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Chapter 1

INTRODUCTION AND SUMMARY

Through its National Waste Terminal Storage (NWTS) Program, the Depart-
ment of Energy (DOE) is responsible for providing facilities to permanently
dispose of high-level nuclear waste (HLW) in a manner that will ensure pub-
lic health and safety and that will be environmentally acceptable. The
program has placed principal emphasis on developing deep, underground
repositories, with efforts targeted toward having the first facility opera-
tional between 1999 and 2006.

.

To reach this objective, an extensive program has been developed to find
sites that would be suitable for a repository. A draft National Plan for
Siting High-Level Radioactive Waste Repositories, recently published by DOE
(1981b) , describes the ongoing and planned program activities that comprise
the process DOE is using for finding sites. This siting process involves a
stepwise screening of large portions of the United States, identification
ana detailed study of potential sites, and selection of one or more of these
sites for permanent HIW disposal. All phases of the siting process involve

state and public interaction.

This report addresses a portion of the siting process. Specifically,
it documents the transition from area characterization studies to location
characterization studies (both described in Section 2.4.1). The purpose

of this document is three-fold:

(1) To condense and summarize information presented in the
environmental (ONWI-144) and geological (ONWI-290) Utah
Study Area characterization reports (Bechtel National,
Inc., 1980; Woodward-Clyde Consultants, 198la).

(2) To recommend, from portions of the four study arcas
described in the area characterization reports, one
or more study locations of roughly 3G square miles
in extent having favorable geological and environmen-
tal characteristics for development of a high-level
nuclear waste repository. Pending DOL approval, one
(or more) of these recommended locations will be
characterized during subsequent location studies.



(3) To compare the designated locations in order to
recommend a single, preferred location that appears
favorable for repository siting. Location charac-
terization activities will concentrate on one or
more places within this preferred location.

A stepwise screening procedure, involving a series of map overlays, was
applied to the four study areas. Five readily quantifiable screening factors
having strong potential for differentiating possible locations within the
study areas were used. These factors wer. depth to salt, thickness of salt,
proximity to faults, proximity to boreholes, and boundaries of dedicated
lands. The screening procedure yielded two recommended locations, one of
6 square miles in the Elk Ridge study area and one of 57 square miles in
the Gibson Dome study area. An extensive 'ccqurhon of geological and
environmental data for the two locations resulted in Gibson Dome being
recommended as the location for further :tudy.

The evaluations and recommendations made in this report are based on
currently available data, and may change as more information becomes

available. Conclusions and ions are i ded for comsideration

by the state of Utah, the Office of Nuclear Waste Isolation (ONWI), and the

U.S. Department of Energy, and are not intended to be interpreted as final

decisions.

-y~

Chapter 2
NWTS SITE SELECTION PROCESS

The evaluations made in this document are a step in the national site
selection and characterization p This chap d ibes how site
selection and characterization proceeds.

2.1 GEOLOGIC ISOLATION SYSTEM

Geologic isolation is the primary method of waste disposal being pur-
sued through the NWTS program. Conceptually, the geologic repository as
a waste-isolation system consists of three parts that together provide
multiple barriers to the release of the waste into the accessible envi-
ronment. These parts or subsystems are the waste package, the repository,
and the site (Figure 2-1).

The waste package includes the waste form itself and a system of engi-
neered barriers consisting of a high-integrity canister and one or more
layers of protective materials selected to minimize interactions among
the waste, host rock, and ground water. During the repository operational
phase, the waste package will provide safe containment of the waste material
during handling and emplacement operations and help ensure that the waste
can be safely retrieved, if necessary, from the repository. During the
time that fission product decay is dominant and radiation and thermal out-
put are high (i.e., the thermal period), the waste package will contain
the waste, delaying the start and slowing tlie rate of radionuclide release
into the surrounding rock. After the thermal period, the repository and
the site will provide long-term waste isolation.

The repository is a sy of derground excavations similar to a con-
ventional mine. Structures are built for access to the underground cor-
ridors and rooms for waste emplacement, but engineered barriers are added
to contain and isolate wastes. Construction, emplacement and maintenance



activities will be performed in a manner that preserves the repository
containment and isolation capabilities (including repository rock and

overburden) .

The site includes natural baiciers cmbodiced in a variety of geological
features. These barriers will (1) maintain the waste in its emplaced loca-
tion for a given period of time; (2) limit radionuclide mobility through th.
geohydrologic envi to the biosphere; and (3) assist in keeping huma:
away from the waste. The site will contain a host rock suitable for con-
struction of the repository and containment of the waste, and surrounding
rock to provide adequate isolation.

2.2 WASTE ISOLATION PERFORMANCE OBJECTIVES
The overall goals of thce NWTS program are expressed in several general
performance objectives. These objectives allow adequate flexibility to mec:
requlatory requirements for licensing a repository. The objectives do not
negate the need for Nuclear Requlatory Commission (NKC) and Environment il
Protection Agency (EPA) regulations, but provide interim juidance until

comprehensive final regulations are issued,

The performance objectives for the waste-isolation systom proposed in
the Waste Confidence Rulemaking Statement (U.S. Department of Energy, 198)a)}
apply to any method of waste disposal (i.e., they are not restricted to goo-
logic disposal). The objectives are:

(1) Waste containment within the immediate vicinity of initial
placement should be virtually complete during the period
when radiation and thermal output are dominated by fission-
product decay. Any loss of contaimment should be a gradual
process which results in very small fractional waste-
inventory release rates extending over very loig release
time, i.e., catastrophic losses of containment should not
occur. “Contaimment” means confining the radioactive
wastes within prescribe : boundaries (c.q., within the
wastce package).

(2)

(3

~

(4)

(5)

Disposal systems should provide reasonable assurance that
waste will be isolated from the ible envi for
a period of at least 10,000 years, with no prdicuon of
llqniftclnt docm-n in isolation beyond that time

able * means that the pnpend-unco of
technical evid ., as i d by objective experts in
the field, supports the conclusions drawn. Wastes will be
considered to be "isolated” if long-term rd:ologlul con-
uqmneumthc ucduetoﬂncﬂecuo any reason-
ably f e are predicted to be
within the range of vaxhtlonl experienced in background
radiation. Releases with consequences of a fcv millirem
to tens of millirem per year would be id ble
provided that the ALARA (as low as reasonably adumnble)
standard for engineered systems is met.

Risks during the operational phase of waste-disposal sys-
tems should not be greater than those allowed for other
nuclear fuel-cycle facilities. Appropriate regulatory
requirements established for other fuel-cycle facilities
of a like nature should be met. “Operational Phase” risks
refer to radiological risks either to members of the pub-
lic or to facility p 1. “Appropriate regulatory
requirements” refer to safety standards which arec derived
for similar quantities of radioactive materials and/or sys-
tems subject to similar potential modes of failure and
which can, with little or no modificatiun. be applied to
a high-level waste disposal facility.

The envirommental impacts associated with waste-disposal
systoms should be mitigated to the extent reasonably
achievable. "To the ably achievable” means
that which is shown to be reasonable considering the costs
and benefits associated with potential mitigative measures
and reasonable alternative courses of action in accordance
with requirements set forth by the National Envirommental
Policy Act (NEPA) of 1969 and the Council on Enviromnmental
Quality (CEQ).

The waste-disposal system design and the analytical methods
\ued to develop and demonstrate system effectiveness should
be sufficiently vative to te for residual
design, operational, and lom-t.n predictive uncertainties
of potential importance to system effectiveness, and should
provide reasonable assurance that regulatory standards will
be met. “Conservatism”™ means taking a course of action in
design, analysis, or operation which tends to overestimate
adverse consequences, underestimate mitigating factors, or
otherwise provides large margins of safety against undesir-

able out C vative might include:

S



® A careful stepwise approach to design and operation

® Multiple containment and isolation barriers with suf-
ficient independence and residual effectiveness to
assure compliance with appropriate radiation stan-
dards over the range of credible failures

® Design and operating margins which compensate for the
effects of system uncertainties.

(6) Waste-disposal systems selected for implementation should
be based upon a level of technology that can be imple-
mented within a reasonable period of time, should not
depend upon scientific breakthroughs, should be able to
be assessed with current capabilities, and should not
require active maintenance or surveillance for unreason-
able times into the future.

7

-

Waste-disposal concepts selected for implementation should
be independent of the size of the nuclear industry and of
the resolution of specific fuel-cycle or reactor-design
issues and should be compatible with national policies.

Specific criteria for site suitability applied in the decision process
are described in Section 2.3,

2.3 REQUIREMENTS OF A REPOSITORY SITE

2.3.1 SITE PERFORMANCE CRITERIA

The NWTS program repository site performance criteria (Table 2-1) have
been formulated by the U.S. Department of Energy (198la). These criteria
provide guidance necessary to direct program activities toward its objective
in a manner which protects the public health and safety, preserves the
quality of the environment and is institutionally acceptable. Therefore,
the criteria address all facets of waste isolation. Some criteria are
directly relevant to anticipated radiological and nonradiological impacts
that must be limited to acceptable levels. Other criteria address residual
technical uncertainties that exist in the technology of geologic disposal.
Still others address institutional issues such as public involvement and

understanding of nuclear waste disposal and its technology options and

licensing. Such criteria are necessary to identify repository sites in a
technically defendable, timely, and economical manner. Applying the full
rarge of such criteria supports the development of a repository in an

institutionally acceptable manner.

The judgment as to what constitutes an acceptable repository from a
regulatory viewpoint will ultimately be made by the responsible agencies
(e.g., NRC and EPA) in consultation with state and local governments.

These organizations will promulgate policies, criteria, and regulations
for the development and operation of repositories. Specifically, the EPA
will promulgate generally applicable environmental standards upon which
the NRC will judge the performance of the repository. At the present time,
however, final repository criteria have not been issued by the NRC and EFPA.
The NWTS criteria in this document have been developed to protect the
health and safety of the public and the quality of the environment, and
they are expected to be consistent with the anticipated regulatory

standards.

These NWTS criteria will be used on an interim basis to guide the
site=qualification process, pending promulgation of NRC, EPA, and other
applicable criteria or quidelines. The NWTS criteria are being re-evalu-
ated on a periodic basis to ensure that they remain consistent with
national waste management policy and regulatory requirements. A final
re-evaluation will be made when final criteria are promulgated by NRC

and EPA.

Thus, it can be seen that the NWTS site performance criteria provide a
means of assuring that the site-selection decision is reached in a manner
consistent with the NWTS requirements for a waste isolation system as

described in Section 2.2.



2.3.2 PROPOSED REGULATORY GUIDANCE

On December 6, 1979, the NRC published for comment in the Federal
Register (44FR70408) proposed regulations for licensing geologic reposi-
tories for the disposal of high-level waste. This proposed rule contained
only the procedural requirements for licensing concerning generasl provi=
sions, licenses, and participation by state governments. This proposed
rule was finalized and published in the Federal Register on February 25,
1981, to be eftrective on March 27, 1981 (U.S. Nuclear Regulatory

Commission, 198la).

The initial proposed procedural rule was followed on May 13, 1980, by
publication in the Federal Register (45FR31393) of an advance notice of
rulemaking on the technical criteria intended for inclusion in 10 CFR
Part 60, "Technical Criteria for Regulating Geologic Disposal of High-
level Radicactive Waste" (U.S. Nuclear Requlatory Commission, 1980). The
purpose of the advance notice was to inform the public and interested
parties concerning the status of efforts related to the development of
technical criteria, and to solicit comments for consideration in the pre-
paration of a proposed rule. This notice has since been updated (U.S.
Nuclear Regulatory Commission, 1981b). Thus, the criteria are in a pre=
liminary and formative stage, and the DOE is attempting to conform to the
current thinking and technical positions of the Commission in this fluid

situation.

Although the technical criteria are preliminary and may not fully
represent *he regulatory positions that will be applicable during the
tormal r ¢« of an application for licensing, they provide DOE with
in 1nsicht into the present thinking of the requlatory staff as to what

constitute favorable or adverse site characteristics. These prelimi=

criteria are, therefore, beiny used as guidance in the site selection

id chacterization process. This guldance parallels the requirements

of criteria developed by DOE for site qualification, and provides as-
surance that the decisions regarding the ing p will be ac-
ceptable when the final regulations become available (U.S. Department
of Energy, 198la).

2.4 THE SITE SELECTION AND CHARACTERIZATION PROCESS

National radioactive waste repository sites will be selected by a sys-
tematic process, taking into consideration all applicable factors. DOE's
program leading to the seleciion of sites is carried out in three major
steps (refer to Figure 2-2 for a schematic illustration of the siting

process) :

(1) site exploration and characterization (site screening)

(2) Detailed site studies

(3) Site recommendation and selection

2.4.1 SITE EXPLORATION AND CHARACTERIZATION

The first of these major steps, the site exploration and characteri-
zation process, involves a series of geologic and environmental studies to
identify potential sites for mined geclogic repositories and to obtain
the technical data ary to d ine the ptability of these poten-
tial sites. Acceptability is determined by comparing the site character-

istics, as defined during the exploration activities, to the NWTS program

and site performance criteria, as described in Sections 2.2 and 2.3.
Phases in the site exploration and characterization process include
na*ional surveys, regional surveys, area surveys and location studics.
As the selection process narrows to more specific locations and sites,
more data are developed, resulting in reinforced confidence in technical
judgment regarding acceptability of potential sites.

2.4.1.1 National Surveys

Site searches are initiated by national screening surveys. Starting
with the contiguous United States, the initial step in site exploration and

C?



characterization is to identify regions that appear to be suitable for
waste isolation. (A region, which may be large enough to include several
states, is a land area having a particular suitability feature, such as

particular rock types or geohydrologic systems.) Early in the NWTS pro-
gram for example, rock salt was identified as a potentially suitable host
medium, Thus, regions in the contiguous United States containing salt
domes and bedded salt formations believed to be generally suitable fo;

repository use were identified.

Upon completion of the national screening survey, regions were identi-
fied for further investigation. The process will continue through a series
of increasingly detailed exploration activities, eventually developing
detailed data on characteristics of areas, locations, and sites. These
characteristics are evaluated at each phase of exploration, and geologic

and environmental characterization reports are prepared.

Regiona vs i i i
gional surveys investigate the region of interest to obtain further

;eologic and environmental information. Studies are based primarily on
r
d 1 £ t d b. d 1 1

review of existing data obtained through broad literature searches
Sources for geologic data include published scientific reports and geo-
logic maps; drilling and production records from oil, gas, and mineral
exploration programs; records of earthguake occurrences and intensities;
and records of water well drilling., The regional studies result inv h
designation of the areas most suitable for further study, while less

promising areas are deferred.

2.4.1.3 A

Area surveys are conducted to further characterize the arec rim
furth hara e the arecs of prime

interest desig d by t regional study o esignat ccause of their
esignated by the reqg 1 r designated b hei
! ) 5 oC e

(O

current use as DOE reservations. Environmental, socioeconomic, and geo=
logic factors are evaluated, but within a smaller area and in greater

detail than in the regional studies. The objectives of area surveys are
to confirm the regional observations, narrow the scope of investigations

to the most promising locations, and build a data base toward the even-=

tuality of licensing.

Geologic studies conducted in this phase include various field investi=-
gations, including drilling of deep poreholes. The objectives ot drilling
are to (1) collect rock cores for laboratory tests of properties of the
substrata; (2) evaluate the characteristics of aquifers; and (3) conduct
geophysical porehole surveys to assist in evaluating hydrogeological,
geotechnical, energy/mineral resource, and structural characteristics.
Environmental and socioeconomic studies are based on literature surveys
of data available from local experts and institutions such as universities
and local, state, and federal agencies. The scope of area environmental
studies includes a description of the hydrosphere; atomosphere; demo-

graphic, socioeconomic, and land use characteristics; and ecosystems.

2.4.1.4 Location Studies

The purpose of location studies is to gather additional data needed to
further narrow the scope of investigation to one or more potential sites.
Location studies will also be used to select a place for an exploratory
shaft. Geologic data gathering at this stage may include additional sur-
face studies and drilling to obtain detailed geologic and hydrogeologic
information and samples for extensive testing of geologic and geochemical
properties. Environmental studies during this phase may include sampling
programs at the locations to obtain information sufficient to identify the
most promising site from among several locations and to provide data to be

used for an assessment of impacts on the environment surrcunding the shaft

location.

[



2.4.2  DETAILED SITE CHARACTERIZATION

Detailed site characterization is designed to clarify issues that
remain unresolved after regional, area and location studies have been com-
pleted. The purpose of detailed site characterization is to assess a
site's suitability for a repository. The geologic, environmental, and
socioeconomic data obtained to make this assessment are similar to those
obtained during the previous screening phase but provide greater detail and
are specific to the site. Surface characterization and borehole drilling
to the repository depth will be performed to supplement data obtained in
previous screening steps. If initial study results are favorable, explor-
atory shafts may be sunk. Exploratory shafts will allow direct observatiocn
of proposed host rocks at depths considered suitable for repositories.
Data to be obtained will be used to assess the site's suitability for a

repository and a test and evaluation facility.

In 1983, DOE expects to begin constructing the first three explorat:

shafts at sites in three different types of rock where studies are turt}
ilong: two federal reservations, the Nevada Test Site (tuff) and the Han-
rord Site, Washington (basalt); and at a salt site chosen from among those
currently under study. By 1985, shaft construction will reach repository
depth (2,000 to 4,000 feet) and in situ studies will begin to collect data
at depth. Current plans call for construction of a test and evoluation

facility at one of the first three sites havina exploratory shafts.

2.4.3 SITE RECOMMENDATION AND SELECTION

Several sites will be characterized by exploratory shafts. From among
the sites that are judged acceptable, DOE will select one or more for its
first construction authorization application to the Nuclear Regulatory

Commission. Those sites not initially selected, plus sites that subsequently

undergo detailed site characterization, will become candidates for later
construction authorization applications.
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The remainder of this section describes DOE's present plans for select-
ing sites. The details are still evolving and subject to further defini-
tion in light of lecislation that could be established by Congress, recom-
mendations made by the state advisory groups, and agreements adopted by
DOE and the states as part of the consultation process. Subject to such

revision, the following steps serve as a basis for interim planning.

DOE will make an initial choice of the site it will recommend for con-
struction authorization. Because several sites should be acceptable, this
choice will necessarily involve DOE's judgment of the site suitability.

DOE will then issue a Repository Site Recommendation Report, which will
present a comparative analysis of the alternative sites' geologic, environ-
mental, and socioeconomic characteristics; a description of the site selec-
tion process; and recommendation of a site for construction authorization
application. A Draft Environmental Impact Statement also will be prepared
in which potential environmental impacts of repositories at the chosen and
alternative sites are compared. The report will undergo independent review
by the public, by representatives of the state involved, and by other federal
agencies. Through this review process DOE will seek comment on the site's
technical, environmental, and institutional acceptability. BRased on state
and federal agency comments, DOE will revise the site recommendation report
as appropriate. The final revision, documenting DOE's selection of the
site for a construction authorization apvlication, will be issued as a Site

Selection Report alona with the Final Environmental Impact Statement.

Although DOE will make every effort to address concerns, under current
law it has the responsibility for selecting a site(s) for a repository.
when it has addressed state and federal agencies' concerns to the best of
its judgment, DOE will decide whether or not to go forward.
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i isi i :, state
Disagreement over the site selection decision is possible. DOE,

cro . e now i i i flict reso-
roups, and Congress are n considering the mechanisms for con

lution. The NRC licensing proceeding itself is one mechanism f?r resolving
technical issues bearing on site acceptability from the standpou.\t of
public health and safety. In addition, based on the recommendations of

DOE, other federal agencies, interested nongovernmental groups, .and state
groups, Congress may enact legislation providing further n\ecl:hamsms.for
resolving disagreement concerning the acceptability of particular sites.

One such mechanism would place the ultimate site selection decision with
the president and/or Congress.
2.5 TECHNICAL APPROACH
This section describes (1) the technical approach utilized in the area
i ic

phase to characterize the geology/hydrogeology and social and eco-l.og
environment of tre four Utah study areas (SAs) and (2) the decision process
utilized to achieve the primary objectives of the area phase — the rec.m-
mendation to DOE of the most promising location for further characteriza-

tion in the location phase.

5.1 GEOLOGIC/HYDROGEOLOGIC CHARZCTERIZATION

This characterization was planned to investigate, at an appropriate
level of detail, those geologic, hydrogeologic and related topics th...t are
pertinent to selecting locations in the Utah study areas. Major topics
investigated were stratigraphy, hydrogeology. structural ‘ueulnix',-. :-Iul.“.n(;l-
ogy, energy and mineral resources, Quaternary features, tectonic history,

and geotechnical factors.

In the area characterization phase, investigation of these topics
_ c dontifio . NWTS
focused on the following repository siting concerns identified in the N
criteria:
® Site geometry

e Hydrogeology
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® Geochemistry
® Geologic characteristics
® Tectonic environment

e Human intrusion — resource potential/exploration

2.5.1.1 Site Geometry

Characteristics of site geometry (depth, thickness, dip of strata,
lateral extent) were evaluated using well data and stratigraphic and struc-
tural geologic information. This information was obtained from surface
mapping, remote sensing analysis, continued literature survey, analysis of
available geophysical (seismic reflection) data, and subsurface geologic
assessments. Subsurface studies utilized available well data and gco-
physical data, and were integrated with surface geologic data. Specially
designed boreholes in three of the study areas provided core and geophysical

borehole log data to supplement and calibrate the previously available
information.

2.5.1.2 Hydrogeology and Geochemistry

Hydrogeologic characteristics were evaluated by continuing subregional
studies and localized detailed investigations. Objectives were to: (1) refine
identification of region:l trends in potentiometric surfaces and perme-
ability; (2) ascertain whether or not potential repository strata are receiving
or discharging fluids to the Colorado or San Juan rivers; (3) gather in
situ measurements of critical hydrogeologic parameters in boreholes through
potential repository strata; and (4) conduct preliminary modeling studies.
Investigations carried out to achieve these objectives included: (1) con-
tinued literature search and analysis of available drill-stem test data from
oil wells; (2) field studies including outcrop examination and well, spring,
and river sampling; and (3) borehole studies — including sampling of core and
specially designed drill-stem testing tools -- within, above, and below poten-
tial repository depths. Salt dissolution features and effects were assessed

using results of hydrogeologic, geochemical, structural, and stratigraphic
investigations.
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2.5.1.3 Geologic _@ll_a_r_.lc:_tgj}it‘i._c5
I ristics were defined
Surface and subsurface stratiuraphic characteristics were dellns
using results of surface geologic mapping and subsurface geologic inves=
tigations. These data were integrated with available geophysical and o1l

well data by using cross sections and speclal purposc maps.

Host rock characteristics were identified from che literature, avail-
able well data, and results of coring, geophysical logging, and drill-stem
testing in boreholes drilled for this project. specially designed geotech=-
nical testing provided in situ results of rock deformability that were com=
pared with laboratory tests on core samples. In situ stress measurements
were also obtained from hydraulic fracture tests. These host rock character-
istics were compared to available data from the literature and previously

drilled wells to assess lateral variability within potential repository

strata.

Non-tectonic deformation structures and their potential ecffects were
assessed using structural and stratigraphic data collected during this

phase of work.

2.5.1.4 Tectonic Environment

Defineability. Tectonic elements were characterized using results of
literature searches, stratigraphic and structural studies (surface and
subsurface) , Quaternary studies, and tectonic history analyses. These
studies were also utilized to address the presence of, or proximity to,
Quaternary faults and igneous features, and effects of uplift/subsidence

rates.
Seismicity. Anticipated seismic ground motions from design earthquakes

were evaluated using data from microearthquake monitoring, structural

studies, and tectonic history investigations. Critical components of the

l6

existing regional tectonic stress field were identified from fault plane
solutions of selected microearthquukes. The potential for mining-induced
seismicity was investigated, based on apparent occurrence of such seismicity
adjacent to and north of the Paradox Basin.

2.5.1.5 Human Intrusion - Resource Potential/Exploration

This concern includes two separate issues: (1) the potential for human
intrusion in search of resource potential; and (2) the potential for exist-
ing or future boreholes to provide a shortcut for radionuclide migration to
the biosphere. The potential of the study areas was assessed using a
literature survey, field verification investigations, and consultations
with knowledgeable workers in the region. A separate report addressing
this energy/mineral resource concern, prepared by the Utah Geological and

Mineral survey, was a key source (Merrell and Utah Geological and Mineral
Survey, 1979).

The types of exploratcry workings and boreholes, and the locations of
boreholes extending below the surface, were identified in the study areas.
Data for this study came from a literature search, information purchased
from petroleum broker services, and consultations with knowledgeable
workers in the region. Sources of additional data were identified for
more detailed evaluation during future phases of work.

2.5.2  ENVIRONMENTAL CHARACTERIZATION

The operation of a repository may result in changes in the environment.
It is important to select repository sites where such changes can be
minimized. Effects or changes of concern include those directly affecting
man and other aspects of the environment of immediate value (e.g., live-
stock, fisheries, agriculture). Also, indirect losses are considered,
such as-a reduction in the assimilative capacity of the environment for
society's wastes (sewage, solid waste, etc.) and the destruction or con-

tamination of resources (air, water).
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In the area phase of characterizing the Utah study areas, three broad
environmental concerns were evaluated to assist in the selection of a
preferred site for the in-depth location investigations. These concerns
were ecologic, socioeconomic, and land use factors that might be impacted

by repository development and operation.

2.5.2.1 Ecological Characterization

Ecological characterization includes analysis of climatological factors,
vackground radiation, surface geological factors, soil properties, land
forms, pollution factors, and specific habitats of flora and fauna. The
overall objective is to have sufficient information by the time of the site
selection to alleviate or mitigate any adverse effects from waste materials

generated during the construction or operation of the repository.

Historic climatological data for the areas of interest were obtained
from local National Weather Service reporting stations. Analyses .Herc made
of severe weather conditions which could affect repository operations or
cause environmental uﬁ:acts related to the disposal site. Background

radiation data were collected frc.. the available literature in the area

study phase.

Land forms and surlace geology were analyzed and described through
the use of aerial photographs, topographic maps, and limited field recon-

naissance.

The soils near the study areas were characterized tfrom soil survey
maps to provide information on soil type and potential crop yields, wood=
land suitability, erosion potential, wildlife habitat, soil origin and
depth, mechanical analysis, permeability, texture, slope, and use

limitations.

I8

Fauna and flora of the biological community were also evaluated. State
and federal fish and game agencies provided data on game and nongame wild-
life species. Published literature for the study arcas were obtained
through state forestry, wildlife, and natural resources agencies, as well
as universities and private organizations.

Baseline measurements of water quality parameters, including chemical
composition and stream flow, were gathered from existing data sources.
Analysis of these data has provided the necessary information to make
preliminary estimates of loading characteristics and potential impact to
existing aquatic ecosystems.

A list of species was compiled from existing literature for both the
aquatic and terrestrial environments. An enumeration of all threatened
and endangered species was made based on data from the U.S. Fish and
wildlife Service. Commercial and recreational species such as livestock,
game, pollinating insects, farm crops, and timber are important in the
terrestrial environment. Information was obtained from literature and
interviews involving such sources as federal and state government agencies,

timber companies, agricultural sources, and conservation organizations.

2.5.2.2 Socioeconomic Considerations

Socioeconomic analyses focus on regional and community social, economic,
and institutional factors. Major topics covered include demography, housing,
income, community services, labor force, employment, and finance. Baseline

data on a b of soci ic variables were collected in order to pro-
file the characteristics of the communities and regions of the Paradox Basin.
Data on these concerns were obtained from federal, state, county, and local
sources, such as the U.S. Census Bureau, state industrial directories, and
reports of pertinent state planning agencies. Meetings were held with state

officials to obtain up-to-date information on socioeconomic variables.
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2.5.2.3 Land Use Studies

Major land use cateqgories examined include agricultural, forest, trans-
portation, residential, commercial, industrial, institutional, recrcational,
and open space. Aerial photographs provided information on genecral land usc
over a wide area, allowing differentiation among agricultural, forested,
and urban lands. Of particular concern was the transportation network both

in terms of potential risk involved in the movement of nuclear waste and

pre=

the relative ease of access to study area sites. Topodgraphic amg
pared by the U.S. Geological Survey, provided useful detailed information
on land use. Information from county agencies and regional planning com=-
missions was also used to determine projected as well as current land

uses. All study areas were spot-checked to verity published data.

Archaeological and historic resources of the Utah study arcas were

inventoried with regard to state and federal environmental legislation,

including the Historic Preservation Act of 1966, the National Environme

Policy Act of 1969, Executive Order 11593 of 1971, and the latest NRC

quidelines. A literature review of known archenlogical and historic sites

1 to listings in the National

was pertormed. Specl poattention was g1V
Register of Historic Places (National Park Service, Title 36, Code of

Federal Regulations, Parts 60 and 63; Advisory Council on Historic Prescrva-
tion, Title 36, Code of Federal Regulations, Part 800), and the appropriate

state historic preservation officer was contacted for current information.

As the site characterization process proceeds, varying levels of land

use characterization are required. In the area phase, a principal conce
has been that repositories should not be located in areas of highly con-
flicting land uses such as large metropolitan arcas, wild and scenic rivers,

national parks, wilderness arecas, and historic or archacological sites,

2.5.3 DI

Considerable i1nformation is needed to make the screening juduments

involved in repository site selection. The stepwisc approa

selection planned by DOE calls for screening the lan

20

focusing attention and exploration resources on progressively smaller

land units that appear to have the most potential for eventual repository
development. Sceening factors presented in NWTS-33(2) (Table 2-1) were
used 1in the screening process. The nature of needed information changes
as the screening process proceeds; not all factors will be discriminating
tactors at each step of the screening process. Investigative methods

and data used in analyses will likewise depend on the particular factors
important at the geographic scale of concern and the physical and institu-
tional conditions in a given area. The eventual determination of site
suitability will depend on data collected during regional, area and locat.on
surveys, as well as the extensive field measurements and data obtained at

specific candidate sites.

The decision process is designed to assure that all pertinent questions
are considered and adequately answered before proceeding with repository
development. Each step builds a basc of understanding for steps that
follow. However, only after detailed site studies have been completed can
a site be thoroughly assessed according to performance criteria and

rorulatory regquirements.  Therefore, screening decisions to focus sub-

ent exploration on certain areas will be primarily cost-effectis

decisions which allow resources to be concentrated on places judged most

likely, at each stage ot the site

2 lection process, Lo meet existing

criteria and reculations., 1

screening process 1s not desianed to iden-

tify ull sites in the nation. Rather, it intended specifically to iden-

tify several candidate sites 1

from which one or more sites may be sele

for repository development.

The process may identify regions, areas, or locatior

s some morce fav

able than others. Further study of all but the favored land units is

unnecessary and would be prohibitively oxpensive. Further studies, then,

are focused oun only as many favorable alternat ives as reasonably

to (a) make it likely that several alternative sites are identitic

ultimately proved acceptable and (b) to carry a reasonable number of

alternatives through each screening step.

21



Regions, areas, or location also may be eliminated if there is a high
likelihood that major siting criteria will not be met., In this situation,
resources neced not be expended to demonstrate unsuitability. Screening

decisions are made to focus efforts on the favored land units,

The general decision-making approach for each of the region, area, and
location survey steps consists of the following steps:

Step 1, Factors and information thought to be important to the
next screening decision are identified.

Step 2. Required information is gathered in accord with appli-
cable consultation procedures,

Step 3, Possible geographical alternatives are identified,
for the level of survey in progress (i.,e,, regions,
areas, or locations).

Step 4. Each geographical alternative is evaluated against
previously identified criteria (U,S. Department of
Energy, 198la).

Step 5. Candidate alternatives are compared (at an appro-
priate level of detail), and one (or more) is
recommended.

Step 6. Screening decisions are reviewed in consultation
with involved states.

Further explanation and decision of these six steps can be found in the

Drart National Siting Plan (U,S. Department of Energy, 1981b).
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Table 2-1

NWTS SITE PERFORMANCE CRITERIA

Criterion I. Site Geometry

1.
2,
3.

Minimum Depth
Thickness
Lateral Extent

Criterion II. Geohydrology

1.
2,
3.
4.

Geohydrological Regime/Aquifer Characterization
Hydrological Regime/Modeling/Surface-Subsurface
Geohydrological Regime/Shaft Seals/Flow Rates
Subsurface Dissolution Rates

Criterion III. Geochemistry

1.
2.

Chemical Interaction
Radionuclide Retardation

Criterion IV. Geologic Characteristics

1.
2,
3.

Stratigraphy Characterization
Host Rock/Stress Phenomena
Rock Strength/Development, Operation, and Closure

Criterion V. Tectonic Environment

1.
2.
3.
4.
S.

Tectonic Element Evaluation

Quaternary Faults

Quaternary Igneous Activity
Uplift/Subsidence

Seismicity/Ground Motion/Credible Earthquake

Criterion VI, Human Intrusion

1.
2,
3.

Resources
Exploration History/Use
Land Ownership/Access

Criterion VII1. Surface Characteristics

1.
2.
3.
4.

Surficial Hydrological System/Characteristics

Surface Topographic Features

Meteorological Phenomena

Industrial Transportation, Military Installation Effects

Criterion VIII. Demography

1.
2.

Population Density/Urban Proximity
Radioactive Waste Transportation Risk
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Table 2-1 (Continued)

Criterion IX. Environmental Protection
1. Potential Environmental Impacts
2. Air, Water, Land Use Conflicts
3. Consideration of Normal and Extreme Environmental Conditions

Criterion X. Socioeconomic Impacts
1. Social/Economic Impacts
2. Transportation, Access, Utility

Source: U.sS. Department of Enerqgy, l198la.

Note: These criteria were developed as the basis for DOE's determination
of what site characteristics will provide protection of public
health and safety and should be consistent with anticipated reqg-
ulatory standards. Similar siting criteria have been developed
by the U.S. Nuclear Regulatory Commission; a side=by-side com=-
parison ot NRC and DOE criteria 1s presented in the Appendix.
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Chapter 3

BACKGROUND ON PARADOX REGION

The bedded salt of the Paradox Region in Utah and Colorado is one o
several regions that are being investigated as potential locations for
a deep-mined geologic repository for high-level radioactive wastes. This
section gives the history of the Paradox Basin site characterization
efforts, objectives and organization of the project, area characterization
activities, and a description of the sites under investigation.

3.1 HISTORY OF THE CHARACTERIZATION PROGRAM

The effort to identify a suitable repository site in salt can be traced
from 1954, when the U.S. Atomic Energy Commission (AEC) asked the National
Academy of Sciences — National Research Council (NAS-NRC) to look at the
problem and recommend solutions. After intensive study, the NAS-NRC recom=-
mended geologic disposal in salt formations as the best of the many options
that thev had considered.

Characteristics of salt deposits that are cspecially favorable for

storage of high-level radioactive waste include the following:

(1) Many salt beds have remained undisturbed and dry for tens
to hundreds of millions of years, indicative of their long-
term integrity and nondissolution by hydrologic systems.

(2) Rock salt exhibits the ability to dissipate large quantities
of heat (as would be generated by high-level wastes).

(3) Owing to its natural plasticity, salt is capable of "self-
sealing” any fractures which might develop in it, thus
preventing access by fluids along zones of weakness.

(4) Rock salt is comparable to concrete as a gamma-ray-shielding

medium, and it has a compressive strength similar to that
of concrete.
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(5) Salt deposits that are sufficiently decp and thick to be
considered as having potential are widespread in this country
and generally occur in areas characterized by low levels of
seismicity and tectonic activity; thus, the potential for
damage to repository structures (shaft, surface plant)
resulting from carthquakes is greatly reduced.

(6) Domestic salt resources are great enough so that if sites
in several deposits were sclected as repositories, there
would be no adverse effect on the resource bases; repository
sites also could be selected far from existing mines so
this would constitute no problem.

