) varies from about 230 m (750 feet) to zero, diminishing northward;
dips are steep at 65-7]1 NE; the footwall structure is that of subhorizontal
strata; the hangingwall structure is that of a normal drag fold; Central
segment-length is about 19 km (12 mi) from Courthouse Rock to the Colorado
River at The Portal; throw of about 950 m (3100 Feet) a few miles north of the
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te to steep at 50-75 NE; the footwall structure

contains a doubly plunging anticline elongated parallel to the fault; the
hangingwall contains the Moab anticline of Arches N.P.; Southern Segment-
length is about 19 km (12 mi) from The Portal to southern end of Moab-Spanish
Valley; throw is about 300 m (1000 feet); fault dip and structure of rocks
adjacent tc the fault have not been described.

Atlas site; dips are modera

The UGS geologic map of the Moab area indicates that the Moab fault is rooted
in the Moab salt-cored anticline and is not structurally connected to the
basement (Fig. 2-2). Such a fault would not meet the definition of a capable
fault (10 CFR Part 100, Appendix A), however, it could still represent a
hazard that would need to be assessed because it is under the tailings and may
be subject to differential subcidence. Atlas has addressed the capable fault
and subsidence issues. These are further discussed in Sections 2.4.1.1 and

2.4.1.3.
2.3.3.4 Regional Joint Patterns and Rock Fracturing

Recent studies of regional joint sets that are exposed in the rim synclines
and plateaus around Moab Valley and Arches N.P. show that some sets are
related to the reactivation of basement structures. However, regional joint
sets have produced the dominant fracture fabric of the exposed rocks. These
sets more definitively reflect the paleostress fields that produced them
(Cruikshank and Aydin, 1995). The regional fracture sets are discreet
spatiall; and temporally and were not produced by propagation upward from the
basement® (Cruikshank and Aydin, 1995) and they are probably formed after the
Moab fault system developed (Foxford et al., 1996). Systems of rock fractures
are relevant to analyses of groundwater flow, mass wasting of slopes, and
identification of stress fields that may be favorable for rejuvenation of
joints or development of faults. The reports mentioned above form a
sufficient basis for consideration of the effects of joints on rock mass

characteristics and groundwater flow.

2.3.3.5 Volcanism

As much as 4 m (13 feet) compacted volcanic ash from volcanoes in the Western
United sStates fell within 24 km (15 miles) of the site, in Salt Valley (Arches
N.P.), from at least two major volcanic eruptions about 740,000 (Bishop Tuff)
and 620,000 (Lava Creek B) years ago (Oviatt, 1988). Also, ash beds thought
to be correlative to those in Salt Valley have been described from Fisher
Val]ey (Coleman, 1983). The volcanic sources of these Utah ash deposits are
active today: Long Valley caldera, CA (Bishop); and Yellowstone N.P., ID/WY
(Lava Creek B). However, the infrequent occurrence of future ash falls led
the NRC staff to consider the potential volcanic ash hazard a non-issue
(Section 2.4.2.3).

Verbeek, E.R. and M.A. Grout, "Relation Between Basement Structures and
Fracture Systems in Cover Rocks, Northeastern and Southwestern Colorado
Plateau," U.S. Geol. Surv. Bull., Friedman, J.D. and A.C. Huffman, coord.,
Laccqlith complexes of southeastern Utah: time of emplacement and tectonic
setting--workshop proc., in press.
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2.3.4 Geomorphic Setting
2.3.4.1 Topography and Geomorphic Features

The Moab, Utah 15' topographic quadrangle is dominated by the Colorado River
(flowing NE to SW), Moab-Spanish Valley (axis aligned NW to SE), and plateaus
dissected by washes. The Atlas tailings pile 1ies in the northwest terminus
of Moab Valiey between the Colorado River and the escarpments that define the
valley. It sits at the confluence of Moab Wash and the Colorado River and is
on the floodplain of the river. The Cnlorado River is rock-defended, i.e.,
its bed is bedrock, just prior to entering (Matrimony Spring) and leaving Moab
Valley The Portal). Across the river from the pile lies Moab Marsh or slough,
the largest marsh on the river. Courthcuse Wash, which drains much of Arches
N.P., joins the Colorado near and upstream from the Atlas mill. Terraces
occur near the mouth of Courthouse Wash and at various locations along Mill
Creek and Pack Creek southeast of town in Spanish Valley. The valley is about
2.4 km (1.5 miles) wide where the Colorado River transects it, and the relief
at the pile is about 340 m (1100 feet). The Moab Valley's southeastern end is
about 15 miles from the Colorado River at Kane Springs.

The valley walls are fault line scarps. South of the Colorado River linear
(actually planar) topographic features in the rim plateaus on both sides of
Moab Valley intersect the valley walls. The linears on the plateau south of
town trend E-W and represent an eroded joint set. Within a mile north of
town, NW-trending linears intersect the valley at the river. These linears
are faults. Trending northwest from the site through Moab Canyon is Moab Wash
that heads at Little Canyon and appears to have captured Little Canyon Wash.
Moab Canyon marks the Moab fault trace. The Moab fault trace runs northwest
along the foot of the increasingly subdued scarp to near Courthouse Rock and
beyond.

2.3.4.2 Colorado River and Its Tributaries

The potential for migration of the Colorado River toward the tailings has been
considered. The potential effects and design to mitigate them are discussed
in Sections 4.4.5 and 4.5.1.2.3. The Colorado River channel in its Moab
Valley reach is the local base level of Moab-Spanish Valley because the
Colorado is rock-defended at The Portal. Therefore, the tributaries to the
Colorado (such as Pack and Mill Creeks, flowing northwest, and Courthouse and
Moab Washes, flowing southeast) have been, and are likely to remain, in
confluence with the Colorade at the elevation of The Portal when at grade.
Trending SE to the site through '.0ab Canyon is Moab Wash that heads at Little
Canyon and appears to have captuced Little Canyon Wash. Moab Canyon appears
to be fault-controlled, delineating the Moab fault trace (Oviatt, 1988).

UGS has provided its perspective on the issue of migration of the Colorado
River to the northwest, where the site is located (Allison, 1994). The
following is a summary of the UGS discussion.

UGS has mapped the modern flood plain of the Colorado River in the Moab 7.5'
quadrangle (Doelling et al., 1995). Stream terraces that mqu the former
course and elevation of the Colorado River and its tributaries are also
mapred. Colorado River terrace gravels are present on the east side of
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Courthouse Wash about 40 feet above the modern river channel. Atlas conducted
stream profiling and soil studies in this reach to gain an understanding of
incision rates or subsidence rates. This is further discussed in

Section 2.4.1.3.

Gravels are present west of the tailings about 27 m (90 feet) above the modern
river channel. If these are remnants of a former position of the Colorado
River, then the Colorado River probably occupied the Atlas site in Pleistocene
time.

Vegetation is also a factor when considering the stability of the river bank.
Because most of the modern flood plain was inundated in the early 1980s, the
UGS considers it Tikely that upper flood plain deposits are Holocene. There
is no conclusive data available which would indicate that subsidence caused by
dissolution of salt affected the migration of the Colorade River in Moab
Valley.

UuS considers it possible that the tailings may be affected by channel
migration of the Colorado River and erosion within the next 1000 years. The
UGS also considers the current river bank deposits from Moab and Courthouse
Washes to be sufficiently heterogeneous in grain size (even with cobbles
present) and laterally discontinuous to not be a reliable deterrent to river-
bank erosion. Atlas has considered this possibility and has presented an
acceptable mitigative design (Section 4.5.1.2.3).

2.3.4.3 Geomorphic Processes

Running water, gravitational (e.g., mass wasting), and eolian processes are
active in the vicinity of the site and have had an effect on impoundment
design. With regard to running water, discharge from Moab Wash has been
controlled by diversion channels, and a channel of the Colorado River was
partially diverted by emplacement of a rock sill. Additional considerations
of running water are evaluated in Sections 4.4.4 and 4.4.5.

With regard to gravitational processes, the approximately 330 m (1100 feet) of
relief on Poison Spider Mesa escarpment adjacent to the site and near-vertical
Joint sets and faults, such as the West Branch of the Moab fault system, have
promoted mass wasting of the scarp. Rates of scarp retreat estimated for rock
types like those holding up Poison Spider Mesa (mainly Triassic and Jurassic
sedimentary rocks), based upon long-term erosion of a variety of rock faces,
is about 0.24 meters (0.8 feet) to 0.55 meters (1.8 feet) per 1000 years
(Woodward-Clyde, 1982a, p. 3-21; Woodward-Clyde, 1996, Section 2). Rock falls
have been considered by Atlas and are discussed in Sections 4.5.1.3.2. The
landslide potential has been considered by Atlas and is further discussed in
Section 2.4.2.2. Salt diapirism is a gravitational process no longer of
significance in the site area, and is considered under the heading of
structural geology (Section 2.3.3.2).

Wind, aridity, the availability of sand-size particles and nooks, crannies,
and rock bastions have combined to promote the deposition of sand dunes, sand
ramps and sand sheets in the Moab area (Doelling et al., 1995). Observations
indicate that the eolian process continues to be active in the area. Sand
that may be deposited in drainage channels has been considered by Atlas and is
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discussed in Section 2.4.2.1.
2.3.5 Seismicity

The licensee provided information on the seismicity of the site and environs
in the Safety Analysis Report (SAR) in 1975 (Atlas, 1975). The seismic design
of the reclamation plan approved by NRC in 1982 relied on information
contained in the SAR. However, since issuance of the SAR, considerable
geological and seismological data have been obtaired in and around the Atlas
mill tailings site. 1In 1995 NRC requested the licensee to address the
following specific issues:

1) the adequacy of the current seismic design for the Mill Tailings, and

2) the seismogenic potential of the earthquakes in the Colorado Plateau and
along the Colorado river.

In response to this request the licensee performed geological literature and
data reviews, geologic field studies, and a seismicity review and evaluation.
Based on the new information the licensee identified the design earthquake
using deterministic and probabilistic analyses. The licensee submitted a
report (Woodward-Clyde, 1996) summarizing their findings.

In its review, the staff has evaluated tectonic provinces and the association
between earthquake activity and faulting to determine the vibratory ground
motion corresponding to the maximum credible earthquake as required in
Criterion 4 of Appendix A to 10 CFR Part 40, and also examined Criterion 6
which requires that the disposal cell be designed to remain stable for 1000
years to the extent reasonably achievable but in any case for at least 200
years. The staff also evaluated geological, seismological, and geophysical
information which has been developed since the 1975 SAR. In addition, the NRC
staff has engaged in consultations and discussions with University of Utah
faculty and the Utah Geological Survey staff.

The Atlas site is located at approximately 38° 36° 13" N and 109° 35" 25" W in
Utah. Utah is subdivided into three major physiographic and tectonic
provinces: 1) the Basin and Range; 2) Midole Rocky Mountains; and 3) the
Colorado Plateau (Wong and Humphrey, 1989). The Atlas site is located in the
Paradox Basin in the interior of the Coloradc Plateau. The plateau is
generally considered to be relatively stable. The historic record of
seismicity in the plateau is very short, and adequate seismic coverage of the
area did not occur until 1970. In 1970, the University of Utah, Los Alamos
National Laboratory, and the United States Geological Survey installed a
regional seismic network which improved the detection of earthquakes to those
above magnitude 2.0. The boundaries of the Colorado Plateau are in part
adjacent to major zones of recurrent seismic activity. For example, along the
western margin of the plateau, there is a significant source of seismicity
along the Intermountain Belt (IMB). This belt exhibits a moderate to high
level of seismicity of magnitude up to 7.4. This belt is 75-100 km wide and
forms a tectonic transition zone between Colorado Plateau and Basin and Range
Tectonic Provinces. The IMB boundary is about 200 km (125 mi) from the Atlas
site, so the contribution of a large seismic event in the IMB at the site will

be negligible.
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The Atlas site is located in an area characterized by infrequent, low-level,
small magnitude earthquakes. Prior to 1961, the locations of earthquakes were
based on the "felt" area. From 1853 to July 1979, 22 seismic events with
magnitude greater than 3.0 occurred within the Paradox Basin. From July 29,
1979, to November 1980, a network of stations was installed around the
Colorado River south of Moab. Figure 2-1 is a location map showing the
seismicity of the Moab area from 1953 to 1994 with possible induced seismicity
associated with the Cane Creek mine at Potash omitted (Wong et al., 1996).

The objective of the network is to identify active earthquake sources within
the Paradox Basin. During this period, about 500 seismic events with
magnitudes greater than 1.0 were recorded in the Paradox Basin. On July 29,
1979, a micro-earthquake swarm was located along the Colorado River about

10 km (6 mi) northeast of its confluence with the Green River. During the 15-
month period, about 200 seismic events were recorded along 35 km (22 mi) of
the Colorado River between the confluence and Moab. The earthquakes show a
north-northeast linear trend along the Colorado River which terminates at
Moab. The depth of these earthquakes range from shallow to 50 km. Ninety
five nercent of the micro-earthquakes occurring in the Paradox Basin are
confined to the Colorado River.

From July 1979 to June 1987, about 1100 earthquakes up to magnitude 3.3 were
recorded within a 200 km (125 mi) radius of Moab. Examination of temporal
behavior of the micro-earthquakes showed an apparent increased level of
activity during period of brine extraction.

In the 1975 SAR, the licensee had indicated that there are two potential
sources that could generate the maximum credible earthquake at the site. The
first is a random earthquake in the northern Colorado Plateau of Intensity V
(magnitude 4.0) generating an acceleration of about 0.02g at the site. The
other source would be near the Wasatch Front which could generate a maximum
maynitude earthquake of 7.4 that would produce an acceleration of 0.02g at the
site. The licensee further stated that introducing a margin of conservatism,
to account for amplification and a possible locally larger earthquake, the
desion a.celeration will be taken as 0.05g.

In addressing the potential for capable faults to exist in the site area, the
licensee indicated that a postulated northeast-trending feature coinciding
with the trend of the Colorado River, if it exists, is probably of Precambrian
or Paleozoic age. Also, the SAR states on page 2.4-30 that “There has been no
seismic activity associated with this trend." This statement is not supported
by recent observations (Wong and Humphrey, 1989) which indicates that a swarm
of seismic activity north of the confluence of the Colorado River and the
Green River is associated with this trend (Fig. 2-1).

In response to requests for additional information regarding several topics,
and in particular about the capability of the Moab fault and the maximum
credible earthquake for the Colorado Plateau, the licensee provided additional
seismic information in its May 31, 1994, submittal (Canonie, 1994a). In that
response the licensee indicated that the impoundment was tested and found to
be stable using a seismic coefficient of 0.25 (see Section 3.3 for further
discussion of the seismic stability of the impoundment). However, the
licensee’s 1994 response did not adequately address the seismicity in the
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vicinity of th: site. Therefore, in 1995 the licensee proposed a work plan to
obtain addigicﬂal data to address the staff comments on issues related to
geology, seismology, and subsidence. The results from these additional
investigations were submitted to NRC in January 1996 (Woodward-Clyde, 1996) .

The analyses of the data have resulted in an increased understanding of the
surface ana subsurface conditions of the site and its vicinity. The new data
dictated that the staff reevaluate the maximum credible earthquake that could
be generated in the area and the resulting ground acceleration at the site.

Based on aeromagnetic data, the loop part of the Colorado River appears to be
underlain by a fault or fault zone within Precambrian basement that has
previous left-lateral slip displacement (Case and Joesting, 1972). Hite
(1975) proposed that several northeast-trending physiographic features in the
region, including the Colorado River below Moab, may be structurally
controlled by basement shear zones or strike slip faults. Fault plane
solutions from some of these earthquakes north of the confluence of the
Colorado and Green Rivers show strike-slip movements. Also, it was suggested
that the tectonic stresses in the Colorado Plateau appear to be at critical
levels and could provide sufficient strain energy accumulation necessary to
generate earthquakes associated with zones of weakness parallel to the
Colorado River. Wong et al. (1983) concluded, based on their observations of
the seismic activity in the Paradox Basin, that the tectonic state of stress
in the area is such that some structural features may be near failure.

The seismic events in the Plateau appear to be the result of activation of
pre-existing faults favorably oriented to the stress field. According to
McGuire et al, 1982, the largest earthquake recorded in the Colorado Plateau
is a magnitude 6.5 event, while Spence et al. (1996) relocated this earthquake
in the northern front range.

2.3.6 Natural Resources

There are natural resources on and near the Atlas site. Also, underground
storage of liquid natural gas in cavities in ~alt has occurred in Moab.
Groundwater is a resource in the area (see Section 5.0). Copper minerals
precipitated in joints near the Moab fault in vicinity of Courthouse Rock
(Foxford et al., 1996). There is an oil field about 19 km (12 miles) away,
and a solution potash mining operation about 13 km (8 miles) away. Production
of those resources is associated with salt strata or salt structures similar
to those associated with the salt-cored anticline which underlies Moab Valley
and the site. Atlas has addressed the matter of past, present, and potential
future potash mining and extraction of oil and gas beneath the site for the
purpose of assessing future tailings stability. The following is a summary of
the natural resources setting derived from Atlas’ reports (Norman, 1995a,
1995b), among others. The potential for disruption of the tailings on site
due to future resource exploration or exploitation is not considered a design
issue.

2.3.6.1 Potash

Salt layers 5 and 9 in the Paradox Formation are the main targets for potash
minerals. These layers have been sought in borehole data (cuttings,
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geophysical, and lithologic logs) and in seismic reflection surveys. One of
the test holes investigated was the Embar-Big Six, about 400 feet south of the
Atlas site. Norman (1995a) reports that the salt layers were very {h‘n, and
concluded that "...there is no possibility for potash or other valui® . s21t
minerals to be present under the current Atlas Tailing pile" (ibid., p. 3%; it
should be noted that the opposite conclusion was reached for the Bartlett Wash
alternate site). It is not clear from Norman's report (ibid., p. 40-41) how
the 500-feet-thick salt layers with interbedded clastics (his thin potash-poor
salt section) under the site relate to the approximately 2100 m (7000 feet)
thick Paradox Formation under the site (Doelling et al., 1995, cross section
B-B').

No surface subsidence is observed at the nearby Cane Creek potash mine where
solution mining is in current use (Morton, 1995; Allison, 1994). However,
subsurface collapses in this mine have generated earthquakes of magnitude up
to 3.1 (Wong and Humphrey, 1989).

2.3.8:2 0i1 and Gas

The Paradox Basin has been producing oil for about 70 years. The main targets
have been the Mississippian (Leadville) limestone and the Cane Creek shale.
Both ¢ r in the Moab area (Morgan et al., 1991; Morgan, 1992). Norman
(1995b) reports thinned upper salt layers, absence of lower salt layers which
contains oil shale targets, absence of Mississippian rock targets and only
traces of oil, gas or brine in the Embar well near the site and concluded that
"There is no possible commercial oil and gas potential at, or in the near
vicinity of Atlas Corporation’s Moab tailings pile" (ibid., p. 4; note that
the opposite conclusion was suggested for the Bartlett Wash alternate site).

0i1 and gas prospecting in the Moab area appears likely to continue. New
techniques, such as horizontal drilling, have increased success in recovering
0i1 from shale in the area. However, improved casing and plugging technology
will lessen solutioning and subsidence around boreholes and better contain the
high fluid pressures in the producing units. Surface subsidence over oil
wells in Grand County has not been noted (Allison, 1994, p. 14).

2.3.6.3 Underground Storage Space

Underground storage of liquid natural gas was attempted in the salt-cored
anticline beneath tr2 town of Moab (Woodward-Clyde, 1982a, p. 8-5). The
liquid was not fully recovered, possibly due to migration into nearby
cavities. However, mining-for-space could be rejuvenated in the Moab area.

2.4 Geologic and Seismologic Stability

In order for Atlas’ reclamation plan to provide reasonable assurance of
control of radiological hazards for 200 to 1000 years, the design has to
account for al) significant geologic and seismologic conditions and processes
that might affect the long-term stability of the pile (NRC, 1993).

2.4.]1 Bedrock Stability

The following potential sources of bedrock instabilities beneath the site have

NUREG-1532




been identified: main Moab fault, West Branch of Moab fault, unnamed faults
interpreted from seismic reflection surveys, buried scarp interpreted from
drillhole data, bedrock surface topography, ground subsidence, and
earthquakes. No other sources of bedrock instabilities were investigated in
detail because either none were thought likely to exist or the effects of
undiscovered instability sources that might occur adjacent to and under the
tailings are likely to be bounded by consideration of the existing sources,
for purposes of attaining reasonable assurance that the health, safety and
environmental protection standards will be met.

2.4.1.1 Moab Fault System

There is evidence that the Moab fault system was active in the Mesozoic Era,
probably instigated by salt diapirism, and possibly reactivated in the
Tertiary Period by extensional tectonics, an interval of about 200 million
years (Foxford et al., 1996; Ge et al., 1995, 1996). However, there is little
or no evidence of significant activity in the Quaternary, the last 2 million
years (e.g., fault displacement within the Timits of geologic observation)
(Woodward-Clyde, 1996). In particular, there is no evidence that the Moab
fault or West Branch fault slipped at least once in the last 35,000 years* or
at least twice in the last 500,000 years*. There is no evidence that the Moab
fault or West Branch fault is structurally connected to a significant
seismogenic scurce* that would render them similarly significantly
seismogenic. There is little or no paleoseismic (pre-historic) or historical
(last 200 years) seismic record* of activity on the Moab fault or West Branch
fault (Wong and Humphrey, 1989; Wong et al., 1996; Woodward-Clyde, 1996).
Also, the Centra' <egment of the Moab fault system, part of which underlies
the pile, is consider.* by the staff not to be deeply penetrating the crust,
as in Foxford et al., (1.96). It appears to be rooted in the Moab sailt-
anticline (upper 2 kms [1.2 miles] of the crust) and is considered unable to
generate earthquakes as large as those generated by deep-seated faults
(Section 2.3.5). This is the most significant attribute of the Moab fault
system that diminishes its potential as a seismotectonic hazard. Further, the
segmented nature of the Moab fault system described by Foxford et al. (1996)
and Woodward-Clyde (1996, Section 2) suggests that future slip on one stretch
need not, a priori, be presumed to propagate along the entire tault length,
across segment boundaries. Therefore, the staff concluded thac the Moab and
West Branch faults, and any other faults in the Central Moab fault system
segment associated with them, are not capable faults (capable faults are
defined as having at least one of the properties indicated abuve with
asterisks, *; NRC, 1993).

The UGS and other investigators consider that the Moab fault and the West
Branch of the Moab fault are rooted in the Moab salt-cored aiaticline (e.g.,
Doelling et al., 1995; Fig. 2-2). Also, Atlas’ seismic lines suggest that the
Moab fault dips steeply into the underlying salt-cored anticline (Cooksley,
1995, 1996). Scale model experiments of salt-cored anticlinal diapirism
generally support the concept that longitudinal master faults like the Moab
fault are rooted in the salt and are detached from basement faults (for
example, Ge et al., 1995, 1996). Such evidence and models are sufficient for
the staff to conclude that the Moab fault (and related faults of the Moab
fault system, such as the West Branch fault, and several buried, unnamed
faults located between the Moab and West Branch faults) is not Tikely to be
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the seismic source that will dominate the seismic hazard calculation (Sections
2.3.5 and 2.4.3). Nevertheless, faults of the Moab fault system are
considered potential hazards because they are in positions which may affect
the pile if they slip in response to differential subsidence.

Massive blocks of rock involving hundreds or thousands of feet of strata
apparently slipped on the West Branch fault. One group of investigators
considered those blocks to be passive salt-tectonic landslides responding to
dissolution of salt which occurred in the Tertiary or Quaternary (Baars and
Doelling, 1987). Another group considers the slide blocks to have been
emplaced by active salt-tectonic processes in the pre-Jurassic (Foxford et
al., 1996). These investigators consider the period of high-rates of salt-
tectonic landsliding to be over, for various reasons. Lacking evidence of
Tate Quaternary or Holocene slip on the West Branch fault, such as a scarp,
the staff considers the fault to be relatively inactive but subject to
differential subsidence.

Cooksley’s (1995, 1996) seismic reflection data did not indicate the presence
of the West Branch fault beneath the pile as shown on Doelling’s, et al.
(1995; Plate 2) cross section. Atlas has assumed that the West Branch fault
dips under the site and is subject to slip at the rate of subsidence specified
for design. Because it appears that the design will mitigate effects from
such s1ip (even at twice the design basis slip rate) regardless of location of
the fault, the staff did not require Atlas to more precisely locate the West
Branch fault. Similarly, the exact location of the Moab fault was mooted as a
regulatory concern, because Atlas’ design would mitigate effects of
differential subsidence anywhere under the pile (Sections 3.3.4 and 4.5.1).

Atlas has presented its analyses of borehole data, historical photographs,
field observations, seismic reflection surveys, geodetic surveys, terrace
gravel analysis, and the UGS’s map of the Moab 7.5 quadrangle, and integrated
the results in an adequate analysis of potential fault displacement, seismic
and subsidence hazards posed by the Moab fault system. The staff considers
that the Moab fault, West Branch fault and unnamed related, buried faults are
not capable faults. These faults are potential loci of differential
subsidence and are to be considered in designs to mitigate subsidence hazards.

2.4.1.2 Buried Scarp

The potential occurrence of an arcuate buried fault scarp beneath the southern
edge of the tailings, parallel to the Colorado River channel, faulted down to
the east, was developed by UGS (Doelling et al., 1995) based on information
provided by Atlas Corporation (Woodward-Clyde,1996). The evidence for this
feature’s existence is based on Atlas borehole logs (e.g., Dames and Moore,
1982; Canonie, 1994b). The staff reviewed the evidence and considers the
normal fault model to be viable. In addition, the staff considers alternative
concepts of a bedrock-surface drop-off viable. Concepts that do not require
faulting cannot be ruled out, for example, a buried erosional escarpment, or a
buried stream channel or wash. A scarp, whether or not it exists to the
extent proposed by the UGS, is a consideration for pile design.

The information provided by UGS and Atlas (Cooksley, 1995, 1996; Woodward-
Clyde, 1996, Section 2) on the buried scarp under the site is insufficient for
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the staff to reach a conclusion on whether or not the buried scarp is a fault
or erosional feature. If this feature were a fault, it would not be
considered a capable fault, given that it would likely be rooted in the salt-
cored anticline. If the scarp is erosional, it would suggest considerable
aggradation of the Colorado River and substantial local subsidence in the same
period. Cooksley’s seismic line B (Cooksley, 1995, 1996) crossed the trace of
the UGS scarp. The seismic data do not indicate the buried scarp occurs at
its mapped location. Therefore, the precise location of the scarp is unknown.
However, line C does indicate a scarp of about 15 m (50 feet) relief
associated with the Moab fault, but tens of meters (several hundred feet) from
the UGS buried scarp trace. Nevertheless, the staff considers that the
mitigative measures proposed by Atlas to account for potential movement on the
Moab or West Branch faults would also mitigate movement on the buried scarp,
wherever it is. This is discussed in Section 3.3.

2.4.1.3 Subsidence

The staff considers that future subsidence of the Atlas tailings by salt creep
or dissolutioning could be concentrated on any moderately to steeply dipping
fault beneath the pile rooted in the Moab salt-cored anticline, or subsidence
could occur over a broad area of the pile. Potentially adverse effects, such
as disruption of the radon or erosion protection barriers, might occur if
differential displacements are propagated to the base of the tailings or
through the tailings after penetrating the alluvial wedge. Candidates for
such fault subsidence hazards are: Moab fault, West Branch of the Moab fault,
unnamed faults interpreted from seismic 1ines and the buried fault. If such
differential subsidence could produce salt-tectonic landslides of the large
magnitude described in Baars and Doelling (1987) in the next 200 to 1000
years, radon and erosion protection barriers would 1ikely be breached.
However, recent work suggests that large-mass salt-tectonic landsliding ceased
in the Cretaceous (Foxford et al., 1996) or Tertiary (Ge et al., 1995, 1996).

In reaching its conclusions about the nature and rate of future subsidence of
the pile the staff was cognizant of the uncertainties due to lack of direct
observation of subsidence in Moab area, poorly constrained ages of alluvium,
and dearth of subsurface data. The principle bases for rate of subsidence
were estimates of both the depth of alluvium beneath the Colorado River local
baselevel and the age of the oldest alluvium in the wedge. The staff relied
on Atlas’ seismic refiection interpretation of the alluvial wedge, borehole
data, geomorphclogical age estimates and discussion with the UGS. [Calculation
made as follows: take the thickness of alluvial wedge at its thickest place
shown on seismic line, between pile and Colorado River, at about 150 m (500
feet); assume the oldest alluvium is nominal age of the Placer Creek sediments
ranging from 120K to 150K years (Harden et al., 1985; Woodward-Clyde, 1996,
Section 3); consider Placer Creek and Holocene sediments near surface were
deposited uniformly in time on a surface that was subsiding and continues to
subside; therefore, rate of subsidence equals thickness (150 m) x reciprocal
of time since oldest layer was deposited (120 K to 150 K years) = .001-.00125
m/year or 1-1.25 m/ 1000 years (.2-.25 m/200 years). Alternatively, if the
age of the oldest sediments beneath the pile is early Quaternary, say, 1-
2x10E6 years, rate is much less, about .15-.08 m/1000 years.] The staff
concluded that 1 m/1000 years subsidence anywhere under the pile is a
reasonable and conservative design basis. Atlas’ accepted calculation that
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its design could mitigate subsidence of up to 2 m/1000 years (Section 3.3)
provided a substantial degree of conservatism in ensuring compliance with
Part 40, Appendix A, with respect to the potential subsidence hazard.

UGS and USGS geologists consider that surface subsidence by creep or
dissolutioning is continuing, but at a rate reduced since the Pleistocene,
when climate conditions were wetter. Doelling (in Allison, 1994) considers
that subsidence by salt creep or dissolutioning is concentrated on faults near
the margins of the salt anticlines. He cites V-synclines along vallev margins
as evidence for this. The West Branch fault is favorably situated for this
type of movement, as are unnamed faults located beneath the pile (Cooksley,
1995, 1996). Local aseismic subsidence by rapid collapse and site-scale
aseismic subsidence by slower downwarping or tilting was considered at the
Atlas site (Canonie, 1994; Smith, 1996, Part 2). As discuss~.d below, the
staff finds 1ittle basis to consider rapid subsidence a 1ikely hazard to the
site.

The sinkhole-like features mapped by UGS and related to rapid coliapse in
Castle Valley are attributed to salt dissolution (Mulvey, 1992). The features
are not widespread in Castlie Valley and have not been described from Moab-
Spanish Valley or any other salt-cored anticlinal valley in Utah. Such a
phenomenon, should it occur beneath the pile and propagate through the
tailings, would be a potential hazard to radon and erosion barriers. The
staff considers that sinkhole-like (rapid) collapse is more likely to
propagate through tailings setting directly on salt caprock than one setting
on alluvium and rocks which set on caprock. Unfortunately, the seismic survey
did not explicitly identify caprock (Cooksley, 1995, 1996), where it was
proposed to occur (Woodward-Clyde, 1996; Section 2). This is an uncertainty
in Atlas' subsurface model. However, various workers consider that there are
Paleozoic and/or Mesozoic strata beneath the pile (Baars and Doelling, 1987 ;
Doelling et al., 1995; Cooksley, 1995, 1996; Woodward-Clyde, 1996). Thus, the
likelihood of such a phenomenon occurring in Moab Valiey, within the footprint
of the pile, breaching caprock, causing rapid collapse of the alluvium,
disrupting the radon or erosion barriers and causing significant radon
release, appears to be low. Therefore, the staff does not consider rapid
subsidence, to be a design basis

Atlas has analyzed borehole data, performed stream profiling, made field
observations of soils on ancestral stream terraces and reassessed other
critical data and concluded that stream incision rate since Late Pleistocene
averaged about 0.4 to | mm/year, and this may reflect local subsidence rate.
Also, if regional rates of incision, denudation and subsidence described in
Section 2.3.3.2 are applicable to Moab Valley, then a rate of about 0.3-]
meters (1-3 feet) per 1000 years would be an appropriate design consideration,
The applicabiiity of such an indirectly estimated rate, its significance for
pile design, and its attendant uncertainties (e.g., they are long-term
averages and may be non-conservative values; rates in Moab Valley could be
notably higher for some reason not yet recognized) have been considered by the
staff. The staff considers that an average subsidence rate of 1 mm/year at
any location beneath the alluvium, or differentially across any faull or
fracture beneath the alluvium at the site (e.g., Moab fault, buried scarp), or
a maximum of 1 m/1000 years at any point or all points on the bedrock surface
beneath the pile, is a reasonable design basis. Additionally, Atlas has

NUREG-1532




shown, that its pile design is sufficiently robust to mitigate adverse effects
of subsidence of up to 2 m/1000 years, twice the design basis. This is
discussed in Section 3.3.

2.4.2 Geomorphic Stability

The Atlas site is vulnerable to geomorphic hazards because it is: at the
confluence of two active watercourses, Moab Wash and the Colorado River; at
the base of an actively retreating escarpment of 1100-feet topographic relief,
Poison Spider Mesa escarpment; in a basin of accumulating sediments, including
those of eolian, colluvial and fluvial origin and infrequent volcanic ash
falls, Moab Valley. Also, in this category of hazards, the staff has
considered the potential for subsidence due to future nearby mining, oil and
gas extraction. Atlas provided adequate information regarding migrating sand,
landslides, rock falls, migration of the Colorado River, diversion of Moab
Wash, potash mining, and oil and gas extraction. These have been reviewed,
and the attendant issues have been satisfactorily addressed as discussed below
and in Sections 4.4.4, 4,45, and 4.5.1. A potential volcanic ash hazard has
been resolved without need for input from Atlas.

2.4.2.1 Windblown Sand

S5and dunes, sand ramps, and sand sheets exist near the site. They appear
generally stable (vegetated). However, observations of several sand ramps,
including one near the entrance to Arches N.P. and & few above the pile on
Poison Spider Mesa escarpment, indicate localized patches which lack soil and
vegetation and with presence of ripples that imply that they are active.

About 20 cm (8 inches) of sand, presumably from offsite sources on the Mesa
identified by Atlas (Smith, 1996, Part 1), has accumulated in and arcund a
borrow pit on the site. In the next 1000 years it is considered likely by the
staff that dunes, ramps, and sheets will be deposited on or near the site,
potentially affecting the performance of the erosion barrier and/or drainage
systems. Sand infiltration of rip rap and accumulation on the pile may be a
generally favorable, stabilizing process. However, sand accumulation in
drainage channels may degrade their function. The staff suggested that Atlas
consider the rates and amounts of transient and trapped sand that could affect
the design of the drainage systems. Atlas’ analysis of potential clogging of
drainage channels around the pile by windblown sand was reviewed by the staff
and the conclusion that sand accumulations in drainage channels will not
adversely impact the performance of the pile, was found acceptable

(Section 4.5.5).

2.4.2.2 Mass Wasting: Rock Falls and Landslides

The retreat of the Poison Spider Mesa escarpment above the site apparently
occurs mainly by rock and debris falls followed by transport by running water
of the rocks and debris that fell or slid to the base of the escarpment. It
is obvious from field observations that rock and debris fall hazards exist
adjacent to the site. Rock-slab fall hazard was observed in the area.
Information provided by Atlas on the rock and debris fall hazards (Smith,
1996, Part 2) has been evaluated by the staff. The staff observed the
characteristics of subvertical joints and bedding-parallel discontinuities in
the Wingate and Kayenta Formations in the cliff above the pile. Rock blocks
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capable of falling down the cliff are poised to fall and will fall. However,
they will 1ikely disintegrate as they fall and accumulate on or near existing
talus. Large slabs of rock 1ike those observed to have slipped and disrupted
railroad and road beds (Highway 191, 1 km north of Arches N.P. entrance; Long
Canyon Road) are not likely to form on the cliff above the pile because a
prominent closely-spaced subvertical joint set orthogonally intersects the
cliff face above the pile precluding formation of cliff-parallel slabs there.

The staff reviewed aerial photographs of the site vicinity taken in 1950,
prior to site clearance, and did not observe rock-blocks beyond their present
positions along the foot of the escarpment. In addition, the site is
considered to lie outside of the rock fall hazard zone mapped by UGS (Mulvey,
1992). Nevertheless, the staff considers that a rock and debris fall hazard
exists at the site. Pricor to staff specifying a design basis rock and debris
fall hazard, Atlas performed a robust analysis. An Atlas analysis showed that
its proposed southwest drainage system could alleviate the effects of
potential rock and debris fall hazards including periodic clogging of the
drainage channels to half their height. The staff considers this analysis
acceptable and that it provides assurance that the potential hazard will be
mitigated (Section 4.5.1.3.2).

Geomorphic landslides need to be distinguished at this site from salt tectonic
landslides (Section 2.4.1.1). Landslides above the tailings, in addition to
rock falls, might interfere with drainage systems around the pile, or possibly
encroach upon the erosion barrier itself (Section 4.5.1.3.2). The specific
concern about geomorphic landslides was that several were mapped along the
escarpment above the site by Huntoon et al. (1982). Later mapping by Doelling
et al. (1995) indicated that the same rock and debris deposits were talus.
Huntoon later concurred (Smith, 1995, Part 2).

Recent seismicaily-induced landslide in Zion, N.P., which involved rocks
comprising cliffs similar to those above the Atlas site (i.e., Chinle,
Kayenta; Schuster and Wieczorek, 1995; Jibson and Harp, 1996) do not
constitute sufficient evidence that similar landslides will occur above the
site. Different rock structure, rockmass properties, cliff shape, prior
landslide history, and stress state between the sites (at Zion strata dip
toward adjacent valley, clayey Triassic rocks were saturated with water and
the landslide mass was a relict from an earlier landslide, among others)
preclude the analogy. The staff concluded from its review of the literature
and field observations of landslides and talus originally maprned by Huntoon,
et al. (1982) and Doelling, et al. (1995), and Atlas’s analyses (Smith, 1996),
that landslides are not a design basis for the Atlas site.

2.4.2.3 Volcanic Ash Fall

The Quaternary sources of volcanic ash that accumulated in Arches N.P., and
possibly in Fisher Valley, are still active and could present potential
volcanic ash hazards to the site. The potential that simultaneous conditions
at a volcanic source (e.g., large volume of ash erupted to great height) and
in the troposphere (e.g., sustained winds directed at Moab) would combine to
produce significant ash fail onto the pile or into its drainage system nearby,
is estimated to be low. Based on the geologic record, ash fall in this area
has a low probability of recurrence (approximately twice in more than 740,000
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years). The staff considers the 1ikelihood of the volcanic ash hazard to be
too low to be a significant concern at the Atlas site. Volcanism is not a
design bas s for the Atlas site.

2.4.2.4 Potash Mining

The potential for potash exploration and solution mining and potential effects
of reiated technologies on the tailings have been discussed by Atlas (Norman,
1995a). The report provided direct and indirect evidence that the presence of
economic deposits of potash and related minerals beneath the site is unlikely.
Furthermore, title to the reclaimed site will revert to DOE or the State of
Utah (Section 83 of Atomic Energy Act). This title transfer provides NRC with
the authority to disallow mineral mining rights or other uses of the
subsurface. Therefore, should natural resources be discovered beneath or near
the pile site in the future, the integrity of the pile foundation could be
protected from any adverse impact of a mining operation by withdrawal or non-
issuance of the surface mineral mining rights. The staff considers that
potential future mining at or near the site is not a design basis.

2.4.2.5 0il1 and Gas

The potential for oil and gas exploration and extraction and potential effects
of related technologies on the tailings have been discussed by Atlas (Norman,
1995b). This issue has a similar resolution as the potash mining issue
discussed above (Section 2.4.2.4). Basically, there is little reason te
consider direct intrusion into the pile, or subsidence at the pile from nearby
extraction or dissolution of salt around boreholes, or that the future
landowner (DOE or the State of Utah) would permit exploration or extraction.
The staff considers that potential oil or gas exploration and extraction at or
near the site is not a design basis.

2.4.3 Seismotectonic Stability

As a result of NRC staff review and evaluation of the geologic and seismologic
information, and discussions with individuals at the state, Federal, and
private levels knowledgeable of the region, the staff has determined that the
licensee has acceptably addressed the seismic issue and acceptably determined
the seismic design acceleration for the mill tailings facility.

In order to identify the seismic design for the site, Criterion 4 of

Appendix A to Part 40 requires consideration of the maximum credible
earthquake as defined in Appendix A to Part 100. Criterion 6 of Appendix A to
Part 40 requires that the disposal cell be designed to remain stable for 1000
years to the extent reasonably achievable but in any case for at least 200
years.

In order to determine the seismic design for the site, the staff investigated
and evaluated the seismicity of the area around the Atlas site. The staff
found that according to McGuire et al. (1982), the only significant random
earthquake in the Colorado Plateau occurred on November 7, 1882, in the
northwest corner of Colorado. The magnitude of the earthquake was estimated
by McGuire et al. (1982) as 6.5. Based on McGuire’s earthquake location, the
epicenter of the earthquake was about 200 km (125 mi) north-northeast of the
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site. In a iacent study, Spence et al. (1996), based on a comparison with the
1984 Laramie Mountain, WY 5.5 magnitude earthquake, located the 1882
earthquake in the northern Front Range and estimated its magnitude to be
6.640.6. Spence et al. (1996) concluded that the 1882 earthquake did not have
its source in the Colorado Plateau.

The other potentially significant seismic source of earthquakes is the
northeast-trending feature along the Colorado River north of the confluence
with the Green River. Wong and Humphrey (1989) located several seismic events
in this area along the Colorade River, and concluded that the sources of this
seismicity can be attributed to reactivated Precambrian basement faults. The
foc:: depths of these earthguakes range from :hallow up to about approximately
50 km.

Another source of seismic activity was observed in the Canyonlands region in
the vicinity of the Cane Creek mine (Wong et aa., 1989). The temporal pattern
of these earthquakes exhibited a strong correlation with mining activities.
The majority of these earthquakes was less than magnitude 1.0. In January
1984 a 3.3 event occurred at a distance of 12 km from the mil] tailings and
::othe. one of magnitude 3.0 occurred on February 10, 1984 at a distance of 10

To assess the hazard to the site the licensee performed a deterministic and a
pro?abilistic seismic analysis to identify the seismic design for the mill
tailings.

Deterministic Analysis:

Capable faults As discussed in Section 2.4.1.1, the Moab fault is identified
as a non-capable tectonic fault. The Uncompahgre fault, which showed a
Quaternary uplift, is at a distance of about 50 km from the site and would

gen:rate an acceleration (G.1g) less than the design acceleration for the mill
tailings.

floating earthquake In Woodward-Clyde (1996), a 6.25 event was considered as
the random earthquake. Using the Campbell and Bozorgnia (1994) attenuation
model, they estimated peak horizontal accelerations of 0.18g and 0.29g for the
med‘an and 84th percentile, respectively. For thc Colorado River seismicity,
a 6.5 event could be generated, assuming 50 percent of the basement fault
would rupture. Based on 6.5 event at 5 km from the site, the expected
acceleration would be 0.43g for the median and 0.67g for the 84th percentile,
respectively. The return period of the deterministic median value of 0.43g
along the Colorado River is about 100,000 years. For the 84th percentile uf
0.67g, the return pei ‘od is about 750,000 years. These values are much
greater than the 1000 rear stability period required by Criterion 6 of
Appendix A to 10 CFR rart 40.

Probabilistic Analysis:

To evaluate the ground acceleration associated with a probability of being
exceeded in 1000 years, the licensee performed : probabilistic seismic hazard
analysis. This analysis was performed to account for uncertainty in
characterizing important faults (especially the lack of historical
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earthquakes). 10 CFR Part 100 has recently been revised to allow the use of
the probabilistic approach in performing seismic hazard analysis for nuclear
power plants. Hence, the use of this type of methodology has been found
acceptable in other facilities regulated by NRC.

The approach used by the licensee for the probabilistic seismic analysis is
similar to other seismic hazard analyses (Cornell, 1968, McGuire, 1978,
Bernreuter, et al., 1989, Flectric Power Research Institute, 1988). In this
analysis Atlas used logic trees, which are composed of nodes and vranches, to
identify the likelihood of different earthquake magnitudes associated with
different sources. FEach branch of the logic tree represents discrete possible
values for nat state. Probabilities were assigned to each branch using
subjective assessments. The logic tree approach assigned weights, using
scientific judgement, to the following parameters for each fault: activity,
dip, deptu, maximum magnitude, recurrence model, and slip rates. Ten of the
faults considered in the analysis, including the Moab, Lisbon Valley, Salt
Valley, and Paradox Valley faults, are associated with salt structures; the
licensee considered them unlikely to be seismogenic and assigned them low
weights. In this study, Atlas used three different attenuation models, Boore
et al. (1993), Campbell and Bozorgnia (1994), and Sadigh et al. (1987), to
examine the effects of different attenuation models on the mean total hazard.
Atlas found that the three attenuation models provided similar results., The
maximum earthquake magnitudes expected on these faults were estimated using
the empirical relationship for fault surface rupture length vs. magnitude of
Wells and Coppersmith (1994).

