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SUMMARY

This report its-the-second-in a series ofrstx-repui ts--that-wi-T describe- 4a

the resuas--of the--Rt-psottorygSttE idtdnttftcattor-n tudy-of--the-Bas+}--
Wastc Iolatisrotremn-Prgrea e rncee-SA-84-6). It presents the results of
Task 2 (Criteria Development). Two parallel site identification studies
utilizing the same criteria will be carried out: 1) the Columbia River
Basalt area except Hanford (abbreviated CORBEH in this report); and 2) the
Hanford area (abbreviated Hanford in this report).

Task 2 is divided into three major subtasks: 1) identify and develop the
baseline information for siting criteria development, 2) develop the
siting criteria and 3) develop a framework for sensitivity analysis.

1) A necessary part of developing siting criteria for the site
identification study is the identification and selection of basic
information that establishes baseline conditions describing the proposed

- radioactive waste repository. These baseline conditions provide
Cr quantitative and qualitative physical and facility performance information

which are used as a basis for establishing numerical crtieria in the site
identification study. The primary categories of the basic information
are: facility description, waste description, repository host rock
characteristics, performance characteristics, legal and licensing issues,,
system economics, environmental and socioeconomic conditions and national
defense and security. Fix the pro sed project
prior to criteria develOpment is a necessary requirement to establishing

*- numerical screening and ranking siting criteria. In addition, ch nes.-to
the baseline information can impact the criteria and their use in the
study.

2) The screening and ranking criteria used in the site identification
study;-are developed through a process that begins by identifying key
assumptions concerning the description and performance characteristics of
the proposed repository and the legal and licensing issues pertaining to
nuclear facilities. The overall goal of identifying a suitable site
neeting the objectives of maximizing public health and safety, minimizing
environmental impacts and minimizing system costs, is used to identify and-
establish values which measure the achievement of these objectives. The
results of this process are two sets of criteri, one for identifying
sites and another for ranking sites. Sites identified by the first set of
criteria can be shown to meet minimum levels of achievement of the siting
objectives; sites ranked by the second set of criteria can be compared in
terms of specific differential achievement of the siting objectives. This
approach meets anticipated regulatory agency requirements for an objective
and systematic site selection method and provides a mechanism for
traceability and documentation in the project record. The criteria
developed through this process are preliminary and will be subject to a
test application on a portion -of the study area prior to their ::se in
screening and rankinq 14-' 4Q .st;vk A
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3) The results of the site identification process can be influenced by
changes in the numerical values used in the study a1 jnithe relationships
used for site evaluations. The effects of these Ac anges can be assessed
through a sensitivity analysis. A framework for sensitivity analysis is
provided which will evaluate the impacts of changes in baseline
conditions, changes in the regulatory framework, changes in the screening
and ranking criteria on results of the screening and ranking processes and
acquisition of additional data. A sensitivity analysis provides useful
insights into the relative influence of various parameters and enables one
to identify the dominant parameters which could significanly influence the
results of the site identification process. The results of a sensitivity
analysis can be utilized to identify geographic areas where additional
work may be necessary or to identify the need for acquisition of
additional data or for refining assumptions.

_. -

_1 I
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I. INTRODUCTION

1. PROJECT DEFINITION

This report is the second in a series of six reports that will describe
the work done on the site identification study for a repository for
radioactive waste in basalt. Under Prime Contract EY-77-C-06-1030 to the
U.S. Department of Energy (abbreviated DOE in this report), Rockwell.,is
investigating the concept of radioactive waste storage in basalt. As one
part of the investigation, a site identification study is being conducted
to identify, rank, and recomme-nd candidate repository sites in the
Columbia River Basalt area which extends over a region of approximately
46,300 sq ml (120,000 sq km) in e4stern Washi1g n,,eastery Oregon, and
western Idaho (see Figure 1-1). sl $arale 1 tu iga are
Rockwe-l-lf.1) a site identification study for the Columbia R-iier-Sasal-ts

C- excluding Hanford (abbreviated in this report as CORBEH), and (2) a site
identification study for the Hanford area (abbreviated in this report as
Hanford).

To accomplish the site identification process for the two study areas, six
tasks are used. The relationship between these tasks is illustrated in
Figure 1-2. Task 1 has been completed and consisted of the preparation of
an overall site identification study work plan, a review of the existing
licensing framework, and site suitability criteria.prcpared by Aockweld't'

sandr0th*3.-Q-1Task 2, the subject of this report, presents the screening
ahnd-ranking siting criteria to be used in the site identification process
and discusses the development of the criteria. The hierarchy of terms
used in the study are illustrated in Figure 1-3. Task 3 will consist of a
review of the engineering and geotechnical studies scheduled during fiscal
years 1979 through 1981 for the Basalt Waste Isolation Program. The
impact of the various studies on the site identification, evaluation, a.)i
licensing process will be evaluated. Task 4 will consist of the
acquisition, evaluation, and compilation of geotechnical, engineering, and
environmental characteristics of the areas for which the two site
identification studies will be carried out. Task 5 will consist of 3
screening process in which the siting criteria can be applied to focus
attention on progressively smaller areas that have a higher potential for
containing suitable sites than the areas excluded from the swudy. Task 6
will consist r' ranking selected candidate sites identified by the
screening pro.ess. i o I tes-mE--
be sleete$ -for-Yerttic t"^.-- Future-steps- it-the site identification
proces._iiaould-cons-fst---vrTNtI- rterftcation.- -design.--licensingt--and -

construction- of a repositor)i. For the purpose of the site identification
stud/p the repository is generally considered to consist of surface
facilities which would be capable of receiving daily rail and/or truck
shipments of radioactive waste contained in shielded shipping casks,
removing the waste from the shipping cask, and transferring of the waste
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C COflBEH (Columbia-iver Basalt Exctpt Hanford)

H HANFORD

FIGURE I-I

THE STUDY REGION SHOWING AREAS
FOR THE TWO SITING STUDIES
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into a transport shaft or tunnel. The shaft or tunnel would provide
access to the underground repository where placement of the waste would
most likely be in specially prepared boreholes.

The sites identifttA from the siting stud;, shouldA be capable of
accommodating'a racility for the packaging of high-, intermediate-, dnd
low-level waste and a facility for lag storage of radioactive waste prior
to packaging, possibly consisting of water basins similar to those in use
at light water react r gIants. Ln-ad4I-t*en to the failties-45ust`&
desc~r4bed-,-theste a7Ish-htve-sufftctent-area-to-.permit inclusion
of a waste--reprocessing--facility in the-event.-.tnat such- an option is
exercised-in the future. -

2. TASK GOALS

The overall goal of the site identification process is to identify sites
in the CORBEH and Hanford areas which are suitable for. nuclear waste
repositoris-. Working objectives associated with this overall goal are:
to minimize adverse conditions affecting public health and safety, to
minimize adverse envirotru.ental impacts, and to minimize the costs
associated with the development and construction of,. a repository.
Corollaries to these objectives are tha the identified sites should be
capable of meeting the desired performance characteristics of a repository
and that these sites are suitable within the regulatory, legislative, and
public acceptance framework. These objectives and their corollaries
provide the basis for the development of the siting cri.teria. ,_-

The godi r' Task 2, .ritedia Development, is to establish c4Aierif-.that
are usaL'e in a screening and ranking process and that meet the goal of

- identi'ying suitable nuclear waste repository sites.

3. APPROACH

The overall approach to the development of siting criteria in Task 2
consisted of the following steps, which are illustrated in Figure I-4:

1) Identify and evaluate the baseline or existing given information
which describes the proposed nuclear waste repository, its
physical characteristics and properties and its expected
performance characteristics. This baseline information provides
the basis for the development of criteria.

2) Develop the criteria using the baseline information, a.---a--baWs
These criteria are developed to meet the objectives of maximizing
public health and safety, minimizing adverse environmental
impacts, and minimizing system costs. In addition, they are based
on the existing licensing and regulatory framework for nuclear
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plants and the anticipated framework for nuclear waste
repositories. These siting critte a are prelimindry and will
undergo a test application of the screening process on a portion
of the study area. Revised siting criteria will then be used in
screening and ranking (Tasks 5 and 6, respectively) to identif5
candidate sites.

3) Develop the framework for evaluating the sensitivity of the siting
criteria arid site identification study to changes in the baseline
information, to changes in the regulatory framework, and to
additional data.

4. ORGANIZATION OF THE REPORT

They Task-r report presents the resul's of the criteria development
* beginning with an -introducti8n (Section IY which provides a general
c project definition, goals of the sitei Rntification study and general

approach to Task 2. Section II lists and discusses the baseline
Information or key assumptions used in the development of the criteria.
Ske;tiop III presents the screening and ranking criteria with a detailed
discussioi. of the approach dnd methodology used in the criteria
development and also includes an example of the hypothetical application
of the criteria in a site identification process. SectionJY presents a
discussion of the framework for the evaluation of the sensitivity of the
criteria to changes in basic information or key assumptions of the Aite
identification study.

.
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.1. BASELINlE COUDITIONS USED IN CRITERIA OEVELOPMENT

1. GENERAL

An essential part of the development of siting criteria is the
identification and selection of basic information or data that establish
baseline conditions describing the proposed nuclear waste repository.
This information is necessary because it provides qualitative and
quantitative physical and facility performance information which provide a
basis for establishing numerical criterid in a site identification
process. For example, the sizc or acreage of a desired facility must be a
known. fixed quantity otherwise sites might be identified which are
physicall. too small to contain the proposed facility. Table II-l
presents a :.ummary of the basic information describing the physical and
performance characteristics of the nuclear waste repository considered for

_ the Columbia River Basalt. This information provide rthe basic data for
the formulation of the siting criteria discussed in Section III and
described in Appendix A.

2. DISCUSSION
9-

The baric information in Table 11-1 was derived in two ways: (1) by
examining-e3existiAn._ 1ckwel) documents which describe the proposed

"repository and performance characteristics of the repository and waste,
/(nd 2) through evaluations by the WCC projezt team which were used to
fill gaps in the existing available Information. The follcwing
discussions briefly describe the categories of information contained in
Table 11-1 and the derivation of the baseline information in each
category.

2.1 Facility Description

The majority of the information under this category deals with the
physical dimensions, geometry, and types of facilities that are expected
or planned for the surface and underground coc: nents of the nuclear waste
repository. The majority of the data in this category are derived from

'Rockwelf _documents. This informition is significant to cr teria
development in that it provide: basic data needed to develop screeniqg and
ranking criteria dealing with radiation releases, system costs, and
environmentil impacts. For example, the size of the surface facility will
af'ect how criteria are developed to assess site preparation costs where
topography, access, and usable land areaWi7efmportant.
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TABLE 11-1

BASIC INFORMATION USED IN CRITERIA DEVELOPMENT

Category I tem
Value or Condition
Used in This Study Source or Basis*

Facility
Description

Surface
- Facility

Type of
Facility

Reprocessing facility
is considered.

Rockwell, 1978a

Rockwell, 1978b
and WCC

Reprocessing lag storage
and packing facilities
will be or will have
Cat. I components.

v
Area: total 1700 acres
packing facil. 200 acres
lag s.torage 200 acres

r 7 s

Rockwell,
Rockwell,
Rockwell,
Rockwell,
WCC

1978a
1978a
1978a
1978a

Configuration
-.

:% 1

Volume of Rock
Spoil

Power Supply

Water Supply

Depth

Area

Configuration

Dimension of
Shaft

Dimension of
Tunnels

Canister
Placement
(SURF)

Square approx. 1.6 mi/side

38 x 106 to 61 x 106yd3

Dedicated

Cn-site wells, with
cooling towers

2000 to 4000 ft

3200 to-W2O~ar&--

One level approx.
2.25 to 2.80 mi/side

25 x 25 ft

Arch construction
25 ft. center height
25 ft, floor width

Vertical, with excavation
up to 25 ft below tunnel
floor

WCC

1CC

Rockwell, 1978b

Rockwell, 1978b

Rockwell, 1978a

Rockwell, 1978a
and WCC

1CC

1CC

WCC

1CC

Subsurface
Facility

(Repository)
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Value or Condition
Used in This StudyCategory Item Source or Basis*

Facility
Description
(cont.)

Repository
Expansion

Expansion of repository
is probable in future.

Rockwell, 1978b

Design Basis
Earthquake

Waste
Description

_z .

I,.. 4C

Type of Waste

Waste Form

Total Time
Period of Waste

I to be Stored

Period of
Waste Aging

Number of
Waste Canisters

Facilities will have SSE/
OBE evaluattQn and reviews.

SURF, LL-TRU, IL-TRU,
HLW,CW

Solid

.1 -3to.and tcl udi ng-
-4nc uding./2010

5 years minimum

SURF = 527,864
LL-TRU = 38,502
(as of 2010)

SURF = 13,635, 187 f3
LL-TRU a 313, 426 ft
(as of 2010)

WCC

Rockwell, 1978b

Rockwell, 1978b

Rockwell, 1978b

Rockwell, 1978b

Rockwell, 1978b

Rockwell, 1978b
and WCC

r-

Volume of
Stored Cani-
sters (SURF
and LL-TRU)

I Number of
Cantsters/Acre

approx. 100 WCC

Thermal Loading

Retrievability
of Waste

153 kilowatts/acre

Up to 25 years after
receipt of last canister
(ie., 2040)

9./.

Rockwell, 1978b

Rockwell, 1978b
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Value or Condition
Used in This StudyCateqory I te_ Source or Basis*

Repository Host
Rock Characteristics

Type

Flow Thickness

Columbia River Basalt

100 ft minimum

Rockwell, 1978a, & b

Rockwell, 1978a & b

Flow Dip

Strata
Continuity

- .

r-

I
, I

r,,_

Engineering
Properties

Thermo-
mechanical
Properties

Time Frame

Radiation
Releases

Waste Volume

Less than 5 is optimum
condition

i ws (>100 ft -..

thickness) of formations\ -.

within ColumbJ2Ri-v~e_
t~~~- Bstrtr.. elative ,',

g continuouS-over ex fnt-of
f ionmati on.

Density .8-7gm/cm F
Young's odulus,.- 77 GPa
Poisson's Ratio7A>'< 25 ' o

Uniaxial Compressit4',,Aj-
Strength.9 28.4 MPa
Friction

Tensile Strength _921 MPa

Thermal Con uctivity <v
3.6 x 10- cal/cm-sec-'C

Specific Heat =. -D-3S.
cal/gm-C ' *-

Thermal E.pxnsion Cgeffi-
cient 56.6 x 10- /eC

Opera~ional Phase,
gS~.,years Phase
Isolation Phase> 10.000 used
for criteria developmentl

(range to 100,000 years'lor
sensitivity analysis)

Within 1OCFR100, 1OCFR20 I
during operational phase.
No releases to atmosph.re
dur > solation phase.

The repository-w: l I-f'
be able to'safely and
adequately-han'dle the -
volume of wastge e tred
In the U.S. _g r '

I'

1CC

a of

H n

M U

iCC

*% ,

_frformance
Characteristics

;/ If

9CC

Rockwell, 1978b
and WCC

.C, :

4f

urrCC,

C,t.

,,, -,

/d..L - .

j-

1.
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Category I tem
Value or Condition
Used.in This Study Source or Basis*

Natural and Sealing and plugging
Man-made works and exl gf
Barriers borehole, Vbd q6t)ene 1

trate reposit9ry. Nat-
Aural +solaiorlbarriers

-6k hovr the isolation)
periodv /oae x m,,

Climate Climate remains essen-
tially the same as today's
during isolation period

Geologic and The geologic and tectonic
Tectonic processes, patterns and
Conditions conditions existing at tte

present in the Columbia
Plateau region are likely
to be similar over the
next IU,000 years.
Regional tectonic move-
ments are uniform through-
out study area and affect
potential sites equally.

wCC

wCc

wcc

C -.

Tegal and
Licensing
Issues

_-,,

System Economics

Licensing
Authority
State
Sanction

Total Cost

The repository will be
licensed by and under
the authority of the NRC
-E4Zst4n9 ervjoiCState law5
prohibii gjuclear waste
storage is not considered
for the technical purposes
of this study.

Majorl6ost components are:
construction and site pre-
paration costs, site
acquistion costs, facility
costs for design against
natural and man-made
hazards, cost of mitigation
of impacts, and operating
costs.

'CC and Rockwell

WCC

Environmental and
Socioeconomic
Conditions

Administrative
Control

Considered to be similar WCC
to the present frame-
work ur z

iA" ;::de' (,
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Category

National Defense
and Security

I tem

Security and
Defensibility

Value or Condition
Used in This Study Source or Basis*

All potential sites in-> WCC
the Columbia Plateau )
area are equal with
respect to rational r -0
defense and security J,,

eAr J

()! ,> urce or Basis:
Rockwell, 1978a, Repository Site Selection Study Contract with WCCf ockwell, 1978b, Waste Isolation Program, Basalt Repository, Preconceptual Design

Guidelines: Rockwell Hanford Operations Report RHO-BWI-CO-2.

(.ckwell, 1978c, Basalt Waste Isolation Program Annual Report - Fiscal Year 1978:
Rockwell Hanford Operations Report RHO-BWI-78-100.

lloodward-Clyde Consultants, Values based on WCC files or established by WCC
c project team.

.'.
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2.2 Waste Description

The data lifted under waste description jia11are derived primarily from
Rockwell .e s. They deal mainly withthe typre of waste, age of
waste, and projected volumes of the waste to be stored in the repository.
These data are significant to criteria development in ypr d'ing
information for the calculation and verification of estimatedrra iation
releases from repository facilities. Because of the uncer'iinties
regarding types of wastes, types of facilities (rx,, uessri7n plant Opduii
vs__-efi-np4h-4o#-and amounts of emissions as compared to existing nuclear
facilities (i.e., nuclear power plants), tt-waxs -f t tJha-tn evaluation of
nuclear wasteazand estimated 'X4iAsons from the repository facilities wt.-
needed. TM4s verification -w-necessary because it impacts the setback
distance from population centerse~this h--+s'n important siting -i-4er-i-on4-l
developed and utilized in the site tidantific ion study. The result of
this ver kication is that the~e'mis'%ns are limilar, thus the siting
criter4a concerning operation radiation releases from a repository a-re
the same as for a nuclearnt.

2.3 Repository Host Rock Characteristics

The baseline i-nfiratitn_ in this category provides information or
assumptions concerning the stratigraphic, engineering, and
thermomechanical properties of the proposed repository in basalt. These
data are significant to criteria development because they provide limits
around which the criteria can be built. For example, stating that the
host rock is within the Columbia River Basalt provides a stratigraphic
limit around which criteria can be developed. Likewise, a minimum flow
thickness of 100 feet provides another stratigraphic limit.

2.4 Performance Characteristics

The majority of the baseline information in the performance
characteristics category resulted from evaluations made by the WCC project
team. The information in this category includes assumptions concerning
the time frame of the repository, radiation releases, and the long-t4flie-_<- .
stability of the repository and.i.ts--environment.

A si a baseline condition which,,impacts criteria development is the
time-frame It is particularly important in selecting criteria concerned
with long-term geologic stability because, the time period over which
stability is considered must be known.) . Thus, db ,aution--nd

-e stebtshmeVTC of-a tW h lpostn-term isaetio- p (iecessary--n phaseline

Yariousf es4$bee`s for the long-term isolation period (isolation phase)
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have ranged from a few hundred years to 100,000 years (National Academy of
Science, 1978). Obviously this wide range can seriously affect criteria
development. To arrive at a reasonable estimate for the isolation period
time frame, an-.valuation--e-s-a - he types of waste expected to be
stored in the reoository and .th?1ir decay rates". iT^lIes -2 and I-3
presents the rd sluU!.iiftehi W<u*t-ion. These ;-xuU-l- suggest that the
radioactivity of the wastes decreases by approximately five ofrfers of
ma~njXde in the period of 3,000 to 10,000 years. In-additibb , '>s-milar
r-oiwt-s have been reported by Cohen (1977). Because of the uncertainty in- '
the relative decay of the radioactivity, 10,000 years appeared to be
reasonable for-the -solation phase time frame. < ~L

2.5 Other Cateqories

The remaining categories of Table 11-1 are concerned with legal, economic,
socioeconomic, and security conditions of the proposed repository and/or
environment. As4ignifi4crrttem is the condition that thcxisting o
state law~prohibiting nuclear waste repositories will not be considered in
this study. This is dune to preserve the technical and generic continuity
of the site identification study in Columbia River Basalt.

