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EXECUTIVE SUMMARY

Chapter 1: A comprehensive system study has been performed to

screen the Nevada Research and Development Area (NRDA) of the

Nevada Test Site (NTS) and nearby areas for relatively favor-

able locations of about ten square miles for the permanent dis-

posal of radioactive waste in a mined repository. The purpose

of this screening is to use available information to identify

such locations. The results of this screening will allow more

informed decisions as to where future repository exploration

can be concentrated to optimize the chances that the locations

chosen for characterization will actually qualify as a licensed

repository site.

The screening was conducted in a manner compatible with the

general repository siting strategy of the DOE National Waste

Terminal Storage Program (NWTS). The systems analysis was per-

formed by the Technical Overview Contractor (TOC) of Sandia

National Laboratories (SNL) for the Site Evaluation Working

Group (SEWG) of the Nevada Nuclear Waste Storage Investigations

(NNWSI). Data for the study were provided by SNL, Los Alamos

National Laboratory (LANL), Lawrence Livermore National Labora-

tory (LLNL) and the U.S. Geological Survey (USGS).

Chapter 2: The study compares the relative favorability of

-various locations and host rocks. This is done by assessing

how well 23 geographical attributes and eight host-rock
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attributes satisfy 40 weighted performance objectives for ideal

repository locations.

The 23 geographical attributes discriminate among various

locations in the screening area independent of host-rock pro-

perties. The eight host-rock attributes discriminate among

nine candidate rock types, independent of site-specific rock

properties.

The 40 performance objectives form the lower-level of a

three-tiered, hierarchical tree. This objectives tree relates

criteria for specific repository locations to broad, national

goals of safe, cost-effective, and environmentally sound man-

agement of radioactive waste. Twelve middle-level objectives

logically connect the site-specific lower-level objectives to

the broad national goals. The goals are represented by four

separate upper-level objectives of the tree. A weight is as-

signed to each objective at each level of the tree to account

for priorities among and within different levels.

The relative favorability of each discriminating attribute

is quantified on a scale of zero to ten with respect to each

pertinent lower-level objective. These relations among attri-

butes and objectives are expressed as favorability graphs,

which constitute the quantitative screening criteria.

The objectives, attributes, favorability graphs, and a base

map of the screening area were digitized on an APPLICON Graphics

System. Software was developed to calculate from the digital

input the relative favorability, normalized to a maximum rating
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of 100,000, for each of 1,514 half-mile centered grid cells of

the base map and for each of nine site-independent rock types.

Chapter 3: Results of the calculations are displayed as maps

of location ratings and lists of host-rock ratings. The re-

sults show (1) six individual analyses based on the entire ar-

ray of objectives and attributes (overall results) and (2)

nineteen separate analyses of restricted subsets of either ob-

jectives or attributes. Location ratings are displayed at two

significant digits on maps which show three categories of rela-

tive favorability: high; intermediate; and low. Host-rock

lists show separate ratings to two significant digits for satu-

rated and unsaturated conditions. The difference between satu-

rated and unsaturated host-rock ratings is based on the assump-

tion that one of the host-rock attributes, hydraulic transmis-

sivity, is unimportant in the unsaturated zone.

Chapter 4: Fifteen alternative locations were identified based

on groupings of similarly rated grid cells of the base map.

These locations are ranked according to their weighted ratings

with respect to separate analyses. Analogous rankings are pro-

vided for both saturated and unsaturated host rocks.

Of the 15 locations, northern Yucca Mountain ranks highest,

primarily due to favorable ratings for long-term safety.

Northern Yucca Mountain rates high for independent components
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of long-term safety including containment, isolation, avoidance

of disruptive events, tectonic attributes, and human distur-

bance attributes. When host-rock attributes are combined with

geographical attributes, northern Yucca Mountain becomes the

highest rated location due to the ratings of the Calico Hills

Tuff. This rock type is the third highest rated saturated rock

and fourth highest unsaturated rock. Other potentially usable

host rocks at this location are the unsaturated Topopah Spring

Tuff, which ranks second for unsaturated rocks, and saturated

Crater Flat Tuff, which ranks fourth for saturated rocks.

Potential drawbacks at northern Yucca Mountain are indicated by

relatively low ratings for near-term objectives including low-

cost construction of surface facilities and environmental im-

pacts of construction and operations.

Northeastern Jackass Flats rates highest of the 15 loca-

tions for host-rock independent attributes. However, this lo-

cation is not underlain by any of the host rocks evaluated in

this screening. As a result, relatively low ratings occur when

host-rock attributes are considered. High ratings for geo-

graphical attributes at northeastern Jackass Flats are pri-

marily a result of favorable environmental, surface terrain and

hydrologic attributes. These, in turn, contribute to high

ratings for isolation, natural processes which enhance

containment and isolation, environmental impacts, and low-cost

construction of surface facilities. However, less favorable
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tectonic attributes detract somewhat from ratings for long-term

safety, resulting in lower ratings than northern Yucca Mountain

for this set of objectives. Overall geographical ratings for

northeastern Jackass Flats are generally the same as or some-

what higher than for northern Yucca Mountain. The former loca-

tion is generally rated better for near-term concerns and hy-

drology while the latter is rated better for long-term safety

and tectonics.

A third location, Calico Hills-Upper Topopah Wash, also

stands out as a relatively favorable alternative. In direct

contrast to northeastern Jackass Flats, this location rates low

for host-rock independent attributes and high when host-rock

attributes are included. Argillite and perhaps granite occur

beneath the Calico Hills-Upper Topopah Wash location, though

the granite, if it occurs, may be too deep to be used for a

repository. These rock types are the first and second rated

rock types, respectively, for both saturated and unsaturated

conditions. The ratings of argillite account for the high com-

bined ratings of geographical and host-rock attributes at this

location. Hydrologic attributes at Calico Hills-Upper Topopah

Wash rate very high, whereas tectonic, surface terrain, and

human disturbance attributes generally rate low. These attri-

butes are generally responsible for high ratings for isolation

and natural processes but for somewhat unfavorable ratings for

disruptive events, containment, and near-term concerns,
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including construction of both surface and underground facili-

ties.

The remainder of the 15 locations compared in this study

rate somewhat to significantly lower than the three locations

discussed above. Thus, the results of this screening indicate

that three locations in the screening area are most likely to

qualify as licensed repository sites. These locations, in

order, are: northern Yucca Mountain; northeastern Jackass

Flats; and Calico Hills-Upper Topopah Wash. Because northeas-

tern Jackass Flats has no relatively homogeneous rock type

beneath it, its viability as a prime candidate location is

questionable. Calico Hills-Upper Topopah Wash, though under-

lain by the highest rated rock type, argillite, exhibits poten-

tial obstacles to site qualification due to the potential for

tectonic disturbance or inadvertent human intrusion. There-

fore, northern Yucca Mountain emerges as the location within

the screening area which, based on the assumptions of this

screening, offers the fewest obstacles to site qualification.

Three rock types at this location rate highly enough to

rule out any obviously disqualifying factors for their use as

repository hosts. These rock types are the saturated or unsat-

urated Calico Hills Tuff, the unsaturated Topopah Spring Tuff,

and the saturated Crater Flat Tuff. However, some cost penal-

ties for construction or surface facilities may be incurred at

northern Yucca Mountain due to generally rugged terrain.



-viii-

The results discussed in this Executive Summary and in more

detail in the body of this report provide evaluations only of

the relative merits of alternative locations and host rocks.

The demonstration of either suitability or unsuitability for

any of the locations in the screening area is not possible at

this time. Regulatory criteria for site acceptability must

first be available. Then, anticipating the general tenor of

these criteria, more site-specific data than now available are

required to allow quantitative predictions of expected short

and long-term environmental and health impacts of repository

development. Therefore, based on this screening, it is not

possible to determine if any, all, or none of the locations in

the screening area are acceptable as repository sites.
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CHAPTER 1. INTRODUCTION

Purpose

The purpose of this report is twofold: (1) to summarize

the results of the area-to-location screening activity for the

Nevada Nuclear Waste Storage Investigations (NNWSI); and (2) to

conclude which locations in the Nevada Test Site (NTS) screen-

ing area are rated the most favorable for further investigation

of their suitability for siting a mined geologic repository to

permanently dispose of radioactive waste. The conclusions are

based on the results of a quantitative systems study of the

relations among (1) objectives for repository performance; (2)

known and inferred physical characteristics in the screening

area; and (3) the relative favorability of these characteris-

tics with respect to satisfying repository performance objec-

tives. The results of the systems study are analytical and

convey relative favorability for repository siting at various

locations in the screening area.

I Because the results only assess relative favorability, no

definitive conclusions can be drawn from this study about

whether the most favorable locations are indeed suitable for

repositories. In the same manner, nothing in this study indi-

cates that the least favorable locations are unsuitable for

repositories. Such assessments of absolute suitability require

performance criteria from the Nuclear Regulatory Commission

(NRC) and detailed, site-specific data for a particular
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location, neither of which are available at this time.

Therefore, the purpose of this screening is to use the limited

information about natural systems at the NTS available as of

the summer of 1981 to identify in a logical way those locations

which have the highest potential for eventually proving

suitable for a repository.

Many assumptions were quantified during this study, and the

validity of the results and conclusions clearly depends on the

reasonableness of these assumptions. Each assumption or set of

assumptions is traceable to its effects on the results and con-

clusions. To help limit errors due to invalid assumptions,

mathematical and interpretive variations about the assumptions

were investigated in a quantitative manner. Analysis of these

variations provided the basis for evaluating the sensitivity of

the results and conclusions to changes in the underlying

assumptions.

Definition of the NNWSI Screening Area

The area considered by the NNWSI for repository exploration

on the NTS is restricted to the Nevada Research and Development

Area (NRDA) to avoid potential interference with the Department

of Energy's (DOE) prime mission at the NTS, namely nuclear wea-

pons testing 11]. Accordingly, formal boundaries for the NNWSI

screening area are defined as follows:
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m "f(a) on the NTS to the NRDA, and
(b) contiguous to the NRDA (to) the areas defined by

ted extension of the northern border of the NRDA west to
the western edge of the Topopah Spring Northwest

of 7-1/2 minute topographic quadrangle, and south to the
southwest corner of the Lathrop Wells 7-1/2 minute

ons topographic quadrangle, then east to the point where
the southward extension of the eastern boundary of

ing the NRDA meets the southern edge of the Specter Range
7-1/2 minute topographic quadrangle 12]."

This area is shown in Figure 1. It consists of about 380
the

square miles on and immediately adjacent to the southwest
:he

portion of the NTS.
of

on- Relation of NNWSI Screening to National Efforts

.s,
Relation to National Waste Terminal Storage Program

ns

se The NNWSI screening activity supports the general siting

strategy of DOE's National Waste Terminal Storage Program

rg (NWTS) for selecting one or more repository sites in the con-

terminous United States for disposal of heat-generating radio-

active waste produced by the commercial sector [3]. This sit-

ing strategy calls for focusing attention on successively

in smaller parcels of land as more information becomes available

.t from continuing exploration and characterization activities.

t For convenience, land units of successively smaller size are

classified, respectively, as regions, areas, locations, and

sites. Regions are generally considered to be tens of thou-

sands of square miles or larger; areas about 1,000 square

miles; locations about 10 square miles; and sites a few square

miles, or as large as required for an underground radioactive

waste repository [31.
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Figure 1. NNhSI Area-to-Location Screening Area

Before formal adoption of the current NWTS siting strategy,

the DOE decided to evaluate the feasibility of disposing of

commercial radioactive waste within the boundaries of its own

land reservations. When the formal strategy was adopted, the

NTS was classified as an area 13,41. In this context, the

first formal screening step at the NTS involved the identifica-

tion of an area of sufficient size on and contiguous to the NTS

to be designated as the NNSWI screening area. The screening

area as defined in the previous section most closely approxi-

mates the size of "areas" in the NWTS siting strategy. The

IIIIINNOM
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results of the screening activity thus represent location

screening within the designated area in accordance with the

requirements of the DOE stepwise approach to repository site

selection.

Relation to Anticipated Regulatory Requirements

Because repository siting and development depends on

receiving a license to operate a radioactive waste disposal

facility from the NRC, the screening was conducted in a

manner compatible with anticipated NkC requirements for

repository site-selection procedures. Appropriate parts of

this report will be summarized in Part A of the NNhSI Site

Characterization Report 3,51 to be submitted to the NRC in

1983.

It should be noted that the screening method does not

quantify predictions of radioactive releases from a reposi-

tory or corresponding radiogenic health effects. It does,

however, identify locations where such consequences are

f expected to be lower than others. In this way, the screen-

n ing is compatible with attempts to find locations which

e will meet regulatory health standards expected from the

e U.S. Environmental Protection Agency (EPA).

S Organization of NNWSI Screening Activity

g A formal organization was established by the NNhSI in late

1979 and early 1980 for overseeing, coordination, and
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performing area-to-location screening at the NTS [6,7,8]. This

organization is composed of a Site Evaluation Steering

Committee (SESC), a Site Evaluation Working Group (SEWG), and

the NNiSI Technical Overview Contractor (TOC) (Figure 2).

The Steering Committee is chaired by the NNSWI Project Man-

ager and is composed of federal employees from DOE's Nevada

Operations Office (DOE/NV) and the U.S. Geological Survey. it

is responsible for recommending repository siting options at

the NTS to the Manager, DOE/NV. During development of the

screening method, the Steering Committee periodically reviewed

progress and provided overall programmatic guidance.

The Working Group is chaired by a staff member of the NNWSI

project office at DOE/NV and is composed of at least one repre-

sentative from Sandia National Laboratories (SNL), Los Alamos

National Laboratory (LANL), Lawrence Livermore National Labora-

tory (LLNL), and the U.S. Geological Survey (USGS). The Work-

ing Group was responsible for closely monitoring technical

aspects of the screening activity and forwarding the results

and conclusions of the screening to the Steering Committee.

The NNWSI Technical Overview Contractor (TOC) of SNL was

charged by the Working Group with developing, coordinating, and

implementing the screening method. Geotechnical data were pro-

vided to the TOC by staff members of SNL, LANL, LLNL, and the

USGS. Ecological and other environmental data were provided by

a cadre of contractors from Nevada, including EG&G, Reynolds

Electrical and Engineering Co., Inc. (REECO), University of

qg;�7m� son-ame.1
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* FEDERAL EMPLOYEES

ITE EVALUATION WORKING
GROUP

GUIDANCE REVIEW I D
* DOE/NV CHAIRMAN I
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ENVIRONMENTAL
GEOTECHNICAL DATA DATA

Figure 2. Organization Chart of the NWSI Screening Activity

Nevada-Las Vegas (NLV), Desert Research Institute (DRI), and

the EPA. Consultants, primarily from Los Alamos Technical

Associates (LATA), were obtained as required to augment techni-

cal input to screening and to assist the TOC in designing,

implementing, and documenting the screening method. Table 1

lists representatives and their organizational affiliations for

the Steering Committee, Working Group, and TOC.
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SITE EVALUATION STEERING COMMITTEE

R. M. Nelson
M. P. Kunich
P. J. Mudra
B. W. Church
J. R. Boland
J. R. Gilpin
J.O. Cummings
E. M. Douthett
C. E. Revell
W. S. Twenhofel
G. L. Dixon

DOE/NV, Chairman
DOE/NV, Acting Chairman
DOE/NV
DOE/NV
DOE/NV (Represent Church)
DOE/NV
DOE/NV
DOE/NV
DOE/NV
USGS
USGS

(Late 1979 to January 1982)
(January 1982 to present)
(1979 to present)
(1979 to present)
(January 1981 to present)
(1979 to present)
(1979 to present)
(1979 to January 1981)
(January 1981 to present)
(1979 to January 1981)
(Acting, January 1981 to present)

SITE EVALUATION WORKING GROUP

H. L. Melancon
R. C. Carlson
H. P. Stephens
S. Sinnock
J. K. Johnstone
A. R. Lappin
R. C. Gooley
J. D. Purson
G. L. Dixon
H. i. Smedes
F. Maldonado
J. J. Lorenz

DOE/NV, Chairman
LLNL
SNL
SNL
SNL
SNL
LANL
LANL
USGS
USGS
USGS
REECo, Secretary

(January 1980 to present)
(January 1980 to present)
(January 1980 to November 1980)
(November 1980 to present)
(January 1980 to November 1980)
(November 1980 to present)
(January 1980 to November 1980)
(November 1980 to present)
(Acting, January 1980 to March 1980)
(March 1980 to October 1980)
(October 1980 to present)
(January 1980 to present)

TECHNICAL OVERVIEW CONTRACTOR (SNL)

Participants in NNWSI Screening

H. P. Stephens (SNL)
S. Sinnock (SNL)
J. A. Fernandez (SNL)
M. W. Sharp (SNL)
B. L. Hartway (LATA)

(January 1980 to November 1980)
(November 1980 to present)
(July 1980 to January 1982)
(September 1980 to present)
(November 1980 to present)

Table 1. Representatives on NNWSI Area-to-Location Screening Organizations

A_
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Organization of NNWSI Screening Documents

Organization of This Report

This report has four chapters. Chapter 1 provides back-

ground information regarding the NNWSI screening activity and

its relationship to the national program. Chapter 2 describes

sent) the systems method used for quantitative evaluation of various

locations and rock types in the screening area. lt includes

definitions of specific screening parameters ad descriptions

of the mathematical equations for calculating ratings for vari-

30) ous locations and host rocks. Chapter 3 presents selected re-

30) sults of the numerical analyses. It shows and describes maps

30) ot location ratings and lists of saturated and unsaturated

i 0) nost-rock ratings. Chapter 4 summarizes the results and

presents conclusions about which locations and rock types are

most favorable.

Appendices A through C contain supporting information for

the discussions in the text.