The seismic hazard curves (probability of exceedance vs. peak ground
acceleration) were calculated at the mill tailings location for the median,
5th, 16th, 84th, 95th, and the mean percentile. The wide diffirence between
the 5th and 95th percentile hazard curves, especially at the longer return
periods, represents the high degree of uncertainty in the model parameters and
the attenuation relation used. The licensee performed a sensitivity anzlysis
by varying the weights on the slip rates, seismic sources, and attenuation
models. For example, increasing the probability of activity of the Moab fault
from 10% to 50% produced some effect on the total hazard at return period
greater than 10,000 years. At a 10,000 years return period, the mean
acceleration increased from 0.18g to 0.21g.

Based on the probabilistic seismic hazard analysis the licensee proposes a
mean peak horizontal ground acceleration of 0.18g for a return period of
10,000 years.

In an independent study sponsored by NRC, Bernreuter et al. (1995) performed a
simplified seismic hazard analysis for all Title II reclamation plans. The
Atlas site was one of those examined. Bernreuter et al. (1995) reviewed
published and unpublished data, and discussed several issues dealing with
seismic hazards at Atlas with several organizations. Bernreuter et al. (1995)
conciuded that: 1) the Moab fault is a surficial expression of underlying
salt sulution and is a subsidence feature rather than a tectonic feature; and
2) the seismicity along the Colorado River suggests that a basement fault.
exists under the river and could generate an earthquake of magnitude ranging
from 5.5 to 7.0. Bernreuter et al.(1995), estimated the peak yround
acceleration at the Atlas site from such fault to range from 0.2g to 0.4q.
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Based on his simplified probabilistic seismic hazard analysis he estimated an
acceleration of 0.15 g for a return period of 10,000 years. Bernreuter, et
al., used the Joyner and Boore (1982) attenuation model to estimate the
acceleration at the site.

The staff also asked Dr. Art Frankel of the USGS to provide a probabilistic
seismic hazard curve for the Atlas mill tailings site based on the National
Seismic Hazard Mapping Project. Based on the information provided, the staff
estimated a mean peak ground acceleration of about 0.21g for a 10,000 year
return period at the site.

Based on the stability analysis, the licensee indicated that the embankment
would have a factor of safety of one with a pseudo-static seismic coefficient
of 0.25. This value translates to an acceleration of 0.3Cg before the slope
would be expected to begin yielding. Based on this value, the staff concludes
that the mill tailings design acceleration exceeds the design acceleration
estimated from the probabilistic seismic hazard analysis.

Geologic and seismologic information and investigations presented by the
licensee as required by Part 40, Appendix A, provided sufficient information
on the interrelation between seismicity and the basement fault north of the
confluence of the Colorado ana Green Rivers, and thoroughly addressed the
capability of the Moab fault. For example, the licens~2 identified and
presented the maximum credible earthquakes that could be generated from these
faults and provided a probabilistic seismic hazard analysis. Also, the
licensee discussed in its submittal, the maximum random floating earthquake in
the Colorado Plateau.

Therefore, the staff considers the licensee’s submittal to be complete and
that the seismic design basis for the Atlas site has been addressed. The
staff concludes that a 0.25 seismic coefficient for the slope stability,
translated to an acceleration of 0.38g, is acceptable for the Atlas site
2.5 Conclusions

2.5.1 Bedrock Stability Conclusions

The staff concludes that the bedrock features and conditions specified below
are potentially significant sources of foundation instability. Atlas has
appropriately considered them in pile design. Bedrock stability has been
adequately assessed in the proposed design tc meet the requirements in
Appendix A of Part 40.

1. MOAB FAULT SYSTEM. Faults of the Moab fault system that underlie the
site are not capable faults (i.e., are not likely to zernzrate vibratory
ground motior which would exceed that from the maximum credible
earthquake for the site). Their location beneath the pile, the large
vertical displacements on the longer faults, their association with
collapsed carapace above the Moab salt-cored anticline, UGS geologists’
opinions that they were and may continue to be loci of differential
subsidence, make them reasonable and conservative candidates for
differential subsidence hazards (see SUBSIDENCE, below). Specifically,
the Moab fault, unnamed faults beneath the pile, anu the West Branch
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fault must be considered in the desigr, including the possibility that
any moderately to steeply dipping fault can intersect the base of the
Quaternary alluvial wedge at any location. The potential seismotectonic

and differential subsidence hazards have been acceptably addre- |
(Section 3.3).

BURIED SCARP. The buried scarp, if it is a fault, is not a capable
fault. It should be considered a differential subsidence hazard that
must be considered in design (see SUBSIDENCE, below). The location of
the buried scarp taken from Doelling et al., (1995) and Woodward-C1lyde
(1996; Section 2) is between boreho?es PW-1 and ATP-1, under the
southeastern corner of the tailings (W~odward-Clyde, ibid, Fig. 2-18).

;h; g?ried scarp potential hazard has been acceptably addressed (Section

SUBSIDENCE. The bedrock surface beneath the alluvial wedge at the site
should be considered likely to subside in the next 1000 years and such a
subsidence hazard must be considered in design. The shape and elevation
of the bedrock surface under the pile is reflected in Cooksley (19935,
1996). Relief of the bedrock surface should be taken as 16 m (50 feet)
across the Moab fault (Cooksley, 1995, 1996). The minimum acceptable
design basis subsidence rate and magnitude are, respectively, average of
] mm/year anywhere or uniformly distributed under the site, not less
than 0.2 m in 200 years or less than 1 m in 1000 years anywhere under
the site. Sudden collapse need not be a design basis. Subsidence may
be considered to occur by aseismic creep. Subsidence may be uniform
over the site with or without tilting, or it may occur differentially
across a fault plane or bedrock scarp up to 1 m in 1000 years. The
potential subsidence hazard has been acceptably addressed

(Section 3.3.5).

2.5.2 Geomorphic Stability Conciusions

The staff concludes that the geomorphic features and conditions specified
below are potentially significant sources of surface instability. Atlas has
acceptably considered them in pile design. Bedrock stability has been
acceptably assessed in the proposed design to meet the requirements in
Appendix A of Part 40.

1.

WINDBLOWN SAND. Sand has been deposited on the site during its
operational phase and is expected to continue to do so. On one hand,
sand accumulation on the pile may enhance protective engineered covers,
on ihe other hand, sand accumulation in drainage ditches is a potential
hazard that must be considered in design. Uniform sand deposition rate
of 0.5 cm (0.2 inches) per year in the drainage ditches is a reasonable
and conservative dusign basis. The migrating sand potential hazard has
been acceptably addressed (Section 4.5.5).

ROCK AND DEBRIS FALLS. Rock falls and debris falls will continue to
occur on the escarpment above the site contributing to scarp retreat of
about 0.35 m/year (1.0 foot/year). Some rock and debris may reach the
southwest runoff drainage ditch alongside the tailings. Therefore, rock
and debris falls are potential hazards that must be considered in
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design. Accumulation of rocks and debris resulting in blockage of 50
percent of the channel capacity is a robust design basis. This
potential hazard has been acceptably addressed (Section 4.5.1.3.2).

3. MIGRATION OF THE COLORADO RIVER. Gradual migration of the Colorado
River channel toward the pile, potentially eroding the erosion
protection barrier, is a design consideration. This potential hazard has

been acceptably addressed (Section 4.4.5).

4. FLOODING OF MOAB WASH. Moab Wash will continue to be subject to floods,
not exceeding the Probable Maximum Flood (PMF). A PMF for Moab Wash is
a design basis. This potential hazard has been acceptably addressed

(Section 4.5.1.2.2).

The following potential hazards were reviewed by the staff and round too
improbable to be considered in design:

1s LANDSLIDES. While landslides might emanate from Poison Spider Mesa
escarpment and valley walls north and south of the site, no surficial
relict or recent landslide deposit appears to exist adjacent to the
site. The staff considers that a landslide hazard has a low likelihood
of occurrence at the site and need not be a design basis. Atlas’
analysis of clogging of drainage ditches with rocks and debris (from
rock and debris falls, Section 4.5.1.3.2) is analogous to an
encroachment of a landslide toe and provides a degree of conservatism
(additional assurance of compliance) with regard to a low probability
lands)ide hazard.

- VOLCANIC ASH FALL. Volcanic ash has fallen in the Moab area several
times in the last 740,000 years. The staff considers the probability of
future ash fall onto the pile to be low, and uncertainties associated
with .~ consequences too high to be a design basis. Atlas’ analysis of
clogging of drainage ditches with blowing sand (Section 4.5.5) is
analogous to clogging by volcanic ash and provides a degree of
conservatism with regard to a low probability ash fall hazard.

3. POTASH MINING/OIL AND GAS EXPLORATION AND EXTRACTION/ UNDERGROUND
EXCAVATION. Review of Atlas’ analysis of natural resource potential of
the site suggested a low likelihood: of exploration for natural
resources beneath or next to the site; of extraction of resources; and
of excavation of potential underground storage volumes (Sections 2.3.6,
2.4.2.4 and 2.4.2.5). Also, future site-owner control of mineral rights
provides a way to preclude such human intrusions.

2.5.3 Seismotectonic Stability Conclusions

The staff concludes that the licensee has provided sufficient geologic and
seismologic information to evaluate the seismic design basis for the Atlas
site. The 'icensee indicated, and the staff agreed, that Atlas tailing: pile
slopes are designed to withstand a seismic coefficient of 0.25, which
translates into an acceleration of 0.38g. This value is more than twice the
estimated acceleration of 0.18g calculated by Atlas, in its proed-bilistic
seismic hazard analysis, as having a return period of 10,000 years.
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Therefore, the staff concludes that the design acceleration for the facility,
0.38g, is acceptable for use in the determination of the facility’'s seismic
stability for the 1000 year longevity period.
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3.0 GEOTECHNICAL STABILITY
3.1 Introduction

This section presents the results of the NRC staff review of the geotechnical
engineering aspects of the closure action proposed at Atlas’ Moab, Utah,

Title Il Project mill site. The closure action consists of the consolidation
of all contaminated materials from the processing site to the adjacent
tailings pile near Moab, Utah. The final disposal cell will be an above-grade
stabilized-in-place embankment extending to a maximum height of 110 feet above
the prevailing surface grade. Contaminated material and mill debris will be
added to the disposal cell. The cell will be recontoured , and will be
covered with a 7-foot-thick minimum sand cover, plus filter layer and rock
armor on the embankment; a 39-inch-thick multiple layer cover plus rock armor
over ceoarse tailings; and a 37-inch-thick multiqle layer cover plus rock armor
over at least seven feet of regraded coarse tailings over the fine tailings
portions of the embankment (:ee licensee Drawing No. 88-067-A112, Canonie,
1995).

The geotechnical engineering aspects reviewed include: (1) information
related to the disposal and borrow sites; (2) materials associated with the
closure action, including the foundation and excavation materials, tailings,
and other contaminated materials; and (3) design and construction details
related to the disposal site, disposal cell, and its cover. The staff
evaluation of related topics such as geology, geomorphology, and seismic
characterization, are presented in Section 2. Surface water and erosion
control evaluations are presented in Section 4, and groundwater condition
evaluations are presented in Section 5 of this report.

3.2 Site and Material Characterization
3.2.1 Site Description

The 130-acre impoundment (Figure 1-1) is adjacent to the former Atlas mill,
about three miles northwest of the town of Moab, Utah. The site is located
within the Moab Valley, and is drained by Moab Wash (an ephemeral channel) and
the Colorado River. The uranium mill tailings were placed in a single pile
consisting of approximately 10.5 million tons. The 130-acre pile forms a
deposit with a maximum height of 110 feet. The Atlas Corporation has covered
the sides of the pile with an interim soil cover of variable thickness. As
the water in the pond atop the tailings has evaporated, additional interim
cover has been placed on portions of the top of the pile, working from the
edges inward toward the center.

The former mill area is 200 acres in size and contains building foundations
and abandoned mill structures which have been partially demolished.
Additional contaminated soil lies outside the confines of the tailings pile.
The contaminated soil and building rubble generated from the mill demolition
will be added to the dispesal cell.
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3.2.2 Geotechnical Investigations
3.2.2.1 Disposal Cell Area

Several subsurface investigations have been performed at the Atias processing
site in order to characterize the tailings and contaminated materials for
geotechnical engineering and radiological aspects of the closure. Drawings in
the May 29, 1981 report(Dames & Moore, 1981) illustrate the original test
boring and test pit locations. Logs of soil borings and test pits were
provided in the licensee's earlier submittals (Dames & Moore, 1977: and Dames
& Moore, 1979). In August of 1988, and January of 1992, additional test pits
were excavated within the confines of the mill and the tailings embankment.
The 1988 and 1992 test pit logs are reported in Appendix A of the June 4,
1992, submittal (Canonie, 1992), as modified by the April 14, 1993, submittal
(Canonie, 1993).

Exploration to depth within the tailings embankment was not previously
performed since the presence of an active evaporation pond impeded drill rig
access. To further characterize the tailings, and to evaluate the embankment
with respect to stability and potential settlement, the licensee has committed
to perform piezocone or other in-situ tests after the cover has been placed.
The piezocone is an instrument which measures the piezometric pressure at a
cone tip as the test device penetrates a material Cone Penetration Test
(CPT) pore pressures, thus measured, reflect both the soil type and the stress
history of the material CPT or equivalent test data will be reviewed along
with settiement records to better evaluate the time-rate nf tailings
consolidation,

Borrow Areas

Proposed radon barrier clay soils from the Klondike Flats area were evaluated
by Canonie Environmental. The Klondike Flats borrow area is located about
13.8 miles north of the tailings pile.

Sandy soil for the radon barrier will be obtained from material excavated
during the reconfiguration of Moab Wash (see Section 4) In 1988 and 1992, 15
expleoratory test pits were excavated in the Moab Wash area

Finally, in addition to the sampling associated with the reconfiguration of
Moab Wash, three additional samples were taken from the preposed borrow area
located west of the tailings disposal area on the Atlas property

3.2.2.3 Geotechnical Investigation Conclusions

The NRC staff has reviewed the subsurface exploration discussed above. The
staff concludes that the geotechnical investigations conducted at the
processing, disposal, and borrow sites satisfactorily establish the
stratigraphy, that the explorations are in general conformance with applicable
provisions of Chapter 2 of the SRP (NRC, 1993}, and that they are adequate to
support the assessment of the geotechnical stability of the stabilized
tailings and contaminated material in the disposal cell Additional in-situ
testing will be performed to confirm the stratification and strength
paranzters of the tailings and to confirm the settlement analysis Prior tc
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approval of the settlement evaluation, the licensee will submit a field
exploration plan for the in-situ exploration program.

3.2.3 Testing Program

Geotechnical engineering characteristics and strength parameters for the
tailings, contaminated soil, and natural soils have been determined by the
licensee, through laboratory analysis of samples from the investigations.
Early laboratory testing by Dames & Moore, and later testing by Canonie
Environmental, included moisture-density (Proctor) determinations, gradation
analyses, specific gravity, saturated hydraulic conductivity determinations,
Atterberg Limits, capillary moisture, one-dimensional consolidation, static
triaxial, and cyclic triaxial compression. The staff has reviewed the
geotechnical engineering testing program for the Atlas site and concludes that
the tests identified above were conducted on representative materials.

The licensee’s laboratory testing of the Klondike Flats borrow material
included gradation, Atterberg Limits, moisture-density determination, specific
gravity, saturated hydrauiic conductivity, capillary moisture relationships,
dispersive tendencies, diffusion coefficient, and triaxial shear strength.

The Iicensee states that additional tests will be made on the borrow scils
during construction to confirm conformance with the project specifications.

Within the Moab Wash area, one composite sample was made from the "affected"
(contaminated) sandy soils. A second sample was made from "clean" soils (see
Section 6.2.1 for additional information). The composite samples were thzn
split into three subsamples, and were redivided for geotechnical and
radiological sampling. Laboratory testing by the licensee included gradation,
Atterberg Limits, moisture-density relationships, specific gravity, diffusion
coefricient, and (for the "affected" soils) radium activity and emanation
coefficient determination. Three composite samples from west of the tailings
pile area were tested for gradation, Atterberg Limits, moisture-density
relationships, specific gravity, diffusion coefficient, and capillary moisture
relationship.

Proposed cover materials were evaluated for durability. Testing inciuded Los
Angeles Abrasion, sulfate soundness, absorption, specific gravity, Schmidt
Hammer, and Brazilian disk tensile tests. Petrographic analyses were also
conducted. Further discussion regarding the tests on proposed cover materials
is presented in Section 4,

On the basis of the field exploration and laloratory testing programs, the
lTicensee concluded that the proposed borrow sites contain suitable quantities
of material a .eptable for the proposed radon barrier. Testing indicated the
soils are non-dispersive.

Based on the review, NRC staff finds that the number and type of tests
conducted in the testing program were appropriate for the support of the
engineering analyses performed and that the scope of the testing program and
the utilization of the test results to define the material properties are in
general agreement with the applicable provisions of the SRP (NRC, 1993).
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3.3 Geotechnical Engineering Evaluation

3.3.1 Slope Stability

The evaluation of the geotechnical stability of the slopes of the disposal
cell containing stabilized tailings and other contaminated materials is
presented in this section. The staff has reviewed the exploration data, test
results, slope characteristics, and methods of analyses pertinent to the slope
stability aspects of the reclamation plan. The analyzed cross-sections with
10 horizontal to 3 vertical side slopes have been compared with the
exploratory records and design details. The staff finds that the
characteristics of the slopes have been satisfactorily represented and that
the most critical slope sections have been considered for stability analyses.

Soil parameters for the various materials in the disposal cell slope have been
adequately established by appropriate testing of representative materials.
Soil parameter values have been assigned to other layers (riprap, gravel
bedding, bedrock, etc.) by the licensee, on the basis of data obtained from
geotechnical explorations at the site and data published in the literature.
The staff finds that the determinations of these parameters for slope
stability evaluation follow conventional geotechnical engineering practice,
and are also in compliance with the applicable provisions of Chapter 2 of the
SRP (NRC, 1993). The staff also finds that an appropriate method of stability
analysis (Simplified Bishop method) has been employed by the licensee to
address the likely extreme adverse conditions to which the slope might be
subjected for the static case.

Factors of safety against failure of the slope for static and seismic loading
cenditions have been determined by the licensee for both short-term (end of
construction) and long-term states. Factors of safety for the static loading
conditions were calculated by the licensee to be 1.6 (short- and long-term)
which are in excess of minimum required values of 1.3 and 1.5, respectively.

The seismic stability of the proposed slopes was investigated by the Ticensee
using the pseudo-static method of analysis, with horizontal seismic
coefficients of 0.21g for both the end-of-construction and the long-term
cases. The value of the seismic coefficient was consistent with the design
ground acceleration value used for the nearby Green River Title I site. In
actuality, a horizontal seismic coefficient equal to 0.67 times the maximum
ground acceleration, or 0.14g, would be used in a long-term pseudo-static
evaluation, tius the licensee’s model is over-conservative. As a further
exercise, the licensee arbitrarily increased the horizontal seismic
coefficient in order to determine the value which would imply impending
failure. The coefficient which resulted in a factor of safety of unity,
implying impending failure, was 0.25g.

Subsequently, the licensee performed deterministic and probabilistic ground
motion evaluations in January, 1996 (Woodward-Clyde, 1996). The purpose of
Woodward-Clyde's re-evaluation was to determine a peak horizontal acceleration
value mor2 reasonable than that used by DOE at Green River, yet still
conservative. Woodward-Clyde determined that a peak horizontal acceleration
of 0.18g, which represents an event with a mean return period of 10,000 years,
was an appropriate value for design (see section 2.4.3). Since the licensee’s
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eariier analysis was based on a peak horizontal acceleration in excess of
0.18g, and stable conditions were confirmed, the conservativeness of the
seismic design with respect to slope stability was substantiated.

Based on review of these analyses and the results, NRC staff concludes that
the slopes of the disposal cell are designed to endure the effects of the
geologic processes and events, including resistance to earthquake and
settlement, to which they may reasonably be subjected during the design Tlife
and that the analyses have been made in a manner consistent with Chapter 2 of
the SRF (NRC, 1993).

3.3.2 Settlement and Cover Cracking

Long-term settlement of materials in the disposal cell, which could result in
either local depressions or cracks on top of the cover, was addressed by the
licensee in Canonie Environmentai’s report of June 4, 1992. A proposed
settlement monitoring program was provided. Settlement monuments will be
installed directly on the tailings prior to the initiation of regrading
activities. Construction equipment will be required to maintain a minimum
distance of five feet from all monuments.

The monuments will be surveyed for vertical displacemenrt on a daily basis for
the first two weeks of initial fill placement, weekly for the following two
months, and then monthly for the final two months. When the licensee has
concluded that 90 percent of the consolidation settiement is complete, and
with NRC’'s concur-ence, final soil cover placement operations can begin.

Settlement monuments will be located in areas where consolidation is expected
to be the greatest, including areas believed to have maximum thicknesses of
fine tailings. Such an arrangement should assure that differential settlement
will not adversely affect the integrity of the cover. Additionally, the final
soil cover will be spread and compacted in a uniform manner to minimize the
effects of settlement due to the weight of the final soil cover materials.

The licensee concluded that 90 percent of the primary consolidation should
take 1 to 2 years, based on the fact that there has been no disposal of
tailings since 1984 and that the pumping program conducted at the site has
accelerated the dewatering process.

In addition, the licensee will conduct an exploration program within the
embankment using piezocones or other agreed upon in-situ methods. The in-situ
data will be evaluated along with settlement records to confirm the conclusion
that 90 percent of the expected settiement has occurred. The in-situ test
results can also be used to assess the potential for cover cracking. Subject
to confirmatory testing in the in-situ exploration stage, the proposed
settlement monitoring program is considered sufficient to satisfy applicable
portions of Criteria 1, 6, and 12, of Part 40, Appendix A, regarding
reclamation design to control radiological hazards for the design 1ife without
active maintenance after reclamation is complete.

3.3.3 Liquefaction Potential

The liquefaction potential for the Atlas site was initially evaluated for the
licensee by Dames & Moore (1979). Dames & Moore evaluated the liquefaction
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potential based on empirical techniques and on the basis of a laboratory
evaluation. Minimum factors of safety of 1.69 (empirical) and 1.90
(laboratory) were derived in the Dames & Moore study. Based on the similarity
in results, and considering minimum acceptable safety factors of 1.5, Dames &
Moore concluded that no major problem related to Tiquefaction would occur
during the postulated seismic event, which they considered to be a Magnitude 6
event with a hypocentral distance of approximately 50 km and a maximum ground
acceleration of 0.08g.

An understanding of seismic hazards and the Tiguefaction process has improved
since 1979. Based on more recent interpretations of potential seismic events,
and in accordance with a November 4, 1994, request from the NRC, the licensee
re-evaluated the liquefaction potential for the site (Woodward-Clyde, 1996).
Liquefaction potential was re-evaluated using standard penetration test
values, soil gradation, and sample descriptions from previous analyses with
updated empirical relationships. The potential induced stresses were
estimated from simplified procedures using field-based methods.

Liquefaction susceptibility can be estimated by either of two approaches. The
first method correlates resistance with standard penetration test (SPT)
blowcounts, measured in-situ. The second method relies on laboratory
measurements of dynamic tests that strain soi) sampies in repeated cycles of
motion until liquefaction is inauced. Woodward-Clyde stated that the field-
based method is the preferred analytical procedure.

By using methods detailed in Seed and Harder (1990}, the in-situ liquefaction
resistance was computed. In the Seed and Harder analysis, corrected SPT
values are normalized and correlated with the cyclic stress ratio required to
trigger liquefaction, in observational data. The field cyclic stress ratio is
thus obtained from curves dependent on the normalized blowcounts and soil
fines content. For a calculated factor of safety less than 1.1, failure is
assumed to occur. For a factor of safety between 1.1 and 1.4, liquefaction is
not assumed to occur, but the soils may suffer some strength loss.

Woodward-Clyde showed that very few sample points indicate susceptibility to
Tiquefaction, and that isolated incidences of liquefaction, if it werz to
occur, would be deep within the embankment. It wac inferred that liguefaction
of the tailings and underlying soils is unlikely to occur, and that there is
no threat to the stability of the embankment.

Based on a review of the analysis presented by the licensee (Woodward-Clyde,
1996), the staff concludes that there is adequate assurance of safety with
respect to Tiquefaction damage.

3.3.4 Cover Design

The licensee has proposed three different embankment cover sections, depending
on location:

1) The proposed final cover profile for the embankment will consist of
7 feet (minimum) of sandy soil above the regraded coarse tailings. The
sandy soil will be capped by a filter layer and rock armor of variable

thickness,
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The proposed cover profile over coarse tailings will consist of:

6 inches (minimum) of low-grade ore from the mill area,
16 inches (minimum) of affected soil,

8 inches (minimum) of compacted clay,

9 inches of sandy soi)

The coarse tailings areas will be covered with rock armor of variable
thickness.

The proposed cover profile over fine tailings will include:

7 feet (minimum) of regraded coarse tailings,
16 inches (minimum) of affected soil,

12 inches (minimum) of compacted clay,

9 inches (minimum) of sandy soil

A rock armor of variable thickness will cover the sandy soil,

The cover system described above will provide a minimum of 37 inches of cover
above tailings on the top and sides of the cell. The system has been designed
to Timit the infiltration of precipitation, protect the pile frrom ercsion, and
to control the release of radon from the tailings below. Details of the
staff’s review of the cover’s performance related to limiting infiltration are
addressed in Section 5 of this report; the review of the cover's erosion
protection features is presented in Section 4, and the review of the radon
attenuation aspects of the cover is presented in Section 6. Certain other
design aspects of the proposed cover are discussed herein.

Tests on the compacted clay from Klondike Flats indicate that hydraulic
conductivities will be near 107" cm/sec at placement conditions. In addition,
the physical shape and surface grading of the reclaimed tailings embankment
will effectively remove surface water resulting from precipitation which falls
on the area The relatively low permeability of the cover materials and the
low annual rainfall with high evaporation rate will prevent significant
tailings recharge

The licensee has evaluated the potential for frost penetration using the
BERGGREN.BAS computer code developed at the U.S. Army Corps of Engineers (COE,
1968). The code has been used on several other uranium mill tailings
remediation projects. In order to evaluate Lhe potential for frost
penetration, temperature data including the frcezing index, mean annual air
temperature, length of freezing season, and geotechnical parameters are
considered. The model calculates the heat capacity, thermal conductivity, and
latent heat of fusion for the soil layers unless these data are entered
manually.

Values used in the computer analysis included the mean and worst-case
situations based on the available 31 years of weather records. In the worst-
case scenario, the licensee determined that the depth of frost penetration
would be 10.2 inches. By thickening the sand layer to 9 inches, and in
conjunction with the exterior rock armor, the potential for frost penetration
into the clay layer is eiiminated, and the cover integrity should not be
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significantly affected.

The staff has reviewed the input data used in determining the total frost
penetration depth and concludes that these values are a reasonable
representation of the extreme site conditions to be expected. Therefore, the
licensee’s evaluation of the frost penetration depth is acceptable to the
staff.

The cover design has been evaluated by the staff for geotechnical Tong-term
stability and the design is acceptable; however, it is required that the
licensee perform materials testing during construction and revise the cover
design if a need to do so is indicated at that time. The radon attenuation
ability of the cover is discussed in Section 6 and the hydraulic conductivity
aspects of the cover in Section 5.

3.3.5 Subsidence

Possible mechanisms for ground subsidence due to dissolution or creep of
underlying salt are discussed in section 2.4.1.3. The staff concluded that

1 meter of bedrock subsidence at any location below the pile is a reasonable
design basis. The licensee presented an analysis (Woodward-Clyde, 1996) to
show that a worst-case scenario of subsidence would not adversely affect the
stabilized tailings. The Woodward-Clyde approach was based on a simplified
procedure by Bray et al (1994a), and considered instantaneous subsidence of 1
meter and, for added conservatism, of 2 meters. The modified Bray procedure
was developed from finite element analyses and physical models for propagation
of earthquake fault ruptures in the bedrock beneath cchesive soil deposits.
The analytical and physical model results were also compared with case
histories of eathquake fault rupture propagation through soil, such as those
described by Bray et al (1994b). The staff considers the licensee’s approach
to be conservative for evaluating the surface deformation associated with
vertical subsidence caused by salt dissolution because it assumes the
deformation to be instantaneous and concentrated within a single narrow zone
rather than being incremental and more distributed, as would be expected for
salt dissolution subsidence.

The licensee’s analysis (Woodward-Clyde, 1996), using the simplified fault
rupture propagation model of Bray et al (1994a), indicates that the thickness
of alluvium and tailings is greater than the distance of propagation for 1 and
2 meter bedrock offsets. Thus, differential displacements of bedrock,
resulting from salt dissolution subsidence under the tailings pile, would not
be expected to propagate to the surface and impair the function of the clay
cap and radon barrier. The staff concludes that the analysis was censervative
for the reasons discussed above. The staff therefore concludes that the
licensee provided adequate assurance that the potential for differential
offsets reaching the surface of the pile as a result of salt dissolution over
the next 1000 years is negligible.

3.4 Geotechnical Construction Details

3.4.]1 Construction Methods and Features

The staff has reviewed design text, tables, and drawings in the technical
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specifications submitted by the licensee (Smith, 1996). The text discusses
the investigations and testing which formed the basis of the design and
specifications. Additionally, the text discusses the design concept in
detail. The text is supported by tables which summarize design parameters and
figures which clearly show plans, profiles, and details of the proposed
remedial action.

In summary, the side slopes will be re-contoured to a 10H to 3V proportion.
Mi11 debris is to be buried systematically at the toe of the slope. A
permanent layered cover will provide protection from excessive radon
emanation, and will permit rainfall to drain away satisfactorily.

The staff has reviewed and evaluated the geotechnical cornstruction criteria
provided in the Reclamation Plan. Based on this review, the staff concludes
that the plans and drawings clearly convey the proposed closure action design
features. In addition, the excavation and placement methods and
specifications are consistent with accepted standard practice and the SRP.

3.4.2 Testing and Inspection

The staff has reviewed drawings and technical specifications submitted by the
licensee (Smith, 1996). The Technical Specifications discuss testing methods
and quality control procedures applicable to the remedial work. Appropriate
reference is made to ASTM methods which will govern the placement and testing
of soil and rock materials. The specifications are presented in a
conventional outline form. Tables and figures are appended to the Technical
Specifications.

Based on the NRC staff review, the plan is found to provide a program for
testing and inspection that is generally consistent with the Staff Technical
Position on Testing and Inspection (NRC, 1989).

3.5 Conclusions

Based on the review of the geotechnical engineering aspects of the design of
the Atlas closure action as presented in the Reclamation Plan, the staff
concludes that the embankment and proposed borrow soils have been adequately
characterized. Furthermore, the cover system appears to be adequately
designed to resist the effects of freezing conditions which can reasonably be
expected. The staff concludes that the slopes of the disposal cell are
designed to endure the effects of the geologic processes and events, including
resistance to earthquake and settlement, to which they may reasonably be
subjected during the design 1ife and that the analyses have been made in a
manner consistent with Chapter 2 of the SRP (NRC, 1993). The staff concludes
that there is adequate assurance of safety with respect to liquefaction
potential. Therefore, the staff concludes that the geotechnical engineering
aspects of the proposed design meet the requirements in Appendix A of Part 4C.
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4.0 SURFACE WATER HYDROLOGY AND EROSION PROTECTION

4.1 Introduction

This section of the TER describes the staff’s review of surface water
hydrology and erosion protection issues related to Tong-term stability. In
this section, the staff provides the technical bases for the acceptability of
the licensee’s reclamation design. Review areas that are covered include:
estimates of flood magnitudes; water surface elevations and velccities; sizing
of riprap to be used for erosion protection; long-term durability of the
erosion protection; and testing and inspection procedures to be implemented
during construction.

4.2 Hydrologic Description and Site Conceptual Design

The Atlas tailings disposal area is located on a river terrace approximately
500 to 700 feet from the Colorado River and approximately 3 miles north of the
town of Moab, Utah. Moab Wash, an ephemeral stream with a drainage area of
about 5 square miles, is located along the north and east sides of the
tailings impoundment. The site is surrounded by the near-vertical sandstone
cliffs of the Moab Valley.

To comply with Criterion 6 of 10 CFR 40, Appendix A, which requires stability
of the tailings for 1000 years to the extent reasonably achievable and in any
case for 200 years, the licensee proposes to reclaim the tailings impoundment
in place and to protect the tailings from flooding and erosion. The design
basis events for design of erosion protection include the Probable Maximum
Precipitation (PMP) and the Probable Maximum Flood (PMF) events, both of which
are considered to have very low probabilities of occurring during the
1000-year stabilization peried.

As shown in Figure 4-1, the top surface of the tailings impoundment will be
reconfigured to drain toward three collection ditches, and the embankment side
slopes will be flattened to 10H:3V except at the southwest corner where the
slopes will be 10H:1V. The three collection ditches on the top surface will
merge to form the Upper Tailings Pile Drainage Channel. This channel will
convey flood runoff into the Lower Tailings Pile Drainage Channel, which will
then discharge into Moab Wash. Moab Wash will be reconfigured to convey flood
flows into the Colorado River east of the tailings pile. The Southwest Runoff
Drainage Channel will divert runoff from the side slopes on the southwest side
of the reclaimed impoundment and from the sandstone bluffs southwest of the
channel.

To protect against erosion, the top and side slopes of the tailings
impoundment will be covered with layers of rock riprap. At the toes of
the side slopes, a riprap apron/toe will be constructed to provide
protection against the potential migration of Moab Wash and the Colorado
River. The collection ditches and drainage channels will also be protected
with riprap.

For Moab Wash, the licensee proposes to excavate a new channel as far away
from tailin, as possible. The reconfigured channel will flow eastward across
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the floodplain and into the Colorado River upstream of the site. The design
will provide a shallow trapezoidal channel designed for the PMF. At
approximate., wi? center of the main channel, a low-flow channel will be
constructed to convey flows up to the 200-year flood.

4.3 Flooding Determinations

The computation of peak flood discharges for various site design features and
nearby hydrolegic features was performed by the licensee in several steps.
These steps .ncluded: (1) selection of a design rainfall event;

(2) determination of infiltration losses; (3) determination of times of
concentration; (4) determination of appropriate rainfall distributions,
corresponding to the computed times of concentration; and (5) calculation .
flood discharge. Input parameters were derived from each of these steps and
were then used to determine the peak flood discharges to be used in water
surface profile modelling (Section 4.4) and in the final determination of rock
sizes for erosion protection (Section 4.5).

4.3.1 Selection of Design Rainfall Event

One of the phenomena most likely to affect long-term stability is surface
water erosion. To mitigate the potential effects of surface water erosion,
the staff considers that it is very important to select an appropriately
conservative rainfall event on which to base the flood protection designs.
Further, the staff considers that the selection of a design flood event should
not be based on the extrapolation of limited historical flood data, due to the
unknown level of accuracy associated with such an extrapolation. The licensee
utilized a PMP computed by deterministic methods (rather than statistical
methods) and based on site-specific hydrometeorological characteristics. The
PMP has been defined as the most severe reasonably possible rainfall event
that could occur as a result of a combination of the most severe
meteorological conditions occurring over a watershed. No recurrence interval
is normally assigned to the PMP; however, the staff has concluded that the
probability of such an event being equalled or exceeded during the 1000-year
stability peried is very 1Inw. Accordingiy, the PMP is considered by the NRC
staff to provide an a.ceptab'e design basis.

Prior to determining the runoff from the drainage basin, the flooding analysis
requires the determination of PMP amounts for the specific site location.
Techniques for determining the PMP have been developed for tho United States
by Federal agencies in the form of hydrometeorological report. for specific
regions. These techniques are widely used and provide straightforward
procedures with minimal variability. The staff, therefore, concludes that use
of these reports to derive PMP estimates is acceptable.

PMP values were estimated by the licensee using Hydrometeorological Report No.
49 (HMR-49) (NOAA, 1977). The report provides information on distributing the
rainfall that falls over a particular drainage area; during a PMP event these
rainfall amounts vary inversely with the size of the area (the smaller the
area the larger the average rainfall). A 1-hour PMP of 7.4 inches and a 6-
hour PMP of 9.36 inches were used by the licensee as a basis for estimating a
PMF for Moab Wash which has a drainage area of 5 square miles. For the
smaller areas at the site such as the pile top, embankment side slopes, and
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the discharge channels, a l1-hour PMP of 8.25 inches was used. For the
Colorado River, the licensee did not calculate the PMF using PMP values:
rather, the licensee used existing PMF studies to estimate the PMF (See
Section 4.3.5.5).

The licensee’s procedures for estimating PMP values were reviewed, and it was
concluded that a l-hour PMP of 7.4 inches and a 6-hour PMP of 9.36 inches are
acceptable for Mcab Wash. For the other small drainage areas at the site, it
was concluded that a 1-hour PMP of 8.25 inches was acceptable. Based on staff
review of the rainfall computations, the staff concludes that the PMP was
acceptably derived for this site.

4.3.2 infiltration Losses

In addition to the amount of precipitation, the determination of the peak
runoff rate is also dependent on the amount of precipitation that infiltrates
into the ground during its occurrence and therefore does not contribute te
flood flows. If the ground is saturated from previous rains, very little of
the rainfall will infiltrate and most of it will become surface runoff. The
loss rate is highly variable, depending on the vegetation and soil
characteristics of the watershed. Typically, all runoff models incorporate a
variable runoff coefficient or variable runoff rates. Commonly-used models
such as the U.S. Bureau of Reclamation (USBR) Rational Formula (USBR, 1977)
incorporate a runoff coefficient (C); a C value of 1 represents 100% runoff
and no infiltration. Other models such as the U.S. Army Corps of Engineers
Flood Hydrograph Package HEC-1 (COE, 1988) separately compute infiltration
losses within a certain period of time to arrive at a runoff amount during
that time period

In computing the peak flow rate for the small drainage areas at the site, the
licensee used the Rational Fermula (USBR, 1977) In this formula, the runoff
coefficient was assumed to be unity; that is, the licensee assumed that no
infiltration would occur., Based on a review of the computations, the staff
concludes that this is a conservative assumption and is, therefore,
acceptable.

The licensee used HEC-1 to estimate PMF values for larger drainage areas such
as the drainage channels and Moab Wash. Basin characteristics used as input
parameters to HEC-1 were determined by the licensee using the U.S. Soil
Conservation Service Curve Number (CN) Method (USBR, 1977). The CN of an area
is an indication of the amount of precipitation that will result in runoff.
It is based on the soil and vegetation characteristics of a drainage area and
on the soil moisture levels existing prior to the design storm event. In
estimating CN values, the licensee assumed that the soil moisture at the
beginning of the PMP event would be close to saturation. This resulted in
conservative PMFs, because saturated soil conditions 1imit the amount of
infiltration that will occur and maximize the amount of runoff.

4.3.3 Times of Concentration
The time of concentration (t_) is the amount of time required for runoff to

< f
reach the outlet of a drainage basin from tl.* most remote point in that basin.
The peak runoff for a given drainage basin is inversely proportional to the
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time of concentration. If the time of concentration is computed to be small,
the peak discharge will be conservatively large. Times of concentration
and/or lag times are typically computed using empirical relationships such as
those developed by Federal agencies (USBR, 1977). Velocity-based approaches
are also used when accurate estimates are needed. Such approaches rely on
estimates of actual flow velocities to determine the time of concentration of
a drainage basin.

Times of concentration for the riprap design were estimated by the licensee
using several methods, such as the Kirpich Method (USBR, 1977) and the
Manning’s Equation (Chow, 1959). Such methods are generally accepted in
engineering practice and are considered by the staff to be appropriate for
estimating times of concentration. Based a review of the calculations
provided, the staff concludes that the t. values usad by the licensee were
acceptably derived.

4.3.4 Rainfall Distributions

After the PMP is determined, it is necessary to determine the rainfall
intensities corresponding to shorter rainfall durations and times of
concentration. A typical PMP value is derived for periods of about one hour.
If the time cf concentration is less than one hour, it is necessary to
extrapolate the data presented in the various hydrometeorological reports to
shorter time periods. The licensee utilized a procedure recommended in HMR-49
(NOAA, 1977) and by the NRC staff (NRC, 1990). This procedure involves the
determination of rainfall amounts as a percentage of the one-hour PMP, and
computes rainfall amounts and intensities for very short periods of time.

To determine peak flood flows for the pile (for a PMP of 8.25 inches),
approximate PMP rainfall intensities were derived by the licensee as shown in
Table 4-1.

Table 4-1: PMP Rainfall Intensity

| Rainfall Duration | Rainfall Intensity

{ (minutes) | (inches/hr) |
2.5 54.5 |
44.5

24.4 |
8.25 |

The staff checked the rainfall intensities for the short durations associated
with small drainage basins. Based on a review of this aspect of the flooding
determination, the staff concludes that the computed peak rainfall intensities
are acceptable.

The temporal distribution of rainfall is the sequence in which a storm occurs.
For example, in some storms, such as the PMP in HMR-49, the largest inc-ements
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of rain”all occur at the beginning of the storm and taper off as the rainfall
continues. In other storms, rainfall begins slowly, increasing in intensity
to a2 peak near the center of the storm duration before it begins tc taper off.
It has been shown that a rainfall distribution that peaks near the center of
the storm duration results in the most conservative (largest) PMF peak
discharge. In order to obtain conservative PMF estimates, the licensee
resequenced the incremental rainfall amounts from HMR-49 so that the largest
rainfall increments occurred near the center of the storm duration. The
resequenced PMP amounts, CN values, t_estimates and other parameters were
then used in the HEC-1 computer program for calculating appropriate PMF peak
discharges for the collection ditches, drainage channeis, and Moab Wash.
Based on its review of these aspects of the flood determinations, the staff
concludes that appropriate rainfall distributions were used.

4.3.5 Computation of PMF

Various methods are used to determine peak PMF flows, depending on the
location of the feature, the drainage area, and other factors.

4.3.5.1 Top and Side Slopes

To estimate PMF peak discharges for the impoundment top and embankment side
slopes, the licensee used the Rational Method (Chow, 1959). This method is a
simple procedure for estimating flood discharges that is recommended in the
Staff Technical Position (STP) on Erosion Protection (NRC, 1990). In using
the Rational Method, the licensee conservatively assumed a runoff coefficient
equal to one. This means that the entire PMP would result in runoff, 1.e.,
there would be no losses due to infiltration and evapotranspiration.

For a maximum top slope length of 1440 feet (with a slope of 0.018) and a side
slope length of 310 feet (with a slope of 0.3), the licensee estimated the
peak flow rates to be about 1.0 cubic feet per second per foot of width
(cfs/ft) for the top slope and 0.4 cfs/ft for the side slope. For the 10
percent slope at the extreme southern end of the pile, the peak flow rate was
pstimated to be 0.7 cfs/ft. Based on a review of the calculations, including
the time of concentration, rainfall intensity, and runoff, the staff concludes
that the estimates are acceptable.

4.3.5.2 Apron/Toe
PMF flow rates for overland flow for the downstream apron were esiimated by
the licensee and are similar to the flow rates for the side slopes. As

discussed above, the flow rates are considered to be acceptable.

4.3.5.3 Collection Ditches and Drainage Channels

Peak PMF discharces for the collection aitches and drainage channels were
estimated by the licensee using the HEC-1 computer program. The program was
developed by the U.S. Army Corps of Engineers (COE, 1988), and is a widely
used and accepted pro-edure for estimating flood peak discharges. The method
is recommended by the NRC staff (NRC, 1990) and is therefore, acceptable.

Table 4-2 contains a summary of the licensee’'s calculzted PMF peak discharges
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for the collection ditches, the Upper Tailings Pile Drainage Channel (TPDC),
the Lower Tailings Pile Drainage Channel (TPDC), and the Southwest Diversion
Channel (SWDC).

Table 4-2: PMF Peak Discharge

Drainage Areux
Channel square milgs

Collection Ditch 1
Collection Ditch 2
Collection Ditch 3
Upper TPDC

Lower TPDC

SWDC

The flow rate for the Lower TPDC, for example, represents a discharge of about
'™.000 cfs/mi’. These flow rates were compared with published historic
maximum flood rates (Crippen and Bue, 1977). Based on a revizw of the
calculations and comparison with historic floods, the licensee’s estimates are
acceptable.