(7) Rock salt can be easily mined at relatively low cost, and
the technology for the underground excavation of salt is
well developed; underground rooms opened in salt have
remained stable for long periods of time, provided adequate
pillar size is incorporated into the mine design.

Characteristics of salt deposits that arc potentially unfavorable for
storage of high-level radioactive waste include the following:
(1) salt is soluble in unsaturated water; however, salt beds

have remained, undissolved, for tens to hundreds of mil=-
lions of years.

(2) salt, a metamorphic rock, has the potential for
mobilitv, which might cause engineering or safety
problems.

{2) Rock salt has low shear strength.

In 1958, the U.S. Geological Survey undertook a study for the AEC to
identify those salt deposits in the United States that might contain pos-
sible disposal sites. Salt deposits that were identified with large volumes
of salt at depths appropriate for construction of a repository included the
Silurian salt deposits of the Salina group that underlie parts of New York,
Pennsylvania, West Virginia, Ohio, and Michigan; salt domes in the Gulf

Coast embayment in parts of Alabama, Louisiana, Mississippi, and Texas;

salt deposits of the Permian Basin underlying parts of Kansas, Colorado,
Oklahoma, Texas, and New Mexico; and those of the Paradox Basin in south-
eastern Utah and southwestern Colorado.

From 1963 to 1967, Oak Ridge National Laboratory conducted a series
of research investigations to demonstrate the technical feasibility of
the concept of mined geologic disposal in salt, using an abandoned mine
near Lyons, Kansas, as a test site (see U.S. Dept. of Energy, 1981b). This
study, known as Project Salt Vault, concluded that disposal in bedded salt
was feasible and that handling and emplacement equipment could be designed

to safely transfer the wastes into a subsurface repository.

In 1976, ERDA announced the formation of the NWTS program, which had
as one objective the identification of suitable sites for construction of
one or more geologic repositories for radioactive wastes. As part of that
program, Woodward-Clyde Consultants was selected by the Office of Waste
Isolation (OWI) of Union Carbide Corporation to act as geologic project
manager (GPM) for investigations in the Paradox bedded salt region. Simul-
taneously, Bechtel National, Inc. (BNI) was selected as regulatory project
manager (RPM) to conduct environmental studies in parallel to those in
geology and hydrology.

In 1978, responsibility for overall management of a large portion of
the NWTS program was transferred to ONWI, operated by Battelle Memorial
Institute.

In 1980, a regional characterization report was issued that summarized
the existing data and previous work in the Paradox Basin (Bechtel Nat ional,
Inc., 1980). These reports, as well as drafts of a recently published Re-
gional Summary Report prepared jointly by the GPM and RPM (Bechtel Group,
Inc., 1982), formed the basis for a recommendation to DOE that four study
ireas be investigated further. The selection of study areas was based

on criteria in existence in 1980.
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3.2 AREA CHARACTERIZATION PHASE

3.2.1  OBJECTIVES

The area characterization phase of the Paradox Basin exploration program
has two objectives:
1. To obtain adequate geologic and environmental data to

recommend a preferred location for more detailed location
characterization.

2. To continue building the data basc for a licensing appli-
cation through the process of narrowing geographic focus
with an accompanying increase in detail..

3.2.2 ACTIVITIES ACCOMPLISHED

Following the identification of the fou: study a'eas in the Paradox
Basin, project plans were developed for borh the geologic and environ=

mental area characterization.

Environmental studies were begun in August, 1979, to evaluate the
suitability of each of the four study arcas for a repository site, based
on potential impacts, conflicts and risks. Many environmental factors
were considered, including geography, surface hydrology, meteorology, land
and water resources, terrestrial and aquatic ecosystems, land use, demo-

graphy, and economic, historical, institutional and societal factors.

At the same time, geologic field studies were undertaken to investi-
gate the geologic and hydrogeologic features of the four study arcas.
The evaluation considered stratigraphy, structuce, hydrogeology, seismicity,
tectonic history, Quaternary featurcs, physiography, energy/mineral
resources, and geotechnical factors. The work entailed gathering and

interpreting pertinent data from surface rock exposures, shallow pits,
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earthquakes, well logs, and cores. Available geophysical data were ana-
lyzed. Specially designed boreholes were drilled to provide continuous
core and testing for important hydrogeologic and geochemical parameters.
The potential for uranium, oil, gas, and other natural resources was

ascertained.

Details of the technical aspects of the area studies are in the geologic
and envi 1 area ch terization reports (Woodward-Clyde Consultants,
198la; Bechtel National, Inc., 1980) and are summarized briefly in Section 3.3
of this report.

3.2.3 PROJECT STATUS

The Paradox Basin project is in the final stages of the area charac-
terization studies, which began with the selection of the four study
areas at the end of the regional characterization study. Draft environ-
mental and geological area characterization reports have been completed
and submitted for state review and comment. These comments on the
environmental area characterization report have been incorporated into the

draft, which has been submitted to DOE for final approval and publication.
3.3 DESCRIPTION OF PARADOX STUDY AREAS

Descriptions of the geologic and environmental characterization of the
four Paradox Basin study areas are summarized in this section. These sum-
maries are drawn from the following detailed reports describing geologic
and environmental characteristics of the study areas:

® Geologic Characterization Report, Utah Study Areas
(Woodward-Clyde Consultants, 198la)

e Environmental Characterization Report, Utah Study Areas
(Bechtel National, 1981)
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The location of the study areas is shown on Figure 3-1. Rock units
referred to in subsequent discussions are shown on Figure 2-3.
Individual location maps of the four study areas are shown on Figures 3-3

through 3-6.

Some environmental characteristics are non-differentiating between
study areas. For examplc, the four study areas share similar metcorolog-
ical characteristics (a semiarid climate with precipitation produced pri-
marily by summer cloudbursts and winter snowfallj; demographic data are
similar (population density ranges from 1.2 to 1.8 persons/sq mile, and all
are predominantly rural areas); socioeconomic data are based on proximity
to Moab, Blanding, and Monticello, the three necarest towns to the study
arcas; and although there are four plant communities represented between
areas, all areas share similar flora and fauna. Site-specific baseline
characterizations of each study area would undoubtedly illustrate a greater
degree of environmental difference than can be determined by the cxtant

data.

3.3.1  SALT VALLEY STUDY AREA

The center of the Salt Valley Study Area is located about 25 miles
northwest of Moab, Utah (Figure 3-3). The following geologic description
of the area is derived mostly from U.S. Geological Survey Open File
Reports (Hite and Lohman, 1973; Gard, 1976).

Surface landforms of the area are controlled by the Salt Valley anti-
cline. Cuestaform ridges underlain by resistant Mesozoic sandstones define
the northeast and southwest flanks of the anticline. & wide valley (Salt
Valley) extends along the anticlinal axis coincident with a crestal
graben. Salt Valley is 0.5 to 1.5 miles wide and was formed by salt
dissolution and structural collapse along the anticlinal crest during the
Tertiary period. An unimproved dirt road extends through Salt Valley from
U.S. Highway 163 in the northwest to Arches National Park, south of the

area.

Drainages in Salt Valley extend northwestward and southeastward from
a divide located near the western boundary of Arches National Park. South-
eastward drainage flows into Salt Wash, and then into the Colorado River.
Northwestward drainage flows into Thompson Wash and eventually into the
Green River via Tenmile Canyon. Since Salt Wash has a steeper gradient
than Thompson Wash, the drainage divide in Salt Valley will probably

migrate slowly northwestward.

Paleozoic strata in the subsurface consist of limestone, dolomite,
shale, and sandstone. The Mississippian-age Leadville Limestone is
probably the only significant aquifer within the pre-Paradox Formation
sequence. Pennsylvanian-age Hermosa Group strata contain upper and
lower formations of interbedded limestone, dolomite, shale, and some
anhydrite, as well as a middle halite-bearing formation--the Paradox
Formation. This formation contains evaporite (mostly halite) cyclically
interbedded with black shale, dolomite, and anhydrite. The oldest strati-
graphic unit exposed in the area, the Paradox Formation, occurs within
Salt Valley in isolated hills. These outcrops contain severely contorted
and altered rocks that represent the insoluble residue (caprock) of the
halite-bearing Paradox Formation, which forms the core of the Salt Valley
anticline. Permian and Triassic-age strata (including the Cutler and
Moenkopi Formations) are present only in the subsurface on the flanks of
the Salt Valley anticline. Mesozoic strata exposed in the area are domi-
nantly continental bright-colored sandstone, siltstone, mudstone, and
conglomerate. The youngest Mesozoic strata, the Late Cretaceous-age
Mancos shale, occurs on the outermost flanks of the Salt Valley anticline,
and has been faulted down into the anticline core in the northern sart ot
the area. Quaternary-age sandy alluvium and eolian deposits cover the
floor of Salt Valley. Locally, older alluvium containing pebbles of
chert from the Mesozoic Morrison Formatinn occurs as terrace rempants on

low hills 10 to 15 feet above the general valley surface.

33



The principal geological structure in this area is the Salt Valley
diapiric salt anticline. This is part of a longer structural trend of
diapiric salt anticlines that extends for more than 60 miles into Colorado.
This trend is composed of the Salt Valley, Cache Valley, Fisher Valley,
and Sinbad Valley anticlines. These structures are located along the
northeastern margin of the Uncompahgre Trough (or Paradox Fold and Fault
Belt), a structural zone coincident with a zone of northwest trending
Pennsylvanian-age normal fault block basins. These basins were sites of
thick Paradox Formation salt accumulation that became preferred places
for subsequent salt anticline development. At the Salt Valley anticline,
salt migrated laterally into the core of the structure, and then verti-
cally pierced the overlying stratigraphic cover. Migration continued
from soon after Pennsylvanian deposition to at least Jurassic time, when
the Morrison Formation was deposited across the structure. Collapse of
the crestal parts of Salt Valley anticline was induced by salt dissolution
and occurred during the Tertiary period. This collapse caused down-
dropping of the sequence of Jurassic-age Morrison Formation through lLate

Cretaceous-age Mancos Shale into a broad central graben.

The Salt Valley anticline plunges gently to the northwest, causing
the more resistant Mesozoic sandstone cuestas to disappear to the north-
west bencath the less resistant Mancos Shale. Normal faults bounding the
central collapse graben are more complex and numerous on the southwest
flank than the northeast flank of the anticline. These faults on the
southwest flank probably formed during the second stage of collapse in
middle Tertiary time. Within Salt Valley several low hills and ridges
consist of downdropped blocks of Jurassic and Cretaceous rocks arranged
in a chaotic structural pattern, and resting on top of Paradox Formation
insoluble caprock material.

There has been much exploration in this area for oil and gas, potash,

uranium, and copper. Many oil and gas shows have been found in the numerous
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exploratory holes drilled in the area. The potential is good for future

oil and gas development in the shallow Mesozoic units, the Paradox Formation,
and Leadville Limestone (Merrell and Utah Geological and Mineral Survey, 1979).
The potential for mining potash within the Paradox Formation is believed to
be very high, although economics seem to be marginal at present. Small

copper and copper/silver mines were operated in the area from the early 1900's
through the 1930's. Currently, large low-grade copper reserves are reported
to have been drilled, and interest in additional copper exploration remains
high. Copper occurs in fault-related deposits within the Morrison Formation
and Entrada Sandstone. There are two operating uranium mines in the area,

and deep (2000+ feet) and shallow drilling has been conducted for deposits

in the Chinle and Morrison Formations (Merrell and Utah Geological and

Mineral Survey, 1979).

Hydrogeological studies in the area have been carried out within the
last several yecars by the U.S. Geological Survey. Reports describing

these investigations and results are in preparation.

Land ownership in the Salt Valley Study Arca consists of approximately
60 percent federal, 35 percent state, and 5 percent private lands.
Federal lands in the area are administered primarily by the Burcau of Land
Management. Annual precipitation in the study area averages 17.8 cm
(7 inches) but varies with clevation. The percentage of floodplain is
the highest of the four study arcas: of 20,480 total acres, 6,400 acres
ire contained within the probable 500-year floodplain, a total of 31 per-

ent of the study area.

The topography of the area ranges in elevation from 4,600 to 5,400 feet
above mecan sea level (MSL). To make the area accessible by rail would require
the construction of 4.2 miles of rail (kechtel Group, Inc., 1951). oOne

interstate highway and one U.S. highway traverse the study area; the



Denver and Ric Grande Western Railroad Company has two rail lines within

the Salt Valley study Area.

The Pershing Missile Launch Facility is located approximately 7 miles
northwest of the study areca. Industrial facilities in the study areca are
limited to numerous gravel quarries, oil wells, and the uranium mines.
The nearest population centers are Moab, about 25 miles southeast, and
Green River, about 25 miles northwest; populations are about 5,000 and

1,000, respectively.

Salt Valley Study Area vegetation consists primarily of the desert
shrub plant community with limited pinyon and juniper stands. Arches

National Park is located within the southeast scction of the study areca,

as are numerous natural landmarks. No archaeological surveys have been
undertaken in the Salt Valley Study Area, although numerous sites are

recorded in the vicinity. The archaeological sensitivity of the study
area may be considered low to medium, based on the survey conducted by

Thompson (1979) souteast of the area.

Rangeland productivity is at the level of 29 acres per animal unit
month. Utilities in the Salt Valley Study Area arec limited to one 46-kV
and one 69-kV electrical transmission line. Two small airports are in
the study area.

3.3.2 LISBON VALLEY STUDY AREA

The Lisbon Valley Study Area is located within the Salt Anticlines
vhysiographic subprovince; its center is located approximately 30 miles
southeast of Moab, Utah (Figure 3-4). Surface landforms of the area are
strongly influenced by the geologic structure of the Lisbon Valley anti-
cline, and are characterized by subparallel cuestatorm ridges and hogback

and flat valley floors. Topographic relief of the Lisbon Valley

G

'rally less rugged than 1n many other jarts of the Paradox K

1lthough local relief is as much as 1,200 reet,

The Quaternary history of the Lisbon Valley area has been controlled
by Cenozoic regional uplift of the Colorado Plateau, fluctuating climatic
conditions, and possibly by structural collapsc at depth in the Lisbon Vailey
anticline. This collapse was caused either by faulting or dissolution of
salt at depth. Surficial deposits in the arca retlect fluvial, mass move=
ment, and eolian processes operating during Quaternary time. Data on so1l
profile development (cambic B and calcic horizons) on surficial deposits
in the western and northern parts of the area suggest that the soils can
be divided broadly into a younger soil (probably of Holocene age) and an
older soil group that is probably late Pleistocene or older in age.
Luaternary rates of the bedrock incision and scarp retreat in the Lisbon
Vvalley arca are probably less than rates for the Paradox Basin as a wholc.

Aligned and offset streams and linear vegetational patterns in lower Lishon

valley suggest Quaternary faulting.

Subsurface Paleozoic deposits consist of limestone, dolomite, sand=

stone, and shale. Mississippian Leadville Limestone consists of massive
limestone and dolomite. Pennsylvanian-age liermosa Group deposits include
interbedded limestone, dolomite, anhydrite, and shale as well as the salt

of the Paradox Formation, which 1s cyclically interbedded with anhydrite,
~arbonate, and argillaceous rocks. The oldest stratigraphic unit exvosed in
this area is the Honaker Trail Formation of Pennsylvanian age (Figure !-2).
Permian rocks are represented by the Cutler Formation, which is composed

of rod to tan arkosic sandstone, siltstone, and conglomerate. The Triassis
Moenkopi Formation is not exposed in the area, Mesozoic rocks are domi-
nated by sandstone, siltstone, mudstone, conglomerate, and lacustrine
_.

sarOLe

limestone.  puaternary fluvial and eolian deposits directly overlay

and older rocks.

The principal geologic structure within this area is the Lisbon Valley

nondiaparic salt anticline. This structure is located near the western
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margin of the Paradox Fold and Fault Belt, which is coincident with a zone
containing Pennsylvaniaa and older fault-block basins. These basins were
filled with Pennsylvanian-age Paradox salt that subsequently became pre-
ferred sites for salt anticline development. At Lisbon Valley, strati-
graphic data clearly demonstrate structural growth of the anticline related
to lateral salt flowage and upward doming during late Paleozoic and

Triassic time.

The !isbon Valley anticline is terminated on the cast by the Lisbon

valley fault zone. This fault zone is believed to be related principally

to collapse along the crest of the Lisbon Valley anticline caused by

1 rogressive dissolution of deformed Paradox Formation salt within the
anticline core (Hite, 1978). Much of this dissolution probably occurred
oincident with canyon cutting in the Tertiary, tollowing the initial
4litt of the Colorado Plateau. The Lisbon Valley fault zone may have

sriiinated during salt flowage in the late Paleozoic/Triassic; it may have

partially ce olled distribution of the deformed salt mass, Evidence from

subsurface anal s indicates that disharmonic structural conditions occur

wove and below the salt.  Dishamonic conditions werce probably produced
1y detachment within the migrating Paradox salt. Available data suggest

that the Libson Valley fault zone may not extend below the Paradox salt.

crthwest=trending basement structures that control the Lisbor

Valley and other salt anticline locations may have been in existence about
1,500 million years age. These faults were possibly reactivated during
satal extension an the late Proterozoic and Cambrian times. Another
e L reactivation occurred during the Antler orogeny in the latest
Levontan and Mississippian.  The faradox Basin formed during the Middle
nusylvanian coincident with the main deformation along the Ancestral

mocky Mountaar Large disglacement urred along the salt anticline

Lasopent structur 1t this tim

2%

Rapid upward growth of the salt anticlines began in the late Pennsyl-
vanian and continued through the Middle Triassic, with slow growth occuring
through the Late Jurassic. Basement deformation and regional northeast-
trending horizontal crustal compression lasted from the latest Cretaceous
until the late Eocene, probably producing severec deformation along the
Lisbon Valley salt anticline. Early Miocene igneous intrusives in the
La Sal Mountains to the north of the area are the youngest igneous rocks
recognized in the Paradox Basin. lLate Cenozoic displacement along the
Lisbon Valley-Moab fault zone may be caused by tectonic forces, salt dis-

solution in the anticline region, or a combination of the two.

No earthquakes were observed in the Lisbon Valley area during the
period 1850 to 1979. During microearthquake monitoring of Gibson Dome and
Elk Ridge, no events greater than Richter Magnitude 1.0 were obscrved in

the vicinity of Lisbon Valley.

There are several producing uranium and vandium mines in the area.
0il and natural gas production occurs in the study area as well, and
Union Oil maintains a natural gas processing plant. Copper has bcen
produced in the past, but there is no current production. Potash is
present, but commercial-scale potash mining has not been conducted to datc.
Because of the large number of commercial and subcommercial mineral and
petroleun deposits above, below, and juxtaposed stratigraphically with
the proposed repository site, a major conflict exists between repository

siting and mineral resource development.

The hydrostratigraphic unit that includes the saline facics of the
vennsylvanian Paradox Formation is regionally isolated from the ground-
water flow systems in the overlying and underlying hydrostratigraphic

units. However, some local hydraulic interconnection may exist in this
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area throigh cross-cutting faults juxtaposing overlying and underlying
units against the Paradox Formation. The Paradox Formation contains

beds of extremely low permeability strata within the Lisbon Valley area,

as is the case over much of the western part of the Paradox Basin., Althouyh
1solated reservoirs of higher permeability somctimes contain oil, gas and
orine, no laterally extensive flow systems have been detected in the Paradox
saline facies, and flow directions are gencrally ill-defined within the

unit.

iround=water flow in the hydrostratigraphic unit above the saline facies
of this arca 1s generally controlled by geologic structure and topography.
Recharge waters that onter the ground-water system in the highlands on the
southwest side of the Lisbon fault move radially down-gradient and merac
with regional flow toward major river canyons. Within the strata
underlying the salt, the ground-water flow pattern is strongly influenced
by 0il and gas production from the Leadville Limestone. The regional
potentiometric surface within the formations underlying the Paradox
‘northeast to southwest) is locally altered by pumpage from the Lisbon
o1l field. The only known ground-water discharge within the area is

water withdrawn with production of the hydrocarbons.

Land ownership in the Lisbon Valley Study Arca consists of approximately
80 percent federal lands, !0 percent private, and 10 percent state. Federal
lands are administered by the Bureau of Land Management. Annual precipi=-
tation averages 30 am (12 inches) and varies with elevation., The percent-
age of floodplain in the Lisbon Valley Study Area is about 10 percent; of

39,920 total acres, 5,120 occur

the probable 500

r floodplain,

The topography of the area ranges in elevation from 6,490 to 7,100 feot

above MSL. To make the area accessible by rail would require construction

<1 miles o! rail line (Bechtel wip, Inc., 1981). The study area is

linked to two U, 2. highways by paved loop=roads to indus

4o

Monticello is the nearest populated center, about 20 miles southwest: Moab
is located about 30 miles northwest. Populations are about 1,500 and
5,000, respectively.

Vegetation of the study area is primarily part of the pinyon-juniper
pines plant community, with some ponderosa pine. No dedicated lands
oxist within the study area, although one natural landmark/geologic
formation occurs there. Archaeological sensitivity in the Lisbon Valley
Study Area has been characterized as medium (Thompson, 1979).

Rangeland productivity is at the level of 22 acres per animal unit
month, and about 5 percent of the total study area is irrigated land.
Approximately 7 percent of the area is dry farmed, the primary crop being
wheat. Utilities in the Lisbon Valley Study Area consist of 69-kv, 138-kV
(one) and 345-kV (o:e) electrical transmission lines. Gas and oil pipe=-
lines (one each) also cross the study area. One landing strip exists

within the area.

3.3.3 GIBSON DOME STUDY AREA

The Gibson Dome Study Area is located in the Inner Canyonlands and
Hatch Syncline physiographic subprovince; its center is about 30 miles
south-southwest of Moab, Utah (Figure 3-5), Landforms of the area include
vertical cliff faces, steep talus slopes, and relatively flat surfaces
that are essentially coincident with resistant bedrock layers. Bench-
and cliff-style relief often exists on several scales, and local reliet
reaches 1,500 feet. The elevation of most of the area is between 4,000

and 6,200 feet above MSL, although upland localities reach 6,950 feet MSl.

The Quaternary history of the area appears to have been primarily
controlled by Cenozoic uplift of the Colorado Plateau and by fluctuating
climatic coanditions throughout southeastern Utah. Erosion has dominated

in the area, but episodes of alluviation and col!luviation are recorded by
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deposits along streams and adjacent to cliffs. The resistance of the
underlying bedrock has also influenced local erosion rates and processes..
Fluvial, eolian, and mass movement processes have been operating in the

1rea throughout Quaternary time.

Quaternary deposits include alluvium, colluvium, talus, landslide deposits,
and widespread eolian deposits. The oldest Quaternary deposits are gravels
covering pediments on the north side of the Abajo Mountains. These gravels
are tentatively correlated with similar gravels on the east and south
flanks of the Abajo Mountains. Other similar gravels exposed in quarries
near Blanding display reversed magnetic polarity and are therefore considered
to be at least 700,000 years old. At least two subsequent episodes of
cobble gravel deposition and terrace formation occurred during late
Pleistocene time along Indian Creek and tributaries draining the Abajo
Mountains. Fine-qrained Holocene fill up to 60 feet thick with multinle
cut-and-fill structures underlies low terraces in the area. The oldest
carbon-14 date obtained from Holocene fill in the Gibson Dome Study Area

is 7,760 £155 years before present.

Rates of bedrock incision and cliff retreat arc comparable to those
observed elsewhere in the region, or approximately 0.8 foot per 1,000 years
and 0.8 to 1.8 feet rer 1,000 years, respectively. No significant bedrock

incision has occurred in the area since initiai deposition of the Holocene
€ill.

The oldest stratigraphic unit exposed an the Gibsen Dome area is the
Honaker Trail Formation of late Pennsylvanian age (Figure 3-2). Subsurface

nre=Ho s 3 ozoic ks o i
pre=flermosa Group Paleozoic rocks consist of limestone, dolomite, mudst

siltstone, sandstone, and shale. Pennsylvanian-age Hermosa Sroup deposits

inciude interbedded limestone, sandstone, siltstone, dolomite, anhydrite,

and shale as well as the salt beds of the §aradox Format ion, vhich accur

in distinct cycles separated by an interbed sequence of anhydrite, carbonate,
and argillaceous rocks. Warping or faultina of Mississippian and low §
sylvanian rocks into a structural low 'mder the Gibson Dome structure has

a2

allowed for a thicker accumulation of salt in this area than in other parts
of the Gibson Dome Study Area. Permian rocks are dominated by marine silt-
stone, sandstone, and limestone along with intertonguing continental red
and purple arkosic sandstone on the northeast. Mesozoic rocks are domi-
nated by Triassic and Jurassic age continental red and tan sandstone,
siltstone, mudstone, and conglomerate. Cretaccous rocks are not present

in the area. The only Cenozoic rocks present in the Gibson Dome arca are
Quaternary deposits such as talus, dunc sand, stream terraces, and soils.
Oligocene intrusive rocks in the Abajo Mountains occur just south of the

area.

The Gibson Dome Study Area is structurally a relatively simple homocline
that contains a gentle structural fold-=-Gibson Dome. At the northecast
margin of the Gibson Dome area is Lockhart Basin, a structurally complex
solution-collapse area. Shay graben, a structure with possible Quaternary
movement, borders the Gibson Dome area on the southeast. The Needles
fault zone, a zone of structures having Quaternary movement related to
gravity sliding and salt flowage, is west of the Gibson Dome area. North-
west-trending faults observable in subsurface data and affecting the
Mississippian and ecarly Pennsylvanian formations are located near Hatch
Mesa east of the Gibson Dome area. Although bordered by a collapse
structure and same faults, the Gibson Dome area contains essentially flat-
lying undisturbed strata of less than 5 degrees dip. The strata are

locally jointed, particularly along the crest of the Gibson Dome structure.

Precambrian crystalline basement under the Gibson Dome Study Areca is
1,700 to 1,800 million years old. The northeast-trending structures ot the
Colorado lineament (extending through the northwest part of the area)
appear to have originated about this time as part of a continental-scale
wrench-fault system. The Paradox Basin formed during the Middle Pennsl-
vanian coincident with the muin deformation along the Ancestral Rocky
Mountains. Vertical displacement may have occurred on structurcs within

the Colorado lineament west of the area in the Early Triassic.
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Basement. deformation and regional northeast-trending horizontal crustal
compression lasted from the latest Cretaccous until the late Eocene. A
major Oligocene thermal pulse coincided with uplift of the Ccolorado Plateau
province and with the intrusion of stocks and laccoliths in the Abajo
Mountains (south of the area). Regional uplift of the Colorade Plateau-
Southern Rocky Mountains in the Late Miocene=Pliccene resulted in the
utting of the Colorado River canyon system. Shay graben (located along
the southern border o1 the study arca) appears to have been reactivated

in the Plio-Pleistocene. The Needles tault zone in the western part of

the area was produced by a combination of dgravity tectonics and salt flow-

age following the cutting of Cataract Canyon.

No carthquakes were observed within the Gibson Dome Study Area during

the period 1850 through June, 1979, Microcarthquake monitoring (carth-

73

juakes less than Richter Magnitude 3.0) for a period of 17 months since

1979 revealed a zone of seismicity apparently associated with a segment of
the Colorado River extending through the northwestern part of the area.

I'ne largest event observed to date has been a Richter Magnitude 2,

The potential for commercial resource discoveries is relatively Low

n the Gik

bson Dome Study Arca, and is probably limited to small deposits
of uranium, oil and gas, and peossibly potash. The potential for conflicts

between encragy and mineral deposits and repository siting appea to be

relarively low in the Gibson Dome arca.

The Paradox Formation contains beds of extremely low pemmeability strata
in the Gibson Dome area. Based upon available drill-stem test roecords and
hydrochemistry data, the saline facies are generally isolated from the ground-
water flow systems the overlying and underlying hydrostratigraphic units.
Some local interconnection may be provided by igneous intrusions in the
Abajo Mountains (south of the area) and by the salt-dissolution collapse

structure in Lockhart Basin, on the northern periphery of the arca.
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The flow system within the Paradox Formation in the area is generally
characterized as being stagnant, without well-defined flow paths. Ground-
water flow in the hydrostratigraphic units above and below the saline facies
is generally controlled by topography and precipitation patterns. Recharge
waters that enter the ground-water system in the Abajoc and La Sal highlands
generally move down-gradient toward the major river canyons. Flow directions
across the area are generally toward the north and west. These flow paths
merge with ground-water that originates in highlands just outside the
perimeter of the basin. Minor springs discharge from the upper hydrostrati-
graphic unit in the Colorado River Canyon to the north and west of the
area. No surface ground-water discharge from the saline facies or from
the lower hydrostratigraphic unit has been detected within the arca. The
nearest known ground-water discharge from *he lower unit is at Marble Canyon,
Arizona, down the apparent flow path to the southwest (a distance of approxi-

mately 150 miles).

Land own

ship in the Gibson Dome Study Area consists of approximately

90 perc

t federal, 8 percent state, and 2 percent private lands. Annual
precipitation in the area averages 20 to 28 cm (8 to 11 inches) and varies

wi

elovation.  The major surface water in the arca is a 15-mile segment

of the Colorado River.

Topography of the area ranges in elevation from roughly 4,000 to 6,950

feet above MSL. To make the area accessible by rail would require 32 miles
of rail (Bechtel Group Inc., 198l). One state and one U.S. highway pass

through the area.

The Gibson Dome location (which contains no part of Canyonland National
fark) have multiple land uses, i.e., mining, grazing, oil and gas explora-

tion, and recreational. Several uranium and vanadium prospects exist but

they are not currently operational. Isclated ranches are found in the arca.
Twenty-three test holes have not encountered any hydrocarbon deposits of

economic

significance. Hydrocarbon shows and minimal production (less

100 barrels total) was reported in one well. FRecreation is an important



land use within the area. Access to Canyonlands National Park is gained by
driving through the study area on Utah State Highway 211 and jeep trails
off of Highway 211. Important recreational resources within the Gibson Dome
Study Area include Newspaper Rock State Historical Monument and Canyon Rims
Recreational Area plus tw ‘ilderness Study Areas. The nearest population
centers are Moab, about 30 miles northeast, and Monticello, about 20 miles
southeast, with populations of 5,000 and 1,500 respectively.

The study area consists of roughly equal parts of the descrt shrub
and pinyon-juniper pines plant communities. A portion of Canyonlands
National Park is included within the study area, as is Newspaper Rock

State Historic Monument, Canyon Rim Recreation Area, Manti=La Sal National

Forest, La Sal Mountain State Forest, two proposed wilderness study arcas,
and numerous natural landmark/geclogic features. Archaecological investi-
gations in the study arca and vicinity characterize the archacological sensi=

tivity as ranging from low to medium (Thompson, 1979).

rangeland productivity is at the level of 40 acres per animal unat
month., Trrigated land is minimal, less than 1 percent of the study arca.
There are no major utility lines in the Gibson Dome Study Area. Five air-

ports or landing strips exist within the area.

DY AREA

The Elk Ridge Study Arca is located the Monu

and Elanding Basin physiographic subprovinces; its

70 miles south=southwest of Moab, Utah (Figure 3-1).
Ridge area are controlled by lithologic contrasts and geolow: seructure,

o v . he o
R of a high plateau that is interrupted on th '

st of the arca consis

by the Comb monocline, the major structural and topograghi Teature

Elk Ridge Study Arca. Comb monocline is interrupted

Most of the area is fairly high 1n elevation, ranging trew

4,500 to 9,000 feet MSL,

46 .

Geomorphology and Quaternary hLi:tory in this area are generally similar
to the Gibson Dome area. The o .cst Quaternary deposits within the Elk Ridge
area are the Suicide Gravels on the Cedar Mesa surface. Other older gravel
remnants occur on high terraces and alluvial fans near Cottonwood Wash.
These deposits predate canyon incision, and are correlated with Abajo fan
gravels that are paleomagnetically reversed (at least 700,000 years old)
near Blanding. Multiple gravel terraces of middle and late Pleistocene age
occur along Cottonwood Wash and other tributaries draining the Abajo Mountains.
The oldest carbon-14 date obtained from fine-grained Holocenc fill in the
area is 9,500 %80 years.

The: oldest stratigraphic unit exposed in the Elk Ridgce areca is the

Elephant Canyon Formation of Pormian age (Figure 3-2). Subsurface pre=
fiermosa Group Paleozoic deposits consist of limestone, dolomite, siltstone,
mudstone, sandstone, and shale. Pennsylvanian-age Hermosa Group deposits
include interbedded limestone, dolomite, sandstone, siltstone, anhydrite,

and shale as well as the salt beds of the Paradox Formation, which occur

in distinct cycles separated by an interbed sequence of anhydrite, car-
bonate, and argillaceous rocks. Because of the area's proximity to the south-

westorn edge of the Paradox Basin, the salt beds are relat ively thain.

Permian rocks are dominated by marine siltstone, sandstone, limestone,
ind shale, that intertongue on a grand scale with continental sandstone,
shale, and siltstone., The Cutler Formation is absent in the Elk Ridge

irea but s repre

snted by the Elephant Canyon, Cedar Mesa, and Organ
Rock formations of the Cutler Group. Mesozoic rocks are dominated by
continental sandstone, siltstone, shale, and conglomerate, with minor
marine sandstone, shale, and limestone present in the Jurassic and Cretaceou

sections.  With the exception of the previously mentions

Juaternary mate-

rial (colian, alluvial and colluvial deposits), the area is

tially

oid of Cenozoic deposits,

Relative to major structures, the Elk Ridge Study Area is located on

the northeastern part of the Monument Upwarp and includes the Comb monocl ine

and the Elk Ridge anticline. The area is extensively jointed, and the
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only two faults within the area are Hammond graben and the Chees Land ownership in the Elk Ridge Study Area consists of approximately

fault. There are no known collapse structures within the arca. 89 percent federal, 10 percent state, and 1 percent private lands. Anunual

precipitation varies with elevation from 20 to 50 cm (8 to 20 inches).

The tectonic history of the Elk Ridge Study Area is similar to that

of the other areas. Uplift of the Monument Upwarp and we side=up dis- The topography of the area ranges in elevation from 4,500 to 9,000 feet
¢ \

placement of the Comb structurc (in the castern part of the arca) probably above MSL. To make the area accessible by rail would require 100 miles of

took place in Middle Pennsylvanian to Larly Permian times,  Basement rail line (Bechtel Group, Inc., 1981). Within the study area are one U.S.

deformation and northeast-trending horizontal crustal compression lastoed and two state highways. With the exception of scattered ranch dwellings,

from the latest Cretaceous until the late Eocene, producing strong uplift there are no industrial or institutional facilities within the area. Over

of the Monument Upwarp and displacement on the Comb structurc. Comb Kidae 50 uranium and vanadium mines exist within or near the study area, although

is a monoclinal drape fold above a stecply west=dipping reverse fault few are currently producing. The area contains a large uranium resource that

the basement rocks. has produced about half of the state's total uranium yield. Of the many oil

wells drilled in the area, only one (drilled in 1962) recovered any petro=-

The historical seismicity record of the Elk Ridae Study Area for the

leum. This well is not currently producing. Rlanding, the nearest pop=

period 1860 through June, 1979, consists of tour carthyuakes with the ulation center, is located about 20 miles east and has a population of
3

largest a Richter Magnitude 2.8. Microearthauake monitoring tor a period about 2,380,

of 17 months since 1979 roevealed a low level of activity, with the largest

event a Richter Magnitude 2.1 just north of Bears Fars, Vegetation in the study area 1s prmarily part of the pinyon=juniper

pines plant commumity with some ponderosa pine.  Designated recreational

The potential for commercial resource discoveries in the Elk Ridge area aweas in or adija

to the Elk Kidge Study Arca include Natural Bri.daes

is relatively low, and is probably limited to small oil and qas accoumula= Nat ional Mongne

o a portion of the Manti=la Sa

National Forest; len

tions and uranium-vanadium deposits. The potential for conflict between fanyon National Recreation Arca, Grand Gulf Primitive Area, Dark Ca

energy and mineral deposits and repository siting here appears to be rela- Primitive area,

prog

1 wilderness study arcas, and numerous oooeng

tively low. atural, Landmarks.  Archacological sensitivity in the Elk
#idge Study Area is characteriz as very high., It is one of the richest
Paradox saline strata range from 400 to BOO foct in thickne i are wchacological arcas (in terms of quant ity and ality of remains) in the
characterized by extremely low permeability.  Cencral characteri: 13 nited States,
stratigraphic units in this area are the same as those an the abson Dom
Study Arca, Recharge waters that enter the dround=watey tem 1n the Aba Range lund product ivi is.ab the levol oF 9 soics

highland move down-qradient toward the San Juan River canyon. Flow direc- less than 1

reent of the total Elk Kidge Study Area acread iry farmed.
tions are generally toward the south and . Min prings discharag There are no major utility corridors or qa s o1l papelin th Ty
from the upper hydrostratigraphic unit in the San Juar rocas .0 otentially interactive land use ire several emall, privat

ground=water discharge has been detectod from the lower unit withie

or within the Paradox Basin immediate
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Chapter 4

EVALUATION OF STUDY AREAS

This chapter describes how data gathered during the area characteriza-
tion studies were used to evaluate the four study areas in order to dcfine
favored locations for further study. The essence of this evaluation was

a five-step screening process.