)
Relation of This Report to Other Screening Documents

This report is one of five documents which describe the

NNWSI screening activity. Each document details a separate

part of the activity. "A Method for Screening the Nevada Test

Site and Contiguous Areas for Nuclear Waste Repository Loca-

tions" was published previously 191 and provides a general
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description of the screening method, but it contains no speci-

fic data about the NTS. Its purpose was to document the pro-

posed method prior to its implementation.

Three companion documents 110,1,121 to this report are

being prepared to provide detailed background material about,

respectively, (1) performance objectives for repository loca-

tions; (2) physical characteristics of the screening area and

associated quantitative criteria; and (3) software for rating

alternative locations.
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C- CHAPTER 2. SCREENING METhOD

ro.

Screening Method Elements and Parameters

ire The method used for the NWSI area-to-location screening

consists of four basic elements: (1) weighted hierarchical

performance objectives for ideal repository locations; (2)

Lnd physical attributes which discriminate among locations or rock

ng types in the screening area; (3) relative favorability graphs

which rate physical attributes with respect to objectives; and

(4) mathematical equations, expressed as computer algorithms,

which calculate ratings for alternative locations and host

rocks. The first three elements are defined by a set of para-

meters amenable for use in equations of the fourth element.

NNISI Performance Objectives for Repository Locations

Criteria for ideal repository locations have been expressed

previously (e.g., [13-191). These criteria were organized for

screening by the TOC into a hierarchical format, herafter

called the objectives tree. This tree ties independent desires

for specific physical characteristics of individual repository

locations to the overall national goal of long-term safety,

cost-effectiveness, and environmental soundness for the dispo-

sal of radioactive waste. Hierarchically organizing the objec-

tives clarifies the logical relations between the previously

unstructured site-selection criteria and the overall national

program goals (Figure 3, Table 2). Each objective in the

A_
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tree is assigned a esignator number shown on the figure and

table.

The overall national goal is divided into the four major

objectives which form the upper-level of the objectives tree.

The goal for long-term safety is addressed by two separate

upper-level objectives, containment (objective 1.0) and isola-

tion (objective 2.0). Cost-effective repository facilities are

addressed by an operational or short-term objective (objective

3.0). Near-term environmental concerns are addressed by objec-

tive 4.0. Though containment and isolation objectives are con-

sidered separately from environmental objectives, it is recog-

nized that both containment and isolation strictly address

long-term environmental concerns. The upper-level objectives

of the NNWSI objectives tree correspond to the first four or

seven NTS repository performance objectives 14J. The other

three NTS performance objectives are conservatism of approach,

use of current technology, and independence of waste disposal i

concepts from specific fuel cycle options. These three objec-

tives do not discriminate among alternative locations and,

therefore, could not be used in area-to-location screening.

Each upper-level objective of the tree is addressed by a

set of middle-level objectives. The resulting tree is thereby

divided into four major branches, each characterized by a set
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NNWSI PERFORMANcE OBJECTIVES FOR REPOSITORY LOCATIONS
FOR SATISFYING THE OVERALL NATIONAL GOAL

To Provide Safe, Cost-Effective, Environmentally Sound Disposal of
Meat-Generating. Comercially Produced Radioactive Waste

1.0 Identify Locations Which Permit Adequate Containment of Radionuclides in a Sealed Repository
1.1 Screen for Natural Systems with Potential to Resist Waste Package Disruption Processes

1.1.1 Minimize Potential for Chemically Induced Release
1.1.2 Minimize Potential for Mechanically Induced Release

1.2 Screen for Natural Systems with Minimum Potential for Waste Package Disruption Events
1.2.1 Minimize Potential for Seismic Hazards to Containment in a Sealed Repository
1.2.2 Minimize Potential for Erosional Disruption of Waste Packages
1.2.3 Minimize Potential for Volcanic Disruption of Waste Packages
1.2.4 Minimize Potential for Inadvertent Human Intrusion of a Sealed Repository
1.2.5 Minimize Potential for Miscellaneous Events that might Disrupt Containment

2.0 Identify Locations Which Permit Adequate Isolation of Radioactive Waste from the Blosphere
2.1 Screen for Natural System Which Will Retard Migration of Radionuclides

2.1.1 Maximize Extent of Relatively Homogeneous Host Pock
2.1.2 Maximize Groundwater Flow Time to the Accessible Environment
2.1.3 Maximize etardation of Radionuclides Along Flow Paths
2.1.4 Maximize Migration Times of Volatile Radionuclides

2.2 Screen for Natural Systems with Low Potential for Adverse Changes to Isolation Processes
2.2.1 Minimize Potential for Adverse Impacts on Isolation Due to Tectonic Changes
2.2.2 Minimize Potential for Adverse Impacts on Isolation Due to Climatic Changes

2.2.3 Minimize Potential for Adverse Impacts on Isolation Due to Gomorphic Changes
2.2.4 Minimize Potential for Adverse Impacts on Isolation Due to Human Activities
2.2.5 Minimize Potential for Miscellaneous Events Which Might Disrupt Isolation

3.0 Identify locations Where Safe Repository Construction and Operations Can Be Implemented Effectively with Rspect to Coat
3.1 Screen for ocations Compatible with Safe Surfece Facility Construction and Operation

3.1.1 Minimize Seismic Hazards to Surface Facilities
3.1.2 Minimize Surface Monitoring System Cost
3.1.3 Minimize Adverse Foundation Conditions
3.1.4 Minimize Wind Loading on Surface Structures
3.1.5 Minimize Flooding Hazards to Surface Facilities
3.1.6 Assure Availability of Natural Resources to Construct and Operate the Repository

3.2 Screen for Locations Suitable for Subsurface Facility Construction and Safe Operation
3.2.1 Minimize Seismic Hazards to Subsurface Facilities

3.2.2 Minimize Flooding Hazards to Subsurface Facilities
3.2.3 Minimize Adverse Mining Conditions

3.2.4 Optimize the Geometry (Thickness and Lateral Extent) of the Host Pock
3.2.5 Optimize Most Rock Homogeneity
3.2.6 Maximize Coepatability of a Host ock with Standardized Waste Package

3.3 Screen for Locations with Characteristics Compatible with Safe Transport of Radioactive Waste to a Repository
3.3.1 Minimize Adverse Terrain Along Potential Waste Transport Routes
3.3.2 Optimize Distance from Existing Transportation Corridors

4.0 Identify Locations for Which Environmental Impacts Can Be Mitigated to the Extent Reasonably Achievable
4.1 Minimize or Avoid Adverse Impacts on or from Sensitive Biotic System
4.2 Minimize Adverse Impacts on Abiotic Systems

4.2.1 Minimize Impacts on Surface Geology
4.2.2 Minimize Impacts on Water Quality and Availability
4.2.3 Minimize Impacts on Air Quality

4.3 Minimize Adverse Impacts on the Existing Socioeconomic Status of Individuals in the Affected Ares
4.3.1 Minimize Adverse Impacts on Local Economies
4.3.2 Minimize Adverse Impacts on Life Styles
4.3.3 Minimize Conflicts with Private Land Use

4.4 Conduct All Activities in a Spirit of Institutional Cooperation
4.4.1 Cooperate with States
4.4. 2 Facilitate Compliance with Federal Regulations

4.5 Minimize Adverse Impacts on Significant Historic and Prehistoric Cultural Resources

Table 2. Numbers and Titles of Performance Objectives
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of middle-level objectives which are independent of those in

the other branches.

Containment Objectives

The containment branch is composed of two middle-level

objectives, 1.1 and 1.2, respectively, which seek locations

where neither expected ongoing processes nor possible future

events will disrupt radioactive waste in a repository. Disrup-

tion by some expected, natural process or by some unexpected,

relatively short-lived event is the only way containment can be

Mt lost. This illustrates a requirement of the structure of the

tree; that is, all possible ways an objective can be met or

compromised must be addressed by the next lower-level of compo-

nent objectives.

Each of the two middle-level objectives for containment has

a subordinate branch composed of a set of lower-level objec-

tives. Seeking locations with benign chemical and mechanical

characteristics, objectives 1.1.1 and 1.1.2, respectively, make

up the lower-level objectives of the process branch of contain-

ment objectives. Likewise, locations with low potential for

seismic, erosional, volcanic, and human-caused events which

might disturb buried wastes--objectives 1.2.1, 1.2.2, 1.2.3,

and 1.2.4--make up the lower-level objectives of the events

branch of containment objectives. An objective for avoiding

miscellaneous events, objective 1.2.5, is included to account

for ancillary events, such as meteorite impacts or supernovas,
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whicn are either extremely improbable or nondiscriminating.

The discriminating events explicitly addressed by the lower-

level objectives are only those considered to pose real, though

perhaps unlikely threats to radioactive waste buried in the

screening area.

Isolation Objectives

There are two middle-level objectives in the isolation

branch of the objectives tree. The first seeks locations

where, if containment fails, expected radionuclide migra-

tion mechanisms assure that wastes will not reach the human

environment until very long times into the future, if ever

(objective 2.1). There are four radionuclide migration

mechanisms of importance which form the basis for the

lower-level objectives of this branch of the tree. These

are objective 2.1.1, long groundwater flow times from a

repository to the accessible environment; objective 2.1.2,

geochemical conditions that retard radionuclide migration

along flow paths; objective 2.1.3, a thick and extensive

host rock for waste emplacement that provides a reliable

barrier to radionuclide migration in all directions from a

repository; and, objective 2.1.4, a set of effective bar-

riers to migration of volatile or gaseous waste components

which may behave differently than those dissolved in water.

on,
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The second middle-level isolation objective seeks to

ouh avoid locations where possible, though perhaps unlikely

ough i events might accelerate radionuclide migration rates or

the ' shorten radionuclide migration times to the accessible

environment (objective 2.2). The types of events which

make up the lower-level objectives of this branch of the

tree are tectonic (objective 2.2.1), climatic (objective

2.2.2), geomorphic (objective 2.2.3), human-induced (objec-

tive 2.2.4), and miscellaneous (objective 2.2.5).

Operational Objectives

The upper-level operational objective is composed of

three middle-level objectives. Each seeks locations cor-

patible with different aspects of low-cost construction and

operation of repository facilities. The three objectives

address, respectively: surface facilities (objective 3.1),

subsurface facilities (objective 3.2), and waste transpor-

tation systems (objective 3.3).

Lower-level objectives for surface facilities include

low expected seismic motions (objective 3.1.1), low surface

complexity for reducing costs of characterization and moni-

toring of radioactivity (objective 3.1.2), stable founda-

tion conditions (objective 3.1.3), low potential for torna-

does or other damaging winds (objective 3.1.4), low poten-

tial for surface flooding (objective 3.1.5), and
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availability of abundant, nearby construction materials

(objective 3.1.6).

Subsurface facilities can be built for less cost where

natural features and conditions include low expected seis-

mic motions (objective 3.2.1), low potential for under-

ground flooding (objective 3.2.2), stable, strong rocks and

other favorable mining conditions (objective 3.2.3), geo-

metry of a host rock that allows full and simple repository

development (objective 3.2.4), a relatively homogeneous

host rock that allows a standard design throughout a repos-

itory (objective 3.2.5), and host-rock characteristics com-

patible with easy emplacement and retrieval of waste pack-

ages (objective 3.2.6).

Waste transportation systems will be less costly if the

terrain is flat (objective 3.3.1) and the distance is short

(objective 3.3.2) between a repository site and existing

corridors suitable for transporting radioactive waste.

Environmental Objectives

Sound environmental practice during repository develop-

ment is addressed by five middle-level objectives. Four of

these objectives seek locations where anticipated adverse

impacts will be small on biotic systems (objective 4.1),

abiotic systems (objective 4.2), the local socioeconomic

milieu (objective 4.3), and cultural resources, both
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historic and prehistoric sites (objective 4.5). The fifth

middle-level environmental objective seeks locations where

institutional factors are not likely to impede or disrupt

construction or operation of a repository 
(objective 4.4).

Lower-level objectives of the abiotic system address

potential impacts on natural surface features (objective

E 4.2.1), water quality (objective 4.2.2), and air quality

(objective 4.2.3). Lower-level socioeconomic objectives

address potential effects of repository development on

local economic conditions (objective 4.3.1), lifestyles

(objective 4.3.2), and possible private uses of land in the

vicinity of a repository (objective 4.3.3). Institutional

factors to consider are the possible impacts of state is-

sues on repository development schedules (objective 4.4.1)

and the effective implementation of federal regulations and

procedures (objective 4.4.2).

Objectives 4.2, biotic systems, and 4.5, cultural

resources, have no component lower-level objectives; conse-

quently, the middle level of these branches serves also as

the lowest level.

Weighting of Objectives

Qualitative descriptions of the objectives are an inte-

gral part of the screening methodology. Such descriptions

allow correlation of each objective with NWTS and draft 
NRC

criteria (Table 3). This assures compatibility of this
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iNWSI Screeninq Objectives Comparable National Criteria

tumber Title tiTS 33/1I NWfS 33(2) 10 CFU 60 (July, 1981 Proposed Rule)
(Ref. 13) (Ref. 14)

1.0 CONTAINMEW2

1.1 Processes

3.1.2, 3.2.2(1),
4.2

1 .1.1

1.1.2
1.2
1.2.1
1.2.2
1.2.3

1.2.4
1.2.5

Chemical Release

echanical Release
Events

seismic
Erosion
Volcanic
Human Intrusion
Miscellaneous

3.2(111, 3.4(11).
3.3(1)1
3.4(2)

3.3(1), 3.4(2).
3.2(1). 3.2(4)
3.4(2)

3.5(11), 3.5(l)

3.5(21) 3.5(5)
3.5(4)
3.5(3)
3.6(i1), 3.6(2)3.2.2(3), 3.3.2(4)

2.3

60.111(b)(2)(i), 60.111(b)(2)tii)(A)
60.111lb) (3) (i)

2.0 ISOLATION

2.1 Nuclido 9i
2.1.1 Ground
2.1.2 Hucli4d

2.1.3 most 
2.1.4 Volati
2.2 Changes tc

2.2.1 Tectot

tgration
Water Flow Time
de F tardation

2.1, 3.1.2, 3.4(11), 3.1(11)1
3.2.2(29, 4.2 3.2(11, 3.3(11)

3.2(1), 3.2(2)
3.3(1)

DCY, Houigeneity
ile igration
) Esisting Systems
nic

2.2.2 Climatic
2.2.3 Geomorphic
2.2.4 Human Activities
2.2.5 iscellaneous

3.0 CONSTRUCTION

3.1 Surface Facilities

3.1.1 Seismic Hazards
3.1.2 monitoring and Characteri-

zation Costs
3.1.3 Foundation Conditions
3.1.4 Wind oads
3.1.5 Flooding
3.1.6 Met Resource Availability
3.2 Subsurface Facilities

3.2.1 Seismic hazared
3.2.2 Flooding

3.2.3 Mining Conditions

3.5(11). 3.5(1
3.5(2-5)

3.3(1)
8.1(1), 3.5(4)

3.6(11). 3.6(2)

3.4(1)

3.3.2(4)

60.123(b)5) ,60.123(b)(13-14)

60.123(b)(15), 60.132(k)(1)
60.123ta)(7). 70.123(b)(6,7,101

60.112(a). 60.123(a)(5), 60.123(b)(99
60.112(b), 60.122(i), 60.123(b)(4)
60.112(a). 60.123(b)(119
60.123(b)(1-3)
60.122(j)

60.111(b(19, 60.111(b)(3)(ii)

60.112tc), 60.122tc), 6.1221) 1-4)
60.122(d), 60.122() (1-3), 60.1224h)
60.123(b)(13-15)

60.123(5 (79,60.123(b)(7,12)
60.112(1), 60.122(a,b). 60.123(as)(5),

60.123(b)(6.8.10,11)
60.112(b), 60.123(a)(8)
60.112(b), 60.122(1,i), 60.123(b)(49
60.123(a)(3), 60.123b) (1-3), 60.133(a)
60.122(j)

60.111(a(1,2), 60.130(b)(1). 60.130(b)(2)(ii)
60.131(e)
60.123(a)(6), 60.131(a). 60.131(c) (1)
60.123()(4), 60.123(b)(9,10)
60.130(9), 60.131(c)(2)

60.123(a)(1)

60.123(b)(169, 60.130(10), 60.132(l)(1.4)
59,133(b)t4,5)

60.123(a)(4). 60.123(b)(9,10)
60.122(f)(3), 60.132(s9(2), 60.132(1i)(1)

60.132(g)(1.5)
60.123(b)(15,17), 60.132(11)(2),
60.132(e)(1,3), 60.132(f)
60.122(1t, 60.132() (39

60.132(1)(1,2), 60.132(i)(2).
60.135(1)(1,2) 60.135(c) (3

i
I

3.1.1. 3.3.1,
3.3.2, 4.1
3.2.1

3.3.2(3)

2.6
3.1.2, 3.3.2(29

3.7(111
3.5(5)
3.7(2)

3.7(2)

3.7(3)
3.7(1)
3.7(4), 3.10(2)
3.4(3)

3.5(5)
3.213)

3.4(3)

3.1 (11.3.1(29
3.4(3)

I
iI

3.2.4
3.2.5
3.2.6

3.3

3.3.1
3.3.2

Host Rock Geometry
Hoet Rock Boeogeneity
Waste Package Compatibility

Tranaoortation
Terrain

Distance

3.4.1, 3.4.2,
3.3.2(1,2)

3.7(2)
3.8 (2

3.9(119, 3.9.1,
3.9(2)

4.0 5NVIRO*MENT

4.1 Sensitive Biotic Systems
4.2 Abiotic Systems
4.2.1 Geologic Quality

4.2.2 water Quality
4.2.3 Air Quality

4.3 Socioeconomice
4.3.1 Local Sconomies

4.3.2 Life Styles
4.3.3 Private Land Use
4.4 Institutional Issues
4.4.1 State Issues
4.4.2 Federal Regulation

4.5 Historic a Prehistoric Res.

4.3 60.130(b) (2) (i)

3.9(1)
3.9(1)
3.9 )
3.801). 3.10(11)
3.20(l)

3.6(2)
2.9(2)
3.6(2), 3.9(2)
3.9(2)
3.9(1)

60.121 (a)
60.121 b)2.2

4.1.1. 4.1.2

Table 3. Relation of NNWSI Performance Objectives to DOE and
Draft NRC Site Selection Criteria. 10 CFR 60 Criteria
from Reference 16.