4.3.5.4 Moab Wash

To evaluate the adequacy of the licensee’s estimated PMF peak discharge for
Moab Wash, an independent calculation was performed by the NRC staff. Using
the 1:24,000 scale map provided by the licensee, the staff first verified the
licensee’s estimate of the Moab Wash drainige area (5 square miles). The
incremental PMP values were then arranged “o provide the largest possible
flood peak discharge. A curve number of 9 was then selected (see discussion
of curve numbers above; a CN=100 would mean that 100 percent of the rainfall
would result in runoff). Using HEC-1, the staff estimated a PMF peak discharge
of 16,069 cfs. This compares favorably with the licensee’s estimate of 16,129
cfs. Based on this close comparison, it wis concluded that the licensee’s PMF
estimate for Moab Wash is acceptable.

4.3.5.5 Colorado River

The licensee did not independently estimate a PMF peak discharge for the
Colorado River. Instead, existing flood data were reviewed and a search was
conducted for additional studies of floods in the area. The review provided a
range of Colorado River flood events that included the highest recorded flood,
the 100-year, 200-year, and 500-year floods, and two estimates of the PMF.

The highest recorded flow, as reported by the U.S. Geological Survey (USGS)
for Moab, Utah, was 77,000 cfs in 1917. The USGS estimated 100-year, 200-
year, and 500-year flood discharges of 99,500 cfs, 109,500 cfs, and 123,500
cfs, respectively. However, these estimates are for the nearest stream gaging
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station which is at Cisco, Utah, located about 35 miles upstream of Moab.

A PMF peak discharge (300,000 cfs) was previously estimated by the NRC staff.
This estimate was developed by adjusting the Standard Project Flood estimate
of the Corps of Engineers. As a result, it was recognized that the estimate
was likely to be conservative. It was significantly higher, however, than the
178,000 cfs estimated by Dames & Moore and reported biv Atlas in the May 1984
renewal application.

In reviewing the licensee’s reported historic and estimated extreme flood peak
discharges for the Colorado River, the NRC staff contacted the USBR. The USBR
reported that they have not performed any comprehensive flood studies of the
Colorado River at Moab, Utah. However, PMF reports are available for Hoover
and Glen Canyon Dams, which are located on the Colorado River downstream of
Moab (USBR, 1990). The PMF developed for the Colorado River at Glen Canyon
Dam had a peak discharge of 697,000 cfs. This is more than twice as large as
the largest recorded flood in the Colorado River which occurred at the site of
Hoover Dam in July of 1884. That flood had a peak discharge of about 300,000
cfs. The NRC staff recognizes that these studies are not applicable to the
Moab site since the drainage areas at these dam sites are considerably larger;
however, they can be used to obtain a rough estimate of a PMF at Moab. Chow
states that, "In some homogeneous areas where t_ is a simple function of area,
the peak rates will vary directly with some power of the area, usually 0.5
(Chow, 1959)." The Colorado River at Glen Canyon Dam has a drainage area of
108,000 square miles (USBR, 1990). By comparison, the drainage area for the
Colorado River at Moab, Utah is about 25,000 square miles, according to the
licensee’s May 1984 renewal application. Using the Chow relationship, a rough
estimate of the PMF for the Colorado River at Moab would be 335,300 cfs.
Therefore, assuming a PMF peak discharge of 300,000 at Moab appears to be
reasonable and acceptable. This estimate was used by the licensee.

The staff’s assessment of flood potential also included a review of paleoflood
data for the Colorado River basin. These data were presented in "Paleoflood
Evidence for a Natural Upper Bound to Flood Magnitudes in the Colorado River
Basin" (Enzel et al., 1993). In this report, the authors indicate that the
largest flood on the Colorado River occurred about 4000 years ago. This flood
had a majgnitude of about 485,000 cfs (14,000 cubic meters per second) at Lee’s
Ferry (Glen Canyon Dam), where the drainage area 1s about 108,000 square miles
(279,000 square kilometers). This flood magnitude is less thon the estimated
PMF peak discharge of 697,000 cfs. No data were presented to estimate the
magnitude of this historical flood at the site; however, using similar
relationships to those discussed by Chow (1959) and discussed above, an
approximate estimate of the maximum historical flood at the site (where the
drainage area is about 25,000 square miles) would be approximately 238,000
cfs. This discharge is also less than the PMF estimate of 300,000 cfs.

4.4 Water Surface Profiles and Channel Velocities

Following the determination of the peak flood discharge, it is necessary to
determine the resulting water levels, velocities, and shear stresses
associated with that discharge. These parameters then provide the basis for
the determination of the required riprap size and layer thickness needed to
ensure stability during the occurrence of the design event.
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4.4.1 Top and Side Slopes

In determining riprap requirements for the top and side slopes, the licensee
used the Safety Factors Method (Stevens et al., 1976) and the Stephenson
Method (Stephenson, 1979), respectively. The Safety Factors Method is u.ed
for relatively flat slopes of less than 10 percent; the Stephenson Method is
used for slopes greater than 10 percent. The validity of these design
approaches has been verified by the NRC staff through the use of flume tests
at Colorado State University. It was determined that the selection of an
appropriate design procedure depends on the magnitude of the slope (Abt et
al., 1987). The staff, therefore, concludes that the procedures and design
approaches used by the licensee are acceptable and reflect state-of-the-art
methods for designing riprap erosion protection. Input parameters and design
methods for riprap sizing are discussed further in Section 4.5,

4.4.2 Apron/Toe

The design of the apron/toe for this site must be adequate to withstand forces
from several different phenomena and is based on the following general
concepts: (1) provide riprap of adequate size to be stable against overland
(downslope) flows produced by the design storm (PMP), with allowances for
turbulence along the downstream portion of the toe; (2) provide uniform and/or
gentle grades along the apron and the adjacent ground surface such that runoff
is distributed uniformly onto natural ground at a relatively low velocity,
minimizing the potential for flow concentration and erosion; (3) provide
riprap of adequate size to withstand expected peak flow velocities and scour
in Moab Wash, assuming that the channel has eroded and is located in the
immedicte area of the toe; (4) provide riprap to resist the highest velocities
and shear forces expected in the Colorado River channel (such velocities and
shear forces may not occur during the PMF, but may occur at lesser river flows
where the backwater effects of the Portal area are not present); and (5)
provide an adequate apron length and quantity of rock to allow the rock apron
to collapse into a stable configuration if the main channel of the Colorado
River erodes toward the site.

Several analytical methods were used for designing the riprap for the
apron/toe, depending on its location relative to Moab Wash and the Colorado
River. Additional detailed discussion of the riprap design of various
components of the apron/toe can be found in Secticn 4.5.1.2, below.

4.4.3 Collection Ditches and Drainage Channels

Using the PMF peak discharges discussed above, flood control fegtures such as
collection ditches and drainage channels were designed by the licensee. For
the trapezoidal-shaped ditches and channels with little variation in slope or
shape, the licensee determined water surface elevations and flow velocities
associated with the PMF peak discharges by calculating normal depth (Chow,
1959). Normal depth calculations are generally acceptable for the design of
riprap erosion protection. In some cases, flow profiles and velocities were
calculated by the licensee using the computer program HEC-2 (COE, 1991). This
method is considered to be an acceptable computational method for estimating
water surface elevations, flow depths, and flow velocities and is recommended
by the staff (NRC, 1990). Based on a review of the licensee’s computations,
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the staff concludes that the estimates of flow velocity and depth of flow are
acceptable.

4.4.4 Moab Wash

There is a potential for the migration of the main channel of Moab Wash toward
the tailings pile. The NRC staff reviewed information and analyses provided
by the licensee related to channel migration and conducted independent field
investigations in the Moab Wash channel and overbank area. Based on available
information, the staff is concerned that during the 1000-year design life,
Moab Wash may vary its location periodically and unpredictably, and the
licensee has provided no basis to conclude that Moab Wash cannot move to a
location adjacent to the reclaimed tailings impoundment. To prevent erosion
into the tailings embankment, the licensee proposes to provide a large rock
toe/apron along the toe of the embankment adjacent to Moab Wash,

Assuming migration of the channel to the toe of the pile, the licensee
estimated water surface elevations and flow velocities using HEC-2. The staff
reviewed the HEC-2 output files that were provided by the licensee. These
files provided information regarding maximum water surface elevations and
velocities and included both subcritical and supercritical flow profiles for
Moab Wash. Since the supercritical profile resulted in the highest
velocities, this profile was used by the licensee to estimate the depth of
scour and the configuration of the buried rock wall. Based on staff review of
both the supercritical profile and the subcritical profile, the staff
concludes that the profiles and velocities were acceptably derived.

In developing the profiles, the licensee used various conservative assumptions
regarding the location and configuration of Moab Wash. In addition to the
technical bases established by the calculations associated with PMF flows,
there are several qualitative reasons for the staff to conclude that the
design is acceptable.

First, it is not likely that the channel will migrate ali the way to the toe
of the pile. A positive slope of about one percent will ue maintained from
the toe of the embankment toward the main low-flow channel. A large amount of
s0il will need to be eroded before complete channel migration or avulsion
occurs.,

Second, the main channel of Moab Wash was assumed to have the same elevation

in a migrated condition as its design condition. It is more likely that the

channel will have a higher elevation, since it will be eroding into a mass of
natural stream deposits in the overbank area that are at a higher elevation.

The licensee’s estimates of scour depth (See Section 4.5.1.2.2) are therefore
conservative, since the migrated channel invert is assumed to be the same as

the design condition,

Third, velocities were calculated assuming that the channel retained the same
configuration following migration. Such an assumption is conservative, since
the eroded channel is likely to be less uniform and have a higher Manning’s
'n’ value, resulting in a decrease in velocities.

Fourth, the proposed location of Moab Wash is roughly equivalent to the
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location of the channel prior to initial construction of the Atlas facility.
The existing (relocated) channel of Moab Wash adjacent to the tailings pile
was realigned to allow for construction of the mill buildings. Based on
review of the information provided by the licensee, the channel is more likely
to remain in its undisturbed location, rather than migrate.

Fifth, this area is an aggrading alluvial fan area (Mussetter and Harvey,
1994), and deposition along Moab Wash will continue to occur. Such increases
in elevation will increase the conservatisms associated with scour depth and
the bottom elevation of the buried riprap wall.

4.4.5 Colorado River

The licensee provided detailed information and analyses (Mussetter and Harvey,
1994) and used the HEC-2 computer program to evaluate the hydraulic
characteristics of the Colorado River in the immediate vicinity of the
reclaimed pile. The study area extended from the Portal area (downstream of
t:e p:}e; to a location upstream of the U. S. Highway 191 bridge (upstream of
the pile).

For these water surface profile analyses, the licensee surveyed fourteen cross
sections of the river. The surveyed sections were tied to the State Plane
Coordinate System and were extended into the cverbank area using data from
available topographic maps. Construction drawings for the Route 191 highway
bridge were obtained from the Utah Department of Highways and Transportation.

The licensee first calibrated the HEC-2 model by comparing model results to
observed high water marks for known discharges. This calibration was done to
verify that input parameters to the model, such as Manning’s ’n’ value, were
appropriate. Comparisons were performed for discharges ranging from 4000 cfs
to 48,900 cfs. In addition, the predicted water surface elevation at the toe
of the tailings pile for a discharge of 70,300 (peak flow rate of the 1984
flood) was consistent with local observations in 1984 that the flood reached
the toe of the tailings pile.

Following calibration of the HEC-2 model, the licensee analyzed water surface
profiles and velocities for various discharges up to the magnitude of the PMF.
A summary of the analyses is provided in Table 4-3 for cross section 5, which
is located near the upstream end of the pile,

For explanation purposes, the event is a brief description of the flow that
was analyzed; the flow rate is the flood discharge in cubic feet per second
(cfs) for that event; the water surface elevation is the water surface
elevation in feet above mean sea level (ft msl) at cross section 5; the
channel velocity is the average velocity in feet per second (ft/sec) in the
main channel of the Colorado River at cross section 5; and the overbank
velocity is the average velocity in ft/sec in the overbank area adjacent to
the pile at cross section 5 and is used to conservatively represent the
maximum velocity that will occur on the pile side slopes. Cross section 5 was
chosen because the computed channel velocities are higher than those at cross
section 6.
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Table 4-3: Water Surface Profiles and Velocities

Water Surface Overbank
Elevation velocity
ft ms] ft/sec

Calibration 4000
Calibration 20,000
1993 Flood 48,900
1984 Flood 70,300
500-year Flood 123,500
PMF (Atlas) 178,000
PMF (NRC 300,000

The HEC-2 analysis performed by the licensee indicated that a peak discharge
of 300,000 cfs in the Colorado River would result in an elevation of about
3996.7 ft msl. The maximum flow velocity occurred at a discharge of about
70,000 cfs and was about 7 ft/sec. The toe of the tailings impoundment is at
an elevation of about 3968 feet. Therefore, a PMF discharge of 300,000 cfs
would result in a depth of water of about 29 feet against the tailings
impoundment. The maximum fiow velocity (in the overbank against the side
slope) of about one foot per second is well below the velocity considered to
cause erosion to the rock armored impoundment side slopes. The licensee
concluded that the riprap proposed for the impoundment side slopes is adequate
for resisting extreme floods in the Colorado River (See Section 4.5, below).

To independently verify the licensee’s conclusions, a sensitivity study was
performed assuming a larger flood discharge in the Colorado River. This
analysis indicated that even a discharge of 600,000 cfs (the approximate PMF
at Hoover Dam) would not result in erosive flow velocities against the
tailings impoundment. Such a discharge would have a maximum flow velocity
against the reclaimed tailings of about 1.6 feet per second (fps), even though
the toe of the pile would be inundated by about 50 feet of water.

Such Tow flow velocities result from a narrow gorge 2 miles downstream of the
mill site called the Portal. This channel constriction has limited flood
carrying capacity; consequently, during an extreme flood event, floodwaters
will pond in the wide river channel and overbank areas upstream of the Portal.
This situation is analogous to that of a dam which ponds water in the upper
end of its reservoir due to the limited capacity of the outlet. For example,
during routine flows, a river channel flowing into the reservoi. 4ay have flow
velocities in excess of 10 ft/sec; however, if reservnir ponding occurs to
inundate the channel, the velocity could be less than one ft/sec in the same
channel for a larger flow rate. This is essentially what happens on the
Colorado River near the Atlas site during large floods. The river channel at
the Portal is capabie of discharging only a relatively low (compared to areas
upstream) flow, and when that flow rate is exceeded, ponding occurs, reducing
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velocities upstream of the Portal.

In spite of the low velocities that are produced during the occurrence of
major flood flows, the staff is concerned that there is a potential for the
Colorado River to migrate and possibly reach the toe of the reclaimed tailings
disposal area. These concerns are based on staff observations and review of
licensee analyses which indicate that erosion will occur during lesser flood
events and this erosion is currently on-going in the immediate site area.
Further, the Colorado River may have once been located north of the pile, and
there is no assurance that it could not migrate northward. The licensee has
indicated that the potential for migration is very low and that there are
several bases supporting this low probability. The staff requested that Atlas
provide quantitative evidence to support this conclusion; however, Atlas was
not able to do so. Therefore, Atlas intends to provide a large rock apron at
the toe of the disposal cell to protect the pile from erosion. The apron will
be located on the southeastern side of the pile and will be designed to
collapse into the channel, if migration occurs. The staff concludes that
providing such a design measure is appropriate, since quantitative proof of
channel stability cannot be provided.

However, the staff reviewed the licensee’s qualitative information and
generally concludes that the potential for migration is very low during a 200-
1600 year period. Several site-specific factors need to be considered,

First, channel migration is normally the result of the meandering of a freely-
adjustable stream. The ability of the Colorado River to meander across the
Moab Valley is restricted by bedrock controls upstream at the valley entrance
and downstream at the Portal.

Second, the rate of bank retreat is dependent upon the forces exerted and the
resistance of the bank material to erosion. The maximum velocity of the river
is about 7 ft/sec, which is generally not extremely erosive. Further, the
overbank area between the river and the disposal area is heavily vegetated
with grass, weeds, and tamarisks. Such heavy vegetation provides a
considerable amount of erosional stability for both erosion and bank
sloughing.

Third, the presence of mid-channel bars would tend to indicate that the river
is probably aggrading more than it is eroding. This indicates that velocities
in the area are low, tending to cause deposition rather than erosion.

Fourth, a considerable amount of aggradation caused by sediments from Moab
Wash and Courthouse Wash appears to be occurring. Mussetter and Harvey (1994)
discuss evidence suggesting that aggradation has occurred in the vicinity of
the site over the last 20 years.

Fifth, aerial photographs indicate that lateral accretion has occurred along
the river bank downstream of the site. Photographs taken between 1960 and
1985 indicate that some accreticn has occurred in this area.

In summary, the staff concludes that it is unlikely that the river will

migrate as far as the tailings pile within the next 200-1000 years. However,
because gquantitative proof of bank stability was not provided, it is prudent
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to design the pile fer such an occurrence. The licensee intends to provide an
erosion protectior apron for the pile and this measure is considered by the
staff to be a conservative method for addressing Colorado River erosion
concerns. A detailed discussion of the design of the apron may be found in
Section 4.5.1.2.3.

4.5 Lrosion Protection

The ability of a riprap layer to resist the velocities and shear forces
associated with surface flows over the layer is related to the size and weight
of the stor~s which make up the layer. Typically, riprap layers consist of a
mass of wel!-graded rocks which vary in size. Because of the variation in
rock sizes, design criteria are generally expressed in terms of the median
stone size, Do, where the numerical subscript denotes the percentage of the
?raded nateriJ% that contains stones of less weight. [or example, a rock

ayer with a Dy, of 4 inches could contain rocks ranging in size from 0.75
inchis to 6 inches; however, at least 50% of the weight of the layer will be
provided by rocks thai are 4 inche. or larger.

Depending on the rock source, variations occur in the sizes of rock available
for production and placement on the reclaimed pile. It is necessary to ensure
that the variation in rock sizes is not extreme, and design criteria for
developing acceptable gradations are provided by various sources (e.g., COE,
1971, and Simons and Li, 1982).

4.5.1 Sizing of Erosion Protection

Riprap layers of various sizes and thicknesses are proposed for usc at the
site. The design of each layer is dependent on its location and purpose. The
licensee proposes to use several different sizes and layer thicknesses,
depending on the location and erosive forces that could occur. To reduce the
number of gradations that need to be produced, the licensze will place larger
rock in some areas than is required. For exzmple, rock to be used on the
upper portion of the top siope has a average size of 1.3 inches. However, in
the extreme upper portion of this upper slope, rock requirements are much less
thar 1.3 inches. For ease of construction and to minimize the number of
gradations, the licensee has purposely overdesigned several areas of ihe
reclaimed surfaces. Table 4-4 summarizes the riprap to be used at the Atlas
site.

Discussion of the design of each of thesc features is provided in the sections
that follow.

The staff reviewed the D , sizes proposed by the licensee, and details of
layer thicknesses and gradations. Based on thi- review, the overall riprap
design is considered to be acceptable. Additional discussion of the design is
provided below.
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Table 4-4: Riprap Sizes and Thicknesses

Location/Feature m Layer Thickness
inches

Upper Top Slope

Lower Top STope (1V:10H)

Side Slope (3V:10H)

Collection Ditches
Upper Tailings Pile Drainage Channel

Moab Wash Channel
Southwest Drainage Channel

Apron_along Colorado River
Suuthwest Drainage Channe)

Lower Tailings Pile Drainage Channel

Lower Southwest Drainage Channel
Outiet

4.5.1.1 Top and Side Slopes

The riprap on the top slope has been sized to withstand the erosive velocities
resulting from an on-celi PMP, as discussed in previous sections. The
licensee proposes to use a 4-inch rock layer with a minimum D, rock size of
1.3 inches at the upper portion of the cell. For a portion o?’the top slope
with a slope of 1V on 10H, a 6-inch layer with a minimum D, of 3 inches will
be used. The Safety Factors Method was used to determine %he rock sizes.
Based on staft review of the calculations, we conclude that the design is
acceptable.

The riprap for the side slopes is also designed for an occurrence of the local
PMP. The licensee proposes to use a 10.5-inch layer of rock with a minimum
[ﬁy of 5.3 inches. The rock layer will be placed on a 6-inch bedding layer.
Stephenson’s Method was used to determine the required rock size.

Conservative values were used for the specific gravity of the rock, the rock
angle of internal friction, and porosity. Based on staff review of the
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licensee’s analyses and the acceptability of using design methods recommended
by the NRC staff, as discussed in Section 4.4 of this report, the staff
concludes that the proposed rock size for the side slope is adequate.

The riprap proposed for the side slopes of the tailings embankment could be
subjected to shear stresses from the PMF in the Colorado River. In addition,
the tailings impoundment is Tocated on the outside bend of the Colorado River
where the river turns from a westerly to a southerly directinn. Because the
potential for erosion is greater at the outside bend of a channel, an analysis
was performed using the COE procedures (COE, 1970) to determine if the riprap
proposed for the embankment side slopes was of sufficient size to resist the
erosion potential at the outside river bend. Based on the use of COE
procedures, the staff concludes that the estimat>d flow velocity of about one
ft/sec is well below the velocity that the riprap o the embankment side
slopes can withstand. On this basis, it was concluded that a PMF in the
Colorado River will not adversely affect the stability of the reclaimed
tailings pile.

As discussed in Section 4.4.5, there is a potential for the Colorado River to
migrate towards the tailings pile. For conservatism, the staff assumed that
the river channel will migrate to a location immediately adjacent to the
embankment side slope and that the peak channel flow velocity of about 7
ft/sec will occur. The staff considers this scenario to be extremely
unlikely, even in a 1000-year design lifetime. However, based on review of
Lhe velocity adjacent to the side slope, the proposed riprap size of 5.3
inches is also capable of resisting this peak channel velocity. As discussed
in Section 4.5.1.2.3, the controlling hydraulic design force results from
overland flows directly down the pile side slope.

4.5.1.2 Apron/Toe

As previously discussed, the design of the apron,toe area must be capable of
withstanding various phenomena. The riprap desian is dependent on the
specific lccation of the toe, and ercsion protection needs to be provided
against (1) overland flows down the side slope onto the toe, (2) Moab Wash,
and (3) the Colorado River.

4.5.1.2.1 Overland Flows

In those areas where the embankment side slopes or toes are not affected by
the Colorado River or by Moab Wash, the licensee has designed the side slopes
to simply transition to natural ground. The riprap on the pile side slope
will be extended and the toe will consist of rock extended 3 feet below the
surface of the ground. This depth is greater than the estimated scour of 0.92
foot, which was estimated using Department of Transportation procedures (DOT,
1975). This method for estimating scour depth is recommended in the STP on
Erosion Protection (NRC, 1v90). Based on review of the calculations provided
by the licensee, the staff concludes that this aspect of the toe design is
acceptable.

4.5.1.2.2 Moab Wash

As discussed in Section 4.4 4, above, the licensee provided designs and
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analyses of the riprap to be placed along the sides and toe of the pile,
assuming that the main channel of Moab Wash had migrated to a new location
immediately adjacent to the toe of the side slope embankment. The design
included consideration of the: (1) potential future location of the channel;
(2) estimated depth of scour; and (3) PMF water surface elevations.

To determine the areal extent of the apron/toe erosion protection, it was
necessary for the licensee to analyze the hydraulic characteristics, assuming
migration of the main channel of Moab Wash. The licensee developed water
surface profiles and velocity estimates for such a channel configuration (See
Section 4.4.4). Based on the velocity estimates and an evaluation of the
potential for scour, erosion, and deposition, the licensee will construct a
buried riprap wall along the toe of the pile, with the rock extending downward
to the expected depth of scour. The buried wall wiil be constructed from the
mouth of the lower impoundment drainage channel eastward to the point where
the northeast debris pit begins. From there, the buried wall will extend
southeastward to a point where the wall joins the rock apron that protects the
pile from Colorado River migration (See Section 4.5.1.2.3).

The licensee concluded that the potential for channel migration toward the
pile was greatest along the north side of the pile, where Moab Wash could be
expected to meander and encroach upon the toe of the slope. In this area, the
cross-sectional flow area is smallest, and velocities will be highest. Along
the east side of the pile, beginning at the northeast debris pit, the flow
area becomes much larger and the flow velocities are much lower. Therefore,
the potential for channel migration in this area is lower,

The depth of scour was est mated by the licensee using four different methods,
as recommended by Pemberton and Lara (1984). Using the field measurement
method, the Regime Equation method, the mean velocity method, and limiting
scour control method, the licensee estimated the scour depth to be about 7-8
feet along the northern portion of the disposal cell. Along the northeastern
portion of the cell in the area of the debris pit, a scour depth of 3.6 feet
was estimated. Based on a review of computations provided by the licensee,
the staff concludes that the estimates are acceptable.

The riprap to be provided in the toe area was estimated by the licensee using
the Corps of Engineers allowable shear stress method (COE, 1994). This method
is appropriate when flow depths are larger than the rock size. The staff
reviewed computations provided by the licensee and independently estimated the
rock size using methods discussed in NUREG/CR-4651 (Abt et al., 1987). Based
on this review, the staff concludes that the proposed D, rock size of 9

inches is acceptable. ‘

4.5.1.2.3 Colorado River

As discussed i1n Section 4.4.5, above, the licensee provided designs and
analyses for the riprap to be placed along the sides and toe of the pile,
assuming that the channel of the Colorado River had migrated to a new location
immediately adjacent to the toe of the side slope embankment. The revised
design included consideration of the: (1) assumed future location of the
channel; (2) estimated depth of scour; and (3) required volume and size of the
riprap.
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To determine the areal extent of the apron/toe erosion protection, the
licensee simply assumed that the main channel of the river would erode toward
the pile and would ultimately exist immediately adjacent to the toe of the
pile at all points along the soutleastern side. The staff considars this to
be an unlikely situation and a conservative assumption. Based on a geomorphic
evaluation (Mussetter and Harvey, 1994) of the potential for scour, erosion,
and deposition, the licensee will construct a large rock apron along the toe
of the pile. The apron will be provided from the mouth of the southwest
drainage channel northeastward to the point where it Joins the Mcab Wash toe
protection in the area of the devbris pit.

To estimate the depth of scour associated with migration of the river, the
licensee conservatively assumed that the river channel would retain
essentially the same elevations and configuration in its migrated state as in
its current state. The current minimum river bottom elevation was assumed to
be the maximum depth of scour. This assumption resulted in an estimated scour
depth of about 21 feet. Based a review of the information provided, the staff
concludes that the assumptions are acceptable.

To provide adequate erosion protection and to prevent erosion of the
embankment side slope, the licensee will provide a large essentially
horizontal, rock apron, designed to collapse onto the side slope of the
migrated river channel. The rock volume will be sufficient to cover the
channel bank and to prevent further erosion of the river bank and the pile
side slope. The riprap to be provided for the rock apron was estimated by the
Ticensee using methods developed by the COE (COE, 1994 and COE, 1995). The
staff reviewed computations provided by the licensee. Based on this review,
the staff concludes that the proposed apron length and thickness will provide
an adequate volume of rock to protect the side slope from further migration of
the Colorado River.

The size of the riprap to be placed in the apron is not controlled by flow
velocities in the Colorado River. As discussed above, the maximum flow
velocity of the river (using the extremely conservative assumption that the
main channel, rather than the overbank, :s adjacent to the pi:e side slope) is
about 7 ft/sec, produced by a flow of about 70,000 cfs. If {his were the
controlling case, the side slope rock size of 5.3 inches would be more than
adequate to prevent further erosion. Actually, the size of the apron rock is
controlled by overland flows directly down the side slope. The licensee
assumed that when the rock collapses into the scoured area, it will collapse
onto the river bank in a configuration where the side slope is 1V on 2H.

Flows directly down a 1V on 2H slope will require a rock size larger than 5.3
inches, which would be adequate for the 3V on 10H side slope. To provide the
required protection, the licensee used the Stephenson Method to determine that
the riprap apron will need an average rock size of 11.2 inches. Based on
review of the computations previded by the licensee, the staff concludes that
this rock size is acceptable

4.5.1.3  Collection Ditches and Drainage Channels
Median rock diameters (Dy)) for the collection ditches and drainage channels

were estimated by the licensee using either the Corps of Engineers’ Shear
Stress Method (COE, 1994) or the Safety Factors Method (Stevens et al., 1976).
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The COE meihod was used in cases where channel flow depths are large, relative
to the median rock diameter. For shallow channels, the Safety Factors Method

was used. These rock sizes are summarized in Table 4-4. The methods used by

the Ticensee for designing erosion protection are those recommended in the STP
on Erosion Protection (NRC, 1990), and are therefore acceptable.

To verify the licensee’s riprap design for the collection ditches and
channels, independent analyses were performed using methods developed by NRC
contractors (Abt et al., 1987), the Safety Factors Method, and the Corps of
Engineers’ Shear Stress Method. These independent analyses indicated that the
Dy, values proposed by the licensee are adequate. Therefore, the staff
concludes that the riprap sizes proposed by the licensee are acceptable.

4.5.1.3.1 Ditch Outlets

The licensee proposes to construct heavily-armored rock sections at the
outlets of both the Southwest Runcff Drainage Channel (SWDC) and the Lower
Tailings Pile Drainage Channel (TPDC). Their purpose is to protect the
outlets of these channels from headcutting that may result from scour and may
propagate upstream, potentially impinging on tailings. The depth of the
proposed rock protection is equal to the expected depth of scour, which was
estimated by the licensee to be approximately 8 feet. The outlet sections
were assumed to collapse due to either: 1) gully heads d erosion over a lung
period of time, or 2) the PMF flows in the ditches. In order to reduce the
rock size required at the outlets, the licensee proposes to construct outiet
slopes of 1V on 9H. In this design case, the scoured configuration is pre-
constructed, rather than assumed to have collapsed randomly into a steeper
configuration requiring much larger rock.

The Dy, sizes of the rock in the outlet sections are proposed by the licensee
to te 17.4 inches for the Lower TPDC and 27.6 inches for the SWDC. These
sizés are larger than the required size: computed by the licensee using the
Stephenson Method. Based on a review of the calculations by the staff, the
designs of the outlet sections are considered to be acceptable.

The Ticensee does not propose to provide outlet protection at the outlet of
Moab Wash because the elevation of the outlet is controlled by the Colorado
River. It is highly unlikely that the base level of the Colorado River will
change during the performance period (Mussetter and Harvey, 1994). Therefore,
the outlet of Moab Wash should remain fairly stable. The NRC staff agrees
that outlet protection is not required for Moab Wash.

4.5.1.3.2 Sediment Considerations

In general, sediment deposition can be a problem in diversion ditches when the
slope of the diversion ditch is less than the slope of the natural ground
where flows enter the ditch. It is usually necessary to provide sufficient
slop> and capacity in the diversion ditch to flush or store any sediments
which will enter the ditch. Concentrated flows and high velocities could
transport large quantities of sediment, and the size of the particles
transported by the natural gully may be larger than the man-made diversion
ditch can effectively flush out.
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For this site, a considerable amount of sediment from the upland drainage area
can be expected to enter the Southwest Diversion Channel (SWDC), for the
following reasons:

bs The upland drairage area nas an extremely steep slope in the vicinity of
the ditch, whereas the diversion ditch itself has been designed with a
relatively flat slope in the reaches adjacent to the tailings
embankment. Flow velocities in the ditches may not be as high as those
occurring on the natural ground. Therefore, sediment, cobbles, and
boulders may be transported to the ditch and may not be easily be
flushed out by the lower velocities in the ditch.

2. The potential for gully development (and resulting high flow velocities)
in the upland drainage area and subsequent transport of material into
the diversion ditch is high. Gullies and areas of flow concentraticn
are evident upstream of the diversion ditch, based on review of
topographic maps of the avea and a staff site visit to the area. Flows
moving towards the diversion ditch will tend to concentrate in these
gullies, increasing the potential for gully incision and transport of
sediment.

To document the acceptability of the ditch design, the licensee demonstrated
that the ditch will be capable of discharging the design flows, even if
blockage occurs. The licensee assumed that sediment, debris, and iarge rocks
would be deposited in the SWDC. The licensee determined that this channel
would have adequate flow capacity, even if a significant amount of blockage
(50%) occurred. The licensee performed znalyses using HEC-2 and determined
the effects of blockage on flow velocities and water surface profiles. The
licensee determined that the blockage would raise PMF water surface elevations
in the channel. The licensee proposes to vertically extend the re¢ ired
riprap to the increased elevations. Also, the blockage will increise ' he
velocities, and the licensee will provide riprap of adequate size ty .esist
those increased velocities. The proposed riprap varies in size from 9 inches
in the upper reaches of the channel to 17 inches in the lower portions of the
channel and was sized using COE design methods (COE, 1994) und the Safety
Factors Method (Stevens et al., 1976).

Further, the licensee determined that the increased velocities will increase
the depth of scour along the side slope, and therefore proposes to extend the
side slope riprap vertically downward to the expected scour depth. The scour
depth was determined using procedures discussed by Pemberton and Lara (1984);
the acceptability of these scour analyses is discussed in Section 4.5.1.2.2.

Based on a review of the calculations provided, including the water surface
profiles and riprap sizing techniques, the staff concludes that the SWDC will
effectively accommodate a large amount of rock and debris entering the
channel. The staff further concludes that the channel will convey PMF flows
in a manner that will not affect the stability of the pile.

A landslide potential exists in the site area. This issue was evaluated by
the staff and is further discussed in Section 2.4. Based on this analysis,
design changes were not needed to the SWDC to accommodate the expected

sediment input into the channel. The assumption of 50 percent blockage, as
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discussed above, is considered to be conservative.

4.5.2 Riprap Gradations

The various estimated Dy, values were used as the basis for the design of well
graded mixtures of rock to resist the shear forces of the PMF peak discharge.
Riprap gradations and layer thicknesses were developed by the licensee using
the criteria outlined in "Surface Mining Water Diversions Design Manual"
(Simons and L%, 1382). To verify the adequacy of the licensee’s proposed
riprap gradations, independent spot checks were made by the staff using design
methods presented in NUREG/CR-4620 (Neison et al., 1986). These checks
indicated that the gradations proposed by the licensee are acceptable.

The Ticensee estimated many riprap sizes for the various applications.
However, to reduce the number of different riprap sizes and gradations, the
licensee elected to use larger rock than required in many areas. Thus,
additional conservatisms are added to the design in those areas where larger
rock than required is used.

4.5.3 Rock Durability

NRC regulations require that control of residual radioactive materials be
effective for up to 1000 years, to the extent reasonably achievable, and, in
any case, for at least 200 years. The previous sections of this TER examined
the ability of the erosion protection to withstand flocding events reasonably
expected to occur in 1000 years. In this section, rock durability is
considered to determine if there is reasonable assurance that the rock itself
will survive and remain effective for 1000 years.

Rock durability is defined as the ability of a material to withstand the
forces of weathering. Factors that affect rock durability are 1) chemical
reactions with water, 2) saturation time, 3) temperature of the water, 4)
scour by sediments, 5) windblown scour, 6) wetting and drying, and 7) freezing
and thawing.

To assuire that the rock used for erosion protection remains effective for up
to 1000 years as required by Criterion 6 of 10 CFR Part 40, Appendix A,
potential rock sources must be tested and evaluated to identify acceptable
sources of riprap. A procedure for determining the acceptability of a rock
source is presented in Appendix D of the STP on Erosion Protection (NRC,
1990). The procedure discussed in the STP includes the following steps:

Step 1. Test results from representative samples are scored on a scale of 0
to 10. Results of 8 to 10 are considered "good"; results of 5 to 8
are considered "fair"; and results of 0 to 5 are considered "poor."

Step 2. The score is multiplied by a weighting factor. The effect of the
weighting factor is to focus the scoring on those tests that are the
most applicable for the particular rock type being tested.

Step 3. The weighted scores are totaled, divided by the maximum possible
score, and multiplied by 100 to determine the rating.
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Step 4. The rock quality scores are then compared to the criteria which
determines its acceptability, as defined in the NRC scoring
procedures.

After these tests are conducted, a rock quality score is determined.

Different minimum scores, depending on the location where the rock will be
placed, are recommended in the STP. Rock scoring 80 percent or greater
indicates high quality rock that can be used for any application. Rock scores
between 65 and 80 percent indicate less durable rock that can also be used for
most applications, provided that the riprap is appropriately oversized. Rock
scoring less than 65 percent cannot be used for critical areas such as
diversion ditches or pooriy drained toes and aprons. Rock scoring between 50
and 65 percent can be used in non-critical areas such as well drained tailings
pile tops and sidc slopes provided it is oversized as recommended in the STP
on Erosion Protection (NRC, 1990). Rock scoring less than 50 percent is not
recommended for use in any application.

In general, rock durability testing is performed using standard test
procedures, such as those developed by the American Society for Testing and
Materials (ASTM). The ASTM publishes and updates an Annual Book of ASTM
Standards (ASTM, 1995), and rock durability testing is usually performed using
these standardized test methods.

The Ticensee has identified several acceptable potential rock sources in the
proximity of the Atlas Mill. Petrographic analyses using ASTM C 295 were
performed by the licensee on samples from a sedimentary source and on samples
of alluvial rock. Rock samples were also tested for Bulk Specific Gravity and
Absorption (ASTM C 127), Sodium Sulfate Soundness (ASTM C 88), Los Angeles
Abrasion (ASTM C 131 or C 535) and Tensile Strength. The results of these
tests were then evaluated using procedures recommended ir the STP on Erosion
Protection (NRC, 1990) and the rocks were found to be acceptable. Atlas
reserves the right to either use the tested rock or an alternate source.
Regardless of the rock source used, the licensee has committed to meet the
durability and oversizing recommendations of the STP on Erosion Protection.

Based on a review of the rock durability analysis provided by Atlas, and
consi‘dering the commitment to comply with the _iP on Erosion Protection (NRC,
1990), it was concluded that acceptable rock will be used for erosion
protection.

4.5.4 Testing and Inspection of Erosion Protection

The staff reviewed and evaluated the testing, inspection, and quality control
procedures proposed by the licens2e for the erosion protection materials and
design features. The review included evaluations of programs for durability
testing, gradation testing, rock placement, and verification of rock Tayer
thicknesses.

4.5.4.1 Durability Testing

The licensee’s proposed rock durability testing will include the following
tests, shown with their ASTM designation:
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Bulk Specific Gravity - ASTM C 127

Absorption - ASTM C 127

Sodium Sulfate Soundness - ASTM C 88

L.A. Abrasion at 100 cycles - ASTM C 131 or ASTM C 535

B W N e

Durability test results will be used by the licensee to determine a rock
durability rating in accordance with Table D-1 of the STP on Erosion
Protection (NRC, :990). The licensee proposes that the following criteria
wil} be used to determine acceptable uses of rock, based on its durability
rating:

1. Rock having a durability rating of greater than or equal to 80 may be
used as riprap or filter material.

2. Rock having a durability rating of less than 80 and greater than or
equal to 65 may be placed in surface water control ditches, and used as
r;prap or filter material only after being oversized in accordance with
the STP.

3. Rock having a durability rating of less than 80 and greater than or
equal to 50 may be used on the top or side slopes, only after being
oversized in accordance with the STP.

4. Rock having a durability rating of less thar 65 may not be used for
riprap or filter material in a drainage channel. Rock having a
durability rating of less than 50 may not Le used for any application.

5. In addition to oversizing the rock according to the durability ratings,
an additional oversizing factor of 20 percent will be added if rounded
alluvial rock is used.

The licensee proposes that a minimum of one initial test series will be
performed prior to using rock for riprap or filter material. Additional test
series will be performed when approximately one-third and two-thirds of the
total volume of each type of riprap or filter material have been delivered.
When the total volume of any type of riprap or filter material exceeds 30,000
cubic yards, the licensee will conduct an additional test series for each
additional 10,000 cubic yards delivered. The licensee also committed to
performing additional tests when the rock characteristics (i.e., cclor or
texture) in the rock borrow source vary significantly from the rock that was
previously tasted.

Based on a review of the proposed procedures, the staff concludes that the
durability testing program wiil ensure that rock of acceptable quality is
provided. The testing program is equivalent to several which were ar .oved by
the staff and have been implemented at other reclaimed sites during
construction.

4.5.4.2 Gradation Testing

The licensee proposes that riprap, rock mulch, and the filter material
gradations will be verified during reclamation using the following procedures:
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3. Filter gradations will be tested using ASTM C 136, Standard Method for
Sieve Analysis of Fine and Coarse Aggregates, or ASTM D 422, Standard
Test Method for Particle-Size Analysis of Soils, as appropriate.

- For riprap having a maximum nominal diameter (D.) of less than or equal
to 6 inches, ASTM C 136, Standard Method for Sieve Analysis of Fine and
Coarse Aggregates, will be used to verify that gradations comply with
the specifications.

Gradation testing will be performed at the same frequency as rock
durability testing.

Based on a review of the proposed procedures, the staff concludes that the
gradation testing program will ensure that rock layers with acceptable
gradations are provided. The testing program is equivalent to s2veral which
were approved by the staff and have been implemented at other reclaimed sites
during construction.

4.5.4.3 Riprap Placement

The licensee proposes a placement program where: (1) riprap will be placed to
the depths and grades shown on the drawings; (2) riprap will be placed in a
manner to ensure that the larger rock fragments are uniformly distributed and
the smaller rock fragments serve to fill the void spaces between the larger
rock fragments, so that a densely packed, uniform layer of riprap of the
specified thickness will result; (3) hand placing will be used, as necessary,
to ensure proper resuits; and (4) material that does not meet these
specifications will be either reworked or removed and replaced as necessary.

Based on a review of the licensee’s proposal, the staff concludes that the
procedures will ensure acceptable placement. The placement procedures are
equivalent to several which were approved by the staff and have been
implemented at other reclaimed sites during construction.

4.5.4.4 Rock Layer Thickness Testing

The licensee proposes that the thickness of the rock layers will be verified
by establishing a 200-foot by 200-foot grid over the tailings impoundment and
using specific procedures for measuring and recording depths. Visual
examinations will also be conducted to verify the uniformity of depths.

Based on a review of the information provided, the staff concludes that the

proposed testing program is acceptable. Combined with the rock placement

procedures discussed in Section 4.5.4.3, above, the program conforms to other

g:e;iogs]y-approved programs that have been implemented at other Title I and
tle II sites.

4.5.5 Wind erosion
The tailings impoundment is located in an area that provides some wind
protection due to the local topography. Cliffs on the western side of the

impoundment rise abruptly for 1000 feet. To the north and east of the site
are 500 to 600 ft high barren sandstone formations. The staff considers that
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tne site will be adequately protected from wind erosion by placement of
engineered riprap layers that protect the tailings from surface water erosion.
Studies performed for the NRC (Voorhees et al., 1983) have shown that an
engineered riprap layer designed to protect against water erosion will be
capable of providing adequate protection against wind erosion.

Wind erosion and deposition of wind-blown material could occur and these
deposits could accumulate in the various drainage channels. To document that
ciogging of the channels, particularly the smaller collection ditches on the
tep slope, the licensee provided analyses of sedimentation and channel
flushing. These analyses indicate that the channels will produce sufficient
velocities to flush out a considerable amount of material, even during small
flood flows. The staff reviewed these computations and concludes that
reasonable assumptions and methods were used. Therefore, the staff concludes
that the design is acceptable.

4.6 llpstream Dam Failures

There are no impoundments near the site whose failure could potentially affect
the site.

4.7 Conclusions

Based on review of the information submitted by the licensee and on
independent calculations, the NRC staff concludes that the licensee has
identified the appropriate floods for the design of erosion protection
features at the site. The staff further concludes that water surface profiles
and channel velacities were appropriately derived and are acceptable as a
basis for the design of erosion protection features. Based on the most recent
Ticensee information, the erosion protection design is adequate to provide
reasonable assurance of protection for 1000 years, as required in Criterion 6
of 10 CFR Part 40, Appendix A.
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5.0 WATER RESOURCE PROTECTION
5.1 Introduction

The initial monitoring of the water resources at the site, for which there are
reliable records, began in 1976 after approximately 20 years of mi}?
operatiun. This monitoring program was designed to collect surface water
samples from the Colorado River and groundwater samples from the alluvial
aquifer situated beneath tailings impoundment. These data were used to
support the license renewal, which was initiated by an August 31, 1983
licensee application.

New groundwater regulations for uranium mills were codified in 10 CFR 40,
Appendix A, shortly after the license renewal. These regulations required
detection monitoring, compliance monitoring, and cuvrective action programs
for tailings impoundments at operating mills. Definitions of hazardous
constituents in groundwater and associated limits were also established in the
regulation. The groundwater protection provisions are contained within
Criteria 5, 7, and 13 of 10 CFR 40, Appendix A.