4.1 SCREENING PROCESS

The objective of the screening process was to laentify those part
of any study area that are potentially favored for repository sitindg.

These potentially favored parts are called “"locations."

This screening objective was achieved by application of a series of
map overlays to the study areas. Each overlay depicts data for a single
selected screening factor. (In this report, screening factors are de-
fined as those factors potentially significant to health and safety as-
pects of repository development that are easily quantifiable and for
which data are available.) The screening factors selected for this eva-
luation were depth to salt, thickness of salt, proximity to faults, prox-
imity to boreholes, and boundaries of dedicated lands. These were judged
to be the screening factors with the strongest potenti:l for diftferentiating
possible locations within the study areas. Screening factors have specified
numerical limits (or specifications) that outline areas of relative siting
favorability for that factor (i.e., minimum depth to salt is l,000 teeti.
when combined, overlays depicting these factors identify locations withisr
the study area that are suitable, based on these factors. This screening

serves to focus further study on the favored locatiu

The screening process is based on data plotted and evaluated on 1:62,500
scale maps. The process consists of the following tasks:

e Compilation of data, as feasible, on basic data map overlays
within each study area showing the available data used for
each factor

e Evaluation of the data on these maps in terms of density
of control points, completeness, location accuracy, guality,
and usefulness as an area-wide screening tool

® Selection of screening specifications (limits) and rationale
for delineating more and less favorable areas

e Prep ion of ing maps showing boundaries of
potentially more favorable areas, based on the screening
specifications selected in the previous task

@ Assembly of map overlays to identify parts of the study
areas having characteristics potentially more favorable
for waste repository siting than other parts.

The figures presented in Section 4.2 of this report show the distribution
of screening specifications for each factor. The data maps that formed
the basis for these figures are from the areca characterization reports
prepared for ONWI by the RPM (Bechtel National, Inc., 1980) and the GPM
(Woodward=Clyde Consultants, 198la).  Supplementary data were taken from
Hite and Lotman, 1973. These basic data maps show the complete range of
data needed to evaluate each factor. These maps and the derivative screen-
ing maps can be easily updated when new information becomes available.
Each element of the screening process is designed to accommodate new data,
changed or new criteria, advances in the state of the art, or other factors

resulting .in changes in the screening specifications.

4.2 SCREENING FACTORS AND SPECIFICATIONS

Table 4-1 lists screening factors and specifications developed from
NWTS and NRC criteria to evaluate the study areas for potentially favorable

locations. Individual screening factors and specifications and their
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application to the study areas are described in this section. Nuclear
Regulatory Commission (1981b) proposed regulation 10 CFR 60,123(b) n?- juire
that investigations be made of drill sites, faults, and other potential
adverse conditions occurring within 2 kilometers of the repository locati

i 4 i ter
To minimize further studies at this time, zones of at least a 2 kilomete
as potentially

radius surrounding boreholes and faults were luentitied
unfavorable for siting and were set aside. Discussion of the factors in

this section is presented in terms of significance, data acquisition methods,

adequacy of data, and screening specifications.

4.2.1 DEPTH TO SALT

NWTS Site Performance Criterion I, Site Geometry, states that the site
shall be located in a geologic environment that physically separates the
radioactive wastes from the biosphere and that has geometry adequate f u'h
repository placement (U.S. Department of Energy, 198la). Furthermore, the
min‘mum depth of the repository waste emplacement area shall be such théc
credible human activities and natural processes acting at the surface will
not unacceptably affect system performance (U.S. Department of Energy,
198la). This subcriterion is the basis for addressing the depth-to-salt

factor.

i Ti -1 3 y must be at a depth that will sopar
Significance. The repository must

ici cesse Ly cause
from human-induced events and natural surficial processes that muay caus
r =

iti 1 > i Y st
breach of the geologic containment. Additionally, the repository mu
a

sphere, but must not
be deep enough to isolate it from the biosphere and atmos ire,

j > its
be located within a str. ':s environment that could jeopardize i
tion, operation, and physical integrity.

ion 3 he repository lifetime
tainment breach are crosion and denudation over the reposi Y
con

and meteorite impact at the site. Credible human activities !

neered explosions.,

Natural phenomena that ild cause

bata Acgu

salt data were obtained through interpretation of geophysical well logs and
consideration of surface topography. Distinctive geophysical log signatures
were used to identify elevations of the tops of potential repository layers.

Structure contours derived from these duta were then used

n conjunct 1on with
topographic maps to develop maps showing depth to potential repository layers.

In the Lisbon Valley area, geophysical log data were utilized to prepare
depth maps to the top of saline facies and to selected potential repository
layers within the saline facies. Because surface topographic relief within
the area of pbotentially favorable depth was minimal relative to that in the
Elk Ridae and Gibson Dome areas, surface topography was not factored into
the Lisbon Valley depth maps.

In the salt Valley study area, available structural data in Hite and
Lohman (1973) were utilized to prepare a depth map to the top of saline

facies,

Adequacy of Data.  In the Llk Ridge, Gibson Dome, and Libson Valley are,

the density of available boreholes and the quality of available qeophy

logs were judged adequate for this level of investigation to define: (1)

top of saline :tacies and (2) » Pand bottom of jotens
within the saline facies. in the salt valley area, the top of salt could
be identified readily (Hite and Lohman, 1973; Ackermann, 197 3) ; but because
of intense deforration within the salt Valley diapiric anticline, individual
cycles within the saline facies could not be identified, nor could site

geome*~y be predicted (Hite, in Preparation; Hite and Lohman, 1973),

Based on the average erosion rate in the

ters (1,000 feet) was selected by Johnson
and Gonzales (1978) as a minimun depth for the repository to isolate it

from erosional pProcesses that might expose it to the biosphere. buring

In the Elk Ridge and Gibson DLome areas, depth-to-



the regional characterization phase of the Paradox Basin study, a preliminary
analysis of average erosion rates on the Colorado Plateau (based on the
available data) indicated a maximum depth of erosion of approximately 120
meters (400 feet) in 500,000 years (Woodward-Clyde Consultants, 1980).
Further analysis during this area characterization phase indicates that

an average erosion rate on the Colorado Plateau is less than 1 foot per

1,000 years (Woodward-Clyde Consultants, 198la). Thus, a minimum depth

of 300 meters (1,000 feet) will provide a significant cover for a potential
repository, even after 100,000 years of erosion. It has also been judged
that this minimum depth will provide isolation from events such as meteorite

impact and enc

neered explosions (Brunton et al, 1978), The likelihood that

a 25-meter meteorite will strike a particular repository site is assessed
as 2 x 10-13 per year (U.S. Department of Energy, 1980b; Claiborne and Gera,
1974). This minimum depth specification is consistent with proposed USNRC
regulations for repositories [lu CFR 60, Section 60.112(1)].

The repository rock should be shallow enough to maintain an opening
without collapse caused by lithostatic pressure (Johnson and Gonzales, 1978;
iera, 1970; Brunton et al, 1978). For both regional and area characteriza-
tion phases of this study, depths between 30C and 900 meters (1,000 and
3,000 feet) were judged to be favorable, and depths between 900 and 1,200
meters (3,000 and 4,000 feet) were judged to be potentially favorable.

Based on borehole data obtained for the area study and on geotechnical
1

2xformed in salt an borchole i

dibson Dome area, the maximum

rable siting depth 1n the Paradox k. 1 15 estimated as 3,500 feet
woodward=Clyde Consultants, 1%ib). Mcve definitive studies now in pro=
iress in Paradox salt indicate that repository depths greater than

200 feet may be feasible,

4.2,

THICKNESS OF JALT

The thickness and lateral extent of the geologic system surrounding the
waste emplacement area must be sufficient to accommodate the repository

and a buffer zone, and to ensure that impacts induced by construction of

é&o

the repository and by waste emplacement will not unacceptably affect system
performance (U.S. Department of Energy, 198la). This subcriterion of NWTS
Criterion I, Site Geometry, is the basis for add ing the thick of salt.

significance. Adequate thickness is important to: (1) minimize the pos-
sibility of breaching this containment during construction; (2) promote
the healing of fractures should the repository be subjected to faulting;
and (3) fully utilize the th 1t t properties of the salt.

in the Paradox Formation, individual salt beds are cyclically inter-
bedded with shale, carbonate rock, and anhydrite. In the Elk Ridge, Gibson
Dome, and Lisbon Valley areas, individual salt beds have been identified
as potential repository layers. In the Salt valley area, no individual
potential repository layers that could be traced laterally were identified
because of the extremely complex structural deformation.

Data Acquisition Methods. 1In the Elk Ridge, Gibson Dome, and Libson Valley

areas, thicknesses of potential host rock layers were identified from
geophysical logs. As in depth-to-host-rock investigations, distinctive
geophysical log signatures were utilized to define top and bottom (and
thus thickness) of layers. Isopach maps showing the areal distribution
of thickness were prepared.

Adequacy of Data. In the Elk Ridge, Gibson Dome, and Lisbon valley areas,
the density of available boreholes and quality of available geophysical
logs were judged adequate to define the range of thickuess of potential
repository layers for this level of investigation.

Screening Specifications. Current in-progress NWTS repository desiqn

studies have indicated that a minimum salt bed thickness of 70 feet is
sufficient to accommodate the repository. Therefore, a screenlng specitis

of 70 feet was established,

cation for minimum salt laver thicknes:

q



determining thickness, a bed of 100 percent halide lithology having no
argillaceous, sulfate, or carbonate strata was used. Thicknesses of 100

percent halide lithology greater than 70 feet are potentially favorable,

4.2.3  PROXIMITY TO FAULTS

Two subcriteria of NWTS Criterion V, Tectonic Environment, are the basis
for assessing the proximity to faults:
® The site shall be located so that Quaternary faults can be

identified and shown to have no unacceptable impact on
system performance.

® The site shall be located so that the subsurface setting
can be sufficiently characterized to permit identification
and evaluation of conditions that are potentially adverse
or favorable to waste containment, isolation, and retrieval.

Significance. This factor consists of two separate issues. The first
issue is a concern for faults having Quaternary displacement, and therefore
having a potential for future earthquake-related displacement during the
period that the waste is potentially hazardous. Such displacement in the
form of subsurface and surface rupture (vertical and/or horizontal defor-
mation) could cause damage to and displacement of the repository horizon.
Damage to surface structures would pose a safety issue for personnel within
the facilities. In addition, nontectonic Quaternary faulting (associated
with salt movement) could adversely affect facility construction and under=-
ground operations by causing higher engineering and construction costs,

and by compromising the integrity of the repository.

The second issue is a concern for faults, regardless of age of last
displacement, that provide a potential pathway for radionuclide migration
across rock strata to the biosphere. Such features are potentially critical

parts of the hydrogeologic flow regime.

These two issues were addressed in this study by separate structural

geology considerations of: (1) faults having surface expression and thus

62

a poten%tial for both a radionuclide migration pathway and Quaternary dis-
pl ; and (2) b face faults having no surface expression in pre-

Cenozoic rocks and thus a potential only as a radionuclide migration pathway.

bata Acquisition Methods. Identification and characterization of surface

structures were accomplished by several techniques, including remote sensing
interpretation, a detailed literature search, structural and stratigraphic
field mapping, and seismic reflection interpretation. Geoumorphic features
were searched for and documented, where present, using remote sensing in-
terpretation and aerial and ground reconnaissance. Age and extent of
Quaternary deposits were identified by literature review, remote sensing
interpretation, geologic mapping, detailed sampling in excavated test pits
in selected localities, and age dating of samples. Sites have been selected
for future trenching across faults to assess age of last displacement.

Subsurface faults were identified and characterized using available
literature, subsurface analysis of available oil well and geophysical log

data, and interpretation of purchased seismic reflection data.

Adequacy of bata. Data for identification, mapping, and preliminary analysis

of surface faults were judged adequate for this area characterizaticn phase
in the Lisbon Valley, Gibson Dome, and Elk Ridve areas. Geological char-
acterization of the Salt Valley area is currently being done by the U.S.
Geological Survey.

Coverage of seismic reflection data amenable to modern data processing
and analysis is only partially adequate to assess subsurface faults in the
Lisbon Valley and Gibson Dome areas, and is not currently available for
the Elk Ridge area. Preliminary interpretations have been completed for
available data in the Gibson Dome area. Such studies in the Lisbon Valley
area have been deferred pending results of this area characterization phase

of work.

(A3



Screening Specificatiol

indicate that at least one fault in each of the Lisbon Valley and ‘ibson

Dome study areas may have Quaternary-age displacement (Woodward-Clyde

Consultants, 198la). In order to identify those areas having potentially

unfavorable conditions related to Quaternary faulting, zones 8 Kilometer:
around all mapped surface faults in all study areas were delineated The
selected 8-kilometer zone 1is based on existing regulations (5 miles) for

nuclear power plants (U.S. Nuclear Regulatory Commission, 198lc). For

. ; ; 5 . imi
. For surfacc faults, preliminary evaluation:

subs 5 i
surface faults having no surface expression in pre-Cenozoic rock strata
.

a zone 2 rS S i
one of 2 kilometers surrounding the surface projection of such faults

was designated as potentially unfavorable for siting. This 2-kilometer
zone is based on a proposed U.S. Nuclear Requlatory Commission (198lb)
regulation for repositor.es [10 CFR 60, Section 60.123(b) (7)]. Arcas

outside both the 2-kilometer zones and the B-kilometer zones are poten-

tially favorable for siting with regard to proximity to faults

4.2.4 PROXIMITY TO BOREHOLES

The following subcriterion of NWTS Criterion VI, Human Intrusion, is
o ds

the basis for addressing proximity to boreholes:

- ai
The site shall be located so that the exploration history
or relevant past use of the site or adjacent areas can be

determined and can be shown to h
ave no una: .
on system performance."” cceptable impact

significance. Subsurface penetrations may threaten the integrity of ti
¥

repository by providing a possible pathway for radionuclide migration to

the biosphere. They also represent evidence of some interest in a p.ten-
tially exploitable resource, which could be repeated in the future

versely, 1:

Con-
.f exploration in the vicinity of a repository suggests that
these may be limited or no resource potential in the vicinity and the
potential for future human intrusion may be minimal.

pata Acquisition Methods. pata regarding location of boreholes were ob-

tained primarily from available literature and from petroleum information
broker services. In addition, a recent report on the resource potential
of the four study areas, prepared by Merrell and the Utah Geological

ited

and Mineral sSurvey (1979), was utilized. These sources were Supj lem
by discussions with mineral industry consultants and by limited field

reconnaissance checks.

Adequacy of pata. These data were judged to be adequate for this area
level of investigation. For later, more-detailed studies of smaller
potentially favorable areas, additional inventories (such as the National
Uranium Resources Evaluation files in Grand Junction, Colorado) should be

utilized.

Screening Sp_ucxfxcat.ions_. proposed NRC requlations tor rej sitories,

(U.S. Nuclear Regulatory Commission, 1980) state that boreholes within
2 kilometers of a site must be investigated [m CFR 60, Section 60.123(b) (2}
For screening purposes, a zone of 2 kiloneters around each borehole was

designated as potentially unfavorable fcr repository siting.

4.2.5 LEGALLY DEDICATED LANDS

NWTS Criterion IX, Environmental Protection, recommends that a repositor:
pe located with consideration of environmental impacts, land usc conflicts
and ambient environmental conditions. The subcriterion dealing specifically
with land use states: “The site shall be located to reduce the likelihood

or consequence of air, water, and land use con licts.”

ce. The presence of lands legally dedicated to uses *hat are

Siguific
incompatible with a repository will be avoided (unless appropriate chanae

or exceptions to the laws are enacted). These lands typically include

wilderness areas and national parks and monuments that are rec

on screening maps. In some cases, such as historical or ar i

sites, the legally dedicated lands are so small in extent

more appropriately considered in the location phase.

bs



Data Acquisition Methods. Current land uses within the four study areas,

including all areas legally dedicated to uses that are incompatible with
a repository, were identified during area characterization in order to

assist in location selection. A search of maps, ph hs and li e,
and contacts with state experts were used to determine potential land use
conflicts.

Adequacy of Data. The data obtained from these sources were sufficient
for determining present and planned land uses in the area characterization
phase.

Screening Specifications. To facilitate location selection, all national
parks, national monuments, Indian lands, wilderness areas, and proposed
wilderness study areas were designated as p ially unf. le. These
dedicated lands are potentially incompatible with repository development,
are easily quantifiable on screening maps, and allow discrimination among
or within areas.

4.3 APPLICATION OF SCREENING FACTORS

In each study area, screening maps based on the specifications in
Table 4-1 were prepared and combined. Results of this combination are
described below.

4.3.1 SALT VALLEY STUDY AREA

In this area, no single salt cycle or layer could be identified because
of the extremely complex deformation within the Salt Valley diapiric anti-
cline (Hite, in preparation). Therefore, no assessment of potential site
geometry based on depth or thickness of a single salt unit could be made.
Depth to top of salt and dedicated lands are the most constraining screens

for this area. A map showing depth to to f the detf t mass and boun-

faries of the de¢ ated lands is shown on Figure 4-1. The

nimum depth

to the tog the deformed salt mass is 560 feet (in DOE #3 borehole;

woodward-Clyde Consultants,

Results of further application of the surface fault screen are shown on
Figure 4-2. The 5-mile potentia ly unfavorable zones from mapped surface
faults overlap and extend across the entire area of salt less than 3,500 feet
deep.

Further application of the borehole screen to the Salt Valley area is

shown on Figure 4-3.

4.3.2 LISBON VALLEY STUDY AREA

In this area, potential repository host rock salt units were identified
in salt cycles 6 and 9 (Woodward-Clyde Consultants, 198la). Because
screening results for each potential salt unit were similar, results of
only salt subunit 6A are presented here. This subunit has the greatest
area of potentially favorable depth plus thickness.

The depth-to-salt factor provided a more constraining screen than
thickness of salt and was therefore applied first. The screens were com-
bined in the following sequence: depth to salt, thickness of salt, proxi-
mity to surface faults, proximity to subsurface faults, and proximity to
boreholes. These screens are shown on Figures 4-4, 4-5, 4-6, 4-7, and 4-8,
respectivoly. No dedicated lands are present in this area. The potentially
favorable area defined by depth and thickness screens is completely covered
by potentially unfavorable areas related to proximity to surface faults and

boreholes.

4.3.3  GIBSON DOME STUDY AREA

In this area a potential repository host rock salt unit was identified

in salt cycle 6 (Woodward-Clyde Consultants, 19s8la), although other salt

beds below salt cyce 6 also may be suitable. The depth-to-salt factor

provided a more

therefore applied first. The screens were combined as follows:

salt, thickness of salt, proximity to surface faults, proximity to

face faults, proximity to boreholes, and areas of dedicated lands.
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screens are shown on Figures 4-9, 4-10, 4-11, 4-12, 4-13, and 4-14, res-

pectively. The potentially rable areas defined by depth and thick-
ness of salt that are also tree from potentially untavorable nditior

related to faults and boreholes and dedicated lands are shown on Figure 4-14.

4.3.4 ELK RIDGE STUDY AREA

In this area potential repository host rocks salt units were identified
in salt cycles 6 and 9 (Woodward-Clyde Consultants, 198la). The thickness-
of-salt factor provided a more constraining screen than depth to salt, and

was therefore applied first.

For salt cycle 6, the screens were combined as follows: thickness of
salt, depth to salt, proximity to surface faults, proximity to boreholes,
and areas of dedicated lands. These screensesare shown on Figures 4-15, 4-15,
4-17, 4-18, and 4-19, respectively. Available data regarding subsurface
faults were not sufficient to prepare a screen showing proximity to sub-

irface faults. The potentially favorable area f salt cycle ¢ defined

by thickaess and depth of salt that are also free of potentially unfav-
rable conditions related to faults, boreholes, and dedicated lands are

shown on Figure 4=19.

For salt cycle 9, the thickness and depth screens are shown on Figures
4-20 and 4-21, respectively. A combination of Figqure 4-21 with the re-
maining screens applied also to salt cycle 6 is shown on Figure 4-22.
Potentially favorable areas for salt cycle 9 partly overlap the similar

area for salt cycle 6, as shown in Figure 4-23.

4.4 IDENTIFICATION OF LOCATIONS

By examining the screen maps on :r.gures 4-1 through 4-23, it is evi-
dent that no part of areas of potentially favorablz salt depth and thick-
ness in the Salt Valley and Lisbon Valley areas are also free frcm poten-

tially unfavorable conditions related to faults, boreholes, and dedicated

lands. By contrast, the Gibson Dome and Elk Ridge areas do contain such
parcels. Gibson Dome has one such area of 57 square miles (Figure 4-24);
Elk Ridge has one large arca and several smaller areas (Figure 4-23).
The smaller areas are each less than 3 square miles and are not lu.rge

enough to contain a repository. The larger area totals 6 square miles.

On the basis of the above described conditions, one location is desig-
nated at Gibson Dome, composed of the one 57-square-mile area resulting

from screening. One location is also designated at Elk Ridge, composed

a b=

sjuare-mile area resulting from screening. These desiagnated loca-

tions are shown on topographic maps on Figures 4-24 and 4-25,

The remainder of tne four study areas not designated as locat:ons is
held in reserve; further study of these areas is deferred. These areas may
be reconsidered in light of newly acquired data or changes in the state of

the art, screening specifications, repository design, or federal regulations.
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Table 4-1

SCREENING SPECIFICATIONS

Screening
Factor

Applicable
NWTS Criterion
(see Table 2-1)

Specification

1.

2,

3.

Depth to salt

Thickness of salt

Proximity to faults

Proximity to
boreholes

Legally dedicated
lands

I.

VI'

IX.

Site Geometry

Site Geometry

Tectonic Environment

Human Intrusion

Environmental
Protection

Minimum favorable depth

to salt is 1,000 feet; all
shallower beds were avoided.
Maximum favorable depth to
salt is 3,500 feet; all
deeper beds were avoided.

Thicknesses of 100 percent
halide lithology greater
than 70 geet thick are fa-
vorable; all other thick-
nesses were avoided.

Lands within 8 kilometers ot
mapped surface faults were
avoided; lands within

2 kilometers of surface
projections of subsurface
faults were avoided.

Lands within 2 kilometers
of boreholes were avoided.

National parks, national
monuments, wilderness study
areas and Indian lands
were avoided,
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Chapter 5

RECOMMENDATION OF PREFERRED LOCATION

The screening process by which the Gibson Dome and Elk Ridge location
boundaries were delineated was described in Chapter 4. The two designated
locations are shown in Figures 4-24 and 4-25. Chapter 5 compares and con=-
trasts the characteristics of the two designated locations in order to recom=-
mend the location that appears to be most favorable for repository development.

5.1 EVALUATION PROCESS

The objective of this evaluation process is to identify a preferred
location from among the two designated locations that has the greatest likeli-
hood of proving suitable for repository siting and of meeting NRC licensing
requirements. The preferred place will be recommended for more detailed
study in the next phase of work.

This evaluation objective is achieved by (1) identifying comparison
factors that address each NWTS subcriterion; (2) comparing the two designated
locations in terms of these factors; (3) identifying which factors provide
differentiation between locations; and (4) identifying a preferred location
in terms of differentiating factors. Although each of the two designated
locations appears to be acceptable for further study, this evaluation allows
one location to be designated as "preferred.” A data matrix, showing NWTS
criteria and subcriteria, comparison factors addressing the subcriteria,

and data comparison of the two locations, is presented in Table 5-1,

5.2 CRITERIA AND COMPARISON FACTORS

This section discusses the individual criteria, subcriteria and comparison
factors, and their application to each designated location. Data in this
section have been derived largely from Woodward-Clyde Consultants (198la,

1981b) and Bechtel National, Inc. (1980)

96

5.2.1 SITE GEOMETRY

NWTS criteria and subcriteria that form the basis for addressing site
geometry have been previously discussed in Chapter 4.

5.2.1.1 Minimum Depth

Factors that address the subcriterion of minimum depth include erosion
rate and regional Quaternary uplift rate. These factors are identified in
proposed U.S. Nuclear Regulatory Commission (1981b) regulations for reposi-
tories [10 CFR 60, Section 60.123(b) 4, 8] as topics requiring careful

analysis,

5.2.1.1.1 Erosion Rate

significance. Data on erosion rates contribute to the definition of the
minimum depth below which waste should be placed in order to avoid a breach
of the repository. Erosion rates are particularly important in the Paradox
Basin because erosion has been the dominant geomorphic process in the Basin
and the Colorado Plateau during Quaternary time. This process is evidenced
by the numerous deep canyons in the region and by the scarcity of Quaternary
deposits.

Data Acquisition Methods. Literature on the Colorado Plateau region
was reviewed to derive erosion rates using reports of deposits of known age
located adjacent to incised streams (Woodward-Clyde Consultants, 1981a).
Analysis of aerial photographs, aerial reconnissance, and ground surveys
sdentified additional useful deposits. Minimum ages of these deposits were
assigned on the basis of soil profile development, paleomagnetic character,
and radiometric dating methods. Geologic formations in the region were
alse ranked in classes by their relative erodibility. Rate of lateral cliff
retreat 1s also influenced by bedrock erodibility. Long-term rates were

saleulated from data in the literature.
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Adequacy of Data. The data are adequate to derive a long-term rate of
bedrock incision during the last 1/2 to 1 million years. Short-term fluc-
tuations in erosion rates cannot be defined without better age control on
Quaternary deposits formed during the incision process. Rate of lateral
cliff retreat is also a function of bedrock lithology, and was calculated
from data in the literature. Knowledge of the surficial and subsurface
stratigraphy is sufficient to assess effects of lithology or erosion rates

in the near future,

Results/Comparison of Locations. The long term bedrock incision rate was
calculated to be 0.8 foot per 1,000 years, Lateral cliff retreat was calcu-
lated to be 0.8 to 1.8 feet per 1,000 years. Near-future erosion rates are
judged to be approximately equivalent to rates for the last 1/2 to 1 million
years because strata overlying the Paradox Formation are of similar erodi-
bility to thcse strata incised by the Colorado River during the last 1/2 to

1 million years. Based on the above values, a repository placed now at the
3,0 foot depth would still have a cover of 2,920 feet after 100,000 years

of er e

The present depth of incision is comparable in both the Gibson Dome and
Elk Ridge locations. The primary difference between the areas is the apparent
greater lateral erodibility of formations in the Gibson Dome location compared
to those in the Elk Ridge location. This difference is evidenced by compar-
ing the narrow incised canyons of Elk Ridge with the broad open expanse of
the Indian Creek Valley at Gibson Dome., However, there is no evidence to
indicate that erosion is proceeding any faster than the regional rate in

either of the areas,

5.2.1.1.2 Regional Quaternary Uplift Rate

Significance. Regional uplift is of concern with regard to its potential

to elevate the region and promote accelerated erosion that may lead to

aAe=

breaching of the repository. Anticipated variations in uplift rate are

also of concern in estimating the potential for breaching.

Data Acquisition Methods. A literature survey was made of studies

addressing uplift on the Colorado Plateau. These studies include (1) total
amount of uplift since Miocene time, when uplift started; (2) amount of
incision during Quaternary time or Pliocene time; and (3) amount and rate of
vertical displacement on normal faults bordering the western margin of the
Plateau. Uplift rates are derived at particular points by determining
present heights above stream level of uplifted deposits or surfaces of known

age.

Adequacy of Data. In the Paradox Basin and on the whole Colorado Plateau,
Quatcrnary and Tertiary deposits or surfaces have been preserved as only
scattered remnants. At some locations, radiometric ages provide aood age
control. More typically, a minimum age has been assigned to a deposit in
order to maximize the calculated rate of uplift, The data are adequate to
assess and derive a gencral uplift rate for the region during the Quaternary
cpoch, However, they are not adequate to address the question of variable
or differential uplift rates associated with specific geologic structures
within the region. The data suggest that uplift has proceeded on the same
order of magnitude through Quaternary and Pliocene time, but they are
averaged over long time periods and do not indicate whether uplift occurred

in pulses.

sults/Comparisc »f Locations, The Coleorado Plateau has undergone
L parison iof Locatlons

nal uplift throughout much of Cenozoic time. In response, rivers
within the plateau have incised deep, narrow canyons into the bedrock.
it is therefore likely that this trend will continue during the lifetime

f the repository.

a9



Quaternary and Pliocene data indicate an uplift rate of approximately
1 foot per 1,000 years. This rate is comparable to the previously described
bedrock incision rate of 0.8 foot per 1,000 years. In general, the Colorado
Plateau has been uplifted approximately 5,000 feet in 5 to 7 million years
(0.7 to 1.0 foot per 1,000 years).

Data are insufficient to differentiate individual uplift rates for the
Elk Ridge or Gibson Dome locatijons. However, limited available data indi-
cate that uplift of both locations is occurring at rates that are similar

to the regional rate.

5.2.1.2 Maximum Depth

Factors that address this subcriterion include temperature, maximum

feasible depth, loading by nearby cliffs, and in situ stress.

5.2.1.2.1 Temperature

significance. The existing temperature at repository depths will be raised
significantly by waste-generated heat during the repository lifetime. There-
fore, a lower ambient (existing) temperature would result in a lower maximum
operating temperature in the repository, or allow a greater concentration of
waste within the repository. The location having the lower ambient tempera-

ture is therefore favored.

Data Acquisition Methods. Temperatures were obtained from tempera-

ture logs at repository depths in boreholes at Gibson Dome and Elk Ridge.

Adequacy of Data, Data from the temperature logs are judged adequate to
indicate temperature at these points., As additional borcholes are drilled in
future studies, more temperature data will be obtained to evaluate lateral

temperature variations at repository depths.
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Results/Comparison of Locations. Ambient temperature at 3,000 feet in
the ;ibson Dome No, 1 (GD-1) borehole was 86°F. 1In Elk Ridge at the

E.J. Kubat borehole, temperature at 3,000 feet was 83°F. 1n the Elk
Ridge No. 1 (ER-1) borehole, the temperature at 3,000 feet was 85°F
(Woodward-Clyde Consultants, in preparation). The locations of the ER~1
and E.J. Kubat boreholes are shown in Figure 4-22; the location of the
GD=1 borehole is shown in Figure 4-24,

5.2.1.2.2 Maximum Feasible Depth (Engineering Considerations)

Significance. It is important to estimate the maximum feasible siting
depth of a repository in salt because the stability of underground openings
becomes less certain with increasing depth. The primary stability factor
is gradual closure of a deep opening over long periods of time (tens of
years) arising from creep-type deformation of salt. The maximum depth is
that depth at which stability of underground works can be maintained without
extensive structural reinforcement.

Data Acquisition Methods. In situ stress-strain and creep data were

measured in the GD-1 borehole at Gibson Dome. Measurements were made in
salt strata using oilfield drill-stem test equipment to measure volume change
of deep test zones as the pressure of the zone was reduced. Stress-strain

data and short-term creep rates were calculated from pressure and volume

measurements.,

Adequacy of Data. The data obtained at GD-1 are adequate to make an
estimate of maximum feasible siting depth. Laboratory triaxial strength and

creep testing of salt core samples is in progress to complement in situ
data.

Results/Comparison of Locations. Three successful in situ stress-strain/

creep tests at depths of 3,240, 3,625, and 4,865 feet were completed at Gb-1.
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Short-term (l-day) creep rates for the 3,240 and 3,625 ft depths are

1.6 x 10.9 and 4.4 x 10-9 radial strain per second, respectively. Radial
strain was defined as the change in borehole radius divided by the original
borehole radius (typically 5-1/2 inches). For the 4,865 ft depth, short-
term (l-day) creep rates are 42 x 10-9 radial strain per second. Because
two shallow test creep rates are among the lowest values reported in the
literature, a maximum feasible siting depth of 3,500 feet (approximately
equal to the test depth of 3,625 feet) was estimated. This estimate,
based only on area-specific data from one borehole, will be reevaluated
based on further field and laboratory testing during succeeding phases

of work.

Because no data are available for Elk Ridge, no direct comparison of
maximum feasible depth can be made. However, based on the general geologic
characteristics of each area, it is not expected that the maximum feasible
depth would be much different for these two areas. Therefore, this is not

a discriminating factor.

The actual depth to top of salt cycle 6 at the Gibson Dome location ranges

from 2,400 to 3,400 feet; at the Elk Ridge location, actual depth to the top
of salt cycle 9 ranges from 2,350 to 3,500 feet.

5.2.1.2.3 Loading by Nearby Cliffs

Significance. If repository workings are sited too close in plan view to
a high cliff or within a narrow canyon, they may experience added stresses
from the cliff mass in excess of those resulting from the lithostatic load
calculated at the base of the cliff. Thus, the effective depth (base depth
plus added stress from the cliff) is greater when near a cliff face than
when located at the same base depth in flat terrain. If the effective depth
is greater than the maximum feasible depth of 3,500 feet, the stability of

underground workings could be compromised.
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Data Acquisition Methods. Approximate stress distribution calculations
were made for base depths of 2,500 and 3,000 feet near a 1,500-foot-high
cliff. The calculations were based on an assumed infinitely long vertical
¢liff. If the base depth is 2,500 feet, the limits of the repository should
be no closer than about 0.5 mile to the clitf face to give an effective depth
of 3,500 feet; with a base depth of 3,000 feet the repository should be no

closer than 1 mile to the cliff.

Adequacy of Data. The calculations are based on simplified geometries
and conservative summation of cliff-induced stresses and lithostatic stress.
These calculations are sufficient, however, for approximate delineation of
set-back distance from cliff faces during the area to location screening
process, If the sclected site is located near substantial topographic relief,

additional, more sophisticated stress calculations may be required.

Results/Comparison of Locations. Stress distribution analyses were

applied to the abrupt high cliffs in the castern and southern parts of the

~ibson Dome location. Based on these analyses, the effective depths for the

following areas were found to exceed 3,500 feet: all of Harts Draw, a
wide zone along the front of Harts Point, and zones less than 1 mile wide
around Bridger Jack Mesa and an unnamed mesa to the west. In the Elk Ridge
location, the only similar area found was a zone less than 1 mile wide on

the west side of South Long Point.

These set-back zones of identifed effective depth greater than 3,500

feoet will be evaluated in more detail if a chosen site extends into the zones.