FL~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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screening with national eftorts to find acceptable repository

sites. However, the objectives must be quantified for use in

computer algorithms which were developed to rate alternative

locations and host rocks. To accomplish this, weights were as-

signed to each objective (Table 4).

The weighting scheme assumes a weight of 100 percent for

the overall goal of safe, cost-effective, environmentally sound

waste disposal. Each upper-level objective accounts for some

fraction of this overall weight, expressed as a percentage of

the overall goal (Table 4, column 2). The sum of weights for

the four upper-level objectives in the tree equals 100 percent,

i.e., the total weight of the overall goal.

To obtain weights for middle-level objectives, each upper-

level objective is assumed, in turn, to equal 100 percent.

Middle-level objectives within each branch of the tree then are

assigned percentage weights equal to their presumed fractional

contribution to satisfying the appropriate upper-level objec-

tive (Table 4, column 5). Thus, the sum of the weights within

each of the four sets of middle-level objectives is 100

percent. To obtain the percentage weight of a middle-level ob-

jective relative to the overall goal, its weight relative to

the corresponding upper-level objective--some fraction of 100

percent--is multiplied by the weight of the upper-level objec-

tive relative to the overall goal--which is also some fraction

of 100 percent (Table 4, column 6). Similarly, each

lower-level objective is assigned a weight relative to the
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4NNWSI WEIGHTING DATA FOR THE AREA-TO-LOCATION SCREENING OBJECTIVES TREE
Level I Level 2 Level 3

(1 (2) (3) (4 T3 (5) (6) ' 7T (8) '(9) (10) (11) (12) (13) (14) (15)
:j Average t lo I Renk j Average + la Relative Ra k Variance Stardard t bj Average + la Relative Ran Variance Standard
go. frcm PoIT ND. fran Poll Weight ((2) Deviation No. fran Poll Weight (ci

2
) Deviation

(see note 1)| . (see nte 2) (see note 3) (see nte 4 (u (see note 2) (see note 3 _ (see note 5) (a)
1.1 0.68 0.08 0.2108 2 0.00621 0.0788 1.1.1 0.68 ± 0.12 0.1433 1 0.00351 0.0593

i _ _______ __________ ____- 0.-32 t 0.12 0.0675 3 0.00128 0.0357
1.2.1 0.37 ± 0.18 0.0367 a 0.00057 0.0239

1.0 0.31 t 0.11 2 1.2.2 0.14 ± 0.08 0.0139 23 0.00082 0.0287
1.2 0.32 0.08 0.0992 5 0.00185 0.0431 1.2.3 0.21 0.09 0.0208 16 0.00016 0.0127

-1.2.4 - 0.23 t 0.15 0.0228 14 0.00032 0.0179
_________________ __________ ___________ _______ _ 1.2.5 , 0.05 t 0 .07 0.0050 36 0.00 00-5'0o0073

_ _ _ _ 2.1.1 0.39 ± 0.15 0.086-2 2 0.00243 0.0493

2.1 0.65 0.11 0.2210 1 0.00968 0.0984 2.1.2 0.30 ± 0.09 0.0663 4 0.00127 0.0356
2.1.3 0.23 f 0.13 0.0508 6 0.00133 0.0366
2.1.4 O.OB t . 0.0177 19 0.00037 0.0194

2.0 0.34 0.14 1 2.2.1 0.31 ± 0.11 0.0369 7 0.00054 0.0232
2.2.2 0.21 t . 0 0.0250 11 0.00024 0.0154

2.2 0.35 0.11 0.1190 3 0.00380 0.0616 2.2.3 '0.20 ± 0.10 0.0238 12 0.00029 0.0171
2.2.4 0.25 t 0.16 0.0298 10 0.00060 0.0245

t__________ 2.2.5 0.03 t 0.03 0.0036 38 0.00002 0.0040
3.1.1 - 0.21 ± 0.08 0.0147 21 0.00014 0.0120
3.1.2 0.12 ± 0.10 0.0084 31 0.00015 0.0121

3.1 0.27 t 0.08 0.0702 7 0.00254 0.0504 3.1.3 0.26 t 0.15 0.0183 18 0.00028 0.0168
3.1.4 0.10 f 0.05 0.0070 34 0.00004 0.0061
3.1.5 0.18 t 0.11 0.0126 25 0.00014 0.0119

___________ 3.1.6 0.13 0.08 0 W. 028 0.00007 0.8
3.0 0.26 t 0.17 3 3.2.1 0.15 t 0.07 0.0168 2 0.00021 -.014

3.2.2 0.21 f'0.13 0.0235 13 0.00049 0.0221
3.2 0.43 t 0.12 0.1118 4 0.00631 0.0795 3.2.3 0.27 + 0.15 0.0302 9 0.00074 0.0272

3.2.4 -0.151± 0.l 0.0168 20 0.00029 0.0171
3.2.5 0.12 t 0.04 0.0134 24 0.0001L 0.0105

___________ _________7 3.2.6 _0.10 t 0.10 ' 0.0112 ' 26 0.00019 0.0137
3.3 ~0.30 ± -0 ~ 0. 070 66 - ~ 0.00393 0.0627- 3.3.1 0.71 f 0.15 0.0554 0.00212 0.0460

______________ _ __ _ _ 3-.3.2 0.29 t 0.15 0.0226 15 0.00047 0.0216
_ _ 4.1 0.22 0.08 0.019t 8 0.00023 0.0150 4.1.1 1.00 0.0 0.0198 17 0.00023 0.0150

_ 4.2.1 0.22 t 0.11 0.0042 37 0.00002 0.0039
4.2 0.21 t 0.09 0.0189 9 0.00022 0.0150 4.2.2 0.46 0.07 0.0087 30 0.00005 '0.0070
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appropriate middle-level objective (Table 4, column 11).

Weights of lower-level objectives with respect to the overall

goal are similarly obtained by multiplying the appropriate

weights assigned to all three objective levels (Table 4, column

12).

The weights and accompanying standard deviations, shown in

Table 4, columns 2, 5, and 11, were obtained by averaging the

a responses of fifteen individuals to a weighting poll. Partici-

t1 pants in the poll were experienced and knowledgeable in the

C technical aspects of radioactive waste disposal. They were
4

asked to assign weights only to those objectives corresponding
8 f

l to their particular area of expertise. The polling form con-

sisted of separate sheets for each branch and subbranch of the

objectives tree. Thus, responses to the poll by a particular

individual were a series of opinions about (1) how the weight

t4g 1 of 100 percent for the overall goal should be divided among the

fie of upper-level objectives, (2) how the weights of 100 percent for

each upper-level objective should be divided among its compo-

|ii >f nent middle-level objectives, and (3) how the weights of 100

Gil -s percent for each middle-level objective should be divided among

its component lower-level objectives. The participants in the

A.! i poll, their affiliations, and their individual responses are

t8' ., reproduced in Appendix A.

sXDS i Weights for middle and lower-level objectives relative to

the overall goal were obtained by multiplying average weights

i; :4
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for different levels from the poll. Each average weight is

associated with its own standard deviation (columns 2, 9, and

15; Table 4). The standard deviations in columns 9 and 15, are

obtained by a formula for propagation variance through a series

of multiplications:

) ) e (X 2) 2 1 /2 (,y)en 1/22l...XnJ n l~ 2 /0 . l

where a is the standard deviation of a variable, x. The dis-

crete forms of this general equation used to obtain 's in

columns 9 and 15 are given in footnotes to Table 4.

Columns 3, 7, and 13 of Table 4 rank the objectives by

their weight relative to all other objectives of the same

level. By ordering the objectives from the highest to the

lowest rank and plotting their weights, graphs are obtained

which show the relative importance of each objective from each

level of the tree (Figure 4).

This weighting scheme thus accommodates the necessary

tradeoffs as to which objectives are more important to meet at

the possible expense of others. Such tradeoffs are required,

because the search for repository locations will never encoun-

ter a place on the earth's surface that is ideal with respect

to all or perhaps any of the objectives.

It should be noted that this weighting scheme does not

account for possible mutual dependency among weights for indi-

vidual objectives. For example, if a site had virtually zero

lo N milli,W



-25-

and

are

a

Do

0
b

22

1 3,

-o

95

aI z

2

a .

Z o

o S20

a _

.I

I 

z 

T

�d I I I ' ' ' ' f

by

me

,5 _
W o

NNWSI MIDDLE LEVE!
OBJECTIVES

(RANIK ORDER)

U-

Z o

00, 0

z
<I

s , t ~~~~~I ' II 

o i < ~~~~~~~~~~~~~~i
-olb Y! le~~it1 1.z ,2o

10~ ~ ~~~

H_ 1. :1 a1". 8 .

MIDDLE LEVEL OBJECTIVES Dlumo. TD)

Figure 4. Upper, Middle, and Lower-Level Performance
Objectives Ordered Average Weight; Average
Values and Standard Deviations Obtained from a
Poll of Experts; See Table 4 for Exact Values
and Appendix A for results of poll.
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water movement for transporting radioactive waste (objective

2.1.1), the geochemical retardation (objective 2.1.2) would be

of less importance than if water movement were rapid. Thus,

variable weights based on mutual dependency of processes or

conditions are not addressed. It should also be noted that the

number of objectives within a given branch of the tree influ-

ences the weights assigned to those objectives. As a result,

branches with fewer objectives tend to contain more heavily

weighted objectives.

NNWSI Screening Attributes

Locations are evaluated by assessing how well each perfor-

mance objective is achieved at each location. This is done, in

turn, by independently evaluating how well pertinent physical

conditions in alternative locations satisfy the individual per-

formance objectives. These pertinent physical conditions are

called attributes in this report. To be useful in screening,

such attributes must meet three criteria: they must (1)

address the objectives; (2) discriminate among alternative

locations or host rocks within the screening area; and (3) be

able to be measured or inferred on a standard basis throughout

the screening area. The last restriction permits comparisons

of locations and host rocks based on roughly equivalent data.*

*In some cases detailed data available from restricted locations
had to be sacrificed so that more general, but equivalent detail
could be expressed throughout the screening area.



-27-

Accordingly, the attributes were made sufficiently general to

allow their extrapolation or interpolation into portions of the

screening area where specific data are not available.

Attributes were selected by identifying all physical con-

ditions which are important for characterizing a mined geologic

repository. Sets of these pertinent attributes were listed as

candidates for characterizing each component of a general

repository model (Figure 5). This step assured that due con-

sideration was given to all possibly useful attributes for

assessing near, intermediate, and far-field conditions and for

distinguishing short-term operational and environmental con-

cerns from long-term concerns for containment and isolation

(Figure 6).

The list of candidate attributes in Figure 6 was then

screened to select those which satisfy the three criteria

listed above for use in screening. This was accomplished dur-

ing a series of meetings among experts familiar with the attri-

butes in question. After lengthy review and discussion, a set

of 31 usable attributes was defined (Table 5). Each attri-

bute was assigned a designator number for use in the computer

programs.

Confidence in extrapolations and interpolations of attri-

bute data varies from place to place, rock type to rock type,

and attribute to attribute. Attempts to quantify this confi-

dence as proposed in Reference 9 were deferred by constraints
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is'~~ .' < 

Figure 5. General Model of a Mined Geologic
Repository System

of other work commitments by NNWSI technical experts and by

schedules for completing the screening activity. However, data

for the attributes represent the best judgments of experts

- familiar with the corresponding subject matter. Confidence in

attribute data is therefore retained as a qualitative factor
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NNWSI SCREENING ATTRIBUTES
Major

Contributor &_No. -iII.
i~~~~~~~~~~~~~~~ - is - v

1 Volcanic Potential
2 Fault Density

3 Fault Trend
4 Age of Faulting
5 Natural Seismic Potential
6 Weapons Seismic Potential

7 Bed Attitude

8 Erosion Potential
9 Flood Potential

10 Terrain Ruggedness
11 Resource Potential

12 Groundwater Resources Potential
13 Groundwater Flux
14 Groundwater Flow Direction
15 Thickness of Unsaturated Zone

16 Sensitive Floral Species
17 Sensitive Faunal Species
18 Revegetation Potential
19 Known Cultural Resources
20 Potential Cultural Resources

21 Air Pollution Potential
22 Permitting Difficulties
23 Private Land Use

24 Thermal Conductivity
25 Compressive Strength Containment)

26 Compressive Strength (Construction)
27 Expansion-Contraction
28 Mineral Stability
29 Stratigraphic Setting
30 Hydraulic Retardation
31 Hydraulic Transmissivity

4 Zones of Relative Potential USGS
3 Zones of Relative Density USGS
3 Zones of Compass Direction USGS
3 Zones of Fault Ages USGS
Discrete alues of Expected Ground Acceleration (9's) USGS
5 Zones of Expected Ground Acceleration (gas) SNL
3 Zones of Amount of Rock Dip (degrees) USGS

5 Zones of Erosional Intensity SNL

4 Zones of Flooding Hazards SIL
4 Zones of Slope Steepness () SNL

3 Zones of Potential for Finding Metal Ores USGS

5 Zones of Potential for Groundwater Use USGS
6 Zones of Groundwater Flux (m

3
/sec) USGS

5 Zones of Upgradient Distance from Production Areas SNL
3 Zones of Depth to Water Table (meters) USGS

14 Units of Potential for Finding Sensitive Species EGZG
5 Zones of Species Habitats EG&G

5 Zones Vegetation Assemblages EG&G
3 Zones of Types of Cultural Resources DRI

10 Units of Potential Density of Cultural Resources DRI
5 Zones of Air Quality DRI

4 Zones of Land Ownership and Control SNL
Private and Nonprivate Land UNLV

5 Ranges of Thermal Conductivity (W/m-
0
K) SEWG

3 Ranges of Unconfined Compressive Strength (psi) SEWG
3 Ranges of Unconfined Compressive Strength (psi) SNL

Expansion or Contraction Behavior upon Heating SEWG
7 Rank Orders of Mineral Stability upon Heating LANL

14 Conditions of Stratigraphically Weighted Sorption LANL
6 Rank Orders, Radionuclide Diffusion into Rock Matrix LANL
4 Ranges of Hydraulic Transmissivity (m

2
/sec) USGS

Table 5. Discriminating Attributes for Screening Area and Host
Rocks.

for interpreting the screening results. In lieu of a quantita-

tive evaluation of confidence in the attribute data, confidence

estimates in location ratings were quantified based on the

uncertainty associated with the weights assigned to the objec-

tives. (See "Analysis of Variance" in Chapter 3.)
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Geographical Attributes

Twenty-three of the 31 attributes vary geographically

(attributes 1-23, Table 5). Eight vary from rock type to rock

type (attributes 24-31, Table 5). For each geographical attri-

bute, a map was prepared that shows the distribution of attri-

bute conditions throughout the screening area. The attribute

maps are reproduced in Appendix B in the order of their desig-

nator numbers from Table 5. Experts primarily from LANL, LLNL,

SNL, USGS and others worked closely with the TOC to define dis-

criminating conditions for each of the attributes (Table 5).

For the geographical attributes (numbers 1-23) these discrimi-

nating conditions which define the mapping units shown on the

maps in Appendix B. The mapping units were selected so as to

divide the screening area into discrete zones which discrimi-

nate among alternative locations. The specific favorability of

each mapping unit for satisfying the performance objectives was

not a factor in selecting the units. The maps were thus com-

piled solely from judgments about how physical conditions vary

within the screening area. This separated relatively objective

judgments about the physical data from more subjective judg-

ments about their favorability for repositories (see "Quantita-

tive Criteria for Attributes" later in this chapter). Each

mapping unit for each attribute was assigned a different desig-

nator number for use in the computer programs.

Detailed discussion of the rationale for selecting the map-

ping units, descriptions of the maps themselves, and supporting

_ _._ __ - __ _ v
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references are contained in the companion report devoted solely

to the attributes and their favorability (11).

Host-Rock Attributes

Because a suitable underground rock mass is required for

repository development, and because different locations within

the screening area have different rocks with differing proper-

ties, certain properties of the available rock types were eval-

uated. Though the purpose of screening is limited to identify-

ing favorable geographic locations, preliminary evaluations of

candidate host rocks were performed to determine if at least

one usable rock type occurs beneath those locations rated most

favorable. Accordingly, eight of the 31 attributes vary as a

function of rock type rather than geographical position (attri-

butes 24-31, Table 5).

Nine rock types known to occur in the screening area were

selected for evaluation. Maps were prepared showing where a

thickness of at least 100 feet for each of these candidate host

rocks is inferred to occur between depths of 500 feet and 4000

feet (Figure 7). These criteria for thickness and depth rule

out unrealistic alternatives while retaining a significant num-

ber of candidate host rocks for comparison.

For each of the eight host-rock attributes (Table 5, attri-

-butes 24-31), a single discriminating value was assigned to

each rock type (see Table B-1, Appendix B, page B-25). Host-
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rock attributes which vary with depth were not considered be-

cause each rock type occurs at different depths below different

portions of the screening area. In addition, only one value

for each attribute could be conveniently assigned to each rock
or

type due to space limitations in the computer. Pertinent

in
attributes for rating the relative merits of rock masses such

as in situ stress, water saturation conditions, geothermal

1- gradient, and vertical mining haulage costs, therefore, were

F_ not addressed in this screening. Accordingly, evaluations of

)f alternative rock types presented in this report should not be

t construed as a comprehensive basis for selecting a particular

t rock type or depth horizon for repository development. Rather,

a these evaluations ascertain in a general way only whether one

or more rock types with potentially satisfactory conditions for

repository performance occur beneath locations that rate high-

e est with respect to geographical attributes.

a A separate study will evaluate the suitability of various

t rock types and depth horizons for repository development. The

0 forthcoming horizon study and analysis will include depth-

e related attributes and more refined data for a larger number of

attributes than considered in this report. This horizon evalu-

ation activity, which commenced while this report was being

written, will be the basis for selecting a rock type or combin-

0 ation of rock types at a particular depth horizon for possible

repository development. Horizon evaluation is scheduled for

late 1982.