Al ine Lime reguiations became effective, little or no data on the
constituents types and concentrations had been measured in tailings
impoundmer cs. Consequently, the NRC initiated a sampling program to collect
and analyze tailings solutions from all active uranium milling facilities
under NRC license. Analyses were performed on both the dissolved and total
constituent lToad of each sample. Laboratory analyses for this program were
conducted by Oak Ridge National Laboratory.

Laboratory results were obtained for the 375 hazardous constituents listed in
40 CFR Part 261, Appendix VIII. The analyses included a gas chromatograph
scan for volatile and semi-volatile organics, with specific compound
identification of detected peaks; total and dissolved metals; total and
dissolved radionuclides; total organic carbon; cyanide; sulfides; various
nitrogen containing species; as well as selected anions and cations. The
sampling program encompassed the constituents listed in Criterion 13 of 10 CFR
Part 40, Appendix A.

Samples were collected from the Atlas tailings impoundment during July, 1987.
Analytical results indicated the occurrence of hazardous constituents in the
Atlas mill tailings impoundment. As a result, the licensee was required to
implement a detection monitoring program to determine if groundwater had been
impacted by the impoundment. The monitoring points associated with this
program indicated that some of the hazardous constituents had leached from the
tailings and moved into the aquifer adjacent to the tailings impoundment.
Compliance 1imits were then determined for released hazardous constituents and
a corrective action program was implemented.

The NRC recognizes that remediating contaminated groundwater may require a
substantially longer time than that involved in surface reclamation of a
tailings impoundment. Consequently, surface reclamation and groundwater
reclamation are considered separately by the NRC for demonstrating compliance
with the license and appropriate reguiations. The information and conclusions
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described in this chapter address compliance with the surface reclamation
plan. Groundwater clean-up compliance will be addressed by the licensee in
future revisions of the Corrective Action Plan (CAP), which is outside the
scope of this review. Regardless of the timing, compliance with the
groundwater standards must be demonstrated before the license can be
terminated. The necessity of cleaning up the contaminated groundwater exists
regardless of the surface reclamation plan implemented. Furthermore, the
groundwater cleanup strategies are dependent on whether the tailings are
stabilized in place or are moved. Therefore, a decision on the licensee’s
proposed surface reclamation plan is needed before the CAP can be revisited.

5.2 Hydrogeologic Characterization

The hydrogzology of the site has been investigated by the licensee over
several years through drilling, well installation, and groundwater sampling
and analysis programs for the purposes of expanding the tailings impoundment
and complying with regulatory requirements during mill operations. Studies
and site investigations had been conducted by Dames & Moore (1975, 1982);
EnecoTech (1988); Western Technologies, Inc. (1989); Canonie Environmental
Services Corp. (1994); and Harding Lawson Associates (1996). Descriptions of
the site hydrogeologic characterization in the following sections are based on
the data and information presented in these reports, along with other
information contained in the NRC docket file. Specific conclusions made by
staff are noted as such.

5.2.1 Hydrogeologic Setting

The Atlas site is adjacent to an outside meander of the Colorado River,
located at the northwestern end of Moab Valley. The town of Moab, Utah is
located approximately 5 km (3 miles) southeast of the site. The northern end
of the valley is flanked to the east and west by high cliffs of the Wingate
Sandstone; and a gradually sloping upland area to the north, which contains
the ephemeral drainage of Moab Wash. Arches National Park is situated in the
upland areas east and northeast of the site. Courthouse Wash drains much of
the area of Arches and flows into the Colorado River approximately 1200 m
(3900 feet) east of the tailings pile. The upland areas west of the site
comprise the Poison Spider Mesa. Figure 1-1 depicts the topographic features
associated with the Atlas site.

The mill and tailings impoundment are situated on the relatively level bottom
lands along the river. Portions of these bottom lands are within the
historical flood plain of the Colorado River. Moab Wash flows through the
Atlas property, east of the tailings impoundment. The channel of Moab Wash
was rerouted east of the mill during operations at the site to mitigate
flooding potential during peak flows.

The area surrounding the Atlas site and Spanish Valley constitutes a complex
geoiogical setting. The Spanish Valley outwardly resembles a trough; however,
the valiey morphology largely vresuited from the non-tectonic movement of salt
and other evaporites, dissolution of soluble salts and collapse «f overlying
rock (Blanchard, 1990). Moab and Spanish Valley contain silt, sand, and
gravel deposited from streams and rivers, ranging in thickness from about 30
tc 122m (100 to 400 feet). These and other geological episodes created the
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present geological setting that influences the occurrence, movement, and
characteristics of groundwater in the area. Chapter 2, Geologic Stability,
provides additional descriptions of the geologic episodes in this area.

5.2.2 ldentification of Hydrogeologic Units

Three general hydrogeologic units have been identified for the purpose of
describing the groundwater conditions at and surrounding the Atlas site. It
is important to note that hydrogeologic units may consist of several
distinctive geological, stratigraphical, or Tithological rock units, but may
be categorized as a single hydrogeologic unit by virtue of common hydraulic or
chemical properties that influence groundwater occurrence and characteristics.
The three hydrogeological units designated for this evaluation are: (1)
Unconsolidated Alluvium, associated largely with the valley floor and river
(2) Bedrock Units, situated beneath the alluvium, and (3) Mesa and Upland
Units, located east, west, and northwest of the site.

Unconsolidated Alluvium

The shallowest hydrogeologic unit beneath the Atlas site is unconsolidated
alluvium of Quaternary age. The alluvium is exposed in the fiood plane of the
Colorado River, and is described as being a mixture of alluvial fan deposits
from the Moab Wash and Courthouse Wash, colluvial deposits from the cliffs
located west of the site, and fluvial deposits from the Colorado River. The
shallow portions of the alluvium adjacent to the Colorado River, consist of
interbedded and intermixed poorly-sorted silt and sand, with some gravel and
clay.] The deeper alluvium consists of well-sorted, interbedded sand and
gravel,

The alluvial depth appears to vary considerably across the site and has been
verified by drilling information at several locations and by seismic
reflection surveys conducted on site. Bedrock has been encountered at depths
ranging from about 8.5 m (28 ft) on the north side of the tailings pile
(boring B-4), to about 36.6 m (120 ft) near the northeastern end of the
tailings (boring TH-28), and to about 18.3 m (60 ft) near the upgradient well
at the northeastern end of the Atlas property (well AMM-1). One drilling
location near the eastern corner of the tailings pile (ATP-1) reached a depth
of 124 m (406 ft) without encountering bedrock. Bedrock was encountered at a
depth of about 30 m (97 ft) in a boring (ATP-2) situated approximately 245 m
(800 ft) southwest of ATP-1. Additional descriptions of the unconsolidated
alluvium at the site are presented in section 2.3.2.2.

The alluvium in other portions of Moab-Spanish Valley lying southeast of the
site is also described as consisting of unconsolidated sediments of diverse
origin. The alluvial thickness in the majority of the valley is described as
being slightly more than 110 m (360 ft), where penetrated by wells, and rests
on an irregular bedrock floor with probable faulting concealed by the
alluvium. The average thickness of the saturated alluvium in the valley is
estimated at about 21 m (70 ft; Sumsion, 1971).

The alluvium contains the shallowest groundwater at the site and comprises the

uppermost aquifer as defined in 10 CFR 40, Appendix A. Alluvial groundwater
at the site is generally encountered between about 2.4 and 4.6 m (8 and 15 ft)
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of depth.
Bedrock Units

Several stratigraphic units are believed to comprise the bedrock system
beneath the alluvium at the site. Much of the information on the bedrock is
derived from 1imited drilling information and the outcrop exposures along the
sides of the valley. Displacement of rock units by salt movement, and
potential faulting have added complexity to the bedrock configuration beneath
the site. Based on best available evidence, the bedrock 1ikely consists of
units of the Chinle Formation and the Moenkopi Formation of Triassic age, and
the Cutler Group of Permian age west of the Moab fault. Portions of the Glen
Canyon Group may occur beneath the alluvium, under the tailings pile. A
discussion of these lithologic units is provided in Section 2.3.2.

Meszs and Upland Units

The cliffs to the east of the site and the mesa arecas to the west are largely
composed of the Wingate Sandstone and Kayenta Formation of the Triassic/
Jurassic Glen Canyon Group. The mesa area east of the site, within Arches
National Park, also contains large areas of the Triassic Navajo Sandstone,
which is also within the Glen Canyon Group, and the Jurassic Entrada
Sandstone. Descriptions of these units are derived from published technical
reports from the Utah Department of Natural Resources (Blanchard, 1990;
Doelling et al., 1995, and Sumsion, 1971).

The Wingate Sandstone is described as a massive, fine-grained, thickly cross-
bedded eolian sandstone with a thickness ranging from 91 to 122 m (300 to 400
ft). The Kayenta Formation is described as irregularly interbedded fluvial
fine-to coarse-grained sandstone, siltstone an shale. The thickness of the
Kayenta Formation varies from about 73 m (240 ft) in western Grand County to
nearly zero in the eastern part of the county. The Navajo Sandstone is
described as a massive, fine-grained, thickly cross-bedded, eolian sandstone
with a thickness of about 122 m (400 ft) in western Grand County. The Entrada
Sandstone has been classified as three distinctive members in this area, the
Dewey Bridge Member, the Slick Rock Member, and the Moab Sandstone Member.
The Entrada Sandstone achieves thickness of about 168 m (550 ft) in the
western portion of the county. Descriptions of the l1ithologic units in the
mesas and uplands are provided in Section 2.3.2.1.

5.2.3 Hydraulic and Transport Properties
Unconsolidated Alluvium

The hydraulic conductivity of the shallow alluvium at the site has been
investigatuod by the 1icensee by performing laboratory and field permeability
tests in various boreholes at depths above 21.3 m (70 ft) below land surface
(bls). Siug tests in three piezometers in the Moab Wash alluvium north of the
alluvium have also been conducted. Table 5-1 provides a tabulation of these
hydraulic conductivity measurements, as reported by Atlas.

The available hydraulic data shown in Table 5-1 include 20 independent
measurements from ten site locations for a depth ranging from 2.4 to 21.3 m
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(8 to 70 ft) An evalua;ion by staff shows that the measurements range from
1.26 x 10® to 7.73 x 10 cm/sec (0.0036 to 21.9 ft/day), with a mean of

8.64 x 10°* cm/sec (2.4 ft/day) and a median of 2.47 x 10°* cm/sec (0.7
ft/day). No information on the alluvial hydraulic properties below a depth
of 21.3 m (70 ft) is available, other than grain size descriptions from
drilling logs.

Table 5-1 Summary of Available Hydraulic Conductivity Data
SUMMARY OF AVAILABLE HYDRAULIC CONDUCTIVITY DATA
FOR THE ALLUVIAL AQUIFER
ATLAS MILL SITE
Hydraulic
Borehole/ Depth in m bls Description of Type of  Conductivity in
well (ft) Material Testing' cm/sec
g 1.7 (5.5) Fine sand w/ silt L 1.26 x 10°°
| 15 2.4 (8) Fine sand w/ silt F 2.47 x 10
15 2.6 (8.5) Fine sand w/ silt L 3.58 x 10
8 4 (13) Fine to coarse F 8.21 x 107
sand and gravel
15 4 (13) Fine to coarse F 4.16 x 107
sand w/ silt
15 4.1 (13.5) Fine to couarse L 1.06 x 10°°
sand w/ silt
8 5.5 (18) Fine to coarse F 1.35 x 107
sand and gravel
15 5.5 (18) Fine to coarse F 2.13 x 107
sand and gravel
8 5.6 (18.5) Fine to coarse L 9.57 x 10
sand and gravel
15 5.6 (18.5) Fine to coarse L 2.22 x 107
sand w/ silt
8 8.5 (28) Fine to coarse F 7.73 x 1073
sand and gravel
15 12 (39.5) Fine to coarse L 1.74 X 107
H sand w/ silt
A-3 13.1 (43) Fine to coarse L 8.50 x 107
sand w/ gravel
13 15.1 (49.5) Fine sand w/ silt L 4.73 x 10
TH-21 7.3 to 18.3 Sand S 2.06 x 107"
(24 to 60)
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SUMMARY OF AVAILABLE HYDRAULIC CONDUCTIVITY DATA
FOR THE ALLUVIAL AQUIFER
ATLAS MILL SITE

Hydraulic

Borehole/  Depth in m bls Description of Type of  Conductivity in
well (ft) Material Testing cm/sec

TH-24 11.6 to 18.3 Sand S 5.61 x 107"
(38 to 60)

TH-26 7 to 18.3 Sand S 1.24 x 107"
(23 to 60)

A-1 18.4 (60.5) Medium Sand L 1.26 x 10°®

A-6 18.9 (62) Fine to coarse L 1.93 x 107
sand W/ gravel

11 21.2 (69.5) Fine sand w/ silt L 3.00 x 107

.

L = Laboratory measurements of collected soil samples
F = Field testing of boreholes
S = Slug tecting of piezometers
Represents the average of repeated tests in same

iezometer

Sumsion (1971) reported hydraulic conductivities of domestic wells ;n the
Spanish Valley alluvium ranging from about 1.02 x lo'z_so 4.66 x 10° cm/sec

(29 to 132 ft/day), with an average of about 2.82 x 10°° cm/sec (80 ft/day).

It is assumed that the hydraulic conductivity values reported by Sumsion
(1971) are for wells completed over substantially larger aquifer thickness and
Tikely in deeper horizons than the Atlas monitoring wells.

Bedrock Units

No information is available on the hydraulic properties of the becrock units
beneath the alluvium at the site. Blanchard (1990) describes the groundwater
conditions in the Paradox Member in portions of Grand County, which may
correspond to some of the bedrock units beneath the alluvium. Groundwater in
this units is referred to as the lower groundwater system. Although no
hydraulic information is available for th’s lower groundwater system, uranium
and petroleum exploratory holes have reportedly been drilled to the ton of the
Paradox Member and encountered groundwater with total dissolved solids (TDS)
concentrations ranging from 160,000 to 300,000 milligrams per liter (mg/L)
(Blanchard, 1990). Other portions of the bedrock beneath the alluvium at the
site may include lithologies of the Glen Canyon Group. The hydraulic
relationship between the bedrock units at the site to the brine in the lower
alluvium and the adjacent Glen Canyon aquifer located north and east of the
site have not been determined.

Mesas and Upland Units

No specific site information was developed by the licensee for the hydiaulic
properties of rock units in the adjacent mesas and uplands. Staff recognizes
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that these areas are outside the site limits, and the licensee is not required
to characterize adjoining properties. However, an evaluation of available
published information is warranted to determine if these areas have the
potential to influence groundwater conlitions at the Atlas site.

Blanchard (1990) and Sumsion (1971) describe the Entrada Sandstone, the
Wingate Sandstone, and the Navajo Sandstone as the principal aquifers in the
mesas and upland areas. In the area of Mill Creek and Spanish Valley, east
of Moab, Blanchard (1990) designates the Wingate Sandstone, Kayenta Formation,
and Navajo Sandstone as the Glen Canyon aquifer, because the Kayenta Formation
is largely sandstore in this area and the three formations are jointed and
fractured, providing hydraulic connection.

The rock strata of the Glen Canyon aquifer generally dips from east to west,
naking the eastern side of Spanish Valiey the discharge point of the aquifer.
An aquifer test conducted in the Glen Canyon aquifer (City of Moab wellfield)
indicated the presence of impermeable boundaries within the aquifer, with
hydraulic properties varying considerably over a short distance. No specific
estimates of total aquifer hydraulic properties could be determined from the
test; however, specific capacity values for_i4 wells completed in the Glen
Canyon aquifer ranged from 250 to 167,135 m?/day {0.25 to 167 gallons per
minute-per_foot [gpm/ft]) of drawdown. The largest specific capacity value
(167,135 mz/day) was measured in a well where the Glen Canyon aquifer is
overlain by about 11 m (36 ft) of alluvial material, which may indicate
significant hydraulic connection between the alluvium and the Glen Canyon
aquifer.

The Wingate Sandstone, the Navajo Sandstone, and the Entrada Sandstone are
separate aquifers over other portions of the area. Sumsion (1971) reports
that the intrinsic permeability of the Wingate aquifer is not great because of
the fine-grained nature of the sand. The Wingate sandstone generally outcrops
in canyon walls and floors, where discharge can occur as springs. The Wingate
15 overlain by the less permeable Kayenta Formation, which restricts recharge.
Where highly fractured, the Wingate yields moderate quantities of water to
wells and springs. One well completed in Wingate aquifer is used for water
supply in Arches National Park (Blanchard, 1990).

The Navajo aquifer is described by Sumsien (1971) as being of similar grain-
size and intrinsic permeability as the Wingate aquifer. The Navajo Sandstone
outcrops extensively throughout the Arches National Park. Two water supply
wells in the park are completed in the Navajo aquifer (Blanchard, 1990).

The Entrada Sandstone also outcrops in Arches National Park, and provides
groundwater to several springs. One of the principal areas of spring
discharge from the Entrada aquifer is in Courthouse Wash. Hydraulic
conductivity ranging between 0.1 ft/day to more than 1.1 ft/day have been
estimated for portions of the Entrada aquifer (Blanchard, 1990).

5.2.4 Groundwater Flow

Unconsolidated Alluvium

Groundwater flow v *hin the alluvial aquifer at the site has been evaluated by
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the licensee through the installation of piezometers, monitoring wells, and
water level measurements collected over various time periods. Information and
data for the site groundwater conditions are summarized in Canonie (1994).
Staff has reviewed these data and developed the following conclusions.

Generally, the shallow alluvial groundwater flows from the northwest to the
southeast, toward the Colorado River, mimicking the surface topography. The
exception to this generality occurs near the tailings pile. The measured
water level within the tailings pile is approximately 12 to 18 m (40 to 60 ft)
above the alluvial groundwater level, which greatly influences the direction
and gradient of flow near the tailings pile. The horizontal hydraulic
gradient near the former mill area is estimated to average 0.0039. The
estimated gradient near the tailings pile ranges from 0.02 east of the pile to
0.0071 southeast of the pile.

Groundwater flow directions and gradients are likely variable throughout the
year, because of Colorado River stage influences. Hydrographs of shallow and
deep monitoring wells in the alluvium show a distinct hydraulic connection
between the river stage and groundwater levels. During much of the year, the
well hydrographs show that groundwater elevations are above the river stage,
demonstrating that the river is gaining flow from groundwater influence.
However, during periods of spring run-off, the river stage exceeds the
groundwater elevation in the alluvial wells. Consequently, the river
contributes flow to the alluvial groundwater during high stage episodes. The
hydrograph and river stage information provided by the licensee is not
adequate for calculating the hydraulic diffusivity for the alluvium.

Based on the available information, staff concludes that the licensee’s
interpretation of groundwater flow direction and gradient is acceptable. The
Ticensee's interpretation considers the inferred effect of low hydraulic
conductivity from the upland area southwest of the tailings pile. Information
from Blanchard (1990) and Western Technologies (1989) documents that the rock
units outcropping at the base of the uplands near the tailings pile are the
Hermosa Formation, the Moenkopi Formation and the Chinle Formation. These
units are characterized by extensive shale and clay beds, which are not
conducive to transmitting significant quantities of water.

The licensee also excluded water-level data from well ATP-1-S from the
interpretation of shallow alluvial flow direction. Well ATP-1-S is screened
at the depth interval of the fresh-water/brine interface identified at other
locations on the site and, presumably would not provide representative data
for the shallower portions of the alluvial aquifer. Therefore, exclusion of
this well is acceptable.

The lTicensee’'s interpretation of flow direction indicates a potential impact
to groundwater quality at adjacent property south of the site. Section 5.2.5
provides a detailed discussion of the contamination extent and distribution
associated with seepage from the tailings pile.

Groundwater within the deeper alluvium exhibits a TDS concentration in excess
of 100,000 mg/L below a depth of about 24 m (80 ft). The occurrence of the
deeper alluvial brine has been confirmed by four deeper monitoring wells
situated at two locations on site. No information is available on groundwater
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flow directions or gradients within the deeper brine. The brine is
characterized as predominately sodium chloride in nature and could be the
result of groundwater contacting the evaporites of the Paradox Formation
beneath the alluvium (Dames & Moore, 1982), or the result of deeper brine from
Rlanchard’s (1990) lower groundwater system locally migrating upward along an
existing fault plane.

Groundwater within the Spanish Valley alluvium is described by Sumsion (1971)
as generally flowing down-valley from southeast to north west, toward the
Colorado River. Sumsion (1971) also states that although Spanish Valley is
underlain by evaporites of the Paradox Member, no saline water or brine has
been observed in the alluvium of Spanish Valley. A driller’s log from one
well indicates a thick, black shale separating the alluvium from the deeper
evaporites.

Bedrock Units

No information is available on the groundwater flow of the bedrock units
beneath the alluvium at the site; however, given the occurrence of the higher
specific-gravity brine within the Tower portions of the alluvial aquifer at
the site, staff considers that any groundwater flow within the bedrock units
are likely hydraulically separate from th2 groundwater flow in the shallower
alluvium, The partitioning of flow between relatively fresh water and salt
water is well documented in groundwater literature. Davis and DeWiest (1966),
Freeze and Cherry (1979) and other textbooks describe the mechanism of flow
separation due to density differences.

Blanchard (1990) identifies some locations within Grand County where the lower
groundwater system may be influencing shallower groundwater through upward
migration through poorly abandoned exploratory boreholes. Blanchard (1990)
further indicates that potentiometric surface from the lower groundwater
system may be as much as 61 m (200 ft) in some areas. Additionally,
groundwater in the dceper bedrock units is shown (Blanchard, 1990) to flow
southwesterly throughout the southern and southwestern portions of Grand
County,

Mesas and Upland Units

Blanchard (1990) describes groundwater movement in the Glen Canyon aquifer as
generally westward and southwestward toward Spanish Valley, with the principal
area of discharge occurring in Moab-Spanish Valley, near the City of Moab.
Groundwater movement in the Navajo Sandstone and Wingate Sandstone situated
north and west of Spanish Valley is shown by Blanchard (1990, Figure 16) to
flow southeasterly, Regionally, groundwater in these aquifers appears
discharge in the canyon cut by the Colorado River.

5.2.5 Geochemical Conditions and Contamination Extent

Background Conditions

Pre-operational groundwater quality data are not available at the Atlas Site,
because site operations began long before many environmental monitoring
requirements were initiated. Consequently, groundwater quality in the
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uppermost aquifer, which represent pre-milling conditions, has been
characterized by sampling wells hydraulically upgradient of the facility.

Originally, background conditions were established in monitoring well ATP-3,
which is completed within the Moab Wash alluvium, up slope of the tailings
pile and mill area. Water quality measurements from the well showed TDS
concentrations of about 1300 to 1400 mg/L, but ranging as high as about 7000
mg/L. However, water quality in this well did not appear representative of
site conditions within the alluvium near the river, where the tailings pile is
located. Additionally, this well periodically remained dry during a portion
of the year. Dames & Moore (1982) concluded that water from well ATP-3
appeared unaffected by tailings seepage despite its proximity to the tailings.
A new background well (well AMM-1) was established for the site in 1988 as
part of the licensee demonstrating compliance with the new detection
monitoring provisions the 10 CFR 40, Appendix A.

Well AMM-1 was established as the NRC-approved background well for the
facility. The well is situated approximately at the far northeastern corner
of the property, about 244 m (800 ft) northeast of the former mill area.
Groundwater samples have been collected from AMM-1 since 1988 and show
concentrations of selenium, combined radium-226 and -228 above the NRC maximum
concentration 1imits (MCLs) and elevated concentrations of uranium. TODS
concentrations in this well range from about 6500 to 7500 mg/L. Information
submitted by Atlas (Harding Lawson Associates, 1996) depicts the cation and
anion signatures of surface water and groundwater in the vicinity of the
tailings pile. The information shows the TDS and major ion concentrations of
various sampling locations at the Atlas site, the Colorado River, and the
Matheson Preserve southeast of the site. The groundwater at AMM-1 is
generally a sodium/chloride type water, while the tailings fluid is a sodium-
magnesium/sulfate type water. Sulfate is the dominant anion of the tailings
fluid and can be seen to influence the water quality in well AMM-2 southeast
of the pile. Conversely, chloride is the dominant anion in the groundwater at
AMM-1. This information strongly indicates that AMM-1 is l1ikely unaffected by

tailings seepage.

However, a review of site maps and historical aerial photographs of the site
show a former ore storage pad situated about 61 m (200 ft) west of the
background monitoring well location. Staff recognizes that placement of an
upgradient, background monitoring well had previousiy presented technical
challenges to the licensee, due to size of the milling area and the lack of
sufficient groundwater in the previocus upgradient we!l completed in the Moab
Wash alluvium. Although the location for this well had previously been
approved by the NRC, the licensee was requested to provide data showing that
a:nitoringduell AMM-1 is not influenced by contaminants from the former ore
storage pad.

Atlas responded by providing a tabulation and graph of water quality
measurements in well AMM-1 for selenium, radium-226, radium-228, and uranium
for the period from March 1988 to November 1993. The licensee indicated that
concentrations of these parameters, over the period of record, is generally
stable - neither increasing or decreasing - which is an indication that the
AMM-1 is unaffected by the ore storage pad. The licensee further stated that
concentrations for these parameters in other wells were increasing until about
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1984, when the mill was shut down, and have since shown a declining trend.
The licensee also stated that the groundwater flow direction in the vicinity
of the pad is southeasterly toward the Colorado River, and not in the
direction of AMM-1. The licensee concludes that given the flow direction and
stable constituent concentrations in AMM-] over time confirm the
appropriateness of AMM-1 as a background well.

The staff reviewed the information provided by the licensee and does not agree
that the provided information shows that well AMM-1 is not influenced by
potential contaminants form the former ore storage pad. The licensee’s
explanation failed to consider two important influences. The characteristics
of the tailings as a contaminant source are dramatically dif.erent than the
characteristics of the ore as a potential contaminant source. The contaminant
mobilities and concentrations within the tailings are greatly enhanced by the
grinding and chemical processing of the ore. The milling and extraction
process is designed to mobilize all metallic-ionic species, including uranium,
and allow selective concentration of uranium. Once the tailings are placed in
the impoundment, most of the remaining metal species appear to remain
mobilized, as evidenced by contaminant concentrations in wells near the
tailings.

While the tailings provides a ready supply of mobilized constituents, the ore
would Tikely release constituents at a siower and more steady rate,
influencing trace constituent concentrations but not overall major ion
chemistries. Contaminants from the ore would be expected to enter the
underlying soil and groundwater at a slower rate and less concentrated than
those of the tailings pile. The licensee’s conclusion that AMM-1 is

unaffected by the ore pad, because the groundwater response near the ore pad
is not 1ike the response at the tailings pile is not valid, given the
difference in the characteristics of contaminant sources,

Additionally, the licensee’s conclusion concerning the groundwater flow
direction fails to consider that there are few control points associated with
the interpreted flow lines near the ore pad. Figure 1 provided in the
licensee’s response further confirms this observation by presenting the
equipotential lines in this area as dashed. Much of the potentiometric
information presented in the licensee’s maps are interpolated from control
points near the tailings pile and AMM-1. The groundwater flow in the vicinity
of AMM-1 may be significantly affected by Courthouse Wash, causing localized
groundwater flow in an easterly direction rather than a southerly direct as
interpreted. The licensee shows a similar influence from Moab Wash in the
provided potentiometric map as Figure 1,

The staff concludes that the information and interpretations provided by the
licensee do not provide reasonable assurance that well AMM-1 is not influenced
by potential contamination from the ore storage pad. Additicnal information
and measurements at locations othe' ihan AMM-1 will be needed to corroborate
the appropriateness of AMM-1 as a ckground well.

The staff also concludes that the verification of background at the site has
minimal relevance to the review of the proposed plan for onsite surface
reclamation of the tailings. The background groundwater conditions do have a
large bearing on groundwater compliance for 1icense termination and revisions
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to he Corrective Action Plan /CAP) for groundwater cleanup, regardless of the
decision with respect to surface reclamation. The background groundwater
conditions at the site must be adequately determined and evaluated as a part
of a credible CAP.

Contaminant Characterization

The NRC initiated a sampling and laboratory analysis program in 1987 to
evaluate hazardous constituents at uranium mills under NRC license, because
little or no comprehensive information was previously available on the types
of potential hazardous constituents associated with uranium mill tailings
impoundments. Both dissolved and total analysis were conducted for the
collected tailings solutions, along with a gas chromatograph screening for
volatile and semi-volatile organic compounds. Analytical services were
contracted with Oak Ridge National Laboratory, an EPA certified laboratory.

Tailings fluids from the Atlas facility were sampled in July 1987. The
information developed from this sampling program was used to define the
contaminant source and constituents of concern for later groundwater detection
and compliance monitoring programs at the site. The results of this testing
indicated that several metallic and radiological compounds designated as
hazardous constituents were present in the tailings solution. Table 5-2
summarizes the results of this sampling.

Contaminant Extent

The licensee has collected and analyzed groundwater samples from the alluvial
aquifer downgradient of the tailings pile on a sporadic basis from 1976 to
1977. The monitoring program has changed several times over the years, and
the collected data lack consistency in the sampling points, constituents
analyzed, and laboratory methods used. These monitoring program changes make
a complete evaluation of the contaminant impact history at the site difficult.
Detailed descriptions of the current groundwater monitoring program are
provided in section 5.4.3. The surface water monitoring program has remained
essentially unchanged over the period of record.

The monitoring program largely consisted of three wells completed in the
alluvium between the tailings impoundment and the Colorado River. Water-
quality monitoring were originally conducted on a regular basis from 1982 to
1987, in monitoring wells ATP-1-S, ATP-2, ATP-3, MW-1-R, MW-2-R, and MW-3.
These wells along with an upgradient monitoring well have been used to
evaluate the impacts of the tailings impoundment on the shallow alluvial
groundwater and determine the extent of contamination.

Three new welis were installed in 1990 for evaluating groundwater conditions
at the site. These wells: AMM-1, AMM-2, and AMM-3 were all located in the
river alluvium adjacent to the Colorado River. Monitoring well AMM-1 was
designated as the background well, while wells AMM-2 and AMM-3 were designated
as point of compliance wells. In addition, the upper completion of well ATP-2
was retained in the new groundwater monitoring program. Figure 5-1 shows the
locations of the previous and current site monitoring wells.

Results of the monitoring program indicated that constituents from the
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impoundment had been seeping into the alluvium soils beneath the tailings pile
and impacted the shallow groundwater in the aliuvium. Consequently, the
constituents that entered the alluvial groundwater will either be attenuated
or retarded in the soil materials or dischargsd to the Colorado River. TDS
concentrations for the previously monitored wells are shown below in

Table 5-3. Table 5-4 shows the TDS concentrations from monitoring wells from
the current monitoring program.

Atlas concluded that contaminated groundwater largely extends from the
tailings pile eastward to the Colorado River (Western Technologies, 1989;
Canonie, 1994); however, contour maps of contaminant concentrations indicate
the 1ikelihood that contaminants may have impacted the areas south and
southeast of the tailings pile. Section 5.2.4 discusses the potential impact
to the adjacent property due to the direction of groundwater flow and the
distribution of geclogic materials at the site. Additionally, contaminant
concentrations measured at the site are consistent with solute transport by
advective flow. Other transport mechanisms such as density gradients are not
indicated by the site data. The location and measured concentrations within
the alluvial monitoring wells appears to provide adequate data control to
support the direction of contaminant flow provided by the licensee’s
documentation. Staff concludes that the lateral extent of contamination
within the alluvial aquifer is not adequately determined.

Staff further concludes that the concern of contamination extent on adjacent
piroperties has minimal relevance to the review of the proposed plan for onsite
surface reclamation of the tailings. The contamination extent does have a
large bearing on groundwater compliance for license termination and revisions
tc the Corrective Action Plan (CAP) for groundwater cleanup, regardless of the
decision with respect to surface reclamation. The contamination extent,
constituent concentrations, and potential impacts to adjacent properties must
be adequately determined and evaluated as a part of a credible CAP.

The vertical extent of contaminated groundwater was evaluated in a series of
nested wells completed to various depth intervals. From the collected data,
Atlas concludes that contamination from tailings secpage is restricted to the
shallow portions of the alluvial aquifer. This conclusion is based on
comparisons of water quality within the aquifer at various depths and the
occurrence of brine at depths below about 24 m (80 ft) bis. The staff agrees
with the conclusion that the vertical extent of contamination is restricted to
the relatively fresh groundwater within the upper portion of the alluvial
aquifer,

Additionally, surface water samples have been collected from the Colorado
River to evaluate the impact of the tailings seepage since about 1976.

The surface water samples consisted of one sampling location upstream of the
mill and five sampling locations below the mill site. Surface water data at
similar locations have been periodically collected to the present. Tables 5-5
and 5-6 show the summaries of average concentrations for uranium, radium-226,
and thorium-230 in the Colorado River and in the groundwater associated with
the various sampling episodes.
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Table 5-2:

Analytical

Results

Compound

Analytical Results -
Dissolved Constituents
Atlas Minerals Site

Concen-
-e

tration

Compound

Concen;'
tration

Aluminum

450

Silicon

24

Ant imony

<2.

Sodium

1800

Arsenic

3.

Strontium

3.6

Boron

<0,

Tin

<2.0

Barium

0.

Titanium

0.58

Beryllium

0.

Uranium

8.9

Bromine

Yanadium

53

Calcium

Zinc

5.9

Cadmium

0.

Zirconium

<0.2

Cobalt

1.

Ammonium

2400 ol

Chromium

ks

Bicarbonate

<5

Copper

11

Carbonate

<5

Iron

650

Chloride

Gallium

<3.0

Cyanide

Mercury

<0.,005

Fluoride

Lead

<2.0

Nitrite

Lithium

3.7

Nitrate

Magnesium

500

pH

Manganese

28

Phosphate

Mo1ybdenum

0.52

Su]fate

Nickel

Phosphorous

1.1

Sulfide

5.1

Total Dissolved Solids

Selenium

0.45

Total Suspended Solids

Silver

<9.5

LA

Maximum concentration from two samples
Concentrations expressed in mg/L, unless otherwise indicated
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Table 5-3:

Total Dissolved Solids; Previous Monitoring Program

Well

5/82

Total Dissolved Solids (mg/L)'

Previous Monitoring Program

8/83

Atlas Groundwater

Month and Year

8/84

8/85

8/86

10/87

ATP-1-§

106409

| 111860

92200

110000

109000

I
112000

ATP-2

12359

49053

58500

58300

43600

44300

ATP-3

1386

7440

1300

1420

1350

1360

MW-1-R

19966

19522

900

23000

35400

| -2-R

24604

16788

200

MW-3

17482

| 21465

20300

23200

22500

| 26300

31000

27600

| 30300

"all data from Atlas envireamental monitoring reports

Table 5-4: Total Dissolved Solids; Current Monitoring Program

Total Dissolved Solids (mg/L)
Atlas Groundwater
Current Monitoring Program

Sampling Quarter and Year
2-91 4-91
6950 6980

22500 19400

22100 13300 12300

32200 17500 28200

Sampling Quarter and Year
4-93 2-94 4-34
6660 6940 6450

18600 18700 18150

13200 16800 13730

23100 13800 20930

Well
AMM-- |
AMM- 2
AMM- 3
AT?-2

2-90
6720
22800
12100
32100

4-90
6710
23200

2-92
6810
19594
12712
15552

Well
AMM- 1
AMM-2
AMM-3
ATP-2

2-93
6830
17100
12400
20100

2-95

7500
19400
18400
17000

"all data from Atlas environmenta) monitoring reports
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Table 5-5: Average Concentrations; 1976 to 1977

Average Concentrations (pCi/1)"
1976 to 1377

Samples U-nat Ra-226 Th-230
Colorade River 20 0.72 2.8
upstream )

Colorado River 24 0.8 5.1
downstream
Atlas Groundwater 3200 2.4 18

‘all data from Atlas env.ronmental monitoring rejorts

Table 5-6: Average Concentrations; 1979 to 1987

Average Concentrations (pCi/1)"

1979 to 1987

Samples U-nat Ra: ""6 Th-230
Colorad. &' ver 14 0.14 17
upstream
Colorado River 9 0.15 5.0

l downstream

Atlas Groundwater ; 1171 0.95 3.1

*all data from Atlas environmenta monitoring reports

hdditional water quality data for 1DS concentrations in the Colorado River
have been collected for several years. Grab samples were taken on quarterly
frequencies at both upstream and downstream stations. These sample results,
for the period of 1989 to 1993 are shown in Table 5-7. These data show
essentially no change between upst~eam and downstream TDS concentrations over
the period >f record.

A comparison between data collected from 1976 and 1977 to those from 1979 to
1987 indicates that the alluvial groundwater continued to receive seepage from
the tailings impoundment, but the measured concentrations of uranium, radium-
226, and thorium-230 in the alluvial materials had significantly decreased
over that period. Concentrations of these same radionuclides in the Colorado
River do not indicate any sort of trend It should be noted that upstream
concentrations of uranium and thorium are larger than those that are weasured
downstream from the mill. The concentration of radium is essentially tne same
abovr and below the mill site.
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Table 5-7: Total Dissolved Solids; Colorado River

Total Dissolved Solids (mg/L)"
Colorado River Samples

Sampling Quarter and Year
Location 3-87 2-88 3-89 1-90
Upstream 577 987 800 823
Downstream 611 841 850 850
Sampling Quarter and Year
Location 1-92 1-93 1-94 2-95
Upstream 880 910 756 700 750
Downstream 880 970 742 720 790

'_ all data from Atlas environmental monitoring reports
Measurements reported for this sampling did not distinguish betwecn
upstream and downstream locations. Measurements are reported in the order
resented in the licensee’s report.

The initial findings from this sampling indicated that constituents entering
the river from the site were not detectable in the water column, because of
the mixing and dilution with the river water. Consequently, impacts to the
downstream uses of river water was concluded to be insignificant.

Additional sampling in the Colorado River has recently been performed to
support review efforts for the Environmental Impact Statement (EIS). The
recent sampling efforts have focused on sediments 2nd biota, in addition to
surface-water samples. Recent sampling episodes, as described in the EIS,
show a measurable influence from non-radiological constituents, such as
ammonia, in a limited reach of the river. Details and discussions this recent
surface water and sediment sampling are presented in the EIS.

5.2.6 Water Use

Water use in the vicinity o“ the site is described in a report by Western
Technologies (1989). The report states that there are nc existing groundwater
supply wells on the property or hydraulically downgradient of the property.
Atlas reported that a water well located approximately 300 meters (900 feet)
east of monitoring well AMM-1, which is upgradient of the mill site, as "not
fit for human use."

The Utah Division of Radiation Control (DRC), Department of Environmental
Quality conducted a recent computer search of Water Rights records for
northern Moab Valley, in the vicinity of the Atlas site. This search provided
a listing of water rights diversions; which includes both surface water and
groundwater uses. These records were provided to staff for the purpose of
making an independent and updated verification of the water use inventory
conducted by Atlas in 1989. Table 5-8 provides a summary of registered water
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rights, provided by Utah DRC, in the vicinity of the Atlas site. The state’s
records show three registered water right withii an approximate 0.8 km (0.5
mile) radius of the tailings pile and 14 water rignts within an approximate
1.6 km (1 mile) radius of the tailings pile.

Table 5-8 lists one registered groundwater user (#168/Trapax) near the
location mentioned in the Western iechnologies report. Additionally, water
users of Colorado River water and other surface water are identified from the
state’s water rights records. Most water registered water users are situated
upgradient or upstream of the tailings pile; however, three water rights
(#629,#1458, and #16590) are situated on the east bank of the Colorado River
across from the site and one water right (#1046) is located approximately 1.1
km downstream of the site. The only other groundwater user within a 1.6 km (1
mi) radius is the National Parks Service at Arches National Park. This well
is upgradient of the tailings pile.

5.3 Conceptual Design Features to Protect Water Resources

Staff considers that groundwater cleanup and compliance at the Atlas site are
contingent on the disposal cell cover design and long-term performance. The
Atlas reclamation plan describes the regraded tailings and engineered soil
cover as the primary desion components that will minimized water infiltration
in the tailings pile (Cazonie, 1992). The pian states that regrading the
tailings and placemer: of a contoured soil cover will convey precipitation
runoff avay from the reclaimed tailings area, thus minimizin infiltration and
provide groundwater protection. Atlas also states that 1nf1?tration will be
reduced 2 to 3 orders of magnitude over the present uncovered condition of the
pile, because a layer of Mancos Shale clay (radon barrier borrow material)
will be included in the final cover design. The current design specifies 20.3
to 30.5 cm (8 to 12 in) of compacted clay for the radon barrier. ﬁ;las states
that assumed permeabilities of | x 10° to 1 x 10° cm/s and 1 x 107 cm/s were
considered in the cover design (Canonie, 1992 pg. 22); however, no calculation
or analysis is provided to support this statement. Furthermore, the
reclamation plan does not indicate that a specified permeability was used to
determine evaluate compliance with the groundwater protection standards for
the site.

The Ticensee plans to take engineering credit for the disposal cell components
for complying with the ground-water protection standards. Specifically, the
licensee identified the foliowing cover components: (1) regrading the top of
the tailings to enhance runoff and reduce infiltration, (2) reducing
infiltration by using native clay borrow material in constructing the radon
barrier. The licensee stated that the costs have been included in the
reclamation plan. Additionally, the staff notified the licensee by Tetter
dated July 11, 1996 of the future need to revise the current CAP for the site.
The notification alse advises that the cover components may he subject to
redesign and potential retro-fit if the CAP revisions require an additiona)
reduction in the disposal cell infiltration flux.
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Table 5-8:

Water Fights Inventory

Water Rights Inventory in
Vicinity of Atlas Site

Location Water Right # /  Water Right  Approx. Water Hydraulic
Twn Rng Sec Owner Description  Distance Use  Relation
25S 21E 27 | 629/Utah Div. of Colorado 0.64 km I,S cross-

Wildlife Res. River (0.4 mi) stream
255 21E 27 | 1458/Grand County | Colorado 0.64 km I cross-
Con. Dist. River (0.4 mi) stream
255 21 27 | 16590/Utah Div. Colorado 0.64 km 1,0 Cross-
of Wildlife Res. River (0.4 mi) stream
25S 21E 27 | 56/McClatchy, Colorado 0.92 km 0 upstream
Warren & Millie River (0.57 mi)
255 2'E 34 | 1046/U.S. Bureau Colorado 1.1 km s,0 down-
of Land Mgmt. River (0.69 mi) stream
255 21E 27 | 168/Trapax groundwater 1.2 km D,S up-
(0.7 mi) gradient
255 21E 26 | 629/Utah Div. of Colorado 1.2 km 1,8 upstream

, Wildlife Res. River (0.75 mi

255 21E 26 | 1458/Grand County | Colorado 1.2 ka I upstream
Con. Dist. River (0.75 mi)

255 21E 26 | 16590/Utah Div. Colorado 1.2 km 1,0 | upstream
of Wildlife Res. River (0.75 mi)

r 255 21E 26 | 1612/Utah Div. of | groundwater 1.4 km 1,0 | upstream

Wildlife Res. (0.85 mi)

25S 21E 26 | 16591 /Utak Div. groundwater 1.4 km I:0 upstream
of Wildlife Res. (0.85 mi) )

25S 21t 26 | 1055/Canyonland Colarado 1.5 km ) upstream
Cattle Co. Ltd. River (0.95 mi)

255 21E 26 | 17961/011iver, groundwater 1.5 km I Ups.ream
Delbert 0. (0.95 mi)

25S 21E 26 | 1089/Colu.bia Gas | Colorado 1.6 km 0 upstream
Dey. Corp. River {1 mi)

255 21E 26 | 18444 /Canyonland Colorado R 1.6 km S
Cattle Co. Ltd. Pack Creek (1 mi) upstream

255 21E 21 | 166/U.S. Nat. groundwater 1.6 «m D,0 up-
Parks Ser. (1 mi) gradient

* D= Domestic, I=Irri

ation, S=Stock Waterin

, O=0Other(not specified
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The licensee agreed, in a letter dated August 7, 1996, to thoroughly evaluate
infiltration barrier alternatives as part of revising the CAP. Atlas further
indicated that once on-site stabilization was found acceptable, adequate time
would be available to incorporate any design changes resulting from the CAP
review, without delaying the construction schedule. Atlas also committed to
delaying the installation of the radon/infiltration barrier, if necessary, to
assure that any potential design changes could be included in the disposal
cell. Staff considers that appropriate construction control and field testing
would be required to verify that the constructed cover met the design
specifications.