5.2.1.2.4 Magnitude of In Situ Stress

significance. 1In situ state of stress data arc important for lesign and
layout of underground facilities as well as for evaluating the seimologic/
tectonic regime in the areas. Knowledge of the direction of the maximum

principal stress will aid in oricnting underground chambers and 5AGEWAY S .
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Data Acquisition Methods. 1In situ hydraulic fracture tests were per-

formed in salt strata at five depths from 3,130 to 4,850 feet in the GD-1
borehcle. The tests were made with a slowe fluid injection rate than is
used in conventional hydraulic fracture te ting to better define the pres-
sure-volume-time history of the tests. Downhole pressures and injection
volume were carefully monitored. Impression packers were used to record

the direction of any fracture formed during testing.

Adequacy of Data. The testing gives reasonable results for the vertical
lithostatic stress gradient and minimum horizontal stress, but somewhat
unexpected results for maximum horizontal stress. Conventional elastic inter-
pretation methods used for these tests may not be applicable for salt (a plas-
tic material). Additional testing will be done in hard rock strata overlying

and beneath the salt formation near specific proposed repository sites.

Results/Comparison of Locations. The vertical lithostatic stress gradi-

ent was found to be 1.15 psi per foot of depth. Minimum horizontal stress

is about equal to the vertical stress. The maximum horizontal stress was
calculated to be 1.5 times lithostatic stress, No comparison can be made
between the Gibson Dome and Elk Ridge locations because data are available
only for the former. Stress magnitude and direction are not expected to
vary significantly between the two areas; however, the more rugged topography

at Gibson Dome may influence the stress pattern there.

5.2.1.3 Thickness of Host Rock

Factors that influence this subcriterion are thickness of salt interval
and thickness of interbeds or impurities. These factors are important in

achieving repository performance objectives as described in proposed U.S.

lear Requlatory Commission (1981b) regulations (10 CFR 60, Section
60.111(3)1.
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5.2.1.3.1 Thickness of Salt Interval

Significance, methods of data acquisition, and adequacy of data for this
factor were discussed previously in Section 4.2.2. At Gibson Dome, salt
cycle 6 is the target bed, while at Elk Ridge, salt cycle 9 is the target
bed.,

Results/Comparison of Locations. In the Gibson Dome location the thick-
ness of salt cycle 6 ranges from 160 to 240 feet. The thickness of salt

cycle 9 at Elk Ridge ranges from 70 to more than 90 feet,

5.2.1.3.2 Impurities

Significance. Any appreciable thickness of non-halite minerologies
within the potential host rock layer may be potentially unfavorable in
terms of diluting various halite properties such as thermal capacity and
annealing ability. Depending on the nature of the non-halite component,
additional potentially unfavorable conditions (such as gas and fluid con-

tent) may be introduced.

Data Acquisition Methods. Continuous cores of the potential host rock

layer obtained from GD-1 and ER-1 boreholes were logged and described.

Adequacy of Data. The data from these boreholes are judged adequate to
dilineate anhydrite. Other non-halite minerologies are under investigation.
Similar data from additional boreholes during future work will provide a

body of data to evaluate lateral variations in non-halite minerologies.

Results/Comparison of Locations. At Gibson Dome the only known non-

halite minerologies within the potential host rock layers are carnallite
and laminae of anhydrite. Anhydrite laminae occur as distinct bands
approximately 1/8-inch thick, and are spaced one-half inch to one-half foot
apart throughout the interval. They constitute a toal of less than 5 per-

cent of the salt layer thickness. At Elk Ridge, anhydrite laminae occur

|0S



as diffuse bands of anhydrite sand (spaced approximately one-half foot
apart) in a halite matrix. Anhydrite impurities make up approximately

2 percent of the host rock. At Gibson Dome, a minor amount of carnallite
has been identified within the halite of salt cycle 6. The significance
of molecular water in this mineral is being investigated., At Elk Ridge,

no evidence of hydrous saline minerals has yet been found.

5.2.1.4 Lateral Extent of Host Rock

Factors that address this subcriterion are (1) the area meeting depth
and thickness criterion; and (2) potential for encountering lateral varia-
tions in host rock layer. These factors are important in achieving reposi-
tory performance objectives as described in proposed U.S. Nuclear Regulatory
Commission (1981b) regulations [10 CFR 60, Section 60,111(3)].

5.2.1.4.1 subsurface Area Having Potentially Favorable Characteristics

significance. This subsurface area must be at least 3.1 square miles
in order to accommodate the dimensions cf the repository. Additional area
is desirable to (1) allow shifting of the 3,1 square miles to avoid any un=-
foreseen undesirable conditions that become known as a result of future

investigations; and (2) provide a buffer zone.

Data Acquisition Methods. The screening maps presented in Chapter 4

delineate areas having potentially favorable characteristics for salt cycle
6 in Gibson Dome and for salt cycle 9 in Elk Ridge. The designated loca-

tion maps (Figures 4-24 and 4-25) are summary maps showing such areas.
Adequacy of Data. Data on these figures are judged adequate for this stage
of investigations. These maps will be updated as results of additional work

become available.

Results/Comparison of Locations. At the Gibson Dome location, a poten-

tially favorable subsurface area of 57 square miles is present. At the Elk

Ridge location, a potentially favorable arca of 6 square miles is present.
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5.2.1.4.2 Potential for Lateral Variations

Significance. Lateral variations in lithology or other mass properties
within the host rock may adversely affect repository performance by reducing

thermal capacity or radionuclide isolation capabilities.

Data Acquisition Methods. Data regarding consistency of lithology

within individual salt cycles were gathered from (1) Paradox Basin studies
by Hite (1960) and Hite and Lohman (1973); (2) continuous core data from
boreholes at Gibson Dome and Elk Ridge; and (3) evaluation of oil well

geophysical logs.

Adequacy of Data. The data base described above is judged adequate to
provide preliminary assessments of local variability in lithology. Data
from additional boreholes during future studies will be needed to reach a

final assessment of local variability,

Results/Comparison of Locations. Based on the data discussed above, it
is judged that the likelihood for encountering significant local variability
in lithology is somewhat higher at Elk Ridge than at Gibson Dome,

5.2.2 GEOHYDROLOGY

NWTS Site Performance Criteria (U.S. Department of Energy, 198la) state
that the geohydrologic regime in which the site is located shall have charac-
teristics compatible with waste containment, isolation, and retrieval.
Various aspects of geohydrologic conditions are specified for careful study
in proposed U.S. Nuclear Regulatory Commission (1981b) requlations [10 CFR
60, Sections 60.112(b) (c); 60.122(c) (£): 60.123(a, 3) (b, 5, 7, 12, 16)].

5.2.2.1 Geohydrologic Regime/Flow

The following subcriterion from U.S. Department of Energy (1981a) is

the basis for addressing geohydrologic regime/flow:

"The site shall be located so that the present and probable
future geohydrological regime will minimize contact between
ground water and wastes, and will prevent radionuclide migra-
tion from the repository to the accessible environment in
unacceptable amounts."

109



The factors that address the subcriterion of geohydrologic regime/flow
include (1) ground-water travel time from site to discharge; (2) hydraulic
communication between repository layer and surrounding units; and (3) verti-
cal hydraulic gradient, Because these factors are closely related they were

considered together.

Significance. Moving ground water provides the most significant mech-
anism by which radionuclides could be transported from the repository to the
biosphere. Assessment of the ground-water flow system is critical to evalu-
ating the potential for unacceptable amounts of radionuclides reaching the
biosphere from any particular subsurface location. Major characteristics
of the flow system critical for radionuclide migration are closely related to
(1) variability in lithology of geologic formations in the region and near a
potential site; (2) locations of regional and local recharge and discharge
areas; and (3) geologic structure, including cross-cutting structures that

may provide short-cut conduits for radionuclide migration.

Data Acquisition Methods. Regional flow-system data were obtained

primarily from an understanding of regional stratigraphy and geologic struc-
ture, and from drill-stem tests in oil and gas exploration wells. Sampling
of springs and existing wells was also conducted throughout the study areas
and the adjacent recharge and discharge areas. A detailed literature search

and review provided the remainder of the regional information.

Extensive hydrogeological testing was performed in the GD-1 borehole.
Estimates of hydrological parameters have been obtained for all the forma-
tions within approximately 3,000 feet above and 3,500 feet below the target
repository salt bed. Water samples were obtained for detailed chemical and
isotopic analyses. A similar test borehole is presently underway in the
Elk Ridge area.
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Adequacy of Data. Based on presently available data, general ground-
water movement rates and directions may be estimated within the Paradox
Basin. However, there is a great deal of uncertainty with the majority of
the existing data base because it is largely composed of drill-stem tests

performed for purposes other than hydrologic testing.

At Elk Ridge, the data coverage is particularly sparse. Results of the
in-process Elk Ridge borehole will add to the local and regional dat: base.
At Gibson Dome, preliminary test results from the GD-1 borehole, when used
in conjunction with the regional drill-stem test records, are sufficient for
quantitative estimates of flow rate and direction. Data to assess the sorp-
tive and dispersive characteristics of the strata are inadequate at this

time in both of the locations.

Results/Comparison of Locations. The results and the level of hydrogeologic

data available for the Gibson Dome location are sufficient to indicate that
this location would mect the minimum requirements for radionuclide residence
time specified in the NRC proposed technical criteria and the NWTS criteria
(Woodward-Clyde Consultants, 198la). The specified residence time from
"permanent. closure” of the repository to appearance of any radionuclide at

the biosphere is 1,000 years (U.S. Nuclear Regulatory Commission, 1981b).

At Gibson Dome, the data gathered to date indicate that (1) there
is little or no hydraulic communication between the repository layer and
surrounding units; and (2) the vertical hydraulic gradient appears to be
downward. Based on these conditions and on hydraulic conductivity data
obtained in the GD-1 borehole, the following travel path was hypothesized
to be most probable for migrating radionuclides in the pParadox For-

mation, should a release occur: (1) from repository in salt cycle 6 down-

ward to the interbed between salt cycles 6 and 7; (2) within this interbed
to the west and north toward the Colorado River; (3) to the intersection of

this interbed with the diapiric salt structure along the Colorado River
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nearest the Gibson Dome location (structure in "Y" canyon, 20 miles from the
GD-1 borehole); and (4) upward within the salt diapir to the biosphere near

the Colorado River.

The estimated ground-water travel time for this most probable travel path
is 131,000 years should such a release occur. Several other similar flow
paths were considered, including one through the interbed above Salt 6; all
of these flow paths resulted in apparent flow times greater than 10,000 years.
The worst-case hypothetical flow path, th gh the Eleph Canyon F ion,

resulted in a calculated flow time to the biosphere of approximately 12,500
years. Because the factors of dispersion and sorption will retard migration

of radionuclides contained in ground water, a radionuclide residence time

before reaching the biosphere may be significantly longer.

The travel-path scenario described above is preliminary and is based
on limited subsurface data. This scenario has been constructed to be con-
sistent with the currently available information from the regional hydro-
geologic studies and from GD-1 borehole data. As additional subsurface data
become available from continuing hydrogeologic and structural geology studies,
this scenario will be updated and may be significantly revised. Moreover,
this scenario is specific to a hypothesized repository at the GD-1 borehole,
assuming that conditions at this borehole are representative of conditions
within and near that hypothesized repository. For a repository located
elsewhere, a similar travel path scenario would have to be based on sub-

surface conditions revealed by boreholes at that locality.

In order to identify locations most favorable for further study at this
early stage of detailed investigations, an approach such as designated above,

based on conservative assumptions, was considered to be reasonable and useful.

In the Elk Ridge location, it is anticipated that hydrogeologic test data
from the Elk Ridge borehole will be sufficient to make a similar hydro-
geological analysis for this area with respect to residence times. The
northern part of the Elk Ridge location is currently favored because of

relatively long flow paths and low hydraulic gradients.
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5.2.2.2 Hydrological Regime/Modeling

The following subcriterion from U.S. Department of Energy (198la) is
the basis for addressing the hydrological regime/modeling factor:

"The site shall be located so that the hydrological regime can

be sufficiently characterized to permit modeling to show that

present and probable future conditions have no unacceptable
impact on repository performance."

Factors that address the subcriterion of modeling include (1) complexity
of the ground-water flow system; and (2) ability to produce a defensible
ground-water flow model. Because these factors are closely related, they

were considered together.

Significance. Modeling is necessary to descrike the hydrogeologic system
in sufficient detail to facilitate evaluation of repository performance.
The ability to model the ground-water flow system is crucial to demonstate
conclusively the effects of present and probable future conditions, and to
evaluate effects of those conditions on repository performance. Because
simple conditions can be modeled more quickly and with a much higher deqgree
of confidence than complex systems, areas having simpler systems arc more

desirable for model construction and use.

Data Acquisition Methods. Methods were the same as those stated in

Section 5.2.2.1.

Adequacy of Data. For the Gibson Dome location, data are sufficient to
prepare a conceptual ground-water flow model. Preliminary numerical modeling
has been initiated for the study region based on available knowledge of the
regional ground-water flow system and on detailed data from hydrogeologic
testing at the GD-1 borehole. Modeling will be facilitated because of the
relative simplicity of hydrogeologic conditions on the western part of the

Paradox Basin containing the Gibson Dome and Elk Ridge locaticns. Ferthceoming

i



da‘t‘a from the E1k Ridge No. 1 borehole will add to the hydrogeologic data
base for numerical modeling.

Comparison of Locations., Because regional hydrogeologic conditions are
similar between these areas, no preference regarding this factor can be
made at this time,

5.2.2.3 Geohydrological Regime/Shaft Construction
The following subcriterion from U.S. Department of Energy (1981a) is the
basis for addressing the geohydrological ime/shaft uction factor:

"The site shall be located so that the geohydrological regime
allows construction of repository shafts and maintenance of
shaft liners and seals."

Significance. The gechydrologic regime impacts on: (1) the cost and
feasibility of shaft construction; and (2) the integrity of the mined
opening during the period of construction and operation, Abundant flowing
ground water can make shaft construction difficult, expensive, and impracti-
cal. Even after shaft construction is complete, an imperfect seal could
allow the p ge of water d d along the shaft, increasing the potential
for flooding the mine chamber.

Data Acquisition Methods. Information needed for evaluation of this
factor includes permeability, porosity, static water levels (potentiometric
levels), saturated thickness and mechanical properties of the rock. A
preliminary estimate of these characteristics was obtained in the Gibson Dome
location from the hydrogeological testing, geophysical logging, and coring
operations at the GD-1 borehole. The Elk Ridge No. 1 borehole should provide
similar data.

Adequacy of Data. Data from the boreholes at Gibson Dome and Elk Ridge
will be sufficient to provide preliminary estimates of pertinent factors,
particularly ground-water inflow into a shaft.
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Results/Comparison of Locations. At the GD-1 borehole, the total flow
estimated to occur into a 12-foot-diameter shaft from ground surface to
repository depth is approximately 57 gallons per minute. The majority of
the flow would be produced from strata at a depth of approximately 1,000 feet.
Porosities and permeabilities were generally low. Permeabilities within the
strata above and below the Paradox Formation ranged from 36 millidarcies
to 2 x 107 millidarcies. Within the Paradox Formation, permeabilities
ranged from 7.0 x 10°° to 2 x 1077 millidarcies (Woodward-Clyde Consultants,
198la). Similar data should be available from the Elk Ridge No. 1 borehole.

Comparisons between locations cannot be made until these data are available,

5.2.2.4 Dassolution

The following subcriterion from U.S. Department of Energy (198la) is
the basis for addressing the dissolution factor:
"The site shall be located so that subsurface rock dissolution

that may be occurring, or is likely to occur, can be shown
to have no unacceptable impact on system performance.”

Factors that address this subcriterion include distance to and activity

of dissolution features. The factors will be considered together.

Significance, Dissolution of salt represents a possible method of breach-
ing the host rock or of reducing the buffer zone around or within the host
rock. This breach could lead to a loss of rcpository isolation. Moreover,
existing dissolution surfaces could shorten the radionuclide migration path-
way and lead to an unacceptable loss of repository containment. For safety
considerations, dissolution rates that would violate the integrity of the
host rock over a period of thousands or possibly tens of thousands of years

should be avoided.

Evidence of current dissolution, or of conditions that could give

rise to dissolution in the immediate future, are also items of concern.
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The boundary of ptability depends on both the rate of dissolution that
might be occurring or anticipated, and the thickness of buffer zones that
would be susceptible to dissolution bef the dissolution front d
the radjoactive material. The ab requi (U.8, Nuclear
Regulatory Commission, 1981a) is that radioactive material not be allowed
to reach the biosphere for 1,000 years.

Data Acquisition Methods. Available information in the literature was
examined for any mention of salt dissolution or dissolution-related struce
tures. Pertinent data were then gathered during surface stratigraphic and

1 mapping, including degree of stratigraphic continuity, attitude
of beddi and 9 ic ch istics of faults and folds. In addition,
borehole logs throughout the study areas were interpreted to locate and define
the apparent boundaries of salt dissolution. Some seismic reflection data were
interpreted to detect any anomalies in salt thickness or any other evidence
of potential salt flowage or dissolution,

spring sampling along the Colorado River was performed to detect any
salinity differences that might suggest salt dissolution, Geophysical and
water chemistry data from water wells and water-producing oil wells were
also analyzed, as were hydrogeologic tests of the GD=1 borehole for evidence
of dissolutioning,

Adequacy of Data, For the E1k Ridge and Gibson Dome locations, literature,
borehole data, and seismic reflectiocn data pertaining to possible dissolution
phenomena are sparse., Information from stratigraphic and structural mapping
is relatively complete, but provides information only on surface manifesta-
tions of salt dissolution and collapse. Current hydrogeologic data are
adequate to make regional correlations between potentiometric interpretations
and dissolution processes; however, data are insufficient at present to
make confident prediction of the likelihood of dissolution for a particular
part of a location.
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Near the Gibson Dome location, one collapse structure was identified
(Lockhart Basin). This fcature is believed to have been formed as a result
of dissolution of 1,100 feet of salt (Huntoon and Richter, 1979). This area

was further investigated during stratigraphic and structural mapping investi-
gations for this study (Woodward-Clyde Consultants, 1981a). Further investi-
gations of this feature and any other detected dissolution features are
needed to further define dissolution rates and the extent and impact of these
features on any part of the Elk Ridge or Gibson Dome locations that is
selected for further study.

Comparison of Locations. Dissolution features closest to the Gibson
Dome and Elk Ridge locations are shown in Figure S5-1, Because no dissolution
features have been identified within the Elk Ridge location, it is pre-
ferred over Gibson Dome with respect to the presence of such features.

Rates of dissolution at Lockhart Basin, or the presence of dissolution phe-
nomena within the Gibson Dome location, have not yet been fully evaluated.
Such evaluation is planned for the next phase of work if the Gibson Dome

location 1s selected for further study.

5.2.3  GEOCHEMISTRY

NWTS Site Performance Criteria (U,S. Department of Energy, 198la) state
that the site shall have geochemical characteristics compatible with waste
containment, isolation, and retrieval. Geochemical conditions are specified
for careful study in proposed U.S. Nuclear Regulatory Commission (1981b)
regqulations [10 CFR 60, Sectior.. 60,122(d)(g); 60,123(b, 13, 14, 15)1].

5.2.3.1 Ground-Water Chemistry

The following subcriterion from UsS. Department of Energy (1981a) is the

vasis for addressing the chemical interaction factor:

"The site shall be located so that the chemical interactions
petween radionuclides, rock, ground water, or enginecred com=
ponents will not unacceptably affect system performance.”
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Pactors that address this subcriterion include geochemical environment
2nd host=rock water content, These factors were considered together,

Significance, Ground-water chemistry must be compatible with waste
containment, isolation, and retrieval in order not to unacceptably affect
Y pexf . of this compatibility includes the following:

® Definition of hydrochemical facies

® Correlation of these hydrochemical facies with ground-
water flow p ns deduced from p i ic and
permeability data

® Hydrochemical evidence regarding salt dissolution
® Assessment of in situ redox conditions

® Water-rock equilibrium assessments.

Data Acquisition Methods. Geochemical data used in the area characteri-
zation phase include both chemical data collected prior to this investigation,
and data collected for this study (Woodward-Clyde Consultants, 198la), These
chemical data are from springs, water wells, water produced from oil wells,
and one exploratory boring constructed in the Gibson Dome area for this
program. Host-rock water-content data have been obtained from analysis of
cores at the GD-1 borehole. Similar data will be obtained from the Elk
Ridge borehole,

Adequacy of Data. Current data are adequate to assess regional hydro-
chemical trends, to make regional correlations with potentio-metric inter-
pretations and dissolution processes, and to estimate redox conditions.
The data are therefore suitable for the level of interpretation being
made in the area characterization phase, There are significant gaps in
the data on a local scale, however, that should be filled in during the
next phase of work, Additionally, water-rock equilibria evaluations have
not been completed,

e

Results/Comparison of Locations. As stated in Section 5.2,2.1, available
hydrochemical data 11y confirm the ground-water flow patterns observed
in the regional p i ic i P tion. Redox conditions of ground
water in the lower hydrostratigraphic unit (below the Hermosa Group) and in the
lower part of the upper hydrostratigraphic unit (lower Permian strata) appear
to be moderately reducing. This indicates that conditions above and below the
target repository bed are favorable for the immobilization or retardation of
various radionuclides. These reducing conditions and associated brines must
be considered when designing the corrosion control aspects of repository
construction,

Preliminary results of hosterock water content analyses from GD-1 core
show 0.0l to 0.2 weight percent of intergranular and fluid inclusion water,
This does not include water of hydration.

Based on the current geochemical knowledge, neither the Gibson Dome nor
the Elk Ridge locations can be identified as preferable. When more complete
geochemical data become available, they can be used as a comparison tool
in conjunction with hydraulic interpretations of the flow system., The dis-
tribution of hydrochemical facies and associated assessments of ground-water
evolution and flow directions should mesh with the groundewater flow pattern
deduced from potentiometric inturpretations. These interpretations can be
used in the comparison process tc identify localities that are hydrogeo~

logically more favorable for siting,

5.2.3,2 Retardation Potential

Factors that address this subcriterion include radionuclide adsorption
properties in the migration pathway and thickness of highly adsorptive rocks
above and below the potential host rock layer. These factors were considered
together,

Significance, Radionuclide adsorptive properties of rocks in the migration
pathway away from a repository can result in retardation of the radionuclide

travel time and thus longer residence time before reaching the biosphere.
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Additionally, a greater cumulative thickness of highly adsorptive rocks above
and below the repository provide a larger potential retardation factor, and
thus constitute a potentially favorable siting factor.

Data Acquisition Methods. Continuous cores taken in the GD-1 borehole
provided samples for future measurement of radionuclide adsorptive proper=
ties. Total thickness of shale and other fine-grained deposits (which may
have highly adsorptive properties) was also obtained from the continuously
cored boreholes. These data were combined with analysis of geophysical
logs from other previously drilled boreholes at Gibson Dome and Elk Ridge,

Adequacy of Data. Interpretation of shale from geophysical logs has two
potential limjitations. The first is the relative uncertainty in accurately
picking a shale lithology from a downhole sequence given only geophysical
log data with no accompanying core or cuttings information, Comparison
of geophysical log shale picks with known core lithology at the GD-1 borehole,
however, shows a relative accuracy in this ability, Therefore, the level of con-
fidence in accurately picking shale lithology is conservatively judged to be near
75 percent. Second, shale mineralogy cannot be determined directly from geo-
physical logs. The shale's radionuclide retardation properties are depen=-
dent on the presence of clays capable of trapping or adsorbing radionuclides.

It is not yet known if these clays exist in the shales picked from geophysi-
cal logs. Given these uncertainties in the existing data, a 50 percent level
of confidence is associated with this radionuclide retardation assessment,

Comparison of Locations. The Gibson Dome location has 155 to 265 feet
of shale in the geologic section above the repository horizon and 230 to
480 feet in the section below it. The Elk Ridge location has 125 to 142 feet
of shale in the section above the repository horizon and 125 to 150 fect in

the section below it,

e

5.2.4 GEOLOGIC CHARACTERIST ICs

NWTS Site Performance Criteria (U.s. Department of Energy, 198la) state
that the site shall have geologic characteristics compatible with wa:
containment, isolation, and retrieval,

5.2.4.1 Geologic Characterizatjon

The following subcriterion from U.S. Department of Energy (1981a) is

the basis for addressing the geologic characterization factor:

"The site shall be located so that the subsurface setting can
be sufficiently characterized to permit identification and
evaluation of conditions that are potentially adverse or
favorable to waste containment, isolation, and retrieval."

Factors that address this subcriterion include: (1) simplicity and

definition of surface and subsurface geologic conditions; (2) extent and

age of Quaternary deposits; and (3) magnitude of potential changes in
climate. These factors address conditions specified for careful study in
proposed U,S. Nuclear Regulatory Commission (1981b) repository requlations
[10 CFR 60, Sections 60.112(b); 60,122(c); 60.123(a,8) (b, 4, 16)].

v.and Definition of Geologic Conditions

Significance. Geologic conditions, particularly stratigraphy, must be
cvaluated in the vicinity of the repository in order to determine their
adequacy with regard to repository pertormance. Stratigraphy, for example,
may provide one or more of the key barriers to radionuclide migration in the
event of breach of the contaimment provided by the host rock, Detailed
knowledge of the stratigraphy is also the key to understanding the geologir
structure and geologic history, Stratigraphic information, in addition,
permits evaluation of resource potential, ground-water potential, and tector i
stability, Stratigraphy should be sufficiently simple and continuous *to

permit confident identification nf discontinuities. Simple stratiqrap

vreferred to complex stratigraphy because it reduces uncertaintics in tie

knowledge of geologic history and greatly facilitates modeling,
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Data Acquisition Methods. For the E1k Ridge and Gibson Dome locations,
nearly every square mile was field-checked with respect to stratigraphic
continuity and structural setting. Geophysical logs from most borings in
the areas were interpreted to investigate the stratigraphic continuity
between the ground surface and the Mississippian Leadville Limestone. Sur=-
face seismic lines were and are being interpreted, in part, to locate
continuous reflectors in the subsurface.

Adequacy of Data. Data and resulting interpretations of surface
traceable stratigraphic and geologic conditions at Elk Ridge and Gibson Dome
have been completed with a high level of confidence. Excellent stratigraphic
exposures occur in both areas, Varied rock lithologies have been accurately
traced throughout the areas both above and below the ground surface., In the
subsurface, each geologic formation carries distinctive geophysical signa-
tures that can and have been identified with accuracy, in many cases down
to specific beds within the unit, Wells are widely spaced at Elk Ridge and
Gibson Dome, but available diagnostic geophysical log signatures can be

correlated between virtually all wells, regardless of spacing.

seismic reflection data coverage is partial at Gibson Dome, but is entirely
absent at Elk Ridge., Subsurface faults have been detected at Gibson Dome
by interpretations of these data (Figure 4-12), Subsurface faults were
detected in two boreholes at Elk Ridge (Edward J. Kubat Govt, #1 and William
B. Kidd Federal #1), However, the extent or orientation of these faults could
not be estimated because of the lack of seismic reflection data.

Comparison of Locations., Surface and subsurface stratigraphy are simple
and traceable at both locations, Subsurface structure is better defined at

Gibson Dome because of the availability of seismic reflecticn data,

2.0

5.2,4.1.2 Extent of Age of Quaternary Deposits

Significance. An understanding of events and processes during Quaternary
geologic hastory can be derived trom the characteristics of Quaternary
deposits and soils, These deposits and soils can be used to assess regional
uplift and erosion rates and potential climate ch These phe-

are of i t in evaluating the minisum depth of waste burial, and
in assessing the significance of future hydrologic or geomorphic processes
at the site and in the subsurface. In addition, Quaternary deposits and
soils are also useful in assessing Quaternary displacement on faults or rates
of dissolution where such structures could adversely affect repository
performance, This type of evaluation is most informative where deposits
spanning the whole Quaternary epoch are preserved above the geologic feature

of interest.

Data Acquisition Methods. A literature search of federal, state,
local, and academic data was made to identify the extent and character of
Quaternary deposits in the paradox Basin. Analysis of aerial photographs,
acrial reconnaissance and field mapping augmented these data for the Gibson
Dome and Elk Ridge locations. Correlations of Quaternary deposits was based
on topographic position, soil profile development, relative weathering
characteristics, character of deposits, and stratigraphic position. NDepnsits
were examined at natural exposures and at soil test pits excavated with a

backhoe.

Adeqguacy of Data. Available data augmented by field investigation have
identified most of the sparse Quaternary cover in the Paradox Basin region and
in the Gibson Dome and Elk Ridge locations. Locally, data are inadequate to

assess whether older Quaternary deposits underlie the Holocene vencer. Seqguences

of strata spanning all or a large percentage of Quaternary time are rare.

Results/Comparison of Locations. Quaternary deposits are preserved (88}

as pediment gravel tlanking the Abajo and La sal Mountains; (2) as isolated

remnants on the pre-incision Plateau surface; (3) as gravel=covered strath
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terraces on resistant sandstone units in lithologic units of variable
resistance; and (4) as a veneer of fine-grained eolian and alluvial deposits
on upland surfaces and mod valley b * pectively,

Mapping of Quaternary deposits at E1k Ridge and Gibson Dome indicates
that more extensive deposits encompassing more of the Quaternary epoch
exist at E1k Ridge than at Gibson Dome. Elk Ridge has more remnants of
deposits that predate canyon incision, and also has a mantle of multiple
sheets of loess on upland surfaces, These eolian deposits could record
paleo=climatic conditions and provide adequate stratigraphy for evaluating
history of deformation of any underlying geologic structure. Such deposits
at Elk Ridge are not present over existing structures that require an eval-
uation of the age of the last displacement.

5.2.4.1.3 Magnitude of Potential Climate Change

Significance. Rates of phic p P 1y op ing in the
areas reflect present climatic conditions, Modeling studies of hydrogeologic
and erosional conditions are based on historical data. The effects of future

climatic changes on these models and on the future integrity of the repository
need to be considered. Climatic change may affect the magnitude and recur-
rence of floods, rate of bedrock incision, and the rate of ground-water

recharge.

Data Acquisition Methods. Predictions of future climatic fluctuations
can be made by evaluating the range of conditions that have existed during
Quaternary time. Indications of paleoclimates in the Paradox Basin have
been obtained from (1) the character of Quaternary deposits and soils
developed on the deposits; (2) a literature review of paleoclimatic data
and the archaeological record available for other areas in the southwest;

(3) discussions with scientists involved in these studies; and (4) a com=
parison of the above data with global climatic data, Site specific studies
planned for the future include examination of pollen and vegetation preserved

in Quaternary sediments and animal middens,

-

Adequacy of Data. Available paleoclimatic data are not specific to the
Elk Ridge and Gibson Dome locations. Regional and global data can provide
an indication of long-term trends and climatic extremes. Age control on
Quaternary deposits is generally not sufficient to define short-term fluctu-
ations prior to approximately 1,500 years ago.

No studies of climate-sensitive vegetation or fauna have yet been con-
ducted at Elk Ridge or Gibson Dome. 7These studies are planned for the next
phase of work and may provide more specific climatic data for at least the
last 10,000 years.

Results/Comparison of locations. Available global and regional climatic
data are equally applicable to both the Elk Ridge and Gibson Dome locations.
Any future pollen studies conducted at Elk Ridge may potentially encompass a
longer time span than any conducted at Gibson Dome b of the pr
of older deposits and a more complete stratigraphic section in the Elk Ridge

area. This more complete record would also permit a better evaluation of
past climates based on relative soil development.

Future periods of major global cooling and glacial advances, similar to
Pleistocene climatic conditions could occur in the future. The effects of
increased effective moisture on erosion rates and on the hydrogeologic system
in both locations need to be considered. Further analysis of effects of

potential climatic changes will be performed in the next phase of work.

5.2.4,2 Host Rock Characteristics

The following two subcriteria from U.,S. Department of Eneray (1981a)
are the basis for addressing host rock characteristics:
"The site shall provide a geologic system which can be shown

to accommodate anticipated geomechanical, chemical, thermal,
and radiological stresses caused by rock/waste interactions."

"The site shall be located so that development, operation,

and closure of underground areas can be accomplished without
undue hazard to repository personnel,”
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Host rock characteristics are specified for careful study in proposed
U.S. Nuclear Regulatory Commission (1981b) regulations [10 CFR 60, Sections
60,122(f) (h); 60.123(b, 16, 17)].

Significance. Host rock characteristics of importance in salt are:
(1) inherent strength and long-term o ion ch istics ( P)
sufficient to permit an engineered to be d and maintained;
(2) thermal properties that will allow adequate dissipation of heat; (3)
minimum fracture density, gas content, permeability/porosity; (4) low mois-
ture content; and (5) chemical properties compatible with, or that will
enhance, repository performance. Salt with inadeq i gth
or high creep rates could prevent construction of the repository or make it
unacceptably hazardous. Poor thermal properties could lead to heat
buildup that might result in f ing or i d creep def ion of
the underground chambers. Fractures, entrapped gas, and unfavorable per~
meability/porosity could contribute to possible loss of repository isolation.

The presence of certain chemical species could result in long=term changes in
host rock characteristics that could be detrimental to repository performance.

Data Acquisition Methods. At this level of study, it is sufficient to
assess the range of variability in the host rock's physical properties among
the various areas under study. There is an extensive body of literature
describing the mechanical, thermal, and chemical characteristics of rock
salt., Because of the relative uniformity of literature data, only
confirmatory data are required at representative locations at this time.
Water content is being assessed by analysis of cores as described in
Section 5.2.3.

In situ and laboratory tests have been and are being performed to confirm
the general properties of the Paradox salt. A wide variety of geophysical
logs were made at the GD-1 borehole. In situ geomechanical tests were
also conducted to measure stress-strain and short-term creep properties in

the GD-1 borehole., Drill cores have been described in detail to delineate
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fractures and other mass properties, and have been and are being tested in
the laboratory for thermal, chemical, and mechanical properties. These area-
specific data can be compared with data on the mechanical properties of salt
from the literature and with design, construction, and performance data from
salt mines,

Megquacy of Data. The core sample descriptions and laboratory tests,
geophysical log data, and in situ test data from the GD-1 borehole are
adequate to characterize Gibson Dome host rock properties for this level of
study.

Results. Preliminary host rock strength values measured under unconfined
compression conditions were 4,300 to 5,100 psi. Core descriptions identified
few to no fractures; those fractures that were observed were closed. Gas
was observed emerging from the core in a few of the black shale interbeds.,

Core samples for hydrocarbon analysis were taken; analysis is underway.

Laboratory tests for permeability and porosity have been performed on
cores abouve the Paradox Formation (592 to 2,559 feet) and below the Paradox
Formation (5,579 to 6,218 feet), Paradox Formation cores are being tested,

Permeability and porosity test results are as follows:
® Above Paradox Formation

Permeability - 90 to <1 x 1073 millidarcies
Effective porosity — 1.3% to 19,8%

® Below Paradox Formation
Permeability - 2 to <1 x 106™% millidarcies

Effective porosity — 2.4% to 15.0%

Thermai property measurements were made on 12 samples, 9 of which were

within 200 feet of the potential repository strata, salt cycle G, Thermal
. : -0

conductivity values were measured at various temperatures between 75°C and

S1. Ce  Selected results are as tfollows:
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1.-1

o
1

e At 80°% & 5°C ~ 0.0169 to 0.0435 w cm

o At 505° ¢ 7°C - 0,0087 to 0,0195 w cm 'c}

Thermal expansion of core samples, as their temperature was raised from room
temperature to 4oo°c, ranged from 0,5 to 1.9 percent of their initial length.
The specific heat of the test samples ranged from 0,220 to 0.245 cal q'lc-l.