A_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
__~~~~~~~~~~~~E W"m



-34-

.
.

-.- -- --

BA SALT

I i-

NON-WELDED TUFF (PAINTBRUSH)

ii

MODRATEL Y WC
MODERATELY ELDED TUFF (CRATER FLAT)DENSELY WELDED TUFF TOPOPAH SPRING) NOWd-WELDED TUFF CAUCO HILLS)

GRANITE ARGiLLTE CARBONATES

-

Figure 7. Maps of Underground Extent of Candidate Host
Rocks Showing the Inferred Geographic Extent
Where a Thickness of at least 100' Occurs
Between Depths of 500' and 4000?



1V -35-
Relationships Between Attributes and Objectives

To evaluate the relative merits of alternative locations,

attributes must be quantitatively related to performance objec-

tives. Relationships that make this necessary link have two

basic facets. The first establishes which attributes are use-

ful for evaluating locations with respect to each performance

objective. The second defines the relative favorability of

discriminating attribute conditions for satisfying the perfor-

mance objectives.* Attributes Used to Evaluate Individual Objectives

A systems matrix was established wherein attributes form

the rows and objectives form the columns (Table 6). This mat-

rix is referred to as the attribute-objective matrix and allows

one to graphically consider the usefulness of every attribute

FLATI with respect to each lower-level objective. If an attribute is

useful for evaluating a particular objective, a weight must be

assigned at the intersection of the appropriate column and

_ row. For an objective having only one pertinent attribute, a

weight of 100 percent is assigned to that attribute. For an

objective having more than one pertinent attribute, the total

weight of 100 percent must be divided among the attributes ac-

cording to the percent contribution of each attribute in evalu-
ating the objective. By considering every matrix intersection

t and making a judgment about each, weights are obtained for all

t the attributes with respect to all performance objectives.

M��
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These weights define the contribution of individual attributes

to evaluating specific objectives.

The weight of each attribute-objective intersection with

respect to the overall evaluations is determined by multiplying

the attribute weights shown at the matrix intersections on

Table 6 by the weights of the appropriate column-heading objec-

tives from all three levels of the objectives tree (Table 4,

column 12). Adding all the weights thus obtained for a single

attribute defines a total weight for each attribute relative to

the overall goal of safe, cost-effective, and environmentally

sound waste disposal. Figure 8 plots these total attribute

weights and orders them from the highest to the lowest.

Attribute weights were not determined by a poll. In lieu

of a poll, the TOC developed the attribute weights shown in

Table 6. Weights in each column sum to 100 percent. Conse-

quently, the combined contributions of all attributes for a

particular objective allows comprehensive numerical analysis of

locations with respect to that objective. For some objectives

(i.e., 3.1.4, 3.3.2, 4.3.1, and 4.3.2), no discriminating at-

tributes were identified or no data were available. As a

result, the weights associated with these objectives do not af-

fect the screening analyses. Discussion of the rationale for

weights assigned to each attribute with respect to particular

objectives is provided in the companion report on the perfor-

mance objectives [101.

_
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Figure 8. Attributes Ordered by Total Weight

Quantitative Criteria for Attributes (Faorability Graphs)

The second facet of quantitative relationships between ob-

jectives and attributes establishes the relative favorability

for each discriminating condition for each attribute. These

relationships are expressed as relative favorability graphs.
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Attribute conditions which discriminate place from place or

rock type from rock type are independent variables of the

favorability graphs. The dependent variables are favorability

numbers of a scale of zero to ten. The independent and depen-

dent variables for each attribute are plotted on the abscissa

and ordinate, respectively.

In effect, these graphs constitute the quantitative cri-

teria of the screening activity. They tie objectives to data

as follows: performance objectives establish goals; attributes

define discriminating physical conditions in the screening

area; and favorability graphs provide a quantitative standard

for assessing how well the physical conditions meet the objec-

tives.

:1S0AIlIATIN TTRINUTE CONDITIONS

CiVngT ALON VNIS :891 e ee9GPQNO lCTL TO

Figure . General Form of Favorability Graphs

_~~~~~~~~~
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The favorability graphs were developed by the TOC. A gen-

eral trend of favorability values for the conditions of each

attribute was first established. Next, high and low values

were assigned, respectively, to the most and least favorable

conditions. Lastly, intermediate values were interpolated be-

tween these extremes. Whole integers were used whenever poss-

ible, while preserving the general trends of the graphs.

Favorability values of zero were generally reserved for

possibly exclusionary conditions such as the presence of Quat-

ernary faults, private land, or extensive mineral deposits.

However, no reasons are known which establish these conditions

as necessarily exclusionary. Nonetheless, their definition as

"undesirable conditions or features" in the current NRC draft

technical criteria for geologic repositories [12] warranted

drawing attention to such conditions by assigning them a favor-

ability of zero. Equations for calculating location and

host-rock ratings permit favorability values of zero to be

either exclusionary or nonexclusionary (see next section of

this chapter, "Calculation of Ratings for Locations and Host

Rocks"). In this screening, the zero values were used only as

nonexclusionary.

For attributes whose least desirable condition was not

specifically mentioned in NRC draft criteria, a low favorabi-

lity value of one, or in some cases two or more, was assigned.
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K....-' A value of nine or ten was generally used for the highest at-

en. tainable favorability. Both high and low values were adjusted

ach to the nearest integer, when possible, depending on the desired

ues shape of the curve. If, for example, linear interpolation be-

5le tween high and low values was most appropriate, the upper and

e- lower favorability values were adjusted to the nearest integers

is- compatible with a straight line on the graph. For nonlinear

graphs, high and low values were similarly adjusted to allow

or the desired general shape of the curve to be expressed without

t- causing undue fractional values. Intermediate favorabilities

S. were likewise adjusted to the nearest integers, or in some

ns cases half integers, compatible with simple curve trends.

as With one exception, the general trend of favorabilities for

kf t"attributes used to assess more than one objective is the same

3d for each of the different objectives. Therefore, only one

r- favorability graph was required for most attributes. The ex-

d ception, compressive strength of host rocks, required two sepa-

e rate graphs, one for the mining objective and one for contain-

If ment and isolation objectives.

t The range of favorability numbers for each attribute gen-

s erally encompasses the largest range from zero to ten compat-

ible with simple graphs. This provides as much discriminating

t capability as possible for each attribute. For comparison,

favorability graphs could be constructed to reflect absolute

suitability in relation to all possible attribute conditions

throughout the world, not just those expressed in the screening
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area. The purpose of this screening, however, is to determine

the relative favorability of alternative locations in the

screening area, not to assess absolute suitability with respect

to all possible locations and host rocks in the United States.

To effectively achieve this purpose, differences among the

relative merits of various locations and host rocks have been

enhanced and perhaps even exaggerated by the favorability

graphs to allow clear distinction among the most and least

favorable. Therefore, the results of this screening should not

be considered assessments of suitability. Rigorous assessments

of absolute suitability in terms of regulatory criteria will

come later when the criteria are formulated and when sufficient

data about specific locations and host rocks have been collec-

ted and analyzed.

The favorability graphs for geographical attributes are re-

produced on the same pages as the attribute maps in Appendix

B. The eight host-rock favorability graphs are on page B-26,

Appendix B. The rationale for ascribing favorability values to

specific attribute conditions is provided in the companion re-

port on attributes and favorability graphs [11].

Calculation of Ratings for Locations and Host Rocks

The discussion to this point has outlined the screening

method elements and associated parameters used in calculating

numerical ratings for various locations. To summarize, the
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numerical parameters are (1) designator numbers for the perfor-

mance objectiveS, (2) weights for the objectives, (3) standard

deviations of these weights, (4) designator numbers for the at-

tributeS, (5) designator numbers for each discriminating condi-

tion of each attribute, (6) favorability values for each dis-

criminating attribute condition, and (7) weights for the attri-

butes relative to the appropriate objectives. These parameters

are used in a set of computer algorithms developed for use on

the APPLICON Graphics System (AGS) 120,21]. The algorithms

calculate numerical favorability ratings for alternative loca-

tions and host rocks in the NNWSI screening area.

General Description of the Rating Process

Ratings were calculated for each of ,514 half-mile square

grid cells* and for each of the nine, candidate host rocks.

The grid cells were defined by a set of geographical X-Y coor-

dinates, and they comprise a digital base map of the screening

area (Figure 10). Each attribute map was digitized by assign-

ing Z values to the designator numbers for mapping units at the

appropriate X-Y coordinates (Figure 11). Favorability numbers

* Alternative locations in the screening area are strictly de-
fined as these one-half mile square grid cells. Each of
these grid locations is separately evaluated by data digi-
tized and processed in an APPLICON Graphics system. Alterna-
-tive repository locations are identified from the screening
results where about 40 or more grid cells ( 10 square
miles) are rated similarly.

0
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from the favorability graphs were also digitized for each at.

tribute. By replacing mapping unit numbers on the base map

with corresponding favorability numbers, a favorability surface

was generated for each attribute. Z values (or elevations) on

these surfaces correspond to the favorability of an attribute

at each grid cell (Figure 12). Digital attribute maps were

preserved to keep the attribute data separate from judgments

about their favorability. If the judgments change and a new

favorability graph is considered appropriate, a new favor-

ability surface can be generated easily from the preserved,

digital attribute map.

Designator numbers and average weights for the objectives

and attributes were also digitized (Figure 13). These weights

were organized in the computer as a matrix analogous to

Table 6. Designator numbers of the attributes and lower-level

objectives define, respectively, the locations in the computer

of the weights corresponding to the rows and columns of the

attribute- objective matrix.

The weights assigned to objectives and attributes as well

as the favorability values assigned to the attributes can be

changed easily at an interactive cathode ray tube (CRT) termi-

nal of the AGS. Different results of favorability calculations

based on different weights or favorability values are thus

readily obtained.
_
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NNWSI AREA SCREENING
ATTRIBUTE DATA

U~~~~~~~~~~~~~~~~~

. a

I IGIZED E
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... .da) 

-- ATTRIBUTE DATA
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TECHNICAL STAFF

DEET

DATA S1HEET

Figure 11. Example of Digitized Attribute Map; Left is the
Data Form Provided (in this case by USGS
geologists); Right is Digital Form Where Map
Units Are Plotted as Z Values on X-Y Coordi-.
nates of Base Map (Figure 10)

1-23. Host-rock ratings are based only on attributes 24-31.

Weights used in the calculations were obtained by multiplying

the attribute weights (Table 6) by the product of weights for

each objective from levels 1, 2, and 3 of the appropriate I
branches of the tree (Table 4, columns 2, 5, and 11; Table 6).

This defines a weight for each attribute-objective intersection

of the matrix. These weights, in turn, were multiplied by the

appropriate favorability values of the corresponding attri- i

butes. The favorability values were obtained by picking Z

I
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ATTRIBUTE DATA NNWSI AREA SCREENING
USE OF FAVORABILITY FUNCTION

+
a.

° ZN K Z ATTRIBUTE SPECIFIC
AGE OF FAULIM aFAVORABILITY SURFACE

FAVORABILITY FUNCTION tv"A &T

Figure 12. Example of Digitized Favorability Surface.
Surfaces Are Obtained for Each Geographical
Attribute by Assigning Appropriate Favorabi-
lity Values to Mapping Units and Plotting
Favorability Z Values on the Base Map.

values for pertinent attributes from the appropriate X-Y loca-

tions of the digital favorability surfaces. The weighted fav-

orability values from all attribute-objective matrix intersec-

tions were summed for each grid cell of the base map. This

process produces a map of 1,514 individual favorability scores

for the screening area. Thus, each of the 1,514 grid cells is,

in effect, an alternative location with its own rating.

The grid cell ratings were stored as Z values correspond-

ing to the appropriate X-Y coordinates of the base map. Ranges
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of Z values were displayed on the base map providing a graphi.

cal map of clusters of grid cells with high and low Z values.

These clusters, if large enough, represent, respectively, loca-

tions with high and low favorability. Though each grid cell is

I

Figure 13. Schematic CRT Terminal Capability for Assigning
Weights to Objectives and Attributes

strictly an alternative location, distinct locations for repos-

itories require about 40 similarly rated, contiguous grid cells

(- 10 square miles).

Results can be viewed on a CRT terminal, copied on an elec-

trostatic printer, or reproduced on a CALCOMP plotter. The
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favorabilitY ranges chosen for map display can be changed eas-

ily to allow assessment of the sensitivity of location sizes

and shapes to threshold Z values. Due to uncertainties inhe-

rent in the many assumptions used in screening, confident dis-

crimination among various locations is probably limited to

about three meaningful categories: favorable, neutral, and un-

favorable.

Histograms of the favorability ratings for the 1,514 grid

cells were plotted which show the number of grid cells with

particular scores. These histograms help determine where

thresholds between favorable, neutral, and unfavorable rating

values should be defined for map displays.

Host-rock ratings were obtained by the same process. Be-

cause the host-rock attributes do not vary geographically for a

single rock type, but do vary from rock type to rock type,

host-rock calculations were repeated only for each of the nine

rock types rather than for each grid cell. The output of host-

rock evaluations is a list of rating numbers for each of the

nine potential host rocks. These values can be assigned to the

geographical grid cells corresponding to the subsurface distri-

bution of appropriate rocks yielding a geographical rating

which includes the contribution of host-rock attributes.

s

General Equation for Rating Process

The process for calculating ratings, R. for each half-mile

e square cell of the base map or each host rock can be summarized

as follows.

M
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R Z.l )= jwi) (2)

where

E is the total number of lower-level objectives

n is the total number of attributes

i is the lower-level objective number

j is the attribute number

F. is the favorability value for the jth attribute at
3

the grid cell or host-rock in question

wij is the weight of the jth attributed applied to the

ith objective and is obtained by multiplying the

weight of the ith objective from Table 4, column 12,

by the weight of the appropriate th attribute from

Table 6.

Because weights assigned to attributes and objectives are

integers between 1 and 100 rather than decimals (e.g., a weight

of 55 percent is assigned a value of 55 rather than O.S5), the

total possible rating score is 1 x 109. This is because

wij is obtained by multiplying the weights assigned to objec-

tive levels 1, 2, and 3 and the attributes in a corresponding

column of the attribute-objective matrix shown on Table 6. Be-

cause the objective weights at each level of the tree and the

attribute weights within a given column of the matrix all sum

K->_

P~~~~~~~~~~~~~~~~~~~~~~



-51-

to 100 percent, the total possible rating, assuming all favor-

abilities are 10 and at least one attribute applies to each

lower-level objective, is obtained by

10 (maximum favorability value of attributes)

times 100 (sum of weights for attributes in a given

column of the objective-attribute matrix)

times 100 (sum of weights from Table 4, column 11,

for level 3 objectives)

times 100 (sum of weights from Table 4, column 5,

for level 2 objectives)

times 100 (sum of weights from Table 4, column 2,

for level 1 objectives)

equals 1 x 10

This total must be divided between location and host-rock rat-

ings based on the proportional contribution of wij for attri-

butes 1-23 (locations) and 24-31 (host rocks). For conven-

ience, the resulting ratings for locations and host rocks are

each divided by 10,000 at the end of the summing process so all

ratings are scaled to a maximum combined value of 100,000.

These large rating numbers are used primarily to allow their

extensive manipulation in the computer system and do not imply

that the ratings are meaningful to six significant digits.
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Variations of the General Equation

The interactive capabilities of the AGS CRT terminals per. p

mit the sensitivity of screening results to various assumptions

about the weights and favorability graphs to be easily investi. E

gated. However, only the weights were varied because general

trends of the favorability graphs are less subject to different

interpretations than the proper weights for various objectives.

The method by which various weighting assumptions were in-

vestigated was to assign all the weight to selected subsets of

objectives or attributes. This allows assessments of- which

combinations of objectives or attributes are responsible for

high and low ratings of different locations and host rocks in

the screening area. The results of these variations will be

discussed in Chapter 3, but they are mentioned here because

different sets of weights affect the maximum possible value of

the ratings.

For example, if a particular calculation is restricted to

the containment and isolation objectives by assigning zero

weights to the other two upper-level objectives, the maximum

possible rating is lowered from 100,000 to an amount propor-

tional to the combined weight of the containment and isolation

objectives. Assuming weighting values from Table 4, column 2

in this example, the containment and isolation objectives ac-

count for only 65 percent of the total weight for upper-level

objectives. Accordingly, the maximum possible rating is

65,000.



-

-53-

Because each set of assumptions produces different maximum

possible ratings, a means of normalizing all evaluations to a

maximum of 100,000 was developed. This involves modifying

Equation (2) to

[R e jl N Fj )xi] F, /(F ( )

m
III. ' Wij (3a)

where x is an integer exponent of Fj, and other symbols in

Equation (3) and (3a) are the same as in Equation (2). If the

exponent, x, is zero, the maximum possible rating, R divided

by 10,000 is 100,000 because (F.)0 is 1 and Equation (3)

becomes

R [ (F ] [ } ](4)

This, rather than Equation (2), was used as the nominal case

for calculations because of its independent, normalizing effect

on both location and host-rock ratings.

Equation (3) was developed by the LLNL representative on

the SEG, R. C. Carlson, because of its properties when the ex-

ponent of F. is an integer greater than zero. In this case,

the effective weight of an attribute is increased as its favor-
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ability approaches zero. If the favorability value for attri.
bute, j, at a given attribute-objective matrix intersection,
ij, is very low, the ratings of the geographical grid cells or
host rocks with these low favorabilities are depressed relative
to the nominal evaluations using (F ) (Figure 14). If the
location or ost-rock ratings are significantly lowered by high l
exponents in Equation (3), it might be imprudent to locate a
repository nearby, though the nominal case may indicate the
location or host rock is highly favorable.