5.4 Groundwater Protection Standards and Regulatory Requirements
5.4.1 Water Resource Protection Standards

Criterion 5 and Criterion 13 of 10 CFR 40, Appendix A encompass the basic
groundwater protection standards for uranium mill tailings impoundments.
Paragraph 5B(5) requires that compliance limits for hazardous constituents are
set at the background concentration, the Maximum Values listed in Paragraph 5C
if the background 1imit is below the listed value for a particul~~
constituent, or an alternate concentration limit (ACL) based on chemical-
specific and site-spacific considerations.

5.4.2 Performance Assessment

A performance assessment of the disposal cell for meeting the groundwater
protection standards is not required by 10 CFR 40. However, a performance
evaluation for meeting proposed ACLs is an integral part of the regulatory
review for approving ACLs. If the licensee plans to apply for ACLs, as part
of its CAP revisions, then a performance evaluation must be included in the
ACL application.

5.4.3 Groundwater Monitoring and Corrective Action
Groundwater Monitoring Program

The requirement to implement a detection monitoring program was incorporated
into the Atlas license by Amendment No. 1, dated June 15, 1988. This
amendment required the licensee to monitor appropriate hazardous constituents,
establish compliance points and a background well, as well as determine the
extent and concentration of hazardous constituents in the aliuvial aquifer.
The groundwater compliance program did not include an examination of deeper
aquifers, since existing data indicated that a brine layer exists in the lower
portion of the alluvium.

In response to Amendment No. 1, the licensee prepared a March 1989 submittal
that compiled groundwater monitoring data, proposed a modified groundwater
monitoring program, discussed the extent and concentrations of hazardous
constit.. nts in the aquifer, assessed risk and hazards, and evaluated
alternative corrective actions. An NRC review of this submittal determined
that it was responsive to regulatory requirements relative to groundwater
compliance. The major consideration in this report was to determine if there
were ny impacts at the point of exposure, which is the Colorado River.

5-21 NUREG-1532



License condition 17 established the compliance monitoring program and the
compliance 1imits for certain constituents detected in the groundwater at the
site. Table 5-9 lists the compliance points, constituents, compliance limits,
and sampling frequencies for the Atlas monitoring program. Monitoring well
locations are shown in Figure 5-1.

Table 5-9: Groundwater Protection Standards

Groundwater Protection Standards
Atlas Uranium Mill Tailings Pile

Sampling
Frequency and
Welis

Parameter or
Constituent

Compliance Limit

Compliance
Standard Applied

Quarterly
sampling of wells
AMM-1, AMM-2,
AMM-3, and
ATP-2-S

chloride

nitrate

sodium

sulfate

pr

TDS

water level

Semi-annual
sampling of wells
AMM-1, AMM-2,
AMM-3, and
ATP-2-S

chromium

0.08 mg/L

background

gross alpha

33 pCi/L

PO

background

mo | ybdenum

0.05 mg/L

background

nickel

0.06 me /L

background

radium-226 & -228

5 pCi/L

paragraph 5C

selenium

0.01 mg/L

paragraph 5C

vanadium

0.04 mg/L

background

uranium

4.0 mg/L

background

Corrective Action Program

The licensee was required to develop a corrective action program for
mitigating contaminated grourdwater at the site, in response to the detection

of hazardous constituents in excess of the compliance standards.

Atlas

prepared two submittals that characterized the geology, evaluated the data,

and discussed alternative corrective actions.

The geology characterization,

as well as the collected groundwater data, confirmed that leakage from the
tailings impoundment had impactad the alluvial groundwater, and that hazardous
constituents eventually traveled to the Colorado River.

The initial conclusion of the water quality data review was that any impacts
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to the Colorado River were insignificant, because no measurable concentration
differences in the Colorado River could be detected over the period of record.
Although the site information indicates that tailings seepage was discharging
to the River, the contaminant dilution by relatively large volume of the
Colorado River appeared to mitigate any potential health impacts.

The study alsc estimated a leakage rate of approximately 95 L/min (25 gpm),
based on a water balance study. This leakage rate correlated well with the
surface area of the tailings impoundment and the estimated hydraulic
conductivity of the alluvium, based on soil materials encountered during well
drilling. The estimated rate was predicted to diminish to about 30 ./min

(8 ypm) over the next 20 years and then maintain that rate for an undetermined
period. Additional estimates of the previous seepage rate from 1989 to 1994
have also been performed as part of the Riological Assessment in the EIS.
Atlas (Harding Lawson Associates. 1996; and Canonie, 1994) refined the
previous estimates using Darcian flow and water budget projections and
estimated a seepage rate of about 125 L/min (33 gpm); however, this estimate
did not consider contribution from precipitation. Staff formulated a seepage
estimate based on TDS concentrations observed in the tailings, groundwater,
and seepage entering the river near the mouth of Moab Wash. Staff estimated a
seepage rate of about 189 L/min (50 gpm), including precipitation input.
Forecasted seepage rates for the long-term, after the existing head in the
tailings pile has reached a steady-state condition, are about 60 L/min (16
gpm) without a cover on the pile, and about 30 L/min (8 gpm) with an
engineered cover of 1x10°" cm/sec permeability. Further discussion of the
seepage rate estimates and projected impacts after the proposed reclamation
are presented in Appendix E of the EIS.

The licensee submitted a license amendment request which evaluatea several
corrective action alternatives for mitigating contaminated groundwater. The
evaluated corrective actions were divided into two groups. One group of
alternatives, which largely focused on altering the tailings pile included:

* moving the tailings to an alternate site,

¢ mechanically dewatering the tailings,

« constructing a hydraulic barrier wall into the alluvium, and

e constructing a bottom seal for the tailings.
A1l of these alternatives were considered unreasonably costly, when comparing
the risks to benefits. Staff concurred with the licensee’s conclusion that
these alternatives were unreasonable when considering the risks as well as the
costs and associated benefits.

The licensee also evaluated five other corrective action alternatives, wrich
primarily focused on groundwater remediation. These alternatives included:

e pumping and treating groundwater using in situ precipitation of
metals,

* pumping and treating of groundwater using biomass removal of metals,
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* agravity feed groundwater treatment system with in situ
precipitation of metals,

* pressure feed of groundwater and tailings treatment with in situ
precipitation of metals, and

* minimizing recharge to the tailings.

The licensee ultimately recommended the minimizing recharge alternative as the
preferred alternative. An NRC assessment of &l] nine alternative corrective
actions indicated that the later five potential corrective actions showed that
cost effective alternatives existed.

The licensee proposed to minimize the tailincs recharge by constructing an
enhanced evaporation system on top of the tailings pile. This system would
pump solution frem the tailings surface pool, sprzy it into the atmosphere and
onto dry tailings beaches, and thereby rapidly reduce the solution level in
the tailings impoundment. Additionally, the licensee agreed to construct and
operate a tailings dewatering system that consisted of wells completed into
the saturated portion uf the tailings.

NRC approved construction and ope~ation of the enhanced evaporation system,
which operated for roughly thr-. years at an annual pumping rate of about 7600
kL (20 Mgal). This system eliminated most of the ponded surface water on the
tailings by the later part of 1992, although a small pond existed until 1995,
A decline in the water level within the tailings also accompanied the removal
of the ponded water. Any water that intermittently is found on the tailings
impoundment is from precipitation and either recharges the tailings or
evaporates to the atmosphere.

The tailings dewatering system was constructed on a test scale in 1990. It
consisted of a series of wells in the tailings installed at locations
accessible to driiling equipment. Each well was equipped with a pump, which
would route tailings solutiun to the surface of the impoundment for spraying
to the atmosphere.

The dewatering system operated for a short period of time, when it became
apparent that a combination of poor yields, corrosive solutions, and smali
particle sizes would be stressful on the equipment and make the feasibility of
continuous pumping questionable. However, the NRC considered intermittent
pumping feasible, which had been utilized in these wells since their
instaliation. The amounts of solution that were recovered from these wells
anu the rate of recovery are shown in Table 5-10.

Table 5-10 shows that approximately 16,653 ki (4.4 Mgal) of solution were
removed from the tailings pile. It should also be noted that the rate at
which the dewatering is taking place has shown a slight decline over the
period of record. Additionally, the TDS concentration of the recovered
solution has continued to rise, likely in response to the reduced recharge in
the tailings areas being dewatered.
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Table 5-10: Operation Data: Tailings Dewatering System

Operational Data
Tailings Dewatering System
Atlas Tailings Pile

Total System Total Dissolved
Volume Recovered Yield in L/min Solids (mg/L)
Operational Year in kL (gal) (gpm)
1990 3173 (838,276) 14.5 (3.83) 24,700
1991 7442 (1,966,000) 14.2 (3.74) 25,065
1992 6038 (1,595,000) 12.5 (3.03) 30,250

5.5 Cleanup and Control of Existing Contamiration

The approved CAP has eliminated the residual ponded water on the tailings pile
and reduced tne ievel of saturation within tne tailings. In addition,
contaminant concentrations within the alluvial aquifer have been reduced over
the same time period. However, contaminan’ concentrations within the aquifer
still remain well above the groundwater compliance limits establiished in the
iicense. Currently, the licensee has not implemented any corrective acticn to
directly reduce the contaminant levels in the uppermost aquifer. The licensee
must address compiiance with the groundwater standards in 10 CFR 40,

Appendix A through revisions of the CAP.

NRC considers revisiting and revising the CAP as a separate licensing action,
because the groundwater cleanup strategies and methodologies will be
contingent on the decision for surface reclamation of the tailings. For
estimating purposes, the costs and benefits of groundwater cleanup for the
proposed on-site closure and the tailings relocation alternatives were
factored into the overall cost/benefit anaiysis conducted for both
alternatives. Relocating the tailings to another site for disposal does not
remove the need for groundwater cleanup &t the current Atlas property.
Additionally, relocating the tailings would 1ikely invoke higher groundwater
cleanup costs for the relocation alterrnative over the on-site closure
alternative, since the relocation alternative would mandate a cleanup approach
to return contaminants over the entire site to levels suitable for releasing
the site for unrestricted use. Discussions and evaluations of cost/benefit
considerations associated with both disposal alternatives are presented in
Chapter 5 of the EIS.

5.6 Conclusions

Water resource information for the Atlas Uranium Mill Tailings Reclamation
Plan have been evaluated by staff to _etermine compliance with the appropriate
regulations in 10 CFR 40, Appendix A. Data and technical information that is
di~ectly applicable to surface reclamation were examined. Other information
and data pertaining to groundwater corrective action were not evaluated for
compliance, since NRC determines groundwater cleanup compliance under a
separate Corrective Action Plan.

w
~No
w
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It is apparent that seepage from the tailings impoundment is impactin?
groundwater quality in the shallow alluvial aquifer, based on the collected
water quality data. The seepage is traveling as a dissolved contaminant plume
which discharges to the Colorade River. The seepage rate from the tailings
piie appears to have declined over the past several years. Currently the
leakage rate is estimated to be about 189 L/min (50 gpm) and is further
expected to decrease to 30 L/min (8 gpm).

Impacts to the property immediately south of the Atlas property have not been
adequately determined by the licensee. Geological information, interpretation
of groundwater flow direction, and contaminant concentration contours indicatc
a potential impact to the adjacent property. The staff concludes that the
concern of contamination extent on adjacent properties has minimal relevance
to the review of the proposed plan for onsite surface reclamation of the
tailings. The contamination extent does have a large bearing on groundwater
compliance for license termination and revisions to the Corrective Action Plan
(CAP) for groundwater cleanup, regardless of the decision with respect to
surface reclamation. The contamination extent, constituent concentrations,
and potential impacts to adjacent properties must be adeguately determined and
evaluated as a part of a credible CAP.

NRC considers revisiting the CAP as a separate licensing action, because the
groundwater cleanup strategies and methodologies will be contingent on the
decision for surface reclamation of the tailings. The CAP currently being
implemented by Atlas was based on the conclusion that existing groundvater
contamination was not imenable to active remediation. If groundwater
remediation is determined practicable, as a result of NRC's revisiting the
CAP, then resulting environmental impact to the Colorado River will be less
than that already identified in the EIS. Regardless of the decision o
surface reciamation, contaminated groundwater exists on the site and must be
cleaned up. Compliance with the groundwater standards must be demonstrated by
Atlas before the license can be terminated.

Surface water monitoring for the last 20 years indicates there is no
measurable increase of the contaminants in the waters of the Colorado River,
due in large part to dilution. This finding was originally predicted to occur
in the EIS for license renewal and has been confirmed by upstream and
downstream monitoring in the Colorado River. However, monitoring of the
Colorado River near the site indicates the presence of a mixing zone with
higher concentrations of some contaminants. Additional evaluations of seepage
impacts to sediment and biota in the river are assessed in the EIS for
rec'amation.

Ambient groundwater quality in the alluvial (uppermost) aquifer appears poor,
given the moderately elevated TDS concentrations and elevated concentrations
of selenium, combined 1radium-226 & -228, and uranium; however, the proximity
of the upgradient background well AsM-1 tc a former ore storage pad raises a
question to the representativeness of this water quality information. The
staff concludes that the information and interpretations provided by the
Ticensee do not provide reasonable assurance that well AMM-1 is not influenced
by potential contamination from the ore storage pad. Additional information
and measurements at locations other than AMM-]1 will be needed to corroborate
the apiropriateness of AMM-1 as a background well.
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The staff also concludes that the verification of background at the site has
minimal relevance to the review of the preposed plan for onsite surface
reclamation of the tailings. The background groundwater conditions do have a
large bearing on groundwater compliance for license termination and revisions
to the Corrective Action Plan (CAP) for groundwater cleanup, regardless of the
decision with respect to surface reclamation. The background groundwater
conditions at the site must be adequately determined and evaluated for a
credible CAP,

Sixteen registered water rights are located within a 1.6 km radius of the
tailings pile. Fifteen of these water rights are allocated for the Colorade
River or other surface water points. Only two water rights are designated for
aroundwater use. Four of the surface water users are situated either cross-
stream or downstream of the tailings pile. Water samples collected in the
Colorado River do not indicate that the tailings seepage is impacting the
river water quality, other than in a small mixing zone. Both groundwater
users are situated upgradient of the tailings pile.

The licensee indicates that construction of an engineered clay cover and
contoured top slope will reduce precipitation infiltration into the tailings
by 2 to 3 orders of magnitude. The licensee plans to take engineering credit
for the disposal cell components for complying with the ground-water
protection standards. Specifically, the licensee identified the following
cover components: (1) Regrading the top of the tailings to enhance runoff and
reduce infiltration, (2) Reducing infiltration by using native clay borrow
material in constructing the radon barrier. The licensee stated that the
costs have been included in the reclamation plan.

The licensee must revise the current Corrective Action Plan to demonstrate
compiiance with the grounrdwater cleanup standards in the license. Additional
characterization of hydrogeological conditions around the tailings pile and
evaluation of existing contaminant extents will also be needed to address
revisions in the CAP. This will be evaluated by staff as part of the
groundwater corrective action program.
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6.0 RADON ATTENUATION
6.1 Introduction

This section presents the staff evaiuation of the radon barrier design aspects
of the Reclamation Plan and Technical Specifications for the Moab, Utah, Title
II Project site. The staff review was conducted in accordance with guidance
in the SRP (NRC 1993). The staff review of the radon attenuation design of
the disposal cell cover is to ensure compliance with the radgn flux design
standard of 20 picocuries per square meter per second (pCi/m°s) averaged over
the impoundment, required by Cr'terion 6 (1) of Appendix A to 10 CFR Part 40.
In addition, the other radiological requirements of Criterion 6 (e.g., gamma
levels, cover radionuclide concentration) are considered in this review.

EPA has identified radon-222 (Rn-222) as the main health hazard froy uranium
mill tailings. Rn-222 is an inert gas resulting from the radioacti,e decay of
radium-226 (Ra-226). Because Rn-222 has a short half-life (3.8 days), the
amount of radon “-~om uranium mill tailings reaching the atmosphere is reduced
by restricting the gas movement long enough so that radon decays to a solid
daughter which remains within the disposal cell. The staff, in its review,
evaluates the estimation of the long-term (at least 200 years from now) radon
emanation rate (flux) from the disposal cell cover averaged over at least a
one-year period by utilizing a computer code (RAECOM or RADON). Fundamental
to the use of the code is development of a radon flux model which is based on
parameter values derived during characterization of the various materials that
will make up the pile and/or the use of conservative estimates. Therefore,
the staff’s review addressed the adequacy of the parameter values (i.e., code
inputs) and the overall radon flux model by evaluating the justification and
assumptions made for each value to confirm that each was representative of the
material or conservative, consistent with site construction specifications,
and based on long-term (at least 200 years) conditions.

Also included in the WRC staff review was an evaluation of related aspects of
the cover design. For example, layers of the cover (6-inch filter/bedding on
side slopes and 4 to 9-inch rock erosion protection) were evaluated for their
ability to protect the radon barrier layer from dryina and disruption by
considering the long-term effects of freeze-thaw damage and biointrusion. In
addition, the review included consideration of the fact that the radon barrier
layer thickness is also designed to satisfy criteria for construction,
settlement, cracking, and infiltration of surface water. These aspects of
cell design are discussed in Section 3 of this repert. Erosion protection
aspects of the cover design are discussed in Section 4.

The stafy’s evaluation of the information provided in the Reclamation Plan on
the parameter values and the resulting radon flux model are discussed below.

€.2 Evaluation of Model Parameters

This section provides the results of the staff review of the radon flux model
parameter values derived by Atlas. The following sections previde staff
comments on the approaches to parameter characterization (sampling and testing
of mater'als) followed by Atlas, Atlas’ parameter values derived for
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contaminated materials at the site, and Atlas’ parameter values for radon
barrier soils.

In order to assess the appropriate thickngss of the earthen cover required to
limit radon emission to meet the 20 pCi/m°s standard, the characteristics
(physical and radiological) of the radon barrier soils and approximately the
upper 15 feet of contaminated materials must be established. Material
parameters that affect radon diffusion and that are used in the computer code
include: material thickness, density, porosity, long-term moisture content,
and radon diffusion coefficient. In addition, Ra-226 activity concentration
and radon emanation fraction of the various types of contaminated materials
are parameters of the radon model. The parameter values utilized by Atlas are
identified in Table 6-1.

6.¢.1 Characterization of Materials

Radiological characterization programs for the site were conducted in 1988 and
1992,  Laboratory testing included specific gravity, diffusion coefficient,
in-place density and moisture, gradation, and capillary moisture
relationships. The porosity value for materials was calculated from the dry
density and the measured specific gravity. In addition, analysis for radium
activity and emanation coefficient was performed for the contaminated
material. Staff considers that all testing methods appear to be appropriate
but concerns regarding the limited number and composition of some samples are
discussed below.

Tailings and Ore Material

The characterization program for the tailings pile (1992) consisted of six
test borings on the top slope to depths up to 8 feet. The samples collected
were grouped into three material types; ore (3 samples), coarse sand tailings
(16 samples), and fine tailings (12 samplies). The Reclamation Plan indicates
that samples for each material type were composited and three samples for each
type were tested. The number of samples and the method of compositing has the
most impact on the Ra-226 value of the tailings and is discussed in

Section 6.2.2.

"Affected" and Radon Barrier Sandy Soils

In the characterization of soils, samples from Moab Wash were obtained from

15 pits and grouped, based on the radium concentration, into "affected" and
"clean" soils. The licensee defines "affected" soil as any soil in the mil)
area, boneyard, or outlying area that exceeds the radium concentration of

5 picoCuries per gram (pCi/g) above background in scil that will remain in the
upper 15 cm of soil, or exceeds 15 pCi/g above background in soil (averaged
for 15 cm layers) that will be below 15 cm from the surface after reclamation.
The clean (i.e., uncontaminated) sandy soil obtained from the reconfiguration
of Moab Wash will be used for the upper layer of the radon barrier.
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Table 6-1: Atlas Radon Input Summary

. gravity: 2.7~2.9 measured

AREA/ | MOISTURE
MATERIAL DENSIJY Percent
» g/cm
FINE T. |
fines 123 .5057 1.44 893 .35 24 .00185 i
fines 129 .5057 1.44 1339 .35 24 .00185
fines 56 .5057 1.44 1938 .35 24 .00185
coarse | 213.4 | .435 1.53 241 23 4.4 .0247
affected | 40.6 | .295 1.91 19.5 .28 2.8 0197
ciay 30.5 | .3897 1.71 0 0 14.7 00168
sandy 22.9 | .3368 1.79 0 0 2.8 021
FLUX 19.8
|COARSE
coarse 500 435 1.53 241 23 4.4 .0247
I ore 15.2 | .3637 1.72 212.7 .28 9.0 .0083
| affected | 40.6 | .2954 1.91 19.5 .28 2.8 .0197
clay 20.3 | .3897 1.71 0 0 14.7 .00168
I sandy 22.9 | .3368 1.79 0 0 2.8 .021
FLUX 18.5
ISIDE
SLOPE
coarse | 500 .435 1.53 241 .23 4.4 .0247
sandy 213.4 | .3368 1.79 0 0 2.8 021
FLUX
19.15
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A composite sample was constructed from three samples of "affected"
(contaminated) soils, and another composite sample was constructed from eight
samples of clean soils. Atlas indicated that the samples selected were
coarser than the average Moab Wash soils to provide conservative test results.
The composite samples were divided into three splits, and each of these was
then divided in half for geotechnical and radiological testing. In addition,
the licensee collected and tested three composite samples of soil from a
proposed borrow area (assumed to be uncontaminated) located on Atlas property
west of the tailings disposal area. This material represents an alternative
source of sandy soil for the radon barrier.

Staff considers that the characterization efforts for the sandy soil of Lhe
radon barrier is limited, but adequate for homogeneous material. However, the
"affected" soil probably is not homogenous in either physical or radiological
characteristics. Therefore, some of the parameter values of "affected" soil
from the mill site (to 6 feet deep) could vary significantly from the
"affected" windblown surface material in Moab Wash. Specific staff concerns

regarding the characterization program for "affected" soils are identified in
Section 6.2.2.

Radon Barrier Clay Material

The desiqn ¢” the Atlas radon barrier utilizes a clay layer for the lower
portion of the barrier. Three clay samples were collected at the Klondike
Flat area, a potential source of this clay material, located approximately
13.8 miles north of the facility. However, the exact location of the clay
borrow site has not been chosen. As discussed in detail in Section 6.2.3 of
this report, staff determined that additional testing of the final clay borrow
material is required.

6.2.2 Parameters for Contaminated Materials
Tailings and Ore Material

The dry density parameter value derived by the licensee for fine tailings is
the average in-place dry density adjusted to account for the overburden stress
from the relocated coarse sands and the cover system. The measured dry
density of the coarse tailings was not adjusted as the effect of overburden
stress would be insignificant for this material. Staff considers the values
acceptable and notes that the density value is somewhat tonservative for the

7 feet of coarse tailings that will be compacted to 90 percent of maximum dry
density on top of the fine tailings.

The original Ra-226 values for top slope fine and coarse tailings were derived
by the licensee from samples composited over various depth intervals, an
appropriate method only if there is evidence that the Ra-226 concentration is
fairly homogeneous. Because the computer code used to calculate the estimated
long-term radon flux is sensitive to the vertical distribution of Ra-226, if
homogeneity cannot be shown, the vertical distributicn of Ra-226 must be
determined. Therefore, based on the annual processed ore grade data, Atlas
subsequently provided a vertical distribution model of Ra-226 concentration in
the fine tailings. NRC staff concludes that the vertical distribution of Ra-
226 in the fine tailings used by Atlas is acceptable.
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Atlas did not revise the Ra-226 value for coarse tailings because it was
assumed that sufficient mixing of these tailings should occur during
recontouring of the cell. The results of the staff analysis suggests that the
Ra-226 input value for the coarse tailings should be 291 pCi/g instead of the
241 pCi/g value used by Atlas. The staff’s vaiue was derived by assuming that
the only upper 6 feet of coarse tailings on the top slope will be mixed during
reconfiguration of the cell. To address this concern, Atlas proposed a
sampling plan for Ra-226 analysis in the upper 4 feet of coarse tailings
(Sections 4.4.2 of the Reclamaticn Plan and 11.3.4 of the Technical
Specifications). The commitment to perform Ra-226 analysis for the coarse
tailings to substantiate the model values is acceptable. A condition will be
added to the license requiring Atlas to verify that the Ra-226 concentration
in the coarse tailings is 241 pCi/g or less.

The licensee’s long-term moisture content value for the coarse tailings was
based on the results from capillary moisture testing. The average value of
4.4 percent is conservative and, therefore, acceptable. The in-piace moisture
content reported for the fine tailings was 27.7 percent and the resulting
average moisture of 30.9 percent under 15 bar pressure indicates that the test
procedure and/or test results may not be appropriate to estimate the long-term
moisture content for fine-grained materials. Based on a review of available
data from similar sites, NRC staff recommended that 24 percent moisture be
used for fine tailings in the model. The licensee agreed (March 1995) and
provided a normalized diffusion coefficient value corresponding to this
moisture level for the fine tailings.

The measured diffusion coefficient values for the tailings used in the model
are not as conservative as the long-term moisture values and are not
conservative (low) when compared to the code-calculated diffusion coefficient.
This lack of conservatism is not an open issue because of other conservative
aspects of the Atlas radon flux model and the small impact of this parameter
(for material in deep layers) on the flux calculation result.

The e Jayer in the disposal cell (periohery of top slope) consists of pieces
of o.e up to 6 inches in diameter, however, most pieces are gravel-sized.
Staff determined that this thin layer of ore is of limited importance for the
radon model and the parameter values chosen by Atlas are reasonable.

"Affected" Soils

The licensee’'s parameter input values for the "affected" soil are based on
average test values from composited samples. The staif had previously
questioned this approach because the sampling procedure may not have provided
representative material. In particular, staff was concerned that a Ra-226
value based on a compositz of three samples might not adequately characterize
the large amount of "affected" soil which includes tailings slurry spillgge
w.d deep deposits on the mill site. Atlas responded that the particle size
and saturation of the "affected" soil are more critical parameters in the
radon model than Lhe Ka-226 concentration and that the volume of soil with
high levels of Ra-226 will be small when compared to the large volume of
windblown soil with near background levels of Ra-226. Atlas also indicated
that the three samples tested were the coarsest samples taken so tnat the
values would be conservative. Staff agrees with Atlas that soil saturation
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and the large volume of windblown material are important, but considers that
coarse samples do not yield conservative values for the Ra-226 and diffusion
coefficient parameters. However, further justification of the parameters
vilues is not warranted because Atlas has proposed a sampling procedure to
test for Ra-226 in the "affected" soil after it is placed in the cell.

In the proposed testing program (Sections 4.4.2 of the Reclamation Plan and
11.3.4 of the Technical Specifications), Atlas committed to take samples at 15
locations from the upper and lower hal{ of the "affected" soil layer in the
disposal cell. Each sample will be analyzea for grain-size distribution, in-
place density and moisture content, specific gravity, Ra-226 concentration,
and emanation fraction. In addition, three composite samples will be tested
for diffusion coefficient. Atlas stated that the test results will be
reported to NRC prior to starting construction of the clay layer of the radon
barrier. The staff agrees with the general approach identified by the
licensee in its proposed testing program for "affected" soil. A condition
will be added to the license requiring Atlas to verify the parameter values
for the "affected” soil.

6.2.3 Parameters for Radon Barrier Soils
Moab Wash Sandy Soil

Most of Atlas’ parameter values for geotechnical properties for the
uncontaminated Moab Wash sandy soils are the average test results of three
splits of a composite sample. Staff agrees that the samples taken should be
representative of the available borrow material and censiders that the limited
testing is acceptablie for the geotechnical parameters.

The density and porosity values used in the model are within the expected
range for sandy soi! and are acceptable to staff. The long-term moisture
content of 2.8 percent was calculated using the Rawls and Brakensiek equation
(NRC 1989) and is conservative considering the nature of the material. The
diffusion coefficient value was determined from tests on samples with
moisture conten (percent dry weight) that were less than the long-term
moisture value which is conservative and, therefure, acceptable to staff.

The Ra-226 parameter value for the sandy soil layer of the radon barrier is
assumed to be zero (i.e., background) in the Ailas model. Staff had
previously expressed concern that significant concentrations of windblown
contamination might remain in Moab Wash soil excavated for the sandy soil
layer of the radon barrier. The Technical Specificaticens indicate that the
soil background Ra-226 value is the average value approved by NRC. Also,
Appendix D of the Reclamation Plan contains a testing plan for establishing a
soil background Ra-226 value. Test results will be provided to WRC for
approval, prior to using the Ra-226 value for clea up verification. Staff
considers this approach acceptable to address the Ra-226 background value.

Klondike Flats Clay

Atlas’ radiological and geotechnical parameter values for the clay (obtained
in the Klondike Flats area) are the average results of testing performed on
three samples. Atlas stated that the characteristics of the clay (Mancos
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Shale) were uniform throughout the formation and that DOE had used material
from the same frrmation to construct the radon barrier at the Grand Junction
Title I site. Atlas has not completed arrangements for a particular borrow
source and relies on the construction specifications to support the radon
barrier design in lieu of extensive borrow source characterization. The
specifications describe prequalification procedures, as well as requirements
for testing the borrow source throughout construction.

Based on a review of the physical properties, NRC staff determined that the
parameter values for the clay were acceptable. The tested material met the
proposed construction specifications for the clay layer of the radon barrier.

Staff notes that the diffusion coefficient galue (0.00168 cmz/s) Atlas used is
less conservative than the value (0.0025 cm°/s) derived by the Department of
Energy after extensive testing of the Grand Junction clay at the same moisture
content approved for the Atlas clay. The low diffusion coefficient of the
radon barrier clay is critical to Atlas’ demonstration, through its radon
barrier modeling, that the long-term radon flux standard can be met. However,
the staff's concern related to the diffusion coefficient has been addressed by
Atlas’ commitment to do further testing (including at least 3 diffusion
§oefficient tests) of the clay borrow area prior to construction of the clay
ayer.

Because Atlas has not chosen a final borrow source for the clay material,
staff considers that the test values used for parameter values must be
confirmed. Therefore, Atlas incorporated the proposed testing program for the
final clay borrow area into Reclamation Plan Section 4.2.1. The clay borrow
proposed testing program also includes analysis to demonstrate that the clay
layer of the radon barrier will contain background levels of Ra-226, in order
to comply with Appendix A, Criterion 6 (5). A condition will be added to the
Ticense requiring Atlas to verify that the characteristics of the clay used in
the cover meets the parameter values used in the radon f}ux analysis.

6.3 Calculational Methodology and Results

Atlas modeled the radon flux for the covered disposal cell utilizing the RADON
computer code (NRC, 1989). For modeling and design purposes, Atlas divided
the disposal cell iito three areas: 1) the embankment (side slopes), which
consists of coarse '.ilings; 2) coarse tailings in the peripheral portion of
the impoundment (top slope); and 3) fine tailings within the central portion
of the impoundment.

Area 1, the side slopes (approximately 45 acres), consists of coarse tailings
designed with a 7-foot-thick sandy layer for the radon parrier. Areas 2 and 3
(approximately 62 and 29 acres, respectively) will consist of coarse tailings
over ore and fine tailings, respectively, because the licensee proposes to
decrease the slope of the existing embarkment by moving coarse tailings to the
top. This will result in a 7-foot-thick layer over the fine tailings. The
fine tailings have a high Ra-226 concentration so the overlying thick layer of
coarse tailings will reduce radon emanation from this source. The less
contaminated "affected" soil, at least 16 inches thick, will then be placed on

top of coarse tailings in areas 2 and 3.
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In the proposed design, the radon barrier minimum thickness (clay plus sandy
layers) is 17 inches over the coarse tailings area, and 21 inches over the
fine tailings area. The clay layer will be a minimum of 8 inches thick over
the coarse tailings area and 12 inches thick over the fine tailings area. The
clean 3011 layer minimum thickness is 9 inches over the entire top slope. The
side slopes do not contain fine tailings or the clay layer, but will be
covered by 7 feet of sandy soil.

The radon flux model for each area, considering parameter values and proposed
construction, is somewhat conservative in that the radon attenuation resulting
from the 6-inch filter layer on the sideslopes was not included. Also, Atlas
noted that portions of the clean dike fill material (originally placed to
retain the tailings) and the interim cover will remain in place, but other
portions will be mixed with the "affected" soil layer and upper layer of
~ailings during excavation and regrading. The ultimate disposition of these
clean materials cannot be easily quantified at this point but will provide
additional radon attenuation capacity not accounted for in the model.

The Atlas radon flux models/calculations assume that the Ra-226 content of the
clay and sandy layers of the radon barrier is background. This is appropriate
because the footnote to Criterion 6 (1) indicates that the flux standard
applies only to emissions from byproduct materials. As discussed in

Section 6.2.3. the licensee will be required to verify that cover materials
will not contain Ra-226 above background levels.

Atlas’ modeling results indicate that the long-term radon flux should be 19.1,
19.8, and 18.5 pCi/m"s for the side slopes, fine tailings, and coarse tailings

areas, respectively. NRC staff used the RADON computer code, with the
parameters identified in Table 6-1 to verify the values reported by Atlas.
Therefore, the staff_concludes that the average radon flux will meet the
standard of 20 pCi/m°s if the parameter values identified in Table 6-1 are
met.

Atlas has indicated that it will perform additional flux modeling if the test
values for the "affected” soil, coarse tailings, or clay are significantly
different than values used in the current radon flux model. A condition will
be added to the license requiring Atlas to submit, for NRC approval, a
justification of the radon barrier design, if the parameter values shown in
Table 6-1 are not met.

6.4 Durability of the Radon Barrier

As discussed in previous sections, disruption of the radon barrier hy wind or
rain will be prevented by the erosion protection layer, and there is a low
likelihood of major cracking of the cover due to differential settlement of
the tailings because final cover plarement will not begin until 90 percent of
primary consolidation (settlement) o: the tailings has occurred (Atlas
Technical Specifications Section 11.3.1). In addition, the clay layer of the
barrier will be protected from significant cracking due to desiccation by the
material placed above it and by the moisture-retaining properties of the clay.
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Staff considers that the proposed clay layer thickness of at least 8 inches
can be achieved in construction and that adequate limits on drying and
cracking of the layer will be maintained by the design and Technical
Specifications Section 7.3.4.

Another aspect of the evaluation of the long-term integrity of the radon
barrier is estimating the likelihood of intrusion by burrowing animals or
deep-rooted plants. Atlas indicated that biointrusion of the radon barrier
will be restricted by the unfavorable environment of the rock layer in the
final cover. Although it is recognized that some volunteer plant growth will
occur, the licensee concluded that it will most 1ikely be shallow-rooted
grasses whose roots should not penetrate the 12 inches of cover materials
above the clay layer. Animals indigenous to the area are not expected to
select the reclaimed disposal area over native terrain for habitation. The
rock cover will not be conducive to digging or to establishing vegetation to
create an acceptable habitat. In addition, the tall slopes (about 100
vertical feet) surrounding the disposal area will be armored with rock which
should discourage passage onto the upper portion of the disposal area. Based
on the staff’s experience with other sites, the reclaimed facility doues not
appear to provide a desirable habitat. Therefore, the staff agrees that the

cover is unlikely to be significantly disrupted by burrowing animals or deep-
rooted plants.

Frost penetration of the barrier and the potential for resulting disruption
within the barrier layer was also examined. Atlas addressed the effect of
freeze/thaw cycles on the radon barrier, and concluded that the clay will not
be susceptible to frost heave, as the coarse tailings below it will not
support capillary action. Therefore, the ability to transport excess water to
the frost line does not exist, and the susceptibility of the cover system to
frost heave can be considered low. Also, Atlas performed an analysis of
potential frost penetration using the Modified Berggren equation method, as
proposed by the U.S. Army Corps of Engineers Cold Regions Research and
Engineering Laboratory (COE 1968). Using historical weather data in the
equation, it was shown that potential damaging frost penetration of the radon
barrier was unlikely, thus the proposed design need not be modified for
additional protection. Staff agrees that the data supports the licensee’s
conclusion that significant freeze-thaw damage is unlikely to occur to the
clay layer of the radon barrier as described in the proposed design (see
Section 3.3.4 for further discussion).

The licensee’s conclusions as to the ability of the proposed borrow materials
to perform adequately in the cover system are acceptable to staff, subject to
review of the results of the proposed material testing program. Adequate

design conservatism should ensure long-term radon barrier integrity, assuming

that long-term stability of the disposal cell is achieved (see Sections 2, 3,
and 4).

6.5 Measured Radon Flux

Criterion & (2) of Appendix A requires licensees to measure the average radon
flux as soon as reasonably achievable after placement of the radon barrier to
demonstrate that the radon flux criterion has been achieved. The flux limit
is the same as that for the modeled (design) long-term radon flux. The
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measured flux on newly constructed radon barrier should easily meet the fiux
criterion because the materials contain, relative to later years, more
moisture and fewer cracks. If the radon flux model or th2 barrier
construction were seriously flawed, this would be reflecced in the average
measured radon flux value submitted to NRC. If the measured flux does not
meet the criterion, staff could require corrective action such as placement of
additional radon barrier material.

6.6 Conclusions

oased on independent analysis and modeling, and the characteristics and
parameters of the various materials, as shown in Table 6-1, starf concludes
that the proposed barrier design is acceptable. The staff will require,
through a license condition, that parameters and material characteristics used
in the analysis be confirmed. Based on the review conducted and the
requirements that will be included as 'icense conditions, the sta/f concludes
that the long-term radon flux standarc and other cover requirements of
Criterion 6 will be achieved.
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7.0  APPENDIX A ASSESSMENT

Appendix A to 10 CFR 40 establishes technical, financial, ownership, and long-
term site surveillance criteria relating to the siting, operation,
decontamination, decommissioning, and reclamation of uranium milling
facilities. Each site-specific licensing decision is to be based on the
criteria in the appendix, taking into account the public health and safety and
the environment. Decisions based on the criteria in the appendix must take
into account the risk to the public health and safety and the environment with
due consideration to the economic costs involved. Decisions as to the ability
of the design to meet "reasonably achievable" criteria must take into
consideration the state of technology as well as the economics of improvements
in relation to the resulting benefits.

Appendix A provides flexibility in the NRC regulatory program in several ways.
It allows licensees to propose alternatives to the specific requirements
contained in the appendix. It also requires that licensing decisions take
into consideration the economic costs involved (this requirement originates in
the Atomic Energy Act of 1954, as amended). One of the reasons for this
flexibility was the recognition that some of the regulations in Appendix A
could not be applied to existing sites with the same level of conservatism as
they could be applied for proposed new sites. The Generic Environmental
Impact Statement on Uranium Milling, NUREG-0706 (1980) explicitly discussed
this. As a result, the criteria in Appendix A that identify goals, as opposed
to specific numerical requirements, are applied to existing sites with the
recognition that the goal may not be met to the extent that it would for a new
proposed site.

The following Appendix A criteria were considered for the proposed licensing
decision to amend Source Material License SUA-917 in accordance with the

reclamation plan submittals. Criterion 2, 8, and 11 are not applicable for
review and approval of a reclamation plan and were therefore not considered.

Criterion 1

Criterion 1 addresses the general goal of siting and designing facilities to
provide for the permanent isolation of tailings and associated contaminates by
minimizing disturbance and dispersion by natural forces without the need for
ongoing maintenance. As discussed above, it is recognized that the general
goal in Criterion 1 may not be met at the existing Atlas site to the extent
that it would for a new site. The following site features must be considered
when judging the adequacy of an existing site:

1. Pemoteness from populated areas:

The Moab Mill is located on the west bank of the Colorado River, 3 miles
northwest of the center of the City of Moap, in Grand County, Utah.
There is a private residence adjacent to the restricted area to the
northeast. The 1990 census reports a gopulation of 4050 for the city of
Moab. This shows a decrease in population from the 1980 census which
reported a population of 5333 for Moab. The population of Grand County
has also decreased from a population of 8200 in 1980 to 6800 according
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to the Utah Department of Employment Security. Review of data from the
licensee indicates that the population within a 10 km radius »f the mill
has heen declining since 1970. (See Draft Environmental Impact
Statement, October 1995.)

Adjacent lands and waters are used for a variety of activities. State
Highway 279 and U.S. Highway 191, both adjacent to the site, are major
trinsportation routes for industry and tourism. Outdoor recreational
use of the arez is heavy; Arches National Park is across U.S. 191, with
the visiter center less than 2 miles northwest of the site.

Population projections for these areas are difficult to make. There may
be significant population increases in the immediate future due Lo the
development of outdoor recreationz] facilities and the proximity of
National and State parks. It is doubtful, however, that there will be
any increase in the immediate proximity of the disposal area. The
Nature Conservatory has purchased the wet-lands between the City of Moab
and the Colorado River, prohibiting development in this area. Any
development to the east of the disposal area, on the west bank of the
Colorado River, would be in the flood plain for Moab Wash and the
Colorado River. The licensee will be required to include the entire
reconfigured Moab Wash in the final fenced restricted area which will
help ensure that there are no future developments in the immediate
vicinity of the disposal area.

While the proposed location of the Atlas tailings is not as remote from
populated areas as most tailings piles, there are at least two tailings
piles that were reclaimed in more densely populated areas. Tailings
from the former Vitro rare metals plant site were reclaimed on site
within the city of Canonsburg, Pennsylvania. The '980 census figures
(the most recent when the decision was made) showed a population of 7938
within 1 mile of the site. The population within ] mile from the
reclaimed tailings at Shiprock, New Mexico was 2197.

2. Hydrologic and other natural conditions as they contribute to continued
immobilizatior ard isolation of contaminants from ground-water sources:

The reclaimed disposal area will be capped with a cover system which
will minimize infiltrztion. The review of ground-water conditions at
the site to assure compliance with 10 CFR 40, Appendix A, is currently
being done under other lTicensing actions. The licensee is currently
implementing a CAP to return ground-water quality to established
siandards. The CAP was submitted on March 31, 1989, and was fully
operational prior to July 1, 1990. The CAP is being revised as a result
of information collected since it was initiated.

3. Potential for minimizing erosion, disturbance, and dispersion by natural
forces over the long-term:

The potential for wind and water erosion will be minimized by several
design features. The tailings will be re-contoured and covered by an
erosion protection cover. A drainage system will be constructed to

divert precipitation away from the tailings. The tailings cover and
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diversion cnannels will be protected from flooding and erosion by
engineered rock riprap. The cover and channels have been designed in
accordance w:th the guidance suggested by the staff (NRC, 1990). The
staff considers that erosion protection which meets that guidance will
provide adequate protection against erosion and dispersion by natural
forces over the long term.

4. The tailings will be disjosed of in a manner that will not require active
maintenance to preserve conditions at the site:

The staff considers that the erosion protection will not require active
maintenance over the 1000-year design life, for the following reasons:
1) the riprap has been designed to protect the tailings from rainfall
and flooding events which have very low probabilities of occurrence over
a 1000-year period, resulting in no damage to the layers from those rare
events; 2) the rock proposed for the riprap layers will be durable and
is not expected to deteriorate significantly over the 1000-year design
life; and 3) during construction the rock layers will be placed in
accordance with appropriate engineering and testing practices,

minimizing the potential for damage, dispersion, and segregation of the
rock.

As discussed in Sections 2 and 3, the staff also considers that the site
should not require active maintenance to mitigate the effects of
geologic, including seismic, disturbances.

Criterion 3

Criterion 3 sets below-grade disposal as the prime option for tailings
disposal.

Relocation of the tailings to anotner site so that all the contaminated
material could be placed below grade is technically feasible; however,
if the other criteria are met, the benefits of below grade disposal at
another location, over stabilizing the tailings in place would be small
with respect to this criterion. Since the existing site is adequate and
the design of the disposal cell meets the closure criteria, the cost of
disposing the contaminated materials below grade by relocating the
disposal area would be much greater than the benefit realizes, making
relocation economically impracticable.

If below-grade disposal is not practicable, the disposal plan must
provide reasonably equivalent isolation of the tailings from natural
erosional forces. This is addressed in Criteria 4, 6, and 12.
Criterion 4
Criterion 4 sets specific technical criteria for disposal of tailings.
Criterion 4(a) requires chat upstream rainfall catchment areas be minimized to

decrease erosion potential and the size of the floods which could erode or
wash out sections of the tailings disposal area.
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The site is located in an area which is flooded by offsite floods from
Moab Wash and the Colorado River. However, as discussed in the

Section 4, the site is protected from direct onsite precipitation and
flooding by engineered riprap layers for the top and side slopes; the
tailings disposal -ell will need this protection regardless of where it
is located. The riprap for the side slopes and drainage ditches is
large enough to resist flooding from the minimal flow velocities of
floods occurring from a PMF on the Colorado River. A large rock apron
has been designed to provide protection against the potential migration
of Moab Wash and the Colorado River. The staff therefore concludes that
the erosion potential at the site has been acceptably minimized, since
any flooding at the site will be mitigated by the erosion protection,
and the forces associated with offsite floods are minimal.