Bulk density of thesc samples ranged from 2,17 to 2.81 g/cc,

5.2.4.3 Non-Tectonic Deformation

Non-tectonic deformation features in the Paradox Basin that are perti-
nent to repository siting are several faults and grabens probably related
to salt flowage located 6 miles west of the Gibson Dome location. These
structures are collectively named the Needles fault zone., Such features
are an important part of the structural framework specified for careful study
by proposed U.S. Nuclear Requlatory Commission (1981b) regulations [10 CFR
60, Sections 60.112(a); 60.122(a); 60.123(a, 7)1.

Significance. The Necdles fault zone has been interpreted to be caused
by gravity sliding resulting from down-dip (to the west) sliding of the
sedimentary sections overlying the Paradox Formation (Stromquist, 1976).
Cumulative canyon incision during the late Cenozoic is believed to have
formed a free face toward which this sediment column is moving., Toward the
river an additional mechanism of down-dip salt flowage induced by unloading

is also believed to be operating (Stromquist, 1976),

The fault zone has been found to have widened progressively castward and
southeastward toward the Gibson Dome lccation. If these phenomena cncroach
upon the location during the lifetime of the repository, its performance

may be significantly compromised.
Data Acquisition Mct!.ods. The nature and characteristics of this

fault zone were assessed by review of pertinent literature, remote sensing

evaluations, and limited ficld investigations,
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Adequacy of Data. The data collected from literature are adequate to

describe the fault zone and to identify a plausible mechanism for occurrence
and migration in time,

Results/Comparison of Locations. The Needles fault zone is located

entirely on the western flank of the Monument Upwarp. The Gibson Dome loc:a-

tion is situated on the east flank of this upwarp (Figure 5-1). The condit: :

of westerly dip toward the Colorado River canyon (which is necessary for
continued southeastward migration of the Needles fault zone) ends at the
crest of the upwarp. Therefore it is judged that gravity sliding condi-
tions associated with the Needles fault zone will not migrate eastward or

southeastward past the Monument Upwarp crest, which is located west of the

Gibson Dome location.

No evidence of similar gravity sliding structures was found in or near
the Elk Ridge location,
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5.2.5 TECTONIC ENVIRONNENT

TS Site Performance Criteria (U.S. Department of Energy, 198la) state
that the site shall be located such that credible tectonic phenomena will
not degrade system perf: below ptable limits, Tectonic conditions
are specified for ful study in prop d U.8, Nuclear Regulatory Commise-
sion (1981b) regulations (10 CFR 60, Sectjons 60.112(a); 60.122(a) (6);
60.123 (a, 4, 5) (b, 6, 7, 8, 9, 10, 1D].

5.2.5.1 Tectonic Element ldentification

The following subcriterion from U.S. Department of Energy (198la) is the
basis for add 1 ic el t identification:

“The site shall be located so that its tectonic environment
can be evaluated with a high degree of confidence to
identify tectonic elements and their impact on system
performance.”

Factors addressing this subcriterion include (1) ability to detect faults
and other tectonic elements; (2) presence of anomalous thermal gradients or
magmatic features (intrusive and extrusive igneous rock); and (3) general
geologic stability of the region. These factors were considered together.

Significance., Tectonic elements must be identifed and evaluated with a
high level of confidence in order to adequately judge the long-temrm geclogic
stability of the repository site. Tectonic elements are most easily detected
and evaluated in areas containing (1) an extemsive area of rock outcrop and
minimal vegetation cover; (2) a rock outcrop sequence of sedimentary strata
having well-defined bedding and extensive lateral continuity; and (3) the
occurrence of datable late Cenozoic deposits of sufficient lateral extent to
evaluate the age and development of any significant tectonic features present.

Data Acquisition Methods. Identification of tectonic elements began in
the reqgional phase and continued through the area characterization phase of
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work. Methods for collecting and analyzing data included literaturc review,
interpretation of remote sensing data, stratigraphic and structural map-
ping, subsurface analysis, evaluation of borehole data, and seismic reflec-

tion interpretation.

AMdequacy of Data. Study of 1i for inf ion on ic fea-
tures and geothermal gradients, and field observations during geologic map~
ping, are adequate for identifying the proximity of these features to the
designated locations. Magmatic features described in the literature were
identified during the regional investigation phase, and the present study
areas were located outside S5emile buffer zones around the features.

Identification and evaluation of tectonic el were apy ched
through a combination of surface and subsurface methods. Surface methods
provided an adequate data base for information for this phase of work.

These methods included remote sensing interpretation, stratigraphic and
structural mapping, and Quaternary studies. Subsurface data are provided

in the form of borehole logs and seismic reflection data. Borehole logs

are available for both locations, but seismic reflection data are presently
available only at Gibson Dome, and these in a limited amount, These data

are sutficient for general subsurface structural interpretations in the Gibson

Dome location. Continued interpretation of seismic reflection data in the
next phase of work will more adequately define those tectonic elements

(primarily faults) that may be potentially unfavorable for siting.

Results/Comparison of Locations. No evidence of volcanoces, volcanic

fepousits, intrusive igneous rock, or abnormal thermal gradients were identi=
ti1ed within or near the Gibson Dome or Elk Ridgoe locations during mapping

or literature studies for this area characterization investiqation.
Faults identified at Gibson Dome and Elk Ridge have been identified and

were discussed in Section 4.2.3, Designated locations within both Gibson

bome and ElK Ridge study areas were delineated to be outside a 5-mile buffer
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zone around any surface fault and a 2-km buffer zone around the surface
projection of the extent of known subsurface faults. In the Elk Ridge loca-
tion, there are two subsurface faults (one observed in each of two boreholes)
for which lateral extent or orientation is unknown at this time,

The ability to detect surface faults in both the Gibson Dome and Elk
Ridge locations is excellent because of the extensive cxposures and
well-defined stratigraphy. Discussions of simplicity of geologic conditions
and of the extent and age of Quaternary deposits is presented in Section
5.2.4.1,

5.2.5.2 Quaternar; Tectonic Faults

Quaternary tectonic faults were discussed in Section 4.,2,3., Both the
Gibson Dome and Elk Ridge locations were delineated to be more than 5 miles

from any surface fault,

For the Gibson Dome location, the nearest suspected Yuaternary tectonic
fault is Shay graben. Quaternary deposits overlying faults within this
graben are adequate to evaluate Quaternary displacement, For the Elk
Ridge location, the closest fault is Hammond graben; the closest suspected
Juaternary tectonic fault is Verdure graben. Quaternary deposits near the
Hammond graben are prokably not sufticient tu evaluate the potential for
Juaternary displacement; at the Verdure graben, Quaternary deposits are

similar to those at Shay dgraben.

If an additional fault is discovered that requires evaluation ot pos=
sible Quaternary-age displacement, the extent and nature of Quaternary coils
and deposits could become a critical comparison factor between the two
locations (Section 5.2.4.1.2).

Je

.53 Quaternary Igneous Activity

The following subcriterion from U.S. Department of Energy (198la) is the

basis for addressing the Quaternary igneous activity factor:
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"The site shall be located so that the centers of Quaternary
igneous activity can be identifed and shown to have no unac-
ceptable impact on system performance,.”

Significance, WNewly formed or migrated magma could suddenly breach the
repository and displace the contents. Magma could also cover the surface
overlying the repository with flows of volcanic material. WNearby igneous
activity would be panied by i d heat flow that could degrade the
performance of the repository.

Data Acquisition Methods. Quaternary igneous activity was identified
through regional literature searches of federal, state, and academic publi-
cations, geophysical surveys, and review of sensing Y. Geologic

mapping supplemented the above sources.

Adequacy of Data. The data collected in the regional literature search
for Quaternary igneous activity are adeq (when suppl d by field

mapping) to delineate Quaternary and earlier Cenozoic igneous activity of

‘oncern to the designated locations. Quaternary igneous activity was
addressed in the regional characterization phase of study (Woodward-Clyde
Consultants, 1980). Areas of prime interest within the present study areas
were defined by the regional phase of work to avoid areas within 5 miles of

any such igneous activity.

Results/Comparison of Locations. During this area characterization phasc

of the study, no evidence was found for any additional Quaternary igneous
activity within or near the locations, Distances to the nearest center of
Quaternary igneous activity are 170 miles for Gibson Dome (igneous center
near Glenwood Springs, Colorado); and 135 miles for Elk Ridge (igneous

center near Cameron, Arizona).
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5.2.5.4 Long-Term Uplift and Subsidence

Long-term uplift and subsid were di d in Sectjon 5.2.1.1,
Both the Gibson Dome and E1k Ridge locations are subject to probable future
uplift rates of up to 1 foot per 1,000 years. It is judged that no unaccept-
able impact on repository sy per will be produced by this uplift
rate.

5.2.5.5 Ground Motion from Maximum Credible Eart es

The following subcriterion from U.S. Department of Energy (198la) is
the basis for addressing the ground motion factor:
*The site shall be located so that ground motion associated

with the maximm credible earthquake will not have unaccept-
able impact on system performance.”

Factors addressing this subcriterion include characteristics of local
seismicity within the Paradox Basin, regional seismicity, the local and
regional tectonic stress field, the maximum historical earthquake, the
potential for mining-induced seismicity, and the character of subsurface

ground motion.

Significance. Ground shaking related to earthquake-generated ground
motion will impact principally as a potential hazard to personnel and equip=
ment. Ground motion evaluations will thus be utilized primarily in the

design of surface and subsurface facilities.

Based on a limited number of observations, it has been suggested that the
magnitude of ground motions will be smaller in the subsurface than at the sur-
face (Woodward-Clyde Consultants, 198la). However, sitee=specific data are
needed to fully assess topics such as behavior of subsurface salt in response
to seismic ground motions and the effects of seismic surface waves from a
postulated maximum credible earthquake. An increasing amount of evidence
also indicates that highefrequency, highepeak accelerations generated by

close-in earthquakes (even of small magnitude) may be of concern in a
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subsurface facility. It is thus important to clearly define the charace
teristics of the local seismicity and address the potential for mining=
induced seismicity. The local seismicity should be compared with regional
seismicity to identify possible sources for the maximum credible earth-

quake producing design ground motions at a site,

The characterization of the local and/or regional tectonic stress field
is also important as input to identifjcation of seismic sources. This will
aid in assessing the potential of currently seismically inactive but poten=-
tially seismogenic structures such as Shay graben and the Lisbon Valley

fault zone.

Data_Acquisition Methods, Data on the historical seismicity of the
region were collected from published and unpublished sources. Data on
contemporary seismicity and the regional tectonic stress field were derived
from an extensive program of microearthquake monitoring and from monitoring
by other networks, most notably the University of Utah (Woodward-Clyde Con-
sultants, 198la), These data are summarized on Figure 5-2, Preliminary
analysis of the potential for mining-induced seismicity was derived from
published and unpublished sources, personal communication, and in situ

stress measurements,

Adequacy of Data. The data are adequate to allow a comparison of loca=
tions based primarily on the character of the local seismicity. The Paradox
Basin region (part of the Colorado Plateau) appears to be a region of low-
level contemporary seismicity consistent with both the historical seismicity
record and geologic evidence, which suggests relative stability in Cenozoic

time,

Results/Comparison of Locations. The evaluation of the contemporary

and historical seismicity based on the data available at this time indicates
that ground motion levels from the maximum credible and/or design earthguake

can be accommodated by practical design measures., No seismic issues appear
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to exist that would prohibit the siting of a repository in the Paradox Basin.
However, questions regarding mining-induced seismicity, the character of
subsurface ground motions, and possible seismogenic structures such as Shay
graben and the Lisbon Valley fault zone still remain to be resolved.

[: P y microearthquake data are shown on Figure 5-2. These data
suggest that the sources of microseismicity observed within the Paradox Basin
are p bly not capable of g ing large-magnitude earthquakes. Thus,
the ground motions from the design earthquake will probably have their source
outside the Paradox Basin, where large magnitude earthquakes have histori=-
cally occurred. Regarding regional tectonic stress, analysis of fault plane
solutions from selected microearthquakes and results of aydrofracture tests
in the GD-1 borchole indicate that cast-west compression is the maximum

principle stress in the Paradox Basin.

The primary factors used to compare the Gibson Dume and Elk Ridge loca-
tions are their proximity to concentrations of local seismicity and to
possible seismogenic features (Figure 5-2). Other factors such as proximity
to regional sources of seismicity, mining-induced secismicity, and subsurface
ground motion are issues that do not appear to show differences between the
locations at this time, The Elk Ridge location is judged to be more favor-
able than the Gibson Dome location, principally because of its (1) very low
level of local seismicity; (2) greater distance from the active source of
microseismicity along a segment of the Colorado River northeast of the
confluence with the Green River; and (3) greater distance from the nearest

possible source of larder magnitude earthquakes — Shay graben.

5.2,6 HUMAN INTRUSION

NWTS Site Performance Criteria (U.S. Department of Energy, 1981a) state
thot the site shall be located to reduce the likelihood that past or future

human activities would cause unacceptable impacts on system performance.
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5.2.6.1 Mineral Resources

The following subcriterion from U,S. Department of Energy (198la) is
the basis for addressing the resources factor:

"The level of evaluation necessary to assess the likelihood
of human intrusion will increase with the value of and the
proximity of the site to exploitable features or resources
such as water, thermal energy, petroleum, or minerals.®

Resources are specified for careful study in proposed U.S, Nuclear

Regulatory Commission (1981b) regulations [10 CFR 60, Section 60,123

(b, 1, 3)1.

Resource potential is significant for two reasons:

(1) known resources could be a target for future exploration, which might

lead to a breach of the repository: and (2) resources in the

vicinity of

a repository site might have to be indefinitely withdrawn from use.

Because resource exploration will continue for the foreseeable future,

the problem is one of evaluating the potential for future penetration

and of estimating the value and amounts of resources. The future-

penetration problem could be mitigated by locating sites to avoid areas

containing large amounts of valuakle resources.

Data Acquisition Methods.

Data regarding location of borchcles were

obtained primarily from available literature and from petroleum information

broker services.

of the four study areas was utilized (Merrell and Utah

and Mineral Survey, 1979),

In addition, a recent report on the resource

seologi

potential

These sources were supplemented by discussions

with mineral industry consultants and by limited field reconnaissance

checks,

Adequacy of Data.

area level of

investigations,

For later, more detailed studics

potentially favorable arecas, additional inventories (such as the

Uranium Resources Evaluation files in Grand Junction, Colorado)

be utilized,
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Results/Comparison of Locations. Evaluation and comparison of resource

potential in or near the two locations focused on uranjum, oil and gas,
potash, brines, carbon dioxide, coal, geothermal energy, and potable water,
These commodities are listed above in general order of decreasing current
economic importance and future potential,

There is no current commercial production of mineral resources in either
location, The uranium occurrences in these locations are restricted to the
Chinle and Cutler formations, situated far above the potential repository
layer. Any additional uranium exploration would not significantly impact

on the repository.

The Elk Ridge location is judged to have a relatively low potential for
discovery of the above listed resources. Some potential exists for small oil
and gas accumulations in reef traps, but no such discoveries have been made

in or near the location.

The Gibson Dome location is judged to have a slightly higher potential
for potash, oil, and gas resources, 0il has been recently discovered in the
Paradox Formation 14 miles northeast of the location boundary, but no pro=-
duction has occurred within the location or study area. Minor potash mineral=
ization within the Paradox Formation (absent at Elk Ridge) is present
2 kilometers north of the Gibson Dome location. However, the thinness, low

grade, and great depth of these deposits currently precludes development.

Se<06.2 Exploration History

The toj £ exploration history was addressed during screening in Section
4.2.4 in terrs of distance from boreholes extending below the surface-access=
ible environment. Most of these boreholes have penetrated the upper contact
of the Paradox Formation, and many extend into the Mississippian Leadville

Limestone, The Gibson Dome and Elk Ridge locations were delineated more than
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2 kilometers from any known borehole. Therefore, these locations are equally
£ ble with P to dist from borehol The density of horeholes
in the vicinity of both locations is sparse.

Additional features of emploration history in and near these locations
are mining excavations, consisting of surficial test pits; shafts less than
100 feet deep; and horizontal adits extending, at most, a few hundred fcet,
All of these excavations are surficial with respect to the potential reposi=
tory depths of 1,000 to 3,500 feet,

5.2.6,3 Land Ownership/Access

The following subcriterion from U.S. Department of Energy (198la) is the
basis for addressing the land ownership/access factor:

"The site shall be located on land for which the federal

government can obtain ownership, control access, and obtain

all surface and subsurface rights necessary to ensure that

surface and subsurface activities at the site will not
cause unacceptable impact on system performance,"”

Significance. Land ownership and access must be identified in order to

judge adequately the availability of the repository site. The site should
be located on land that the federal government can obtain easily and main-
tain permanently. Dedicated lands difficult to acquire typically include
wilderness areas and national parks and monuments. Acquisition of land is a
major differentiating factor. The federal government must be able to
control and monitor all activities on the site to properly protect the

facility,

Data Acquisition Methods. Data regarding land ownership in the Gibson

Dome and Elk Ridge locations were obtained primarily from available literature,

Information was also acquired from federal, state, and county agencies,
A search of maps, photographs and literature, and contacts with state experts

were used to determine potential land rights conflicts.
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Adequacy of Data. These data were judged to be adequate for this level
of investigation. As smaller, potentially favorable, areas are identified,

more detailed studies of specific land ownership and rights should be conducted.

Results/Comparison of Locations. During this area characterizaion phase

of study, little evidence was found that acquisition of land would be difficult
at Gibson Dome or Elk Ridge. A large percentage of these lands is federally
or state owned, which indicates that much of it is available, Land ownership/

access is not a differentiating factor in this case because both locations
have the same potential availability,

Although the Gibson Dome location is situated in a BLM designated
Multiple-Use area it is utilized primarily for recreational and agricultural
purposes, so there are few developed land uses, Visitors to Canyonlands
Rational Park, however, have access to the park via jeep trails through
the location. In addition, only a small percentage of the land is pri-

vately owned.

Much of the Elk Ridge location is federally owned public land used for
unimproved grazing, The Manti-La Sal National Forest covers part of the
location. However, available national forestland is used primarily for
recreation, and may be difficult to acquire for repository development,
Information indicates that land is available in the Elk Ridge location.

5.2,7 5URFACE CHARACTERISTICS

NWTS Site Performance Criteria (U.S, Department of Enerqy, 18la) state:

"The site and its surrounding area shall be such that surface
o acteristics or conditions can be accommcdated by engi-

ing measures and can be shown to have no unacceptable

impacts on repository operation and system performance.”

I3s

5.2.7.1 Surficial Hydrologic System

The following subcriterion from U.s. Department of Energy (198la) is
the basis for addressing the surficial hydrologic system:

"The site shall be located so that the surficial hydrological
system, both during anticipated climatic cycles and during

1 ph will not cause unacceptable impacts
on repository operations or system performance.”

Factors that address this subcriterion include the fluvial cycle and
the floodplain dispusition. The factors will be considered together.

Significance. An understanding of the surficial hydrologic system is
necessary to evaluate the potential for flooding of surface facilities.
Flooding could critically impede surface construction and operation of the
facility. Also, the potential for surfaceewater contamination — either
directly from aboveground facilities or indirectly through ground-water

cross=contamination — must be assessed.

Methcds of Data Acquisition. Pertinent data were obtained from aerial
topographic maps and stream and gauging station information.

Adequacy of Data. Flood data for the small drainage basins found within
the locations are scarce, This is partly because of the lack of gauging
stations located on these intermittent streams and the low interest in col-
lecting such data in such unpopulated and undeveloped land, Because of the
low probability of one of these scattered gauges being in the path of a
typically localized cloudbust storm, precise records of the resultant cloud=
burst floods are scarce. Hydrologic system information was acquired from

gauging stations and available literature,

Results/Comparison of Locations. No major streams, lakes, or reservoirs

occur within the Gibson Dome or Elk Ridge locations, but a number of small
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springs and reservoirs do flow around and in the locations. The effects of
the fluvial cycle are similar for both locations, so no preference is
indicated.

A 500-year flood is defined as a flood of the magnitude that occurs on
the average of once every 500 years. A flood of this size can destroy or
damage all materials in its path, Proper engi ing design and ion
y in flooding areas in crder to be properly prepared,
The repository facility would require mitigating measures during both con-
struction and operation.

S a2

P es aye

The Gibson Dome location has a significant percentage of land area inun-
dated by a 500-year flood (Figure 5-3), whereas the Elk Ridge location does
not contain a significant floodplain area (Figure 5-4). Therefore, this is
a major differentiating factor. EI1K Ridge is the preferred location based
on the flooding factor.

5¢2.7.2 surface Features and Conditions

The following subcriterion for U.S, Department of Energy (198la) is

the basis for addressing the surface features and conditions factor:

“The site shall be located so that the surficial hydrological
system, both during anticipated climatic cycles and during
extreme natural phenomena, will not cause unacceptable impacts
on repository operations or system performance,”

Significance. Nearby surface-water bodies, i dments, embay ts,

P

streams, floodplains, runoff, and drainage must be evaluated for their effects

on the repository. Specific areas that will be affected are surface and
subsurface facilities and onsite access corridors during both the operational
phase of the repository and the long-term isolation phase of the disposal

system,
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Data Acquisition Methods. Information on the surface features of the
two locations was obtained by examination of available literature.

Adequacy of Data. These data were judged to be adequate for this level
of investigations. More detailed surface conditions data, mainly concerning
flooding, will be useful for more precise studies of environmental impact

prediction.

Results/Comparison of Locations. Because the surface features and con-

ditions encountered in the Gibson Dome and Elk Ridge locations are similar,
with the exception of flooding, the impact on repository construction and
operation is essentially the same. Information on flooding was providcd
in Section 5.2,7.1; on that factor, El1k Ridge i1s preferred to Gibscn Dome.

5.2.7.3 Surface Topographic Features

The following subcriterion from U.S. Department of Energy (198la) is
the basis for addressing surface topographic features:

"rhe site shall be located in an area where surface topographic
foatures do not unacceptably affect repository operation.”

Factors that address this criterion include accessibility, surface

slope, and slope stability. These factors will be considered together.

significance, Sites in which road and rail access routes encounter
steep grades, sharp switchbacks, slope instability, or other potential

sources ot hazard to incoming waste shipment should be avoided.

pata Acquisition Methods. Data were acquired from the draft topical

report Southeastern Utah Nuclear Waste Transportation study (Bechtel Group,

Inc., 1981) and regional topographic maps.
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Mequacy of Data. Data obtained are adequate for this study.

Results/Comparison of Locations. The proposed railroad routes to the
Gibson Dame and Elk Ridge locations vary greatly. The Gibson Dome route

is 32 miles and covers smoother terrain; the Elk Ridge route is 99 miles
and rough i B of these factors the Gibson Dome
railroad route makes Gibson Dame the preferred location.

Surface slopes and slope stabilities at both locations are variable.
Prom available maps, it is difficult to determine the exact terrain configu-
rations at specific places within the two locations, although Elk Ridge
appears to have slightly rougher terrain. Both locations contain land slopes
greater than 10 percent in many places that could cause stability and/or

probl (see Fig 5=5 and 5-6). Both locations, however, also

contain arcas of relatively level i B '3 phic factors
are not distinguishing between the locations, they are not considered princie-
pal differentiating factors.

5.2.7.4 Meteorological Conditions

The following subcriterjon from U.S. Department of Energy (198la) is
the basis for addressing meteorological conditions:

“The site shall be 1 d where logical ph can

be accommodated by engineering measures and can be shown to
have no unacceptable effect on repository operation.”

Pactors addressing this subcriterion include flash floods, avalanche, high
wind, tornadoes, and hurricanes.

Significance. Meteorological conditions information is important for
ing the § ial danger of structural damage to the facility., Data
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on the frequency and intensity of severe weather are pertinent in estab=-
lishing design criteria for aboveground facilities and vents and access ways
to subsurface facilities.

Data Acquisition Methods. Information on meteorological conditions
was found through regional literature searches of federal, state, and
academic publications, meteorological surveys, and gauging stations.

Adequacy of Data. At this level of study the data collected in the
literature search are fairly adequate. These data, however, are not detailed
enough to differentiate between the two locatijons.

Results/Comparison of locations. The data base of the meteorological
conditions available at this time indicates that severe weather can be
accommodated by practical design measures. No meteorologic conditions appear
to exist that would prohibit the siting of the repository at either Gibson

Dome or Elk Ridge. This subcriterion is not a principal differentiating

factor. Both locations experience similar meteorological conditions and

require the same engineering considerations and design,

5.2.7.5 Nearby Hazards

The following subcriterion for U,S. Department of Energy (198la) is the
basis for addressing the nearby hazards factor:

"The site shall be located where present and projected effects

from nearby industrial, transportation, and military installa=

tions and operations can be accommodated by cngincering mca=

sures and can be shown to have no unacceptable impacts on
repository operations."

Factors that address this subcriterion include proximity to transporta=

tion routes, industrial/military installations, and gas/petroleum pipelines

or storage areas,
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Significance. Nearby hazards represent a potential danger to surface The minor landing strips on the Gibson Dome location have a low hazard

facilities. Catastrophes involving industrial, transportation, or military
operations could reach the repository and adversely affect or damage surface

potential. No landing strips are located near Elk Ridge.

construction and operation. Interactive land use increases the potential
for accidents or incidents that would retard or stop repository work.

Date Acquisition Methods. Data regarding nearby hazards were acquired
principally from available literature such as state and county maps and
surveys, A search of maps, photographs and literature, and contact with

state experts were used to determine nearby hazards.

Adequacy of Data. The data obtained from these sources were sufficient

for determining nearby hazards in the location characterization phase.

Results/Comparison of Locations. Evaluation and comparison of nearby

hazards in or near the two locations focused on transportation routes, mining
activities, and gas/petroleum pipelines or storage areas. Both locations
have state highways and uranium exploration in the vicinity; neither have
pipelines or storage areas. The Gibson Dome location also has two minor land-

ing strips.

Both areas have the potential for further uranium exploration. However,
the small-scale uranium activity is presently restricted to the Chinle
and Cutler formations, stratigraphically far from the potential repository
layer.

Because a paved public thoroughfare (the extension of Highway 211 c
structed and maintained by the National Park Service to provide access to

Canyonlands National Park from Dugout Ranch to Canyonlands National Park)

2 the Gibson Dome location and U=95 is near the Elk Ridge location,

autions and engineering measures may be necessary to prot

repository. When a specific site is chosen, the impact of the highway

can be better assessed.

4SS
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5.2.8 DEMOGRAPHY

NWTS site Performance Criteria (U.S. Department of Energy, 198la)
state that “the site shall be located to minimize the potential risk to
and potential conflict with the population.”

5.,2,8,1 Human Proximity

The following subcriterion from U.S. Department of Energy (198la) is
the basis for addressing the human proximity factor:
"The site shall be located in an area of low population

density and at a distance away from population concentrations
and urban areas,”

Significance, The proximity of human populations and activities is signif-
icant for the following reasons: (1) potential risk to human health from
the inadvertent release of radioactivity from waste materials; and (2)
maintenance of security of the repository facilities. The risk of vandalism
or sabotage in a remote area will be decreased as unauthorized human activity
in and around the repository will be more obvious. As the storage of \
nuclear wastes may be a highly political and emotional subject for some
time, sites should be selected to avoid areas that have a high potential
for large ropulation growth or expanded human activity, Transient tourist

populations will be addressed as described in Section 13.7.2.9 of ONWI-301.
All factors will be considered together.

Data Acquisition Methods. Data regarding population densities and

centers were obtained from published sources — primarily the U.S. Burcau

of the Census and the Utah State Planning Coordinator's Office.

Adequacy of Data. The collected data are adequate to characterize cur-

rent population levels and to reasonably project future levels.
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Results/Comparison_of lLocations. The only urban center in the Gibson

Dome area is Moab with a 1980 population of 5,300. This represents an 11.3
percent increase over 10 years and an actual increase of 540 persons.
Moab is located 20 miles from the proposed cite,

The city of Blanding, 20 miles from the El1k Ridge location, had a
1980 population of 3,100 and has experienced a growth rate of 38.6 percent
over the preceding 10 years, which is an actual increase of 870 people.

Both cities are located far enough away from the respective proposed
repository locations that the health and safety of their residents will
be ensured in the event of the release of radioactivity at the repository.
The populations of both cities are small, thereby posing a minimum security
hazard to the repository.

There is not a significant difference in the population densities of
the two locations; both are estimated to be about 1.2 persons per square

nile.
With current growth patterns neither city is expected to become a large
urban area by the year 2000. There is no indication that the population

density of either area will increase significantly.

Both cities and the areas surrounding the repository site would

expericence a population increase, estimated at 4,800 people for 30 years,

because of the operation of the repository.

sportation Risk

The following subcriterion from U.S. Department of Energy (198la) is

the basis for addressing the transportation risk:
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»The site shall be located such that risk to the population
from transportation of radioactive wastes and from repository
operation can be reduced below acceptable levels to the
extent reasonably achievable."

significance. The transportation of spent fuel through populated areas
or a:ong public highways may pose a radioactivity exposure risk to the
populace, particularly in the case of a collision, derailment or other
accident. If an accident were to occur near a water drainage, radio-
active wastes could enter the watershed of nearby residents. Collapse
of a tunnel or bridge while in use by a spent fuel carrier could result in

exposing people to a radioactive hazard.
All factors will be considered together,

Data Acquisition Methods. The data have been extracted from the draft
report Southeastern Utah Nuclear Waste Transportation Study (Bechtel

;roup, Inc., 1981). The report data were acquired by literature studies,

topographic and archaeological evaluations, and field studies.
Adequacy of Data. The data are adequate for this level of study.
Several routes have been studied for the two sites. Selection of a route

for each site will enable a more accurate evaluation for this subcriterion.

Results/Comparisons of Locations. The four points of consideration of

the transportation risk are: (1) proximity of route to a population
center, (2) proximity of route to a public highway, (3) proximity of
route to a water concourse, and (4) number of bridges and/or tunnels

along the route.

The Gibson Dome routes pass through less rugged country and require few
major bridges and tunnels. These routes Cross water courses as do the
Elk Ridge routes, but are much shorter and thus require fewer minor bridges

and viaducts and pose less risk to the watershed in the case of an accident.
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The Gibson Dome location offers safer access routes considering the points
of bridges/tunnels, water courses and highways. The Canyon route to the
Gibson Dome also avoids urban centers, the main advantage of the Elk Ridge

southern routes.

5.2.9  ENVIRONMENTAL PROTECTION

NWTS Site Performance Criteria (U.S. Department of Energy, 198la)
state that "the site shall be located with due consideration to: potential
environmental impacts; air, water, and land use; and ambient environmental

conditions."”

5.2.9.1 Environmental Impacts

The following subcriterion from U.S. Department of Energy (1981a) is
the basis for addressing the environmental impact factors: “The site

shall be located with due consideration to potential environmental impacts.®

Factors that address this subcriterion include: (1) flora and fauna;
(2) ecosystem characteristics; (3) spoil disposal; (4) threatened and
endangered species; (5) natural resources; (6) noise and odor; (7) air and

water quality; and (8) wetlands. These factors are considered separately.

5.2.9.1.1 Flora and Fauna

Significance. The construction and operation of the repository will
have some potential adverse environmental effects with regard to flora
and fauna. The destruction of plants and animals during construction and
the removal of available habitat during construction and operation of the
repository is an impact that cannot be mitigated. Potential secondary
effects include the disruption of nearby habitats by noise and dust pol-
lutiorn, the impact of construction and use of railroad and road corridors;
the potential disruption caused by the presence of up to 1,600 persons
during construction and 1,250 during repository operation; and the
mcreased environmental burden caused by any gencral population growth

resulting from the increased area employment. A brec

h of the repository
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integrity resulting in radionuclide migration to the biosphere could have
significant and long lasting adverse effects on nearby flora and fauna.

Data Acquisition Methads. 3 { ion on the bers and variety
of flora and fauna was obtained by examination of the available literature.

Adequacy of Data. These data were judged to be adequate for this level
of investigations, More detailed flora and fauna population counts may be
useful for more precise studies of envirommental impact prediction.

Results/Comparison of Locations. Although the types of flora and fauna
d in the Gib Dome and Elk Ridge locations are different, the

magnitude of the impact of repository construction and operation is essen=
tially the same for each location. Rail construction and operation impacts
may be more significant for the Elk Ridge location because of its greater
distance from existing major rail lines. Overall, no preference of one
location over the other is indicated by flora and fauna considerations.

5.2.9.1.2 Ecosystem Characteristics

Significance. Certain ecosystems are more fragile and less likely to
reestablish themselves after disruption by construction and operation
activities and associated environmental stresses. The site should be chosen
which has the least fragile, most reclaimable ecosystem.

Data Acquisition Methods. Information on area ecosystems was determined
by examination of available literature with special attention to publications

of the Utah Department of Natural Resources and the U.S., Forest Service.

Adequacy of Data. These data were judged to be adequate for the current

level of investigation.

Kesults/Comparison of Locations. The Gibson Dome location is predomirantly

1 desert shrub ecosystem, and the Elk Ridge location is a pinyon pine=juniper

ISo

community, Each of these ecosystems if fairly resilient, although the
pinyon pine-juniper ecosystem has a longer recovery time. A slight prefer~
ence for the Gibson Dome location is indicated on the basis of ecosystem

characterization,

5.2.9.1.3 Spoil Disposal

Significance. The environmental significance of spoil disposal is dem-

onstrated by the concern for adverse environmental offects evident in the
wording of the Resource Conservation and Recovery Act. The 8 million
tons of unreturned spoil will have to be disposed of in accordance with
regulations associated with the act. Geological differences in the two
sites could produce a difference in the quality of the spoil to be dis-

posed of.

Data Acquisition Methods. Data were obtained by examination of the

available literature.

Adequacy of bata. These data were judged to be of sufficient detail

and scope for the current level of investigation.

sults/Comparison of Locations. For purposes of solid waste disposal

the characteristics of the spoil removed from ecach location would be iden-
tical. Disposal location and design would not be influenced by location

choice. Spoil transportation environmental impacts would be approximately

the same regardless of repository location. No location preference

indicated on the basis of the spoil disposal factor.

5.2.9.1.4 Threatened and Endangered Species

Significance. The United States and the State of Utah are committed
to affording special protection to species of flora and fauna that are

threatened with extinction. Actions that further endanger these s

or reduce their habitat are not acceptable.

Data Acquisition Methods. Data on the presence of endangered speci

were obtained by examination of the available literature.
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Adequacy of Data. Based on current knowledge of the habitat requirements
of the species in question, the data were judged to be adequate for this
level of investigation. More detailed studies may be required for more

site-specific suitability studies.

Results/Comparison of Locations. Two endangered fish species, the

humpback chub and the Colorado squawfish, and two fish species proposed

for addition to the endangered species list, the humpback sucker and the
bonytail chub, inhabit the Colorado and Green rivers, both of which receive
runoff from both of the locations. Improperly mitigated construction
activity could result in a heavy sediment load to these rivers, damaging
the endangered species habitat. Since runoff from the Gibson Dome location
would flow more directly into these waters than runoff from the Elk Ridge
location, the impact on the receiving waters would be more substantial

from improperly mitigated construction at the Gibson Dome location.

Two bird species, the bald eagle and the peregrine falcon, are residents
of the general area. Construction at the Gibson Dome location would result
in no loss of habitat for either species, Construction at the Elk Ridge
location may involve some loss of habitat for the bald eagle, Associated
environmental pressures, including increased population and traffic, may

have an adverse effect on the two species regardless of location.

A single mammal species, the black-footed ferret, may be present in
either location., No difference between environmental impact on this species
between the Gibson Dome and the Elk Ridge locations can be determined

at this time.

A total of 23 proposed threatened or endangered plant species are found

in San Juan County, Utah, Specific environmental impact on these spec
by construction and operation of the repository would probably be fairly
limited at either location. Quantitative comparison of impacts on these

«wies requires turther study.

/IsSa.

On the whole, endangered species considerations do not indicate prefer=

ence of one location over the other.