Because the weight of low favorability values increases as
the exponent is increased (Figure 14), Equation (3) can be used
to accentuate to the desired degree those locations with low
favorability attributes. If the favorability is zero,
the weight is infinite, the total rating is zero, and the zero
favorability acts as an exclusionary condition. Parts A and B
of Figure 16 show that the effects of Equation (3) are also
sensitive to the number of attribute-objective intersections.
Equation (3) with exponents greater than zero thus provides a
valuable check on the nominal case (exponent 0) by pointing
out whether otherwise favorable locations have one or more un-
desirable conditions that might become licensing issues later,
despite their presumed low weights.

Another variation of Equation (2) used in this screening is

m 2 2

YR= s (ri) (i) 
(5)is-
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FAVORABILITY VALUE. Fi.. CW

A

FAWOABILITY VALUE, FU. OF ATTRIBUTE j.O0

B

Figure 14. Effects on the Rating Score of Different
Exponents (x) for F in Equation 3 and of
Different Numbers of3 Attribute-Objective In-
teractions, Fij. Figure 14A shows the ef-
fect on the overall score of varying the fav-
orability associated with only one out of a
possible 10 attribute-objective interactions,
all 9 other favorabilities equal 5; Figure
14B shows the related effect for one out of a
possible 100 interactions (see upper-left
corner of parts A and B).

where

YR is the variance of ratings for each grid cell or host

rock due to the variances of weights for individual

objectives from Table 4, column 14;
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toni
ri E aijFj (6) du

jal
al

or the rating value associate with lower-level objective to

and applicable attributes, j;

thaij is the weight of the j attribute with respect to a
th~~~~~~~~~~~~~~~~~~~a

the i objective; and

°i is the standard deviation of the weight of the i a'

lower-level objective from Table 4, column 15.

By definition aR - (YR)l/2 where R is the stan-

dard deviation of the rating for each grid cell or host rock

arising from different assumptions by different individuals

about the proper weights for various performance objectives.

Thus, CR provides a measure of confidence in the ratings as a

function of a reasonable range for the weights assigned to per-

formance objectives.

Another software application allows one set of ratings for

grid cells or host rocks to be added to, subtracted from, mul-

tiplied or divided by another. For example, the maximum

host-rock score at each grid cell can be added to location

ratings to obtain a favorability map of locations including

host-rock ratings. The results of Equation (3) with an expo-

nent greater than zero can be divided by results with an expo-

nent of zero to show where low favorability attributes have the

largest effect on the ratings. Similarly, the results of Equa-

tion (S) can be divided by those of Equation (3) (exponent 0)
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to determine the relative rather than the absolute uncertainty

due to variance of the objective weights. Such capabilities

allow detailed investigation of the sensitivity of the results

ve, to many assumptions inherent in the analytical method.

A listing and discussion of computer algorithms will be

available soon in the companion report devoted solely to docu-

uentation of AGS software developed for the NNWSI screening

activity [121.

k

S

U
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CHAPTER 3. NUMERICAL RESULTS

The results of the screening analyses are presented in this

chapter. First, overall* results which show location and

host-rock ratings are discussed. Then, results which segregate

for separate analysis selected subsets of objectives and attri.

butes are presented. For each set of results in this chapter,

the following information, as appropriate, is provided:

1. a map, based solely on host-rock independent attributes

1-23, showing the geographic distribution of high, in.

termediate and low ratings for the 1,514 half-mile

square grid cells of the screening area;

2. a histogram of ratings for the 1,514 grid cells;

3. two lists for the nine potential host rocks, based

solely on host-rock attributes 24-31, showing separate

ratings for site-independent saturated and unsaturated

rocks;

4. discussion of the ratings with respect to the relative

favorability of various locations and host rocks.

*"Overall" is used in this report to describe ratings based on
weighted objectives from all branches of the objectives tree
(Table 4, column 12) and all weighted attributes (Table 6)
applicable to geographical ratings (attributes 1-23) and
host-rock ratings (attributes 24-31). These ratings are the
most comprehensive analyses available from the screening
method and provide the best approximations of the most and
least favorable locations and host rocks based on all of the
assumptions inherent to the method.

K>
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Maps of location ratings in this chapter show three cate-

gories of relative favorability: high, intermediate, and low.

Three categories of favorability generally fall within the dis-

criminating capabilities of this screening, given the necessary

assumptions and generalizations about the objectives, attribute

data, and favorability graphs. A larger number of rating cate-

gories is unnecessary for distinguishing which locations rate

highest and lowest. Discussion of the maps will emphasize lo-

cations with high ratings because these are of most interest

for future repository siting. Locations with low ratings will

be mentioned to point out areas which should be avoided if rel-

ative favorability based on this screening is a valid factor

for location selection. Locations with intermediate ratings

may or may not be favorable within the discriminating capabili-

ties of this screening; therefore, they are either not dis-

cussed or are only briefly mentioned, leaving to the reader the

judgment about whether they should be considered as options for

repository exploration.

Flexibility is also retained for the reader to judge the

proper extent and boundaries of various locations based on

appropriate threshold values for defining favorable and un-

favorable ratings. In this report, favorable locations are

considered to occur where a high density of 40 or more grid

cells is rated above some discretionary value, generally cor-

responding to the upper 10-20 percent of the rating scores.
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Assuming a Gaussian distribution for ratings of the 1,514 grid

cells, the upper threshold on the maps in this chapter

generally corresponds to one standard deviation above the mean,

rounded to the nearest 5,000. This corresponds to numerical

discrimination among locations to two significant digits.

Similarly, a lower threshold is generally set at one standard

deviation below the mean, rounded to the nearest 5,000. Upper

thresholds usually fall between about 50,000 and 70,000 out of

a possible 100,000 and lower thresholds between 40,000 and

50,000. If discrete polymodal distributions occur on the his-

tograms, upper and lower thresholds occasionally are defined at

rating values separating the modal groupings--even if these

values are different than about one standard deviation away

from the mean.

Host-rock ratings are also rounded to two significant dig-

its. This degree of discrimination is compatible with the gen-

eralizations of this method. Therefore, the host-rock ratings

present the same numerical discrimination as provided on the

maps of location ratings.

Weights used for each set of results are shown on

attribute-objective matrices in Appendix C.

Overall Results

The overall relative favorabilities of selected locations

and site-independent host rocks as well as confidence in these

ratings are discussed in this section.
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Overall ratings for locations (maps) and host rocks (lists)

were obtained separately using Equation (3) with an exponent of

zero for Fj. Accordingly, the overall ratings for geographical

locations and site-independent host rocks are discussed sepa-

rately in this section. Then a map is presented which combines

the separate, overall ratings for geographical locations and

host rocks. Lastly, this section provides an analysis of

confidence in the overall ratings due to the variance in

weights assigned to the lower-level performance objectives.

Overall Location Ratings

Based solely on geographically discriminating attributes

(1-23), only two locations with sufficient area for repository

development (about 10 square miles or 40 grid cells) have

highly favorable ratings, in this case greater than 60,000 out

of a possible 100,000 (Figure 15, map). The first location is

the northern portion of Yucca Mountain and the second is the

northeastern portion of Jackass Flats. The highly rated part

of Yucca Mountain shows up on Figure 15 as the northwest trend-

ing, dark grey location near the northwest corner of the

screening area. It is approximately bounded on the northeast

by Yucca Wash* and on the south by the boundary between the

Nellis Air Force Range and BLM land. To the east it is approx-

imately bounded by Fortymile Wash.

*See Figure 16 for the location of many of the minor geograph-
ical features mentioned in the text.
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Figure 16. Index Map of Various Geographical Features
Referred to in the Text

The highly rated location at northeastern Jackass Flats is

just north of the dogleg along the eastern edge of the screen-

ing area. It occurs immediately west and south of Kiwi Mesa
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and lies within the transition zone between Jackass Flats and

Wahmonie Pass. Other favorably rated grid cells occur in clus.

ters too small for repository development. These clusters are

distributed among the alluvial valleys of southern Yucca Moun.

tain.

The lowest rated locations (ratings of less than 45,000)

are concentrated in the southeast portion of the screening

area. They are distributed throughout the Specter Range,

Striped Hills, Rock Valley, Skull Mountain, and Little Skull

Mountain. The unfavorable zone at Little Skull Mountain ex-

tends northward to the small hills just south of the E-MAD

Facility in Jackass Flats. Another relatively unfavorable lo-

cation occurs in the northeast portion of the screening area

along the pass between Jackass Flats and Mid-Valley. Four

smaller unfavorable zones occur in a line from Fortymile Canyon

to southern Yucca Mountain.

Figure 17 shows the geographical effects of varying the

rating threshold for display of overall results. The size of

locations displayed expands as the threshold for favorable

ratings is lowered. This indicates the discretionary nature of

thresholds and resulting boundaries for favorably rated

locations. As lower scores are included within the threshold

for highly rated locations (upper left to lower right, Figure

17), the Yucca Mountain and northeast Jackass Flats locations

expand, respectively, to the south and southeast (Figure 17 A

aII

L

I

L
It

iI

through D). No distinctly new locations with favorable ratings I

- - N�M
IN- - -
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Figure 17. Geographic Effect of Different Upper Rating
Thresholds for Favorable Locations. Thresholds
are Given Below Each Map. Dark Areas Show
Favorably Rated Grid Cells. Weights are same as
for Figure 15.

emerge other than southern Yucca Mountain and central Jackass

Flats until all rating values above 45,000 (less than the mean

of 50,459) are shown (see histogram on Figure 15). In this

case, so much of the screening area is shown as favorable that

the discriminating effect of the threshold is reduced to

questionable value. Therefore, it appears that northern Yucca

Mountain and northeastern Jackass Flats are the only distinctly
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superior repository locations in the screening area based o,

the overall screening analysis of host-rock independent

attributes.

The histograms on Figure 15 and others later in this chap.

ter show the average, high, and low values and standard devia.

tions of geographical ratings. These numbers in conjunction

with the histograms are included to aid the reader in arriving

at personal judgments about whether appropriate thresholds were

selected for the maps of the most and least favorable locations.

Overall Host-Rock Ratings

Figure 15 also lists overall ratings for the nine alterna-

tive rock types considered in this screening. These ratings

are based solely on attributes 24-31 and are meant only to

distinguish among site-independent rock qualities. Site-

specific host-rock factors will be evaluated during the last

half of 1982 in a separate horizon evaluation activity. The

host-rock ratings presented here are only intended as general

guidelines about which rocks, independent of local conditions,

are better suited to meet the performance objectives addressed

by this screening.

Host-rock ratings are obtained by calculations performed

separately from those represented on the maps. The two sepa-

rate lists (Figure 15, lower-right) grossly distinguish between

saturated and unsaturated conditions. Both lists are based on

identical weights for attributes 24-30. However, attribute 31,
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hydraulic transmissivity, was assigned weights shown on Table 6

for saturated conditions and a weight of zero for unsaturated

conditions. These weights were assigned on the assumptions

that (1) near-field water flow is controlled by hydraulic

transmissivity and (2) this attribute is essentially unimpor-

tant in the unsaturated zone.*

For both saturated and unsaturated ratings, the four high-

est rated rock types are the same. From highest to lowest,

these rock types are: argillite, granite, the Calico Hills

Tuff, and the Crater Flat Tuff (see Table 7 for relation of

rock names used in this report to formal stratigraphic nomen-

clature). Argillite rates significantly higher than granite

and Calico Hills Tuff, which have almost identical ratings.

<_> The Crater Flat Tuff rates significantly lower for saturated

conditions than either granite or Calico Hills Tuff. Its rat-

ing is about the same as these rocks for unsaturated condi-

tions. However, ratings for argillite, granite, and Calico

Hills Tuff drop by more than 10,000 from saturated to unsatu-

rated conditions, indicating the importance of low hydraulic

*These assumptions provide the only convenient means within the
limitations of this screening to distinguish the relative
merits of saturated and unsaturated rocks. It should be
noted that these assumptions ay be overly simplistic and
result in exaggerated differences among the ratings of the
unsaturated rocks due to attributes other than hydraulic
transmissivity. If hydraulic transmissivity is, indeed, i-
portant in the unsaturated zone, the list for "Saturated"
rocks may better approximate unsaturated conditions than the
"Unsaturated" list. The separate lists should be interpreted
accordingly--especially considering that hydraulic trans-
Missivity ranks as the highest weighted attributed (Figure 8).

��=Mlmwm
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transmissivity on their ratings. The rating of Crater Flat

Tuff drops less from saturated to unsaturated conditions, indi.

cating less sensitivity to hydraulic transmissivity.

Ratings of the five lowest ranked rock types fall off

sharply from the score of the Crater Flat Tuff. In descending

order, lower ratings for saturated conditions are obtained for

the nonwelded Paintbrush Tuff, basalt, alluvium, Topopah Spring

Tuff, and carbonates. For unsaturated rocks, the Topopah

Spring Tuff and carbonates rise from rankings of eighth and

ninth to fifth and sixth, respectively. This shows the effect

of ignoring their high hydraulic transmissivities. In the

"qVP"O"

i

I

Ca±ddate Roc Units fr Screening

Alluium

Basalt

Noraelded Paintbrush Tuf f

T1popah Spzing Tuff

Calico Hills Tuff

Crater Flat Tuff

Argillite

Granite

frizaml tr-tigraphio Eq~uivalents

Tertiary and Ouaternary alluvium
(undfferenti-te)

Basalt of Kiwi Mesa
Basalt uf Skull Mountain

Psh Cnyon~ Membr, Pantbrwsh Tuff
Yucca 3ountain Member. Paintbrush Tuff
Tbpcpsh Sing Mer, Paintbrush Tuff

(nnmde upr portion)

T~oah Sing Mer, Paintbrush Tuf f
(densely welded central prtlon)

Beaded Tuffs of Calio~ Rinl
Cncamded ash-lo ortions)

Tuff of Crater Flat (Pcow Pass, Bullfrog
and ftami Mebersa ri nderlying unae
tuffs to 4000 depth)

Ela Fmat1i
(argillaous nits)

No formal rim., inferred Tertiary intrusive
beneath Calico Hills

Bonanza King Foration EHahFomtn
anc4n LUmstne, Antelope Valley ixstonem
Unae Silurian Dolates, Nevada Formai

Table 7. Relation of Rock Units Considered in Screening to
Stratigraphic Nomenclature

i
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K./opposite sense, the nonwelded Paintbrush Tuff drops from a rank

of fifth to ninth from saturated to unsaturated ratings,

indicating that its low hydraulic transmissivity accounts for a

significant portion of its saturated rating. Alluvium and

basalt generally retain low ratings for both saturated and un-

saturated conditions.

Combined Overall Host-Rock and Location Ratings

When the score of the highest rated rock type at each grid

cell is added to the location rating, a map is obtained which

shows the relative favorabilities of locations, including the

contribution of host-rock properties (Figure 18). This

combined rating of geographical and host-rock attributes is

scaled to a maximum of 100,000. It retains high scores for

northern Yucca Mountain due, in large part, to the contribution

of high ratings for the Calico Hills Tuff (Figure 7). The non-

welded Calico Hills Tuff is generally highly eolitic and oc-

curs both above and below the water table at Yucca Mountain.

Another of the more highly rated rock types, the Crater Flat

Tuff also occurs at appropriate depths (500 to 4,000 feet) at

Yucca Mountain. The Crater Flat Tuff is moderately to densely

welded, zeolitic at some depths, and entirely below the water

table. Different strata of this unit have different hydro-

logic, thermomechanical, and geochemical characteristics not

distinguished in this screening. The other potentially usable

-Wwwwww9aw
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rock type occurring at Yucca Mountain is the unsaturated,

densely welded Topopah Spring Tuff.

The area around Calico Hills (a location, not to be con-

fused with the rock type) and Upper Topopah Wash emerges on

Figure 18 as a distinct, alternative favorable location, due in

large part to the contribution of argillite, the most highly

rated rock type in the screening area. This location therefore

generally corresponds to where argillite occurs at appropriate

depths (Figure 7). Granite, the second most highly rated rock

type, also may occur beneath the Calico Hills-Upper Topopah

Wash location. However, granite does not contribute to the

overall ratings shown on Figure 18, for two reasons. First,

granite only occurs beneath the same locations as argillite;

second, only the scores of the highest rated rock type at a

given location are included in the map on Figure 18.

At northeastern Jackass Flats, the other location rated

highly for host-rock independent attributes (Figure 15), the

Crater Flat Tuff, Topopah Spring Tuff, alluvium, and basalt may

occur at appropriate depths only beneath the westernmost edge

of this location. However, none of these rock types occur

beneath a large enough portion of this location for adequate

repository development. Rocks at appropriate depths beneath

the main portion of northeastern Jackass Flats are inferred to

be interlayered tuffs and rhyolites whose presumed complexity

precluded their consideration as candidates for repository host

rocks.
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For combined host rock-location ratings, the least favor

able areas correspond to portions of the screening area whetr

no candidate host rocks occur. Similar results are obtain*;

for both saturated and unsaturated conditions, though Figure 1

only shows results for saturated conditions.

Analysis of Variance

Relative confidence in the overall ratings is, in part, i

function of the variances of the weights assigned to different

performance objectives (Table 4, column 14). Figure 19

portrays such relative confidence in the overall ratings. The

map and host-rock lists on Figure 19 were obtained by dividing

ratings obtained with Equation (3), x 0, by those obtained

from Equa- tion (5) (Figure 20). Blank areas on the map of

Figure 19 oc- cur where greater confidence can be placed in the

location ratings based on variances of the weights for

lower-level ob- jectives. Likewise, lower values on the

host-rock lists indi- cate higher confidence in the ratings.

High values (dark areas on the map) occur where the absolute

variances of grid cell and host-rock ratings are high compared

to the overall rating; therefore, relative confidence is low.