Criterion 4(b) states that topographic features should provide good wind
protection.

The staff considers that the site will be. adequately protected from wind
erosion by placement of an engineered riprap layer that protects the

tailings from surface water erosion. Studies performed for the NRC have
shown that an engineered riprap layer designed to protect against water

erosion will be capable of providing adequate protection against wind
erosion.

Criterion 4(c) states that cover slopes must be relatively flat after
stabilization to minimize erosion potential and to provide conservative
factors of safety assuring long-term stability. In general, slopes should not
be steeper that 5H:1V.

The side and relatively flat top slopes of the covers will be protected
from erosion by engineered riprap layers designed to provide long-term
stability (see Section 4.3). In order to reduce the length of the
slopes and, therefore, to minimize intrusion onto the Colorado River
floodplain, the side slopes will be 10H:3V. The erosion potential of
the covers will be minimized by the design of the rock to be
sufficiently large to resist flooding and erosion, based on the slope
selected. The staff concludes that the slopes, with their corresponding
rock designs, will be sufficiently stable to meet the erosion aspects of
this criterion.

Criterion 4(d) requires a full self-sustaining vegetative cover be established
or a rock cover employed to reduce erosion to negligible levels. The rock
cover design must include consideration of such factors as the shape, size,
composition, and gradation of the rock particles; rock cover thickness and
zoning of particle size; and steepness of underlying slopes. Tue rock must be
good quality.

Due to the arid nature of the site, the licensee made no attempt to
substantiate self-sustaining vegetation over a 1000-year period. The
contaminated tailings will be protected from flooding and erosion by an
engineered rock riprap layer. The riprap has been designed in
accordance with the guidance suggested by the NRC staff (NRC, 1990). As
discussed in Section 4, the staff considers that erosion protection
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which meets that guidance will provide ade uate protection

erosion and dispersion oy natural forces oeer thz long t:rn?gazzzzucte
protection is provided by: (1) selection of proper rainfall and flooding
events; (2) selection of appropriate parameters for determining flood
discharges; (3) computation of flood discharges using appropriate and/or
conservative methods; (4) computation of appropriate flood levels and
flood forces associated with the design discharge; (5) use of
appropriate methods for determining erosion protection needed to resist
the forces produced by the design discharge; (6) selection of a rock
type for the riprap layer that will be durable and capable of providing
the necessary erosion protection for a long period of time; and

(7) placement of a riprap layer in accordance with accepted engineering
practice and in accordance with appropriate testing and quality
assurance controls.

Criterion 4(e) requires that the impoundment not be located near a capable
fault that could cause a maximum credible earthquake larger than that which
the impoundment could reasonably be expected to withstand.

There are no capable faults near the site that could generate
earthquakes larger than the design basis earthquake. Faults of the Moab
fault system, which occur under and adjacent to the site, are not
capable faults.

Criteria 5, 7, and 1°

Criteria 5, 7, and 13 concern groundwater protection. As previously
discussed, groundwater is being addressed under separate licensing actions.
However, groundwater protection standards at the site will be in accordance
with these criteria.

Criterion 6

Criterion 6 sets forth performance criteria for the disposal of tailings.

Criterion 6(1) requires that waste disposal areas be closed in accordance with
a design which provides reasonable assurance that average releases of
radon-222 and radon-220 to the_atmosphere will be limited to 20 picocuries per
square meter per second (pCi/mzs), The design is to be effective for 1000
years to the extent reasonably achievable and, in any case, for at least 200

years,

The evaluation of the radon barrier utilized the RADON computer code
(NRC, 1989b) and acceptable parameters to estimate radon emanation from
the pile. The design is supported by adequate construction
specifications, settlement monitoring, and quality control programs.
Therefore, the staff concludes th;} the cover design will limit radon
releases to atmosphere to 20 pCi/m‘s.

The design basis events for erosion protection features protecting the
radon barrier are the PMP and the PMF events. Both of these events are
considered to be the most severe that are reasonably possible and thus
provide reasonable assurance of not being exceeded during the 1000-year
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design 1ife. The erosion protection features should assure that
excessive erosion dees not occur during the design life.

The design basis for seismic stability is an acceleratiorn of 0.18g,
calculated by the licensee, in its probabilistic seismic hazard
analysis, as having a return period of 10,000 years. The pile slopes
are designed to withstand a seismic coefficient of 0.25, which
translates into an acceleration of 0.38g. Therefore, there is
reasonable assurance of pile stability under reasonably expected seismic
loading for 1000 years. The design basis for subsidence is uniform or
differential subsidence of the bedrock surface beneath the site, of 1
meter in 1000 years. The pile is capable of accommodating 2 meters of
bedrock subsidence without damage to the cover system. The design wil)
also accommodate other geoloyic hazards, such zs migrating sand, and
rock and debris falls, that can be reasonably expected to threaten pile
stability over the next 1000 years.

Criteria 6(2) and 6(3) require the licensee to verify by testing, as soon as
reasonably achievable after placement of the final radon barrier, or portions
of the final radon barrier, the effectiveness of the radon barrier in 1imiting
radon releases. Criterion 6(4) requires the Ticensee to report the results of
the verification within 90 days of completion and to maintain the pertinent
data and calculations.

The Ticensee will be required to verify the effectiveness of the radon
barrier by using the procedures described in 40 CFR part 61, appendix B,
Method 115, or another method, if approved by NRC, and to report the
results to NRC.

Criterion 6(5) precludes the use of materials containing elevated levels of
radium in near surface cover materials.

With the exception of sandy soil from Moab Wash, all cover materials
will be obtained from uncontaminated borrow areas well away from the
site, and should not contain elevated levels of uranium. The licensee
will be required to confirm, by testing, that cover material obtained
from Moab Wash does not contain elevated levels of radium.

Criterion 6(6) imposes the long-term design requirements of Criterion 6 to all
portions of the disposal site that contain a concentration of radium in land,
averaged over areas of 100 square meters, which exceed the background level by
% picocuries per gram {pCi/g) averaged over the first 15 centimeters below the
surface and 15 pCi/g averaged over each 15 centimeter layer more than 15
centimeters below the surface.

The cleanup of contaminated areas is required by License Conditions Nos.
21 and 39 of Source Material License SUA-917. The cleanup will result
in no areas outside the disposal cell exceeding the limit.

Criterion 6(7) requires that the licensee control, minimize, or eliminate
post-closure escape of nonradiological hazardous constituents.

The radon barrier design includes a Tow permeability clay layer w. ‘ch
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will alse serve to limit infiltration into the disposal cell. As a
result, seepage of nonradiological hazardous constituents from the
disposal cell will be minimized to the extent necessary to prevent
threats to human health and the environment.

Criterion 6A

Criterion 6A requires the final radon barrier to be completed as expeditiously
as practicable considering technological feasibility and that completion dates
for the radon barrier and interim milestones be established in the license.

Milestones for the completion of the radon barrier are identified in
License Condition No. 55 of Source Material License SUA-917.

Criteria 9 and 10

Criteria 9 and 10 require that a financial surety arrangeme»t be established
to assure that sufficient funds are available to carry out :he decontaminaf ion
and decommissioning of the facility and the reclamation of the disposal area,

and to cover the payment of the charge for long-term surveillance and control
by the long-term cuscodian of the site.

The licensee’s currently approved surety instrument, a performance bond
issued by the Acstar Insurance Company of New Britain, Connecticut in
favor of the NRC, is in the amount of $6,500,000 for the purpose of
complying with Criteria 9 and 10. The licensee also maintains a Standby

Trust arrangement for the benefit of NRC, with Norwest Bank of Colorado
N.A.

Within 3 months of approval of the reclamation plan for the disposal
area, Atlas is required to submit a revised cost estimate. If estimated
costs in the newly approved plan exceed the amount covered in the
existing financial surety, the licensee is required to have a new surety
instrument in place within 3 months of NRC approval of the new cost
estima;e. (License Conditinn No. 42 of Source Material License
SUA-917.)

Criterion 12

Criterion 12 requires that the final disposition of tailings or wastes at

milling sites should be such that ongoing active maintenance is not necessary
to preserve isolation.

As discussed in Section 4, the staff considers that the erosion
protection should not require active maintenance over the 1000-year
design 1ife, for the following reasons: (1) the riprap has been designed
to protect the tailings from rainfall and flooding events which have low
probabilities of occurrence over a 1000-year period, resulting in no
damage to the layers from those rare event:s, (2) the rock proposed for
the riprap layers is designed to be durable and is not expected to
deteriorate significantly over the 1000-year design life; and (3) during
construction, the rock layers will be placed in accordance with
appropriate engineering and testing practices, minimizing the potential
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for damage, dispersion, and segregation of the rock.
As discussed in Sections 2 and 3, the staff also considers that the site

should not require active maintenance to mitigate the effects of
geologic, including seismic, disturbances.
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APPENDIX A

RESPONSES TO COMMENTS RECEIVED ON THE

DRAFT TECHNICAL EVALUATION REPORT



The draft TER was published in January 1996 concurrently with the Draft
Environmenta) Impact Statement (DEIS). Due to the extensive public interest,
NRC decided to make the draft TER available for public comment concurrent with
the comment period for the DEIS. The comment period expired on April 29,
1996. Two hundred forty-five comment letters on these documents were
received. Most of the letters and individual comments were directed to the
DEIS and are addressed in the Final Envircnmental Impact Statement. Two
comment letters were specifically identified, by the author, as directed at
the draft TER. Three other comment letters contained sections of comments
that were identified, by the author, as being directed at the draft TER. One
comment letter contained several comments related to the draft TER.

A1l the comments were reviewed and grouped by draft TER section and subject
area. Some comment letters contained extensive background information and
opinions in addition to comments on the draft TER. Comment letters will be
published with the Final Environmental Impact Statement. The comment letters
are also available in the public document room. Staff have identified and
numbered comments in the margin of the letter. This appendix is organized by
draft TER section and subject area of the comments. The name of the
commenters and the comment numbers are listed for each issue. Each issue is
summar:zed and a response given to address the major points raised in the
comments.
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GENERAL COMMENTS and INTRODUCTION
General
Commenters

Saxon Sharpe (53-9)
Grand County Council by Jenner & Block (59-80)

1.1.2  Summary of Issues

Sharpe questioned the adequacy of the design for control of radioiogical
wastes for 1000 years, considering that the half-life of Ra-226 is 1622 years.
Grand County Council stated that the NRC must decide whether Atlas’ plan is
the best plan for permanent disposal of the tailings. It a)so stated that NRC
1: not objectively evaluating Atlas’ plan but is impermissibly favoring Atlas’
plan.

1.1.3 Staff Analysis of Comments

The longevity requirement for control of radiological hazards is contained in
Criterion 6 of Appendix A to 10 CFR Part 40 and derives from an identical
requirement in EPA’s standards at 40 CFR Part 192.32(b). The adequacy of
these standards, which were upheld as protective of public health and safety
in Federal Court, is not the subject of this review. In its review, NRC
determines if the licensee has acceptably demonstrated compliance with the
applicable requirements. Although NRC encourages its licensees to do the best
jobs possible, the NRC must Timit its reviews to only determining if a
proposal is acceptable not necessarily the best. All NRC reviews are
conducted in an objective manner and documented in TERs. The Atlas review is
no exception.

1.1.4 Revisions to the TER
No revisions were made to the TER as a result of these comments.
1.2 Open issues in Draft TER
1.2.1 Commenters

Grand County Council by Jenner & Block (59-1)
1.2.2 Summary of Issues
Grand County Council states that the draft TER is a partial and preliminary
draft TER because it contains 20 open issues and additional confirmatory
items. It further states that a regulatorily sufficient draft TER should be
prepared for public review after further NRC review of more information from
Atlas.
1.2.3 Staff Analysis of Comments

NRC draft TERs always contain open issues. As explained in Section 1, draft
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TERs are prepared by NRC as a means to expedite the process of obtaining
additional information from its licensees. If, in a licensing case, there
were no open issues after the initial round of NRC requests for information
and licensee responses, NRC would groceed directly to the final TER. Al
draft TERs prepared by NRC are pub icly available and the public can comment
on them as it can on any publicly available document prepared by NRC. For the
Atlas review, NRC took the extraordinary step of publishing the draft TER and
formally requesting public comment. Members of the public can provide
comments on the final TER, but the staff does not believe that a second draft
would identify any new issues that have not already been raised.

1.2.4 Revisions to the TER
Ko revisions were made to the TER as a result of this comment.
3.3 Site Description
1.3.1 Commenters
Grand County Council by Jenne- & Block (59-2)
1.3.2  Summary of Issues
Grand County Council states that there are errors and omissions in the site
description: that the tailings pile is 1.5 miles from the city limits of Moab
and that Arches National Park and activities that occur in the vicinity of the
site are not discussed.
1.3.3 Staff Analysis of Comments

The tailings pile is 3 miles from the center of Moab. Activities that occur
in the vicinity of the site are identified and discussed in the FEIS.

1.3.4 Revisions to the TER

Section 1.2 has been revised to clarify that the 3 mile distance is to the
center of Moab and to note that Arches National Park is nearby.

2.0 GEOLOGIC STABILITY
2.1 Moab Fault
2.1.1 Commenters
U.S. Department of the Interior (56-1, 56-4)
Atlas Corporation (57-5)
Grand County Council by Jenner & Block (59-12, 59-13, 59-14, 59-15)
2.1.2 Summary of Issues
Two commenters expressed concern that the Moab fault may be inappropriately

identified as not being a capable fault, or not being tectonically active,
because of inattention to or lack of clarity about certain stratigraphic or
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structural relationships. Atlas, however, supported the conclusion that the
Moab fault is not a capable fault.

The Department of the Interior, expressed concern that the Moab fault
evidenced recent tectonic activity and burial, because Quaternary graben fill
(DOI’s interpretation) lay adjacent to a fairly uneroded fault scarp (DOI’s
interpretation). The implication is that the Moab fault may, therefore, be a

capable fault.

The licensee, enumerated lines of evidence that sugport its conclusion that
the Moab fault and West Branch fault are not capable faults, that movement in
the Quaternary has not been detected, that there is no evidence of any
historical earthquake activity along the fault, and that most of the
displacement on the fault preceded salt-dissolution subsidence.

Grand County, requested an explanation of why the Moab fault would not meet
the definition of a capable fault if it is rooted in a salt-cored anticline
and not structurally connected to the basement. According to the commenter,
it must be considered a tectonic feature whether it was formed by salt
diapirism or plate tectonic forces.

Grand County also reauested an explanation of the concept that the near-
vertical Moab fault (commenter's interpretation) may have overlain the site
and has been removed by erosion.

Further, Grand County requested a better description of certain attributes of
the Moab fault than was presented 1n the draft TER. Particular attributes
requested were age and history of faulting, attitude, closest exposure to
site, and magnitude of displacement.

In addition, Grand County requested a comprehensive and technically accurate
description of geologic and seismic issues pertaining to the fault.

2.1.3 Discussion and Response to Comments

The staff agrees that additional facts and descriptions of the Moab fault and
related faults and accompanying explanations of significance were needed than
were available at the time the draft TER was published. Additional
information has been provided by the licensee and is summarized in the TER.
Adequate information on the issue has enabled the staff to conclude that the
Moab fault is not a canable fault and thus not a seismogenic hazard to the

tailings.

A comprehensive technical description of the fault and a full explanation of
the bases for the staff’s conclusions are presented in revised Sections
2.3.3.3 and 2.4.1.1. Another intent of those sections is te distinguish
between two potential hazards the Moab faults could produce: seismicity and
displacement. It should be clear that the staff considers that the faults are
not seismogenic hazards (i.e., not capable faults). They are a displacement
hazard, and the potential displacements will be aseismic (i.e., ancillary to
salt subsidence). Sections on the Moab fault and related faults are
thoroughly revised because of new data submitted by the licensee derived from
seismic surveys and field mapping by licensee’s consultants and published
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studies by academic and petroleum industry groups.
2.1.4 Revisions to the TER

As discussed above, revisions were made to the TER discussion of the Moab
fault.

2.2 Subsidence/Rate of Dissolution
Commenters

U.S. Department of the Interior (56-1)

Atlas Corporation (57 9)

Utah Division of Radiation Control (58-10, 58-11, 58-12, 58-13
Crand County Counci) by Jenner & Block (59-10, 59-11)

Summary of Issues

magnitude, and style of future subsidence are large. The licensee considered
that differential subsidence propagated through the alluvium from displacement
on buried faults would generate strains too low to adversely affect pile
stability,

The Department of the Interior, expressed the opinion that, given the complex
geological processes that might be active at the site, the final analysis
concerning whether subsidence will be active in the next 200 to 1000 years
will be arguable. The Department of the Interigr anticipated that by virtue
of impending, inconclusive discussions, the site probably violates Appendix A,
Criteria 1(c) and 4d(e).

The State of Utah, éxpressed concern that imprecise knowledge of Quaternary
alluvium thickness beneath the pile, age of oldest Quaternary sediments and
rate of deposition of alluvium would make it difficult to quantify the maximum
rates of subsidence. Utah requested that conservative estimates be made if it
i1s impracticable to gather actval data

Also, the State of Utah asserted that preferential subsidence is possible
across the buried scarp and expressed concern that Atlas gave no consideration
to rates of land subsidence as they relate to the buried scarp.

Grand County expressed concerns about unsupported conclusions and inconsistent
data in Atlas’ submittals regarding subsidence, and concluded that the staff’«
analyses of salt tectonics are rife with inconsistencies and opined that al)
geologic stability issues analyzed by the staff are flawed and inadequate.
Specificallv, Grand County cited a :.atement by Atlas of slower subsidence
rate in the last 15,000 - 25,000 years as lacking evidence, and stated that
Atlas overlooked borehole data that provided evidence of subsidence between
the Colorado River and the pile. The commenter requested that NRC neither
accept inconsistent data nor accept conclusions from Atlas that are
contradicted by the results of others,
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The Ticensee, calculated that subsidence will occur at a rate of 0.4-1 mm/year
or a maximum of 1 m in 1000 years. The licensee concluded that the pile will
be deformed in zones above buried faults at a rate of 3.8 x 10°¢ per year, or
about 0.00038 (0.038%) in 1000 years; and the shear strain would be too small
to adversely affect pile stability.

2.2.3 Staff Analysis of Comments

The staff considers the subsidence hazard to be adequately defined for purpose
of design to achieve compliance with performance requirements. The staff’s
analyses and bases are cxplained in revised Sections 2.3.3.2 and 2.4.1.3. The
licensee performed calculations to support its conclusion that the pile design
could withstand subsidence twice as great as its proposed maximum. An
explanation of the staff’s conclusions concerning the conservatism of the
licensee’s design to mitigate subsidence is in Section 3.3.5.

2.2.4 Revisions to the TER

As discussed above, revisions were made to the TER discussion of subsidence.
2.3 Buried Scarp

2l Commenters

Atlas Corporation (57-10)
Utah Division of Radiation Control (58-3, 58-6, 58-13)

o0 Summary of Issues

The commenters emphasized the coupling of the potential effects of a buried
scarp on the tailings pile with the process of subsidence.

The State of Utah, considers the recurrence of brine in a well in the vicinity
of the scarp to be evidence of salt dissolution of Paradox Formation beneath
the pile occurring at shallower depth than reported by Cooksley (1996). Utah
apparently considers that such dissolution could Tead to preferential
subsidence across scarp. Also, the commenter considers that the scarp (a
vertical plane) may underlie or be sufficiently close to the pile boundary
that should subsidence occur across 1t, future pile stability might be
affected. (Other commenters mentioned the buried scarp in the context of
potential faulting and subsidence hazards; see TER sections on Moab Fault
System and Subsidence for additional discussion of the significance of the
buried scarp.)

2.3.3 Staff Analysis of Comments

The hazard imposed on the pile by a buried scarp that may be a fault subject
to slip is considered by the staff to be one of differential subsidence
similar to that posed by the Moab fault system. The staff considers that the
future rate and magnitude of s1ip on the buried scarp, if it were to occur,
would be no more severe than slip on any fault in the Moab fault system. The
subsidence rate and magnitude has been adequately bounded. The licensee has
demonstrated that its design is sufficient to mitigate differential subsidence
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across a fault anywhere under the pile which might slip at a reasonable and
conservative rate and magnitude. Therefore, the staff did not require the
licensee to precisely locate the alleged buried scarp or determine the nature
of rocks and sediments adjacent to it. Section 2.4.1.2 on the buried scarp
has been rewritten to reflect the licensee’s description of the hazard
submitted since the draft TER and the bases for the staff’s analyses.

2.3.4 Revisions to the TER

As discussed above, revisions were made to the TER dizcussions related to the
buried scarp.

2.4 Windblown Sand
2.4.1 Commenters

Saxon Sharpe (53-5)
Atlas Corporation (57-10)

2.4.2 Sumrary of Issues

Saxon Sharpe wanted to know what the presence of sand dunes in the site
vicinity means in terms of climate change, source material, and wind
direction.

The licensee considered that sand accumulation on the pile and in drainage
ditches is insufficient to cause adverse conditions on the pile or in the
ditches. The licensee considers deposition on the pile to be in compliance
with Criterion 4(f). The licensee considers sand accumulation in drainage
ditches will be mitigated by flushing of the ditches by expected future
runoff.

2.4.3 Staff Analysis of Comments

The significance of sand dunes generally suggests a climate of aridity and
availability of sand source material. The source of sand and migration
direction was discussed in Sections 2.3.2.2 and 2.3.4.3. The effects of
climate change and sand as a source material is not considered relevant to
this application and is not discussed in the TER.

The staff is concerned about designs of erosion protection barriers, including
drainage diversion ditches that might lose their function for failure to
accommodate expected conditions or processes in the next 200 to 1000 years, in
this case, the continued migration of sand icross the site. Sand accumulation
in drainage ditches mi?ht compromise the dit-hes’ function, while sand
accumulation on the pile or sideslopes might =nhance erosion or radon
protection. Atlas has adequately addressed thi: concern.

2.4.4 Revisions to the TER

Sections 2.4.2.1 and 2.5.2 have been revised to provide a full explanation and
the bases for staff’s evaluations of Atlas’ analyses.
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2.5 Lards]ide
2.5.1 Commenters

Atlas Corporation (57-11)
Utah Division of Radiation Control (58-16)

2.5.2 Summary of Issues

Atlas Corporation investigated the poter..ial landslide hazard by preparing
cross sections, reviewing the literature, consulting geologists who mapped the
Moab area and made its own field observations. It concluded that the
potential for landsliding in the form of block slides from Poison Spider Mesa
is currently low to non-existent ard that subsidence of 1 m over 1000 years
will rot increase the potential by concomitant steepening of the escarpment .

The State of Utah, suggested that Atlas’ landslide investigation was
incomplete because it did not evaluate the potential for large-scale

landslides from undercutting or toppling of a large rock slab from the cliff
of Poison Spider Mesa.

2.5.3 Staff Analysis of Comments
The staff has evaluated Atlas’ submittals and conducted its own field
investigations and concludes that the potential for landsliding at or near the

site, including the potential for rock-slab sliding, is too low to be
considered a design basis.

2.5.4 Revisions to the TER

A full explanation and the bases for the staff’'s conclusions are provided in
revised Sections 2.4.2.2 and 2.5.2 of the TER.

2.6 Rock and Debris Fall
2.6.1 Commenters

Utah Division of Radiation Control (58-16)
Grand County Council by Jenner & Block (59-5)

2.6.2 Summary of Issues

Both commenters consider Atlas’ analyses of rock falls and rock-slab slides
inadequate and NRC staff’'s evaluation insufficient to assure compliance with

(riteria 4(e) and 6 with regard to this admitted hazard.
2.6.3 Staff Analysis of Comments

In the staff’'s view, Atlas has performed an engineering analysis that
adequately considers the hazard and provides reasonable assurance that its
principal potentially adverse effect, clogging the southwest divergence

channel, will be mitigated.
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2.6.4 Revisions to the TER

Sections 2.4.2.2 and 2.5.2 of the TER have been revised to fully explain the
staff’'s bases for its evaluation.

2.7 Geologic Mode! of Subsurface
2.7.1 Commenters

Utah Division of Radiation Control (58-1, 58-2, 58-4, & -5, 58-7, 58-
8, 58-9, 58-15)
Grand County Council by Jenner & Block (59-3, 59-4, 59-6)

2.7.2 Summary of Issues

The State of Utah, was concerned that discrepancies between interpretations of
geologic mapping and seismic surveys have resulted in ambiguous thicknesses of
Quaternary alluvium, vague location of Moab fault and West Branch fault and
large uncertainty in depth to salt caprock beneath the pile (Grand County also
was concerned about depth to top of the Paradox Formation). The commenter
believes that such imprecision might lead to misinterpret:tion of areas
important o subsidence calculations. The commenter requested that the
subsurface be further characterized, and seismic furvey-mappirj
inconsistencies be reconciled to resolve these dis repancies.

Grand County considered it a grave deficiency, and an impending violation of
NRC staff’s obligations to assure compliance with Appendix A criteria, should
staff make determinations of geologic or seismic consequences without knowing
with scientific certainty whether the foundation of the waste pile is bedrock
or sand or if the Moab fault exists under the pile or just what are the
engineering proper ies of the Quaternary strata in the subsurface.

2.7.3 Staff Analysis of Comments

The staff coasiders there is sufficient information available about the
subsurface geology for it to determine sources of geologic hazard and their
rates and magnitudes. Sections 2.3.2.2 and 2.4.1.2 have been revised to
include full explanation of the bases for staff evaluations using data that
became available after draft TER was issued. Scientific certainty about
future site conditions is not a requirement for this facility’s licensing
recommendation. The requirement is that there be reasonable assurance that
the pile will perform as needed to meet the radon release standard for 1000
years, but not less than 200 years. Atlas’s design adequately mitigates the
potential hazards associated with potential instabilities of the subsurface.
The design appears sufficiently robust to encompass uncertainties in the
geologic model.

2.7.4 Revisions to the TER

As discusced abuve, revisions were made to the TER discussions related to the
geologic model of the subsurface.
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Structural Geology and Diapirism Description
Commenters

U.S. Department of the Interior (56-1)
Grand County Council by Jenner & Block (59-7, 59-8, 59-9)

2.8.2 Summary of Issues

The commenters suggested that the discussion, in the draft TER, of the
seismotectonic and salt tectonic history of the Moab salt-cored anticline and
site structural geology was confusing. The Department of the Interior opined
that at the time of final license application, (geologists) will be arguing
whether the Moab fault is capable, and if not, whether diapirism or subsidence
will be active in the next 200 to 1000 years.

Grand County was roncerned that the staff might not be properly
differentiatinc leotectonic features from neotectonic features, such as
capable faults. Also, the commenter believed the staff stated that diapirism
may have occurred during the Quaternary and may still be occur+ing today.
urther, the commenter requested that the staff provide a clearer
nderctanding of diapirism. particularly in regard to its timing and possible
ability to influence the vicinity of the Atlas site today.

2.8.3 Staff Analysis of Comments

There is no disagreement with the need to clarify the sections which describe
the structural and salt tectonic setting and history of the site. The staff
does not consider diapirism to be a design factor in future site stability.

2.8.4 Revisions to the TER

Section 2.3.3.2 has been revised to fully explain the staff’s understanding of
relevant structural and diapiric processes.

2.9 Topography and Geomorphoiogy

Commenters

Grand County Council by Jenner & Block (59-17)
2.9.2 Summary of Issues
Grand County pointed out that staff’s statement that Moab Wash captured Little
Canyon Wash is incorrect, and <tated that the significance of the matter was
not clear. Also, the commenter implied that topographic linears described by
the staff as faults should have been more appropriately d ed in the
section on structural setting and their significance or ir ficance should
have been discussed.

2.9.3 Staff Analysis of Comments

The staff agrees with the comments. The suggestion that headward erosion of
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Moab Wash caused the ancestral Little Canyon drainage system to have been
beheaded (not captured) constitutes evidence of Tertiary to early Quaternary
movement on the Moab fault (Oviatt, 198C, p. 68) was incompletely introduced
in the draft TER for the then open issue of whether or not the Moab fault is a
capable fault. Stream erosion history and implications for structural control
by fauits will not be pursued in the TER, considering that the capable fault
issue is resolved. The topographic expression of faults and joints in the
cliffs and rims bordering Moab Valley south of the Colorado River was
incompletely developed in the draft TER for the issue of potential landslides
and rock and debris falls on the north side of the river. Considering that
the mass wasting issues are resolved, comparisons of geomorphic processes
along the valley walls are superfluous and also need not be pursued in the
TER.

2.9.4 Revisions to the TER
Sections 2.3.3.2 and 2.3 4.1 of the TER have been revised, as discussed above.
2.10 Migration of the Colorado River
2.10.1 Commenters

Grand County Council by Jenner & Block (59-18)
2.10.2 Summary of Issues
Grand County considered that the staff relied on inconclusive data to state
that there is no conclusive data available which would indicate that
subsidence caused by dissolution of salt affected the migration of the
Colorado River in Moab Valley. The commentcrs implies that the conclusion is
unsupported and cannot be a basis for determining compliance with applicable
Appendix A standards.
2.10.3 Staff Analysis of Comments
The staff continues to stand by its statement. Nevertheless, the staff has
factored into its evalvation of Atlas’ design the possibility that the
Colorado River will migrate toward the pile for any reason. The staff
considers the pile will be adequately protected from the potential hazard.
2.10.4 Revisions to the TER

Sections 4.4.5 and 4.5.1.2.3 have been revised to more fully explain the Yases
of the staff’'s evaluation.

2.11 Specific Clarifications
2.11.1 Commenters

U.S. Department of the Interior (56-2)
Grand County Council by Jenner & Block (59-16)
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2.11.2 Summary of Issues

The two commenters requested that a specific term be defined, figures and maps
be used to supplement text, and specific data be provided, as follows: the
Department of the Interior - define "basement-elevation-gradient;" Grand
County - illustrate Moab fault description with figures and maps, provide

elevations of the Colorado River and floodplain, and the toe and top of
tailings pile.

2.11.3 Staff Analysis of Comments

The staff agrees with the comments and the TER will be revised accordingly.
Some of the descriptive information is also in the EIS.

2.11.4 Revisions to the TER

S;ction 2.3.3.1 has been revised and figures 2-1 and 2-2 have been added to
the TER.

2.12 Process of Resolving Issues
2.12.1 Commenters

Grand County Council by Jenner & Block (59-20)
2.12.2 Summary of Issues

Grand County cautioned NRC staff to not unjustifiably rely on unspecified and
unquantified terms in making technical determinations, and not to assume that
the Atlas plan will comply with Appendix A standards. For example, the
commenter cited staff assumption that certain faults are likely to be bounding
and assumption that the Moab fault is not a capable fault, made for the
purpose «f preliminarily calculating seismic hazard. Also, the commenter
requested that NRC staff first remedy the deficiencies in the draft TER and
only then, after performing an adequate and comprehensive analysis that shows
compliance with requirements, close a geologic stability issue.

2.12.3 Staff Analysis of Comments

The staff agree with the comment. The staff has selectively revised Chapter 2
to make transparent the bases for its determinations of geologic and
seismologic design inputs. However, NRC staff does not have the burden of
making the licensee’s case for issue resolution; therefore, the staff does not
remedy ceficiencies in license applications. The draft TER indicated
deficiencies in the licensee’s documents wnich precluded the staff from
resolving certain geologic stability issues. Based on its review of the
licensee’s subsequent submittals, the staff considered all such issues
resolved.

2.12.4 Revisions to the TER

A1l sections in the TER that dealt with draft TER open issues have been
revised and the bases for staff’s evaluations are provided.
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2.13
2.13.1

Seismicity

Commenters

Richard L. Christie (23-1)

U.S. Department of the Interior (56-3)

Atlas Corporation (57-6)

Grand County Council by Jenner & Block (59-19, 59-20)

2.13.2 Summary of Issues

Christie questioned whether the subsurface material characteristics were
considered in estimating seismic acceleration at the tailings pile.

The Department of the Interior and Grand County requested that a discussion be
provided to identify where brine extraction is taking place and to discuss its
implications for the Atlas site.

Grand County Council also requested that the focal depth of the earthquakes in
the Colorado Plateau be clarified.

Atlas stated that enough information was submitted to NRC staff to close Open

Issue 6.

2.13.3 Staff Analysis of Comments

In estimating ground acceleration the type of rock formation under the site is
usually considered. For example, Boore et al (1993) divided the site geology
in four classes depending on the average shear-velocity of the formations in
the upper 30 m. The licensee considered Boore et al (1993), and other
attenuation equations that also factored in subsurface conditions, in
estimating the acceleration at the Atlas site. The staff interpreted
Christie’s reference to wet alluvium under the pile to be a liquefaction

concern.

Liquefaction is addressed in Section 3.3.3.

Regarding the issue of whether the part of the tailing pile underlain by wet
alluvium would react differently due to a seismic event from that part of the
tailings pile underlain by drier thinner alluvium? The staff interpreted this
comment as a liquefaction comment and this was addressed under Section 3.3.3.

The staff agrees that a discussion of nearby brine extraction and its
implications to the Atlas site would be useful. The staff also agrees that
the discussion in the draft TER, of focal depth of earthquakes in the Colorado
Plateau, could be clarified.

it the time the draft TER was prepared sufficient information was not
available for the staff to make a decision on the adequacy of the Atlas
tailings impoundment seismic design. Subsequently, Atlas submitted additional
information on the geology and seismology of the area. The staff evaluated
this information and the adequacy of the seismic design and now concludes that
Open Issue 6 is resolved.
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2.13.4 Revisions to the TER
Section 2.3.5 has been revised to include discussion of brine extraction and

clarification of focal depth. Section 2.4.3 has been revised to explain the
basis for the staff’s conclusion that the seismic design is adequate.

3.0 GEOTECHNICAL STABILITY
31 Capability of Embankment Slopes to Endure Effects of Seismic Events

3.1.1 Commenters
Atlas Corporation (57-7)
3.1.2 Summary of Issues

Atlas commented on the capability of the embankment slopes to endure the
effect of seismic forces to which they may be subjected (Open Issue 8). Atlas
stated that this issue is tied to resclution of Open Issue 6, seismic design
peak acceleration. Atlas stated that it has shown that the disposal cell
slopes will maintain their integrity at accelerations of 0.25g or less.

3.1.3 Staff Analysis of Comments

Staff agrees that Atlas has demonstrated that the embankment will meet the
seismic stability requirements using approved methodology. Open Issue 8 is
resolved.

3.1.4 Revisions to the TER

Section 3.3.1 of the TER has been revised to show that slopes will be stable
under the design acceleration.

3.2 Liquefaction Potential of Embankment
3.2.1 Commenters

Atlas Corporation (57-8)
Utah Division of Radiation Control (58-18)

3.2.2 Summary of Issues

Both Atlas and the State of Utah commented on the potential for liquefaction
of the embankment. Atlas was of the opinion that the potential for
liquefaction damage was "vanishingly small" based on work performed by its
consultant, Woodward-Clyde. The State of Utah noted that, if liguefiable
soils were clustered in a general location, they could pose a 1scal hazard to
the final design.

3.2.3 Staff Analysis of Comments

The staff agrees with Utah on the potential for local clusters of liquefiable
soils to present a settlement problem which could, in turn, affect the
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integrity of the radon barrier. The licensee has addressed that potential in
its more recent submittals. Based on its review of the licensee’s analysis,
the staff concluded that there is adequate assurance of safety with respect to
Tiquefaction damage.

3.2.4 Revisions to the TER

Section 3.3.3 of the TER has been revised and expanded to explain how this
issue was resolved.

3.3 Construction Specifications/Field Testing Requirements
3.3.1 Commenters

Atlas Corporation (57-14 and 57-16)
Utah Division of Radiation Control (58-21)

3.3.2 Summary of Issues

Atlas stated that the lack of construction specifications was a procedural
i-plementation issue. Atlas further noted that submittals which had been
superseded by later submittals was also a matter of procedural implementation.
Atlas commented that a field testing program would be provided and that
construction specifications would be provided upon resolution of open issues.
Atlas further committed to providing a consistent set of construction
documents.

The State was concerred that compaction specifications had not been provided
for the sandy soil or the radon barrier material, and that field density
values were uncertain.

3.3.3 Staff Analysis of Comments

As documented in the TER, the licensee has provicded an acceptable set of
technical specifications and testing programs addressing the issues in later
submittals.

3.3.4 Revisions to the TER

Section 3.4 of the TER has been revised to discuss the licensee’'s technical
specifications and testing pregram.

3.4 Lift Thickness, Long-term Moisture Content, and Desiccation of Clay
Layer

3.4.1 Commenters
Atlas Corporation (57-15)

Utah Divis.on of Radiation Control (58-22 and 58-23)
Grand County Council by Jenner & Block (59-30)
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3.4.2 Summary of Issues

Atlas commented on the pruposed 18-inch-thick 1ifts, stating that it is a
construction issue that will be addressed in the technical specifications.

The State of Utah expressed a concern that moisture retention testing had not
been conducted, and that the radon barrier would be subject to excessive
desiccation due to its composition and thickness. Grand County Council stated
that an 8- to 12-inch-thick clay soil cover above the tailings was
inconsistent with requirements for Title I sites.

3.4.3 Staff Analysis of Comments

In the technical specification, the licensee has committed to place the clay
layer in acceptably thin 1ifts. One 1ift of soil will be placed where an
eight-inch final layer is required. Two uniform 1ifts will be placed when a
12-inch final layer thickness is required. The staff concludes that this is
acceptable based on standard practice and experience. Since desiccation would
not be unexpected within 48 hours, steps will be required to prevent soil
desiccation, and/or to recondition areas which become overly dry. Staff does
not agree that DOE was "required" to construct soil covers greater than 8 to
12 inches at Title I sites. In some cases, DOE may have elected to construct
thicker fill layers. Atlas is responsible for providing an acceptable design
independent of design details from Title I projects.

3.4.4 Revisions to the TER

Section 3.4 of the TER has been revised. The TER references technical
specifications proposed by Atlas which address issues of 1ift thickness and
desiccation.

3.5 Radon Barrier Permeability
3.5.1 Commenters

Utah Division of Radiation Control (58-19)
Grand County Council by Jenner & Block (59-29)

3.5.2 Summary of Issues

The State of Utah expressed concern regarding the lack of a specified
permeability for the radon barrier. Utah requested that field testing to
confirm a design value should also be conducted. Grand County Council stated
that NRC should require the saturated hydraulic condyctivity of the
radon/infiltration barrier to be no greater than 10" cm/sec, which Grand
County Council believes to have been a requirement at Title | sites. Grand
County Council believes that NRC has nct imposed strict hydraulic testing
requirements on Atlas.

3.5.3 Staff Analysis of Comments
Field testing may not be required if Atlas can adequately demonstrate that the

design permeability 1s attainable in the field. The use of a design
permeability value of 107" cm/sec is not a requirement at Title I sites;
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however, the 107 cm/sec value has been used at a number of sites.
Subsequently, Atlas committed to use a design permeability value of 1077
cm/sec. Atlas will be required to perform field verification tests of the

barrier permeability if it cannot adequately confirm that the design
permeability is readily attainable.

3.5.4 Revisions to the TER
No revisions were made to the TER.
3.6 Frost Penetration of Radon Barrier

3.6.1 Commenters

Utah Division of Radiation Control (58-20 and 58-21)
Grand County Council by Jeaner & Block (59-31)

3.6.2 Summary of Issues

The State of Utah commented that the Berggren frost depth prediction model is
sensitive to moisture content and other factors. The State expressed concern
that input parameters came from uncompacted native soils and not final
engineered materials. The State of Utah expressed concern that Atlas failed
to utilize 106 years worth of climatic data for the Town of Moab in its
analysis. Further, the State of Utah was concerned that soil moisture content
values used by Atlas may not be representative of the soils to be used in the
engineered cover. Utah noted that compaction specifications were not
required. Finally, the State of Utah noted that Atlas has not conducted
moisture retention testing of soil proposed for the clay radon barrier.

Grand County Council stated that NRC's requirements for frost protection at
the Atlas site differ significantly from those specified at Title I sites.
Grand Courty Council believes that NRC is not requiring Atlas to provide
sufficient and conservative frost protection.

3.6.3 Staff Analysis of Comments

Atlas submitted frost protection calculations prepared in a similar manner to
those at Title I sites. Based on its experience in previous reviews, and
considering the conservatism and redundancy in design, the staff concluded
that the additional historical data will not significantly affect the design,
nor will the predicted frost penetration depth vary substantially. The
compaction specifications proposed by Atlas are consistent with the design and
sufficient to assure adequate resistance to detrimental freeze-thaw of the
radon barrier. The staff also concludes that the Atlas frost protection
design is comparable to NRC-approved Title | designs.

3.6.4 Revisions to the TER

No revisions were made to the TER.
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3.7 Groundwater Fluctuations
3.7.1 Commenters

Grand County Council by Jenner & Block (59-22, 59-27)
3.7.2 Summary of Issues

Grand County Council stated that NRC staff has failed to require Atlas to
conduct any groundwater fluctuation studies as part of its geotechnical
investigation. For this reason, Grand County Council believes that NRC's
analysis is incomplete. Grand County Council also believes that NRC has
fai]eg to consider groundwater fluctuations with respect to embankment slope
stability.

3.7.3 Staff Analysis of Comments

NRC considered extensive groundwater fluctuations with respect to slope
stability of the embankment. The slopes were found to be stable with
groundwater elevated to full flood level.

3.7.4 Revisions to the TER
No revisions were made to the TER.
3.8 Steepness of Side Slopes
3.8.1 Commenters
Grand County Council by Jenner & Block (59-24, 59-25)
3.8.2 Summary of Issues

Grand County Council stated that Atlas’ embankment slopes are planned to be
steeper than regulatorily-permitted. Grand County Council believes that the
slopese:ay not be constructible and/or that active maintenance would be
required.

3.8.3 Staff Analysis of Comments

The planned slopes meet the requirements of 10 CFR Part 40, Appendix A.
Criterion 4 of the Code section states that, when slopes are steeper than
Sh:lv, "...reasons why a slope less steep than Sh:lv would be impracticable
should be provided, and compensating factors and conditions which make such
slopes acceptable should be identified." Atlas’ design includes slopes as
steep as 10h:3v because of limitations of availabie land. The staff concludes
that it would be impracticable to flatten those slopes. Extensive experience
with earth construction, and review of analyses performed by Atlas’
consultants confirms that the design is acceptable and constructible. The
staff also concludes that the proposed slopes will not require active
maintenance. Design side slopes were determined to be stable and in
compliance with the requirements of 10 CFR Part 40.
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3.8.4 Revisions to the TER
No revisions were made to the TER.
3.9 Stability of the Embankment
3.9.1 Commenters

Grand County Council by Jenner & Block (59-23)
3.9.2 Summary of Issues
Grand County Council believes that NRC is not demanding strict compliance with
regulations rzquiring the licensee to demonstrate the waste pile’s ability to
withstand construction activity. Grand County Council believes that Atias has
failed to assess completely the geotechnical stability of the tailings pile in
its present configuration.
3.9.3 Staff Analysis of Comments

Based on work performed to date at the Atlas site, and experience with
numerous other sites, the staff concludes that the embankment will be able to
withstand the proposed construction activity. The licensee has shown, using
reasonable engineering judgement and numerical analyses, that the embankment
is stable in its present configuration, and that the proposed embankment will
be further stabilized. Atlas’ methodology is consistent with that applied by
other Title Il licensees. Despite the foregoing, Atlas has committed to
perform additional testing to further confirm embankment stability
assumptions.

3.9.4 Revisions to the TER
The TER has been modified (sections 3.2.2.1 and 3.2.2.3) to indicate that the
licensee will perform confirmatory tests prior to approval of the settlement
evaluation.
3.10 Clay Cover on Side Slopes
3.10.1 Commenters
Grand County Council by Jenner & Block (59-26)
3.10.2 Summary of Issues

Grand County Council notes that Atlas has no plans to place a clay cover on
the sideslopes.

3.10.3 Staff Analysis of Comments

There is no design or regulatory requirement to place clay on sideslopes.
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3.10.4 Revisions to the TER

No revisions were made to the TER.
3.11 Settlement and Cover Cracking
3.11.1 Commenters

Utah Division of Radiation Control (58-14)
Grand County Council by Jenner & Block (59-28)

3.11.2 Summary of Issues

The State of Utah believes that Atlas’ January 1996 report prepared by its
consultant, Woodward-Clyde did not adequately evaluate the modes of surface
disturbance that could impact the embankment. Utah statea that additional
settlement analyses should be performed. Grand County Council expressed
concern that Atlas has failed to consid2r the potential of the embankment to
settle excessively.