5.2.9.1.5 Natural Resources

Significance., The existence of mineral resources in the repository
area is of great significance in choosing a location., The repository
would remove these resources from availability for exploitation. In addition
the presence of valuable mineral resources near the repository increases

the chance of violation of the repository integrity.

Data Acquisition Methods. Information on natural resources in the

study locations was obtained through literature examination.

Adequacy of Data., These data are deemed adequate for the purposes
of this study. The data are being continually updated.

Results/Comparison of Locations. Several vanadium and uranium mines,

mostly inactive, are located in the Elk Ridge area. A smaller number are
present in the Gibson Dome location. There is no current commercial pro-
duction of mineral resources in either location. The small-scale uranium
occurences in these locations are restricted to the Chinle and Cutler forma-
tions, stratigraphically far above the potential repository layer. Any addi-

tional uranium exploration would not significantly impact on the repository.

The Elk Ridge location is judged to have a relatively low potential
for discovery of significant mineral resources. Some potential exists
for small oil and gas accumulations in reef traps, but no such discoveries
have been made in or near the location. This does not preclude future
discoveries or exploration, however, since the need for oil and gas is

unlikely to decrease.



The Gibson Dome location is judged to have a slightly higher potential
for potash, oil, and gas resources. 0il has been recer -1y discovered
in the Paradox Formation 14 miles northeast of the location boundary,
but no production has occurred within the location. Minor potash minerale
ization within the Paradox Formation (absent at Elk Ridge) is present 2 kilo=-
meters north of the Gibson Dome location, However, the low grade and

great depth of these deposits presently precludes development,

5.2.9.1.6 Noise and Odor

Sigs

ficance. Noise and odor impacts from construction activities
and from increased population and traffic lower the aesthetic value of
the environment and reduce the recrcation and wildlife habitat use potential

of the affected area.

Data Acquisition Methods. Data were obtained through review of the

available literature.

Adequacy of Data. Data were judged to be adequate for the current

depth of investigation,

Resul te Noise and odor pollution is primarily

+ function of construction and operation process rather than location, No
location preference is indicated on the basis of noise and odor environ-

mental impact,

5.2.9.1.7 Air and Water Juali

Significance, Construction and operation of the repository may have

i adverse o

on air and water quality due to dust production and increased

sediment loads in runoff. Increased traffic and local population will also

lower area air and water gualitys.
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Data Acquisition Methods. Information on air and water quality impacts
and mitigating measures was obtained by examination of the available
data,

Adequacy of Data. These data are deemed adequate for the purposes
of this study. For a more quantitative assessment of potential air and

water quality degradation more detailed data are required.

Results/Comparison of Locations. Dust emissions from the repository

area are expected to be the same regardless of location, These emissions
can be reduced by proper dust control measures, including wetdowns and
reduction of time of exposure of cleared ground and earth storage piles,

Canyonlands National Park, adjacent to the Gibscn Dome location, is a
Class I Air Quality area. The Natural Bridges National Monument, near the
Elk Ridge location, is a Class II Air Quality area, as are the wilderness
study areas near each location. Some degradation of the air quality of
these areas may occur. Based on existing information, these data are

insufficient to differentiate between the two locations.

Water quality considerations are not significantly different at the two
locations because of the intermittent nature of the streams and because any
potential water quality impacts from construction and operation will be

mitigated at either site,

Secondary impacts resulting from increased traffic and population

would be substantially the same for both locations.



'.1.8 Wetlands

Significance. Wetlands are specially protected by state and federal
agencies because of (1) the extreme fragility of wetlands ecosystems, (2)
their extreme importance in providing breeding and nesting habitats and
food sources for a wide range of wildlife, and (3) the large number of
wetland areas that have been destroyed by human action.

Data Acquisition Methods. Data acquisition was by review of the avail-
able literature,

Adequacy of Data, The data were deemed adequate for the purposes of
this study.

Results/Comparison of Locations. Neither the Gibson Dome location

nor the Elk Ridge location contains any wetlands.

o

«2.9.2 Land Use Conflicts

The following subcriterion from U.S. Department of Energy (198la) is
the basis for addressing the land use conflict factor: “The site shall
be located to reduce the likelihood or consequence of air, water, and land
use conflicts.” Environmental legislation (statutes and regulations) ad-
dressing this subcriterion covers the following topics: (1) parks and
recreation; (2) industry and agriculture; (3) wilderness; (4) archaeology;
(5) forests; (6) endangered species; (7) wild and scenic rivers; (8) wild-
life preserves; (9) national parks; (10) historic sites; and (11) military
reservations. These factors are considered separately in the following
subsections.

5¢2.9.2.1 Parks and Recreation

Significance. Visual, air pollution, noise, and odor impacts from the
construction and operation of the repository may interfere with recrea=

tional land use. Visual impact is of special importance because one of

/1s¢

the most significant aesthetic recreational values in the area is that of
the magnificent vistas that are available in a number of locations.

Data Acquisition Methods. Information on recreational land use was

obtained by examination of the available literature, including publications

ot the U.S. Bureau of Land Management (BLM) and the !'.S. Forest Service.
Adequacy of Data. The data were judded to be adequate for the limited
scope of this investigation. More detailed study of recreational land

use conflicts will require more quantitative data.

Results/Comparison of Locations. Important recreational land use near

the Elk Ridge location include the vistas of the geologic formations of
the Natural Bridges National Monument and the Bears Ears campsite of the
Manti-La Sal National Forest. Both of these recreation land use areas
are less than 5 miles from the area under consideration. Construct ion
and operation of the repository could have a negative aesthetic impact on

this land use, if visible from the dedicated land.

The Gibson Dome location is adjacent to Canyonlands National Park.
A number of picnic areas, natural landmarks, and campgrounds are also locat
near the Gibson Dome location, as is a scenic automobile route. Repositor
location in the Gibson Dome location could have a negative effect on reoroe-

ational land use by altering the vistas.

The Elk Ridge location has very little topographic relief, so an NWTS
facility built at Elk Ridge could not be shielded by topographic featurcs.
At Gibson Dome, there are opportunities for concealing the facility from

view in one of the canyons.
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5.2.9.2.2 1Industry and Agriculture

Significance. Construction and operation of the repository could reduce
the agricultural use potential of a small portion of land, reduce the amount
of prime fammland, and reduce the mining and petroleum industry use potential

of a larger portion of land,

iﬁg_»!gggi_si_tiﬂjﬂe‘t@_s. Information on agricultural and industrial
land use was obtained by examination of the available literature, including
publications of the Bureau of Land Management and the Utah Geological and
Mineral Survey.

Adequacy of Data. These data were judged to be adequate for the pur-
es of this study.

n of Locatio

. The Gibson Dome area is utilized
for winter cattle grazing. The productivity of the area is such that
40 acres of rangeland are required to provide one Animal Unit Month
(AUM) of grazing., The Elk Ridge area is considerably more productive at

9 acres per AUM. No prime farmland is present at either location,

oth areas are potential mining and petroleum use areas. The Gibson
Dome area is somewhat more promising in this regard than the Elk Ridge
irea, but based on the difference in agricultural productivity, Gibson

Dome is the preferred location.

5.2.9.2.3 Wildern

The Wilderne

Act of 1964 provides a mechanism for

ed lands to prese

their untouched state, The
location of a repository on lands set aside for this purpose would there=

fore be disallowed as an unacceptable land use conflict,

/se

Data Acguisition Methods. Information on wilderness areas was obtained

by examination of the available literature, especially publications of
the Office of the Federal Register.

Adequacy of Data. The available data are judged to be adequate for
the purposes of this investigation.

Results/Comparison of Locations. The Gibson Dome location borders the

Bridger Jack Mesa Wilderness Study Area and the proposed Lockhart Basin
Wilderness Study Area. The Elk Ridge location is less than 5 miles from
the proposed Cheesebox Canyon Wilderness Study Area. Construction and

operation activities would require careful mitigation to avoid land use

conflicts with the wilderness study areas. Elk Ridge is slightly preferred.

5.2.9.2.4 Archaeology

Significance, Coustruction of the repository facilities would remove
an estimated 400 acres of land from the potential use category of archac-
ological preservation and study. The construction of road and rail service
corridors to the repository would negatively effect still more land. In
wddition, the increase in population could increase vandalism and destruc-

tion of archaeological sites,

Data Acquisition Methods. Information on the presence of sites of
archaeological interest was obtained by examination of the available liter-
iture, including a cultural resource study by the Bureau of Land Management
(Thompson, 1979).

Adequacy of Data. The data were judged to be adequate for the purposes

of this study. Specific site selection may require archaeological

exploration.
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Results/Comparison of Locations. Both locations contain Anasazi
archaeological sites from Basketmaker through Pueblo periods, The Elk
Ridge location, however, contains archaeological resources that “"promise
to yield substantial bodies of information that will be lost as a result
of certain kinds of activity” (Thompson, 1979), while at Gibson Dome,
"site density appears to be low and . . . the sites that do exist tend
to be limited activity sites which are all very similar® (Thompson, 1979)
mostly chipping stations, with a few campsites, On the basis of archaeo-
logical land use conflicts, the Gibson Dome location is preferred over
the Elk Ridge location.

5¢249.2.5 Forests

Significance. Because of their special significance for wildlife habitat
and because of their economic importance, forests are given special consid-

cration. Repository construction in a forested area would cause destruction

of forest at the repository site and along transportation corridors,.

Methods, Information pertaining to forests in the

ons 1 areas was obtained by examination of the available
literature, in particular publications of the BLM and the U.S. Forest

Service.

The data obtained were judged to be adeguate for

th.: purposes of this study.

¢ the Gibson PDome locati A portion of the Manti=La Sal National rorzst
included in the Elk Ridge location, For this reason, the Gibson Dome
1tion 13 the preferred location on the basis of land use conflict with
forests,

5.2.9.2.6 Endangered Species

Endangered species were addressed in Section 5.2,9.1.4.

A

No forests occur within the boundaries

5.2.9.2.7 Wild and Scenic Rivers

Significance. B of their special aesthetic value, wild and scenic
rivers are afforded special consideration in land use conflict determination.

The basis of thi's special consideration is the Wild and Scenic Rivers Act
of 1968.

Data Acquisition Methods. Information on wild and scenic rivers was
obtained by examination of the applicable issues of the Federal Register.

Adequacy of Data. The data were judged to be adequate for this study.

Results/Comparison of lLocations. No wild or scenic rivers are in or

near either location,

v

.2.9.2.8 Wwildlife Preserves

Significance. The Wilderness Act of 1964, the Wildlife Preservation
Act of 1966, and the National Wildlife Refuge Act of 1966 establish
mechanisms for establishing wildlife preserves as the principal land use
of certain areas and for maintaining the primacy of this use in land use
conflicts, Land use that conflicts with wildlife preserves established
under these acts is not allowed. Construction of a repository in a
widlife preserve would conflict with this land use and would therefore

be disallowed.

Data Acquisition Methods. Information on wilderness areas was obtained

by examination of the available literature, including publications of the
Office of the Federal Register.

Adequacy of Data. The available data are judged to be adequate for the
pvurposes of this investigation,
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Results/Comparison of Locations. The Gibson Dome location borders the
Bridger Jack Mesa Wilderness Study Area and the proposed Lockhart Basin
Wilderness Study Area. The Elk Ridge location is less than 5 miles from
the proposed Ch box Canyon Wild Study Area. Construction and
opezation activities would require careful mitigation to avoid land use
conflicts with the wilderness study areas. No location preference is

evident from this factor.

5.2.9.2.9 Kational Parks

Significance. Visual, air pollution, noise, and odor impacts from the
construction and operation of the repository might interfere with recrea-
tional land use in the national parks. Of special importance is the vis-
ual impact because some of the most significant aesthetic values of the
area parks and monuments are the magnificent vistas that are available in
a number of locations.

Data Acquisition Methods. Information on national park use was obtained
by examination of the available literature, including publications of the
BLM and the U.S. Forest Service.

Adequacy of Data. The data were judged to be adequate for the limited
scope of this investigation. More detailed study of recreational land-use
conflicts will require more quantitative data.

Results/Comparison of lLocations. The Canyonlands National Park is
located west of the Gibson Dome location. This park contains a number
of scenic locations and attracts a large number of tourists each year.
Repository location at Gibson Dome might alter the aesthetic value of

the park and affect tourism,

The Natural Bridges National is 1 d apy 1y 2 miles
west of the Elk Ridge location. Repository location at E1k Ridge might
reduce the aesthetic value of the monument and deter visitors. The Elk
Ridge location also has a greater potential for visual impact because it
is situated on the open plateau.

This inability to conceal a repository on the open platcau at Elk
Ridge contributes to a preference for the Gibson Dome location over the
Elk Ridge location.

5.2.9.2.10 Historic Sites

significance. The protection and accessibility of historic sites is
provided for by the National Historic Preservation Act of 1974 and the
National Heritage Program, The location of a repository near an historic
site may deter visitors. Air and noise pollution consequential of a repos-
itory may also reduce the aesthetic value of historic sites. Increased
population in the area may increase the pressures of vandalism and destruce

tion of unprotected sites,

Data Acquisition Methods. Information on historic sites was obtained
by examination of available literature.

Adequacy of Data. The data were judged to be adequate for the purposes

ot this study.

Fusults/Comparison of Locations. The major historic sites in the area
ire archaeclogical sites. As noted in Section 5.2.9.2.4, the Gibson Dome
location is preferred over the Elk Ridge location on the basis of archaco=
logical land use conflicts.

5.2.9.2.11 Military Reservation

No military reservations are present in the vicinity of either location

under consideratioti.
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9.3 Normal and Extreme Environmental Conditions

The following subcriterion from U.S. Department of Energy (198la) i:
the basis for add ing the envi al condition factor: "The
site shall be located with due consideration to normal and extreme envi-
ronmental conditions.”

Significance. Even if no environmental impact is expected under normal
conditions, logical conditions may result in environmental
impacts assocjated with the location of the repository.

Data Acquisition Methods. Information on normal and extreme environmental
conditions was found through regional literature searches of federal. state,
and academic publications, meteorological surveys, and gauging stations.

Adequacy of Data. The data were judged to be adequate for the pur-
poses of this report,

Results/Comparison of Locations. The possibility of flash floods,
high winds, or tornadoes exists for both sites with approximately equal
likelihood. Mitigation for these factors includes careful specific siting,

d plans, and meteorological monitoring plans. Other

gency prep

extreme environmental conditions such as avalanche and hurricanes are not
a possibility of either location.

5.2.10 SOCIOECONOMIC IMPACTS

NWTS Site Performance Criteria (U.S. Department of Energy, 198la) state
that "the site shall be selected giving due consideration to social and
economic impacts on communities and regions affected by the repository.”

: /64

5.2.10.1 Social

The following subcriterion from U.S. Department of Energy (198la) is
the basis for addressing the social issue:
"The site shall be located so that adverse social and/or
economic impacts resulting from repository conmstruction

and operation can be accommodated by mitigation or com-
pensation strategies.”

Significance. The construction and operation of a radioactive waste
repository can have several negative effects on a community, including
the displacement of residents, unbalances or changes in the social infra-

structures, and conflict within the local industries. The community can

experience ch in its d phic composition, income levels, educa-
tional requirements for its children, and housing needs. The community
may find difficulties in handling an expanding economy. It may experience
conflicts in the local distribution of investment capital or in land use
or zoning. The local perception of risk is important in terms of avoiding
delays in permit and land acquisition and construction by political pro=-
tests, and in terms of long-term security of the repository.

Data Acquistion Methods. The data are derived largely from literature
sources, including the U.S, Bureau of the Census, and the Utah Department
of Employment Security,

Data Adequacy. The complete evaluation of the social impact of a
major project on small communities is difficult because there is a myriad
of interacting variables to consider. However, the data are adequate when
used only in the context of site selection. Further studies will be required
to determine strategies for mitigating or compensating for specific problems

after a site has been chosen,



Results/Comparison of locations, Moab and Blanding are very similar

cities in terms of their aphic cc

position, ions, socioeco=
nomic b ds and edu ion levels. The cities are expected to have
nearly identical populations by the year 2000 without the influence of the

P Y jon. Both cities and their surrounding areas would
cxpegzience similar changes if the repository were to be located in their
respective vicinities.

Residential displacement will not occur to a large extent in either
city or area. It is expected some manual laborers and supervisory per-
sonnel will transfer to repository construction or operation jobs from

either location.

The social infrastructure of both cities may become more formalized
as the populations increase and as set social roles are established, As
neither city has any large single industry, no adverse effects caused by
competiticn for laborers or land are expected,

The demographic composition is expected to change somewhat for either
city as workers from other areas migrate to the repository jobsite.

The income level of the average resident in the community closest to
the site is expected to rise. Identical effects would be expected tor

either location.

Education and housing requirements will increase as the repository
construction force arrives, Both Moab and Blanding would have to prepare for
these increasing residential needs. Blanding may be able to accommodate
these changes more easily because it has already experienced a rapidly
increasing population during the last 10 years.

i&

The community that is close to the repository will experience an
expansion in its local and area economy. This should be a positive
influence on the local standard of living, although there could be com-
petition for local capital or business investment and land use and zoning
as local merchants grow to serve the increased population. These effects
are to be expected in either town although more study into the fiscal
capacity of each location is warranted,

The local perception of risk by the residents is similar in either loca-
tion, based on their similarity in local political concerns. This question
is difficult to research before the announcement of a repository location

and deserves further study.

5.2.10.2 Access and Utility Requirements

The following subcriterion from U.S. Department of Energy (198la) is
the basis for addressing the access and utility requirements:
"The site shall be located so that adequate access and
utility capacity required for the repository either exists

or can be provided without unacceptable impact on
affected communities,”

Significance. The movement of construction equipment and supplies
and of waste to the repository during operation can create burdens on
highway and rail systems. Both systems must be able to carry these loads

and may need to be upgraded if current capacity is not adequate,

In addition, the repository will require a large labor pool to fill
labor requirements. If surrounding areas cannot provide sufficient man-
power, this commodity must be obtained from outside sources. The same
holds true for services and utility connections.

Data Acquisition Methods. Data were acquired from available 1iter-

ature, including census documents and land use maps.
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Adequacy of Data. The data available are deemed adequate for this study.

Results/Comparisons of the locations. Both locations are lacking in
manpower, utility ions and capability. The locations are

in remote, sparsely populated areas where such services have not been
necessary. In order to make these services available, a labor force must
be brought in; utility connections must be hooked up to existing services
in other areas; and highways, railways, and airports must be built.

Because access and utility requirements are indistinguishable between
the two locations, this subcriterion is not a differentiating factor,

S.3 IDENTIFICATION OF PREFERRED LOCATION

This section uses portions of the data presented in Table 5-1 in order
to differentiate between the Gibson Dome and Elk Ridge locations, It
should be emphasized that the evaluations and recommendations in this
report are based on current thinking and currently available data and
may change as more information is developed, Recommendations in this
report are intended for consideration by all involved parties, and are not
intended to be interpreted as final decisions,

5.3.1 DIFFERENTIATING FACTORS

An examination of the data in Figure 5~1 reveals that certain characteris-

tics of the two locations are very similar, while others are distinctly dif-
ferent., The characteristics that differ between Gibson Dome and E1k Ridge
can be used to recommend a preferred location. These characteristics,
termed differentiating factors, are listed in Table 5-2,

5.3.2 PREFERRED LOCATION

Each differentiating factor, by itself, suggests that one of the two
designated locations is preferred over the other. 1In Table 5-2, the more
favorable location for each factor is indicated with an asterisk. Eight

(68

factors favor Gibson Dome: "thickness of salt cycle 6," "size of area meet-
ing screening criteria,” "thickness of shale above repository level,”
»thickness of shale below repository level,” “"accessibility,” *archaeologi=
cal sensitivity,"” "agricultural productivity,” and "forests.” Four factors
favor Elk Ridge: "distance to nearest dissolution feature,” "distance to
concentrated microseismicity,” "distance to nearest suspected Quaternary
tectonic fault,” and "surface hydrologic system.”

Based on the comparison of the two locations using differentiating
factors shown in Table 52, the Gibson Dome location is judged to be prefer-
able. The factors of salt thickness, thickness of shale above and below the
repository, and minimum distance to dissolution features are believed to be
the most critical in terms of influencing radionuclide travel path and
residence times. Archaeological sensitivity and accessibility are the

most important environmental factors.

At Gibson Dome, the Lockhart Basin dissolution feature and the Shay
graben (Figure 5-1) will be siting issues to be addressed in later phases
of study. In addition, the evaluation of seismic reflection and other
geophysical data will continue in order to identify any additional sub=-
surface structures not yet detected. The probability of detecting any

presently unknown surface faults is judged to be low.

5.3,3 CHOICE OF PREFERRED PLACE AT GIBSON DOME

The Gibson Dome preferred location is 57 square miles in area. The
comparison factors of cliff loading stress, topography, and potential
flooding have been used to identify parts of this location that are
relatively less favorable compared to the remainder of the location
(Figure 5=7). That part of the location outside of the less favorable
cliff loading zone is more favorable for siting of subsurface workings.

Those parts of the location outside of the less favorable topography and

&1



potential flooding zones are more favorable for surface workings, The
remaining portions of the location (the unshaded area) are the most favor=-
able portions of the Gibson Dome locatign. By definition, any place

within the unshaded area of Figure 5=7 §s acceptable for repository

surface facilities, based on major geolpgic and environmental siting criteria,
and other factors including topography,f flooding, and lithostatic pressure
increases from nearby cliffs. Subsurfagpe facilities could be located any-
place within the boundary of the more Qavorable zone, as delineated on

Figure 5-7,

Much of the data presented earlier in this chapter (and used to evaluate
Gibson Dome vs. Elk Ridge) lacks the specificity to further differentiate
between places within the most favorable zone of the Gibson Dome location.
The meteorological data, for example, pertain to the general Utah/Four
Corners region., Negligible differences in socioeconomic conditions would
result from the choice of different places within the location because the
area is predominantly rural. Demographic and economic data are similar
throughout the region. Geologic conditions are relatively uniform throughout

the favorable zone.

Numerous site performance criteria are currently under study by the
RPM, Data are being collected on socioeconomics, threatened and endangercd
specics, transportation risks and other factors., Based on existing know=
ledge, it is difficult to choose between different places within the Gibson
Dome location on the basis of archaeological sensitivity., Site-specific
archaeological investigations will provide data to further evaluate poten=-
tially suitable places to site an NWTS facility.

At this stage of the siting process, site selection lnvcl\}és close
inspection of the preferred location, with emphasis on examining such distin-
quishing features as topography, access and aesthetics. Much of the intrin-
sic value of the southeastern Utah enviromment stems from its scenic and
aesthetic character., Alterations to this aspect of the environment must be
considered an issue. It will require additional study to determine the

impacts of a facility on the visual resources of the area. However,

170

a facility located in any of the more open areas could be perceived as
obtrusive. In particular, the visual impacts of the NWTS facility and
rail line at Gibson Dome from State Highway 211 and Canyonlands National
Park are key items in choosing a site. Aesthetic considerations are a
key item in making the level, open areas in the northern portions of the
location unattractive for siting.
%

The considerations discussed above indicate that the favored sites
for an NWTS facility in the Paradox Basin lie in more concealed places in
the southern part of the Gibson Dome preferred location (delineated in
Figure 5-7) that are simultaneously within the more favorable zones for
surface facilities and subsurface workings, Davis Canyon and Lavender
Canyon are two prime examples of places that meet these siting criteria.
The actual site of a principal borehole and subsequent test shaft facility
will be determined based on more detailed engineering and aesthetic studies
and confirmed by upcomina field studies.
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Table S-1

DATA MATRIX

Criterion

Compar ison Factors

Gibson Dome
Location

Elk Ridge
Location

Seres

Specitication

Site Geometry S5.2.1
Minimygn depth
5:2: 1.8

Erosion rate

Regional Quaternary uplift rate

1 ££/1,000 yrs
1 f¢/1,000 yrs

1 ft/1,000 yrs
1 £¢/1,000 yrs

Minimum depth at location: Salt Cycle 6 2,400 fr NA
Salt Cycle 9 NA 2,350 fe
1,000 f¢
Maximum depth P g
SS20102 Temperature at 3,000 ft depth 86 F 81", 857
Maximum feasible depth (regarding
engineering) 3,500 fe NE
In situ stress magnitude Vertical and minimum NE
horizontal ® lithostati
maximum horizontal =
1.5 x lithostatic
Maximum depth at location: Salt Cycle 6 3,400 ft NA
Sale Cycle 9 NA 3,500 fe
3,500 f¢
Thickness of
host rocks
5.2.3.3 Thickness: Salt Cycle 6 160-240 ft NA
Salt Cycle 92 NA TO=90e
Impurities Minor amounts of anhydrite. |Minor amounts of anhydrite.
saline minerals may | Hydrous saline minerals may
it. be present,
Lateral extent of
host rocks
5.2.1.4 Subsurface area having potentially
favorable characteristics 57 sq. miles ‘ 1. mile
Potential for encountering complications
in repository layer Low Low
3.1 §. mil
Geohydrology 5.2.1
Leohydrologic .
regime/flow
5.2.2.1 Ground=water travel time via Paradox
Formation from location to discharge
(most probable case) 131,000 yrs NE
Hydraulic communication between repository
layer and surrounding units Litvle or none Little or none
Vertical hydraulic aradient Dewnward flow ard flow

W = not epplicable.
W = not evalusted.
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BEST DOCUMZNT AVAILABLE

Table 5=1 (Continued)

Criterion Comparison Factors Ll et LU B
Location

Hydrologic

regime modeling

5.2.2.2 Complexity of ground-water flow Simple Simple
Ability to produce simple defensible model Excellent Excellent

weohydrologic

regime/shafe

construction 5.2.2.3 Inflow into shaft 57 gpm NE

Dissolution

5.2.2.9 Minimum/maximum distance from location
boundary to nearest known dissolution feature 5/17 miles 18/24 mile
Activity of dissolution features NE NE

wochemitry 5.2.3
Ground-water chemistry
5.2.3.1 wochemical environment of ground water ~  Reducing Eh

=75 v to =124 mv NE

Host-rock water content (not including water

of hydration) 0.01-0.2 wth
Retardation
potential
5.2.3.2 Radionuclide adsorptive properties NE NE
Total thickness of shale above repository 165-265 ft i25=142
Total thickness of shale below repository 230-4480 ft 125-15
seologic Characteris®tics 5.2.4
Geologic
characterization
5.2.4.1 simplicity of geologic setting Sample BT B0
Ability to define surface and subsurface |
geoloay Excellent Very good |
|
Extent and age of Quaternary deposits Second best Hest |
Fotential climate changes NE it !
|
Host gock {
nars terinti
edo¥sd Host rock strength 4,300-5,100 psi i
(unconf ined-preliminary)
Themal projertics See Section 5.2.4.02 N
Fracture zone Few/none Nt
s content Low Nt

Permeability and porosity See Section 5.

Water content (not ancluding water of
hydra®ion) 1.01-0,2 wtd it

Bl e Tl ft

A * not epplicable.
N * not evaluated.
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Table 5-1

(Continued)

Criterion

|

Comparison Factors

Gibson Dome
location

Elk Fidge
location

Non=-tectonic
deformation
5.2.4.3 .

Location of large-sc
structures

ale gravity slide

Needles fault zone
15 miles distant;
encroschment
not plausible

Needles fault zone
24 miles distant;
encroachment
not plausibtle

Screening ¥
Specificationt

.
X'u;hxt}g‘ Environment 5.2.5
Tectonic element identi-
fication 5.2.5.1

Juaternary tectonic
faults 5.2.5.2

Juaternary 1gnecus
aceivity 5.2.5.3

Long-term uplife
ind subsidence
5.2.5.4

iround motion from
maximum credible
carthguake 5.2.5%.5

Ability to detect surface faults
and other tectonic elements

Ability to detect subsurface structuges

Presence of anomalous geothermal
gradients or volcanoes

General geologic stability of region

Minimum/maximum distance from
location boundary to nearest known
surface tectonic fault

Minimum/maximum distance from
location boundary to nearest suspected
Yuaternary tectonic fault

Ability to evaluate ,uaternary faalt
displacement on known nearest fault

Distance to nearest center of
igneous activity

wuate

Rate of uplift in region

Maximum historical event

Character of local seismicity

Regional tectonic stress field

Excellent

Adequate

None
Stable

5/25 miles
(Shay graben)

5/25 miles
(Shay graben)

sood

170 miles

1 £¢/1,000 yrs

M

14
Concentrated along a
ment of the Colo
River 15 miles

Seq=

E-W
compression

Excellent

Little available data

None
Stable

5/9 miles
(Hammond grabten)

13/17 miles
(Verdure graben)

Fair/poor

135 miles

1 £2/1,000 yrs

e R,

Diftuse, low-level
1ty 2% miles from
rado River

el smL-
Cola=

E-W
omp ression

Human Intrusion 5.2.6
Mineral resousc

re2.6.1

Uranium

O3l and gas

Potash

Minor at or near surface

None at pr t: recent
recent discovery 14 miles
northeast of location
boundary

Minor occurrences north
of location

Moderate to minor at or
near surface

None at present

No potential

W = not spplicedle.
W = not evaluated.
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Table 5-1 (Continued)

csgmey P
fuw Fabls ﬂ“.“'v

Criterion

Comparison Factors

Gibson Dome
Location

Elk Ridge
[ocation

Screening

Specification

Exploration history

€.

5.2.¢.

wnership/access
2.6.3

Other minerals
Potable water

Current commercial production

Distance to nearest boring

Density of borings in vicinity

Low potential
Low potential

None

2 kilometers

Sparse

Primarily federal, some
state and pravate

Low potential
Low potential

None

2 kilometers

Spar se

Framarily federal, some

state

Z Rilmeters

Surface Characteristics 5
Surticial hyarologic
y m 5.2.7.1

urface features and

onditions 5.2.7

Surface topographa

features 5.2.7.3

gi1cal conditions

Fluviel cycle

Floodplain disposition

Proximity to dams

Proximity to surtface water

Annual cycle

Probable maximum flood

Frobable maximum precipitation

Accessabilaty

Slope stability

Grades

Flash floods

Avalanche
High wind

NA, minimal effoce

In 500-yr floodplain

None

small springs and reser-
VOIrS; approximately

2 miles to seqment of
Colorado Fiver

NA, minimal eftece

Probable nundation by
maximum flood (See
Section 5.2.7.1)

Annual average H8-11
inches/year; 100-yr ro-
currence, 3 inches;
500-yr recurrence,
4-inches

State highway through
location; RE length
i miles

variable

May cccur late spring
OF Sumher

None

NA, locally
variable depending
on topography

NA, minamal effece

Not an ¢1 Hlan

None

Small springs and
reservolrs

NA, minimal eftect
M3

2l flood
1al

Annual average, H-20
taches/year; 100-yr
recurtence, 3 anches;
S00=-yr recurrence,

4 inches

e nigheay .« Tl
south; KR length

Ve omp e
NA

variable

May occur late spring
or sumner

None

NA, locally
variable depending
on topograg hy

NA = not applicatie.
Ni ¢ not evaluated
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Table 5-1 (Continued)

Criterion

Comparison Factors

Gibson Dome
Location

Elk Fidgye
location

Specification

Nearby hazards 5.2.7.5

Tornadoes

Hurricanes

Proximity to transportation groutes

Industrial/military installitions

Gas/petroleum pipelines or storage

Tornadoes jossible
over long time periods

None

2 landing strips; state
highway through location

NA, uranium exploration
in area

None

Tornadoes pussible
over long time periods

fone

1 landing strip;: state
highway 2 miles south

NA, uranium exploration
in area

None

Demography 5.2.4
Human promimity 5.2.8.1

Transportation risk 5.2.4.2

Distance & orientation

Population density
Roads, highways, rail
RR class

Distance to source point (KR)

Moab, 20 miles north,
pop. 5,300

«d pEersons/sq. mil
Less risk
None

32 miles

Blanding, 20 miles ecase,
fop. 3,100

1.2 persons/sq. =il
Higher risk
None:

9 miles

Environmental Protection 5.2.9
Environmental impacts 5.2.9.1

Land use conflicts 5.2.9.2

Flora/fauna

Ecosystem characteristics

Spoil disposal

Threatened/endangered species

Natural resources
Noise, odor

Alr, water quality
Wet lands

Parks and recreation

Industry and agriculture

Wilderness

NA, locally diverse

Predominantly desert
shrub

NA

NA, 4 fish, 2 birds,
1 mammal listed in county
23 plants proposed

Some mineral
None
Canyonlands, AQI
None
Canyonlands National Park
boundary, Bridger Jack

Mesa & Lockhart Basin
proposed WSA on boundary

Livestock productivity
40 ac/AUM

Lockhart Basin & Bridger

NA, locally diverse

Predominantly @ i1

NA, 4 fish,
. 1 mammal 1is
23 plants proposed

Minor mineral
Nonie
ain, AQLL

None

3=La Sal National

Livestock productivity
9 ac/AUM

Cheescebox Canyon WEA

Jack Mesa proposed miles NA
wilder study ares on
boundary
WA = not applicable.
NE = not evaluated.
T v o8
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Table 5=-1 (Continued)

Criterion

Comparison Factors

vibson Domes

Loca®ion

Archaeology

Low sensitivity

Sepvices and utility
connect ions
Highways and raillways

Alrports

struction, 1,200 operation

State highway crosses
in north

2 private landing strips

itruction, 1,2

Lprivate landing
I mile ?

HIST

Endangered species wdangered pgered
Wild and scenic rivers
Wildlife presegves Noae fone
National parks ' lands Nas ' TR, Natural e Nt
i ple west Monument,
Historic sites oo Archacolooe, above e AL 1ol .
Military reservations None Note
fNormal and cxtreme
environmental conditions
5.2.9.3 Secondary impacts associated with high
wind, tornadoes, flooding, rainfall, etc. See 5.2.7.4 ST 2.7.4
Socioeconomic [mpacts 5.2.10
Social 5.2.10.1 Hesidential displecement None None
Soctal anfrastructure NA, formalize NA, formalize
Industrial conflict None None
Demographic composition NA, change NA, Cchanae
Income levels NA, 1ncr NA, incre
Education NA, i1ncrease need NA, 1ncrease need
Housing needs NA, 1ncrease NA, 1norease
Economic expansion NA, yes A, yes
Fiscal capacity Needs more study Neods more stady
Land utilization NA, 400+ gcres surface, NA, S00% acres Lartaoe,
1.,500¢ subsurtace | 9 I subsurface
Perceptions of risk None None
Access and utility
fequirements 5,02.10.2 Labor pool NA, requares 1,800 con- NA, requires 1,e0 -

WA = not spplicable.
W = not evaluated.
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Table 5-2

PRINCIPAL DIFFERENTIATING FACTORS FOR
GIBSON DOME AND ELK RIDGE LOCATIONS

Gibson Dome Elk Ridge
Differentiating Factor Location Location
Thickness of salt cycle 6 . 160-240 feet* 70-90+ feet
Area meeting screening criteria 57 square 6 square
miles* miles

o
Thickness of shale above repository 155-265 feet*

Thickness of shale below repository 230-480 feet*

Minimum distance to nearest

dissolution feature 5 miles
Minimum distance to concentrated
microseismicity 15 miles
Minimum distance to nearest
suspected Quaternary tectonic fault 5 miles
Surface hydrologic system (floodplains) 500-year
floodplain
present (See
Figure 5-3)
Smoother

Accessibility
terrain in
much of loca=-
tion; RR
length:

32 miles*
Archaeological sensitivity Low
sensitivity?*
40 acres per
Animal Unit
Month (AUM)*

Agricultural productivity

Forests None*

125-142 feet

125-150 feet
18 miles*
25 miles*

13 miles”

Not in .
floodplain

Rough terrain
RR length:
99 miles

High
sensitivity
9 acres per
AUM

Manti-La Sal
National Forest

L
Favored location
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Appendix A

CONPARISON OF SITING CRITERIA FOR
NATIONAL WASTE TEMMINAL STORAGE PROGRAM

Department of Energy
WTS-33(2)

WTS Criteria for the
Geologic Disposal of
Radiocactive Wastes:

Site Performance Criteria-

b Site Geometry
® Minimum Depth

® Thickness
@ Lateral Extent

1. Geohydrology

® Hydrological Regime/
Path Length/Travel Time

@ Water Bodies/Climatic
Cycles

® Aquifer Plow/
Construction

® Dissolution of Rock

III. Geochemistry
® Chemical Interactions

® Radionuclide Retardation

IV. Geologic Characteristics

@ Stratigraphy
® Host Rock Characteristics
® Virgin Rock Strength

® Geologic Stability

Nuclear Regulatory Commission

10 CFR 60, Subpart E
(July, 1981)

60.122(c) (2) = Minimum Depth
60.122(a) (9) - Thickness
60.122(a) (9) - Lateral Extent

® 60.122(a)(1),(a)(2),(a)(3),
(a) (4) ,(a) (9) , (D) (3),
(c) (1) and (c)(2) - Hydro-
logical Regime/Path Length
Travel Time

® 60.122(c) (2) - Water Bodies/
Climatic Cycles

® 60.132(c) (2) - Aquifer Flow/
Construction

® 60.i22(a) (9),(c) (1) - Dissolu-
tion of Rock

® 60.122(c)(1),(a){4),(a)(9)
(b) (4) Chemical Interactions
® 60.111(c) (4), and 60.122(c) (1)
Radionuclide Retardation

® 60.122(a) (1-4), (b)(2),(c)(2)
Stratigraphy/Host Rock
Characteristics

® 60.122(a)(9) = Virgin Rock

Strength
® 60.111(c)(4) - Geologic
Stability

(€9

v.

vIII.