Statistically, this ratio is referred to as "relative

dispersion" 221 and, as the name implies, provides a measure

of uncertainty in a value relative to the magnitude of the

value itself.
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Therefore, Figure 19 indicates that the high ratings at

northern Yucca Mountain and Calico Hills-Upper Topopah Wash

(Figures 15 and 18) are less sensitive than most other loca-

tions due to assumptions by different individuals about the

proper weights for specific objectives. Relatively high

confidence also can be placed in the low overall ratings at

Little Skull Mountain and moderate overall ratings just west of

Fortymile Canyon. Moderate sensitivity to weighting

assumptions is indicated for the high geographical ratings at

northeastern Jackass Flats. The greatest uncertainty is

associated with a strip of land along and east of Fortymile

Wash.

Analysis of Objectives and Contributing Attributes

To determine which factors are most important in the over-

all ratings at various locations and for various host rocks,

selected subsets of objectives and attributes were analyzed

separately. The rest of this chapter will discuss these analy-

ses to determine which factors are responsible for the overall

ratings. The discussion will emphasize locations that rate

highly in the overall analysis; namely, northern Yucca Moun-

tain, northeastern Jackass Flats, and Calico Hills-Upper Topo-

pah Wash.

It bears repeating here that the overall ratings shown on

Figures 15 and 18 aggregate the effects of all screening objec-

tives and attributes. The overall ratings discussed in the

preceding section thus represent the most comprehensive



AQI k~

-76-

approximations available from this method of where in the

screening area the best and worst locations and host rocks

occur. The following analyses segregate limited portions of

the overall results for separate evaluation. Therefore, the

following results are not valid for determining by themselves

which locations or host rocks are more favorable. For this

reason, only favorable locations and host rocks based on the

overall ratings are emphasized in the subsequent discussion.

This provides a basis for comparison of their relative

strengths and weaknesses. Similar comparisons could be made

for all potential locations and host rocks in the screening

area, but this is considered unnecessary given that the overall

ratings establish which locations and host rocks warrant more

detailed consideration. In addition, the following analyses

will point out whether any poorly rated objectives or attri-

butes occur at the most favorable locations, thereby indicating

potential licensing issues.

Unless otherwise noted, the following analyses were all

performed using Equation (3) with an exponent of zero for

Pj. Identical weights as in the overall analyses were re-

tained for the objectives or attributes under investigation.

The weights of all other objectives and attributes were set to

zero (Appendix C). This allows the effects of independent rat-

ings for particular elements of the attribute-objective matrix

(Table 6) to be discerned.
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Containment Objectives

Figure 21 demonstrates that containment objectives based on

geographical attributes are best satisfied at northern and cen-

tral Yucca Mountain. These high ratings encompass a large

wedge-shaped area extending from north of Yucca Mountain,

southwest to the central part of the screening area. The rat-

ings for containment, and other upper-level objectives presen-

ted later in this chapter, are primarily the result of ratings

for certain combinations of subobjectives and attributes. To

elucidate these causes, separate analyses of selected lower-

level and middle-level objectives and combinations of attri-

butes are presented which correlate strongly with the analyses

of upper-level objectives. For the upper-level containment ob-

jective, high ratings at northern and central Yucca Mountain

are due primarily to favorable tectonic attributes (Figure 22),

though attributes which address erosional disruption of con-

tainment are not favorable there (Figure 23, Appendix B page

B-8).

The Calico Hills-Upper Topopah Wash location generally

rates low to medium for geographical attributes related to con-

tainment. This is primarily because of low ratings for attri-

butes related to faults, earthquakes (Figure 22) and inadver-

taht human intrusion (Figure 24.).

Low ratings for containment occur in a band along the lower

reaches of Fortymile hash and in two southwest trending strips

in the east-central third of the screening area. Volcanic and
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seismic attributes depress the ratings along Fortymile Wash in
southwestern Jackass Flats whereas only seismic attributes
dominate the low ratings along Rock Valley in the east-central
part of the screening area (Appendix B page B-5). Geographi.
cal attributes for containment thus enhance the relatively high
overall favorability of northern Yucca Mountain; whereas these
attributes are generally neutral for northeast Jackass Flats
and may even detract from high overall ratings at Calico
Hills-Upper Topopah Wash.

Ratings of the nine host rocks based solely on containment
objectives (Figure 21) show that for unsaturated rocks occur-
ring at Yucca Mountain, the Topopah Spring Tuff is the highest
rated, followed in order by the Calico Hills and Crater Flat
tuffs. For saturated rocks, the Crater Flat Tuff is most
highly rated at Yucca Mountain followed by the Calico Hills and
Topopah Spring tuffs. Granite and argillite are the most
highly rated rocks in the screening area for containment objec-
tives and saturated conditions. Both these rock types occur
beneath the Calico Hills-Upper Topopah Wash location, though
the presence of granite is only inferred. For unsaturated
rocks, the ranking of argillite drops to sixth while carbonates
rise to the highest rated rock type. The high rating for
unsaturated carbonates is due to their generally favorable
thermal and mechanical properties and high mineral stability
(Table 8, Table B-1, p. B-2S).

1.
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Chemical, mechanical, and hydraulic attributes are

generally well satisfied only for granite (Table 8). For

argillite, Calico ills Tuff, and Crater Flat Tuff attributes

that contribute to containment are generally favorable in the

saturated state where hydraulic transmissivity is considered

Table 8. Host-Rock Ratings Based Solely on Geomechani-
cal (numbers 24-27), Geochemical (numbers 28-
30), and Hydrological (number 31) Attributes

EOMECHAICALGE0CHELCALtiHYDROLOGICAL
AGE ROCK TYPE RATING RANK RATING RANK RATING RANK

CAlluvium 54000 6 34000 5 50000 3
0 Basalt 64000 5 33000 6 50000 3
z3 Non-welded Paintbrush Tuff 54000 6 34000 5 80000 2
> Topopah Spring Tuff 73000 4 4200 4 10000 4

/ Calico Hills Tuff 54000 6 70000 1 10000C 1
Crater Flat Tuff 73000 4. 47000 3 8000 2

M Granite 74000 3 52000 2 10000 1
o Argillite 78000 2 70000 1 10000 1

o Carbonate 83000 000 7 1 00007 4

(Figure 21, Table 8). However, the Calico Hills Tuff is

significantly less highly rated for containment when hydraulic

transmissivity is ignored for the unsaturated state. This

lower rating is due to generally low thermal conductivity, poor

mineral stability, and contraction upon heating. Argillite

also has abundant unstable minerals which may dehydrate and

contract upon heating, but its thermal conductivity is gene-

rally favorable. Unsaturated Topopah Spring Tuff has highly
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rated thermal and mechanical properties for containment;

(Table 8). It's chemical attributes are moderatly favorable.

However, its hydraulic transuissivity is very high and hence of

low favorability, explaining its higher rating for unsaturated

conditions. The Crater Flat Tuff is moderatly favorable for

both chemical and mechanical attributes that influence contain-

ment, and accordingly rates moderately high for containment

(Figure 21).

Isolation Objectives

For isolation objectives high ratings occur at northern

Yucca Mountain, Calico Hill-Upper Topopah Wash, and northeast

Jackass Flats (Figure 25). The high ratings at the latter two

locations are due in large part to favorable hydrologic attri-

butes (Figure 26); whereas tectonic (Figure 22) and human

disturbance (Figure 24) attributes are significant in the high

isolation ratings at northern Yucca Mountain and northeastern

Jackass Flats. Low ratings for isolation objectives occur pri-

marily along Fortymile Wash in western Jackass Flats due to a

combination of unfavorable tectonic, human disturbance, and

hydrologic attributes (Figures 22, 24, and 26). Seismic con-

cerns depress isolation ratings to low values near Wahmonie

*This screening does not account for lithosphysal cavities which
are common in the Topopah Spring Tuff. These cavities may
make thermal and mechanical properties less favorable than
assumed in this analysis.
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Pass (Appendix B, page B-S), while geomorphic disruption

detracts from isolation potential at northern and central Yucca

Mountain, Calico Hills-Upper Topopah Wash, Skull and Little

Skull Muntains, and the Specter Range-Striped Hills area

(Figure 23). This latter location and adjacent Rock Valley are

also poorly rated for hydrologic attributes which contribute to

isolation (Figure 26).

Of the nine candidate host rocks, the Calico Hills Tuff and

argillite are by far the most highly rated for isolation objec-

tives under both saturated and unsaturated conditions

(Figure 25). These rock types occur, respectively, at northern

Yucca Mountain and Calico Hills-Upper Topopah Wash (Figure 7).

These high ratings are due primarily to excellent hydrologic

and geochemical properties for both rock types (Table 8). Car-

bonates rate lowest of the nine rock types for isolation,

reflecting their generally poor hydrologic and geochemical

properties (Table 8). For the same reasons, the Topopah Spring

Tuff also rates low for isolation objectives. Granite rates

relatively high for saturated conditions, but ranks sixth out

of the nine rock types for unsaturated conditions. The rest of

the rock types are all moderately favorable for isolation under

saturated and unsaturated conditions. It should be noted that

the isolating qualities of a particular rock type may be

employed by a repository, even if the repository is not con-

structed in that rock type. This situation is possible if the
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rock type in question occurs along flow paths between the bio.

sphere and a repository in another rock type.

Long-Term Safety Objectives

If containment and isolation objectives are combined, a

rating of locations and host rocks is obtained that addresses

the multiple barrier concept for the long-term safety of repos-

itories (Figure 27). These ratings show that, based on host

rock-independent attributes, northern Yucca Mountain is the

location with greatest potential for protecting humans from the

long-term hazards associated with repositories. At Yucca Moun-

tain the most favorably rated rock type for long-term safety is

clearly the Calico Hills Tuff, with the Crater Flat Tuff a

strong second, and the Topopah Spring Tuff significantly less

desirable. Argillite, which occurs at the Calico Hills-Upper

Topopah Wash location, ranks as the best of the nine rock types

for ensuring long-term safety, though this location rates only

moderate to high for geographical attributes. Western Jackass

Flats, Rock Valley, Skull Mountain, and Little Skull Mountain

are least desirable for long-term safety, independent of

host-rock properties.

Long-term safety depends on satisfactory performance with

respect to both expected natural processes and possible dis-

-ruptive events. Therefore, it is instructive to consider

separately the contribution of each of these facets of long-

term risk.
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Untoward events are least likely at the northern and cen-
tral portions of Yucca Mountain (Figure 28). The size, shape
and location of the high, intermediate, and low-rated portions
of Figure 28 are almost identical to the similarly rated loca-
tions for containment objectives (Figure 21). This indicates
that a dominant factor for containment qualities of locations
is the potential for disruptive events. Therefore the rela-
tively high possibility of disruptive events is the dominant
discriminating factor for low containment ratings at Calico
Hills, western Jackass Flats, and Skull Mountain (Figure 21).

On the other hand, benign processes affecting radionuclide
migration (Figure 29) correlate strongly with isolation quali-
ties of locations (Figure 25). This is shown by the high rat-
ings for both at Calico Hills-Upper Topopah Wash and at north-
eastern Jackass Flats. Similarly, the dominant factors for low
isolation ratings in western Jackass Flats and Striped Hills
are processes that jeopardize slow migration of wastes toward
the biosphere.

Operational Objectives

Figure 30 shows location and host-rock ratings for con-
struction objectives. The most suitable locations are general-
ly limited to flat areas with low potential for flooding. A
large, highly rated area is aligned along the low relief,
flood-free zones parallel to the lower reaches of Fortymile
Wash. Smaller, highly rated locations occur in eastern Crater
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Flat, in northeastern Jackass Flats, and just east of the

northern portion of Yucca Mountain. Poorly rated locations for

construction correspond to major floodways and rugged moun-

tainous terrain, including most of northern Yucca Mountain and

Calico ills-Upper Topopah hash. Thus, construction objectives

tend to detract from the high overall ratings for northern

Yucca Mountain and Calico ills-Upper Topopah Wash. however,

favorable conditions for construction contribute substantially

to the high overall ratings at northeastern Jackass Flats and

in the small valleys nestled within the southern Yucca Mountain

area (Figure 15).

Objectives for surface and subsurface facilities are suf-

ficiently different that these two branches of the tree were

analyzed separately. Surface facility ratings (Figure 31)

correlate well with ratings for terrain and flooding attributes

(Figure 23) and are almost identical to ratings for the entire

construction branch of the objectives tree (Figure 30).

In contrast, rock-type independent ratings for underground

facilities (Figure 32) are strongly influenced by tectonic

(Figure 22) and rock-dip attributes (Appendix B, page B-7).

For underground facilities, northern Yucca Mountain, eastern

Crater Flat and western Little Skull Muntain rate highly. Low

ratings occur along a strip of land from Calico Hills-Upper

Topopah hash through western Jackass Flats to Lathrop Wells, as

well as throughout the southeast corner of the screening area.

-~~~~~~~~~~ Sy e WZNVr _4V ,I7
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Because these ratings differ considerably from the total con.

struction ratings, geographical ratings for the construction

branch of the objectives tree are not significantly influenced

by subsurface facilities.

Significant differences occur between construction ratings

for saturated and unsaturated host rocks (Figure 32).

Carbonates received a maximum possible rating of 100,000 and

rank first for unsaturated conditions, but drop to a rank of

fifth out of nine for saturated conditions. For rocks avail-

able at Yucca Mountain, the Topopah Spring Tuff drops similarly

from a rank of second to sixth, for unsaturated and saturated

conditions, respectively. In the opposite sense, the Crater

Flat Tuff ranks higher for saturated conditions, though its

rating is about the same in both cases. Unsaturated Calico

Hills Tuff ranks lowest of the nine rock types for construction

and next to lowest for saturated conditions. Argillite rates

fifth and sixth, respectively, for saturated and unsaturated

conditions. All saturated rocks except alluvium receive a

rating better than 50,000, whereas four of nine unsaturated

rocks score less than 50,000.

These ratings are based only on thermal conductivity, com-

pressive strength, mineral stability, and hydraulic trans-

missivity (the latter for saturated ratings only). It again

should be noted that host-rock ratings do not account for

depth-dependent factors such as in situ stress, in-situ temper-

ature, and access costs; nor is rock competence as a function

I .__
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of local fracturing or lithophysal cavities considered. As a

result, actual suitability for mining a repository in the

various host rocks is likely to vary somewhat from the rankings

presented here.

Environmental Objectives

Figure 33 shows that environmental objectives are best

satisfied in three locations, from north to south: Calico

Hills-Upper Topopah Wash, northeastern Jackass Flats, and Skull

Mountain. The high ratings at the two former locations are due

to low potential for disturbance of groundwater quality (Figure

28; Appendix B page B-12) and sensitive biotic or cultural

resources (Figure 34). The latter location at Skull Mountain

is generally favorable only because of biotic and cultural

resources (Figure 34). Smaller favorable areas occur at Little

Skull Mountain, on the Striped Hills, and along a few ridge

tops in eastern Yucca Mountain due primarily to low air

pollution potential.

The least favorable locations from an environmental per-

spective are south and west of the NTS boundary and north of

Yucca Mountain along Yucca Wash. Institutional factors are

paramount in depressing the ratings outside the NTS. It is

apparent that environmental attributes detract from the high

overall ratings at portions of northern Yucca Mountain of f the

NTS, but enhance the high ratings at Calico Hills-Upper Topopah

Wash and northeastern Jackass Flats.
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By combining construction and environmental objectives, a

rating of various locations is obtained with respect to

short-term operational concerns (Figure 35). Tnis figure

confirms that high overall ratings for northern Yucca Mountain

and Calico Hills-Upper Topopah Wash are not greatly influenced

by short-term objectives. However, short-term objectives

contribute substantially to high overall ratings at northern

Jackass Flats.

Assessment of Low Attribute Favorabilities

For all the foregoing analyses, weighted favorabilities of

several or even many attributes were added to obtain ratings

for various locations and host rocks. This process tends to

mask the effects of attributes with very low weights. However,

even if an attribute is considered to be of relatively minor

importance (i.e., has a low weight), it might become an issue

of concern in licensing hearings if. its favorability is quite

low. To determine where attributes with both low favorabili-

ties and low weights occur, te overall results shown on Figure

15 were reanalyzed using Equation 3 with an exponent of 3 for

F. (Figure 36).

If an attribute has a low favorability and a high weight,

it will depress the ratings of pertinent locations and host

rocks below the ratings for the nominal case where an exponent

of zero is used in Equation 3 (Figure 15). Therefore, loca-

tions or host rocks which rate relatively low on Figure 36 but

A - -- ~ ~ ~ ~ ~ ~ ~ ~ ~ -Lm I F W -
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high on Figure 15 are characterized by at least one unfavorable

attribute, presumed to be of minor importance. These locations

are displayed in Figure 37, which is a map of the ratio of rat-

ing scores from Figure 15 to those from Figure 36. Higher

ratios on Figure 37 (dark areas on the map, higher rating num-

bers on the host-rock lists) correspond to locations or host

rocks which are most sensitive to exaggerated weights for low

favorability attributes.

The map on Figure 36 indicates that northern Yucca

Mountain, Calico Hills-Upper Topopah Wash, eastern Crater Flat,

the area just west of Fortymile Canyon, a strip along northern

Fortymile Wash, Skull Mountain, Rock Valley, the Specter Range

and a strip from Mid-Valley to central Jackass Flats are all

characterized by one or more potentially sensitive geographical

attributes. These attributes depress rating skres most

significantly only at northern Yucca Mountain, eastern Crater

Flat, the west wall of Fortymile Canyon, and isolated spots

throughout the rest of the screening area (Figure 37). Yucca

Wash, northeastern Jackass Flats and central Jackass Flats, on

the other hand, are least affected by exaggerated weights for

low attribute favorabilities. The favorable location of over-

all ratings, including host-rock attributes, at Calico Hills-

Upper Topopah Wash is only moderately affected by low favorabi-

lities for geographical attributes (Figure 37).