3.11.3 Staff Analysis of Comments

Atlas’' consultants performed additional reviews to examine potential
settlement and modes of failure related to subsurface disturbance. Atlas has
committed to perform settlement monitoring in a manner consistent with that
approved by NRC for other Title Il sites. Atlas has further stated that it
wil)l perform characterization of the embankment soils with respect to
settlement.

3.11.4 Revisions to the TER
Section 3.3.5 of the TER has been revised accordingly. Sections 3.2.2.]1 and
3.2.2.3 of the TER have been modified to indicate that the licensee will
submit a characterization/testing plan for approval, and that an approved
settlement monitoring plan will be carried out.
3.12 Riprap Borrow Materials
3.12.1 Commenters

Grand County Council by Jenner & Block (59-21)
3.12.2 Summary of Issues

Grand County Council stated that NRC staff’s discussion of the investigation
of borrow areas does not include any reference to the riprap borrow materials.

3.12.3 Staff Analysis of Comments

Sources of riprap berrow are discussed in TER section 4.5 and in the EIS. The
licensee must provide materials meeting the design requirements.
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3.12.4 Revisions to the TER

No revisions were made to the TER.
3.13 Incomplete Settlement Analysis
3.13.1 Commenters

Atlas (57-13)
State of Utah (58-14)

3.13.2 Summary of Issues

Atlas discussed open issue no. 7 (additional tailings characterization).

Atlas stated that the lack of a field testing plan at that time did not
implicate the underlying technical suitability of the reclamation plan design.
The State of Utah questioned the January 29, 1996, Woodward-Clyde shear strain
analysis. It was tle State’s contention that such an approach cannot
adequately evaluate the type of surface disturbance that could impact the

pile.

3.13.3 Staff Analysis of Comments

Atlas has completed additional studies which address the various modes of
settlement to which the embankment may be subject. The Woodward-Clyde
analyses indicate that a buried scarp would not adversely affect settlement of
the embankment. Based on its review of the analyses performed by Woodward-
Clyde, which examined various potential failure modes, the staff concludes
that the embankment will be capable of resisting such extreme conditions.

3.13.4 Revisions to the TER

A new section, 3.3.5, addressing the stability of the pile with respect to
subsiderce, was added to the TER.

4.0 SURFACE WATER HYDROLOGY AND EROSION PROTECTION
4.1 Design of Rock Apron
4.1.1 Commenters
Richard L. Christie (23-2)
Utah Division of Radiation Control (58-24)
Grand County Council by Jenner & Block (59-39)

4.1.2 Summary of Issues

Christie and the Grand County Council questioned the ability of rock apron to
be effective {f the Colorado River migrates toward the pile.

The State of Utah indicated that details of the rock wall transition area al
the pile should be included in the engineering plan.
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4.1.3 Staff Analysis of Comments

The staff has carefully evaluated tne design of the rock apron that will
provide the ultimate protection against erosion if the Colorado River channel
erodes and migrates to the tailings pile. The staff recognizes the importance
of this structure and has conservatively evaluated its design in several
areas.

First, the design is based on procedures developed by the U. §. Army Corps of
Engineers (COE). The COE relies on fundamentally sound, published, and peer-
reviewed techniques. In addition, COE designs are field tested and model
tested in their extensive research facility at the Waterways Experiment
Station in Vicksburg, Mississippi. The COE’s detailed design procedures are
published in “Toe Scour and Bank Protection Using Launchable Stone,* dated
September, 1995. The design of the Atlas rock apron conforms to the suggested
methods in this report. Second, the size of the rock to be provided in the
apron area is larger than needed to resist flow velocities in the Colorado
River. Since the design is based on flows down the slope, the overdesign of
the rock for flows along the slope provides an added measure of conservatism.
Third, the staff has conducted flume studies at Colorado State University for
design of erosion protection to prevent gully intrusion by providing rock
aprons for collapse into eroded areas. The results of these tests indicate
that collapsible rock is an effective method for providing adequate erosion
protection. Staff contractors have personally visited several locations where
such designs have been implemented. The designs appear to be functioning
appropriately.

Atlas provided details of the design of the transition area discussed in the
comment. Revised detailed drawings were submitted by Atlas.

4.1.4 Revisions to the TER

Revisions have been made to the TER to reflect that the design of the apron
meets criteria developed by the U. S. Army Corps of Engineers (COE); the COE
reference was added.

4.2 Moab Wash Erosion Protection Design

4.2.1 Commenters

Richard L. Christie (23-3)
U.S. Department ot the Interior (56-5, 56-6, 56-7, 56-9, 56-14)

4.2.2 Summary of Issues

The commenters questioned the design of the erosion protection to be provided
for Moab Wash, immediately adjacent to the reclaimed embankment.

Christie requested clarification of the use of average scour depths for
determining the depth of placement of the rock toe.

The Department of the Interior questioned if sediment loads and sedimentation
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had been considered in the design of the Moab Wash erosion protection. The
commenter was very concerned about debris flows and debris flow hazards in
those areas where 1ikely deposits would occur in the Moab Wash Channel. The
commenter also suggested that floods smaller than the PMF should be addressed
in the design. The commenter also requested that water surface profile data
for Moab Wash should be inciuded in the TER. The commenter suggested than
both subcritical and supercritical profiles be modelled and the data included
in the TER. The commenter also indicated that complete avulsion of the Moab
Wash channel was a possibility because of the potential of 100-200% blockace

of the channel.
4.2.3 Staff Analysis of Comments

The staff agrees that the use of "average" depths of scour is confusing. The
intent of the statement was to indicate that Atlas had used several methods to
predict the depth of scour and that the depth of scour used in the design was

based on the use of several methods.

As discussed in the TER, the design of the erosion protection for Moab Wash is
based on several factors. A1l of these design considerations were carefully
evaluated, and a conservative overall design was found acceptable by the staff
for the final configuration of the erosion protection.

The area of Moab Wash adjacent to the tailings pile consists of alluvial
material deposited over many years. This area is subject to changes during
the occurrence of a flood. The staff recognized the problems associated with
this area and requested Atlas to provide a design to accommodate potential
channel avulsion, erosion, debris flows, deposition, and/or other phenomena.

The staff and Atlas recognized the difficulties associated with quantifying
the amount of sedimentation or predicting the exact position of the Moab Wash
channel during a major flood. To assure that the reclaimed pile would not be
affected, vhe licensee assumed that debris/sediment deposition would occur
near the pile and that erosion/avulsion of the channel would occur during the
PMF. Atlas further assumed that the worst erosion conditions would exist
immediately adjacent to the toe of the pile.

The design for protection of the pile includes a large riprap toe constructed
to a depth of 7-8 feet. The toe will not be undermined by erosion during an
occurrence of the PMF and is designed for both supercritical (worst case) and
subcritical flows. Smaller floods would have lesser flow velocities and were
not considered in the design. Flow profiles and velocity data may be found in
the reclamation plan submitted by Atlas.

4.2.4 Revisions to the TER
Reference to average scour depths was removed from the TER.

No other significant revisions were made to the TER regarding the design of
the Moab Wash erosion protection.
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4.3, Colorado River Flooding

4.3.1 Commenters
U.S. Department of the Interior (56-8)
4.3.2 Summary of Issues

The Department of the Interior suggested that water surface profile data for
the 100-year flocd orn the Colorado River be provided in the TER.

4.3.3 Staff Analysis of Comments

Water surfac~ profile data was provided in the TER. The TER indicates the
water surface elevation of the 100-year flood in the vicinity of the tailings
pile. Additional information can be found in the Atlas reclamation plan
regarding this flood profile and other profiies at various locations in the
site area.

4.3.4 Revisions to the TER

No revisions were made to the TER as a result of this comment.
4.4 Colorado River Migration

4.4.1 Commenters

U.S. Department of the Interior (56-10, 56-11, 56-12, 56-13)
Grand County Council by Jenner & Block (59-37, 59-38)

4.4.2 Summary of Issues

Commenters were concerned about the potential migration of the Celorado River
toward the pile over a period of 200-1000 years.

The Department of the Interior was concerned about recirculation eddies that
could cause redistribution of bank material, such that the river would migrate
toward the pile. The commenter also disagreed with the statement that
velocities of 7 feet per second are not extremely erosive. The commenter
indicated that the mid-channel bar is an indication of deposition in a river
reach, but does not indicate that the entire river reach is depositional. The
commenter noted that because of the uncertainties associated with river
migration, erosion protection to cope with such an occurrence is important.

Grand County Council indicated that evidence exists that the Colorado River
has migrated over the last 20 years and that such evidence contradicts NRC
conclusions regarding the migration of the river. The commenter suggested
that the NRC staff should require Atlas to move the pile, because the staff
required all Title I sites in floodplains to be moved.

4.4.3 Staff Analysis of Comments

As discussed in the TER, the staff concludes that there is a potential for the
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Colorado River to migrate towards the pile in a period of 200-1000 years, even
though this migration is unlikely. To prevent erosion of the tailings, a
Targe rock apron will be provided along the toe of the pile. Due to the
effectiveness of rock aprons (as documented by the Corps of Engineers) and the
conservatisms associated with the overall erosion protecticn design, the staff
did rot consider it necessary to evaluate all erosion mechanisms. Rather,
staff relied on geomorphic information which indicated the 1ow probability of
erosion and on documented design methods by other Federal agencies.

Staff evaluation of river velocities in the site area indicates that the
maximum average channel velocity will be about 7 feet per second (fps). This
velocity is not considered to be extremely erosive on the banks of the
Colorado River, principally because peak velocities usually occur in the
center of channels of large rivers where the depth is greatest and do not
occur along the channel bottom or channel barks. Thus, the velocity will be
much less along the river’s edge. Further, because the depth of flow in the
channel is so large, the actual velocity immediately at the water/soil
interface along the banks will be lower than 7 fps. Additional information on
velocity profiles, velocity distributions, and velocity/depth relationships
may be found in Chow’s QOpen Channel Hydraulics, referenced in the TER.

NRC staff did not require DOE to move Title I sites from fleodplains. It is
the opinion of the staff that several of these piles could have been
stabilized in place, if DOE had chosen to do se. The decision to move the
piles was made by DOE, and a number of factors were considered, some of which
were not related to flooding and erosion.
4.4.4 Revisions to the TER
The reference used to design the rock apron was added to the TER.
4.5 Lands]ides
4.5.1 Commenters

Atlas Corporation (57-12)
4.5.2 Summary of Issues

Atlas addressed the current open issue related to lands)ides by indicating
that the diversion channel has been overdesigned to accommodate such an event.

4.5.3 Staff Analysis of Comments

Based on staff review of the licensee analyses, the staff agrees that an
acceptable design has been provided.

4.5.4 Pevisions to the TER

Changes were made to the TER to reflect staff review of the revised analyses
and the staff’s agreement with the acceptability of the design.
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4.6 Submittal of Updated Design and Technical Specifications
4.6.1 Commenters
Atlas Corporation (57-17)
4.6.2 Summary of Issues
Atlas indicated that submittal of an updated design and technical
specifications to address NRC staff concerns is a procedural issue and does
not compromise the technical suitability of the design.
4.6.3 Staff Analysis of Comments
The licensee provided the design details, as regquested.
4.6.4 Revisions to the TER

Changes were made to the TER tn indicate that the information was reviewed and
approved by the staff.

4.7. Riprap Sources
4.7.1 Commenters

Utah Division of Radiation Control (58-25)
Grand County Council by Jenner & Block (59-40)

4.7.2 Summary of Issues

Commenters indicated that locations of the sources of rock riprap for the
erosion protection design should be provided in the EIS and TER.

4.7.3 Staff Analysis of Comments

As discussed in section 4.5.3, Atlas identified the locations of several
sources of riprap in a submittal to NRC dated November 19, 1996. Discussion
related to the environmental aspects of the riprap sources will be in the
FEIS.

4.7.4 Revisions to the TER

Several changes were made to the TER regarding riprap to be used by the
licensee for erosion protection.

4.8 Basis for Flood Protection Design
4.8.1 Commenters

Grand County Council by Jenner & Block (59-32, 59-33, 59-34, 59-35,
59-36)
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4.8.2 Summary of Issues

Grand County Council indicated that the PMP and PMF were not adequately
analyzed in the staff's review of the flood protection design for the site.
The commenter was concerned that the mere use of low probability events does
not necessarily establish adequate design bases, because numerous events have
occurred which approach the magnitude of the PMP or PMF. The commenter
asserted that the flood protection design must be sufficient to withstand the
PMP and PMF, because of the catastrophic nature of these events. The
commenter further indicated that the staff had not adequately analyzed the
water surface profiles and channel velocities. The commenter also indicated
that evaluation of erosional stability should have included analysis of floods
ranging in magnitude between 70,000 cfs and 178,000 cfs, because a flood in
this range could be the critical design event. The commenter argued that
overbank velocities were underestimated and that roughness coefficients were
not properly selected. The commenter suggested that the proper flow regime
had not been modelled and that the HEC-2 model was not properly used.

§.8.3 Staff Analysis of Comments

The erosional stability of the pile was analyzed by Atlas and the staff, using
the most critical flood events. Staff review of design-basis flood events is
carefully detailed in the TER, and the staff concludes that the flood design
bases are conservative.

4 8.4 Revisions to the TER
No revisions were made to the TER as a result of these comments.
4.9 Constructability and Durability of Riprap
4.9.1 Commenters

Grand County Council by Jenner & Block (59-41, 59-42)
4.9.2 Summary of Issues

Grand County Council indicated that a 4-inch layer of rock with an average
diameter of 1.3 inches could actually be very difficult to construct, and that
6 inches was the minimum thickness provided at Title | sites. The commenter
was also concerned that rock with a durability score of 50-65 could be used at
the Atlas site, when rock of this quality had not been used at Titie I sites.

4.9.3 Staff Analysis of Comments

Relatively thin (4 to 6 inches) layers of rock riprap have been successfully
constructed at other Title Il sites. The staff reviewed the licensee’s
construction specifications and testing plans to ensure that they were
adequate to achieve similar (and proper) results. Based on that review, the
staff concludes that the testing program is equivalent to other programs that
have been successfully implemented and is acceptable for providing adequate
rock layers.

NUREG-1532 A-28



Atlas may use rock that scores 50-65, even though rock of such quality has not
been used at any Title I sites. Atlas has committed that the rock selected
will meet applicable NRC criteria, regardless of the source chosen.
4.9.4 Revisions to the TER
No revisions were made to the TER as a result of these comments.
4.10 Biointrusion
4.19.1 Commenters
Grand County Council by Jenner & Block (59-64)
4.10.2 Summary of Issues

Grand County Council indicated that vegetation, particularly tamarisks, could
invade the pile and disrupt the riprap cover.

4.10.3 Staff Analysis of Comments

The staff does not believe that the erosion protection design will be
sigrnificantly altered by tamarisk or other vegetative growth. Tamarisks

generally prefer wetter areas; the pile top and side slopes will be well-
drained and relatively dry. Even if some vegetative growth occurred through
%he roc:. the function of the riprap layer would not be significantly
mpaired.

4.10.4 Revisions to the TER

No revisions were made to the TER as a result of this comment.

5.0 WATER RESOURCE PROTECTION

5.1 Groundwater Protection Standards and Regulatory Requirements
5.1.1 Commenters

Atlas Corporation (57-18, 57-19)

Utah Division of Radiation Control (58-36, 58-42, 58-49, 58-50, 58-51,
58-52, 58-53, 58-54, 58-55, 58-56, 58-57, 58-58, 58-59, 58-60, 58-61,
58-62)

Grand County Council by Jenner & Block (59-45, 59-50, 59-52, 59-53,
59-54)

5.1.2 Summary of Issues

The commenters addressed issues pertaining to four areas in the regulatory
requirements: Water resources protection standards; performance assessment;
and groundwater monitoring requirements; and groundwater corrective action and
cleanup requirements. The specific issues raised are discussed separately for
each of these aspects in the followin, paragraphs.
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. The State of Utah commented that water
resource protection standards need to be established for the site, considering
both groundwater and surface water uses. It was indicated that analysis of
surface seeps along the Colorado River have identified non-radioactive
constituents that are not subject to monitoring pursuant to the current
Ticense and that the concentrations of such constituents are above State
standards. The commenter stated further that the tailings should be analyzed
for all constituents, and that the TER should provide a comparison of average
constituent concentrations in the tailings to the corresponding MCL or health
based standards. It was indicated that the groundwater protection standards
in the DTER should be revised based on resolution of the background
groundwater quality issue, and re-established in coordination with the State
of Utah before approving the site reclamation plan. Utah requested that
standards for non-radioactive constituents as well any ACL standards be
established in consultation and/or coordination with the State of Utah so that
dual regulations can be avoided. It was further stated that language in the
current license does not require Atlas to return the concentrations of
constituents to specified standards, nor does it specify a time limit on when
the standards will have to be complied with.

. The State of Utah indicated that a performance
assessment needs to be performed because the licensee is taking credit for the
cover design. The commenter stated that Atlas should be required to provide a
quantitative evaluation of the final cover performance, before approving the
site reclamation plan. The evaluation should use representative or
conservative infiltration and contaminant transport models.

i . The State of Utah cited what it believed
to be inadequacies in the groundwater monitoring program that need to be
corrected, including: (1) constituents found in the tailings solution that
were not included in the detection monitoring program as required by the
regulations; (2) suspect tailings contaminants that may have been mistakenly
disregarded and excluded from monitoring as a result of using inadequate
analysis methods including the use of high detection limits; {3) constituents
not specified in Criterion 13, but that have health impacts and must be
regulated; (4) the number of constituents monitored and the constituents for
which compliance standards needed to be established were reduced without
Justification; (5) corrective action monitoring required by the regulations is
not documented in the project file; and (6) Atlas’s monitoring to date cannot
ascertain with assurance the effectiveness of ~orrective action.

Utah requested that NRC require Atlas to re-evaluate and revise the current
groundwater monitoring program to remedy the above inadequacies. It was
indicated that the licensee should be required to periodically monitor
groundwater for all contaminants originally tested in the tailings effluent,
s0 that retarded contaminants latently released from the tailings are not
missed by detection monitoring. The commenter stated that constituents not
specified in Criterion 13 must be included in the monitoring program to ensure
that they are not a threat to the water quality in the Colorado River.

Both Utah and Grand County Council remarked that the monitoring wells may not

have been properly constructed. Utah indicated that the monitoring wells
should be designed and installed in conformance with the EPA's RCRA
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Groundwater Technical Enforcement Guidance, and that existing wells should be

evaluated to determine if they meet such standards, and should be replaced if
they do not.

Atlas noted that the tailings solution was tested for all constituents in
Criterion 13 of Appendix A, and that groundwater contamination at the site has
been characterized and hazardous constituents have been identified through
onsite monitoring as required by the license and NRC guidance.

rem . Utah indicated that
the groundwater CAP needs serious revisions, and that the current license does
not require Atlas to return the concentrations of constituents to specified
standards, nor does the license specify a time 1imit on when the standards
will have to be complied with. The commenter noted also that corrective
action to comply with the groundwater protection standards are no longer
enforced by NRC, that groundwater quality has been deteriorating and the
standards have been exceeded by several orders of magnitude in some compliance
wells. Commenters stated that tailings reclamation will not restore
groundwater quality in the site area for centuries.

Utah requested that NRC require Atlas to re-evaluate and revise the current
groundwater CAP, revise the license to reinstate the compliance requirement
consistent with the provisions of Criterion 5D of Appendix A, and to enforce
corrective action measures to restore groundwater quality in the site area
without delay. It was stated further that the hazardous constituents and
groundwater proteciion standards for the facility should be re-established, in
c?operation with the State of Utah, before approving the site reclamation
plan.

In addition, Utah noted that Atlas did not adequately monitor contaminant
transport in the groundwater offsite, particularly to the north and south of
the tailings including the shallow bedrock aquifer in the Arches National
Park, and that such contamination should be investigated by installation of
additional monitoring wells including offsite monitoring wells, and that
groundwater monitoring and corrective action plan should be modified if
groundwater contamination in these areas is confirmed.

Grand County Council commented that the NRC staff is obligated to study the
full hydrology of the Atlas site and to evaluate the impact of Atlas’s
reclamation plan on water resources, before approving the site reclamation
plan. The commenter indicated that the NRC staff review of the groundwater
CAP is inadequate, and the staff improperly separated an analysis of
groundwater impacts and surface remedial action. The commenter indicated that
NRC policies allow Atlas to defer implementation of the groundwater cleanup,
but there is no statutory, regulatory or other authority permitting the NRC to
defer data collection and analysis to evaluate the impact of the tailings pile
on water resources; and that such impacts should be analyzed before the
surface reclamation plan is approved. It was stated that analyzing the
impacts may result in improving the surface reclamation plan; and severing the
water quality issues violates NRC’s regulations and policies and makes it
virtually impossible to thoroughly evaluate the remaining site reclamation
criteria.
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Grand County Council noted further that the DTER is not consistent with the
SRP guidelines in that it does not show that deferring the groundwater cleanup
to a later project phase will not impact human health or the environment; in
addition, deferring the groundwater cleanup will interfere with
characterization of background groundwater quality, the leachate, and the
extent 2nd transport of contamination from the tailings to the groundwater or
surface water.

Grand County Council also remarked that the staff has accepted Atlas’s
conclusion that the only acceptable corrective action is to construct a
tailings cover and let the pile leak indefinitely. The commenter pointed out
that the DTER did not explain how the cost-benefit analysis to evaluate
corrective action alternativis was conducted, that the staff did not have the
information needed to conduct the analysis, and that such analysis may not
have been conducted.

Grand County Council asserted that a full public evaluation of the corrective
action plan is necessary, and that compliance with the groundwat:r protection
standards should be made a part of the public review of the TER.

Atlas noted that the tailings solution was tested for all constituents in
Criterion 13 of Appendix A, and, as of 1993, only 5 constituents exceed the
site-specific standards established for the site by NRC.

Atlas added that the site reclamation plan and groundwater CAP must be
performed sequentially, that a groundwater protection and treatment plan is
addressed in a previous CAP submittal by Atlas, and that additional corrective
action requirements will be a function of whether or not the tailings are
reclaimed in place. Atlas asserted that the final CAP cannot be selected or
implemented until the decision is made on the site reclamation plan.

5.1.3 Staff Analysis of Comments

rds. The groundwater protection standards in the
Atlas License were established according to the applicable regulations in
10 CFR Part 40, Appendix A. The standards contained in the NRC regulations
conform to standards promulgated by the U.S. Environmental Protection Agency
(EPA). Judicial review by Federal Court found that the EPA standard met the
Federal legislative mandate for protection of groundwater. Because NRC’s
requirements conform to the EPA standards, the NRC requirements also meet the
Federal legislative mandate, and, therefore, provide adequate health and
safety within the meaning of the Atomic Energy Act of 1954, as amended.

The NRC recognizes that there are significant differences between the
regulatory programs implemented by the State of Utah and the NRC. There are
many aspects of the State of Utah requirements, such as surface-water
standards, where the NRC does not have statutory responsibility. In addition,
there are many other areas of groundwater protection where the NRC may not
need to implement requirements as restrictive as those implemented by the
State of Utah to provide adeguate protection of public health and safety. In
implementing its regulatory program, NRC takes into account the ultimate use
of contaminated groundwater. In some cases, groundwater may not be drinking-
water quality, and as such, NRC may exercise regulatory discretion regarding
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what actions licensees need to take to meet the regulations. The State of
Utah, on the other hand, views all groundwater as potential drinking ‘ater,
and occasionally may require regulatory actions that go beyond NRC
regulations.

The NRC notified Atlas Corporation by letter dated July 11, 1996 that a
revision to ihe current groundwater Corrective Action Plan (CAP) is needed to
make the CAP more effective. NRC also recognizes that a revision to the CAP
would incorporate alternative concentration limits (ACLs) for some
constituents, in accordance with NRC regulations. Under the guidance provided
in the "Staff Technical Position on Alternate Concentration Limits for Title
11 Uranium Mills,"” an ACL must be shown to be as low as reasonably achievable
(ALARA) and the constituent’s concentration is not likely to increase in the
future. These two considerations will lead the staff to look very carefully
at the infiltration barrier alternatives and require performance assessments
of the alternatives. Any necessary revisions Lo the groundwater monitoring
program at the site would be best addressed in conjunction with revisions to
the CAP.

Both NRC and Atlas recognize that the current CAP must be revisited and
potentially revised. NRC considers revisiting the CAP as a separate licensing
action, because the groundwater cleanup strategies and methodologies will be
contingent on the decision for surface reclamation of the tailings. The CAP
currently being implemented by Atlas was based on the conclusion that existing
groundwater contamination was not amenable to active remediation. If
groundwater remediation is determined practicable, as a result of NRC’'s
revisiting the CAP, then resulting environmental impact to the Colorado River
will be less than that already identified in the EIS. NRC considers that
deferring potential revisions of the CAP is appropriate, given the limited
environmental impact identified and that a definitive risk to public health
and safety from contamination of groundwater has not been demonstrated.

Performance Assessment. In the July 11, 1996 letter, staff notified Atlas
Corporation that additional design considerations for the tailings impoundment
could be required for implementing an acceptable groundwater cleanup program
if on-site stabilization of the tailings pile is found acceptable. 1In
particular, an evaluation of the disposal cell’s cover performance for
limiting infiltration would be an integral part of the staff’s review of a
proposed ACL and revised Corrective Action Plan. The staff views the cover
performance as a key factor for demonstrating that a proposed ACL would be as
low as reasonably achievable and groundwater concentrations would be unlikely
to increase in the future.

The licensee agreed, in a letter dated August 7, 1996, to thoroughly evaluate
infiltration barrier alternatives as part of revising the CAP. Atlas further
indicated that once on-site stabilization was found acceptable, adequate time
would be available to incorporate any design changes resulting from the CAP
review, without delaying the construction schedule. Atlas also committed to
delaying the installation of the radon/infiltration barrier, if necessary, to
assure that any potential design changes could be included in the disposal
cell. Staff considers that appropriate construction control and field testing
would be required to verify that the constructed cover met the design
specifications.
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An assessment of various design aliernatives and their performance for
Timiting infiltration will be considered as part of the revised CAP review.

Grgund.l*gx;ﬂgni;gzing_ﬂggui:gmgn;;. Groundwater monitoring requirements,
potential impacts to adjacent properties, and compliance with NRC groundwater

protection standards will be closely evaluated as a part of the revised CAP
review. As discussed in the previous comment response, the NRC recognizes
that there are significant differences between the regulatory programs
implemented by the State of Utah and the NRC. Routine monitoring of all
constituents of concern may not be necessary at the Atlas site, because: (1)
corrective actions generally in practice at mill sites are designed to restore
groundwater quality for all constituents; and (2) the licensee will be
required to demonstrate compliance with ali applicable NRC regulations,
including compliance with the standards of all constituents of regulatory
concern that are currently in the regulations or license and in the tailings
Tiquor, before the license is terminated and the site transferred to the State
or DOE for perpetual care.

Monitoring well construction: The background and point-of-compliance wells
currently monitored at the site were installed in 1988 under NRC approval (by
letter dated June 15, 1988). The wells are constructed of PVC casing and
slotted screen, with filter sand surrounding the screen and a bentonite sea)
piaced above the filter sand. The remaining annular space above the bentonite
seal to the surface is filled with a cement-bentonite grout. The wells are
installed to depths ranging from 50 to 57 feet within the freshwater portion
of the alluvial aquifer and screened from a depth starting at about 10 to 30
feet to the 50- to 57-foot depth. The screen lengths were designed to
intercept the vertical extent of the potential contaminant pathway. The
materials and construction practices used on the background and point-of-
compliance wells are generally consistent with the guidance provided in EPA’s
RCRA Ground-Water Monitoring Technical Enfo.c2ment Guidance Document (TEGD).

Staff has previously considered EPA’s TEGD generally acceptable for use at
NRC-licensed facilities, even though the document is specific to EPA’s RCRA
program. However, staff recognizes that some site-specific circumstances at
NRC-Ticensed facilities may require alternative procedures to those specified
in EPA’s TEGD in order to meet NRC license requirements.

Staff considers that monitoring at additional locations may be necessary to
support a revised CAP or verify that adjacent properties have not been
impacted by contamination groundwater from the site.

Groundwater Corrective Action and Cleanup Requirements. Comments noted. NRC
notified Atlas by letter dated July 11, 1996 that a revision to the existing
CAP would be needed. Staff also identified the need for additional evaluation
of potential groundwater impact in section 5.2.5 the TER. Historical and
current groundwater monitoring data at the site show that groundwater quality
has been improving over time by virtue of Atlas ceasing operations and efforts
to remove tailings water from the pile under the current CAP; however, the
level of contamination in the uppermost aquifer remains well above established
compliance 1imits in the license. The elevated contaminant levels currently
exhibited in the groundwater are the basis for NRC initiating revisions to the
existing CAP. The evaluation of present and potential future water resource
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impacts associated with on-site closure of the tailings are addressed the in
EIS.

The separation of groundwater restoration activities from surface reclamation
actions is consistent with the approach taken at UMTRCA Title I sites and
other uranium mills licensed by the NRC. Additional hydrogeological
characterization of hydraulic and contaminant properties needed to address
potential CAP revisions would not be adversely affected by on-site closure of
the tailings pile, since most of these activities would occur outside of the
potential construction area. Ultimately, the license remains in effect for
the duration of the groundwater restoration activities, unti] compliance with
established standards are demonstrated and the site is ready for transfer to
DOE or for perpetual care.

NRC considers revisiting the CAP as a separate licensing action, because the
groundwater cleanup strategies and methodologies will be contingent on the
decision for surface reclamation of the tailings. The CAP currently being
implemented by Atlas was based on the conclusion that existing groundwater
contamination was not amenable to active remediation. If groundwater
remediation is determined practicable, as a result of NRC’s revisiting the
CAP, then resulting environmental impact to the Colorado River will be less
than that already identified in the EIS.

The costs and benefits of groundwater cleanup for the on-site closure and the
tailings relocation alternatives were factored into the overall cost/benefit
analysis conducted for both alternatives. Regardless of the surface
reclamation implemented, contaminated groundwater exists at the Atlas site.
Relocating the tailings to another site for disposal does not remove the need
for groundwater cleanup at the current Atlas property. Additionally,
relocating the tailings would likely invoke higher groundwater cleanup costs
for the relocation alternative over the on-site closure alternative, since the
relocation alternative would mandate a cleanup approach to return contaminants
over the entire site to levels suitable for releasing the site for
unrestricted use. Discussions and evaluations of cost/benefit considerations
associated with both disposal alternatives are presented in Chapter 5 of the
EIS.

5.1.4 Revisions to the TER

The TER was revised to include the results of staff’s determination that
additional characterization and evaluation of the existing contaminant extent
will be needed for revising the current groundwater CAP. The TER was also
revised to include the licensee’s statement that engineering credit has been
taken for the reduced infiltration in the cover design and the licensee’s
commitment to redesign those components if future revisions to the CAP
indicate that further reductions in infiltration flux are needed to meet
groundwater compliance standards. Additionally, a brief discussion of the
cost/benefit evaluation associated with groundwater cleanup was added and
reference made to ihe analysis presented in Chapter 5 of the EIS.
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5.2 Hydrogeologic Characterization
5.2.1 Commenters

Richard L. Christie (23-4, 23-5, 23-6, 23-7, 23-8, 23-9)

U.S. Department of the Interior (56-15, 56-16)

Atlas Corporation (57-19, 57-20, 57-22, 57-23)

Utah Division of Radiation Control (58-17, 58-26, 58-27, 58-28, 58-29,
58-3), 58-31, 58-32, 58-33, 58-34, 58-35, 58-38, 58-39, 58-40, 58-41,
58-42, 58-43, 58-44, 58-45, 58-46, 58-47, 58-48, 58-49, 58-64, 58-65,
58-66, 58-67, 58-68, 58-69, 58-70, 58-71)

Grand County Council by Jenner & Block (59-43, 59-44, 59-45, 59-46,
59-47, 59-48, 59-49, 59-50, 59-51)

5.2.2 Summary of Issues

The commenters addressed the following aspects of the hydrogeologic
characterization: hydrogeologic setting, hydraulic properties, groundwater
flow, contamination impacts, and water use. The specific issues addressed by
the commenters are discussed separately for each of these aspects,

Hydrogeologic Setting. One commenter (Utah) raised questions about the
geologic and hydrogeologic setting in the site area. Utah noted that there is
a need to verify the geologic model proposed by Atlas Corporation for the
site. It was indicated that in addition to the Chinle and Moenkopi formations
(Triassic age) that underlie the tailings, available outcrop and geophysical
data indicate that Jurassic age formations of the Glen Canyon Group (Navajo
sandstone, Kayenta formation, and Wingate sandstone) may also underlie the
eastern portion of the tailings embankment and the mill site.

The commenter noted further that the hydrogeologic model presented in the DTER
is inaccurate in that it incorrectly equates the bedrock units underneath the
facility to Blanchard’s "lower groundwater system", but the bedrock formations
appear to correspond to Blanchard’s "upper groundwater system", which includes
the Glen Canyon Group that includes important aquifers across the Colorado
Plateau.

The commenter indicated also that the freshwater/brine interface has not been
adequately characterized, and that the licensee should be required to
determine the’ extent of the interface across the facility by onsite drilling
and geophysical logging, so as to develop a justifiable and sound
hydrogeologic model,

Hydraulic and Transport . Comments on this aspect of the TER were
received from the State Utah. The commenter noted that the hydraulic
properties for the bedrock units under the facility should be either measured
or conservatively estimated. The commenter stated that regional hydraulic
conductivity for the Glen Canyon Group can be rather high, particularly in
fractured terrain, and pumping tests in the Navajo sandstone and other Glen
Canyon Group formations indicate the bedrock formations are more permeable
than assumed by Atlas. In addition, the commenter stated that the bedrock
formations may be hydraulically connected to the alluvium, which should be
investigated.
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The commenter noted further that the alluvium is not hydraulically isolated
from all bedrock formations; there is evidence that the alluvium is
hydraulically connected to the Glen Canyon Group aquifers; and the hydraulic
head in the bedruck is higher than that in the alluvium,

Groundwater Flow Characterization. This aspect of the TER was addressed by the
State of Utah and the Atlas Corporation. Utah indicated that additional data
are needed to delineate groundwater flow direction in the site area, and that
the licensee should be requested to install additional monitoring wells to
obtain more data. The commenter underscored the need to delineate groundwater
(and contaminant) movement to private land offsite. The commenter noted also
that the river stage measurement should be undertaken along with water ievel
measurements in the monitoring wells.

Atlas responded to open issue #15 that had been raised by the NRC staff. In
this open issue, the staff had required that the licensee provide additional
data to support its interpretation of groundwater flow directions and
gradients in the alluvial aquifer near the southern property boundary. Atlas
indicated that additional documentation was provided to the staff and that the
local groundwater flow direction in the site area was revised based on the
staff comment and the new data used in the analysis

Geochemical and Contaminant Characterization. Five commenters raised concerns
pertaining to geochemicai and contaminant characterization in the site area.
The issues were grouped in the following five categories by the staff: (1)
leachate analysis; (2) background groundwater quality characterization; (3)
groundwater quality impacts; (4) surface water quality impacts; and (5)
contaminant characterizatic- procedures;

Leachate Analysis. Five commenters (Christie, the Department of the
Interior, Utah, Grand County Council, and Atlas) addressed the leachate
analysis. Christie indicated that the leachate analysis did not include gross
alpha, even though gross alpha levels are two orders of magnitude higher than
the MCL value, and that Atlas did no* demonstrate that there is a
statistically significant change in the concentration levels of gross alpha
and uranium concentrations in the leachate between 1988 and 1995.

fhe Department of the Interior indicated that the leachate analysis provided
in Table 5-2 is not clear.

Utah indicated that the DTER needed to provide additional information to
characterize the leachate, including number of samples collected, sampling
locations, type of analysis, and statistical evaluations; and suggested that
leachate samples be collected during the penetrometer tests, so that the
leachate could be analyzed for constituents of concern at different depths in
the tailings.

Grand County Council indicated that the tailings leachate was not adequately
analyzed for all possible contaminants, that the collected samples were not
representative, and that the data in the DTER are inconsistent with the
corresponding data in the DEIS.

Both Utah and Grand County Council also pointed out what they believed to be
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inadequacies in the groundwater monitoring program (See section 5.1).

Atlas stated that the hazardous constituents were identified through onsite
monitoring as required by the license and NRC guidance, and that the tailings
solution was tested for all constituents in Criterion 13 of Appendix A.

Background Groundwater Quality. Four commenters (Christie, Utah, Grand
County Council, and "tlas) addressed the background groundwater quality.
Christie, Utah and nd County Council commented that monitoring well AMM-]
may not be representative of background groundwater quality, because this well
may have been contaminated by a nearby ore storage pad, water clarification
lagoon, and/or and the leachate mound under the tailings during mill
operation.

Atias respondzd to open issue 16, which had required that the licensee provide
data showing that well AMM-1 is not contaminated by the mill operations.

Atlas indicated that analysis of groundwater flow directions in the vicinity
of this well and consistent concentrations over time reaffirm the previous
determination that this well is an appropriate background groundwater
monitoring point.

Groundwater Quality Impacts. Three commenters (Utah, Grand County
Council and Atlas) addressed groundwater quality impacts. Utah indicated that
analysis of surface seeps along the Colorado River have identified nor-
radioactive constituents that are not subject to monitoring pursuant to the
current license and that the concentrations of such constituents are above
State standards. In addition, Utah noted that Atlas did not adequately
monitor contaminant transport in the groundwater offsite, particularly to the
north and south of the tailings including the shallow bedrock aquifer in the
Arches National Park, and that such contamination should be investigated by
installation of additional monitoring wells including offsite monitoring
wells

Grand County Council indicated that the assertion by Atlas that the
contamination is restricted vertically to the fresh groundwater in the upper
portion of the alluvium is not adequately supported or verified.

Atlas stated that groundw:’:: contamination was characterized and hazardous
constituents were identified through onsite monitoring as required by the
license and NRC guidance, and that groundwater contamination is restricted to
licensee’s property.

Surface Water Quality Impacts. Four commenters (Christie, Utah, Grand
County Council, and the Department of the Interior) raised questions
concerning characterization of the impacts on surface water quality in the
Colorado River. Christie indicated that Atlas’s characterization of
contamination impacts on the Colorado River does not make sense. that Atlas
mistakenly analyzed ihe water but not the organic material in sediments and in
the river food chain to evaluate impacts, and that Atlas's study was
inconciusive because it did not collect the right number of samples or sample
the proper locations. In addition, Christie pointed out that Atlas did not
implement a West Water Engineering study designed by the National Park Service
te investigate bioaccumulation in the Colorado River and to achieve
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statistically and scientifically reliable results.

Utah indicated that river stage measurement should be continued an. that the
licensee should establish stations for this purpose; that the hydraulic heads
need to be monitored in wells in close proximity to the Colorado River,
possibly including new nested wells that are completed at different depths;
and that the wells should be completed in conformance to EPA’s Technical
Enforcement Guidance. Utah stated further that samples collected and analyzed
by the State of Utah found radioactive and non-radioactive contaminants in
surface seeps on the northern bank of the Colorado River in the vicinity of
the Atlas site, and concluded that the seeps contain groundwater that was
contaminated by tailings effluent. Utah indicated that non-radioactive
constituents that are not subject to monitoring pursuant to the current
license have been found in concentrations th.t are above State standards, and
that Atlas should be required to monitor for these contaminants.

Specifically, Utah identified specific contaminants that should be analyzed to
assess their impacts on the Colorado River water: these include: ammonia,
manganese, molybdenum, nitrite and nitrate. and vanadium.

Utah 2iso stated that current and future impacts on water quality in the
Colorado River must be considered in the TER.

Grand County Council indicated that the staff did not adequately examine the
quality of surface water near the tailings pile, and there are constituents
identified in the tailings that were not tested in the surface water samples

Utah, Grand County Council and the Department of the Interior remarked that
locations of sampling points in the Colorado River were not provided in DTER.

Contaminant Characterizatieon Procedures. Three commenters (Christie,
Utah, and Grand County Council) raised questions about the procedures followed
in characterizing the contaminant transport from the site Chriscie indicated
that water resources protection is based on estimates and averages, not
measurements (e.g., estimates of hydraulic gradient and hydraulic diffusivity
for the alluvium and estimates of current and future leachate volumes in the
CTER); in addition, the commenter indicated that the reported declire in
radionuclide concentrations in the Colorado River does not make sense, and
that the data are pad due to errors in sampling locations or laboratory
testing, or both.

Utah discussed several quality assurance issues concerning the water quality
data from well ATP-3, including errors/flaws in the analytical methods and
procedures (lack of error terms and lower detection limits, excessive error
terms, excessively high lower levels of detection, and failure to investigate
erratic results); inadequacy of the monitoring wells; lack of groundwater
sampling quality assurance/quality control plan; and analysis by Atlas’'s own,
uncertified laboratory. It was indicated that suspect tailings contaminants
may have been mistakenly disregarded and excluded from monitoring because of
using inadequate aralysis methods including the use of high detection limits.
In addition, Utah indicated that the number of constituents monitored and
number of constituents for which compliance standards needed to be established
were reduced without justification, which left some hazardous constituents
unreqgulated.
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Utah further indicated that it is not clear how the average concentrations
provided in the DTER for contaminants in the Colorado Rivar and the
groundwater were determined, and that the DTER should also provide number of
available samples and the range of the standard deviation. The commenter
remarked that NRC should conduct a thorough quality assurance evaluation of
all of Atlas data, and require Atlas to submit a quality assurance plan that
conforms to the EPA’'s RCRA Te: nical Enforcement Guidance.

Grand County Council indicated that the DTER did not provide data showing
which constituents have migrated from the tailings pile, and that the staff
must verify that the analysis data in the DTER are valid and the sample sizes
are statistically representative.

. Three commenters (Utah, Grand County Council, and
Atlas) commented on the water use characterization in the site area.

Utah indicated that the DTER assertion that the Trapax well is not fit for
human use is not substantiated by the available water quality data, and an
application for this well was filed with the Division of Water Rights in 1992,
lon, after Atlas began its operation and the well may have been contaminated
by the Atlas facility. Utah stated that the TER should be revised to reflect
the record for this well. Utah further indicated that the groundwater CAP
should be designed to protect current and future uses of groundwater at
adjoining properties.

Grand County Council indicated that the analysis of water use is outdated,
because the DTER relies on a 1989 study; influx of tourists and new residents
since 1989 necessitate a new water use inventory.

Atlas indicated that there are 16 registered water users within one mile of
the site, and the oniy two groundwater rights are located upstream of the
site. The remaining water users have surface water rights to the Colorado
River and monitoring of the river indicates no measurable increase in river
contamination. Atlas indicated further that groundwater in the site area has
a2 high TDS content, it is not suitable for human consumption and must be
treated before use. Atlas maintained further that the groundwater
contamination is restricted to licensee's property and has effectively ro
adverse impacts because groundwater is not used on the property, and it flows
into and is diluted by the Colorado Fiver,

5.2.3 Staff Analysis of Comments

‘ . Comments noted. Staff also considers that some
additional characterization is necessary at the site. Staff recognizes that
some lithologies of the Glce Canyon Group may be in contact beneath the
alluvium in the vicinity of the Atlas tite; however, the nature of the
hydraulic connection between the alluvium and the surrounding portions of the
Glen Canyon aquifer warrants further investigation, rather than confirmation
that specific lithologies are present or absent.

The brief description of the hydraulic properties of the bedrock units in the

draft TER did not clearly identify which portions of the bedrock beneath the
site were hypothesized to correlate with Blanchard’s (1990) "lower groundwater

NUREG-1532 A-40



system". Staff agrees with the commenter that portions of the Glen Canyon
Group that may potentially occur beneath the alluvium would correlate with
Blanchard’'s “"upper groundwater system". However, displacement of lithologies
by faulting and the occurrence of brine within the lower portions of the
alluvium may be indicative of either Tocalized groundwater contact with salt
and potentially correlating with the upper reaches of Blanchard's lower
groundwater system or brine from the much deeper portions of the Paradox
section potentially migratiag to shallower groundwater systems through
existing fault planes under the higher head in the lower groundwater system.
The specific mechanism of brine placement in the alluvial system at the site
is not currently known. However, because the brine effectively forms a no-
flow boundary beneath the site, the transition from the upper to the lower
flow sys.em may be of only academic interest with regard to contaminant
influences from the tailings pile.