3. INFORMATION CONSIDERED BUT NOT USED

In addition to developing the basic information for use in criteria
development, certain considerations regarding geologic stability, rock
mechanics, natural hazards, etc., were found to be not applicable to the
formulation of siting criteria. These considerations are generally either
too broad in scope and cannot be used to differentiate one area from
another (an important concept necessary for siting criteria) or are too
detailed such that the data do not exist with which to differentiate
areas. Table 11-4 lists-severaVfeiamples of specific considerations which
were examined for use in criteria development but were found to be not
appl icabl,-s'-tj +goG b _S,

An integral part of the development of siting criteria is the
establishment of the baseline conditions for the project facility-,
phsica4Lsescrjption. and expected performance characteristics. i Uni if',
'is known what is desired in *termsF .of yical.. description and expected

of... the proposed .facijity, it is impossible to ucdte sites
wh4ch meet the needs of the repositor n un e ined project description
wouiBthen result in undefinable Si es.

Another result of compiling and listing the basic information for criteria
development is the potential impact, to the siting criteria and ultimately
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FISSION PRODUCTS

TA;TE i1-2 I

AND ACTI7IDES IN tPENT FUEL AND HIGH-LEYEL WASTE 1

90 64vk 16) days 1.0 years 1.4 years 10 years 10.4 years 100 years jiOOO years 3000 years

Spent Fuel
Fission Products
Acti ni des
To tal
Thermal
Radiation

High-Level Waste
Fission Products
Actinides
Total
Thermal
Radiation

CUM

UHH

6. 6E 62

8.4E4
6. E 6

2.7E4

4.2E6
8.1E4
4.2E6

1.9E4

2.1E6
7.5E4
2.1E6

9.2E3

2.5ES
4.8E4
3.0ES

8. lE2

2.7E4
4.2E3
3.1E4

1.9E2

2.7E4
1. SE2
2.7E4

8.0E1

1.8E1
1.2E3
1.2E3

3.8E1

1.BE1
3.9E1
5.7E1

l.lEO

1.7E1
6.1E2
6.3E2

1.9EI

1.7E1
l.SE1
3.2E1

4.0E-1

CI/ MTHt
C 1/HTHH
Cl 14/MTH

W/HTHH

4.2E6
8.OE3
4.2E6

1.8E4

1.5ES
2.5E3
l.SE5

6.4E3

2.4ES
7.(2Z
2.4ES

7.4E2

I
to

Source a ERDA-76-43 Tables 2.17 and 2.19

1 Basis: 25 GWd/MTHM4, 35 XWVTHM, initial 23SU content . 3.31

2 Read 1.OE6 as 1.0 X 106

=
0

I



Fisslon Products
Cl/MT hulls
C1/MT fuel

Activation Products
Cl/MT hulls
Ci/MTHY fuel

Actinides
Cl/MT hulls
Ci/MTHM fuel

Gross Total
Cl/MT hulls
Ci/MTHM fuel

Heat Generation
W/MT hulls
W/MTHM fuel

I I 2 ; '

RADIOACTIYITY

120 days 1 year 10 years

8.4E31  3.2E2 3,7E2
2.7E3 1.0E2 1.2E2

2.7ES 1,lE5 1.2E4
8.8E4 3.6E4 3.9E3

5.4E2 4.7E2 2.9E2
1.8E2 1.5E2 9.4E1

2.8E5 1.lES 1.3ES
9.1E4 3.6E4 4.2E3

1.5E3 6.0E2 B.9E1
5.OE2 2.0E2 2.9E1

1 n A I '9

TABLE 11-3

IN FUEL-ASSEMBLY METAL WASTE

100 years 1.000 years

2.OE1 2.7E-2
1.3E1 8.9E-3

3.8E2 7.9E0
1.2E2 2.6E0

2.4E1 5.4E0
7.9E0 1.8EO

4.4E2 1.3E1
1.4E2 4.4E0

3,000 years

2.6E-2
8.5E-3

6.9E0
2.2E0

2.3E0
7.4E-1

9.2E0
3.OEO

10.000 years

2. 6E-2

1.8E0
8.3E-3

4.3E-1

6.9E0
2.2E0

1-4

0-

Source - ERDA-76-43, Tables 2.15 and 2.16

Calculations based on *reference- LWR fuel assembly, 2SG.W4MTHM burnup,
35 MWIMTHM specific power and on residual fuel in cladding 2f 0.05O

1 Read 1.0E6 as 1.0 X 106

=O
0~

'-1
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TABLE 11-4

CXAMPLES OF CONSIDERATIONS EXAMINED FOR
CRITERIA DEVELOPMENT BUT NOT USED

Consideration Remark s

Future climatic changes

Continental glaciation

_.1

Catastrophic flooding
V

,.

g JA
.3-5ir

Future climatic changes were considered
to affect all areas of the Columbia
River plateau equally such WftSp_.- ; &A.,.
area could not reasonably be iFesLIlted
from another area.

Continental glaciation was considered to
have a low probability of occurring
and to have a low probability of affec-
ting the Columbia plateau during the 10,000
year isolation period.

Catastrophic flooding similar to the
Spokane floods of the Columbia plateau
were considered to have a low probability
of occurring during the 10,000 year
isolation period. It is believed that
more than 10,000 years would be neces-
sary for continental glaciation to occur
and to create the circumstances necessary
to produce such floods.

Meteorite impact is considered to have
the same probability throughout the
Columbia plateau and cannot be used
to differentiate areas.

Meteorite impact

Severe weather

National
security

defense and

Severe weather, to the point of
, affecting repository facilities, was
considered to be undifferentlable
throughout the study area.

A ational defense and security was
i not used because no reasonable
'way could be found to differentiate
between areas within the stusl area.

Informationdwill no9.6e available in
enough detail to differentiate areas on
the basis of these properties and interactions.

Mechanical, chemical,
physical interactions
between waste and rock

Future socio-economic
development

'Adequate information does not exist to predict
and assess future socio-economic development
in the Columbia plateau and to adequately
differentiate between areas.
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to the results of the siting study, that changes in the basic Information
can cause. Forw , ame en 0g _ t ation phase time frame beyond
10,000 years 9" f c affect-Athe criteria dealing with tectonic
stability. The sensitivity to the siting study of such changes of the
basic information is discussed in Section IV.

Cal

C.

- .
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.111. METHODOLOGY AND RESULTS OF CRITERIA DEVELOPMENT

1. GENERAL

The purposes of this section A4- to describe the methodology used to
develop site identification criteria and to present the results. The word
criteria", as used here, means a set of rules chosen to guide the site
identification process through screening and ranking. Some criteria are
said to be "limiting', meaning they are used to limit or reduce the area
under consideration in the study. Other criteria are said to be
"classifying", meaning they are used to classify or characterize smalla*t
areas as an aid to evaluation. "Ranking criteria' are neither limiting
nor classifying; they are rules for describing differences between sites
identified in the screening process.

This section consists of a description of the general approach used to
develop site identification criteria, a review of the implementation of
this approach, a Pre n ation of results (the criteria), and a discussion
of how criteria ' Aopfled in the screening and ranking steps of the site
identification proces

2. APPROACH

This subsection presents the ackground information and key assumptions
that figured the development of criteria, followed by a description of
each / "stepvi n the criteria development process.

7.1

lie basic logic of the approach begins with the articulation of objectives
- of the repository siting decision, and proceeds systematically to refine
- these objectives and identify means of measuring achievement of the

objectives. The results of this process are two sets of criteria, one for
identifying sites and another for ranking sites. Sites identified by the
first set of criteria can .e shown to meet minimum levels of achievement
of the siting objectivest sites ranked by the second set of criteria can
be compared in terms of specific differential achievement of the siting
objectives. The steps in the approach are shown schematically in
Figure III-1. This approach was selected to meet anticipated regulatory
agency requirements for an objective and systematic site selection method
and to provide a mechanism for traceability and documentation in the
project record. For example, any site identified and ranked the basis
of these criteria may be discussed and evaluated c terms of
the siting objectives set forth at the outset of the study; and the
decision to include or remove any area, locality, or site may be traced
through the criteria to systematically applied rules that are directly
related to siting objectives.
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2.1 Background and Assumptions

The approach described here conforms, to Task 2, as presented in the site
identification work plan report^ 4Jn that report, the key assumptions
guiding the siting study were said to be:

e The repository will require licensing involiing the NRC, other
federal agencies, and possibly state and local entities;

a The design and operation of most surface facilities will be
governed by existing safety and environmental licensing
requirements, and the licensing requirements for the underground
facilitiy will be similar or more stringent;

* The1 iconceptual design and performance characteristics of the
_- repository are known; these are discussed as given basic

information in Section II of this report;

_ . The long-term, safety-related characteristics of,-b4--i1-& can be
estimated and used in the selection of criteria. Similarly-
appropriate judgments can be made regarding long-term social,

_- economic, and political considerations applicable to repository
siting;

* The repository will be designed for two time frames, a relatively
short emplacement and retrieval phase, and arongDisolation phase;

* The site identification study will be based on available data;
site identification criteria will be based on currently available
technology.

__ It is further assumed that forthcoming repository licensing requirements
will be written by, or adapted in the style of, the NRC. In the interim,
existing NRC regulations pertaining to other nuclear fuel cycle facilities
(mining, enrichment, fuel fabrication, power reactors, fuel reprocessing
and fuel handling, and storage) provide a reasonable basis for estimating
the scope of siting considerations and the degree of conservatism
appropriate to repository licensing.

The overall site identification study 'g 1sist&Kof two parallel efforts to
identify and rank sites; one effort examines the area within the (Hanford by
Reserv3tionh while the other examines the area associated with the extent O,
of the Columbia River Basalts except Hanford (abbreviated as the CORBEH:A
area). For objectivity, a single set of criteria will be developed to
identify sites in both the Hanford and CORBEH areas. There may, however, f.P

be differences in the way in which classifying criteria are applied in the
two areas. Limiting criteria will be applied consistently in both areas.
However, some classifying criteria aimed at differentiating between area
characteristics in the large CORBEH region may not discriminate within the



I II-4 RHO -BWI-C-

smaller Hanford area and, hence, may not contribute to a decision to
reduce the area under consideration at Hanford.

2.2 Objectives

The first step in the approach to develop criteria is the establishment of
objectives for the siting decision. The overall objective is to identify
*suitable' sites for a deep geologic repository and its associated surface
facilities.

Existing and anticipated regulations, national and state environmental
legislation, and principles of sound engineering practice provide basic
guidance for the interpretation of the word "suitable" and, hence, for the
articulation of more precise siting objectives. Each objective derived
from this initial interpretation may be serially refined and restated in

t~ increasingly greater detail to reflect specific characteristics of the
C. repository facilities, as well as conditions and concerns within the study

area. The hierarchy of objectives thus established provides the framework
for choosing and applying criteria to identify sites.

C-

> 2.3 Considerations and Measures

For each of the general objectives established in the above step, one or
more 'considerations", or technical matters of concern, can be identified
to describe the subject matter that must be addressed to orient the siting
study toward achievement of the objectives.

The considerations reflect characteristics, conditions, or processes in
the study area that may affect suitability of a repository site. An
example of a consideration related to a safety objective is fault rupture;
this is a technical matter that must be addressed in the siting study to
assure achievement of the safety objective.

For each consideration, a measure is selected or developed to allow
differentiation between areas, localities, or sites in terms ot the
consideration. Using the fault rupture example, the measure is distance
from capable faults afnd those interpreted to be capable. This measure
provides a means of assessing the degree to which a repository at any
location in the study area can achieve the objective of maximizing safety
In relation to fault rupture. For some considerations, a specific level
of achievement is required or implied by statute, regulation,
technological limitations, or gross economic considerations. In these
cases, a limit can be established for the appropriate measure-and used to
identify locations that meet the minimum requirements for that
consideration. In the fault rupture example, it is generally accepted
that most effects of fault rupture (surface rupture, lurching, severe
deformation, etc.) occur within 5 miles of the capable structure and
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cannot be compensated by design. The NRC holds that sites for nuclear
puwer plants (and presumably for repositories) within 5 miles of a capable
fault are not generally acceptable. Hence, a limit can be set on the
measure of the fault'rupture consideration; in this case, locations within
5 miles of capable faults would be removed from consideration in the
siting study because they fail to meet the minimum level of achievement of
the safety objective, as expressed in relation to the fault rupture
consideration.

Considerations for which no specific minimum level of achievement is
required are used to characterize and classify areas and sites within
portions of the study area that attain minimum levels of achievement on
other considerations.

2.4 Establishment of Criteria

.'- For considerations for which a specific level of achievement is required,
the value of the measure at which the limit is set is a limiting

' criterion. In the fault rupture example, the limiting criterion is
e- include areas farther than 5 miles from capable faults". For

considerations for which no specific level of achievement is required, the
measure itself, or a non-prescriptive classificatory interpretation of it,

r is the criterion and is used to characterize or classify areas,
localities, and sites. If the criterion is used to identify groups of
areas or localities with similar characteristics, it is called a

-- classifying criterion". If the criterion is used to characterize sites
for comparative purposes, it is called a "ranking criterion" or a "ranking
attribute".

All of the measures selected for the many considerations developed in the
process described above may not be assessed meaningfully at the same level
of detail or on maps of the same scale. For this reason, it is often
necessary to repeat the measurement of some considerations at several
steps of the screening process. For example, if a limiting criterion is
"include areas outside of protected ecological reserves", and if such
reserves could vary in size from a few acres to several tens of thousands
of acres, it may be necessary to restate this criterion in terms
appropriate to the several scales of maps charactert istically used in a
screening process. Thus, in the first step of screening, using small-
scale maps, the criterion might be 'include areas outside of protected
ecolocial reserves larger than 18,000 acres" (an area which is readily
discernible on maps of 1:500,000 scale). In subsequent steps of
screening, the criterion should be restated to consider smaller and
smaller ecological reserves.

The complete hierachy of criteria can be shown then in tabular form in
relation to considerations and objective; the table can also specify the
steps in the siting study at which the criteria are used.
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2.5 Review and Revision of Criteria

The final step in criteria development is to review the set of established
criteria for completeness, appropriateness, responsiveness to governmental
regulations and guidelines, consistency, and practicality in application.
Modifications suggested by this review are made, and a revised set of
criteria is issued. It is important to note that this review and revision
process can take place at any time in the future. The siting methodology
ana the criteria development task within it are structured to allow
accommodation of new or revised information; the effect of a cnanged

Stive, a technological advance, or a new or revised regulation can be
iso.. I within the rigorously defined heirirchy of criteria and pla.'ed
out in Xne corresponding steps of screening or ranking. At the outset of
the siting study, however, the emphasis on criteria review are on:
consistency within the set of criteria, compatibility with emerging

N repository design concepts and repository systems development, compliance
with regulations, completeness and reasonableness in comparison to
prev.lus or concurrent repository siting criteria development efforts, and

* mapability". This review is accomplished through a review of pertinei:t
literature, comparison with successfully applied sets of criteria used to
site similar large facilities, meetings with the engineering and geologic

01- design team, and test applications of selected criteria on different scale
maps of the study area.

3. IMPLEMENTATION AND RESULTS

Go This section describes the manner in which each of the sceps of the
approach was carried out and presents the outcome of steps leading to a
preliminary set of site identification criteria.

3.1 Objectives

The overall objective of the site identification study is to find suitable
sites for a deep geologic repository for high-level radioactive waste. It
is given that the repository will be licensed and that the NRC is the most
likely licensing agency. In a November 1978 Proposed General Statement of".- 4
Policy for licensing requirements for a repository, the NRC indicated that
the proposed repository application would require a site safety review and
would be required to comply with NEPA. From these conditions and from
past siting and licensing experience with the NRC, it is deduced that for
a repository site to be accepted by the NRC as suitable, the site must
meet the following objectives:

. Maximize public health and safety;

a Minimize adverse environmental and socioeconomic impacts;
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* Attain and maintain feasibility of operation as a repository
throughout the emplacement and retrieval phases;

a Minimize cost necessary to attain the requisite levels of safety
and feasibility, as well as costs of mitigation.

The overriding concern for safety is the possibility that through an
accident or routine operation, unacceptably high levels of radioactivity
will be released to the biosphere. The objective of maximizing public
health and safety can then 6e restated to bear on conditions or events
that could be associatd'A with the causes or consequences of radiation
releases from a repository. These conditions or events may be grouped
into natural hazprls, man-made hazards or events, and repository-induced
events. The satety objective can then be particularized to state:

M Maximize public health and safety in relation to:

natural hazards;
man-made hazards and events;
repository-induced events.

It is implied that achievement of this objective is related to the
prevention or minimization of the possibility or consequence of radiation,
releases to the biosphere. 12.1'
The environmental objective is derived from NEPA, which requires the
pertaining federal agency (in this case the NRC) to account for
environmental factors in its decision-making process and to align its
decisions reasonably with national environmental policy guidelines. In
practice, this means that the site identification process pursued by an
applicant for a NRC license must demonstrate avoidance and minimization of
conflict with environmental values and that the site submitted for NRC
review must be defendable in terms of a balance between environmental
impacts and other siting cons'd-erktions. 7 "Environment" as used here
refers to both the natural an bul n ts. The time frame covered
by an NRC e nvironmental review- covers .11I phases of repository
development, use, and decommissioning. Thtrefore, the environmental
objective can be particularized as:

* Minimizeenvironmental and socioec'.iomic impacts related to:

construction;
operation;
closure and surveillance.

The feasibility objective may be considered to be corollary to the cost
objective; feasibility of a site to function as a repository is a basic
condition of design. The cost objective is derived from NEPA and the
associated NRC regulations, which require an exposition of cost-benefit
relationships and the manner in which they are considered in evaluating
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alternative sites. The cost objective may be particularized by stage of
repository development:

* Minimize system costs related to:

construction and mntigatioff.
operation and maintenahiTe,
closure, decommissioning, and surveillance.

The three major objectives (safety, environmental, and cost) are
considered to embrace the totality of concerns pertinent to a siting
decision. Two major practical objectives of a siting decision are:
maximize licensioility of the proposed facility and maximize public
acceptance. Both of these objectives are inherent in the safety,
environmental , and cost objectives; that is to say, a site that achieves
highly on all objectives should be licensable, and the siting decision
should be acceptable to the public. Table 111-1 summarizes the objectives
developed to guide repository site identification.

3.2 Considerations and Measures

For each of the objectives described above, a set of considerations and
the means to measure them was developed. The selection of considerations
was based on the given repository design and performance characteristics,
the pertinent regulatory guidance, and assessment of the natural and rian-
made characteristics of the study area. In addition, the set of
considerations was limited to those considerations that might be expected
to differ from one location to another. If a consideration was estimated
to have an equal probability of occurrence or an equal manifestation or

- significance at all locations in the study area, it was not included in
the set. For example, meteorite impact was estimated to have an equal
probability of occurrence at all locations in the study area and was not
included as a siting consideration. Likewise, if a condition or event was
not known or expected to occur in the study area, it was not included as a
siting consideration. For example, seismic sea waves are natural hazards
that could affect the safety of operation of a repository, but they do not
occur in or affect any portion of the study area. The identification of
considerations took into account both the short-ternm operating time frame
and the long-ternm isolation time frame. Thus, for the safety-related
consideration of volcanic effects, the potential for future volcanic
activity throughout the isolation phase was included as an additional
consideration.

The choice of measures for the considerations was based on prior NRC
licensing experience and relevant regulatory positions, on the
availability of data, and on the need to portray as many of the measures
as possible on maps. In many cases, the measure was used in a proxy for
the siting consideration or its associated effects. For example, the
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TABLE 111-1

REPOSITORY SITE IDENTIFICATION OBJECTIVES

OBJECTIVE DERIVATION

1. Maximize Public Health and Safety in
relation to:
a natural hazards
* man-made hazards and events

2. Minimizef ivironmental and Socioeconomic
impacts related to: . '--6

* construction a-> yf 6 zL, !
* operation - ;
* closure4 ina surveillance

NRC Policy
10 CFR 100
10 CFR 20
10 CFR 602

Statement 1

NRC Policy Statement
NEPA3

Reg. Guide 4.2 ,/1:P

3. Mimimize System Cost Rep ted to:
* construction and-Witffigation

,-. a operation arid maintenance
d closure, decommissioning, and

C' surveillance

I-

NRC Policy Statement
NEPA
Reg. Guide 4.2

S. *

1 U.S. Nuclear Regulatory Commission, Proposed General Statement of
Policy for Licensing Procedures for Deep Geologic Repositories
for High-Level Radioactive Wastes, November 17, 1978. FR 78-53869
et. seq.

2 10 CFR 60, in preparation, will contain site suitability criteria
for nuclear waste repositories.

3 42 U.S.C. 4341
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ground motion consideration is measured in miles; the motion itself is
traditionally measured in terms of acceleration. In this study, the range
of acceleration levels is inferred from a magnitude-acceleration
attenuation relationship, and the magnitude is estimated from a fault
rupture length-magnitude relationship. On a map, this consideration is
portrayed as a distance in miles from faults of different lengths, the
distance representing a range of acceleration levels.

The considerations and measures selected appear in Table II1-2 and are
further explained in Appendix A.