Scanning Appendix B, pages B-1 to B-23, reveals that the

only poorly rated geographical attributes (favorability of 1 or

-MI-W --% Vt I I -
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less) at northern Yucca Mountain are terrain ruggedness (page

B-10), the proximity of the eastern portion of the location to

the accessible environment (page B-14) and the land-use status

of the southern portion (page B-22). At Calico Hills-Upper

Topopah Wash the potentially sensitive attributes are faulting

(pages B-2 and B-3), rock dips (page B-7), terrain ruggedness

(pages B-10), potential mineral resources (page B-ll), floral

species (page B-16), and cultural resources (page B-20). For

these two locations, issues associated with these attributes

should be carefully assessed before accepting their favorable

ratings as indicative of suitability for a repository.

For host rocks, high sensitivity to low attribute

favorabilities is indicated for the Calico Hills Tuff and

moderate sensitivity for argillite and carbonate (Figures 36

and 37). Inspection of attribute values on Table B-1 (page

B-25) and associated favorability graphs (page B-26) clearly

points to mineral stability and associated contraction upon

heating as topics of concern for argillite and Calico Hills

Tuff. Low compressive strength as a factor in mining may also

be of concern for these two rock types which rate so highly for

long-term safety. Hydraulic transmissivity of the Topopah

Spring Tuff and carbonates also needs careful assessment before

seriously considering these rock types for use as a repository

host.
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CHAPTER 4. SUMMARY OF RESULTS AND CONCLUSIONS -

Summary of Analytical Results

The screening results shown in Chapter 3 are summarized in

this chapter by comparing 15 alternative locations (Figure 38)

and nine host rocks. The locations were selected with some

discretion. Their boundaries generally correspond to areas

where distinct clusters of grid cells rate similarly on most of

the individual analyses presented in Chapter 3. The loca-

tions are thus defined primarily by the results of the screen-

ing analyses rather than by more arbitrary criteria established

prior to the analyses. The boundaries are not rigidly

defined. They are meant to be flexible and are shown only to

provide an approximate guide as to where somewhat homogeneously

rated locations occur.

The host-rock comparisons in this chapter are made only

with the caveat that they are site-independent. Site-specific

rock attributes such as in situ stress, in situ temperature,

local fracture density, and local mineralogy were not evalua-

ted. Such local attributes are being used in the horizon eval-

uation activity of the NNWSI, scheduled to select at the end of

1982 one or more stratigraphic horizons for later exploration

and testing from the base of an exploratory shaft.

Location Comparisons

Table 9 shows how each of the 15 locations (Figure 38)

rates with respect to 19 separate screening analyses (Figures
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ALTERNATIVE LOCATIONS

A AMARGOSA DESERT

B STRIPED HILLS-SPECTER RANGE

C EASTERN CRATER FLAT

D CENTRAL-SOUTHERN YUCCA

MOUNTAIN

E WESTERN JACKASS FLATS

F ROCK VALLEY

G LITTLE SKULL MOUNTAIN

H SKULL MOUNTAIN

I EASTERN JACKASS FLATS

J NORTHERN YUCCA MOUNTAIN

K CENTRAL JACKASS FLATS

L NORTHEASTERN JACKASS FLATS

M YUCCA WASH-FORTYMILE CANYON

N CALICO HILLS-UPPER TOPOPAH WASH

0 KIWI MESA-MID VALLEY PASS
._

Figure 38. Approximate Boundaries of 15 Alternative
Locations for Repositories in SW NTS and
adjacent areas.
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Table 9

Summary of Location Ratings
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15, 18, 19, 21-35, and 37). Each location is assigned to one

of five rating categories: high; high-and-medium; medium;

medium-and-low; and low. These categories indicate which of
Akoli

the three rating levels shown on the maps in Chapter 3 are

predominant at each of the locations. The "high" rating
Over

category on Table 9 is reserved for locations where all or most

grid cells rate high on the maps. The "high-and-medium" coaic

category indicates that about equal numbers of grid cells rate

both high and medium on the corresponding map. "Medium",
tbec

"medium-and-low", and "low" categories are defined in the same

manner.

The three rating levels which discriminate among grid cells

on the maps in Chapter 3 are thus combined on Table 9 into five
Attr

rating categories for alternative locations. The increase in

the number of rating categories is necessary because the loca-

tions compared in Table 9 are composed of many grid cells, some

of which have differing ratings on individual maps in Chapter 3.

The weight attributed to each individual analysis is shown

graphically at the bottom of Table 9 and listed in Table 10.

The weights represent the proportional contribution of separate

analyses to a weight of 100 percents for the entire array of

*Note the column labeled "Overall Analysis (with Host Rocks)"
has a weight of 93.66 percent. Though this overall analysis
accounts for the total weight assigned to all objectives and
attributes used in screening, its weight is less than 100 per-
cert because objectives 3.1.4, 3.2.6, 4.3.1, 4.3.2, and 4.4.1
(which together account for 6.34 percent of the total weight of
100 percent for attribute-objectives tree, Tables 4 and 6),
have no pertinent attributes. Thus zero weight is attributed
to each of these objectives and their combined weight is sub-
tracted from the maximum possible weight of the overall
analysis.
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MOST-Q ANALYSES
LaATIN
ANALYSES Saturated Unsaturated

Aalysis type Reference Analysis Title Weight Rank Weight Rank Weight Rank
in Text (% of Total) (% of Total) (I of Total)

Overall Figure 19 Overall(with host rock) 93.66 1 NA Nh Nh NA
Figure 17 Overall(witut host rodc) 52.42 2 41.24 1 26.77 1

Confidence Figure 20 Cnfidence bed on weights 52.42 2 41.24 1 26.77 1
Figure 33 Sensitivity to low favorabilities 52.42 2 41.24 1 26.77 1

Figure 24 Long-Term Safety 28.40 3 36.60 2 23.85 2
Figure 31 Near-Term Concerns 24.01 4 4.64 5 2.93 5
Figure 26 Disruptive Events 21.83 5 NA NFL NA NX
Figure 27 torstrution & oratior 17.50 6 4.64 5 2.93 5

3bjectives Figure 23 Isolation 17.05 7 16.95 4 12.79 3
Figire 22 Containnent 11.35 8 19.65 3 11.05 4
Figure 25 Contaimint & Isolation Processes 6.58 9 36.60 2 23.85 2
Figure 29 Utderrocd Facilities 6.55 10 4.64 5 2.93 5
Figure 30 Envirorrent 6.51 11 NA N NA NN
Figure 28 Surface Facilities 5.40 12 NM Nk NA Nk

Figure 36 Geologic-Surface Attributes 15.92 I-A NW NA N NA
Figre 35 Tectonic Attributes 15.37 2-A NA NA NA NA
Table 6 Geodenical Attributes SA NA 14.64 1-A 14.64 1-A
Table 6 Hydrologic Attributes(Host Fbck) NA NA 14.47 2-A NA Na

Attributes Table 6 Geonedanical Attributes Ni Na 12.14 3-A 12.14 2-A
Figure 34 Hydrologic Attributes geograptic) 12.00 3-A Nk Nh NA NA
Figure 38 Enviromnental Attributes 5.47 4-A Nk Nh N Nk
Figure 37 Humn Disturbance Attributes 4.96 5-A NA NA NA NA

Table 10. Weights Attributed to Separate Screening Analyses.
Ranks Based on Weights are Shown Separately for
Analyses of Objectives (Including Overall and
Confidence Analyses) and for Analyses of Attributes
(Numbers with "A" Following)

attributes and objectives (Tables 4 and 6). Accordingly, the

relative importance of individual analyses to the overall

screening can be ascertained from the weights shown on Tables 9

and 10.

- Table 9 groups the analyses from Chapter 3, first, accord-

ing to their type (i.e., analyses of objectives, atrributes,
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and confidence) and, second, within each type, according to

their weights. High to low weights are arranged from left to

right, respectively, for each group of analyses. The locations

on Table 9 are arranged from top to bottom according to the

highest to the lowest rated, respectively. However, the order

is only approximate. Some interpretation is required to deter-

mine whether a location with, for example, a few high ratings

and many low ratings should be ranked above or below one with

no high ratings but only a few low ratings.

Table 11 summarizes the number and total weight of high,

high-and-medium, medium, medium-and-low, and low ratings for

each location from the first 12 columns of Table 9. This pro-

vides a total hybrid weight* for each rating category and loca-

tion. The analyses for which weights were summed are

restricted to the first 12 columns of Table 9, i.e., overall

analyses and analyses of objectives, to maintain the logic of

the objectives tree in comparing alternative locations. The

remaining columns of Table 9 can be scanned to glean,

respectively, which groups of attributes contribute to the high

or low ratings of each location and how much confidence can be

placed in these ratings.

*A total hybrid weight of 219.21 percent is associated with the
first 12 columns in Table 9. This weight is greater than the
total weight of 100 percent associated with the entire
attribute-objectives matrix (Table 6). The term "hybrid"
addresses the fact that some atrribute-objective intersections
on Table 6 and their associated weights contribute to two or
more of the 12 analyses summarized on Table 11 (see Appendix C
for weights used for individual analyses).
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AND Am am wm w z5 aImL casm w

High Hic~ & Kad1um M in & Lw

ID=. N. .d~l N. .eSh g . Wegh N . WOt N. WA

orthern Y Mtain 6 178.79 1 52.42 2 30.59 3 29.41 0 -0-

Nrtheastern Jadass Flats 4 82.56 2 41.51 5 73.48 1 93.66 0 -0-

Ch1{ia Mi11a-User IPah Kash 3 30.14 2 122.06 1 52.42 3 39.68 3 46.91

.ster1 Crater Flat 1 6.55 S 105.91 S 172.24 0 O - 1 6.S1

Central-Soutbarn Yua Mountaini 0 -0- 6 16.97 3 86.22 2 30.S2 1 17.5_0

Fartlmne Y h 0 -0- 4 78.S8 58.97 4 112.15 2 41.51

1MWE Desert 0 O 0- 3 46.91 3 1S7.38 4 73.83 2 13.09

Westcrn Jackss Flats 0 -0- 3 46.91 2 100.17 2 74.25 S 69.88

Little SIuw blmntain 0 -0- 2 13.06 3 117.29 3 63.71 4 97.S

Kild Mesa-Mid Valley Pass 0 -0- 3 30.14 0 -0- 120.S50 4 140.57

entral Jacass Flats 0 O 4- 0 O - 10 216.96 2 74.25 0 -0-

Easten Jackass Flats 0 -0- 0 - O 3 19.64 2 271.57 0 -

RF Valley 0 O- 0 -0- 1 6.51 9 1S2.64 2 122.06

0tr4 Hi11s-Secter Ewye 0 -0- 0 2 33.13 3 52.03 7 206.05

Skull n 1 6.S1 0 -0- 2 23.60 2 33.13 7 227.97

Table 11 Rank of Locations (Top to Bottom) Based on the
Number and Weights of High, High-and-Medium, Medium,
Medium-and-Low, and Low Ratings for Analyses of
Objectives

Table 11 indicates that northern Yucca Mountain and north-

eastern Jackass Flats are cearly the most highly rated loca-

tions, if host-rock atrributes are not considered. Especially

for northern Yucca Mountain, a significant proportion of the

total hybrid weight occurs in the highest rating category.

Most of the remainder of the weight is attributed to the second
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highest category. Neither of these locations rates low for any
of the 12 analyses considered in Table 11.

Northern Yucca Mountain and northeastern Jackass Flats
rate high for somewhat different reasons. Northern Yucca
Mountain is generally favorable for objectives and attributes
which address long-term protection of humans from radionuclide
contamination. Northeastern Jackass Flats, on the other hand,
generally rates more highly than northern Yucca Mountain for
near-term operational and environmental objectives.

In particular, high ratings at northern Yucca Mountain
include those for long-term safety, isolation, containment, and
low likelihood for disruptive events (Table 9). Supporting
attributes which address tectonic stability and the potential
for human intrusion are likewise rated highly. Moreover, only
northern Yucca Mountain rates in the highest category for over-
all ratings which include host-rock attributes. However,
generally lower ratings are obtained for near-term surface con-
cerns, in particular for construction and operations of surface
facilities and for environmental objectives. High confidence
is obtained for this location based on the range of assumptions
about the proper weights for various objectives. However, some
sensitivity is indicated to potentially disqualifying attri-
butes, particularly land use and, for the eastern part, proxi-
mit* to the accessible environment.

Hydrological and terrain attributes are generally more
favorable at northeastern Jackass Flats than northern Yucca
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Mountain, reflecting associated higher ratings for, respec-

tively, long-term containment, isolation processes, and near-

term construction (Table 9). The only lower ratings at

northeastern Jackass Flats are for the overall analysis which

includes host-rock attributes. This points to a potential

insurmountable flaw for this location; namely, the lack of a

candidate host-rock. Interlayered tuffs and rhyolites are the

inferred rock types underlying this location. Presumed com-

plexity of these rocks was responsible for eliminating them

from evaluation in this screening. In order for this location

to be considered a viable alternative for repository siting,

the containment, isolation, and mining qualities of these com-

plex rocks will need to be carefully assessed.

The next most highly rated group of locations after nor-

thern Yucca Mountain and northeastern Jackass Flats include in

order: Calico Hills-Upper Topopah Wash, eastern Crater Flat

and central-to-southern Yucca Mountain. These locations rate

less favorably than the top two, but all have significant

weights assigned to high and high-to-medium ratings (Table

11). Accordingly, these locations thus also exhibit some rela-

tively favorable conditions for repository siting. However,

they all have low or low-to-medium ratings for a substantial

portion of the total hybrid weight considered in Table 11.

Therefore, potential drawbacks for siting a repository at these

locations are indicated.
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Calico Hills-Upper Topopah Wash exhibits high ratings for

isolation and expected processes, and high-and-medium ratings

for long-term safety (Table 9). These ratings are related to

generally favorable hydrologic attributes, due in large part to

the presence of low-permeability argillite. This rock type,

the most highly rated in the screening area, is also highly

sorptive. The occurrence of argillite and perhaps granite, the

second-most highly rated rock type, beneath Calico Hills-Upper

Topopah Wash is responsible for high-and-medium overall ratings

when host-rock attributes are included. Thus, when host-rock

attributes are included, this location rates second, behind

northern Yucca Mountain, as the most favorable for repository

siting (Table 9). Though environmental objectives are well

\. ,satisfied at Calico Hills-Upper Topopah Wash, low ratings for

construction of surface facilities result in generally unfavor-

able near-term concerns. This is due primarily to low ratings

for surface geologic and terrain attributes (Table 9). Gene-

rally low ratings also occur for tectonic attributes at this

location, a fact that is instrumental in depressing its favor-

ability for containment and underground construction objectives.

For eastern Crater Flat, a lower proportion of the total

hybrid weight is attributed to both high and low ratings than

for Calico Hills-Upper Topopah Wash. As a result, most of the

hybrid weight occurs in the medium rating category. This loca-

tion rates most highly for near-term concerns including both
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surface and underground facilities and human disturbance attri-

butes. Low ratings are expressed only for environmental objec-

tives and attributes (Table 9).

Central-southern Yucca Mountain, on the other hand, rates

most highly for tectonic attributes and associated objectives

for containment, isolation, avoidance of disruptive events, and

benign expected processes. However, it rates relatively low

for environmental objectives and attributes and for near-term

operational objectives.

The next lower ranked group of locations are from higher

to lower rank: the area from Yucca Wash to Fortymile Canyon;

the Amargosa Desert; western Jackass Flats; Little Skull

Mountain; and the Kiwi Mesa-Mid Valley Pass area. For these

locations no analyses rate high and only a few with low weights

yield high-and-medium ratings (Table 11). Though most ratings

are medium, significant weights are also associated with

medium-and-low and low ratings.

Ranked below Kiwi Mesa-Mid Valley Pass are central Jackass

Flats and eastern Jackass Flats. These locations are somewhat

unusual in that they exhibit only two rating categories, medium

and medium-to-low (Tables 9 and 11). For central Jackass Flats

the overwhelming proportion of ratings are medium, whereas

medium-to-low ratings dominate eastern Jackass Flats (Table 11).

The lowest ranked locations in the screening area are

clearly Rock Valley, the Striped Hills-Specter Range, and Skull
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Mountain (Table 11). Rock Valley is predominantly charac-

K.-terized by medium-to-low ratings and the last two locations are

dominated by low ratings (Tables 9 and 11). All locations

ranked below central-southern Yucca Mountain are not prime

candidates for siting a repository based on this screening,

therefore the reader is referred to Table 9 without further

discussion to interpret which objectives and attributes

contribute most to their ratings. [
FOR
COLU'
LASE

Host-Rock Comparisons

Tables 12 and 13 summarize the results of 10 separate

analyses of the nine candidate host rocks. These tables were

compiled in the same way as Tables 9 and 11, but for only those

analyses from Chapter 3 which include host-rock attributes

w (Figures IS, 19, 21, 25, 27, 37 and Table 8). Major column

headings in Table 12 and 13 distinguish saturated and unsatu-

rated analyses of selected sets of objectives. Table 12 has

additional columns for analyses of selected sets of host-rock

attributes.

On Table 13, as on Table 11, only the weights attributed to

the overall analysis and analyses of objectives are summed to

obtain the hybrid weights. The total hybrid weight for Table

13 is 119.08 percent for saturated conditions and 77.39 percent

for unsaturated conditions.* Only three rating categories are

*The lower weight for unsaturated analyses reinforces the argu-
ment made in the footnote on page 69 that saturated ratings may
approximate host-rock ratings better than unsaturated ratings;
even for unsaturated conditions.
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Table 12.