IX.

Tectonic Environment

® Tectonic Elements

® Quaternary Faults

@ Quaternary Igneous
Activity

® Uplift or Subsidence Rates

o Seismicity

Human Intrusion

® Resources

® Exploration History

® Ownership and Control

Surface Characteristics

® Hydrological System

Water Bodies
Topographic Features

Meteorological Phenomena
Industrial/Transportation
Military Installations

ee oo

Demography

® Urban Areas
® Transportation

Environmental Protection

Wilderness

Rivers

Wildlife

National Parks
Archaeology
National Heritage
Ambient Conditions

® Management of Impacts
® Transportation Impacts

60.122(c) (1) ,(a) (3),(a) (4) -
Tectonic Environment

60.122(b) (2) - Tectonic Elements

60.122(b) (2) ,(a) (2), B(I),
Quaternary Faults

60.122(b) (2) - Quaternary Igneous
Activity

60.122(b) (2) - Uplift or
Subsidence Rates

60.122(b) (2) - Seismicity

60.122(b) (1) ,(a) (2-4) , (a) (8) -~
Resources

60.122(b) (1), (a) (8) - Explora-
tion History

60.121 - Ownership/Control

60.122(b) (3),(b) (1) - Hydrologi-
cal System

60.122(b) (1) - Water Bodies

60.122(b) (1) ,(b) (3) - Topo-
graphic Features

60.132(b) (3.5-7) - Industrial
Transportation/Utility Hazards

60.122(c) (2) - Urban Areas
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APPENDIX B

Three draft reports were transmitted to the Utah Nuclear Waste Repository Task Force
and the National Park Servi~e by the Department of Energy several months ago. The
reports and the dates of t insmittal are as follows:

ONWI-290, Geologic Characterization Report for the Paradox Basin
Study Region, Utah Study Areas, October, 1981

ONWI-291, Paradox Area Characterization Summary and Location
Recommendation Report, November 1981

ONWI-301, Paradox Basin Site Characterization Report Preparation
Papers, December 1981

On March 11, 1982, comments on these documents were received from the state. The
comments were contained in six letters, one letter from Governor Matheson to J. O.
Neff of the DOE, three letters from the Working Group chairpersons to the Coordinator
of the Task Force, and two letters from Working Group Members to the Working Group

Chairperson.

On April 1 and April 15, 1982, additional letters were received from the National Park
Service.

A total of 109 comments were contained in these letters. Some of the comments are
specifically directed toward items in the referenced reports, while others are of a
general nature or are directed toward earlier reports. The 109 comments can be

categorized as follows:

Fifty-one comments are directed toward ONWI-301, and one additional

comment is assumed to be, although there is some room for doubt.

I'wenty-eight comments are directed at ONWI-291.

191

Four comments are directed toward ONWI-36.
Ten comments are directed to ONWI-92.

Eight comments are general in nature, either referring to reports in
general (collectively) or to the philosophy of some aspect of the
program but not to any of the reports.

One comment is directed toward a specific criterion that has been
adopted for use within the National Waste Terminal Storage Program,
and thus can be said to be directed toward document NWTS-33(2),
which was released to the public in draft form in January of 1980 and
finalized in February of 1981. This comment is also pertinent to both
ONWI-36 and ONWI-291, since this criterion was utilized in reaching
the conclusions in both of these documents.

All of the comments have been addressed in the order of their receipt. This appendix,
which contains both the comment(s) as received, and a response, will be attached to all
three of the documents referenced. Comment letters are reproduced as received, with

sections of the letters separated by responses to the comments, which are italicized.

192



- -
StaTE or Urtan
Scort M. MATHESON OFFICE OF THE GOVERNOR
(il SALT LAKE CITY

84114

February 17, 1982

Mr. Jeff Neff
Program Manager

NWTS Office

505 King Avenue
Columbus, Ohio 43201

Dear Mr. Neff:

Enclosed are the comments prepared by the Nuclear Waste
Repository Task Force on the ONWI-301 Preliminary Draft
(December 1981) and associated documents. Task Force members
and their Working Groups have identified a number of serious
concerns which will require attention prior to finalization of
the document.

I wish to stress the need for sufficient time for state
review of documents. In order to provide the DOE with the
professional review necessary to protect the interest of the
State of Utah, it is imperative that adequate time periods for
review be established. Considering the significance of this
issue and the complexity of the studies underway, I request a
ninety day period for review.

Our's is a difficult task, and one depending largely upon
the availability of information from the DOE. I trust that
every effort will be made to keep us fully informed of all
relevant data. The State of Utah will in turn provide you with
a thorough and objective review.

ely,
Governor
SMM: jc
Attachments

193

SECT COCUMENT AVAILABLE

MEMORANDUM February 16, 1982
T0: Governor Matheson
FROM: James Mason, Chairman, Nuclear Waste Repository Task Force

SUBJECT: Comments of the Governor's Nuclear Waste Repository Task Force

ONWI-301: Paradox Basin Site Characterization Report
Preparation Papers and Associated Documents
Gibson Dome Location

General Comments

ONWI-301 does not reflect the State's position, reiterated forcefully at the
November 12, 1981 meeting, that a single Environmental Impact Statement
(EIS), covering exploration for, construction, and operation of the
Exploratory Shaft, the railroad, and the repository, be completed prior to
the selection of a site for an Exploratory Shaft; that the main features of
these activities can be defined now; that supplements to the single EIS can
be prepared as detailed information becomes available.

rhe question of an EIS is a programmatic decision, not part of a technical work plan,
and should not be addressed in this particular document. DOE's records indicate that
the "state position" on EI$'s was sent to DOE on March 8, 1982, from Governor Matheson
to Secretary FEdwards addressing a programmatic EIS. not an EIS focused on the
exploration shaft. DOE responded to the programmatic EIS position on April 12, 1982,
DOE would be interested in corresponding on a state position concerning the scope of
the NEPA documentation for detailed site characterization studies if the State would
formally submit their position to DOE as part of the review process. DOE has also
pointed out to the State that an EA on the exploratory shaft would provide the basis
for judging whether an EIS is required and that the State would be afforded an
opportunity to review any EA and any findings.

ONWI-301, Site Characterization Report, Preparc

‘l'{)!l“lzqg('!‘_.‘:, includes a description of
detailed field studies and efforts to collect data to resolve key geologic and
environmental issues in the Gibson Dome location within the Paradox Basin region of
Utah. As such, the contents of this document are in essence a technical work plan for
Paradox activities.  Applicable information from this Site Characterization Report,
Preparation Papers, will be incorporated into the Site Characterization Report (SCR)
required by the Nuclear Regulatory Commission (NRC), if the Paradox Basin is selected
for an exploratory shaft.
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An EIS is required for any major federal action. Clearly such a docoument will be
required for a waste repository. Whether such a document is necessary in advance of

an exploratory shaft, is open to question.

ONWI-301, Section 13.7.2, Unresolved Issues and Plans for Resolution, fails
to respond to the serious concern about the proximity of the Gibson ODome
site to Canyonlands National Park. This concern was solidly established at
the public meetings, reaffirmed in subsequent letters to the State, and made
clear by the Task Force to DOE staff at the meeting on November 12, 1981.
The impacts of the shaft, railroad, and repository on the Park warrant
separate, unified consideration in Section 13.7 in place of the present
handful of scattered, cursory references.

It is clear that the proximity of the Gibson Dome location t6 Canyonlands National Park
is an issue that must be addressed. In all studies and screening done to date, all
National Parks have been excluded from consideration, and there is no reason to believe
that this attitude would be modified in the future. Description of potential impacts of
a repository near the Park appear to be scattered in ONWI-301 because this report was
arranged by technical issue. In discussions with the Utah Task Force, it has been agreed
to consolidate the several studies that relate to the Park in a separate renort specific
to all potential project impacts on Canyonlands National Park. This consolidation will
be done on completion of the studies, outlined in ONWI-301, that relate to the park.

Section 13.7.2.9 of ONWI-30]1 now describes these plans.

While the National Park has been considered excluded from siting consideration, is not
clear that land adjacent to or in the vicinity of the Park should be considered similarly.
There are many National Parks that have intense commercial and/or industrial de-
velopment immediately outside the Park bourdaries; indeed, in many instances the
presence of the Park precipitates this development. In the case of a repository, the use
of adjacent land would be a temporary arrangement, for a period of 30-50 years, after
which the land would be returned to its previous state and on which further development
would be severely restricted. The case can be made that for the very long-term,
temporary development, restoration, and permanent restrictions on further development
is much more compatible with the concept of a National Park than the unplanned
development that has occurred in some areas around a number of other National Parks.
A fairly sizeable segment of the local population believes that there is no incom-
patibility between the Canyonlands National Park and a repository at the Gibson Dome
location. This includes the San Juan County Commissioners (letters to Governor

Matheson and the Department of Energy dated March 9, 1982).

19¢

Timely distribution of documents, allowing adequate time for review, has not
been regularly made by DOE. Of ONWI Reports 290, 291, and 301, scheduled to
be reviewed at the December 15, 1981, meeting, ONWI-201 had not been
received beforehand and ONWI-301 was received only in preliminary draft. The
]’ask Force recognizes constraints of time upon DOE. Nevertheless,
inadequate advance distribution seriously limits the State's opportunity for
Afull, equal participation in consultation and concurrence. The Task Force
nas several times requested adequate advance distribution.

The December 15, 1981, workshop was purposely scheduled at the beginning of a 45-day
review period to facilitate the initiation of the review. The December 10, 1981,
transmittal letter of ONWI-291 and ONWI-301 to J. Mason from J. Neff clearly states
that the workshop was to deal only with ONWI-301. The December 11. 1981,
memorandum from J. Mason to Members of the Governod's High-Level Nuclear Waste
Reporitory Task Force and Work Groups however, incorrectly relates that both reports
were to be the subject of discussion at the December 15, 1981, workshop.  This is an
example of the State of Utah misunderstanding the purpose of the meeting not a case
of inadequate advance distribution. Neither of the reports were finalized before the end
of the requested comment period of February 1, 1982. Instead the staté's comments,

received on March 11, 1982, were incorporated into the final report.

ONAI-301 is inadequately referenced to previous ONWI Reports and to related
work performed for ONAL by contractors. Tabular display of resolved issues
and the bases for resolution, should be provided in a manner comparable Lo
the table of unresolved issues. To avoid unnecessary duplication of effori
the State requests a comprehensive, annotated list of projects and stuuie;
contracted in the past to woodward -Clyde and Battelle.

ONWI-301 has been revised to include a summary of Paradox Basin field studies and
previous reports. Refer to Tables | and 2 in the Preface of ONWI-301 for this
information. If these tables coupled with the May 24, 1982, letter to J. Mason with the
list of contractors and ongoing projects does not fulfill your request, please resubmit

your request in writing in more detail.

Detailed comments
Section 13.1, Issues Related to Geology

Iterps ;equiring consideration:
*Jointing patterns, and concentration of Jjoints.,
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There are no plans to study joints in any detail during the location phase, the time
period covered by ONWI-301. Should work continue into the next phase (site

characterization) a plan will be developed to address joints in some detail.

The interest in joints is primarily geohwirological in scope including, for example,
evidence of mineralization and leaching along or near joints and continuity of (or lack
of) joint sets across formations and effects on the flow regime. The geochemical,
mineralogical, geohydrological and geophysical data base developed during the location
phase, together with the data base in ONWI-290 and the five regional hydrological
reports being prepared by the USGS, will be used to make decisions concerning the types
of investigations that should be conducted during the detailed site investigation phase.

*Loading factors related to the filling of Lake Powell.

Earthquake observations in the Glen Canyon/Lake Powell area commenced in 1960, three
vears before the first loading by the reservoir. and continued through 1968. Seismicity
observed in the general area was not attributed to reservoir loading (W. V. Mickey, AGU
Geophysical Monograph No. 17, pp 472-479, 1973). There are no project plans to install

and operate a microearthquake net at Lake Powell.

#The need for more geophysics to define stratigraphy and structure.

Additional geophysical work is planned during the location phase studies, including
additional seismic lines as well as gravity and magnetic data to be obtained and
interpreted. A geophysical studies report is scheduled for completion in early 1983. A
number of other types of geophysical investigations are currently under consideration,

including:

Vertical seismic profiling

DC resistivity

Audin-frequency magnetotellurics
Telluric profiles

Additional magnetic and gravity studies

Heat flow measurements

Any and all of the above work that is carried out during the location phase will be
incorporated into the Site Characterization Report that would be submitted to the

Nuclear Regulatory Commission in advance of an exploratory shaft.
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*The history of the Colorado lineament.

The above subject is discussed in detail in ONWI-290, Volume I, Chapter 6.6.2, wiuder

Northeast Trending Features and the Colorado Lineament.

*A discussion of super floods.

A flood potential study is planned as part of the location phase studies, which is
discussed on pages 13-63 and 13-64 of ONWI-301. As part of this study, a determination
will be made of the probable maximum flood (PMF). This is not expected to be a very
large problem because of the relatively small catchment basins that are associated with
drainage channels in the Gibson Dome location.

*Wind erosion as a geomorphic agent.

"Wind is an effective geologic agent locally because it is capable of lifting and
transporting loose sand and dust, but its ability to erode solid rock is very limited. The
main action of wind as a geologic agent is in transportation and deposition in arid
regions" (W. Kenneth Hamblin, The Earth's Dynamic Systems, p. 299). Geomorphic
effects of wind erosion have been included in Quaternary studies conducted to date in
the Paradox Basin. Erosion and cliff-retreat rates given in ONWI-92 and ONWI-290
include the combined effects of wind and water. On the basis of information in those

reports, aeolian processes were not identified as siting issues. However, investigations
essentially of the same type as those conducted in the past will be continued as a normal
part of the location characterization phase. Should these studies serve to identify wind
erosion as a siting issue, any future site phase activities will be planned accordingly.

#52 weeks is not sufficiently long for climatologic conclusions.

This chapter heading according to the NRC outline for site characterization reports DOE
is following what was originally entitled "Climatology” and pertained to both the
climatology and meteorology at a site. Since this original outline, after which ONWI
structured ONWI-301, the NRC has revised their outline. The new title for this topic
is entitled "Climatology and Meteorology". Our text is now consistent with the new
chapter heading, and precludes the interpretation that a 52-week meteorological survey
is adequate to define the climatology of a site. Refer to Section 13.6 for the revision.
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*#The weather records at Hite should be examined.

Hite, Utah maintains an U.S. Weather Bureau Station which reports temperature,
precipitation, and evaporation data. However, the station is approximately 40 miles
from the Gibson Dome location and is about 1,500 feet lower in elevation. Therefore,
these data would be questionable as representative of the Gibson Dome location. Valid
meteorological characterization data for a site requires on-site monitoring which is an
ONWI planned activity (see Section 13.6.2.1). However, the Hite data may be used to
establish regional variation when integrated with meteorology data from U.S. Weather
stations at Moab and Blanding, plus any private sources in the area.

Geologic hazards should be considered when locating the railroad.

Geologic hazards (e.g., faults, landslides, mudflows, falling rocks) do not preclude the
construction of a railroad. Rather, they represent engineering considerations which must
be incorporated into the railroad's layout and design. No known active faults are
crossed by any of the potential railroad routes. When a final route is determined, Lhis

subject will be addressed in the engineering design.

Under the section on geoseismicity it should be noted that the numerical
modeling should take place before the tilt meters are put down the hole.

rather

Tiltmeters are mentioned on page 13-56 under Section 13.3.2.3 Salt Di
ible E
ty. Tiltmeters, if utilized, would be directed

hquake or 13.1.2.5, Subsurface Ground

than in Sections 13.1.2.4, Maximum C

Motions which are related to geoseismi
toward a resolution on the question of possible hydrological dissolution of salt in the
Lockhart Basin. Hydrological modeling is a continuing process, and is updated

continually as new data becomes available.

WESTERN BOUNDARY OF THE SALT: During the Geolngic work Group discussions on
December 15, 1981, it was noted that the western boundary of the Paradox salt
in the ONWI reports is farther east than in some other published works. Two
well logs from areas near the ONWI "zero thickness line" indicate significant
thicknesses of salt (see attached copies of the logs). The UGMS publication
"Mineral Resources, San Juan County, Utah, and Adjacent Areas" delineates the
western boundary of the salt further west than ONWI-92, etc.

During the research that preceeded the preparation of ONWI-92, it was found that many

different interpretations of the exact position of the "zero salt thickness line" exist.
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The legend of Figure 5-12 of ONWI-92, which is an isopach map of the saline facies of
the Paradox formation, states that the zero thickness line shown is the "Approximate
location of zero thickness of saline facies" (emphasis added). This map i.:ramcornu.nr;rile
from 11 referenced published sources plus new interpretations of well logs from a large
number of wells, the locations of which are shown on Figure 5-12. The zero thickness
line always represents an interpolation of a position between two wells, in this case, one
of which has salt and one of which does not. It is not surprising that no two maps show
the line in precisely the same position. We do not believe the difference between the
map in ONWI-92 and other published sources is significant enough to invalidate the

conclusions drawn.

OTHER POTENTIAL AREAS SUITABLE FOR DISPOSAL OF RADIOACTIVE WASTE IN SALT:
Two areas {(see attached maps) may be as or more suitable than the Gihson Dome
as repositories for nuclear waste:

Dolores Vallgy, San Miguel County, Colorado: Triassic rocks outcrop on the
sgrf‘gr:e and it would appear that bedded salt of the Paradox formation would be
within 3,500 feet of the surface.

Happy Yalley, in the "Fremont Embayment" area, west of the Gibson Dome site:
Tr}assu: rocks outcrop at the surface and it would appear that sufficient
thicknesses of salt exist within‘suitable distances of the suraface for a salt
repository. i

The State requests explanations for the elimination from consideration of
these two areas.

This comment refers to ONWI-36, "Summary Characterization and Recommendation of
Study Areas for the Paradox Basin Study Region”, which was provided to the State for
comment on April 2, 198].

The Delores Valley area in San Miguel County, Colorado, is taken to be the Delores
Anticline area located northeast of Dove Creek, Coloredo. The Delores Anticline is «a
non-diapiric fold similar to the [isbon Valley Anticline. Data from 21 existing wells
this area were utilized in determining the depth and thickness of the salt units. Salt
thickness does not appear to be a problem in this area.  Only two wells in the area.
however, penetrate the salt at depths of less than 1,000 feet. These twe wells are
located near the crest of the anticline and are along the Delores River at the bottom
of the deep river canyon. The only areas where the top of salt is less than 1,000 feer
deep is in the deep, narrow river canyon, where any engineered project would face [lood
problems.  Depths to salt on the mesa surfaces on either side of the canvon are
substantially greater than 1,000 fect  [he area o the ol . oo i ‘

1000 feet s too mall ty be swtable tor g fudy

2006



The "Fremont Embayment" was interpreted to be the area of the Orange Cliffs located
west of Canyonlands National Park between Hanksville and the Gibson Dome area. Data
from three existing wells in this area were utilized in determining depth and thickness
of the salt bed(s) in this area. Depths to salt were interpreted as significantly greater
than 1,000 feet and individual salt beds approach marginal thicknesses. The National
Park and the Glen Canyon National Recreation Area also eliminate a significant part of
the area. Areas that might have salt beds at suitable depths because of the influence
of local topography would be very small, would have a greater "effective" depth because
of the influence of adjacent mesas, and would be located in the bottom of canyons which
are less than optimum places to locate any facilities because of the potential for
flooding.

Section 13.1.1

Some statements in ONAWI-301 are stronger than others because of their
grammatical construction For example, on page 13-35: "The studies that have
been completed indicate the construction of a repository in the Gibson Dome
location is feasible from a geotechnical engineering standpoint." The strength
of this statement, whether intentional or inadvertant, was questioned. Most
other "Summaries of Resolved Issues" use the expression "appear feasible"
rather than "is feasible."

The document has been modified to be consistent. In all cases, "appear feasible” has
been wsed. Feasibility has not been demonstrated. The phraseology is intended to
convey the message that as a result of work done to date, there is no reason to believe

that construction of a repository is not f[easible.

Section 13.5 Surface Hydrology

The effect of subsurface activities in repository construction and operation,
as well as possible drawdown on the water table, on surface water such as
springs should be considered. This could adversely affect grazing, wildlife,
and human use.

The springs and seeps in the Gibson Dome study area, many of which flow only in the
spring to early summer, represent local perched aquifers. Nonc of the springs are
discharging from the regional saturated part of the upper hydrostratigraphic unit that is

going to be penetrated by the boreholes or a shaft.

Drilling of the exploration holes will’ not involve withdrawal from local ground-water

sources.  No final decision has been made concerning sources of water for drilling a

>-0)

shaft and operation of a repository. Even if local groundwater is utilized as one source
of water supply for these activities such usage has not been identified as an issue for

reasons which include the following:

1. Some springs are emanating from perched aquifers in units above
the_formations to be penetrated by the boreholes in the Gibson
Dome study area. As’a result, none of the planned activities will

influence these springs.

2. The springs emanating from the formations that are to be
penetrated by the proposed boreholes are also the result of local
perched aquifers with limited areal extent and are not hydro-
logically connected with the regional ground-water system in the

Gibson Dome area.

Section 13.7, Issues Related to Environments, Land Use, and Scciceconomic
Characteristics:

The nature, extent, and impacts of security measures for the repository, rai!l
line, and utility corridors during construction and operation and after
decommissioning should be addressed in this section.
Security restrictions may affect land access in the vicinity of a repository. The \NRC
requires protection of both the surface and subsurface facilities. The exvact boundarie
of these control zones can only be delineated after the final repository design s
prepared. However, general areal requirements and the associated control boundaries
can be determined from the present conceptual repository design. How these boundaries
affect access to existing jeep trails through Davis and Lavender Canyons will be
addressed in the report concerning the effects on Canvonlands National Park (Section
13.7.2.9).  Transportation and utility corridors will not require any special security
measures.

Section 13.7.1 Summary of Resolved Issues

"Potential conflicts with significant land uses have been mininized." This

conclusion is insupportable given the proximity of Canyonlands National Parx
and the Salt Creek Archeological district.

The original statement was correctly based on the screening criteria employed (o
ld(’lll![:\' the Gibson Dome location. However, the text has been modifwed to clartfs i

intent (see Section [3.7.1).
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Section 13.7.2.5 Noise

The impacts of noise from the projected railroad should be considered as well
as the impacts of noise from the repository site.

Railroad noise will be included in the discussion of noise impacts (Section 13.7.2.5).

Section 13.7.2.6 Archeological Sites

Omission of mention in this section of the Salt Creek Archeological District,
abutting the prospective site of the repository, is disturbing. The district
was listed on the National Register of Historic Places in 1975 and contains
170 known sites. Lavender and Davis Canyons are the two main canyons in the
district. Termination of the district on the boundary of Canyonlands National
Monument, abutting the prospective site, reflects administrative convention,
not the distribution of archeological sites. The secondary impacts as well as
primary impacts of exploration, construction, and operation on archeological
sites should be considered in this section.

The exclusion of the Salt Creek Archeological District from any discussion of direct
impacts is valid because surface disturbing activities are not planned for that area. All
170 known sites within the District are outside of the Gibson Dome location. In fact,
all these sites occur within Canyonlands National Park. The heads of both Davis and
Lavender Canyons are situated within the Park, and are not part of the Gibson Dome
location. Only one recorded arcieeological or historic site occurs outside the boundary
of the Park in Lavender Canyon, and this cliff dwelling was excluded from the Gibson
Dome location. Archaeological surveys are required for all proposed surface disturbing
activittes.  This activity was already planned (Section 13.7.2.6) and the Utah State
Historic Preservation Office wil! be kept informed. Secondary impacts are a concern
and will be included in the report addressing potential impacts on Canyonlands National

Park (Section 13.7.2.9).
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January 7, 1982

MEMORANDUM
TO: Juline Christofferson
FROM: Genevieve Atwood

SUBJECT: Additional Comments on ONWI 290, 291, and 301.

A cguple more specific points were brought up during
the meeting of December 15th and 16th which were left of £
our previous report.

1. Some strat{\gtaphic nomenclature concerning the Jurassic
appears to be in error.

This comment presumably refers to the Glen Canyon group and whether it is Jurassic
or Triassic in age. In ONWI-92, the unit was assigned to the Triassic on the basis of
work, for example, by Pipiringos and O'Sullivan (1975). Later studies, however, assigned
the unit to the Jurassic on the basis of regional correlation studies (Imlay, 1980).
Imlay's nomenclature was adopted for ONWI-290. )

2. The petentiometric surface in the charts of 291 appears
in error.

This comment apparently refers to report ONWI 291; yet there are no potentiometric

charts in this report.

3 There is no discussion of the relationship of salt dis-
solution and migration of water toward a heat source.
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It is not known which document this comment is directed tcward. Migration of water
toward a heat source (emplaced waste) is a near-field phenomenon (tens of feet from
the heat source). There is no known dissolution within several miles of the proposed
location.

4. The reports are not clear on the kind of hydrologic
modeling that will be applied to the area.

The hydrologic modeling that will be applied is the finite difference numerical model,
developed by the U.S. Geological survey for simulating ground-water flow. This model,
which has been more commonly called the Trescott-Larson three dimensional flow
model, is widely used and has been well documented (Trescott, 1975; Trescott and
Larson, 1976). The model is capable of handling three-dimensional multi-layer flow
problems with a large number of irregularly spaced grid cells.

5. Some of the early errors spotted in ONWI 92 have been
carried on in later reports.

No response to this comment is possible, since the supposed "errors™ in ONWI-92 are not
identified.

6. The Paradox Basin which lies in Colorado should not have
been summarily eliminated from further study.

This comment refers to ONWI-36, which was provided to the State of Utah for review

in draft form on April 2, 1981. In the work that led to that report, political beaidarios
were totally gnored. No areas were summarily eliminated. Rather, the four areas that
were considered to have the highest potential for eventually locating a suitable
repository site within the Paradox Basin were recommended for further investigation
based upon pre-established technical criteria. It happened that all four areas were n
Utah and none in Colorado.  This certainly would also have been the case had a smaller
number of areas been selected and might well have been the case had a larger number
been selected.  There are budgetary constraints on the number of areas that can be
investigated during any phase of the program, and it is not possible to ivestigate every

et omight vltinatels e peoven Lo be suitable.
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February 8, 1982

MEMORANDUM
TO: Juline Christofferson
FROM: Sandy Eldredge

SUBJECT: Geologic Work Group Review of ONWI 290, ONWI 291, ONWI 301

The work group met on January 25 to review ONWI 290, 291, and 30l. The
following comments are in addition to previous comments communicated to Tom
rrazier, December 30.

Members in attendance were: Genevieve Atwood, Hank Goode, Lee Stokes,
Howard Ross, Thure Cerling, David Tillson, and Donald Gillespie.

GENERAL COMMENTS: Virtually every member of the committee expressed a
‘issatisfaction with the specificity of the reports. The committee agreed that
tne present documents do not contain sufficient information on which to base
lecisions. It was generally agreed that tnis was due to omission of
significant pieces of information that had been gathered and that such
information could probably be provided by Woodward-Clyde,

All technical documents are to some degree summary documents. It is safe to say that,
without exception, every piece of supporting data or information is never included in a
technical  report. Time, space. and fiscal considerations alwavs demand some

summarization.

dsequent to the release of the draft reports referred to, the investigators have met
attte the Geologic Working Group of the Utah Auclear Waste Repository Task Force and
the Utah Geologieal and Mineral Survey personnally, and discussed in detail exactly what

fitties were done and how, and what information was utilized in preparing these reports

[t 1s the atent to share with the State aell backup documents that are produced win the

Cotraw 0 the Paradas Basce tivvestigations. i the ¢ 0% e al tadies Cagie s of
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backup information will be deposited with the Utah Geological and Mineral .Sur\'?'\'.
which is the cognizant geological agency for the state.

The members are concerned with the difficulty in collecting needed
information. Also of concern are the hydrological issues, One member stated
that more holes could be drilled in areas other than Gibson Doma to better
understand the hydrogeology at Gibson Dome.

This comment is made with reference to ONWI-301. It is certainly true that hydrologic
information from a much bigger area than the Gibson Dome location itself is necessary,
in order to fully understand the hydrogeology. Of the 10 hydrogeological holes proposed
in this report, 7 of them are outside the Gibson Dome location.

%t is the general opinion of Work Group members that "depth to salt"™ maps
which were initially used to screen areas were too general, Local topography
should be taken into consideration earlier.

This comment refers to ONWI-36, which was provided to the State for review on April
2, 1981. The objective of the screening done to select the four areas was to identify
broad areas within which multiple sites might be present and which were thought to have
the highest probability of ultimately containing a site which could be shown to be
suitable. Topography was taken into consideration, but only large topographic features
since the screering objectives were large. Small topographic features were not
considered. Actually, one of the concerns at that time was that small topographic
features might invalidate the conclusions drawn with regard to the larger areas and
reduce the possibility of finding a suitable site. In some regards this turned out to be
true, since further investigation showed that only a very small portion of the Lisbon

Valley and Elk Ridge areas, for example. were suitable.

The committee needs more hard data than are availabla in ONWI 230, 291, and
301, including a %table of wells drilled and a list of the drill stea test data,
mo~e detailed depth temperature inforaation, geochemizal da%a, hydrological
data, and seismic 4ata interpretation. Copies of logs of the geopnysical and
aydrological tests that were run should be included ia ONWI 290, ONWI 290
includes a general description of tne core and it was felt that it would not
increase costs to include a detailed description of the core, One member
questioned the broa! generalitiss concerniang the characteristics of
transmicivity, permeadbility, and transport times without 3specific 4ata back up.
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The investigators have met personally with the Working Groups of the Utah Task Force
and the Utah Geological and Mineral Survey, and have shared with them the information
and data that was utilized in the referenced reports. As pointed out earlier, it is not
feasible to include every piece of information or data that was utilized in the character-
ization reports, and it is not standard practice to do so in scientific and technical
reports. Much of the information referred to as omitted will be included in other backup
documents (for example, the GD-1 Well Completion Report) which will be shared with
the state. These backup documents, which contain a large number of well*logs. are in
some cases more voluminous than the characterization reports themselves, and will have

a much more limited distribution.

SPECIFIC COMMENTS: In ONWI-301:
o The base maps are hard to read and also they do not necessarily
reflect the information in the test.

Information showing the location of proposed activities were superimposed on copies of
USGS topographical maps. The baseline information (topography) is, in some cases,
difficult to read due to the poor quality of reproduction of this draft report and to the
fact that contour lines are sometimes very close together. Even so, we believe the maps

are much more useful than they would be if the topography were not shown at all.

Since no examples were given on where the maps do not reflect the information in the

text, we are unable to respond to this comment.

O Fijure 13-1 uses tae wronj map scale, It was fel:
zeneral is misleading. The map should include the limited area
Gidson Doma locatinn tnat is actually under consideration It
usaful if this map was of the same scale as Figu
addition, it might be more useful if Figure 5-7
ONAI-301.

The scale on Figure 13-1 is, in fact, in error. This error s corrected in the final xersion
of this document.  We will also attempt to superimpose on this map the actual Girbsor
Dome location, which ~ shown in a separate Fwgure (Figure 1) The scale of Figure 105-
i ts approximately -1omiles to the mch, while Figure 5-7 a0 ONWI=20T 0 L7 mides to
the inch.  The scale of Figure 13-1m ONWI=301 was chosen i order to show all location
phase activities on a single map of reasonable stze. ONWI=300, of course, contains many
other maps of individual actixities, many of which are of a <omdar ~cale to that o

Fiqure 5-7 in ONWI=24]
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contains many other maps of inatvidual activities, many of which are of a simitar scale
to that of Figure 5-7 in ONWI-291.

The two reports, ONWI-291 and ONWI-301, address different topics. Figures were
selected for each document that are appropriate to the topics the documents address
It is not surprising, therefore, that the figures are different. To add the figure
suggested would also require the addition of much explanatory textual material which is
not pertinent to the subject of ONWI-301.

o Figure 13-3 would be more helpful if Shay Graben and its boundary
faults were drawn on the map. The text refers to the trenches crossing the
fault but the trenches should be dug across both the north and south faults.
More seismic line information is needed on Shay Graben than is indicated., The
area as far as Kelly Ranch should be mapped in detail (large scale).

Shay Graben faults are shown on maps and are described in some detail in ONWI-290.
Also, the graben is shown on other readily available geologic maps. for example, the
Geologic Map of Utah (UGMS, 1980) and the USGS Meoab and Cortez Quadrangles.

ONWI-290, -291. and -301 are a sequential series of complementary reports, the first
being the data base supporting the other two. That being the case and because the
purpose of ONWI-301 is to identify siting issues and describe planned activities that
address those issues, the ONWI-290 data base is not duplicated in ONWI-301.

As indicated in ONWI-301, a trench is planned across one fault of the Shay Graben as
a part of the locac'ion phase. The north fault was selected because of gravel pediments
that cross that fault. Depending upon trenching results and other data to be acquired
during the location phase, a trench across the south fault may or may not be excavated
in the site phase.

Decisions concerning the need for more seismic lines across Shay Graben other than
those shown in ONWI-301 will be made after data from those as well as existing lines
and data from other planned activities are interpreted.

During the area phase, numerous locations were examined along the strike and general

trend of Shay Graben, including the Kelly Ranch area, using a seven and one-half minute
quadrangle base. Three previously unmapped faults that may be associated with the

F 09

Shay Graben were identified and mapped (see Volume I, ONWI-290). Data acquired
during these investigations are documented, including photographs, as required by the
project's QA program. Any large scale maps that would be required for a license
application would be prepared during the site characterization phase.

o Figures 13-1 and 13-12 contain incorrect scales.

This comment refers to ONWI-301.

The scale on Figure 13-1 is correct. The scale on Figure 13-12 should be the same as
that in 13-1. The error has been corrected in the final report.

o Figure 12-U4, Needles Fault Zone Exploration Acztivitias does not
in2lude areas to be mapped by Quaternary and structural mapping teams.