3.3 Establishment of Criteria

The set of considerations and measures was reviewed to identify those
considerations for which a specific level of achievement is required.

_ Guidance for this determination consisted of imposed statutory or
regulatory limits, technological limits, and limits implied by prior

* regulatory experience. An example of a statutory limit is the prohibition
.. on industrial development in Federal wilderness areas. Aeame of a

technological limit is the current inability to desigt a, rQpo4c-toi g to
r -withstand fault rupture. An example of an implied regulatory limit is the
r requirement for detailed risk analysis for nearby hazardous facilities.

The analysis and the possibility of an adverse finding can be minimized by
setting a limit on the permissable proximity to such facilities; suggested

._ limits are present in the regulatory literature.

The considerations for which no specific level of achievement is required
were designated as classifying or ranking criteria. Ranking criteria
(also called attributes) are non-limited measures that are site specific

- and impact-oriented.

Table I11-2 presents the preliminary criteria selected for site
identification. Each criterion is identified as limiting or classifying
and is shown in relation to the pertinent objective, consideration, and
measure. Table 111-3 presents the preliminary ranking attributes.

3.4 Review and Revision

The criteria shown in Table 111-2 were compared to repository site
identification and site suitability criteria proposed in previous studies.
The criteria were reviewed with respect to existing regulations and draft
regulations or policy statements. The prel i 4Ty criteria were discussed
with Rockwell at a project meeting:2 'Mbo1 fications to these criteria

A9- suggested, rev pitjwill be incorporated in future drafts. Previous
.Il experinace it Ing studies was used to guide the evaluation of practical

applicability (whether the measures could be effectively mapped)l Aor
measures that had not been mapped in previous studies, a test application

V L
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TABLE 111-2

PROPOSED CRITERIA FOR SCREENING ;-;, /;7 0- Al
., _"' cv

OBJECTIVE: MAXIMIZE PUBLIC HEALTH AND SAFETY

Cons i derati on

A. Natural
Hazards

Measure Cr Iter on Type
Possible Use

To Obtain
Time

Frame (1) (21

1. Fault Ruptur o a) Horizontal and vertical
distance from capable

. -A faults and faults in-
i'm', terpreted to be poten-

Ia11y capable

It
b) Distance from noncap-

able faults and zones
of intense fracturing
or Jointing

Include areas.S ml. hori-
zontally and vertically,
from capable faults. faults
interpreted to be capable
and faults of unknown capa-
bility and their logical
projections

Include areas '1/2 at
from noncapible faults
and zones of fracturing
or jointing

Limiting

Limiting

Candidate Area
Sub-area
Site Locality
Candidate Site

Site Locality

O and I

IO

O and I
I.

/ )w-

IIW

2. Generation of
New Faults

3. Ground Motion

Location with respect to
future potentially cap-
able tectonic structures

Location with respect to
earthquake sources and
levels of ground notion

Include areals S mi from Limiting Candidate Aria
anticlinei Interpreted to Site Locality
be capable of forming ne
f auil ts 4 e &

a) Include areassubjec( to Limiting Candidate Area
less than 40S g peak sur-
face acceleration from
known and Interpreted ?
earthquake sources _ -s'- ""-'-

O and I

0

(1) 0 - Operational Phase lO to 60 years); I - Isolation Phase
(up to 100I0O years)

(2) Criteria applicable to the underground repository are for both
Operational and Isolation Phases.

I
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b)

. . S A. . .,# .

I .)

Proximity to histori-
cal seisnicity based
on felt reports and In-
strumental data

Classifying Site Locality
Candidate Site

0 and I

c) Proximity to micro-
earthquake activity

4. Tectonic / a) Location with respect
Movement to potential bedrock

I folding

b ) Location 'with respect
to bedrock folds and
fold systems

a) Include areas >3 ml
from axes of la-ge
folds 1>300 ft fold
amplitude and/or
>10 ml length)

Include areas >1 of
,C from axes of small folds

('0300 ft fold amplitude
and/or (10 ml length)

Evaluate areas end their
locations with respect to
spacing and orientation
of folds and fold systems

Evaluate areas on ba
of distance from d har a
areas and Interpre7a --.
containment trave time

a) Include areas outside
of primar; floodplains
of r f rz-

Classifying

Limiting

Limiting

Classifying

Classifying

Site Locality
Candidate Site

Sub-arca
Site Locality

Site Locality
Candidate Site

Site Locality
Candidate Site

Site Locality
Candidate Site

Sub-area
Site Locality

0 and I

I

I

I

O and I --b-a

O and I

O_&
rv)

0 and I

S. Groundwater
Contamination

6. Surface
Flooding

Location with respect
natural and man-made
discharge areas

to

Height above selected
flood level

Limiting

b) Eialuate areas on basis
of height above primary
floodplains = Xc -
and estfinted PMF levels

Classifying Site Locality I

;o

C)

I



7. Volcanic
Effects

Distance from volcal c I
sources and their effects

2 ) Incilde areas PS il
from Quaternatr vol-
canic center o0 vol-
canic flow

b) Areas are clas-
sified on basis of
exposure:

, 1
Limiting Candidate Area

Site Locality
0 .

Classifyingg Site Locality
Candidate Site

0

A - no expected volcan-
ic effects

B - area near volcanic
center but no ex-
pected effects

C - volcanic effects
may approach area

c) Areas are classified on
basis of exposure to
tephra fall:

A - >100 ml to source

a - 40-100 ml to source

C - (40 ml to source

Classifying Site Locality
Candidate Site

0

'-.

I.4

(a

8. Future
volcanic
Activity

9. Ground
Failure

Location with respect to
probability of new vol-
canic sources

a) Location with respect
to landslides and
potential landslides

Evaluate areas b. is of Classifying Site Loc
probayi)Ity - 7 - Candidat

IA , is-d.:: ... a,-7 P."-- .,t,t,4 .<_ 7o7e:.,Kld t- 4~ .'< z

a) Include areas not on Limiting Site Loc
mapped landslIdes

a I ty
e Site

all ty

I

0

0~b) Evaluate areas on
basis of probability of
I ands iIding:

Classifying Site Locality
Candidate Site

co
QC

I
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B - silght

C - higher

*- ; A .;.I

b) Characteristics of
foundation conditions

Evaluate general founda-
tion conditions:

Classifying Site Locality
Candidate Site

0

be drock area (0-20
:~rburden)

B - shallow alluvial
(20-100 ft overbur-
den) area

C - deep alluvial area
(>100 ft over-
burden)

10. Erosionl
Denudation

Location with respect to
potential areas of ero-
sion or denudation

a) Include areas '112-mile
from steep-walled slopes
or canyons

b) Evaluate areas on basis
of height above base
level:

A - repository elevation
below base level

8 - repository elevation
above base level

a) Include areas where
total basalt thickness
'1000 ft -A

Limiting

Classifying

Site Locality

Site Locality
Candidate Site

I

I
a-.

11. Stratigraphic a) Total basalt thickness
Characteristics

Limiting Candidate Area I

co,
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I (b) b) Depth to basalt surface

b) Evaluate areas on basis
of total basalt thick-
ness:

A - >3000 ft

6 - 1000 - 3000 ft

Cl assi fyi ng Candidate Site I

Include areas where depth
to basalt 1000-ft

Evaluate areas on basis
of bedrock dip:

C)

00 _ 50

2 _ > - 100

', ~k~ ~kiIC > 100

d) Pre ence ot suttable Include areas where bajALt,
stratigraphic char- th desIrablea::jhr-
acteristics 7 va structure, density,

A Obarsity.,xten t, continuity,
e etc. OOO6Q100)f t thick with-

e proposed~ repository
11t.B de poth zo n e

Limiting

Classifying

Limiting
and
Classtfying

Limiting

Candidate Area
Site Locality

Site Locality
Candidate Site

Site Locality
Candidate Site

Site Locality
Candidate Site

0 and I

0.

0 and I '-4

U.

e) Thickness of under-
lying basalt

Include areas where thick-
ness of underlying basalt
at the repository depth Is
>500 ft

0 and I

DO

CDO
I

W
WC

I
CI
I

I



8. Han-made I .
Hazards

I' . -!

1. Aircraft
Impact

al Distance from airports a) 5 ml from airports shown
on state airport plans,
accommodating aircraft
>12.500 lbs 9.w., or any
m111tary airport

b) For airports with -12.500
operations, but less than
S0,000, d miles from
airport d

alyp2- (prtons)

c) For airports with 50.000
to 100.000 operations. 10
miles from airport.
For airports with
'100.000 operations,
d miles from airport
d -f.M-1 {operatlons}

Evalu.;e areas with respect
to proximity to high-
fretuency routes

Limiting Candidate Area 0

Sub-area 0

Sub-area
Site Locality

Sub-area

0

o '-4b) Location with respect
to commercial jet
routes and military
training

Classifying

2. Hazardous
Facilitlies

'I,'

a) Location-with respect Include areas away from
to 6azardous fad I'ftMs) facilities occupying 18,000

acres or more

b) Distance from possible Include areas greater than
I missile generators I mile from facilities with

potential explosion, fire.
missile hazards

Limi ting

Limiting

Candidate Area

Sub-arei

0

0

co

wC

I



I I . III A "
46-o O'"J

3. Transpor-
tation

4. Induced
Setsmicity

c) Distanc.-fron t%•'sIble
vapo r:AourcesJ

Distance from transoorta-
tion corridors

Location with respect to
sources of Induced seis-
micity and potential fu-
ture earthquake sources

Include areas greater than Limiting
1 mile from potential sources
of noxious or flammable vapcrs

Include areas greater than Limiting
1/2 mile from U.S. highways.
1 mile from interstate high-
ways. railroads and navigable
waterways

a) Include areas )5 ml from Limiting
existing reservoirs >100
ft deep

b) Evaluate areas on basis Classifying
of proximity to future
reservoirs and Interpreted
sources of Induced seismicity

Site Locality

Site Locality

Sub-area

Site Locality
Candidate Site

0

0

0 and I

0 and I

'-4

A - >5 Miles

a - 0 to 5 miles

I-

S. Subsurface
Mineral Ex-
ploration and
Extraction

Location with respect to
existing and potential
future mineral explora-
tion and extraction

-, ;. ', .. V''/. A-

a) Include areas away
from existing sub-
surface mineral ex-
ploration or extrac-
tion

r,/b) Evaluate areas on basis
,of proximity to poten-p j tlal *uturc mineral ex-

r ~,-ploration or extraction

,,,;o

Llmitirj

Classifying

Site Locality

Candidate Site

0 and I

I

;x

Cr

co
2C
0

C.
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C. Repository
Induced Events

1. Thermomech-
anical
Effects

Thickness of host rock
flow and general rock
characteristics

Evaluate flow thicknesses
and characteristics of
potential host rock

Classifying Candidate Site 0 and I

2. OperatIonal Distance from population Include areas >3 ml from Limiting
Radiation populations(i2500>,-
Release r*-. -- /

_' "a>. .ot. .zAO E R t - 2-

OBJECTIVE: MINIMIZE ADVERSE ENVIRONMENTAL IMPACT§ -f Y -

Candidate Area 0

1. Protected Location with respect
Ecological to protected ecological
Areas areas 2/ AC , < 7

-A A -

2. Culturally a) Location with respect
Important Areas to designated scenic

areas

Include areas outside of
designated protected ecolo-
logical areas of:
>18OOO acres
3-18000 acres
S,000 icres

Include areas greater than
a calculated distance based
on height of spoil

Include areas uutside of
designated culturally im-
portant areas of:

>18,000 acres
T-18000 acres
(5<000 acres

* Limtting
Limiting
Limiting

Limiting

Candidate
Sub-area
Candidate

Area

Site

0
0
0

'-4

I~

Candidate Area/
Sub-area

0 co

Indian Reser-
vations, Parks,
Monuments.
W11derness
Primitive Areas,

,,Roidless Area of
(HF' BLH Roadless.
Recreatio Area,

(OH L L (ONA,
Archeological Sites

b) Location with respect
to all designated

areas
Limiting
Lii ting
Limiting

Candidate
Sub-area
Candidate

Area

Site

0
0
0

40

I"

C,1
I

0
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3. Rare and
Endangered

4._ Biologically
,' Important
I Areas

S. Existing
Significant,
Specialty. or
Incompatible
Land Uses

6. Potential
Significant
or Incompat-
ible Land Uses

1.9 ctton with respect,{o
{fare eZiinaenFS

Location with respect
to biologically Important
areas

Location with respect to
significant, specialty
or incompatible land uses

Location with respect to
potential future signifi-
cant or incompatible land
uses

Include areas outside of
known locations of rare and
endangered species

Evaluate areas based on
proximity to biologically im-
portant areas

Include areas outside of
mapped extent of specialty
agriculture. Irrigated
agriculture, Incompatible fa-
cilities, or other land uses
which are locally limited and
regionally significant

Evaluate areas with respect
to potential future uses;
the evaluation will focus on
agriculture:

Potentially Irrigable Lands
Arable Solils
Marginal Soils
Sub-Marginal Soils

Limiting

Classifying

Limiting

Classifying

Candidate Site

Site Locality

Site Locality

Candidate Zone
Candidate Sub-area

a

0

0

1

6-4

OBJECTIVE: HIIHIMIZE SYSTEM COSTS

I. Site Prepar-
tion (Surface)

Terrain ruggedness Subjective evaluation for
terrain characteristics
(leI topography, slope,
relief, and degree of
dissection!

Limiting Sub-area 0

;0

C1
co

cl

I

In
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Usable land area Evaluate available land
area for dominant site prep-
-ration custs. slope, loca
rtlief, degree of dissection,
size of area, location and
juxtaposition of relatively
level areas, water supply.
access, and amount of excava-
tion and fill necessary to
fit 1700 acres of surface
facilities

classifying Candidate Zones
Site Locality.
and Candidate Site

0

2. Site
Preparation
(Subsurface)

Mining and excavation
costs

Evaluate areas on basis of
thickness of overburden,
depth of shafts, host rock
characteristics, configuration
and length of tunnels (spoil
etc.). excavated volume, etc.

Classifying Candidate Site 0

,-

I
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TABLE 111-3

RANKING CRITERIA

OBJECTIVE: MAXIMIZE PUBLIC HEALTH AND SAFETY

Consideration Attribute

1. Potential Radiation Exposure
2. Groundwater Contamination (tentative)

Site population factor
Distance in miles to, d--t> -
discharge area

OBJECTIVE: MINIMIZE ADVERSE ENVIRONMENTAL IMPACTS

A- Consideration Attribute

1. Ecological Impacts at a Site
I 2. Air Quality (tentative)

r- 3. Effects on Aquatic Species
(Cooling Tower)

4. Socioeconomic Effects of Construction

Subjective scale
Calculated non-radioactive
pollutant concentration
mg/m3
Number of individuals
affected, annual escape-
ment of stream
Subjective scale

OBJECTIVE: MINIMIZE SYSTEM COSTS- I

Consideration Attribute

1. Site Acquisition, Design, Development,
Construction, Operating, and Closure
Costs

Differential site costs
(in dollars)
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studies, a test application was made on maps of the study area. The
criteria presented in Table III-2 incorporate all revisions accepted to
date. The ranking attributes presented in Table III-3 will be reviewed
following the identification of candidate sites. Each of the criteria
appearing in Table III-2 are discussed in greater detail in Appendix A.

4. APPLICATION OF CRITERIA

This section describes the application of criteria presented in
Tables III-2 and 111-3. Examples of a screening criterion and a ranking
attribute are presented.

Most of the data used in screening will be mapped. In general, this
involves preparation of a base map, preparation or collection of source
data maps, interpretaion of these source data according to the criteria

' and preparation of an interpretive overlay to the base map, and
superimposition of interpretive maps to yield a composite overlay. The
composite overlay is a graphic display of all areas interpreted to meet
criteria related to a set of considerations studied in a single step of

. screening. Each step in screer.inn corresponds to a change in map scale or
a change in the evaluation technique as the study focuses on smaller and

C- smaller areas with progressively higher likelihoods of containing
candidate sites. *At the end of each step of screening, the result is
mapped. In steps where limiting criteria are applied, the criteria are
mapped and then evaluated in a tabular or matrix format and the result (a
classification of areas) is mapped. The steps in screening are:

* Identification of candidate areas;
X Identification of subareas;
- Identification of site localities;

_ a Identification of candidate sites.

For each of the criteria shown in Table III-2, the step in screening at
which the criterion will be applied is shown. All ranking criteria
(Table III-3) are applied following the identification of candidate sites.
Table I11-4 contains definitions of the area designations used in
screening.

To illustrate the manner in which criteria are applied in the site
identification study, two examples have been prepared. The first example
describes the consideration of volcanic effects as an impact to screening.
The second example describes the consideration of population exposure to
radiation as an input to ranking.

Example 1 - Screening Criteria. The consideration of volcanic effects has ;w6
been selected to illustrate the screening process of the siting study. It 1
is a useful illustration because it involves the application of both
limiting and classifying criteria at several levels during the progress of
the study. A discussion of the consideration of volcanic effects and the,1 ..L
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TABLE III-4

AREA DESIGNATIONS USED IN SCREENING

Study Area: The area covered by this repository site identification
study. The total study area (CORBEH) covers approximately 50,000 square
miles, including portions of the states of Washington, Oregon, and Idaho.
The Hanford study area is approximately 600 square miles.

Candidate Area: Portions of the study area that have a higher potential
of containing suitable sites for a waste repository than the rest of the
study area. (Typically, a candidate area covers several hundred square
miles and is derived by the application of limiting criteria.)

Subarea: Portions of candidate areas that have a higher potential of
containing sites than other portions. The subarea is typically defined on
a larger scale map than that used to identify candidate areas and is
derived by the application of limiting criteria. Subareas represent
refinements of candidate areas and are still measured in hundreds of
square miles. Following subarea identification, several interim
classification steps are pursued. These involve subdivision of the
subarea into smaller areas (called zones) and may include evaluation and
preferential selection of a number of zones (these would be called
candidate zones.)

Site Locality: Portions of subareas or candidate zones that have a higher
potential of containing suitable sites for a waste repository than the
rest of the subarea or candidate zone. (Typically, a site locality covers
an area of 6 to 20 square miles.) The site locality is intended to be a
potential location where a repository facility might be located but
requires field observation and more detailed study before a site center
and approximate site boundary can be established.

Candidate Site: A specific location within a site locality considered to
be suitable for locating a repository. Not all site localities will
contain candidate sites; this detemrination is made on field visits to
site localities. (Typically, a candidate site covers an area of 3,000 to
10,000 acres.)
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development of the criteria which describe it are presented in Appendix A.
Table III-2 summarizes the criteria.

The consideration of volcanic effects is utilized at three significant
levels in the siting study, and criteria are applied to obtain: candidate
areas, site localities, and candidate sites. Prior to the application of
the criteria, however, an evaluation is made of Quaternary volcanic
sources, with the result that the volcanism in and near the study area is
of two general types: basaltic and andesitic.

The eruptive characteristics of these two types of volcanism are quite
different. Basaltic volcanism is characterized by shield volcanoes, such
as Newberry Crater in Oregon, and by small isolated flows and cinder
cones, such as those near Goldendale, Washington. Eruptions from this
type of volcano are generally less violent, and explosive activity is
generally confined to lava fountains. The primary volcanic effect from an

a- eruption of this type is lava flow. The lava may be fluid and may cover
large areas.

Andesitic volcanism is characterized by the high stratovolcanoes of the
Cascade Range, such as Mt. Rainier and Mt. St. Helens. Eruptions from
this type of volcano can be violent. The effects of eruptions from this
type nf volcano include:

- Eruption of large volumes of viscous lava and pyroclastic
material;

* Explosions and eruptions which deposit a blanket of ash over a
very large area;

* Mud flows and debris avalanches that are confined to the valleys
which originate on the large stratovolcanoes;

# Volcanic earthquakes;

s Air blast and base surge.

An examination and evaluation of the geologic literature suggests that,
except for widespread ashfall, most of the effects of andesitic volcanism
occur within 12 miles of the stratovolcano. Since the Cascade strato-
volcanoes lie beyond 12 miles from the study area, only ashfall is
considered in this siting study.

C#Using this information, the first application of the criteria is made.
This involves the use of the limiting criterion, which includes, for
further study, areas greater than 5 miles from a Quaternary volcanic .jx,

ren oriavaj fw_,--To accomplish this, all Quaternary volcanic deposits
within the study area are identified on an overlay of the 1:50U,000 base
map of the CORBEH study area. (There are no Quaternary volcanic deposits
in the Hanford area.) This overlay becomes the data map depicting
Quaternary volcanic deposits (Figure III-2). The data map is then
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Qv - Quaternary volcanic deposit
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FIGURE m - 2

SCHEMATIC DRAWING OF DATA MAP FOR VOLCANIC EFFECTS
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overlaid again, and lines are drawn representing the limiting criteria
setback of 5 miles from Quaternary volcanic sources and flows. The
resulting map is the screening overlay for volcanic effects applied in the
first step of screening (Figure 111-3). When this map is overlaid with
the other screening maps used in step one, the resulting areas outside of
the composite overlays are designated candidate areas.