Summary of Host-Rock Ratings

used in Tables 12 and 13, compared to five categories in Tables

9 and 11. This is because only one rating number is assigned

to each rock type for each analysis; therefore, combined high-

and-medium and medium-and-low categories are not necessary.
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Akgillite 4 34.44 1 4.64 0 -0- 1 1 3 63.41 1 11.05 1 2.93

Granite 4102.131 16.950 -0- 2 2 2 13.982 50.62 1 12.79

Caic 111s Tff 3 94.79 2 24.290 -0- 3 4 1 12.79 2 50.62 2 13.98

PraterFiatTuff 2 24.29 3 94.790 -0- 4 3 1 2.93 4 74.460 -0-

-welded Paintb Tff 0 -0- 5 119.W 0 -0- 5 6 0 -0- 1 11.05 4 66.34

Basalt 0 -0- 4 102.13 1 16.95 6 5 1 2.932 37.2 2 36.64

Auvi= 0 -0- 4 102.131 16.95 6 6 0 -0- 1 11.05 4 66.34

Crtoates 0 -0- 2 24.29 3 94.79 7 2 2 13.982 50.62 1 [2.79

1bpcpahSjringTuff 0 -0- 2 24.293 94.79 7 2 2 13.9 2 50.621 12.79

Table 13

Rank of Saturated and Unsaturated Host Rocks Based on the
Number and Weight of High, Medium, and Low Ratings for Analyses
of Objectives (Table 12, Columns 1-5, for Saturated Rocks, and

Columns 8-12 for Unsaturated Rocks)

Saturated Rankings

Argillite, granite, and Calico Hills Tuff are clearly the

most highly rated saturated rocks (Table 13). These rock types

are all dominated by high ratings with only small weights ex-

pressed by medium ratings. They are also the only three rock

types that rate high for the overall analysis of saturated con-

ditions (Table 12). Argillite and granite rate high for all



-121-

sets of objectives except underground construction (argillite)

and isolation (granite), for which they rate medium. The

Calico Hills Tuff rates high for all but two sets of objec-

tives, containment and underground construction, for which it

rates medium. The ratings of these rocks for objectives is re-

flected in their ratings for attributes. Argillite rates high

for all attribute types: geomechanical; geochemical; and hy-

drologic. Granite rates high for geomechanical and hydrologic

attributes but medium for geochemical attributes explaining, in

part, its medium rating for isolation. On the other hand, med-

ium ratings for geomechanical attributes of the Calico Hills

Tuff associates with its medium rating for containment and

underground construction; whereas high ratings for geochemical

and hydrologic attributes associate with high ratings for

long-term safety and isolation.

The next highest rated rock type, the Crater Flat Tuff, has

low weight attributed to high ratings, and much weight to med-

ium ratings. It rates high for containment and underground

construction reflecting generally high ratings for hydrologic

and geomechanical attributes (Table 8). Medium ratings for

geochemical attributes contribute to its medium ratings for

long-term safety and isolation objectives.

Following in decreasing order of favorability is the non-

welded Paintbrush Tuff with all weight assigned to medium rat-

ings. Nonwelded Paintbrush Tuff rates medium for all analyses
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of objectives for saturated conditions and for all attributes
exept geochemical for which it rates low.

Saturated basalt and alluvium rank next with the total
weight distributed among medium and low ratings, medium ratings

dominant. They both rate medium for all objectives except iso-
lation, for which they rate low. This reflects low ratings for
geochemical attributes and medium ratings for geomechanical and
hydrologic attributes.

The Topopah Spring Tuff and carbonates reverse the weight
distribution among medium and low ratings of alluvium and
basalt and, as a result, rank lowest for saturated conditions.

Carbonates and Topopah Spring Tuff both exhibit relatively poor
geochemical and hydrologic attributes accounting for their low
ratings for long-term safety and isolation objectives, as well
as their overall low ratings.

Unsaturated Rankings:

The ranking of unsaturated rock types is significantly dif-
ferent than for saturated rocks. Though argillite and granite
retain, respectively, their first and second place ratings, the
Topopah Spring Tuff and carbonates join granite as the second

highest rated rocks. These are followed in order by the Calico

Hills Tuff and Crater Flat Tuff. Which of latter two rock

types should be ranked third and which fourth depends on how
one interprets the tradeoff between the higher weights for both

high and low ratings of the Calico Hills Tuff and the higher

IN-90MORMPP. 
1~-I_w, _ _
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weight of medium ratings for the Crater Flat Tuff. In descend-

ing rank for unsaturated conditions, the remaining rock types

are: basalt, ranked fifth; and alluvium and nonwelded Paint-

brush Tuff, ranked sixth or last.

Though carbonates and Topopah Spring Tuff rate equal for

unsaturated conditions, it should be noted that the relatively

impermeable, sorptive Calico Hills Tuff lies between the

Topopah Spring Tuff and the water table, whereas no such

barrier exists beneath the unsaturated carbonates. Other cav-

eats for interpreting the rankings on Table 13 are that unsatu-

rated granite, and saturated, nonwelded Paintbrush Tuff

probably do not occur in the screening area at the depths con-

sidered (Figure 7). In addition, unsaturated Crater Flat Tuff

may not be sufficiently thick (- 100') except in the southwes-

ternmost portion of the screening area. Also, at the possible

expense of redundancy, the reader is reminded that the unsatu-

rated ratings do not give any weight to hydraulic transmissi-

vity (a measure of rock's permeability) and thus may exaggerate

the importance of nonhydrological properties.

Conclusions

The analytical results presented in Chapter 3 and summa-

rized in the previous section indicate that the screening area

divides naturally into about three categories with respect to

favorability for siting a repository. The first category is
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composed of locations generally favorable for repository sit-
ing. These three locations are, in the order of their relative
favorability: northern Yucca Mountain, northeastern Jackass
Flats, and Calico Hills-Upper Topopah Wash. They offer the
lowest risks, based on the assumptions of this screening
method, that fully characterized sites within them will ulti-
mately prove unsuitable for a repository.

These three locations are distinguished by (1) whether or
not they are underlain by a favorably rated rock type or types
and (2) by how they rate when the host-rock attributes are not
considered. Only northern Yucca Mountain rates high both for
host-rock independent and host-rock attributes. Two highly
rated rock types occur at appropriate depths and in sufficient

thickness at northern Yucca Mountain (Figure 7). These are the
saturated or unsaturated Calico Hills Tuff and the unsaturated
Topopah Spring Tuff. Though only moderately rated, the satu-
rated Crater Flat Tuff also occurs at this location.

Northeastern Jackass Flats rates high for host-rock inde-
pendent attributes, though no rock type analyzed in this
screening occurs beneath a sufficiently large portion (about
2000 acres) of this location. Therein lies its distinguishing

characteristic. For northeastern Jackass Flats to be seriously

considered as a possible candidate for site characterization, a
preliminary assessment would be required of the expected per-
tormance of complex, nterlayered tuffs and rhyolites as a
repository host.

3W
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The third generally favorable location is in and around

Calico Hills and Upper Topopah Wash. Though this location

rates only moderate for host-rock independent attributes, it is

underlain by argillite, the most highly rated rock type, and

perhaps by granite, the second most highly rated rock type.

Because high ratings are obtained only when host-rock attri-

butes are considered, this location is distinguished as a third

type of favorable location. The relative contribution of

host-rock and geographical attributes to overall repository

performance must be assessed more rigorously than done by this

screening before Calico Hills-Upper Topopah Wash is targeted

for full site characterization.

The second general category of locations rates intermediate

and includes eastern Crater Flat, central-to-southern Yucca

Mountain, Fortyile Canyon-Yucca Wash, the Amargosa Desert,

western Jackass Flats, Little Skull Mountain, Kiwi Mesa-Mid

Valley Pass, and central Jackass Flats. These locations

generally rate moderate with respect to most objectives and

attributes. They may or may not be viable alternatives to the

three most favorble locations depending on the level of risk

willing to be assumed with regard to obtaining a license for

fully characterized sites.

The third and last category of locations is rated low in

this screening. Locations in this category include eastern

Jackass Flats, Rock Valley, the Striped Hills-Specter Range,

and Skull Mountain. These locations appear to present more
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potential obstacles to obtaining a repository license than the

locations which rate moderate and, especially, those that rate

high.

The design of this screening method does not allow

assessments of suitability with respect to licensing criteria

for any of the locations. Therefore, the ranking of location

presented in this Chapter is only relative. The rankings are

not meant to imply that any of the locations are, in fact,

suitable for a repository. Nor do they imply the least favor-

able one, in fact, is unsuitable. Such assessments will

require performance modeling based on more detailed data than

available for this screening. Therefore, this screening only

points to those locations in the screening area which, based on

the assumptions inherent to the method, seem to present the

best chance of ultimately qualifying for repository development.

I

WIN& V �
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2.2 AID W E OHMEJS TO 3hI MIMPOWN PAMYS

Partlcijant Set A

2ndlvidual espond5nt' Weights ( of Isolation-Change
Objectives)

Level 3 Objectives 311 2 _ (3) (4) __ *7 #B Fean I la
2.2.1 2actonic 35± AZU- so - 31 10.80
2.2.2 Clinatic 10 20 20 20 15 20 33 27 20.63 t 6.97
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J.Z.1 Seismic Mazards #L #L iuw w- V- w 15.38 -1.35
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Objectives)

Level 3 Objectives
3.3.1 Trrain
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ATTRIBUTE 2: FAULT DENSITY
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ATTRIBUTE 8: EROSION POTENTIAL
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Currently non-eroding areas:

relatively low surface slopes (generally 42-3%).2 Currently noneroding areas. including areas
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ATTRIBUTE 0: FLOOD POTENTIAL
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Actual floodway. aong drainage lines.
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ATTRIBUTE 11:
BASE & PRECIOUS METAL RESOURCE POTENTIAL

LEGEND

1 No minerailzation evident.

2 Possibility of mineralization hydrothermal
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3 Mineralization evident (mined or prospected
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ATTRIBUTE 12:
GROUNDWATER RESOURCE POTENTIAL
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GROUNDWATER PRODUCTION POTENTIAL

H High
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Lp Low (due to low permeability at potential
production depths)

Lp LW LT N

GROUNDWATER RESOURCE
POTENTIAL

H

--. W

. * _X a a.- &= a
Wa-e



. I M

B-13

a. - - --

i0. - - ---

G A X I I LXH'1

GAOUNDWATER FLUX ms/sec)

ATTRIBUTE 13: GROUNDWATER FLUX
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ZONE E- Areas wiin or landlololy upgredl n t from reion$
of potentlly eospe5nt groundwslor reeowrce

U Region* of low permebility.

t egrons of potent4il1y excollbnt roundwater reao.rces.

C Reglons of minefrotied groundwater.

Ca kdateuroundwater low direction
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ATTRIBUTE 15:
THICKNESS OF UNSATURATED ZONE

LEGEND

B > 600 meters

3 300-600 metors
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ATTRIBUTE 16:
SENSITIVE FLORAL SPECIES

LEGEND
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SENSITIVE FAUNAL. SPECIES

ATTRIBUTE 1 
SENSITIVE FAUNAL SPECIES

LEGEND
3 No sensitive faunal species

P PossIble d istribution of Equuv coellus
(wild horses) and Odocolleus hemionus
(mule der)

H ighest probability for hores and mule deer

Q Possible dlstrlbution of Copheorus eoessIrl
(desert tortoIse)

Known occurrence of desert tortoise
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ATTRIBUTE 1: REVEGETATION POTENTIAL

LEGEND

M Art mili -Pinyon- Juniper
vegetation above 6000')

VMArItmts/e g t ahi

0 IE, t9Cfation
640 0 09),

.verroe -Lyivm- oreui,
vegetation (3500- 4000)

Letaroo - mbrosia
vegetation blow Dad0')
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PON POenMe - tw pIenI.

REVEGETATION POTENTIAL
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NO eoweI S T K A
CULTURAL

RESOU ecs
KNOWN CULTURAL RESOURCES

ATTRIBUTE 19:
KNOWN CULTURAL RESOURCES

LEGEND
a Potentially lIgibl for liting in Ithe

n astional register of ittonic pile,%

411 11A 1660 156t
654 1009 1664

B : ° *tligibl, or Reting in t Rational remgiteB 9 994 1903 *992
51 1050 1505 lOSs

962 1661 Maze 1064
0o3 1e2 tot 116ts
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ATTRIBSUTE 20:
COMPOSITE POTENTIAL
CULTURAL RESOURCES

LEGEND
1 Low densitirOf

cultural resources
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- E ATTRIBUTE 21: AIR POLLUTION POTENTIAL
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* _.~ SEDWM LOW

M MEDIUM

.. X - \ @ W~~~~~~~~~~~~~~~EIUM HIGH
, j ted¢E~~~~OW EOusEo- oI""lu wo MGM

AIR POLLUTION POTENTIAL

warN

S.~~~~~~~~~-m~dq'~jSLkJ

S 'I

E g 1 f~t~ 
I S.. S t S

' I S S S ao4 N'a uII
msa



S

B-22

t: . ----

1.16 - --

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I. - -I

ATTRIBUTE 22: PERMITTING DIFFICULTIES

LEGEND
a Nevaeda Rearel and howelapment Area (TS)

to a ll. Air oree Range

M Smkaa of Land Mana.t Land

* Private Land
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ATTRIBUTE 23: PRIVATE LAND USE

LEGEND

M Moe-Private Land

* Private Lead
NON-PRIVATE PRnVATI

LAND LAUO
LAND USE CATEGORY
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BASALT RON-WELDED TUFF (PA3NTBRUSH)

I l l
MODERATELY WELDED TUFF (CRATER FLAT)DENSELY WELDED TUFF (TOPOPAH SPRING)
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/ ATTRIBUTES 7

A.~~~~~~~~~~4

/ ROCK TYPES
f -- -- --- -- - f~ /v fv I FV pi# (

2000- _ -ALLUVIUM 0.5-1.6 7000 CONTR 7 240000 IO1, 

BASALT .5-2.5 >o200 EXPAN 4 2000- t 10~~~~~ _0BASALT 4~~~~~~~~~~~~000-

NON-WELDED TUFF .- 1. (7000 ONTR t 2000- 2 10 4
(PAINTBRUSH) .-.. ooCNR 'co

DENSELY WELDED TUFF 526 0oo- EXPAN 2 to0- 6 * o2
(TOPOPAH SPRING) . 2000t 4000
NON-WELDED TUFF .5-1.5<7000 ONTR 0 10000- I ,1
(CALICO HILLS) 12000

MOD. WELDED TUFF wooo- *ooo- -4
(CRATER FLAT et al) .5-2.5 20000 EXPAN t 400- S 1

.6-&. >20000 EXPAN 1 4000- 6

ARGILLITE .6-2.5 c 7000 CONTR . >12000 6 1o 6

CARBONATES .5-4.5 70000 EXPAN 1 <2oo0 7 102

* RANK ORDERS BASED ON LIST OF ROCK TYPES ORIGINALLY CONSIDERED.
THREE OCCURRING OUTSIDE O SCREENING AREA BEFORE SCREENING AREA
WAS DIMINISHED TO CURRENT OUNDARIES
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Weights for Anaiysis of:

CONTAINMENT
OBJECTIVES

Clear-Weights used In
analysis

Shading-Weights set to
0 for analysis

Figure 21 shows resulting
location-and host-rock
ratings
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Feights for Analysis of: OJCIE
(WEIG"TS I PARENTHESES)

TECTONIC PROVIDE SAFE, EFFECTIVE a ENVIROPIMENTALLY SOUND
ATTRIBUTES _________L RADIOACTIVE WASTE DISPOSAL
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Weights for Andlysis of:

SURFACE/GEOLOGICAL
ATTRIBUTES

Clear-Weights used In
analysis

Shading-Weights set to
0 for analysis

Fioure 3shows resulting
location ratings
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Weights for Analysis of:

HUMAN INTRUSION
ATTRIBUTES
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Clear-Weights used in
analysis

Shading-Weights set to
0 for analysis ,

Figure 24 shows resulting 
location ratings
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Weights for Analysis of:

ISOLATION
OBJECTIVES

OaJECTIVES
(WEIGHTS I PARENTHEESES)

PROVIDE SAFE. EFFECTIVE A ENVIRONMENTALLY SOUND
.OAL I ____ .F_ | ____ RADIOACTIVE WASTE DISPOSAL ________.

Clear-Weights used in
LEVEI.

I
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analysis

Shading-Weights set to
0 for analysis

Figure 25 shows resulting
Iocation and host-rock
ratings
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Weights for Anglysis of:

OBJECTIVES:
LONG-TERM SAFETY OJECTES -

OBJECTIVES PROVIDE SAFE. EFFECTI ENVIRONMENTALLY SOUND
M3AL _ _ _ _ _ _ _ _ ,_ RA__ IOACT __ __VE__WASTE_ ___ __ISPO___A__.._

LEE PUOVINE -MAW U06 .466Y yayo4 U 4 ImpikveA

Clear-Weights used in _ E- -- S

analysis U.
Shading-Weights set to | 3j" | -|

W.~~~~~~~~~~~~~4 _ - F 1111s -lll. iii.S -X.S

0 for analysis I
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Figure 2shows resulting Z .

location and host-rock 
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Weights for Analysis of:

ONGOING PROCESS
OBJECTIVES

Clear-Weights used in
analysis

Shading-Weights set to
0 for analysis

Flgure 29shows resulting
location and host-rock
ratings
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Weights for Analysis of:

CONST. & OER.
OBJECTIVES

OBJECTIVES
(WEIOHTS IN PARENTMESES)

PROVIDE SAFE. EFFECTIVE A ENVIRONMENTALLY SOUND
2A_ L RADIOACTIVE WASTE DISPOSAL

0 AM -OR! p".0 UU MbATIOII CONSuMACTON O"011700 s4iUT i s PA?

Clear-Weights used in - Io " .
analysis ~

Shading-Weights set to I
0 for analysis 1 

Figure 3shows resulting 
location an-d host-rock I*! 1 
ratings . Z401 
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OWeights for Analysis of:

SURFACE FAC.
OBJECTIVES

Clear-Weights used in
analysis

Shading-Weights set to
0 for analysis

Figure 31 shows resulting
location ratings
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