Initially, aerial photographs of the fault zone will be mapped. Based on this effort,
areas that appear to be most promising in terms of determining whether Quatemary
movement has occurred will also be field mapped. As a result, the exact definition of
areas to be mapped in the field cannot be identified at this time

o p. 13-27, it is 7ot assured that full chemizal analyses of water
will be done on watars ohtained from the holes.

This comment refers to ONWI-301.

The fluids recovered during drill-stem tests and pumping tests will be analyzed in the
laboratory for: TDS, density. Al, As, B, Ba, Ca. Fe, K, Li, Mg. Mn. Na, NH3 P, Si, Sr.
U, Rb, Cs, Cl, Br, I, F, Zn, Nop, Soq, CH3.CooH, CpH5CooH, C3zH7CooH. total

organic carbon, pH. Eh, 018/016, deuterium, Cc13/c11, §32,§31, (:234 1238 and As

speciation.

o p. 13-30, some members felt that the search for £oss5il spring sites
is not needed.
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This comment refers to ONWI-301.

In order to fullv address those sections in I0CFR 60 that are dealing with past and
future natural changes in the hwdrogeologic regime (60, 122(b); 60, 122(c); 60, 122(d); 60
123(a); 60 123(b), it is necessary to search for fossil spring sites that are excellent

indicators of past ground-water levels.

o p. 13-42 states "where possible, samplas of the fluids preduced
will be geochemically analyzed..." Tne weakness of this statement is
criticized.

This comment refers to ONWI-301.

The statement that is commented on refers to the fact that many of the stratigrahic
units have such a low water content that fluid samples cannot be obtained. This was
true in test hole GD-1, and is anticipated to be also true in future drill holes. Anytime
a sample is recovered in adequate wolume, a thorough chemical analysis of that sample
will be done. Many units, however, simply do not vield a sample. It is as important
to (hydrologically) test the dry as well as the water-bearing units, however, because the
permeability and water-bearing characteristics of the units are critical to the

mvestigations.

o p. 13-43, In regards to Federal criteria 10 CFR 60.122 which refers
tno low ground-water content of the host rock, the Work Group questions how
Wnodwari-Clyde interprets "low ground-water conteni", The foraation strata
should be 4dry,

This comment refers to ONWI-301.

The terms "low” and "dry" are relative terms. Crustal rocks conitin water in amounts
ranging from significantly less than 1 percent to approximately (' percent in the case
of some shales.  We interpret the term "low ground-water content” as representing the
lower end of this range. In the case of typical sedimentary rocks, this would probably
be less than 5 percent. In case of salt, which is at least among the most dry rocks,

tf not the most dry, "low"” would imply a water content  considerably lower than that.

igur=z 13-1) does not show Verdue Graven and the str2am gasing

2 Graden,

ol

This comment refers to ONWI-301. The error was corrected. The report should have
referred to Figure 13-8.

© p. 13-37, the last paragraph refers to Figura 13-1 instead of 13-2.
This comment refers to ONWI-301.

The comment is correct; the text refers to the wrong figure. This will be corrected in
the revised version of the report.

o Figure 13-2, Are there going to be any test pits and seismic lines
in Lavender Canyon?

This comment refers to ONWI-301.

At the suggestion of reviewers of ONWI-301, a seismic line has been added to the
exploration program subsequent to the release of the draft of ONWI-301. No test pits
are currently planned in Lavender Canyon.

o See additional comments.
ACTION ITEMS:

Ls The Work Group would lixe to know when the revised ON: \
301, and ONWI-92 will be pudlished. SRS OHNI-291, onA1=

The current schedule for publishing the revised (final) version of these reports is as
follows:

ONWI-92 8/82
ONWI-291 8/82
ONWI-301 &5/82

2. The Group would lik p o [1en " 4
Foilioom: i Group i ike to know when the USGS will pudblish ONWI-290,

Subsequent to the release of the draft of ONWI-290, it has been determined that the
USGS does not have adequate resources to complete the Salt Valley volume of that
report. Instead, the USGS will complete topical reports on all of the work that they
have done on Salt Valley. Information from these topical reports, previous (S(.’:\'
reports on Salt Valley, and all other available information on this area will be
combined into a single Salt Valley report by Woodward-Clyde Consultants in early
1983.

212



3s The Nuclear Waste Tas% Force will be meating Fabruary 13, Thae
Geologic Work Group would like DOE to invite several Woodward-Clyde scientists
to the meeting including a geonydrologist, a surficial/Quaternary geol st, a
seismolozist, someone familiar with geophysical testing, and anyone elsz whom
Woodward-Clyde feels could be of use a% the meeting,

The Work Group would like to meet with Woodward-Clyde on Fepruary 17
and February 18,

The Woodward-Clyde staff did meet with the Geologic Work Group and the Utah
Geological and Mineral Survey on February 17 and 18. The Woodward-Clyde staff
included task leaders for all of the studies previously done and currently anticipated.
ONWI and DOE geological staff also attended that meeting.

4. The committee recoma2nds a reassessmant of the criteria dealing
with faults. The designation of capable faults, nonactiva faults and active
faults may be misleading in deteruaining the safety of areas,

The following definitions were taken from the Glossary of Geology., 2nd edition,
American Geological Institute, 1980:

Capable Fault: A fault is defined by the Nuclear Regulatory Commission as one that

18}

‘capable” of "near future" movement; in general, a fault on which there has been
movement within the last 35,000 years.

Active Fault: A fault along which there is recurrent movement, which is usually
indicated by small, periodic displacements or seismic activity.

It is in this context that these terms are used in the repository siting investigations.
A nonactive fault is one which is not active.

5o The Work Group azain recommends 3-D seismic studies b2 perforned
extensively in Gibson Dom2, As oane momber stated, "A 3100,)00 speat now could
save millions later."

Seismic reflection surveys are presently anticipated to cost $4,000 a line mile; high

resolution seismic surveys will cost $10,000 a line mils. Some seismic surveys are

FA13

planned during the location phase. A seismic line was completed down Davis Canyon
several months ago. This data has been obtained and interpreted. Additional seismic
lines will probably be done across Davis Canyon at its widest part and down Lavender
Canyon. This latter line was added to the location plans after conferring with the
Geolagic Working Group of the Utah Task Force and with the ONWI Geologic Review
Group, an independent group of consultants that are well known and widely respected
in the geologic community, who were retained to independentiy review and advise on

the program content.

A three-dimensional survey will no doubt be done if and when an actual site is
selected. At this phase of the prgram, however, it is still the objective to determine
the broad characteristics of the location so that this location can be compared to
other locations in the country that are also being considered and to determine whether
or not it would be prudent to sink an exploratory shaft in this, or any other, location.
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UNIVERSITY OF UTAM RESEARCH INSTITUTE

EARTH SCIENCE LABORATORY
420 CHIPETA WAY, SUITE 120
SALT LAKE CITY, UTAH 84108

TELEPHONE 801-581-5283

January 26, 1982

Ms. Genevieve Atwood

The Utah Geological and Mineral Survey
606 Black Hawk Way

Salt Lake City, Utah 84108

Dear Genevieve:

Listed below are a few minor errors in text noted during my review
of ONWI-290, and 291,

ONWI-290 Vol. 1 Regional Overview.
Pg. 9-18 Lockhart Basin is north of Gibson Dome, not northeast.

This comment is correct; a correction was made in the [inal version of this report.

ONWI-290 Vol. 2 Gibson Dome

Pg. 2-1 Inaccurate conversion of meters to feet; should be 0.7
and 1.6 ft. not 0.8 and 1.8.

Pg. 6-3 Inaccurate conversion of meters to feet; 110 m = 361 ft.

Pg. 6-9 Inaccurate conversion of meters to feet; 1 m = 3 ft.

These comments are correct; corrections were inadvertantly not included in the final
report except as acknowledged here.
pg. 6-2 Mentions axial_;trace of Gibson Dome on Figure 6-5, but
it is not shosin on figure.

This comment is correct. The axial trace of Gibson Dome is shown on Figure 6-27.
Figure 6-3 was incorrectly referenced on Page 6-2.
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A more important consideration which did not receive enough discussion
in our meeting of January 25 should result in some revision to ONWI-301.
The occurrence of even minor amounts of oil and gas from 1818-1329 m in
GD-1 and the fact that the Leadville limestone is a producing horizon
elsewhere increases the potential for human intrusion and conflict with
resource potential. The Geologic Work Group should recommend sufficient
COP reflection seismic coverage to indicate that no major structural or
lithologic traps are present within the Gibson Dome target area. A
minimum amount of seismic data (in addition to the Davis Canyon line
(ONWI-301, pg. 13-9, Fig, 3-2) would be a line of approximately 8 miles
length in Lavender Canyon., If structural complexities are observed on
either the Davis or Lavender Canyon lines, then 3-D seismic coverage may
be required to prove the area acceptable for an exploratory shaft.

I recommend that the UGHS and our Geologic Work Group encourage
BLM cooperation in approving this seismic work., It is relatively in-
expensive and non-destructive compared to drilling and shaft sinking
activities. ONWI-301, Figure 3-2 should be revised to include provision
for this additional seismic work.

A seismic line down Lavender Canyon was added to the program as a result of this
comment. We concur with the opinion that "if structural complexities are observed on
either the Davis or Lavender Canyon lines, then 3-D seismic coverage may be required
to prove the area acceptable for an exploratory shaft.” After the Davis Canyon and
Lavender Canyon lines have been ihlerpreled. and these lines fit into the structurai
picture obtained from the overall network of seismic work that has been done in the
area, we will determine whether or not 3-D coverage is called for. We would expect

to confer with the State in making that determination.

With the exception of the oil and gas show and insufficient ;
surface geophysical data, I see no major negative factors in the
data base presented to us to date. The hydrology is still a large
unknown factor which must be resolved. The environmental issues, such
as proximity to Canyonlands National Park and the effects of railroad
construction are major negative aspects of the site that should be
evaluated before a decision is made to sink a shaft.

oloaic

This comment is correct. The oil and gas shows referred to are quite minor. but will
be more thoroughly investigated. Much of the future geologic program is directed
toward more adequately defining the hydrological  characteristics of the area
Environmental 1ssues are also in the activity plans, and these will be combined in a
single report that addresses the possible impacts on Canvonlands National Park, as

mentioned in several previous comments.  We concur that we have found ne negative
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factors in the geologic data base accumulated to date, and are pleased to see that

there is some concurrence on this point.
IN REPLY HREFER TO:

L24 (RMR-D)
NWTS - Gibson Dome

Mr. J. 0. Neff RECDAPR 11582

Program Manager, U.S. Department of Energy
NWTS Program Office

505 King Avenue

Columbus, Ohio 43201

Sincerely,

Hbare/

Howard P, Ross
Senior Geophysicist/Project Manager

Dear Mr. Neff:
We appreciate the opportunity to review the preliminary draft of OMWI 291, Paradox
Area Characterization Summary and Location Recommendation Report, December 1981,

and of fer these comments:

2.51.5. HUMAN INTRUSION - RESOURCE POTENTIAL/EXPLORATION p.2-15

The proximity of the Overthrust Belt to Gibson Dome and Elk Ridge should be thor-
oughly considered. Much has been learned since the 1979 survey you cite. Intensive
seismic surveys by a major oil company are currently being conducted in the area
from Moab south through Lockhart Basin. Deep hole oil and gas exploration is under-
way in southeast Utah with intended depths of 18,000 to 25,000 feet.

The tectonic history of the Colorado Plateau Province, in which the Paradox Basin

is centrally located, and the relationship to surrounding provinces is discussed in

some detail in ONWI-290, Geologic Characterization Report for the Paradox Basin
study Region, Utah Study Areas. The Plateau "is one of the largest consistently
stable provinces in the North American Cordillera” (ONWI-290, Volume I, Page 7.2).

This is in contrast to the overthrust belt, which is tectonically more related to the

basin and range and Middle Rocky Mountain Provinces. The overthrust beit, because

of its history of low angle reverse faulting (overthrust), provides structural traps for
hydrocarbons.  This type of structural activity has not taken place in the Gibson
Dome or Elk Ridge locations where the stratigraphic units are essentially flat ying

and such traps or potential hydrocarbon reservoirs are not present. Therefore. the
hydrocarbon resource potential of the study areas is not enhanced by (ts proximity

to the overthrust belt and studies to date have confirmed the low hwirocarbon
resource potential of the study areas. Any possible traps due to folding will be
identified bv seismic reflection and would be evaluated by drilling before lweensing

of a repository. Although some seismic surveys are being conducted in the Gibson
Dome and Elk Ridge areas, we would not classify them as "intensive”. Additionally,

it must be remembered that at least some of this seismic exploration ts heine carriea

out with the obpectoe gp o seding the dala to T ' "

Natton,, Wa-le {oraata Targge o rar HOTG T

it
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2.52.3. LAND USE STUDIES p.2-18

The National Register of Historic Places is updated annually and appears in the
Federal Register. Reference should be made to the current list rather than the 1969
1isting. The Salt Creek Archeological District, which comprises the entire southeast
corner of the national park, was added to the National Register in 1975.

Title 36, Code of Federal Regulations, Parts 60 and 800 contains a listing of historic
places. This list is updated annually in the Federal Register. Additions to the Original
list were obtained by contacting the Utah State Historic Preservation Officer as noted
in the inder of the referred to on Page 2-18.

3.3.3. GIBSON DOME STUDY AREA p.3-18, para. 3

Please refer to our comment on 2,5.1.5. above.

Refer to response in Section 2.5.1.5, above.

Paragraph 4 - Page 3-19

"Land use in the Gibson Dome Study Area is limited to several uranium and vanadium
mines (not currently operated) and isolated ranches." is a totally imaccurate state-
ment. Figure 3-5 clearly delineates the study area as consisting of about one-third
national park lands. Even excluding the park lands, the predominant use of the area
is recreational. The recreational use is mostly non-local with 35 percent coming
from the Mountain States. Visitation to the Needles District of Canyonlands alone
was over 42,000 in 1981, acrounting for 788,000 visitor hours. Average srowth in
numbers of visitors has been approximately 10 percent increase per year.

As stated in ONWI-36, (Summary Characterization and Recommendation of Study areas
for the Paradox Basin Study Region), Canyonlands National Park was removed from
further consideration as a potential repository site. The presence of a wilderness area
within the Park boundary does not increase environmental constraints (e.g., air quality
provisions of the Federal Clean Air Act) on adjacent activities fi.e., siting a NWTS

facility).

The land use description on P. 3-19 for the Gibson Dome study areas has been revised

in the final report.
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Paragraph 1 - Page 3-20

In addition to the two proposed wilderness study areas, that area of Canwvgnisnds ¥P
immediately adjacent to the preferred site for the repository has been

studied and recommended to Congress for wilderness status. You may also wish

to reassess the "low to medium" archeological sensitivity since the preferred

site is within 1-1/2 miles of the previously mentioned Salt Creek Archeological
District.

ONWI-144 (Environmental Characterization Report for the Paradox Basin Study Region,
Utah Study Areas) references the archaeological study by Richard A. Thompson.
Thompsont's evaluation is appropriate for the reasons developed in ONWI-144.

Moreover, extensive site specific archaeological surveys are planned in subsequent
phases of the exploration program to determine any direct and indirect impacts on the

cultural resources.

5.2.1.4.1. SIGNIFICANCE p.5-11

The preferred Gibson Dome site, as we understand, lies in section 6, immediare'y
southwest of South Sixshooter peak. According to your figure 5-7, there doo-
not appear to be 3.1 square miles available to accommodate the dimensione of
the repository. The only area that would appear to meet this criteria ave
sections 10, 11, 14, and 15, in the northwest corner of the area shown in
fipure 5-7.

Figure 5-6 indicates that there also would not be 3.1 square miles availahle
at the Elk Ridge site.

About 3.1 square miles is needed for underground workings, but less than one section
(one square mile) of land is needed for above ground ("surface”) facilities. Also, the
surface area need not be totally uninterrupted open space, but can be spaced to
accommaodate topgraphic features. Both the Gibson Dome and Elk Ridge locations
meet both of these requirements. The area meeting the requirements at Elk Ridge
(s substantially less than that at Gibson Dome, however, (6 square miles versus 57

«quare mues).  Refer to Table 5-1, Criterion 5.2.1.1.

e DBy Ls . RESOURCES p.5-40
Please refer to our comments on section 2.5.1.5 and 3.3.3.
Refer to response on Section 2 5.1.5. above
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S.2.6.3. LAND OWNERSHIP/ACCESS p.5-43, par. 3

See our comment on 3.3.3. p.3-19, par. 4. The statement "The Gibson Dome
location is utilized primarily for agricultural purposes” is in error.

Refer 10 response on Section 3.3.3, Page 3-19, Paragraph 4, above.

5.2.7.5. NEARBY HAZARDS p.S~49, last paragraph

Righway U-211 does not cross the Gibson Dome location. The State highway ends
southeast of the Dugout Ranch. The road mentioned was constructed and is main-
tained by the National Park Service to provide access to Canyonlands NP,

The text has been revised to incorporate this comment.

Page 5-50

The airstrip nearest the Gibson Dome site has, in the past, served as a base for
scenic flights over the park and in the future will probably continue. Due tc
a fire that destroyed the facility, the strip is currently inactive. However,
the present lessee'’s plan is to rebuild.

Due to the current status of the referenced landing strip in Lavender Canyon, the
statement on Page 5-50 is correct.

5.2.8.1. HUMAN PROXIMITY 9.5-51, par. 3

The methods and sources referred to fail to take into account transient populations
such as visitors to nationmal parks. Attached to these comments are visitor use
ficures for Canyonlands National Park and Natural Bridses National Monument. It
may be relevant to note that in the latest 30-year period (1951-1981) visits to
nearby Arches National Park grew from 18,000 to 326,000, or an increase of over
1800 percent. A 30-year record is not available for Canyonlands NP as it was
established by Congress in 1964, but visitation has increased from 19,468 in 1964
to 90,920 in 1981.

Human proximity as defined in the siting criteria document [NWTS 33(2)] refers to
developed areas. Transient tourist populations are more appropriately addressed in
Section 5.2.9.2, Land Use Conflicts. Impacts of a repository on recreational land
use was considered in the selection of Gibson Dome over Elk Ridge (cf., Section
5.2.9.2.1). Futhermore, the issue of potential impacts on the Park (which includes

s of transit populations) has been added as a separate section of ONWI-301, the

twacal work plan, (Section 13.7 2.09)
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5.2.8.2, TRANSPORTATION RISK p.5-53, par. 2

It is our understanding that one of the railroad alternatives is down the
Colorado River approximately 20 miles. This canyon in the past has been subject
to minor landslides. The Colorado River supplies potable water for a large part
of Southwestern United States. In 1980, over 7,000 boaters (whitewater, canoe,
and motorboat) traveled the Colorado River below Moab.

A report on this subject has not been completed at this time. Several altematives have
been proposed and are being evaluated. The information on minor landslides is
appreciated and will be considered.

5.2.9, ENVIRONMENTAL PROTECTION p.5-54

The impact of locating a repository next to a national park should be addressed
as a separate issue.

I'he criteria used to screen the Gibson Dome study area for suitable locations avoided
siting in a National Park. Being adjacent to a National Park or any other federally

dedicated land is an impact issue. Consequently, it is outside the scope of ONWI-291.

Plans for studying this issue are deseribed in Section 13.7.2.9 of ONWI-301.

5.2.9.1.5. NATURAL RESOURCES p.5-58

See our comment on 2.5.1.5

KRefer to response on Section 2.5.1.5, above

2.9.2.1, PARKS AND RECREATION p.5-61

1)

See our comment on 3.3.3. p.3-19

Kefer to response on Section 3.3.3, Page 3-19, above.

ata Acquisition Methods p.5-62, par.

[t is interesting to note that information on r
from the B t and the U.S

Service was not

reational land use obtained
rest Service. The National Park
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The information used provided a sufficient comparative basis between the Elk Ridge
aond Gibson Dome locations. Specific data will be required to assess the impacts of
future NWTS activities on recreation. The National Park Service has been contacted
for data for this more specific purpose.

Results of Comparisons of Location p.5-62, par. 4

Gibson Dome area would have
with the statement "Repository location in the G :
:.n:::::c effect on recreational land use by interrupting the vistas and dis
couraging visitors.”

be less at the Gibson Dome
conclusion deawn that asesthetic conflicts would

:‘i':c vs. the Elk Ridge site is surprising, to say the least. This is appar:ﬁly
based on the possibility that the actual repository might not be visible.

other aesthetic conflicts are apparently discounted.

A number of comments have been received on this section and the text has been
revised. A typographic error occurred in the draft and has been corrected. Any
statement thet positively states a repository will discourage tourism is conjecture. The
potential impact of a repository on tourism will require additional analysis. There are
many National Parks that have intense coinmercial and/or industriai development
immediately outside the Park boundary. An analysis of how tourism has or has not been
affected by these developments will help assess the issue. However, this impact
analysis is germane to NEPA documents and not this screening report.

The natural relief of the Gibson Dome location facilitates the concealment of a
repository Detter thon the Elk Ridge location. thus differentiating between the two.
The same distinction holds true for railroad access into the two locations. Impacts of
@ railroad on the visual resources of a location cen only be made c.!ur an alternative
route has been identified ond evaluated. This issue is outside the scope of ONWI-291.

5.2.9.2.2. TSDUSTRY AND AGRICULTURE p.5-63, par. 4

Again, see our comment on 3.3.3. p.3-19, par. 4

Refer to respunse on Section 3.3.3. Page 3-19, Paragraph 4, above.
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5.2.9.2.3. WILDERNESS p.5-63

The location of the repository in Lavender or Davis Canyon would seem to violate
the criteria "The location of a repository in or adjacent to lands set aside for
this ﬁildernesg purpose would therefore be disallowed as an unacceptable land use
conflict., That area of Canyonlands NP immediately adjacent to Lavender and Davis
has been studied and recommended to Congress for wilderness.

The text has been revised to delete the phrase "or adjacent to” to reflect the

intent of the NWTS-33(2) criterion cited.

Results/Comparisons of Locations P.95=64

The Gibson Dome location also borders upon the Canyonlands Recommended Wilderness.

Refer to response on Section 5.2.9.2.3, above.

5.2.9.2.4,  AICHEOLOGY Pe5-64

he cultural resource study referred to was a 1 percent survey that did not in-lude
national park lands,

Refer to response on Section 13.7.2.6 above.

5.2.9.2.7.  WILD AND §

C_RIVERS p.5-66

We request that National Park Service aduinistered areas receive the same special
consideration as is given these rivers. Although not designated Wild and Scenic,
the Colorado River within the national park meets all the criteria for Wild and

Scenic and, excepting Grand Canyon, is the best known white water section of the
entire Colorado River.

AS stated in an earlier response (on Section 3.3.3, Page 3-19, Paragraph 1), the Gibson
Dome location does not inclide any portion of Canyonlands National Park. Nether does

it include any portion of the Colorado River and thus is receiving special consideration
in our studies.
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BEST DOCUMENT AVAILABLE

5.2.9.2.9.  NATIONAL PARKS p.5-67

The opening sentence of this section seems to conflict with the statement on
p. 562 and p.5-75 concerning the impacts on recreational lands. As stated on
p. 5-62, repository construction would have a negative effect on recreational
land use. o

Section 5.2.9.2.1 has been revised, and the apparent contradiction removed.

We are curious as to why BLM and Forest Service publications were used as
reference instead of, or in supplement to, National Park Service publicatioms.

Refer to response on Section 5.2.9.2.1, Page 5-62, Paragraph 2, above.

P. 5-68

Since the National Park Service administeres both Natural Bridges National Monument
and Canyonlands National Park, we are truly amazed by the statement "Because of
the more limited size and larger tourist interest of the Natural Bridges National
Monument , the Gibson Dome location is preferred.”

The text has been revised to incorporate this comment.

Sincerely,

L. Lorraine Mintzmyer
Regional Director
Rocky Mountain Region

Enclosure
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Visitor Use Figures for

Canyonlands National Park an. Natural Bridges National Monument

1960 - 1981
Natural Bridges Canyonlands

1960 6,499 <

1961 7,689 -

1962 10,146 -

1963 11,576 : -

1964 10,531 - Pa 25 L she 4
o gt 19, 676 (Park established 1964)
1966 29,779 20,234
1967 36,621 23,155
1968 37,759 26,318
1969 37,780 26,035
1970 39,921 33,360
1971 49,115 55,444
1972 58,500 60,757
1973 42,724 62,574
1974 40,300 58,988
1975 48,431 71,774
1976 71,865 80,006
1977 75,193 75,621
1978 69,941 86,307
1979 80,314 75,133
1980 63,988 56,965
1981 60,681 90,920
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United Siates Depariment of the Interior
NATIONAL PARK SERVICE
BOCKY mmy:::mp:‘;xm. OFFICE
PO e oo RCoAPRI 9 198

Denver. Coloradn #0225

Mr. J. 0. Weff, Program Manager
U.S. Department of Energy

WTS Program Office

505 King Avenue

Columbus, Ohio 43201

Dear Mr. Neff:

1iminary Draft of
following are our comments on the December 1981 Pre
2:1-;01. P::ndox Basin Site Characterization Report.

p- 13-17: Figure 13-
hown
the seismic 1ine within Canyonlands Nstional Park, as s! .
"::'.' ::t Iol::- established roads and would be in violation of the
vilderness recommendation that has been transmitted to Congress.

p. 13-19: Figure 13-5

tional park boundsry is improperly 1 d. The boundary vas
:::1::‘ z:.l’g. and approximately 2% miles of the western end of the
proposed seismic line would be within the park.

p. 13-22: Pigure 13-7

long &
imately the last 3 siles of the proposed seismic line is &
z:::b:l d;hc road that could block access for large trucks.

1d be
smic vork within the park would require permits and wou
::j::: toc-ll spplicable National Park Service rules and regulations.

All seismic lines within Canyonlands National Park have been deleted from the program
plan. including those portions shown on Figures 31-4. 13-5. and 13-7.
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PP, 13-64 and 65

13.5.2.3 Vater availabiliey

In addition to "Defining locally available water,” the Departasent of
Energy needs to determine, by subnitting permit applications now,
vhether or not sufficient water would actually be available. We note an
apparent conflict between the recommendations on page 5.0-1 of ONWI-265,
January 1981 and this section. ONWI-265 recommends that applications
for vater sources be initiated as soon as the repository location has

been determined. According to ONWI-26S, apparently the availability ef
vater will not be & factor in the site selection process.

The question of water availability will be addressed further during the location phase,
and a discussion of this topic will be included in the NEPA document that accompanies
any recommendation regarding an exploratory shaft and/or a repository. The
availability of water will be evaluated in the site selection process.

p. 13-70
13.7.1 SUMMARY OF RESOLVED 1SSUES

Ve do not believe land use conflicts have been resolved. Although it is
true that the location is not near State or federally designated wild
and scenic rivers, the site is adjacent to an area recommended to
Congress for vilderness and is also adjacent to the Salt Creek
Archeological District which is listed on the National Register of
Ristoric Places. In ONWI/SUB/81/E 512-01600-61(2) (to be designated
INWI-291), it is stated that, "The location of a repository in or
adjacent to lands set aside for this purpose [wilderness] would be
therefore disallowed as an unacceptable land use conflict." Why is this
statement being overlooked?

Conflicting land use and negative impact on Canyonlands National Park
cannot be avoided or satisfactorily mitigated, should the repository be
located in the Gibson Dome area. The conflict is with the husanistic
values for vhich the park was established. Any development of the scope

of & repository will negate in great measure these humanistic park
values.

T'he conflicting statement in the draft of ONWI-291 was a misstatement with respect

to the use of the work “"adjacent” and has been corrected in the final report to refer

only to the true meaning of the exclusionary siting criteria.  Section 13.7.1 (Page 13-

70) states that "Potential conflicts with significant land uses have been minimized and
there are few alternative uses of the site” (emphasis added.  Canyonlands \National park

was excluded from consideration as a repository site, and the paotential impacts of a

29<



repository near the Park will be addressed in the studies planned for the immediate
future. The presence of a wilderness area within the Park bomindaries will not increase
the environmental constraints from those caused by the presence of the Park itself.
While the Park has been considered inviolate, the land adjacent to the Park has not
been considered similarily, and there is no obvious reason to do so. The case can be
made that a repository, which will be temporary facility and which will be on land that
will have severely limited use restrictions permantently, is quite compatible with the

humanistic values for which the Park was supposedly established.

Urban population centers have been taken into account but not the
transient recreationist population in Canyonlands National Park and
vicinity. Projected increases of this recreationist population can be
considerable. Visitation at Canyonlands National Park, established in
1964, increased from 19,468 in 1965 to 90,920 in 1981. This visitation
=111 undoubtedly increase to hundreds of thousands per year, if not
@ore, in one generation. To imply that recreational use is
insignificant in the area, indicates a serious lack of knowledge about
the area. Accidents at a repository or in transport in the vicinity of
the park might expose relatively few people to vadiation hazard but
could prevent visitors from entering the park for extended periods,
denying thes access to a national tressure set sside for their
enjoyment. As stated in ONWI-291, page 5-62, the mere presence of s
repository "would have a negative effect on recreational land use by
interrupting the vistas and discouraging visitors.”

The potential impaet of a repository will require additional analysis.  There are many
national parks that have intense commerical and/or industrial development tmmediately
outside their boundaries.  An analysis of how this development has or has not affected
tourtsm wili help to address this issue. The final report of ONWI-291 now acknowledges
the impact of a transient recreational population and has corrected the typo of "would”

o "could”.  Analysis of this issue will be appropriately more detailed during location
phase studies.,

UNRESOLVED ISSUES

13.7.2.1 Transportation Risks

Refer to comments above (13.7.1) on transient recreationist population
in vicinity of transportation route.

We believe that the potential of exposure to radiation by Park visitors would be
virtually non-existent, and that potential impact to access to the Park could be easily
awided by means of an overpass or re-routing of the Park entrance road. This issue
will be addressed during the location phase studies. ’

S29

Hazard to the Colorado River and its visitors should be resolved.
Transportation crossing and drainage into the river must be addressed.
In 1980, 7.344 users (vhitewater, canoe, and mosorboat) travelled the
Colorado River.
We concur that the potential for impact to the Colorado River and its visitors needs
to be addressed, and are appreciative of your bringing this issue to our attention. The
location phase studies will be an opportunity to study these issues.

p. 13-79

13.7,2.6 Effects on Archeological Sites

An issue to be addressed is the proximity of the Salt Creek
Archeological District (listed in the National Register of Historic
Places) in Canyonlands National Park, immediately adjacent o the
repository study arvea.

A complete archeological survey of Lavender or Davis Canyon (dependent
on shaft location) should be made prior to the decision on the shaft to
aid in decisionmaking and to identify protection needs of sites now
unknown.

A complete archaeological survey of any lands having potential for use during detailed
site exploration activities, (including an exploratory shaft) would be undertaken during

the location phase.

p. 13-81, paragraph 3 (Secondary Effects from Increased Rail Access)

In addition to gathering data on likely types of industrial growth,
research should be performed on future recreational growth.

Future potential for recreational growth will be addressed and considered.

p. 13-82

13.7.2.8 Visual Aesthetic Effects

The issue has escalated from one of "local concern” to one of regional
concern and is likely, due to its proximity to Canyonlands National
Park, to become an issue of interest nationwide. Because of this
1ikelihood, and the fact that many of the issues listed may have direct
impacts on the national park, we request that those impacts be treated
as a separate and distinct issue. Canyonlands National Park is a
mandatory Class I air quality area under the Clean Air Act, amended 1977
(Public Law 95-95).
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The potential impacts of a repository to the Park appear to be scattered in ONWI-301
because this report is arranged by technical issue. The several studies that relate to
the Park will be consolidated into a separate report specific to the potential impacts
on Canyonlands National Park as described in Section 13.7.2.9 of the final report of
ONWI-301. »

p. 13-84
13.7.2.9 Social and Economic Effects

A major portion of the economy of southesst Utah is dependent upon the
tourism industry. 1f the mere presence of a repository would have a
negative effect on recreational land use by interrupting vistas and
discouraging visitors (as stated in ONWI-291), then it would appear that
this impact on nearby towns must be thoroughly assessed.

The statement in ONWI-291 has been corrected to read "could" rather than "would"
since no study of the issue has been done to date making any definitive statement
unqualified conjecture. Potential impacts on nearby towns, as well as on the National
Park, of both a repasitory work force and possible effects on the tourism industry, will
be addressed in appropriate NEPA dacuments that relate to either an exploratory shaft
or a repository. Section 13.7.2.9 of ONWI-301 also describes a future report that will
address this issue.
p- 13-86

13.7.2.10 Electric Power Availability

The impacts of any new utility transmission corridors must be assesssed.

Potential impacts of any new utility transmission corridors will be addressed in
appropriate NEPA documents.

p. 13-87

13.7.2.11 Transportation Upgrading

In addition to the impact on "affected communities,” the impact on
visitors to the national park should be considered.

Refer to response on Sections 13.7.2.8 and 13.7.2.9, above.

&3

SEST DoctmenT AVAILARLE

p. 13-88

The "Discussion of Issue" ignores the fact that the existing highway,

constructed by the National Park Service, is the only two-wheel drive

access to the most popular section of the national park. The existing
toad would not be adequate to accommodate vepository development.

The text has been revised to mare clearly show the potential conflicting use of U-211
with an access road to Canyonlands National Park.

Sincerely,

Ema B. Thompson

) Regional Director
f Rocky Mountain Region

Qa0



HARRY D. GOODE CERTIFIED PROFESHIONAL GEOLOGIST
2 2438
Consulting Geologist Imniture o) 1 G
2275 South 2200 East Comumne

Grownd Warer Hor & Cold Springs
Soit Lake City, Uteh 84109 Warer Resowrces  Geviope Hazerds

Tetepnone ) 466-6894
-’ 23 October 1981

Ms. Cenevieve Atwood
Director, UGMS
Salt lake City, Utah

Deat Genevieve,

Bere's a listing of some of the errors I picked up in ONWI 92, Overview
of the regionsl geology of the Paradox Basin study region.

1.- 7ig. é-1 — Explanation is upside down: oldest unit should be on
bottom.

This comment is correct; the explanation does not conform to standard geologic
practice. However, we believe the figure is easily understood. The expense that would
be required to redraft a colored plate is not justified.

2.- ¥ig. 7-2 — Population data stops at 1960: add info from 1970 and
1980 censuses.

Population data is incidental to this report, the subject of which is the geology of the
Paradox Basin. Better and more recent population data can be found in ONWI-68,
"Regional Ervironmental Characterization Report for the Paradox Bedded Salt Region
and Surrounding Territory, and ONWI-144, Environmental Characterization Report for
the Paradox Basin Study Region, Utah Study Basin Study Region, Utah Study Areas".

3.~ Pig. 10-12 — refers to UCMSociety instead of Survey.

&.= Table 41, opp. p. 44 — Sacagavea Ridge glaciation is Illinoian,
not Yarmouth; Durango glacial deposits sre Illinoiam, not Yarmouth.
Io bibliography:
p. 137, Birkeland and others — conterminous, not coterminous.

p. 141, Cooley and others — Harshbarger, not Harshburger; Akers, J.P.,
not Akens, T.P.

2IST COCUMENT RVAILADLE
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p. 144, Gere and others — Utah Geological and Mineralogical Survey, not
U.S. Geological Survey.

p. 158, Seager — evolution, not evoluation.

p. 159, Smith, R.B,, 1972, not Smith, R.E. (This error is in original
publication.)

p. 161, Add new reference — Sumsion, C.T., 1971, Ceology and vater resources
of the Spanish Valley area, Grand and San Juan Counties, Utah: Utah
Dept. Natural Resources, Tech Pub No 32, 40 p.

The above errors are correctly identified. All were corrected in the final version of
ONWI-92.

Sincerely yours,

Ao

Harry D. Goode
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