Following the application of limiting criteria (such as for volcanic
effects) to obtain candidate areas, other limiting criteria and
evaluations are utilized to successively reduce the study area so that
either subareas and/or candidate zones remain. The next use of the
consideration of volcanic effects involves the application of two
classification criteria to the evaluation of subareas/candidate zones to
obtain site localities.

Using detailed geologic information available for the subarear/candidate
zones, Quaternary volcanic deposits, if any, are again identified. This
includes identifying potential sources of volcanic effects which lie
outside the subareas/candidate zones but which may still have affects
within. Quaternary andesitic stratovolcanoes within 100 miles of any
subarea/candidate zone are also identified.

Using this information, each subarea/candidate zone is evaluated and
classified as to its exposure to Quaternary volcanic effects and distance
from a potential source of ash fall:ie.. distance from a Quaternary
stratovolcano (refer to Table III-2 for the classification criteria). For
example, part of a subarea/candidate zone may straddle a drainage coming
from a Quaternary volcanic center which lies greater than 5 miles away.
The evaluation may suggest that the drainage should be classified C--
Tvolcanic effects may approach near the area. The slopes above the
drainage might be classified B--area near volcanic center but no expected
effects. Finally, the nearest major potential source of ash fall might
lie 85 miles away; thus, the subarea/zone would be classified B for ash
fall. An example of the application of these criteria to a
subarea/candidate zone is illustrated in Figure III-4.

After the classifications are applied, the results are combined with the
results of the application of other classifying as well as limiting
criteria. The areas remaining following the application of all limiting
criteria are evaluated, and site localities are preferentially identified
in areas of the subarea/candidate zones which have the most favorable
characteristics. For example, using only the consideration of volcanic
effects, site localities may be identified as shown on Figure III-4
because these areas offer the most favorable characteristics in the
subarea/candidate zone regarding potential volcanic hazards.

The final application of the consideration of volcanic effects involves
the subjective evaluation of the site localities regarding their exposure
to volcanic effects. In this step, candidate sites are identified through
the comparison of the site localities and their respective relative
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0 SMILES -

Ov - Quaternary volcanic deposit

-A- Quaternary volcanic center (cinder cone)

FIGURE m - 3

SCHEMATIC DRAWING OF APPLICATION OF
LIMITING CRITERIA FOR VOLCANIC EFFECTS
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FIGURE VI - 4

SCHEMATIC DRAWING OF THE APPLICATION OF
CLASSIFYING CRITERIA FOR VOLCANIC EFFECTS
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exposure to volcanic effects. One site locality that is higher above a
drainage, coming from a Quaternary volcano, than another site locality and
is also further away from an ash fall source might be identified as a
candidate site and recommended for ranking.

Example 2 - Ranking Attribute. One of the measures to be used to compare
and rank candidate sites is concerned with potential radiation exposure to
populations residing in the site vicinity. Routine or accidental releases
of radioactivity from a repository may lead to two types of public
exposure: direct exposure and exposure through pathways. Ideally one
would use radiation exposure in man-rems/year under routine or accident
scenarios as an attribute of this consideration. However, it is extremely
difficult to estimate probabilities, magnitudes, and directions of
radiation release at each of the candidate sites. The NRC recognized this
difficulty and proposed the site population factor (SPF) as a reasonable
proxy variable for use in selecting a site for nuclear power plants 'od

c (Kohler et al, 1974; AEC, 1974). The use of a site population factor int'
site selection for the repository also appears to be appropriate.

The SPF is a numerical index that considers both the number of people and
their proximity to a candidate site and is used as a proxy variable to ,',.

represent potential radiation exposure to man. The SPF is defined by the,' '
J.- formula:

-l.Sp-1.5P

r r

SPF =1
_ *Q

ri
rJ

rj = distance in miles from site
Pj population between rj.l and ri
Qj a population between r. and r. for a uniform population

of 1,000 per square file

Examination of the formula reveals that the SPF is a weighted average
considering both population and distance from the site. The distance from
the site, rg, enters as an exponential decay with power -1.5. Therefore,
a given num er of people living near the site are assigned a higher weight
than if the same population were located a greater distance from the site.
This decay function is based on average diffusion of gaseous radioactive
emissions from plants licensed by the NRC. The numerator of equation
represents the sum of the actual population living in the site locale,
weighted by their distance from the site. The denominator is a
normalizing constant calculated assuming an evenly distributed population
of 1,000 per square mile for all distances from the site. Thus, an
SPF = 0.2 represents a site that is equivalent to a hypothetical situation
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with an evenly distributed population of 200 per square mile. -This / .
population density roughly corresponds to an area characterized 'y10-acre) LOO,A
farms.

The SPF factor for each site will be determined considering a maximum ov
distance of 50 miles from a site (the NRC convention) and using distances 3.
of rj - 1, 2, 3, 4, 5, 7, 10, 15, 20, 30, 40 and 50 miles. These (

distances define the radii of circles, and the population located between
each is determined using 1970 U.S. Census data, more current estimates,
available projections, and linear or exponential extrapolations to the
60th year of repository operation.

For each candidate site, the concentric annuli are plotted with the site
at the center in the fashion of a Nbullseye". For distances from 5 to
50 miles, the population estimate is computed by summing the populations
of towns and cities lying witnin each annulus (if a town or city lies on
the boundary of two annuli, the entire population of the town is counted
in the annulus closest to the site). The population of unincorporated

V^ areas is assumed to be clustered about the incorporated places in direct
proportion to size of the incorporated place; thus a fraction of the
unincorporated area population is added to the population of each
i Incorporated place. For annuli between 0 and 5 miles of a site, the
residential structures are counted directly from maps, aerial photographs,
and field observations. The pertinent county population per household is
used as a multiplier to estimate the number of persons residing in
structures. This estimation technique is more likely to overestimate than
underestimate the actual population living near a site. This manual
approach to estimation is used instead of commercially available computer-
based techniques (these services access U.S. Census tapes and interpret
them through a geographic grid) because experience has shown the computer

_ estimates to be wholly unreliable in the sparsely populated rural areas
characteristically surrounding candidate sites for nuclear facilities.

The to~aL_ populations esti e47'to reside in each annulus are then
pr-ttdtot h yea? and input to a computer program that computes
the SPF. Transient populations are not considered by this index. If a
significant basis for differentiating between candidate sites in terms of
transient population can be established, the SPF function can be adjusted
or a separate population factor can be developed. The numerical value of
the SPF is used directly as an input to ranking.

Further steps of the ranking process are described briefly ow. A_,
detailed discussion for each attribute will be presented i4i/e4h I.e v I
The consequences of choosing a site are composed of various imp 'ts;--each-
represented by a specific measure; for example, the SPF for s'e ure to 6 '

c Mac h u which is site-dependent.
R 'fTherefore, a relationship between probability and the levels of a specific

measure are developed for each site. The levels of impact and their
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associated probabilities are assessed on the basis of existing or new data
and the specialized knowledge of scientists, engineers, and economists.

The next step consists of establishing the preference structure. Persons
and groups involved in the site identification prefer some consequences
over others. These preferences are measured using concepts of utilitt y
theory- A utility function is developed by assigning a numerical value on
hF arbitrary scale (e.g., 0 to 1) to every level of an impact. In /
general, this value is not directly proportional to the magnitude of the
impact. AiEor example, Figure III-5(a) shows the relationship between the
site population factor and the associated utility function.

Since selecting a site has multiple impacts, a multiattribute utility
function which combines the utility functions of individual impacts is
deveYp-1r The multiattribute utility function accounts for the relative
importance of the individual functions. This relative importance fs
measured by a series of trade-off constants determined by assessing from

P-tW rdecision-maker how much of one i PACt he would be willing to trade for
another withiA the range of the c impacts. Figure 111-5(b) shows a

- typical : A fa fnship between site population factor and system cost.

' Finally, for each site the probability associated with various
consequences is determined using the probabilities estimated as described
above. The utility of the consequences is determined using the individual
utility functions and the computed trade-off constants. The expected
utility is evaluated by multiplying the probability of the con en e by
its utility. The sites are then ranked In order of thetiidf of
expected utility. ,AL4)fa~. a,

_, .
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IV. FRAMEWORK FOR SENSITIVITY ANALYSIS

1. GENERAL d , A

The Aj-1vof this section is toexamin the sensitivity of the results
of the site identification process to various parameters. The site
identification process described in Section III of this report is a step-
by-step process which utilizes information derived from analytical and
judgmental evaluations. These evaluations are based, in turn, on a number
of parameters established eithe on the basis of available data,
regulatory stipulations, or byA'5dg~e'. Obviously the res) ty-of the
site identification process can be influenced by chances irn1he numerical
values of the parameters used and~tin the relationships utilized in the
evaluations. A sensitivity analysis enhances the utility of the site
identification process because it provides useful insights into the
relative influence of various parameters and enables one to identify the
dominant parameters which could influence the results of the process in a
significant manner. The results of a sensitivity analysis can then be

Z. utilized for identifying geographic areas where additional work may be
necessary or for identifying need for acquisition of additional data or
for refining the assumptions.

The site identification process is basically accomplished in three phases:
(1) identifying baseline conditions (Section II), (2) establishing and
applying screening criteria to identify a number (say, 10 to 20) of
candidate sites, and (3) establishing and applying ranting criteria to
preferentially order the candidate sites. The criteria 4ei (f tned based
on the regulatory framework and available data. When additional data are
acquired, a review of the criteria and results, betomeFz7ppropriate.

The discussion below attempts to address parameters that may influence the
results of each one of these phases. Figure IV-1 is a flow diagram
showing the topics to which a sensitivity analysis may be applied.

2. SCOPE

The scope of the sensitivity analyses.may-.be defined as follows:

1) To evaluate the effect of change in baseline conditions;

2) To evaluate the effect of change in the regulatory framework;

3) To evaluate the effect of change in the screening criteria on the
results of the screening process;

4) To evaluate the effect of change in the ranking criteria on the
results of the ranking process;
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SCOPE OF SENSITIVITY ANALYSIS
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5) To evaluate the effect of acquisition of additional data on items
1, 3, and 4 above;

6) To identify dominant parameters that influence the results of a
site identification process.

The numbers in various boxes in Figure IV-1 correspond to the numbers of
the items listed above. The following discussion establishes a framework
for the sensjStW-i-Y4 analyses. ResuLts -of-,actual analyses will be
presented in q) ge 9 Screening, and 1Y , Ranking.

- - 7,4/52 .' Off -§ -

3. FRAMEWORK FOR ANALYSIS

3.1 Change in Baseline Characteristics

A set of baseline conditions was defined in Section II and summarized in
Table II-1 of this report. These conditions include numerical values of

[r parameters defining the location and geometry of the repository,
description of the type and volume of waste, and a set qf parameters that
define the desired performance characteristics for theorepository system.
A variation in any of these parameters could influence the results of a
site identification study. For example, a variton in the time frames

5- for the operational and isrlation phases 3i- ffect the results of a
number of steps in the screening and ra'nking processes. These changes are
discussed in greater detail in Sections 3.3 and 3.4 below.

A change in the number of canisters expected to be emplaced within the
repository, the rate of emplacement, and the period of aging before which

^a the canisters arrive at the repository site would influence the
calculation of the aeals of underground tunnels, the volum o~fspoil
piles, the amount ol 1* %es from the repository, and the/Th ermal loads

_ that the surrounding rock may be subjected to during the operational and
isolation phases. For example, available information suggests that the
number of canisters expected by the year 2015 is in the order of
approximately 700,000 canisters. If a thermal load of 100 kilowatts per
acre is assumed, then a 3200-acre repository would be able to accommodate
approximately 320,000 canisters. If, therefore, the above number of
canisters has to be accommodated, it would be necessary to enlarge the
underground area of the repository or restrict th numptr f canisters.
If a preyiouslyident1ffed site does not have thewinmi arg~etkr6rea, it may
beconejb1nsi able.

Changes in the number of canisters or assumptions regarding the amount of
releases would require an adjustment in the calculated doses and the
population setback distances required for locating the repository.

Changes in repository host rock characteristics such as thermomechanical
properties and groundwater permeability would change the expected thermal
effects or the expected travel time of radionuclides due to groundwater
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transport, respectively. These calculated changes viewed in conjunction
with the regulatory stipulations may result in a change in the suitability
or rank order of sites.

3.2 Regulatory Framework

The numerical values of a number of screening criteria and ranking
attributes are based on the minimum levels of safety and environmental
effects specified by regulatory agencies such as the NRC and EPA. A
change in the specified limits by regulatory agencies would automatically
result in a change in the criteria. For example, the NRC has specified
limits for the allowable population densitiesjtin different distances
from a nuclear facility such as -a .nuclear'l. ant If these limits are

't-nig r the' back i sta ncs Pofo#.r oapo centeis from a
propdted nuclear facility would change, thereby altering the sizes and
boundaries of the candidate areas, subareas, zones, etc., identified in
the screening process.

Similarly, the identification of capable faults that could influence a
nuclear facility such as a nuclear plant is currently based upon the
presence or lack of multiple movements on the fault for a period greater
than 500,000 years. If this value is changed to another time period
(e.g., to one million years, as suggested by the National Academy of
Sciences, 1978), then the number and location of faults identified as
being capable would change, resulting in a change in the boundaries of
screening areas based on the criterion which states that a site should be
located at distances greater than a selected value (e.g., 5 miles) from a
capable fault.

Yet another example may consist of the acceptable probability of hazard to
a surface nuclear facility due to aircraft impact. The present NRC
regulations call for demonstrating that the probability of unacceptable
radiation rele~ ses due to an accident resulting from aircraft impact be
less than 10- . If this level of acceptable probability is changed,
setback distances based on a numbce of aircraft operations would be
altered.