The freshwater/brine interface has been identified and confirmed by onsite
drilling at two locations at the Atlas property. Additional drilling to
specifically delineate the interface would be costly and add 1ittle value to
the hydrogeologic model for the site. However, if additional information on
the freshwater/brine interface can be developed in conjunction with other
hydrogeologic characterization activities, without undue cost, then the
information should be developed. Extending an investigation of the
freshwater/brine interface to locaticns beyond the Atlas property is not
warranted, unless tailings contamination is shown to impact adjacent
properties. Staff considers that additional characterization activities are
best addressed as part of future revisions to the CAP.

ies. Comments noted. Staff considers that
additional information on aguifer characteristics and further evaluation of
potential hydraulic interconnection with adjacent groundwater systems is
needed at the Atlas site. Staff also recognizes that a potential
interconnection between the alluvial system aind the Glen Canyon Group at the
northern extent of the Atlas property could exist, given the highly fractured
and faulted nature of this area. As previously stated, staff considers that
additional characterization activities are best addressed as part of future
revisions to the CAP.

erization. Comments noted. The need for additional
data to delineate groundwater flow direction and gradients is largely
consistent with the staff position as provided in open issue #15 in the draft
TER. As previously stated, staff considers that additional characterization
activities are best addressed as part of future revisions to the CAP.

. The rezults of tailings liquor analysis previously done at
the Atlas site are consistent with the results from other mill sites. The
tailings leachate was analyzed for all possible contaminants to staff’s
satisfaction, in accordance with 10 CFR 40, Appendix A. Additional analysis
of the leachate at this time does not enhance protection of human health and
safety, because human exposure through the groundwater pathway at the site and
adjacent properties is essentially non-existent. In addition, future
revisions to the CAP and the associated groundwater characterization, must
address the adequacy of future monitoring for confirming exposure reductions
to aquatic species in the Colorado River. NRC policy also requires that each
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licensee demonstrate, through sampling and analysis, that all constituents of
regulatory concern in the groundwater are within regulatory compliance before
the Ticense is terminateu and the site is transferred to DOE or the State for
perpetual care.

Background Groundwater Quality. Comments concerning the use of well AMM-1 are
consistent with the staff comments in open issue #16 in the draft TER. The
staff required the licensee to provide data showing that this well is not
contaminated by the mill operations. The licensee has since responded by
providfn? additional data about groundwater flow directions in the vicinity of
this well and consistent constituent concentrations over time that reaffirm
its previous determination that this well is an appropriate background well.
Staff does not consider the responses from the licensee adequateiy
demonstrates the appropriateness of well AMM-1 as an unaffected background
well. Staff further considers that additional sampling in the alluvial
aquifer, as a part of the further groundwater characterizations for revisions
to the CAP will resolve this issue with well AMM-1. The data collected from
background wells at sites with existing groundwater contamination, such as
Atlas, are primarily used to determine groundwater cleanup standards for the
CAP. Consequently, staff considers it appropriate to resolve the issue of
well AMM-1's suitability as a background well as a part of the revised CAP.

2 . Comments noted. Staff recognizes that some
constituents, such as ammonia, have been detected in samples of groundwater
seepage entering the Colorado River. Discussions of these samples, along with
subsequent analyses of river water and the potential impacts of these
constituents are presented in the EIS. The limited human exposure potential
from the contaminated groundwater, indicates a minimal human impact from the
groundwater pathway. Consequently, receptors of potential impacts from
contaminated groundwater are limited to aquatic species in the Colorado River,
and the EIS contains the descriptions and evaluations of these potential
exposures. Duplication of these impact discussions in the TER is unnecessary,
since both the EIS and TER are considered in the pending licensing action.

Monitoring additional constituents in the groundwater may be appropriate,
however, a complete evaluation additional monitoring needs is best addressed
as part of future revisions to the CAP,

1i . Current and future impacts to the Colorado
River from the proposed reclamation of the Atlas tailings pile have been
evaluated and described in detail in the EIS. Previous monitoring conducted
during mill operations, along with the limited human exposure potential,
indicated minimal human impacts from the surface water pathway. Censequently,
receptors of potential impacts from the proposed tailings reclamation are
limited to aquatic species in the Colorado River, and the EIS contains the
descriptions and evaluations of these potential exposures. Duplication of
these surface water impact discussions in the TER is unnecessary, since both
the EIS and TER are considered in the pending licensing action.

The TER describes general surface water quality characteristics, historical

sampling episodes, and influences from the Atlas milling operation. The TER
also references the reader to the more detaiied discussions in the EIS.
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Contaminant Characterization Procedures. The word "estimate" was used to refer
to the measured hydrogeological parameters that are used to describe
hydrogeologic properties at similar locations at the site. Measurements of
these parameters are taken at discrete locations and at discrete intervals,
but are qualified as "estimates" for locations at distance from the actual
measurement, because of the inherent uncertainty that exists with the
hydrogeologic properties such as permeability, hydraulic conductivity,
hydraulic gradient or hydraulic diffusivity. These measurements are then
extrapolated to other locations and interval of similar characteristics to
form the basis of the conceptual hydrogeclogic model. Extrapolating measured
data to other site locations of similar characteristics is a practice normally
applied in earth science investigation, since total quantification of material
properties is neither feasible nor practicable. The term "estimate" should
not be interpreted as describing a lack of information, but a qualifying term
denoting the expected variance of a measured property from location to
location. Likewise, as these estimated parameters are used in computer
simulations er calculations, a sensitivity analysis and reasonable
conservatism should accompany the calculations to address the uncertainty
associated with parameter used.

Routine sampling of radionuclide concentrations in the Colorado River support
the interpretation that the seepage influences from the Atlas tailings pile
are generally overshadowed by natural variations of constituent concentrations
in the river from other sources upstream and downstream of the Atlas site.
These routine sampling episodes were designed to detect broad and significant
changes in the river water quality as a result of tailings influences from
seepage and other pathways. Recent sampling episodes, as described in the
EIS, show a meacurable influence from non-radiological constituents, such as
ammonia, in a limited reach of the river. The details of recent river
sampling results and assessments of potential environmental impacts are
provided in the EIS.

Contaminant concentrations measured in the groundwater were analyzed to
staff’'s satisfaction to support groundwater monitoring license amendments, in
accordance with 10 CFR 40, Appendix A. Staff recognizes that additional
analysis of groundwater contaminant levels will likely be a part of the
licensee’s revisions to the CAP and the associated groundwater
characterization activities. NRC does not have the authority to require any
licensee to conform to EPA guidance documents; however, staff may find the use
of EPA’s RCRA Technical Enforcement Guidance Document is acceptable if a
licensee chooses to model its program after the EPA guidance. Additionally,
NRC policy requires that each licensee demonstrate, through sampling and
analysis, that all constituents of regulatory concern (contaminants currently
in the regulations or in the license and found in the tailings liquor) in the
groundwater are within regulatory compliance before the license is terminated
and the site is transferred to DOE or the State for perpetual care.

ater Use Characterization. The statement in the TER that the Trapax well,
situated on the adjacent property upstream of the tailings pile, is anecdotal
evidence reported by Atlas. The commenter’s contention that the Trapex well
is 1ikely contaminated by tailings seepage is not substantiated by the
monitoring data from well AMM-1, which is situated between the pile and the
Trapex well. Although staff expressed concern with the appropriateness of
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AMM-1 as a background well, staff’s concern is centered on trace constituent
levels of uranium and other metals that could be attributed to a nearby ore
storage pad. The overall water chemistry of major ionic constituents would
likely not be affected by trace contamination from ore storage. Any influence
from tailings seepage, which has been shown to chan?e the overall water
quality character of the groundwater, would be easily detected in well AMM-1.

Information submitted be Atlas by letter dated October 11, 1996 shows that the
overall water quality in well AMM-1 is predominantly a sodium/chinride-type
water with minor sulfate, which is consistent with the overall water quality
at other alluvial sampling locations on the east side of the Colorado River.
The tailings water and groundwater impacted by tailings seepage is dominantly
a sodium-magnesium/sulfate-type water, with minor chloride. The overall water
chemistry of well AMM-1 is not similar to the overall chemistry of groundwater
impacted by tailings seepage. Consequently, it is reasonable to conclude that
the Trapex well is not impacted by tailings seepage.

The water use survey presented in the TER is not solely based on 1989
information. Atlas performed a water use survey in 1989 and submitted the
results to NRC. As a part of the TER review, the Utah Division of Radiation
Control provided staff with an up-to-date search of water rights in the
vicinity of the Atlas site. The 1989 data supplied by Atlas and the current

water right inventory supplied by Utah were used to develop the water use
information in the TER.

Finally, the opinion expressed by Atlas that contaminated groundwater is
restricted to its property is not fully substantiated by the additional
information supplied by Atlas to address open issue #15. Staff concluded that
the flow directions and monitoring data along the southern property boundary
indicate a l1ikelihood that contaminated groundwater may have impacted the
adjacent property. As previously stated, staff considers that additional
characterization activities, including further assessment of the groundwater
flow directions, are best addressed as part of future revisions to the CAP.

5.2.4 Revisions to the TER

The TER was revised to cla.ify the vintage of information used to develop the
water use characterization. Table 5.2 has been revised to clarify the
analytical information presented. The TER was also revised to recognize the
potential occurrence of lithologies from the Glen Canyon Group beneath the
site and the influence of either salt contact or brine seepage along existing
faults as potential mechanisms for brine in the deeper alluvial aquifer.

5.3 Conceptual Design Features to Protect Water Resources
5.3.1 Commenters
Atlas Corporation (57-21, 57-24)

Utah Division of Radiation Control (58-49, 58-64)
Grand County Council by Jenner & Block (59-43)
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5.3.2 Sumriary of Issues

Utah indicated that curreat and future impacts on water quality in the
Colorado River must be considered in the pile cover design. The commenter
added that since the cover desi?n constitutes a part of the groundwater
protection strategy, Atlas should be required to provide a quantitative
evaluation of the final cover performance, before approving the site
reclamation plan. The evaluation should use representative or conservative
infiltration and contaminant transport models, and cost of the cover should be
included in the onsite stabilization cost.

Grand County Council stated that understanding groundwater contamination in
the area of the tailings pile and the continuing impact on groundwater is
crucial to the cover design, as well as . ‘e short-term and long-term effects
of onsite tailings stabilization.

Atlas responded to staff’'s open issue #17, which required that the licensee
clarify if it plans to take credit for the engineering components of the
disposal cell (i.e. disposal cell cover) toward groundwater cleanup, and to
include the cost of achieving the necessary cover permeability in the site
reclamation cost. Atlas responded that the radon barrier will play a key role
in the site reclamation plam (i.e., to control radon release), and the
groundwater CAP (i.e., to control the contaminant source term by isolating the
tailings and eliminating or greatly reducing rainfall/runoff seepage into the
tailings). The commenter also indicated that the costs associated with the
achieving the cover permeability will be included in the updated site
reclamation plan.

5.3.3 Staff Analysis of Comments

Comments Noted. The staff agrees that groundwater cleanup and compliance at
the Atlas site is ultimately coupled to the disposal cell cover design and
long-term performance. The staff considers that unreclaimed and uncontrolled
tailings present a greater potential risk to public health and safety than
seepage impacts to ambient groundwater of marginal quality which is not
currently and not likely to be used by humans in the foreseeable future.
Potential post-reclamation impacts to the Colorado River have been evaluated
and are presented in the EIS.

Separuting the surface reclamation and the groundwater cleanup of mill
tailings sites is consistent with NRC's past policies at both the UMTRCA Title
I sites and the commercial mill tailings sites (Title I1) under NRC license.
Additionally, separation of surface reclamation and groundwater cleanup is
included in NRC’'s two step licensing approach for Title I sites. Other Title
Il sites which have groundwater contamination are reclaimed in the similar
two-step approach. Tailings at these sites can be reclaimed and the
groundwater cleanup will progress after the surface work has been completed.
Since Title Il sites are transferred to perpetual care only after license
termination, all aspects of the tailings disposal and groundwater cleanup must
be in compliance before license termination and property transfer.

NRC considers revisiting the Atlas CAP as a separate licensing action, because
the groundwater cleanup strategies and methodologies will be contingent on the

A-45 NUREG-1532



decision for surface recliamation of the tailings. The CAP currently being
implemented by Atlas was based on the conclusion that existing groundwater
contamination was not amenable to active remediation If groundwater
remediation is determined practicable, as a result of NRC's revisiting the
CAP, then resulting environmental impact to the Colorado River will be less
than that already identified in the EIS.

5.3.4 Revision to the TER

The TER was revised to clarify NRC's view that groundwater cleanup and
compliance at the site are coupled with the tailings disposal cell cover
design.

5.4 Coordination with The State of Utah and Public Reviews of Preject
Documents

Commenters

Utah Division of Radiation Control (58-51, 58-63)
Grand County Council by Jenner & Block (59-50, 59-51, 59-53)

5.4.2 Summary of Issues

The commenters addressed issues pertaining to coordination and consultation
with the State of Utah and public reviews of project documents.

Coordination with the State of Utah. The State of Utah indicated that the
groundwater CAP needs serious revision, and revision of the CAP should be
closely coordinated with the State of Utah. This is to ensure that the State
concerns are satisfactorily resolved and to avoid dual regulation of the site
by the State and NRC. Coordination and/or consultation with the State should
include hydrogeclogic and contaminant characterization, water uses and water
rights, human and environmental risk, and available technology to control
tailings contamination, and approval of revised groundwater protection
standards including any ACL standards.

Public Reviews. Grand County Council noted that NRC staff review of the
groundwater CAP is inadequate, that the staff improperly separated an analysis
of groundwater impacts and surface remedial action, that the DTER did not
explain how the cost-benefit analysis to evaluate corrective action
alternatives was conducted, and that a public analysis of the CAP is necessary
to ensure compliance with the groundwater protection standards

5.4.3 NRC Staff Analysis of Comments

Coordination with the State of Utah

As discussed in the responses to comments pertaining to Groundwater Protection
Standards (section 5.1), the NRC recognizes that there are significant
differences between the reguliatory programs implemerted by the State of Utah
and the NRC. Any future revisions to the Atlas CAP will be forwarded to the
State of Utah, in accordance with NRC's established policy to conduct
consultations with Non-Agreement states potentially impacted by NRC licensing
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actions. The complete elimination of dua) regulation does not appear feasible
at this time, because of the different regulatory approaches used by Utah and
the NRC. The NRC considers that opportunities to reduce duplicative efforts
do exist and can be developed through open communication and consultation.
Howaver, the NRC must ultimately complete the Federal acticn, if the proposed
alternative is found acceptable and complies with NRC regulations.

Public Reviews

NRC's draft Environmental Impact Statements are provided to the public for
review and comment in accordance with NRC re ulations in 10 CFR Part 51, and
as required by the National Environmental Po icy Act of 1969, as amended.
Proposed licensing actions are reviewed by staff for compliance with NRC's
regulations, which administers the protection of public health and safety from
radiological hazards. These reviews are documented by the staff in a
Technical {or Safety) Evaluation Report /TER). Public availability of TERs
are noticed in the Federal Register for significant licensing actions at NRC
Ticensed facilities. In addition, a Notice of Opportunity for Hearing is
usually published when a significant application is received or the
availability of a TER for a significant action is announced to allow members
of the public, or licensees, the opportunity for due process through NRC's
administrative procedures. Anyone can obtain and review the staff’s TER, and,
regardless of notification requirement, can request an opportunity for hearing
on the pending licensing action in accordance with 10 CFR Part 2, Subpart L.

The NRC considered that the prominence of the Atlas Reclamation Plan licensing
action dictated a public comment on the draft TER, beyond the established
administrative procedures for public involvement in other NRC Ticensing
actions. Additional public comment periods for future Ticensing actions,
beyond NRC's normal administrative procedures, are not considered necessary at
this time.

5.4.4 Revisions to the TER
No revisions have been made to the TER in response to the above comments.
6.0 RADON ATTENUATION and SITE CLEANUP
6.1 Material Characterization for the Radon Flux Model
6.1.1 Commenters
Saxon Sharpe (23-10, 23-11, 23-12, 23-13)
Atlas Corporation (57-25, 57-26, 57-27, 57-28, §7-29, 57-30)
Utah Division of Radiation Control (58-72, 58-73, 58-74, 58-75, 58-76,
58-77)
Grand County Council by Jenner & Block (59-55, 59-56, 59-57, 59-58,
59-59, 59-60, 59-61, 59-62, 59-63)
6.1.2 Summary of Issues

Characterization of the tailings, "affected" soil (primarily windblown
tailings), and the radon barrier materials was discussed by four commenters.
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The main concern was that the limited sampling and testing resulted in non-
representative parameter values for these materials in the radon flux model,
which could result in an under-estimation of long-term radon fiux from the

disposal cover.

Sharpe stated his belief that 8-foot deep borings on the tailings pile are not
adequate, especially to define the fine tailings moisture, which could have a
bearing on the liquefaction calculations. He also pointed out that the fine
tailings moisture value in Table 6.1 of the draft TER was far below the
measured value. Grand County Council stated that 6 borings on the pile
topslope resulting in 31 samples for testing was inadequate to characterize

the tailings pile.

Sharpe stated that obtaining tailings samples composited over various depths
was not appropriate for determining Ra-226 content as it is not known that the
coarse tai?ings are homogeneous. The State of Utah expressed concern «ith the
statement in the draft TER indicating that Atlas should determine the tailings
Ra-226 concentrations to a depth of three to four feet because this
reguirement would not ensure characterization to the depth for which the radon
flux model is sensitive.

Grand County Council stated that Th-230 should have been measured in the
tuilings pile, similar to the Department of Energy (DOE)’s procedure in the
Title I program. Grand County stated that not considerirg thorium could
result in serious underestimation of radon flux. Also, Grand County stated
that Atlas failed to address sub-pile and sub-raffinate pond Th-230. Grand
County’s concern was that, if the tailings were moved to a new location, that
material would be on top of the pile and could be a potentially significant
source of Ra-226 due to decay of Th-230 over the next 1000 years.

The State of Utah expressed concern about the Ra-226 content of the "affected"
soils and wanted NRC to approve of the new vaiue (to be measured after
placement) before clay radon barrier construction. Utah also stated that
because Ra-226 is preferentially partitioned by fine-grained soils, the NRC
shou}d require Atlas to include sieve (gradation) analysis with all Ra-226
testing.

The State of Utah questioned the 15 samples Atlas proposed to take of
"affected s0il" after placement on the pile. Utah stated that this ropresents
less that one sample per 13,000 cubic yards of material, and proposed instead
that ;t least one sample per 10,000 cubic yards of "affected" soil should be
tested.

Grand County Council stated that Atlas has failed to properly characterize the
tailings pile, provided an unproven commitment to sample for the parameters in
the future, and failed to provide assurance that the proper parameters will be
evaluated during construction. Grand County was also concerned that sampling
of the tailings pile will occur after the Reclamation Plan is approved.

Grand County Council also suggested use of DOE's Title I sensitivity analysis
for the radon barrier model. Grand County stated that statistical analyses on
cover designs (which staff interpreted to mean radon flux models) ensures that
incomplete data are identified and addressed, and without the sensitivity
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analysis, Atlas’ cover diffusion coefficient is likely to be underestimated.

Grand County Council stated that the confirmatory item on testing the clay
borrow should be an open item. Sharpa and tho State of Utah pointed out that
if, as a result of the tests, Atlas later has to revise the clay layer
thickness, this will impact cost and the method of clay application (thickness
and number of layers) for appropriate compaction.

The State of Utah expressed concern that NRC staff assumed, in modeling radon
flux for the Atlas tailings pile, that clay parameter values would be similar
to those used by DOE in modeling radon flux model for the Title I Grand
Junction disposal cell cover. Utah stated that NRC had rot justified that the
DOE analysis was adequate and that the Grand Junction Mancos shale represents
local shale or the reconstituted clay at placement conditions and may thus not
be appropriate for use in modeling the Atlas cover.

Utah also considered the radon flux model inadequate until several other
design parameters are known. Utah identified the following parameters as
being of concern: average Ra-226 concentration of the upper 15 feet of
tailings pile, including radon barrier soils; unsaturated radon barrier so:ls
characteristics; and the long-term (100G years) moisture content of radon
barrier soils and overlying filter material.

Grand County Council indicated that the sandy radon barrier layer could
contain contamination from Moab Wash as Atlas plans to test background Ra-226
in the wash. Grand County suggested that the Atlas soil background Ra-226
sampling program should be similar to the DOE procedure for Title I sites.

Atlas reiterated the DTER issues and confirmatory items related to material
characterization for the radon 7lux model and stated that issues 18, 19, and
20 are procedural implementation issues that will be addressed in the updated
Reclamation Plan. Atlas also indicated that Confirmatory Items 1, 2, and 3
were administrative implementation issues that will be addressed in the
updated Reclamation Plan.

6.1.3 Staff Analysis of Comments

ili pile: NRC staff considers that sampling the
tailings to a depth of 8 feet is adequate for modeling radon flux, because of
code sensitivity, the limited range of values for each coarse tailings
parameter, and the amount of "affected" soil to be placed over the tailings.
The staff recognizes that the value of moisture content in Table 6.1 is far
below the measured value. In calculating radon flux, lower moisture values
lead to higher flux values, and thus are conservative. The value used in the
model (and given in Table 6.1) represents the long-term moisture content and
should be Tower than the measured moisture countent.

The staff agrees that the sample number (16) for coarse tailings discussed in
the draft TER, is too limited to adequately characterize the contaminated
material. Atlas has agreed to further characterize the coarse tailings to
verify the values used in the model. Section & of the TER has been revised to
reflect this.
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The staff concluded that Atlas need sample only the upper 3 or 4 feet of
tailings because approximately 4 feet of "affected” soil is expected to be
placed on top of the coarse tailings, and under usual circumstances,
approximately 90 percent of the radon released at the surface (flux) will come
from the upper 8 feet of contaminated material. Also, based on the ore grades
processed, the upper few feet of tailings is expected to have a higher
concentration of radium than deeper tailings. The upper material provides
most of the radon because movement of radon produced by deeper material is
retarded such that most of it decays to solid particles before the gas can
reach the pile surface. However, in modeling radon flux, the licensee and the
staff modeled the upper 16 feet (5 meters) of tailings, which is considered to
be an infinite thickness.

Measurement of Th-230: Analysis of tailings for Th-230 was not required
because the Th-230 is not expected to be significantly out of equilibrium with
Ra-226 and therefore will have no impact on radon concentration over

1000 years. The sub-raffinate pond material, which is at the top ¢ the
tailings slimes, could have excessive levels of Th-230. However, testing for
Th-230 was not required because this material will be covered by at least 10
feet of other contaminated material, and therefore, the radon produced at this
depth will have little influence on the radon flux at the surface of the
completed pile. Transfer of the tailings to another location has not been
proposed by the licansee and is not the subject of this TER.

- » . ils: The Ra-226 concentration, as well
as other characteristics, of the "affected" soils will be verified by the
licensee prior to placement of the radon barrier. NRC staff has reviewed the
proposed testing program and found it acceptahle. In addition, a condition
will be added to the license requiring Atlas to verify the parameter values
for the "affected" soil.

NRC staff does not see the value of requiring Atlas to provide gradation
results with all Ra-226 analyses. The samples should be representative of the
material the values are to represent and will be dried and then ground to an
even consistency before Ra-226 analysis. Also, samples will be tested for
radon emanation coefficient, so the effect of particle size will be reflected
in these results.

Proposed sample » - : Atlas did not propose to take

15 samples, but indicated 30 samples (from 15 locations) of "affected" soil
would be obtained after soil placement on the pile. The staff has determined
that this number is acceptable.

Atlas will be required, by
license condition, to verify the radon flux model parameters for the
"affected" soil, coarse tailings, and clay radon barrier.

The staff disagrees that a sensitivity
analysis, such as is performed by DOE in the Title I program, is necessary.
DOE estimates the uncertainty in the radon flux model by combining the
standard error of the mean with the average parameter value, for a few
parameters. The 1imit on uncertainty is specified for the combined effect,
i.e., radon flux. NRC has not approved the DOE procedure, or the way it is
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applied. NRC staff requires adequate test data for the cover diffusion
coefficient, or a conservative estimate, to support the radon flux model
parameter value.

i Atlas will be
required, by license condition, to verify that the characteristics of the clay
used in the cover meets the parameters values used in the radon flux analysis.

: The State of Utah
misunderstands how material properties are used in modeling radon flux. Some
properties, such as long-term moisture content, are not directly measurahle
and thus must be estimated. Those values are conservativel estimated, i.e.,
the values used in the model result in higher radon flux t/an a best estimate
of the parameter. As discussed in the TER, the staff uss/. conservative values
for the long-term moisture content.

Other parameters, such as density, can be measured uring construction. The
staff reviews those parameter values proposed b .ne licensee to assure that
they are reasonable. In the case of the c'., parameiers proposed by Atlas,
the staft ‘oncluded that it was reasonable to use values similar to that used
by DOE at “rand Junction, since the clay would be obtained from the same
formation, he Mancos Shale. Additiona) support was provided by test data for
clay from tne local Mancos Shale formation. However, construction
specifications require the licensee to test and verify that certain material
properties used in the model are actually achieved in construction.

= ¢ Background
concentration of Ra-226 in soil will be determined from samples of soil taken
approximately one mile from the site. As required by criterion 6(5) of 10 CFR
Part 40, Appendix A, any material from Moab Wash that will be used for the
sandy layer of the radon barrier must not be above the background level of
radioactivity,

i ¢ Comment
acknowledged.

6.1.4 Revisions to the TER

As discussed above, the TER has been revised to indicate that Atlas will
further characterize materials to verify the values used in the radon flux

modelling.
6.2 Durability of the Cover
6.2.1 Commenters

Saxon Sharpe (23-14)

Utah Division of Radiation Control (58-77, 58-78)
Grand County Council by Jenner & Block (59-64, 53-65, 59-67)

6.2.2 Summary of Issues

Two commenters were concerned that the potential for biointrusion of the cover
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to increase the radon flux from the tailings pile, by disrupting and/or drying
the radon barrier, had not been adequately evaluated. Another commenter
indicated that various other factors could cause disruption of the cover and

must be adequately addressed.

Sharpe stated that the rock cover would trap blowing soil that would promote
plant growth and that local deep-rooted plants grow in improbable places.
Sharpe also mentioned that burrowing rodents pursue plants roots that grow to
30 feet deep in areas near the Atlas site.

Grand County Council stated that the proposed 4-inch-thick rock cover is
inadequate, because at the Shiprock Title I tailings disposal cell, salt cedar
(tamarisk) grew in the 6 to 8-inch-thick rock cover, and that a stand of salt
cedar is adjacent to the Atlas tailings pile. Grand County stated that
vegetation also grew in the rock cover of the Tuba City disposal cell where
blowing sand was deposited in the rock on the shady side of the cell.

The State of Utah was concerned tha. disruption of the radon barrier could
occur due to frost penztration (free.e-thaw damage), settlement, or drying.
Utah stated that it was unclear if the frost penetration calculations are
representative or conservative with re: .ect to possible future on-site
conditions. Utah stated that: there is a need to evaluate the magnitude of
possible future land subsidence and the ability of the radon barrier to resist
it; the conclusions concerning radon barrier design were premature and
unjustified because of the settlement issue in DTER page 3-2; and the DTER
needs to address changes in radon emanation in the event differential
subsidence thins or breaches the radon barrier. Utah also was concerned about
the possibility of desiccation cracking during construction of the clay layer.

6.2.3 Staff Analysis of Comments

The staff concluded that biointrusion of the radon
barrier will be restricted by the unfavorable environment of the rock layer in
the final cover. Although it is recognized that some volunteer plant growth
will occur, the staff agrees with the licensee’s conclusion that it will most
likely be shallow-rooted grasses whose roots should not penetrate the
12 inches of cover materials above the clay layer. Based on the staff’s
experience with other sites, the reclaimed facility does not appear to pr
a desirable habitat, and therefore, significant damage to the cover due to
biointrusion is unlikely.

: The staff concluded that
disruption of the radon barrier by physical forces, i.e. differential
settlement, desiccation, or freeze-thaw damage, was unlikely to occur.
Although some differential settlement should be expected, the staff concluded
that the magnitude would be insufficient to disrupt the cover. Adequate
protection from freeze-thaw damage or excessive desiccation will be provided
by the external zones of the cover system.

6.2.4 Revisions to the TER

Section 3.3.5, discussing subsidence and its effect on the pile, has been
added to the TER.
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6.3 Approval of Radon Attenuation Design
6.3.1 Commenters

Utah Division of Radiation Control (58-77)
Grand County Council by Jenner & Block (59-67)

6.3.2 Summary of Issues

The State of Utah commented that NRC should require Atlas to resolve all
issues and demonstrate adequate cover design for radon control before NRC
approves the Reclamation Plan and allows construction of the pile cover.

Grand County Council stated that the draft TER indicated that if the measured
average radon flux exceeded the limit, then Atlas could be required to add
more radon barrier. Grand County was concerned that this assumes the problem
can be fixed by adding more soil and that Atlas will be around to perform the
corrective action. Grand County further stated this approach violates the
prohilbition against long-term maintenance.

6.3.3 Staff Analysis of Comments

Resolve all issues related to radon control before cover construction: All
issues related to radon control have been resolved, as discussed in the TER.

1f measured radon flux exceeds the standard: The staff disagrees with the
assertion that adding more material to the radon barrier might not solve the
problem if the measured radon flux were to exceed the standard. Adding more
clean material to the radon barrier would most certainly lower the radon flux,
because it would provide a longer pathway for »adon to escape from the pile.

The staff considers it uniikely that Atlas would be not around to enhance the
radon barrier if radon tests were te show it to be necessary. The radon flux
measurements, required by criterion 6(6) of Appendix A to 10 CFR Part 40, must
be performed as soon as the radon barrier is completed and before the rock is
placed. That is, the work, if necessary, would have to be done during the
construction of the cover. If Atlas were unable to perform the necessary
construction, it would be dealt with through the financial surety, as would
Atlas’ failure during any stage of construction.

Additionally, Grand County is incorrect in its assumption that a revision or
enhancement to the radon barrier because of radon tests required by

criterion 6(6) constitutes long-term maintenance. Cover construction has
nothing to do with long-term maintenance because the latter does not begin
until the disposal site remediation (cover and surroundings) is complete and
the site is transferred to the long-term custodian. NRC must determine that
all regulaticns and license conditions have been met before it terminates
Atlas’ license. Until it terminates the license, Atlas is responsible for the
site.

Finally, NRC staff consider it highly unlikely that the measured radon flux

would exceed the standard because of the conservative manner in which the
radon barrier is designed.
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6.3.4 Revisions to the TER

The TER was revised to identify license conditions related to verifying
parameters used in radon barrier modeling.

6.4 Maintenance costs
6.4.1] Commenters

Grand County Council by Jenner & Block (59-66)

6.4.2 Summary of Issues

Grand County Counci) states that the Atlas proposal will require ongoing
maintenance and that Atlas’ refusal to fund this maintenance should be
considered an open issue.

6.4.3 Staff Analysis of Comments

Atlas’ reclamation plan does not take credit for ongoing maintenance in order
to meet the standards in 10 CFR Part 40, Appendix A. Therefore, the staff’s
review did not consider ongoing maintenance in evaluating Atlas’ reclamation
plan. The amount of money that Atlas will be required to pay, at license
termination, for lTong-term surveillance and control will be determined at that
time in conformance with Criterion 10.

6.4.4 Revisions to the TER

No revisions were made to the TER as a result of this comment.
7.0 APPENDIX A ASSESSMENT

7.3 Criterion 1

7.1.1 Commenters

Richard L. Christie (23-15, 23-16, 23-17, 23-18)

U.S. Department of the Interior (56-17, 56-18, 56-19)

Atlas Corporation (57-1)

Utah Division of Radiation Control (58-37)

Grand County Council by Jenner & Block (59-68, 59-69, 59-70, 59-71,
59-72, 59-73)

7.1.2 Summary of Issues

: Grand County Council states that several Atlas site features do not
comply with Criterion 1. Grand County Council further states that the Atlas
plan does not meet Criterion 1 for many of the reasons that the Atomic Safety
and Licensing Appeal Board concluded, in a different case in 1991, that the
Kerr-McGee Chemical Corporatiun’s plan to cap in place an existing radioactive
~aste pile, did not meet Criterion 1. Atlas Corp. states that several of the
site features identified in Criterion 1 relate to selecting a new site from
alternatives and are not regulatory criteria against which an existing site
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can be evaluated for full compliance.

: Christie and Grand County Council state
that the population of Moab and of Grand County are growing. Both commenters
take issue with the statements that the City of Moab is 3 road miles and
Arches National Park 2 miles, from the site. Grand County Council states that
the (direct) distance to the Moab city limits is 1.5 miles and that Arches
National Park is located "across the street." Christie states that within 30
years the pile will be 1.1 miles from a densely inhabited area and that the
ta:l:ngs pile and Arches National Park are 1200 feet apart at their closest
points.

—contaminants from groundwater sources: Christie states that
it is very unlikely that the licensee can return groundwater quality to
established standards and that hydrological and other natural conditions at
the site work against continued immobilization and isolation of contaminants
from groundwater sources. The Department of the Interior states that
monitoring wells between the pile and the Colorado River reveal contaminants
far exceeding standards, that there is probably no way to reduce those levels,
and that ACLs will need to be established. The State of Utah states that
Atlas should be required to demonstrate isolation of contaminants from future
potential sources of groundwater. Grand County states that until NRC
completes its analysis groundwater protection, it cannot show that Atlas’ plan
meets this component of Criterion 1.

: Christie
states that the site characteristics favor erosion, disturbance, and
dispersion by natural forces over the long-term. The Department of the
Interior and Grand County state that the discussion does not recognize open
fssues, such as the lack of an approved cover design.

i tions: Christie
states that there is a large margin of uncertainty in estimating the
probability of site disturbances which would require active maintenance to
repair. The Department of the Interior states that the conclusion that the
erosion protection will not require active maintenance is inconsi tent with
the fact that the cover design has not been approved. Grand County states
that NRC has failed to account for bio-intrusion, has underestimated the
probability and impact of a PMF and that Atlas’ steep slopes have no prior
history of constructability or durability,

7.1.3 Staff Analysii of Comment:

General: Criterion 1 presents general goals, and site features that must be
considered. In promulgating Appendix A, it was recognized that existing sites
may not meet these goals to the same level of conservatism as new sites. The
Generic Environmental Impact Statement on Uranium Milling, NURZG-0706
explicitly discussed thic  In addition, some the features identified are not
applicable to an existing site. The Appeal Board decision referred to in the
comment was appealed to the Commission. On February 21, 1996, the Commission
granted Kerr-McGee's request to terminate the proceeding and vacated the

Appeal Board decision.
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: The distances in *he draft TER were to the
center of Mcab and to the visitor center at Arches National Park.
Additionally, while the nearby population at the Moab site is higher than that
for many other tailings piles, at least two tailings piles were reclaimed in
more densely populated areas. The TER discussion has been expanded to include

this information.

Clean up of existing
groundwater contamination will be addressed under a separate licensing action.
We agree with the Department of Interior that ACLs will probably need to bte
established for some of the constituents, but point out that ACLs are
allowable under the standards developed by EPA and adopted by NRC. We agree
with the State of Utah that future potential uses of groundwater will need to

be considered.

3, Minimizing erosion, : As
discussed in section 4, the tailings are located in a reach of the Colorado
River, where even during floods, flows are non-erosive. The cover desiyn has
been approved and will provide protection against erosion.

) , rve site conditions: The staff
agrees that there is a large margin of uncertainty in estimating the
probability of the unlikely events that could result in disturbances requiring
repair by the site custodian. It is for that reason that the staff uses
conservative estimates of design events. For example, although the design
life is 1000 years, the seismic event considered has a return period of 10,000
years and the magnitude of this event was estimated in a manner that results
in it 1ikely having been over, rather than under estimated. In addition, the
longevity standard (1000 years to the extent reascnably achievable, but at
least 200 years) is stated in terms of "reasonable ascurance," not absolute or
even near certainty. The staff acknowledges that there is a small but finite
chance that the site custodian will have to repair damage to the pile sometime
in the future. The cover design that has been approved does not rely on
active maintenance to meet the longevity standard.

7.1.4 Revisions to the TER
Text has been added to state that NRC recognizes that the general goal in
Criterion 1 may not be met at the existing Atlas site to the extent that it
would for a new site and that this was recognized when the standards were
promulgated. The text in item 1 has been revised to more accurately portray
the distances to Moab and Arches National Park and a discussion of other
tailings piles reclaimed in more densely populated areas has been added.
7.2 Criterion 2
7.2.1 Commenters

Atlas Corporation (57-2)
7.2.2 Summary of Issues

Atlas states that although NRC did not include discussion of Criterion 2 in
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the draft TER, reclamation onsite would not result in the creation of new
waste disposa’ sites and would therefore comply with this criterion.

7.2.3 Staff Analysis of Comments

Comment noted.

7.2.4 Revisions to the TER

No revisions were made to the TER as a result of this comment.
7.3 Criterion 3

7.3.1 Commenters

Richard L. Christie (23-19)

U.S. Department of the Interior (56-20)

Atlas Corporation (57-3)

Grand County Council by Jenner & Block (59-74)

7.3.2 Summary of Issues

Christie states that the draft TER discussion brings into clear focus the
basic issues of whether the other criteria can be met given mitigation of site
problems by design features and whether relocation of the tailings would cost
much more than stabilization on-site. The Department of the Interior and
Grand County state that the draft TER conclusion that the benefits of below
grade disposal over stabilization in place are negligible, is inconsistent
with a statement in the DEIS that moving the tailings would be environmentally
preferable. Grand County states that NRC's conclusion in the draft TER, that
Atlas’ proposal complies with Criterion 3, violates the law. Grand County
also states that NRC's conclusion, that the cost of relocating the tailings
offsite and below grade would be much greater than the benefit, is not
supported in the draft TER. Atlas states that Criterion 3 is not applicable
to an existing tailings facility but is intended for new sites. Atlas further
states that the only part of the criterion applicable to existing sites is the
demonstration that above grade disposal will provide reasonably equivalent
isolation of tailings and that Atlas’ reclamation plan meets that requirement.

7.3.3 Staff Analysis of Comments

The conclusion that the cost of moving the pile is not warranted, is made with
respect to this criterion, and not necessarily with respect to other henefits
of moving the tailings. That is, the conclusion is that the benefit of
achieving below grade disposal does not support the additional cost of moving
the tailings. Below grade disposal represents a goal more applicable to
proposed new sites than to existing ones.

7.3.4 Revisions to the TER
The Criterion 3 assessment has been revised to clarify that only the benefit

with respect to below grade disposal has been considered in determining that
relocation is not required.
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7.4 Criterion 4
7.4.1 Commenters

Richard L. Christie (23-20, 23-21, 23-22, 23-23, 23-24)
U.S. Department of the Interior (56-21, 56-22)

Atlas Corporation (57-4)

Grand County Council by Jenner & Block (59-75, 59-76)

7.4.2 Summary of Issues

- : Christie states that the TER should
acknowledge that the site, on the Moab Wash and Zolorado River, does not
minimize upstream catchment areas and possesses significant erosion potential.
Grand County states that NRC’s conclusion that the site will be protected from
erosion is contradicted by the open issue on erosion protection.

- : Christie disagrees with the statement in
the draft TER that lTocal topography provides good wind protection for the
site, stating that the site is effectively located at the bottom of a wind
tunnel. However, the commenter agrees with the conclusion in the draft TER
that rock riprap will provide adequate protect against wind erosion of the
tailings. Grand County states that since Atlas’ erosion protection has not
been approved by NRC, this criterion is not met. Atlas Corp. agrees that the
site and design complies with the criterion.

- : Christie states that the TER should
acknowledge that the slopes are not relatively flat. The Department of the
Interior does not believe that it will be possible to get a uniform compaction
of clay on the 10H:3V slopes and that NRC should review slope dynamics to
ensure stability against gravity, seismic activity, or flood forces.

Criterion 4(d) - self-sustaining vegetative cover or rock cover: Christie
states that draft TER is candid about the fact that a self-sustaining
vegetative cover ‘s not applicable te this arid site and that the rock armor
design is substituted.

- ign: Christie states that there is a large margin
of uncertainty involved in information used to close this open issue. The
Department of the Interior states that, in addition to the northeast trending
fault, structural stability is impacted by the arcuate buried fault scarp,
random floating earthquakes, and salt tectonics forces.

7.4.3 Staff Analysis of Comments
Q[11g[19n_11;%_;_313519n_931gn1111: The staff considers this criterion a goal
more applicable to new sites and that Atlas’ approved design will protect the
tailings from erosion.

The statement on ‘ocal topography has been

deleted; however, staff still concludes that the ~r ' wed erosion protect
design will provide adequate wind protection.
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;:1;g:1nn_11;%___{1.1ng;;_9£_§1nng;: The top slopes are relatively flat.
Testing by Atlas, in accordance with approved construction specifications,

will assure that appropriate compaction of the cover is achieved. The NRC
staff has reviewed slope dynamics to assure stability.

Criterion 4(d) - self-sustaining vegetative cover or rock cover: Comment
noted.

design: Staff agrees that there is uncertainty in
seismic ano1ysis. however, because of the conservative manner in which it
performed its evaluation, the staff is confident that the design meets the
stability criteria. As discussed in sections 2 and 3, the staff's evaluation
of the structural stability of the pile considered all potential earthquake

sources.

7.4.4 Revisions to the TER

Criterion 4(b) has been revised to remove reference to local topography.
7.8 Groundwater Criteria

7.5.1 Commenters

U.S. Department of the Interior (56-23)
Grand County Council by Jenner & Block (59-77)

7.5.2 Summary of Issues

The Department of the Interior expressed concern about groundwater quality and
contaminants leaching into the Colorado River. Grand County states that, as
in the Title I program, Atlas should be required to prove now how it will
address groundwater contamination.

7.5.3 Staff Analysis of Comments

As stated in the TER, groundwater protection will be addressed in a separate
licensing action. Contrary to Grand County’s assertion, in the Title I
program, the Department of Energy separated and postponed consideration of
groundwaier contamination from surface remediation of tailings.

7.5.4 Revisions to the TER

No revisions were made to the TER as a result of these comments.

1.6 Criterion 6

7.6.1 Commenters

Richard L. Christie (23-25)
Grand County Council by Jeaner & Block (59-78)
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7.6.2 Suimary of Issues

Christie takes exception to the statement, under Criterion 6(7), regarding
postclosure escape of nonradiological hazardous constituents. Grand County
states that the Atlas plan does not provide reasonable assurance of
effectiveness for 200 years, because of insufficient data, open issues, and
bio-intrusion.

7.6.3 Staff Analysis of Comments

Staff disagrees with Christie in that the radon barrier will limit
infiltration into the remediated pile. Staff disagrees with Grand County;
based on the analysis described in sections 2, 3, and 4, the staff concludes
thau there is reasonable assurance that the control of radiological hazard
will be effective for at least 1000 years, with even higher contidence in
effectiveness for 200 years.

7.6.4 Revisions to the TER
No revisions were made to the TER as a result of these comments.
7.7 Criteria 9 and 10
7.7.1 Commenters
Richard L. Christie (23-26)
7.7.2  Summary of Issues

Chiristie questions whether the cost estimate, used in the DEIS to justify
capping in place, is adequate for reclamation.

7.7.3 Staff Analysis of Comments

The staff acknowledges that the cost estimates discussed in the EIS are
approximate and subject to revision. However, the staff has high confidence
in its conclusion that the cost different between stabilization in piace and
off-site at Plateau site are significant. If Atlas’ proposed reclamation plan
is approved, Atlas will have to provide a detailed cost estimate for NRC
review and approval.

7.7.4 Revision: to the TER

No revisions were made to the TER as a result of these comments.

7.8 Criterion 12

7.8.1 Commenters

Grand County Council by Jenner & Block (59-79)
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7.8.2 Summary of Issues

Grand County Council disagrees with the staff conclusion that no ongoing
maintenance would be required to preserve isolation of the wastes.

7.8.3 Staff Analysis of Comments
The reclamation design proposed by Atlas does not rely on active maintenance
to preserve isolation. Sections 2, 3, and 4 discuss the staff analysis and
evaluations that lead it to conclude that there is reasonable assurance that
the design will be effective for the required duration without active
maintenance.
7.8.4 Revisions to the TER
No revisions were made to the TZR as a result of this comment.
7.9 General
7.9.1 Commenters

Utah Division of Radiation Control (58-79)
7.9.2 Summary of Issues
The State of Utah felt that many of the conclusions in this section were
premature, incomplete and/or unfounded and suggested that the section be
rewritten after resolution of the State’s concerns on the draft TER.
7.9.3 Staff Analysis of Comments

The staff disagrees with the State of Utah; the conclusions in section 7 of
the TER are supporied by staff analysis and evaluations discussed in the TER.

7.9.4 Revisions to the TER

No revisions were made to the TER as a result of this comment.
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