Another aspect of the regulatory framework concerns the status of evolving\
regulations or laws whose applicability h~a not been clearly'established.
An example is a currert-Oregon law (see'Section III, Volume I), which in /
effect "prohibits the storage of r gioactive wastes in the state of
Oregon". If t6e law is to be interp eted as a complete prohibition of the
siting of af radioactive waste r pository, areas in Oregon may not be
included in the screening process.

~~~~~1~~~e byS c vAtvzP --s ..- m..e ala_ .

.,7 n AA. 1.4, -a?-.. A<.A/14"-/ < *,/-'4f Af__$A-•..El
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3.3 Elfect of Change in the Screening Criteria

The screening process utilizes a number of limiting or.9lassifying
criteria. There criteria are established on the basis of tf X ulatory
framework and the desired baseline conditions discussed in Sections 3.1
and 3.2 above Any change in the baseline conditions or in the regulatory
framework i1 ml *ng or classifying screening
criteriaA remaps: example off the cMange in baseline conditions is a
change in the time frames corresponding to the operational and isolation
phases. Most screening criteria, described in Appendix A and summarized
in Table 111-2, are based on an isolation phase of 10,000 years. If the
isolation phase is changed or extended to 100,000 or one million years,
some criteria may require revision. In Table 111-2 the criterion related
to tectonic movement states that areas of potential bedrock folding should
not be included in the screening process. In general, the probability of
the occurrence of differential tectonic movement and deformation along
existing or new rupture zones increases as the time frame is increased by
one or two orders of ma nitude. In case of a typical nuclear facility,
such as a nuclear mpant, for which a lifetime is in the order of
approximately 30 to 40 years, the probability of deformation along a given
fold may be small and, therefore, not significant. If the isol tntie%
frame for a repository is assumed to be several hu edA years, asl -, ..
suggested by certain workers, some'-fonsideration ma' . a44-to be given gt -"o$

siting in areas of bedrock folds. Where the assumed isolation period is
assumed to extend over 100,000 to one million years, it would appear
desirable that siting on areas of such folds should be avoided.

A similar example may lie in the estimation of possible effects of erosion
and denudation. Where erosion rates are uniform and small, such as 3
millimeters per year, a time frame lasting over a few hundred years may
not be significant to a repository which is located at depths of
approximately 2,000 feet. If the time frame is incresed to 10,000 years,
the expected erosion may he in the order of 100 feet and the possible
effects should be reviewed, although it may still not be significant to a
repository emplaced at a depth of 2,000 feet. If the time frame is
expanded to 100,000 years or greater, the expected erosion may exceed
1,000 feet, which is certainly a significant factor in evaluating the
safety of the repository. Also, in case the isolation time frame goes
beyond 100,000 years, it is likely that the environment under which
erosion is occurring and the forces contributing to erosion may undergo
substantial change requiring additional evaluations.

Changes in the time frames can also cause changes in the probability of
man-made hazards such as drilling, construction of new reservoirs, and
change in the land use patterns that could result in increased potential
for induced seismicity or adverse changes in the groundwater conditions in
the vicinity of the repository.
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Changes in the classification criteria, particularly if the criteria are
based on considerations of cost (e.g., the distance from waterways, the
distance to sources of water or land access, or tie land preparation costs
as a percentage of the total cost) could change the relative preferences
with respect to candidate sites and zones.

3.4 Effect of Change in the Ranking Attributes

The ranki e, r cess requires the identification of attributes pertaining
to the ulf T rment of the objectives. For each ranking attribute,
analyses are carried out to estimate the probability of occurrence of
various levels of impacts, and utility functions are established to assess
the value of the impacts and tradeoffs between various values of
attributes based on the preferences of the decision-makers. Changes in-
the estimated probabilities, estimated levels of impact, and tradeoffs
between different attributes can influence the results of the ranking

?. process; that is, the rank order of candidate sites. Fo1  example, the
estimation of the ady ere__soc4oeconomic__impact /dvri the operation and
early isolation phase may require estimation 6f'ftie rand use patternr' the

C. number of people inhabiting the affected areas, and the negative value of
the impacts generated by the repository in the isolation phase. These
evaluations will require assumptions regarding the number of people, the
type of land use, and the value of impacts. Variation in the values
selected for analyses result in a change in the calculated value of
the impact. In the case of the valuation -7rn tradeoffs,' a typical
assessment may require the evaluation of the number of dollars the-aL,
decision-maker is willing to spend in additional system cost to mitigate d

particular impact, such as the preemption of a desirable land use or the
_ preservation of the habitat of a rare and endangered species.

3.5 Influence of Additional Data

A site identification study is a dynamic process. It is based on a number
of parameters and is generally carried out utilizing available data. One
of the desirable features of a site identification process is the
flexibility to accommodate and accept additional information. It is
anticipated that additional information will become available both during
the coursDf this study and after it. This additional information may
pmatrjly-"consist of data on the geologic, tectonic, and groundwater
conditions or on the Socioeconomic conditions within the study areas. Use
of the additional information could lead to a modification in the
boundaries of areas established in various steps of the site
identification process, such as candidate areas, subareas, zones, and
candidate sites.
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3.6 Implementation of Sensitivity Analysis

As described above, sensitivity analyses will be carried out for
appropriate ranges of selected parameters utilized in various steps of the
site identification process. The results and a discussion ofthe
significance of the sensitivit a-+ses would be presented i (:lhum Y ,-,
for the screening process and e VTfr the ranki rucess.

1 .

I-

I
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APPENDIX A
CRITERIA AND RATIONALE

A.1 INTRODUCTION

This appendix presents a detailed discussion of the various considerations
and siting criteria to be used in the repository siting study and the
rationale utilized to select each criterion. The criteria and the
considerations from which they were derived are organized under the
objectives of: maximize public health and safety, minimize environmental
impacts and minimize system costs. The anticipated approach for the use
of each criterion is discussed as well as its relevance to the siting of a
nuclear waste repository. A summary of the siting criteria is presented
in Table 111-2.

A.2 PUBLIC HEALTH AND SAFETY

-; The considerations and criteria developed to meet the objective of
maximizing public health and safety deal with hazards, effects or events
which fall into three general categories: natural hazards, man-made

,- hazards or events and repository induced events.

A.2.1 Natural Hazards

A.2.I.1 Fault Rupture

The potential for fault rupture is studied to describe the locations,
orientations, and lengths of capable faults, faults of potential
capability, faults of unknown capability and noncapable faults in the
study area. This serves to determine areas of high potential for fault
rupture, which are relatively less desirable for nuclear waste repository.

Relevance to Siting. Active fault movement through tbeg Apbsvr.fage '/-,
repository and/or through surface =Papo~ F-aciiies,"rn" mfst tyk I
safety of a potential site. In addition, becausefllicensing will be under
the authority of the U.S. Nuclear Regulatory Commission (NRC) and will
most likely bg,~~ s if not more stringent than for nuclear power
plants, !hicapab-le'faults will need to be evaluated,. The present NRC
position on capable faults for nuclear power plants states (Appendix A to
10 CFR Part 100): (1) sites that include capable faults are not suitable
for nuclear power stations, and (2) sites within approximately 5 miles of
a surface capable fault (greater than 1000 feet in length) are generally
not suitable for a nuclear power station.



A-2 RHO-BWI-C-

In addition to capable faulting, potential repositories located on or near
noncapable faults or fractured zones may be relatively less desirable
because of the potential for increased pathways to the biosphere and
poorer bedrock foundation conditions.

Measure. Two sets of measures are derived to describe the fault rupture
consideration. The first set is for capable faulting where the horizontal
as well as vertical distance from capable faults and faults interpreted to
be potentially capable is important. The second set conside :7
distance from noncapable faults and/or distance from intense .

fracturing/jointing.

Criteria. Two sets of limiting criteria, and one classifying criteria
corresponding to the three sets of measures, are used. The criteria
applicable to capable faults, faults of potential capability, and faults
of unknown capabilities are:

* Include areas to within 5 miles, (horizontally and vertically) of
capable faults and logical projections of capable faults;

* Include areas to within 5 miles (vertically and horizontally) of
faults interpreted to be potentially capable or of unknown

c_ capability and to within 5 miles of logical projections of these
faults.

The criteria applicable to noncapable faults and fractures are:

e Include areas to within one-half mile of faults interpreted to be
noncapable and to within one-half mile of zones of intense
fracturing or jointing.

Rationale. The potential for fault rupture is considered in the NRC
review process for nuclear power plants. In this review, capable faults
or faults interpreted to be capable that are greater than 1000 feet in
length and are located within 5 miles of the power plant must have
detailed studies to determine the possibility for fault rupture. These
studies are conducted within an area called the "zone requiring detailed
faulting investigations". Nuclear power plants may not be located within
such a zone unless detailed studies demonstrate that the need to design
for the effects of surface faulting has been properly determined.

Because a nuclear waste repository will likely be subject to similar or
more stringent site suitability criteria for fault rupture, the 5-mile
setback from capable an p5 entally capable faults -ws considered to
reasonably satisfy the,, future NRC regulatory position concerning fault
rupture. In adgitjop, if a fault cannot reasonably be proven to be
noncapable, itm '.i;-- be considered capable. Due to the difficulty of
proving capability and resultant licensing delays, faults of unknown
capability are subjected to the same criteria as capable faults.
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-A Siing to within one-half mile of noncapable faults and fractures is based
,^.b4AWpgn the desire to avoid siting on any fault that may provide pathways to

the biosphere.

Approach. The capable fault criteria are applied at all steps in the
screening process because of the importance to siting of these criteria.
The areas limited in each step by these criteria are based on the level of
detail of the data for each step in the screening process. Thus the
criteria are reapplied at each step as the level and detail of the data
increases. The noncapable fault criteria are applied to obtain candidate
site localities.

The approach--used-i n-applfyi+-these fault-r-up-tu-e--c-r-iter-i-a-f-s-- described; -
All mapped faults are identified and subjected to the limiting criteria.
Areas delineated on the basis of the limiting criteria are plotted on
overlay maps for the particular screening step and removed from further
consideration.

All mapped faults are classified into three groups:

* Capable faults or faults interpreted as capable according to the
definition o4-a-capable fauWt-1n 10 CFR 100, Appendix A;

a Honcapable faults or faults interpreted as noncapable based on
local stratigraphy and the tectonic history of the area;

- Faults for which the capability could not be determined from.the
available'w s- d-14-teraturePA

Geologic maps of particular areas under study and literature on the
geologic structure, tectonics, seismicity, and geologic history of the
zones are used to identify capable faults and faults interpreted as being
capable. If a particular fault is shown {to displace sep"ierns younger
than 500,000 years, has historic seismicityassociated with it! or can be
shown to be structurally associated with a capable fault, it is classified
as capable.

Noncapable faults or faults interpreted as being noncapaPe are identified
from evidence indicating that undeformed sediments I'OOO years--T-or
less ovelie the fault.

Faults are identified as of unknown capability when there is no definite
geologic evidence to determine whether movement on the fault is older,or,, af
younger than 500,000 years. The majority of the faults classified are of
unknown capability.

Following identification and classification of the faults and/or
fractures, the limiting criteria are applied and the areas meeting the
criteria are included for further study.
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Definition of Terms. 'Capable fault": capable fault as defined by the NRC
(10 CFR 100) is a tectonic fault which has exhibited one or more of the
following characteristics:

1) Movement at or near the ground surface at least once within thr
past 35,000 years or movement of a recurring nature within the
past 500,000 years;

') Macro-seismicity instrumentally determined with rccords of
sufficient precision to demonstrate a direct relationship with
the fault;

3) A structural relationship to a capable fault according to
characteristics (1) or (2) of this paragrapn such that movement
on one could be reasonably expected to be accompanied by movement
on the other.

. _

In some cases, the geologic evidence of past activity at or near the
~' ground surface along a particular fault may be obscured at a particular
a- site. This might occur, for example, at a site having a deep overburden.

For these cases, evidence may exist elsewhere along the fault from which
C: an evaluation of its characteristics in the vicinity of the site can be
C reasonably based. Such evidence shall be used in determining whether the

fault is a capable fault within this definition.

Notwithstanding the foregoing paragraphs (1), (2), and (3), structural
association of a fault with geologic structural features which are
geologically old (at least pre-Quaternary), such as many of those found in
the eastern region of the United States, shall, in the absence of
conflicting evidence, demonstrate that the fault is not a capable fault
within this definition.

A.2.1.2 Generation of New Faults 7

Because of the long time frame for the repository isolation period
(10,000 years), the potential generation of new faults is studied to
delineate areas having a lower potential of new fault rupture. These
areas thus have a higher likelihood of containing suitable nuclear waste
repository sites.

Relevance to Siting. The relevance to siting of the generation of new
faults is the same as for fault rupture (Section A.a.1.1). This
consideration becomes more important during the isolation period because
fault rupture during the voerational period is most likely to occur on
existing faults.
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Measure. The measure selected to represent the generation of new faults
is location with respect to future potentially capable tectonic
structures. l~e-I- 7o 4f?- > 5Pena__ d>;eF we

Criterion. Locations within the study interpreted as having a potential
for the generation of new faults are areas within 5 miles of anticlines
interpreted as being capable of forming new faults. This criterion is
applied to obtain candidate site localities and to obtain and
preferentially select candidate sites.

Rationale. Based on a review of geologic, structural geologic and
tectonic data for the Columbia Plateau area, the major faulting appears to
be associated with and concentrated near the axes of bedrock folds,
particularly anticlines. Any future new faulting is diso likely to occur
along or near anticlinal axes. The 5-mile setback is based on the NRC )
regulatory position concerning capable faults (see Section A.2.1.1).

Approach. The approach used in applying this criterion consists of/" .

identifying and locating anticlinal folds in the study area and defining. ;,
+:: those interpreted to be capable of forming new faults. This process is',,D

done at two screening steps: to obtain candidate areas and also to obtain'Pg
candidate site localities. Each step uses data at significantly different/r 6-"

c- levels of detail. aj{
To obtain candidate areas, regional scale data are used to identify and
locate anticlines within the study area. The anticlines are examined and
evaluated on the basis of the age of deformation, degree and intensity of
deformation, rate of movement and regional and local tectonic framework.
Based on this evaluation, the anticlines believed to be capable of
generating new faults are identified, and areas greater than 5 miles from

- the axes of the folds dre included for further study. The same process is
used to obtain candidate site localities; however, the data used are more
detailed.

Definition of Terms. "Anticline": a fold, the core of which contains the
stratigraphically older rocks; it is convex upward.

"Capable fault": L:_. .ection A.2.1.1).

A.2.1.3 Ground Motion

Ground motion is studied in rder to describe the potential for seismic
ground shaking in the study area. Although there will be
factlities underground as well as on the surface, results of a preliminary

kture revThe indicate that vibratory ground motion at depth in a rock
kVenvironment would be less than at the surface. The location of historical

seismicity as well as the level of potential ground motion is used to
p, defilqe a relative level of potenti3l hazard to the surface facilities and
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below ground repository galleries and tunnels. In this manner, the
relative desirability of an area for repository siting is defined.

Relevance to Siting. The response of the site to potential ground motion,
over the operational lifetime of the facility, can affect both the safety
and design costs of surface and subsurface facilities. Additionally, a
requirement of baseline seismic monitoring can cause delays in licensing.

Measure. The estimated level of ground motion (horizontal acceleration)
and the location of a site away from close proximity to historical
earthquake activity were the measures used in applying the criteria for
the consideration of ground motion. The estimates of horizontal
acceleration are based on identifying potentially capable faults and
applying applicable empirical relationships between length of fault
rupture, earthquake magnitude, and horizontal base rock acceleration.

Criteria. Three criteria define the consideration of ground motion. The
first is a limiting criterion where portions of the study area considered
to have a high likelihood of experiencing moderate to low horizontal
accelerations (<0.40 g) are included for further study. This criterion is
ased to obtain candidate areas. The remaining two criteria are
classifying criteria dealing with proximity to historic macro- and micro-
earthquake activity. One evaluates areas based on proximity to
concentrations of earthquake epicenters located from instrumental data and
felt reports. The other evaluates areas based on proximity to
tnicroearthquake epicenters. Both classifying criteria are used to
preferentially identify and evaluate areas to obtain candidate site
localities and candidate sites.

Rationale. A potential horizontal acceleration of moderate to low
severity (0.40 g or less) is considered to be an acceptable characteristic
for above-ground and below-ground facilities of a waste repository. Major
manufacturers of Nuclear Steam Supply System (NSSS) components for nuclear
power plants generally design for acce erat on of 0.25 s a minimum, andS,~e Lo •s ' tntalacceaton o
designs for higher accel rations, .al acceerations of
up to 0.40 g would`nt require significant additional expenditures for
either seismic design or dif elays related to additional seismic
investigations; however, designs in excess of 0.40 g are Significantly
morp expensive and may cause licensinqdel ys o _ < wC, 7 G4.*

>rt s not desirable, l-in < Tbs the repository and its underground
components, to site the facilities in close proximity to reported
locations of historical seismicity. Recognizing that the uncertainty and
variation of the detection threshold of historical seismicity changes with
time, population distribution, and seismographic instrument coverage, the
two classifying criteria for the inclusion of port ons of the study area
are Judged as acceptable.
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Approach. The approach used in applying tt,- limiting criterion for ground
motion, "include areas with horizontal acceleration (<0.40 g)" consisted
of several steps. In. the first step two interpretive maps are developed:.
a fault map of the study area and an earthquake epicenter map. The fault
map is based on available regional geologic, structural geologic and
tectonic data. The earthquake epicenter map is prepared with the
following requirements:

1) Include instrumental data for all earthquakes of L4-ete;
magnitude greater than zero; - A -el

2) Include all earthquakes based on epicentral felt reports;

3) When data sources site more than one epicentral location,
available data on felt effects and/or instrument coverage will be
analyzed in order to select the most probable location.(

In the second step, the fault and earthquake epicenter maps are evaluated
to Identify potential earthquake sources. The faults are classified into
three categories: capable and potentially capable faults, noncapable
faults, and faults of unknown capability. Capable faults are those which
meet the criteria for capable faults specified by the NRC in 10 CFR 100,
Appendix A. Faults of unknown capability are those on which the age of
the last movement cannot be ascertained from the available data. Only
capable faults and lineaments and faults of unknown capability longer than
12 miles are considered as potential earthquake sources in evaluating the
ground motion potential. Faults of smaller length are considered for the
consideration of fault rupture (see Section A.2.1.1) or are evaluated
during the later stages p,,the screening proceps. In addition,
concentrations of seismicity, are compared to 'geolo'gic'tructure to locate
and interpret potential earthquake sources.

The third step consists of using empirical relations relating earthquake
sources to horizontal ground acceleration at the surface. Potential
earthquake sources ident'fied in step two are assigned a Richter magnitude
based on Ll~nf quake magnitude-fault rupture length empirical
correlation.§ t T PI' probability of occurrence of the assigned magnitude
earthquake is considered to be the same everywhere along a capable or
potentially capable fault. Next, peak horizontal acceleration on rock is
estimated for the given earthquake magnitude. Setback distances based on
earthquake magnitude and peak horizontal acceleration are estimated from
the faults. Setback distances are those distances for which, given the
length of fault rupture, are estimated to generate 0.40 9 or less peak
horizontal acceleration on rock at the surface.
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*Miles A'> es-

12-24 5
25-60 10
> 60 15

Lines are drawn around the potential earthquake sources at the appropriate
setback distances. Areas outside these enclosures are considered to have
a highs likelihood of experiencing moderate or low acceleration from
earthquake ground shaking. Concentration of earthquakes interpreted to be
potential earthquake sources (identified in step two) are delineated and
areas outside of these concentrations are considered to have a high^/r,
likelihood of experiencing moderate to low accelerations.

The approach used in applying the classifying criteria pertaining to
historic seismicity consists of estimating the various uncertainties

.e associated with locations for instrumental epicenters and felt reports. A
map of the study area is prepared which delineates uncertainties in the
recorded location of earthquake epicenters. Radii of uncertainty are

r- drawn about the plotted earthquake locations as follows:

o 12 miles for felt reports of Modified Mercalli Intensity V or
* - greater;i Us, . t

ao 6-mi-Is for instrumental earthquakes with magnitude > 3.0;
_ 2 iles for instrumental earthquakes with magnitude < 3.0. -

This map is examined to preferentially identify and evaluate candidate
'site localities and candidate sites.

Definition of Terms. 'Capable fault": See Section A.2.1.1

hEpicenter": the point on the earth's surface that is directly above the
focus of an earthquake.

"Microearthquake": for the purposes of this study, an earthquake having a
Richter magnitude of 3 or less.

"Macroearthquake": for the purposes of this study, an earthquake having a
Richter magnitude of 3 or greater.

A.2.1.4 Tectonic Movement

Tectonic movement ip used to define areas of potential differential
tectonic movement (as opposed to uniform regional movement) which may
occur during the isolation period of the repository. The level or
potential for differential tectonic movement defines areas of relative
desirability for locating a nuclear waste repository.
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Relevance to Siting. Potential differential tectonic movements localized
at or near a repository site can affect the safety of the site through
local uplift/subsidence, changes in the local stress regime which may
initiate new patterns or modify existing patterns of geologic structure
(eg., fractures, joints), or through potential changes in the local
groundwater regime. Avoiding areas of existing and potential future
tectonic movement can not only increase the suitability of the repository
site but also decrease the potential for delays in licensing.

Measure. Past differential tectonic movement in the Columbia Plateau has
been concentrated on or near bedrock folds (anticlines, synclines and
monoclines) and future differential tectonic movement is likely to occur
along existing folds. Thus the measure used for this consideration is
location with respect to potential bedrock folding (including anticlines,
synclines and monoclines).

Criteria. Two sets of criteria are developed to describe the potential
for differential tectonic movement. The first set includes limiting
critiera which are used to obtain candidate subareas as well as candidate
site localities:

* Include areas > 3 miles from the axes of large folds (those folds
with > 300 ft fold amplitude and/or > 10 miles fold length);

o Include areas > 1 mile from axes of small folds (those folds with
< 300 foot fold amplitude and/or < 10 mile fold length). '

The second set is a subjective classification of potential siting area
based on distance away from mapped folds. This nonlimiting classification
is used to preferentially identify and evaluate candidate site localities f'°
and candidate sites.

Rationale. Based on a review of detailed geologic and structural geologic .z- )

studies in the basalt of the Columbia Plateau, the limiting criteria of
3 miles and 1 mile for large and small folds, respectively, are considered 3 ,rCj
to reasonably represent the area over which future folding may have an
effect. The available d sugst lhat bedrock folding in the Columbia
Plateau basalts was as Elate as the Ringold Formation (Plio-
Pleistocene) and is probably an ongoing process. Because of the relative
recency of bedrock folding and the need for a stable geologic environment
for the repository, it is felt that avoidance of areas of past tectonic< S

movement will result in the location of sites which have a higher
likelihood of being suitable for nuclear waste repositories.

Approach. The approach used for employing the limiting criteria involves
an examination and evaluation of structural geologic maps for the study
areas. Mapped folds are identified and categorized as large or small, and
the limiting criteria are applied to the folds such that areas meeting the
criteria are included for further study.
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The categorization of the folds into large and small, although having
definite description, may be adjusted from one to the other if overriding
data suggest such an.adjustment. For example, a fold with greater than
300 foot amplitude and 10 mile length may exhibit evidence of no movement
in the past 1 million years. This could possibly change its
classification to a "small" fold for the purposes of this study.

The approach used for the c. .ssifying criteria involves an examination and
evaluation of mapped folds to preferentially identify candidate site
localities (away from sources of differential tectonic movement) and to
evaluate and select candidate sites.

Definition of Terms: "Tectonics': branch of geology dealing with the
broad structures of the upper part of the earth's crust; their origins,
mutual relationships and evolution.

"Fold": a curve or a bend of rock strata, usually a product of tectonic
deformation. Types of folds are:

anticline: see Section A.2.1.2;

syncline: a fold, the core of which contains the stratigraphically
younger rocks; it is concave upward;

monocline: a unit of strata that dips or flexes from the horizontal
in one direction only and is not part of an anticline or syncline;
generally a large feature of gentle dip.

A.2.1.5 Groundwater Contamination

The groundwater flow system is studied with regard to the potential for
radionuclide transport to natural and man-made surface discharge areas.
This allows an assessment of the relative desirability of an area for
repository siting.

Relevance to Siting. Groundwater flow direction and velocity in
formations adjacent to the repository host rock affect the degree to which
long-term isolation from the biosphere can be achieved.

Measure. The measure selected to represent groundwater contamination is
location with respect to natural and man-made discharge areas. Adequate
groundwater data are lacking in the Columbia Plateau region to support a
more rigorous application of the groundwater consideration.
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Criteria. The criterion used to define the potential for groundwater
contamination is a non-limiting classifying criterion based on proximity/1 'VlJ
to natural and man-made discharge areas. It involves an evaluation of A-L k

discharge areas and the groundwater characteristics of the region to
preferentially select one area over another. .

Both the Hanford and CORBEH study areas have locations that have a high
likelihood of containing natural or man-made groundwater discharge points
which may be hydraulically interconnected to some degree with deep aquifer
systems. In addition, these same locations are characterized by
relatively high apparent (composite) horizontal hydraulic gradients. Such
localities most likely occur along the Columbia/Snake River drainage
systems and in areas containing a high density of irrigation wells.

Thus, areas such as the above are avoided in siting the repository. In
addition, because the subsurface migration distance of radionuclides in
groundwater increases the travel time and hence also increases the decay,

'7 diffusion, dilution, and absorption potential between the subsurface
repository and the biosphere, the farther away a repository site is
selected from these discharge areas, the better. Thus, the classification
criterion is used to preferentially identify and evaluate site localities
and candidate sites.

Rationale. Because subsurface hydrologic test data are not available in
sufficient detail to reliably quantify the vertical and horizontal
hydraulic gradients and permeabilities, porosities, dispersion, and
absorption, of the proposed reposip 6.,formation or the formations
immediately above and below it, it47 id~fficult to reliably estimate the
velocity of radionuclide transport throughout the study region. Thus, no
numerical limiting criteria have been specified. Rather, by using general
hydrogeologic concepts regarding the hydrodynamics of the region, site
localities and sites will be evaluated and classified based on their
distance from groundwater discharge areas.

Approach. The first step of applying this classifying criteria is to
obtain maps of groundwater level and water well locations within the study
areas. The second step is to prepare an overlay map of apparent natural
and man-made groundwater discharge areas. The areas are then classified
using these overlay maps according to the principle that site localities
and candidate sites farther away from discharge areas are better.

A.2.1.6 Surface Flooding

Surface water hydrology and river flood plain geomorphology are studied to
delineate areas that have a low potential for flooding anJ thus have a
higher likelihood of containing suitable repository sites.
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Relevance to Siting. Flooding may affect the safety of a repository's
surface facility. It is reasonable to assume that the NRC position
regarding nuclear power plant sites would probably also apply to nuclear
repository sites -i-fhifi'when such a position on repository sites is
promulgated.

The NRC position states that sites located in river valleys, in flood
plains, or along coastlines where there is a potential for flooding will
not be evaluated for site suitability until the studies outlined in
Regulatory Guide 1.59 have been made. These factors mzke flooding,,,A}
potential relevant to repository siting.

Measure. The measure used in applying this consideration to the siting
study is height above a selected flood level. This measure can be b
depicted on maps of thic study areas and also reasonably represents the
concern of potential surface flooding of repository facilities.

Criteria. Locations within the study area having a high potential for
7s flooding are interpreted as being within primary flood plains from M '

topographic and geologic maps. They occur adjacent to the Columbia,
Snake, Yakima Rivers, and other rivers in the study area. These high
flood potential areas, plotted on an overlap map, are not retained for
further consideration. Areas above the primary flood plains are
classified on th h higher exavations above the flood plain are
more suitable ford ncf a ste osi ory sites. Q e rad

Rationale. Because floods which have occurred throughout, Qaternary and ;>~oet
Holocene times have been largely responsible for forming the primaryFiood/" 2

plain, it is reasonable that areas outside the primary flood plain will
have a significantly lower potential for flooding in the future.

Approach. Overlay maps delineating the primary flood plains of the rivers
in the study area are prepared. The primary flood plains are removed from
further consideration. Site localities with higher elevations above the
primary flood plain are classified as being more favorable with regard to
flooding potential.

Definition of Terms. "Flooding potential": areas susceptible to flooding
by precipitation, wind, or seismically induced floods (i.e., those
resulting from dam failure, river blockage or diversion, or distantly or
locally generated waves) are considered to have a flooding potential.

A.2.1.7 Volcanic Effects

The type and intensity of potential volcanic effects are used to define
the relative potential hazards to repository facilities. The distribution
of potential volcanic hazards is used to define the relative desirability
of an area for repository siting.
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1 RegJvSnAn In Sitinq. Quaternary volcanic activity is common within and
Calong the borders _ the Columbia Plateau, particularly in and near the
Cascade Mountains. Renewed volcanic activity may have a large range of
effects including mud flows, debris avalanches, lava flows, hot ash flows,
and ash fall. Because of the active nature of some of the volcanoes
within and near the study area and the magnitude of effects possible from
a large eruption, volcanic effects are considered to be a safety-related
factor in site identification.

Measure. The measure selected to represent the consideration of volcanic
effects is the distance to a potential volcanic source or its effects.
Since the sources and limits of volcanic effects can be defined from maps
and available data, then the measure becomes a mappable quantity adequate
to depict the consideration.

Criteria and Approach. Three sets of criteria are used to describe the
range of volcanic effects which could affect the siting of a repository.
In the first set a limiting criterion is used to delineate areas

r. considered to have a probability of experiencing potential volcanic
effects. The limiting criterion includes, for further study, areas
greater than 5 miles from a Quaternary volcanic center or from a

r* Quaternary volcanic lava flow. This criterion generally encompasses the
following severe volcanic effects: mud flows, debris avalanches, lava
flows, hot ash flow and ash fall.

The second set of criteria are non-limiting classifying criteria used to
evaluate areas not directly affected by the volcanic effects limited
above. These classifying criteria include:

' A - None of the above volcanic effects is near or expected to come
near the area.

- B - The area is located on a drainage from a Quaternary volcanic
center; however, there is no evidence to suggest that it would be
subject to any of the above effects.

C - There is evidence that one or more of the above volcanic effects
is very near or may come very near the area.

criteriaare also classifying and are used to assess the
effects ialvolcanic ash fall (from the eruption of a Cascade
stratovolcano) on the repository site.

The potential thickness of ash fall in a zone is estimated on the basis of
a model developed around a geologically recent eruptive event at Mt. St A
Helens. The probability of an ash fall occurring with a great enough
thickness that could affect the safety of repository facilities (and thus
limit areas) is considered to be low, since the closest stratovolcano is
at least 12 miles from the study area. From the model, however, /1hi' P A

,Ai1A- -JO
""O- (/ ;.o
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classifications for potential thickness of ash fall are established on th
basis of distance from potential sources of ash:

A - > 100 miles to source;
B - 40 to 100 miles to source;
C - < 40 miles to source.

The nonlimiting classifications for potential ash fall and other volcanic
effects are used in the preferential selection of site localities and in
the identification and evaluation of candidate sites.

Rationale. Based on an examination and evaluation of geologic data
dealing with volcanic eruptions from Quaternary basaltic volcanoes in the
Pacific Northwest and the world, the 5-mile limiting criterion around
volcanic centers or flows appears to be a reasonable value which
encompasses the range of intense volcanic effects (i.e., lava flows, ash
flows, thick ash fall, volcanic earthquakes, base surge, mud flows, etc.).
An examination of volcanic effects from Quaternary andesite
stratovolcanoes suggests that these effects are concentrated within
12 miles of the volcano. Since the Quaternary stratovolcanoes are greater
than 12 miles from the study area, no limiting criterion is used.

Beyond the 5-mile limiting criterion, the volcanic effects, if present,
are generally confined to drainage systems; thus, the classifying criteria
for volcanic effects beyond the 5-mile limit.

Mt. St. Helens is used as the model for ash fall because it has produced
the largest volumes of ash fall of the stratovolcanoes near the study
area. The model ash fall (Ash Fall Y) has produced the greatest
thicknesses downwind of the volcano, and the data for that ash fall are
used to classify areas. It is believed that for distances less than
40 miles ash fall will have maximum effect on repository facilities and
may affect facility design; for distances beyond 100 miles the effects
will be minimal,and will probably not affect facility design. -

A.2.1.8 Future Volcanic Activity

Future volcanic activity is studied to describe the potential for future
new eruptions within the study area and thus to define the relative
desirability of an area for a nuclear waste repository.

Relevance to Siting. Because of the long time frame (10,000 years) of the
isolation period and the need to maintain a stable geologic environnient
for that period, the potential for future volcanic activity breaching or
affecting the repository becomes important. This is particularly true
when siting of the repository occurs within a thick volcanic sequence in
an area of extensive past volcanic activity (i.e., the Columbia Plateau
and Cascade Range).
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Measure. The measure selected to represent future volcanic activity is
the location of an area with respect to areas which may have a potential
for future volcanic activity.

Criteria and Approach. A nonlimiting, classifying criterion is used to
define the probability of future volcanic activity and its affect on areas
nf the siting study. The basis for this is an evaluation of available
geologic, tectonic and geophysical data for the study area to ascertain
past patterns of volcanic activity. These data are used to estimate
future patterns of volcanic activity within and near the Columbia Plateau
and those areas which may have a probability of future eruption. This
evaluation is thus used to preferentially identify site localities and
evaluate candidate sites.

A.2.1.9 Ground Failure

Ground failure is used to describe areas of existing ground instability as
well as to delineate areas that may have a potential for ground failure.

*: It serves to define areas that are more desirable for the siting of
nuclear waste repository facilities (particularly surface or near surface
facilities).

Relevance to Sitinj. Siting on exlxA-r~ unstable ground or in an areav
with a high potential for ground failure may affect the safety of-[ °

- nuclear waste repository. In addition, extensive foundation and slope 5'-'

stability investigations may cause delays in licensing and could also add
to the cost of design and construction of repository facilities.

Measure. Two measures are developed to describe the major concerns for
the consideration of ground failure. One is location with respect to
existing landslides or potential landslides which deals essentially with
slope stability. The other is characteristics of foundation conditions
which deal with foundation stability. Both measures can be adequately
applied to maps to successively reduce areas for further study.

Criteria and Approach. The approach used to define the consideration of
ground failure involves the used of both limiting and classifying
criteria. In general, those areas of mapped landslides or interpreted to
be landslides are identified and removed from further consideration. The
remaining areas are evaluated for potential ground failure as manifested
in any of the following phenomena: landslides, liquefaction, subsidence,
or differential settlement. The areas are then classified as to the
probability of such failure.

Specifically, areas that are mapped as landslides or interpreted to be
landslides are outlined and plotted on overlay maps and are not considered
further. The limiting criterion is used to obtain site localities. The
areas remaining are classified by two sets of non-limiting criteria:
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* Potential for landslides:
A - low probability of a landslide;
B - slight probability of a landslide;
C - higher probability of a landslide.

* General foundation characteristics:
A - bedrock area (0 to 20 feet of unconsolidated material);
8 - shallow alluvial area (20 to 100 feet unconsolidated

material);
C - deep alluvial area (more than 100 feet unconsolidated

material).

The bases for the evaluation of thi potential for landslides are the
lithologic descriptions of formations from available geologic maps
(including all mapped landslides), the history of landslides within each
formation, and the presence of mass movement topography as determined from
geologic hazard maps and topographic maps. From the above data,
landslides are delineated and the remaining areas evaluated as to their

rN potential for landslides (categories A through C above).

The bases for evaluation for other types of potential ground failure
include the lithologic descriptions and determinations or estimates of the
depth of unconsolidated material throughout the area. The thickness of

' unconsolidated material in each area is determined or estimated from the
available literature on geology. Each area is then classified as to its
general foundation characteristics (categories A through C above).

These two classifications are used in the preferential selection of site
localities and the evaluation of candidate sites.

Rationale. Areas of actual mapped landslides or unstable topography (mass
movement topography) and areas that are interpreted to be landslides may
affect the safety of repository facilities. Experience has shown that
delays in licensing can occur when nuclear facilities are located on or
near existing or potential landslides. The potential for landslides and
mass movement of the topography can be estimated through a geologic
evaluation of the data in the site localities.

Similarly, the thickness of unconsolidated material can affect the safety
of a thermal power station in that under seismic stress the materials may.
be subject to liquefaction. Therefore, the thickness of such materials
determines the ease and cost of excavations to reach a stable foundation.
Experience has shown that the difficulty and cost of excavation increases
sharply when the thickness of unconsolidated material exceeds 100 feet,
and that thicknesses of 0 to 20 feet are better since they approximate
bedrock conditions. From this evaluation, areas more closely
approximating bedrock conditions are delineated.
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Definition of Terms. Landslide: general term covering a varity of mass
movement land forms and processes involving the moderately rapid to rapid
(on the order of I foot per year or greater) downslope transport of soil
and rock material en masse by means of gravitational body stress.s.

Unconsolidated Material: clay, silt, sand, gravel, or similar detrital
material deposited during comparatively recent geologic time (i.e., late
Pleistocene to Recent).

A.2.1.10 Erosion/Denudation

Erosion or denudation of the landscape is studied to describe the
potential for exposing the repository to the biosphere during the
Isolation period. The relative potential for erosion or denudation
affecting or breaching the repository is used to define the relative

Ca desirability of an area for containing a nuclear waste repository.

N Relevance to Siting. The potential for erosion or denudation may affect
- the safety of a repository site. Erosion or denudation during the

isolation period could expose the repository to the biosphere either by
c breaching the host rock containment or by shortening the pathways to the

biosphere. Location of potential repository sites in areas with lower
erosion/denudation potential would increase the likelihood of finding
safety and licensable repositories.

Measure. The measure selected to represent erosion or denudation is the 1I
location of potential repository sites, with respect to areas of potential ,,
erosion of denudation. This measure can be depicted as a map distance or/"'
judged subjectively.

- Criteria. Two sets of criteria are used to describe the potential for
erosion/denudation. The first set is a limiting criterion used to obtain
candidate site loc)34ttrs-.-It. includes, for further study, areas greater

7 than 1/2 mile froS steep-walled tanyons. The second set of criteria are
/ C non-limti'fig' clififTAerit6ria used in the preferential identificaton

and evaluation of both candidate site localities and candidate sites.
These non-limiting criteria classify the study area into the following:

A - Those areas where the proposed repository level would be below
sea level (base level for erosion);

B - Those areas where the proposed repository level would be above
sea level (base level for erosion).

Rationale: The limiting value, of 1/2 mile from steep-walled canyons, for
the consideration of erosion/denudation is based on an evaluation of

s in the Columbia Plateau area. Hunt (1974) and
AIMud son and Ritter (196 X ~gest regional rates of denudation (regional
lowerini Fothe Columbia Plateau, which range from 0.6 inches/lO00 years



A-18 RHO-BWI -C-

to 1.5 inches/1000 years (1.5 to 3.75 centimeters/1000 years)} Over a
1O,10OO-year isolation period, the plateau would be lowered on a regional
basis 6 to 15 inches (15 to 37.5 centimeters). However, erosion would
proceed more rapidly in areas with steeper slopes by factors of 10 to
20 times (Hunt, 1974). Thus, along steeper slopes, the amount of erosion
over 10,000 years could range from 60 to 300 inches (150 to 750
centimeters). Because these values are averages and because of the
uncertainty of the data, a 1/2-mile setback from steep-walled canyons is
used as the limiting criterion.

The classification criteria, based on elevation above sea level (base
level for erosion), were derived from an evaluation of long-term
erosional/denudation processes and 4Jtased on professional Judgment.
Although regional lowering of the Columbia Plateau is proceeding at a slow
rate, it would be better for a repository to be located below the present
base level for . (sea level) due to uncertainties in erosion rates
and also sea level predictions for the next 10,000 years.. The higher the
repository is above base level, the faster the erosion rate will generally
be.

Approach. The approach used for the limiting criteria involves an
examination of the detailed topographic maps of candidate zones. Steep-
walled canyons and valleys are identified, and the areas within 1/2 mile
of the edge of the canyon are delineated and limited from further study.

The approach used for the classifying criteria also involves an
examination of the detaULtopographic maps of candidate zones and__n. o=--
evaluation of thee _evatons of en ial repositor ires.Those areas where 4,J
the repositories lie below sea level would be classed in the A group, and Ki-
those above sea level would be in the B group. The classification of the
areas would then be used to preferentially identify candidate site
localities and to evaluate and select.candidate sites.

Definition of Terms. Erosion: the general process whereby the earthy and
rocky materials of the earth's crust are loosened, dissolved, or worn away
and-removed from one place to another.

Denudaton: the sum of the- processes that result in the wearing away or-
the- progressive lowering of the earth's surface through weathering,
erosion, mass-wasting and transportation.

Base Level: the theoretical limit or lowest level toward which erosion of
the earth's surface constantly progresses; but its 'be the general
ultimate base level for land surface, is sea level.
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A.2.1.11 Stratigraphic Characteristics

The rock horsing the nuclear waste repository WMlA be the- major
containment Tapr stuy ef the stratigraphic characteristics 0 7 ,,d M
this rock Is tefavorable rock characteristics and, thus, J/
;-Yeas of relative desi r a nuclear waste repository. )

'--RTevjance tJ Siting. The physical dimensions, geometry, position and
internal characteristics and properties of the rock husing the repository
are important stratigraphic characteristics which the falage-44- -t m_
of the natural containment and, thus, safety of the repository.

Measure. Five measures are used to define the consideration of
stratigraphic characteristics:

1) total basalt thickness; b ' /
2) depth to basalt surface; L . s
3) bedrock dip; ' A Co./JtJ.'t>(
4) presence of suitable-stcatigraphic characteristics; 1
5) thickness of u Oerlying basaltt _C a

Criteria. The criteria developed to quantify or qualify these measures
are both limiting and classifying:

1) Total basalt thickness:

a) Include for further study those areas where the total basalt
thickness exceed31000 feet. This limiting criterion in used
to obtain candidate area.

- b) Evaluate areas on the basis of total basalt thickness. This
criterion preferentially classifies areas into two groups:
those with total basalt thickness from 1000 to 3000 feet and
those with greater than 3000 feet thickness. The criterion is
used to evaluate and identify candidate sites.

d) Depth to the basalt surface: This limiting criterion includes for' {
further study those areas where the depth to the basalt surface is/'.A;c
less than 1000 feet or conversely where the overburden is less 7

than 1000 feet thick. %

3) Bedrock dip: This classifying criterion divides potential
repository strata into three groups on the basis of dip: 0 to S
degrees, 5 to 10 degrees, and greater than 10 degrees.

4) Presence of suitable stratigraphy: This limiting and classifying
criterion essentially states that suitable rock for repository
containment must exist at the proposed repository depth and that
it must have acceptable thickness, structure and internal strength
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and mechanical properties. Areas are evaluated for these suitable
characteristics to obtain site localities and preferentially
identify candidate sites.

5) Thickness of underlying basalt: This limiting criterion includes
areas where the thickness of underly-i-7 the proposed
repository is at least 500 fet.--- -'

Rationale. The liljtjng and classifyin, "riteria for total basalt
thickness are das4-ead based on the need toAsolatrt'lleyroposed repository
from surface geologic processes and to also insure that sufficient host
rock exists for tIe placement of the repositoyy. In addition, basic data
(Section II) c .that the repository,'4 i" the depth range of 2000 to
4000 feet. Since the Columbia River basalt exists at or near the surface
over much of the study area, then the limiting criterion of at least
1000 feet basalt thickness seems reasonable to avoid areas lacking
sufficient basalt and to include areas where, despite uncertainties in the
data, sufficient thickness is believed to occur. The classifying

c- criterion are useful because, given the uncertainties in the data, the
% thicker the basalt sequence, the higher the probaility of locating a

suitable site.

The limiting criteria of 1000 feet for the depth to the basalt surface
reasonably maintains at least 1000 feet of basalt over any repository.
This in r try will be reasonably surrounded by the rock
for which it was designed. - - :

The classifying criterion of bedrock dip applies primarily to the
development, construction, and operating costs of the repository. The

,,bracketed ranges in dip reflect the relative ease of construction and
operation, and thus cost of potential repositories which must be located
in definite stratigraphic and depth intervals. The greater the dip, the

-more difficult and costly it becomes.

The limiting and classifying criteria concerning the presencpif suitable
stratigraphic characteristics is based on the ataleast
one basalt flow of greater than 100 feet thickness '21' occur at the
proposed repository depth of 2000 to 4000 feet. In addition, unless this
flow meets the minimum or estimated minimum, structural, strength,
mechanical, density, pqrosJ§y, extent, continuity, etc., requirements for
the repos'tory, it t ot,`MiGtable. This criterion becomes a classifying
criterion if more than one suitable flow is present within the repository
depth range. That is, more repository options are available at a site
with more suitable flows; thus, such a site becomes more desirable.

The limiting criterion for the thickness of underlying basalts stems from
the need to insure that the reposlI ory, 1 Isolated in rock for which
information exists and for which it. e esgged. The 500-foot-thick limit
appears to be reasonable and fits the level of detail of the available
data on basalt thickness.
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Approach. The total basalt thickness limiting criterion is applied to the
study area to obtain candidate areas. An isopach map of basalt thickness

1 d&-4-s developed for the study area, and an overlay of areas with greater than
1000 feet of basalt thickness defines area for further study. The
classifying criterion uses the thickness data developed for the limiting
criterion as well as detailed Information collected during later steps in
screening to evaluate site localities and preferentially identify
candidate sites.

The limiting criterion for depth to basalt surface (overburden thickness)
is applied to the study area to obtain candidate areas. If detailed
information collected at later stages of the screening process indicates
more areas with overburden greater than 1000 feet thick, these are removed
from further consideration to identify site localities.

Detailed geologic data -concerning basalt thickness, flow thickness,
geologic sr- I flow characteristics and stratigraphic
characteristics ollecte for the subareas and/or candidate zones.

'\", These data are used to evelop overlays for the limiting criteria of
J tigraphic characteristics and thickness of underlying basalt, as well

for the evaluation of areas to preferentially identify site localities
and candidate sites using the classifying criteria of bedrock dip and
suitable stratigraphic characteristics.

A.2.2 Man-Made Hazards

A.2.2.1 Aircraft Impact

Areas with potentially high volumes of low altitude aircraft traffic are
- considered to be, unsuitable for repository siting and are removed from

further study.

Relevance to Siting. The NRC review process will very likely consider the
potential hazard to the safety of repository surface structures (and a
reprocessing plant if developed at the site) resulting from aircraft
collision with such structures. In addition, segregating airports and air
traffic patterns from land uses with potentially hazardous emissions is a
generally accepted principle of land-use management.

Measure. The potential hazard of aircraft impact is measured in miles
from airports and designated aviation routes. This measure is a proxy for
probability of impact, the assumption being that probability of impact
decreases with distance from high traffic areas.

Criteria. Areas within 5 miles of airports shown on state airport plans
as accommodating aircraft of 12,500 pounds gross weight and areas within
5 miles of any military airport will not be included for further study.
In addition, the present (and if available, projected) volume of air
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traffic at airports will be considered and used to define a setback
distance. For airports with morc than 12,500 operations per year and
fewer than 50,000 operations (an operation is a takeoff or landing; a
touch-and-go movement is two operations), the setback distance in miles is
equal to the square root of .002 (total operations). For airports with
50,000 to 100,000 operations, the setback is 10 miles. For airports with
more than 100,000 operations per year, the setback in miles is equal to
the square root of .001 (total operations). The distance in miles from
designated commercial jet lanes and designated military training routes is
used as a classifying criterion.

Rationale. The NRC regulatory positions on accident analysis, aircr-'t
considerations, and nearby hazardous facilities as they apply to nuclear
power stations are considered to be representative of the degree of
conservatism that will attend to a repository siting safety review. This
position is stated in Regulatory Guides 1.70 and 4.7, in NUREG 75/087, and
in documentation of AEC Project 385 "Aircraft Considerations:
Preapplication Site Review in the Matter of.... the Boardman Nuclear
Plant". The following language is taken from Reg. Guide 4.7:

A special analysis of such factors as frequency and type of aircraft
movement, flight patterns, local meteorology, and topography should
be performed for Cl) sites located within 5 miles of any existing or
projected commercial or military airport, (2) sites located between 5
and 10 miles from any existing or projected commercial or military
airport with more than approximately 500 d2 (where d is in miles)

- ~ aircraft movements per year, and (3) sites located at distances
greater than 10 miles from an airport with more than approximately
1000 d2 aircraft movements per year. The analysis should demonstrate

*' that the probability of any potential aircraft affecting the plant in
such a way as to cause the release of radioactive materials in excess
of the guidelines of 10 CFR Part 100 is less than _bout 10-7 per

- year. If the probability is on the order of 10 per year or
greater, aircraft impact should be considered in the design of the
facility.

The setback cr ;eria given above are direct translations or numerical
conversions of Lhese NRC review formulas. The criteria are applied to
minimize the probability that aircraft could impact at a repository site
and to avoid the requirement to perform multiple, detailed risk analyses
for sites proximitous to airports.

The classifying criteria to consider the distance to designated commercial
jet lanes and designated military training routes recognizes the generally
low probability of an accident along such routes when compared to fixed
point sources of traffic. The precedent for consideration of these routes
in nuclear siting reviews is AEC Project 385 (1974), which considered a
site at Boardman, Oregon (within the study area) and resulted in suggested
design modification to surface facilities and ultimately in relocation of
the plant site.
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Approach. The 5-mile setback from airports is applied to small-scale maps
of the study area. Airports are identified on state airport plans,
located on study area maps, and circumscribed with a 5-mile radius. The
additional setbacks that correspond to the volume of operations are
applied in a similar fashion to larger-scale maps of candidate areas.
Operation volumes are obtained from state airport plans, the Federal
Aviation Administration, and from direct contacts to airport traffic
managers.

The classifying criterion is applied to zones. All or portions of a zone
are described in terms of air miles to the ground locations of commercial
and military routes. This information is used in the preferential
selection of zones, and in the selection of site localities.

Definition of Terms. State airport plans are officially prepared
descriptions of present and projected aviation facilities. A common
categorization of airports is by gross weight of aircraft accommodated.
Airports accommodating aircraft weighing less than 12,500 pounds generally
have few or no facilities. FAA control is generally not provided for such I
airstrips.

A.2.2.2 Hazardous Facilities +

Areas currently in a land use are interpreted as presenting a pAtent al-(e-."'.">
hazard to the safety of operation of a repository and its associated/0-'
facilities, and areas close to and potentially affected by such hazardous

.uses are not considered to be suitable for siting.

:,Relevance to Siting. The NRC review process for a proposed repository is
likely to consider the effects of accidents or potentially hazardous
operations at facilities that handle explosive, corrosive or flammable
materials that could generate missiles, fire, shock waves or vapor clouds.

Measure. The location of potentially hazardous facilities and distance to
certain facilities in miles are used as proxies for the potential hazard
associated with such facilities.

Criteria. Large, potentially hazardous facilities (> 18,000 acres in
size) are identified and removed from further consideration. Such
facilities may include bombing and gunnery ranges, major ordnance depots,
and large transportation or transshipment centers. Facilities which are
possible missile or noxious vapor cloud generators (of any size) are
further limited by a 1-mile setback, if they have not been removed by
application of the first criterion. The large area criterion is applied
to obtain candidate area; potential missile generators are considered at
the subarea stage of screening, and vapor cloud sources are considered in
the identification of site localities.
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Rationale: NRC safety review procedures on nearby hazardous facilities as
they apply to nuclear power plants, reprocessing plants, and other fuel
cycles installations are considered to be representative of the concerns
and degree of conservatism that will attend to a repository siting review.
The NRC position on hazardous and potential accidents used in developing
these criteria is stated in Regulatory Guides 1.70 and 4.7 and NUREG
75/087. An example of the language appearing in these guides is (taken
from 4.7):

Potentially hazardous facilities and activities within 5 miles of a
proposed site must be identified. If a prelimilidry evaluation of
potential accidents of these facilities indicates that the potential
hazards from shock waves and missiles approach or exceed those of the
design-basis tornado for the region (the design-basis tornado is described
in Regulatory Guide 1.76), or potential hazards, such as flammable vapor
clouds, toxic chemicals or incendiary fragments exist, the suitability of
the site can only be determined by detailed evaluation of the potential
hazard.

Areas which are presently occupied or used for hazardous facilities or
operations (like a bombing range) are not considered suitable for siting.
More specific review criteria for sites near sources of missiles, shock
waves or vapor clouds generally require detailed risk analysis if the
hazardous facilities in question are closer than a specified distance,
ranging in most cases, from 350 to 1000 meters. The 1-mile setback
proposed above bounds the range of these distances and would thereby
alleviate the need for detailed study of most potentially hazardous
facilities. The 18,000 acre minimum limit on large areas is chosen as a
practical matter related to the size of areas discernible on small-scale
maps. For most of these large areas, additional setbacks will not be
required, since the boundaries of many such areas are established to
include a safety zone. Facilities capable of generating noxious vapor
clouds are considered later in screening than other facilities, since
vapor cloud sources can be very small operations (such as a fertilizer
plant, or an LPG storage facility), which are not well known or easily
discernible, ex.cept by field observation or on large-scale mans.

Approach. Large hazardous facilities are identified and plotted on small-
scale maps of the study area, and removed from further consideration.
Potential sources of missiles and shock waves are identified within
Candidate Areas, and a 1-mile setback is circumscribed. This step may be
repeated as smaller areas are identified on larger-scale maps. Sources of
noxious vapor clouds are identified at the site locality level, plotted on
maps of zones, and circumscribed with a 1-mile setback. Candidate site
descriptions will include a discussion of all potentially hazardous
facilities within 5 miles of any site.
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Definition of Terms. Missiles are generally considered to be any objects
flying through the air with sufficient mass and velocity to present
signficiant hazard to persons or structures.

A.2.2.3 Transportation

Areas close to highways, railroads, and navigable waterways are not
considered to be suitable for siting.

Relevance to Siting. Areas close to major transportation routes (other
than airways) are considered to be subject to potential accidents that
affect the safety of operation of a repository; in addition, some
transportation routes (highways) are considered to be signficant transient
population generators that should be considered in terms of potential
public exposure to radioactivity associated with the repository
facilities.

Measure. The distance in miles from linear transportation routes is used
as a proxy for both potential hazard to a repository from accidents along
such routes and potential exposure to radiation of persons using such
routes.

Criteria. Areas within 1/2 mile from U. S. Highways and 1 mile from
interstate highways, railroads and navigable waterways are not included
for further consideration. These criteria are applied to subareas or
zones and are used to identify site localities.

Ratfoiiale. The 1-mile setback from interstate highways, railroads and
navigable waterways is consistent with the criterion applied to potential

-generators of missiles and noxious vapor clouds (see Section A.2.2.2
above). The 1/2-mile setback around U. S. highways reflects the smaller
volume of traffic and lighter duty classification of these routes. These
criteria would not apply to controlled access routes.

A.2.2.4 Induced Seismicity

Induced seismicity caused by man's activities is studied to describe the
potential for seismic shaking in the study area. The level of potential
ground motion is used to define the relative desirability of an area for a
nuclear waste repository.

Relevance to Siting. Although the ground motion potential due to
earthquakes associated with the release of regional tectonic stresses has
been discusscd ip Section A.2.1.3, induced seismicity caused by man's
activities A Ilso be considered. This mechanism of generation of
seismic events is not as well understood as that of earthquakes generated
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mainly from release of tectonic stress and represents an additional safety
consideration.

Measure. The measure selected to reprjeste this consideration is location
with respect to existing and futurezsourZuAees of induced seismicity. The
location of the planned repository away from present and future areas of
potential induced seismicity is important.

Criteria. Two criteria are used to describe the potential effects of
induced seismicity. A limiting criterion is used to define potential
areas of ground motion associated with potential existing sources of
induced seismicity: include those areas greater than 5 miles from
existing man-made reservoirs greater than 100 feet deep. This recognizes
that the primary source of induced seismicity is most likely from man-made
reservoirs. This limiting criterion is used to obtain subareas.

The second criterion classifies areas on the basis of proximity to planned
s - future reservoirs and interpreted sources of induced seismicity in the

T- following manner:

A - > 5 miles;
, - 0 to 5 miles.

C ' This criterion is used to preferentially identify site localities and
evaluate candidate sites.

-- Rationale. Locating the repository site away from present reservoirs is a
limiting criterion to be used at the subarea level because of the
potential for moderate to large magnitude earthquake generation from

- reservoirs with at least 100 feet depth. The issue of the maximum
magnitude earthquake that can be reservoir induced remains a topic of
research, and no definitive results are available at present. Therefore,

_ for the purposes of this analysi.tee__setback distance from present
reservoirs has been selected as' 5 miles.) This is consistent with the
minimum setback distance given Or-SectioTI'A.2.1.3, from a capable fault 12
to 24 miles, and the associated moderate to low horizontal acceleration of
0.40 g.

The classifying criterion was selected because it recognizes both the need
to consider future sources of induced seismicity and the uncertainty
whether planned reservoirs will ever be constructed. Again, the break at
5 miles is related to the minimum setback established for ground motion in
Section A.2.1.3.

Approach. A map is prepared for candidate areas indicating locations of
existing and planned reservoirs. An overlay with a setback of 5 miles is
drawn for each existing reservoir greater than 100 feet deep. These areas
are removed from further consideration.

'7
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The data developed for planned or future reservoirs is used to evaluate
subareas and/or candidate zones for the purpose of preferentially
identifying site localities, then candidate sites.

A.2.2.5 Subsurface Mineral Exploration and Extraction -A X

Subsurface mineral exploration and extraction is used to describe the
potential for possible breach of the repository through existing and
future mining activities. A site with a relatively lower potential for
exploration and/or exploitation is considered more suitable for a nuclear
waste repository.

Relevance to Siting. Existing drill holes and future exploratory progqa'ms
could cause a breach of containment in the repository, resulting in
pathways to the biosphere. Areas which are attractive to future mineral
exploration or are already being exploited are generally undesirable for
nuclear waste repositories.

Measure. The measure used to describe this consideration is location with
respect to existing and potential future areas of mineral exploration and
..extraction.

Criteria and Approach. Both a limiting criterion and classifying
--criterion are used to describe the measure. The limiting criterion

includes, for further study, those areas outside of the limits of existing
_subsurface mineral extraction and/or exploration. The approach used to
apply this criterion consists of: (1) identifying the areas of existing
(and past) mining activities; (2) identifying arear of extensive
subsurface exploration; and (3) preparing on overlay delineating these

-areas. Areas outside of the limits of these areas are considered for
further study.

The classifying criterion deals with the potential for future mineral
exploration and extraction. It is based on an evaluation of the
probability of future mining activity to preferentially identify and
evaluate candidate sites. To accomplish this, geologic data concerned
with mineral resources exploration and mineral production are evaluated to
identify areas judged to have a relatively higher likelihood for future
exploration and/or exploitation. This information is then used in the
classification of areas.

Rationale. Because of the need to avoid all possible sources of
repository breaching, it is reasonble to avoid areas where mining
activities are currently concentrated. Given the uncertainties and
vagaries of future developments in the mineral industry, it seems
reasonable to classify areas on the basis of perceived future exploration
and exploitation.
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Definition of Terms. Mineral resource: In the context of this study, a
mineral resource includer metallic and non-metallic ores, petroleum
resources, and groundwater.

A.2.3 Repository Induced Events

A.2.3.1 Thermomechanical Effects

Thermomechanical effects are studied to evaluate the effect of repository
operation on the stability of the host rock. Repository locations with
desirable thermomechanical properties are considered to be suitable for
nuclear waste repositories.

Relevance to Siting. The thermomechanical properties of the repository
rock are significant to the performance of the repository in maintaining
adequate containment. If one area is marginally adequate in terms of
these properties compared to another area, then the relative suitabilities

c: as potential repositories can be assessed.

Measure. Although the thermomechanical properties of any rock are
measured by using numerous parameters, the flow thickness appears to be a
reasonable measure to apply for the purposes of the sitinn study. In
addition to the thermomechanical properties, general engineering

* properties are also examined.

Criteria and Approach. Based on an examination of the geology,
stratigraphy, rock properties, and available laboratory data for the site
localities, a subjective evaluation is made to identify candidate sites.
This evaluation is based primarily on flow thickness with the assumption

_ that, given equal and desirable internal flow characteristics, the thicker
the flow, the more suitable will be the thermomechanical properties.

Rationale. Because of the lack of detailed data concerning rock
properties over much of the study area, the use of flow thickness as a
measure of the thermomechanical properties appears to be reasonable. In
general, a thicker flow will perform better under thermal loading; and, in
general, a thicker flow will have better mechanical properties because of
the greater thickness of homogeneous rock.

A.2.3.2 Operational Radiation Releases

Populated areas are not considered to be suitable for repository siting.
Areas of current and projected moderate or greater population density and
urbanized places are removed from consideration, along with a setback
distance based on calculated concentrations of gaseous radioactive
emissions expected from operation of the repository and associated
facilities.
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Relevance to Siting. The segregation of major industrial facilities from
concentrated residential and commercial areas is a widely accepted
principle of land-use management. In addition, the population
distribution around nuclear facilities is considered as a safety-related
site characteristic by the USNRC. Densely populated areas are generally
considered tc :)e unacceptable for siting.

Measure. The measure used is distance from populated areas, based on
calculated concentrations of gaseous radioactive emissions from a
repository and its associated facilities.

Criteria. Areas within 3 miles of populated places with a present or
projected population greater than 2500 and within 1 mile of populated
places with smaller population are removed from further consideration.
Specific cumulative population distribution and density around candidate
sites will be considered in ranking.

Rationale. Regulatory limits on volumes and concentrations of operational
radiation releases and associated doses to the public are set in IOCFR20,
1OCFRI00 and 40CFR190. Using concentrations calculated on the basis of
gaseous emission estimates from a repository (see Table 11-2), the minimum
setback from emission sources at *a repository site is tentatively
calculated to be at least 1 kilometer. This is extended to 1 mile for
conservatism and to be consistent with measures used for other < d

considerations. Sites within 1 mile of §-6nv _ a p are
considered to be suitable. The 3-mile setback for places greater than -r.;

2500 population is a density consideration. As a rule of thumb,
population densities greater than 200 persons per square mile close to
sources of significant radioactive emissions will require detailed
analysis and justification before the NRC. At 3 miles, this density would
imply a total population of about 5600. If one town of 2500 is located
within 3 miles, it is reasonable to assume that an equivalent population
could be living in all other portions of a 3-mite circles rroundng-the
site (such an assumption corresponds to a region of(20-cre( forms). q+i Ae
Therefore, sites within 3 miles of a population center Fo 2500 We sons -.. y3
would be at or in excess of the threshold densities generally considered f

acceptable by the NRC. The 3-mile setback is commonly used in nuclear
power plant siting and is considered reasonable by the NRC as a first
approximation population exclusion.

Approach. Using the latest U. S. census population estimates available,
cities and towns with current popilations of 2500 or more are identified
and circumscribed with a 3-mile setback. These areas are shown on maps of
the study area and are used to identify candidate areas. Smaller
populations are considered in subsequent screening steps as appropriate to
their size and the scale Of maps and aerial photographs available. At the
zone stage of screening, projected populations are considered. Available
projections, current population estimates and historical population are
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used as the basis for an extrapolated linear or exponential estimate at
the 60th year of operation of the repository. As a check, the projected
area and extent of urban areas will also be estimated. The 3-mile setback
will be applied to towns projected to be 2500 or larger in the 60th year,
measured from the projected limits of the urbanized area. The I-mile
setback for smaller towns will be applied in a similar fashion. For
conservatism, a projected decline in population below the 2500 population
limit will be treated as a static future population, and the 3-mile
setback will be applied to the current urban limits. Populations
projected in this manner will be used as the basis for cumulative
population distrib,,tion and density considerations used in screening.

A.3 ENVIRONMENTAL IMPACTS

The considerations and criteria developed to meet the objective of
minimizing adverse environmental impacts are concerned primarily with
avoiding designated or legislated cultural and ecological areas and

c> reducing impacts associated with the preemption of use of a large track of
land such as a repository. These considerations are primarily concerned
with the surface facilities of the repository during the operational time

r-. period.

A.3.1 Protected Ecological Areas AL
Land areas that are of particular ecological value and for which binding' l
land restrictions have been established are considered unsuitable for 8
repository siting. Areas which are considered ecologically important and

! sensitive, but for which there are no legally defined boundaries on
_ statutory prohibitions, are not considered in the screening steps. The

larger of the areas are identified in the screening steps and not
- considered further.

Relevance to Siting. Each of the ecological areas considered is protected
by statutory prohibitions against any development or by permit regulations
and permit procedures which are likely to result in delays in the
licensing process.

Measure. The measure is the location of the protected area as defined by
its legal boundaries. No setback from the boundary is considered in the
screening steps unless there is a known requirement for such a setback.

Criteria and Approach. Areas that have been formally designated by a
public agency to be of ecological value and for which binding restrictions
on land use affecting repository siting have been established are
identified; the public agency placing restrictions on these areas, the
types of restrictions, and the reason for protection are described. These
areas are plotted and shaded on the appropriate overlay map of the study
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area. The shaded portions of the study area are considered to be
unsuitable for repository siting and are not included for further study.

Protected ecological 'areas are limiting criteria considered in three
screening steps, specifically:

Screening Steps Criterion
Candidate Areas outside areas of > 18,000 acres
Subareas/Zones outside ircas of 5,000 to 18,000 acres
Candidate Site(s) outside areas of < 5,000 acres

Rationale. Major developments, including repository siting, within the
boundaries of these areas is either prohibited or restricted by statutory
authority. The decision tc examine different size areas in subsequent
screening steps is based on the map scale used at the particular step.

Definitions. Protected ecological areas: those areas which are protected
by binding restrictions on the basis of a particular ecological attribute;
they could include critical habitat or threatened or endangered species. L

A.3.2 Culturally Important Areas A

Areas that are interpreted as being important because of certain values
that society may have placed on them (scenic, historical, recreational, or
cultural) are considered to be unsuitable for repository siting and are
not retained for further consideration.

Relevance to Siting. Scenic, historical, recreational, and cultural areas
that have been formally designated by public agencies dnd for which
restrictions have been established to preserve or enhance the cultural
values are judged to have a high potential for delays in licensing. These
areas are considered to be unsuitable for repository siting.

Measure. The location of culturally important areas is the principal
measure. For areas that have been set aside for scenic values, a visual
setback distance, measured in miles, is used. This setback distance is a
proxy for the degree of visual intrusion into scenic areas that could be
associated with such an obstruction as a 200-meter stack at a site. The
distance is calculated on the basis of rationale presented below.

Criteria. Different size areas are considered at different steps in
screening, dependent on the scale of maps in use at each step. Areas
greater than 18,000 acres are considered on maps of the study area;
smaller areas (i to 18,000 acres and less than 5,000 acres) are considered
in identifying subareas and candidate sites.

The areas considered include Indian reservations, parks (national, state,
and local), monuments, wilderness areas, primitive areas, roadless areas
of National Forests, BLM roadless areas, wilderness study areas, wild and



A- 32 RHO-BWI-C-

scenic rivers, national shorelines, national recreation areas, outstanding
natural landmarks, outstanding natural areas (designated), and
archaeological sites. The functions, uses, and values associated with
these types of areas vary widely; therefore, different criteria are
employed for different types of culturally importanct areas. A zone of
influence is circumscribed around certain areas using the following
criteria:

e Include areas farther than 6.5 miles from designated scenic areas,
trails, wilderness areas, national parks, recreational areas, and
designated and proposed wild and scenic rivers;

o Do not consider locating sites within areas which have been
interpreted as being "culturally important" on the basis of values
other than scenic or recreational values.

Rationale. The areas identified in this step are i.stricted in use and
are considered to be unsuitable for further consideration. The decision
to examine areas of different sizes is based on the map scale used in each
step. The zones of influence drawn around s%.enic areas were selected to
limit one visibility of major structures, such as a stack, from the
location or boundary of scenic areas. For example, at a distance of
6.5 miles with no intervening vegetation and on level ground, a 200-meter
stack would subtend an angle of l degree on the horizon. The 1-degree
angle is judged to provide a "far background" visible effect which would
not compromise the scenic values of the designated areas. This approach
and the 1-degree value are-suggested as an appropriate screening technique ,r . / /
for nuclear power plant siting by the URC staff (Jan Norris,cOirectorate "' -

of` tCiensiiim , Environmental Review staff, 1974).

Approach. The designated culturally important areas are plotted on maps
of the appropriate scale, and the visual setbacks are applied to the
appropriate areas. All areas affected by application of this criteria are
removed from further consideration.

A.3.3 Threatened or Endangered Species

Areas that are known to be important for the breeding, nesting or feeding
activities, or general survival of individuals or populations of
threatened or endnageered species are considered unsuitable for siting a
repository. In many cases, the area has not been officially designated as
Critical Habitat, but the regulatory restrictions and public opposition
are likely to cause significant delays in licensing.

Relevance to Siting. The potential for any major development such as a
repository to jeopardize the survival of a threatened or endangered
species will be closely scrutinized by the NRC in the site review process.
Any indication that the individuals or populations of the species might
be jeopardized is likely to result in delay or denial of the application
for license.
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Measure. The measure is the location of habitats or specific geographic
areas known to be important to the survival of the threatened or
endangered species. These locations will be defined as precisely as
possible on 1:24,000-scale topographic maps. No setback from the boundary
is considered unless one has been specifically recommended by a recognized
authority or agency of concern.

Criteria. Areas will be identified on a 1:24,000-scale topographic map in
the site identification step, and these areas will not be included for
further consideration.

Rationale. General range maps depicting historical or possible
distribution of the species and/or its important habitats will not be used
to identify the areas of concern. These range maps are not precise enough
and would result in large areas being dropped from consideration even
though the species never has occtp;'d or will occupy much of the area
removed. - At the site identification step, known areas can be plotted as
precisely as the habitat requirements and, thus, boundaries of the species
are known.

Definitions. Threatened or endangered species: those plants and animals
officially listed in the Federal Register by the U.S. Fish and Wildlife
Service. However, species listed by the states as rare, threatened, or
endangered are not included (unless they are also on the Federal list)
because they are not officially recognized by the NRC.

A.3.4 Biologically Important Areas

2 Portions of subareas/zones that were interpreted to be biologically
-important and highly sensitive to the short- or long-term effects of
repository construction or operation are not considered suitable for
siting. These areas were removed from further cnsidertion. -

Relevance to Siting. The potential effect of the construction orb JJ 1
operation of a repository on habitats of important species is considered J.
in the NRC site review process. Such habitats include breeding, nesting, \JIP "
spawning, nursery, feeding, resting, wintering, or seasonal concentration
areas and migration routes. Other areas may be considered biologically
important because of their high biological productivity or commerical )

value, and attempts to site in these areas could delay licenisng.

Measure. The measure is the location of the biologically important area
as precisely as it can be defined from features on the appropriate
topographic maps or from published information. No setback from the
boundary is considered.

Criteria and Approach. Biologically important areas are identified on
1:62,5UO- and 1:24,000-scale maps of candidate zones. Ecological features
considered to be biologically important include freshwater marshes and
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bogs, "potholC" and other small freshwater ponds, and lowlaiad riparian
communities. These areas are plotted on transparent overlay maps. These
biologically important areas are used to classify zones or sites according
to a subjective scale of relative importance. The scale will be
determined after data on the zones and sites are reviewed and biologically
important areas identified.

Rationale. ihe above areas are considered to be important for the
following reasons:

a Freshwater marshes and bogs are high primary productivity,
feeding-resting-nesting areas for numerous kinds of birds;

* Lowland riparian communities have relatively high primary
productivity, essential to the maintenance of water quality ano
quantity in streams and rivers, hence important to the maintenance
of habitats for salmonids and other important aquatic species.

The NRC states:

'Important habitats are those that are essential to -maintaining the
reproductive capacity and vitality of populations of important species or
the harvestable crop of economically important species..."

In general, the NRC staff will require detailed justification when the
destruction or significant alteration of more than a few percent of
important habitat types is proposed.

The reproductive capacity of populations of important species and the
harvestable crop or economically important populations must be maintained

71 unlqss Justification for proposed or probable changes can be provided.

A.3.5 Existing Land Uses

Existing significant, specialty, or incompatible land uses are not
considered to be suitable for repository siting and are removed from
further consideration.

Relevance to Siting. The following general land-use considerations are
evaluated in the NRC site review process: compatibility with existing
land uses in the site vicinity, the potential effect of facility
construction or operation on the productivity of specailty or prime crop
land, and the potential visual or physical impact of a site on established
or prospective public amenity areas.

Measure. The mapped or observed locations of certain land uses are
considered.

Criteria. Based on an examination of large scale maps and available
county or regional land-use plans, the existing land uses in each zone are
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evaluated. The evaluation considers the type, extent, and intensity of
major land uses and includes an identification of land uses considered to
be incompatible with a repository facility. These uses include restricted
use areas, specialty and irrigated agriculture, urbanization, recreational
and tourist areas, and major industrial facilities. These uses are
plotted on maps of the zones, and removed from further consideration.
This criterion is used to identify site localities.

Rationale. The segregation of mdjor industrial facilities from
incompatible land uses is an accepted principle of land-use management.
The evaluation of present land use will be based on the professional
judgment of an experienced land-use planner in consideration of regulatory
positions of the NRC The land uses considered are characteristically the
focus of specific NRC review in licensing proceedings. The NRC position
on specialty agric ture is that sites that preempt the use of unusually
productive land which is locally limited and regionally significant, or
regionally limited and nationally significant, may not be suitable.
Irrigated farmland, while more extensive than specialty cropland, may be
interpreted as limited and regionally significant. Also, much of the new
irrigation water in the study area is produced from wells; a continuation
or extension of groundwater development at or adjacent to a repository
site is considered to be an incompatible use. Certain nearby industrial
facilities will be judged to be incompatible with a repository site,
considering plume interaction with repository emission streams. A special
case of this consideration is a nearby nuclear power plant, for which a
minimum setback distance would be observed on the basis of radiological
concentration limits.

Approach. Land uses such as those described above will be identified from
large-scale maps, aerial photographs and field observation, plotted on
maps of candidate zones and removed from further consideration.

A.3.6 Potential Significant or Incompatible Land Uses

Proposed or potential land uses of the types discussed in Section A.3.5
will be used as a basis for evaluating zones. This is a classifying
criterion.

Relevance to Siting. See Section A.3.5.

Criteria. The evaluation will focus on agriculture. Non-agricultural
uses that are proposed or planned and included in a public document will
also be considered. For potential agricultural lands, four categories
will be identified:

1) Potentially irrigable lands;
2) Arable soils;
3) Marginal soils;
4) Submarginal soils.
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Submarginal soils will be considered to be more suitable for repository
siting, followed by marginal soils, arable soils, and potentially
irrigated lands (least suitable). The thrust of this classification
system is to encourage sites to be selected away from areas that might be
developed for agriculture in the future.

Rationale. See Section A.3.5. The heirarchy of land and soils types is
used as a classifying criterion (rather than limiting) since it is
inappropriate to predict the precise locations of agricultural uses far
into the future. The criterion presents a range of siting choices, with
emphasis on areas least likely to undergo cultivation in the future, and
thereby least likely to be penetrated by wells developed for irrigtion
purposes.

Approach. This criterion is applied on maps of sub-areas. Potentially
irrigable lands will be identified from state university reports and maps
describing the irrigation and groundwater development potential of the
Columbia Plateau. Soil classifications will be taken from maps and
reports of the Soil Conservation Service and state university departments
of agronomy and soils. Land classifications will be mapped on overlays of
sub-area maps; the mapped limits and the proportion of a zone occupied by
a land classification will be used in the zone evaluations.

A.4 SYSTEM ECONOMICS

The considerations and criteria developed to meet the objective of
minimizing system costs deal primarily with site preparation, both for the
surface and in the subsurface. These considerations are either mappable
or can be evaluated with the use of maps and, thus, lend themselves to the
screening process.

A.4.1 Site Preparation Costs - Surface

A.4.1.1 Terrain Ruggedness

Areas characterized by.predominantly rugged terrain are considered to have
a relatively lower likelihood of containing suitable repository sites.
Areas so identified are not retained for further study.

Relevance to Siting. The ruggedness of terrain at and around a site can
materially affect the cost of site development. Areas with very steep
slope and/or highly dissected topography are generally difficult to work
in and develop. Such areas have a greater potential for extensive
earthwork in site preparation, potentially difficult access for heavy
equipment, potential difficulty in developing rail and road access to the
site, and relatively higher potential for poor meteorological dispersion
characteristics. High slope, high relief, and a high degree of dissection
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are considered to limit flexibity in choosing facility configurations.

Measure. The measure is a subjective assessment of terrain ruggedness as
judged from topographic maps of candidate areas.

Criteria. The topography of candidate areas are examined subjectively on
relief maps and remote sensing imagery. Those portions of the study area
showing a high degree of terrain ruggedness (high mountains, steep
canyons, and highly dissected lands) will be judged to have a low
potential of containing acceptable repository sites and will not be
retained for further study.

Rationale. The identification of predominantly rugged areas will be based
on professional Judgment. The intent of such judgment is to define those
areas Which appear to have a relatively low potential of containing
acceptable sites because of potential problems with site preparation,
access, and meteorological dispersion.

Approach. Candidate areas will be examined on 1:250,000-scale maps; those
' portions judged to be excessively rugged will be outlined on overlay maps

and removed form further consideration. As appropriate, guidelines for
making this determination (such as maximum slope or gross elevation change
per unit of distance) will be developed and used.

A.4.1.2 Usable Area

Seib-areas, candidate zones, and site localities are subjectively examined
to delineate portions that have sufficient land area for a repository
facility and that meet the kinds of subjective topographic criteria
described above in Section A.4.1.1.

Relevance to Siting. Development of a repository is a major construction
project, the economics and enviromental impact of which are sensitive to
the amount and nature of earthwork required to prepare the site for mining
activities and facilities placement. To the extent that it is practical
to identify areas that require a mimimum of complicated preparation while
possessing other generally desirable surface and subsurface
characteristics, such areas should be preferred in evaluating sub-areas,
candidate zones, and site localities.

Measure. The measure is a subjective assessment of topography, as judged
from maps and direct field observation.

Criteria and Approach. Usable area is a classifying criterion, used to
identify zones, site localities, and sites. Maps of sub-areas and zones
will be examined subjectively, considering the relative effort and
dominant cost factors that would be associated with slope, local relief,
degree of dissection, size of available level and non-dissected areas,
location and juxtapositon of such areas, potential sources of and
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distances to water supply and power, access, and the relative amount of
excavation and fill that would be necessary to fit 1700 acres of surface
facilities on the landscape. Portions of sub-areas and zones that appear
from examination of maps to be highly favorable from the standpoint of
these considerations will be delineated on overlay maps. Similar
delineations will be made for modertely favorable and unfavorable areas.
These areas are evaluated and enter into the identification of specific
candidate sites and proposed configurations for surface facilities. In
every case where delineations are made, a written description of the
judgments and observations leading to the classifications are included in
the project documentation.

Rationale. See Section A.4.1.1.

A.4.2 Site Preparation Costs - Subsurface

> The subsurface preparation of the repository is studied to evaluate the
relative ease and/or cost of site preparation and thus its suitability as
a site.

Relevance to Siting. Excavation and mining at a proposed repository can
~ significantly affect the overall cost of the repository. It is preferable

to identify sites that tend to reduce the mining and excavation costs.

-- Measure. The measure selected to represent subsurface site preparation is
a subjective evaluation of mining and excavation costs.

Criteria and Approach. Site localities are examined on the basis of
thickness of overburden, depth of shafts, configuration and length of

- tunnels, excavated volume, etc. A subjective evaluation or classification
is made of the site localities in terms of these parameters and candidate
sites are preferentially identified.

Rationale. Because the data are general and the uncertainties in the data
are high, a rigorous comparison of areas is not feasible. The subjective
evaluation of subsurface site preparation costs, based on professional
judgment, appears to be reasonable in light of the available data.
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SUINARY

Data compilation and cataloging for the candidate site locality identification
study was accomplished through efforts in Task 4 in order to provide a
retrieveable data cataloging system for the present siting study and future
site evaluation and licensing processes. This task occurred concurrently with
and also independently from the other tasks of the candidate site locality
identification study. Work in Task 4 provided the data utilized primarily in
the development and application of screening and ranking processes to identify
candidate site localities on the Hanford Reservation.

The overall approach to Task 4 included twro steps: data acquisition and
screening and data compilation and cataloging. Data acquisition and screening
formed the basis for preliminary review of data sources with respect to their
probable utilization in the candidate site locality identification study and
review with respect to the level of completness and detail of the data. The
important working assumption was that the data to be used in the study be
based on existing and available published and unpublished literature.

The data compilation and cataloging provided the basic product of Task 4: a
retrievable data cataloging system in the form of an annotated reference list
and key word index and an index of compiled data. The annotated reference
list and key word index are cross-referenced and can be used to trace and
retrieve the data sources utilized in the candidate site locality site
identification study.
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I. INTRODUCTION

1. GENERAL

Task 4 was formed as a concurrent but relatively independent task within the
overall site identification study with the objective of providing a
retrievable data cataloging system for the candidate site locality
identification study and for future site evaluation and licensing processes.
In particular, this consisted of the collection review and cataloging of
existing data sources dealing with geology, seismology, tectonics,
geotichnical engineering, ecology, land use, socioeconomics and so on for the
Pasco Basin area and surrounding region. These existing data sources were
utilized in part or entirely in the candidate site locality identification
study and the collection and reriew of the data were geared to the data's
usefullness to the siting study. The following report includes the approach
and methodology used to compile and catalog the data sources as well as the
results of the cataloging system. As an Independent task in the site
identification study Taik 4 primarily provided input to Task 2, Developenent
of Screening and Rankirg Cuidelines, Task 5, Screening and Task 6, Ranking.
In general, the data were collected as needed for each task and efforts in
Task 4 occurred concurrently with the other tasks in the study. In tddi:ion,
Task 4 provided a minor source of data for other tasks in the study. In
addition, Task 4 provided a minor source of data for Task 3 ?rogra:: Review.
The relationship of Task 4 to other tasks is illustrated in Figure 1-1.

For Task 2, the data acquired and compiled in Task 4 were used to develop the

screening guidelines and provide preliminary information for development of
possible ranking attributes for use in Task 6. Such data, dealing with
geology, tectonics, geotechnical engineering and envirormental science, were
used to develop the consideration under the working objectives of the
candidate site locality identification study. For each consideration,
measures were developed and guidelines, or numerical values representing the
measures, were formulated for use in screening. Examination and evaluation of
the data collected in Task 4 provided the basis for the formulation of the
numerical guidelines.

For Task 5, the data from Task 4 were used to apply the guidelines, developed
in Task 2, to the screening maps and overlays. This irrolved conpil:ng data
maps, interpretative data maps and data compilation zaps to which the
guidelines were applied.

For Task 6, the Task 4 data were the primary source for developing and
examining the issues and concerns under study for ranking and for finalizing
the set of ranking attributes to be used. In addition, these data provided

the basis for differentiating between the ranked set of candidate site
localities.

2. KEY ASSL7PTIONS

Three key assumptions were used to direct the efforts in Task 4 and dealt With

data availability, utilization and detail.
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RELATIONSHIP OF TASK 4 TO OTHER
TASKS IN THE SITE IDENTIFICATION STUDY
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o The data to be collected, reviewed and cataloged in this task consist
of readily available published and unpublished literature generated to
the oresent date;

o The compilation and cataloging of the data will be primarily from the
standpoint of their probable utilization in the siting process with
the application of present-day technology;

o The coverage and detail of the data could vary depending upon the size
of the area under study. The data utilized for a more regional
assessment may not be the same as those used for assessing smaller
areas such as candidate site localities.

3. OVERALL APPROACH

The overall approach to Task 4, Data Compilation, consisted of two basic
steps: 1) data acquisition and screening and 2) data compilation and
cataloging. Eowever, prior to these basic steps, the basis for data
acquisition, compilation and cataloging was formulated. It involved a
preliminary examination of the amount, type and detail of the available data
and provided Information needed to scope the work in further steps In Task A.
The overall approach is illustrated in Figure 1-2.

In the first step, existing bibliographies were examined to locate data
sources considered useful to the site identification study. These sources
were collected then screened to extract the data considered significant to the
siting process. In addition, data not readily available from the literature
were developed, through special studies involving limited analyses and
literature evaluation for use in the site identification studs.

In the second step, the data sources were compiled and cataloged in a
retrievable cataloging system. Data compilations included data summaries and
data cap compilations which were used in the site identification process. The
retrievable cataloging system includes an annotated reference list, a key word
index and an index of compiled data which were also used in the study to
provide for data traceability.

4. ORGANIZATION OF REPORT

This report presents the results of data compilation and cataloging beginning
with Section I which includes the key assumptions, general approach and
relationship of Task 4 to other tasks of the candidate site locality
identification study. The approach and methodology for data acquisition and
screening are discussed in Section IL. Section III includes a description of
the data compilation and cataloging systems used for data storage and
retrieval. Apoendixes A, B, C, and D include the annotated references, key
word index, index of compiled data and a discussion of special studies
respectively.
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11. DATA ACQUISITION AND SCPrEENING

1. GENERAL

The first step in Task 4 was data acquisition and screening. Using the key
assumptions stated previously (Section I), the objectives of this step were to
locate, acqui:e and screen those sources of data concerning geology, tectonics
engineering, socioeconomics, enviromental science and so on based on their
probably utilization in the siting process and also based on readily available
published and unpublished literature. To achieve this purpose, bibliographies
of available literature were scanned for promising articles which were
collected. Literature was screened for its significance to the site
identification study and pertinent articles were obtained or copied for the
project library. Literature screening forms were filed in a notebook for
later use in identifying candidate repository site localities and in

"developing a key word index and an annotated reference list.

* 2. APPROACH AND METHODOLOGY TO DATA ACQUISITION AND SCREENING

Three substeps were utilized in the approach and methodology to data
acquisition and screening for the Pasco Basin and surrounding region:

a Initial review of bibliographies to idenr'fy promising sources of data
for utilization in the site identificati study;

o Secondary review of bibliographies and data sources to locate and
obtain promising literature sources for utilization in the siting
process;

o Screening of the data sources to review and extract the information
considered to be significant to the site identification study.

--The initial review of bibliographies consisted of an examination of several
bibliographies dealing with geology, geophysics, tectonics and other topics of
the Pasco Basin and surrounding region of the Columbia Plateau (Summers and
Schwab, 1978,Tucker and Rigby, 1978, Roberts, 1970, Roberts and others, 1973,
Tucker, 1978, Reichert, 1969). These bibliographies, some of which contain
map indexes, were scanned to compile an initial list of articles and ma;. to
be gathered and reviewed (Figure II-I). Reference lists from pertineit
literature were also checked. Using titles as the major guide, literature
vhich appeared significant was ordered or borrowed from librarie.

The secondary review of the literature consisted of a visual examilaalon of
the data sources identified in the initial step, to determine whether the
information contained within was applicable to the site identification study
or could be utilized in the various tasks of the sitint study. Those
literature sources which appeared to be promising were retained for further
use and placed in the project files. In both the initial and secondar7 revi.w
of the literature, extensive use was made of the libraries and associated
reports available from Rockwell, Battelle and WPPSS.
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Bond. J. C., 1962. Geology of the Clearwater embayment in Idaho:
_V..- ? Univ. of Washington. Ph.D. thesis.

Brown. R. E.; Brown, 0. J.. 19s8, Surface of the basalt series in the
Pasco Basin, Washington: (abs.) Bull. Geol. Soc. Am. v. 63.
no. 12. pt. 2. p. 1677.

Coe, R. S.; 8ogue, S.; Myers, C. w.. 1978. Paleomagnetlsm of the Grande
Ronde (Lower Yakima) Basalt exposed at Sentinel Gap: potential

4. use for stratigrachic correlation: Rockwell-Hanford Operat ons
Rept. RHO-BWI-ST-2, 24 p.

Cu:ver. H. E.; Kirkham, V. R. 0.. 1927, General geology of eastern
_ Washington and northern Idaho: Northwest Sc1.. v. l, p. 25-

30. map, 1:500,000.

Hubbard, P. S., 1968, Geology of the Saddle Butte quadrangle. Washlnsgt n:
- Univ. of Hawaii. M.S. thesis.

Piper, C. V.. 1905. The b4salt rounds of the Columbia Lava: Science,
- new series 21. p. 824-825.

Portldnd General Electric Co., 1974, Pebble Sorings Nuclear Plant
Units I and 2, License Application, PSAR. section 2.5 - geclogy

_ + and seismology. section 2.6 - references.

Reidel,

P
S. P.. 1978, The stratigraphy and petrogenesis of the Grande
Ronde Basalt in the lower Sa1on and adjacent Snake River
canyons: Washington State Univ. Ph.D. thesis.

Shannon and Wilson, 1973. Geologic studies of the Columbia River
Basalt and age of deformation, the Dalles - Uamtilla region.

4f Washington and Oregon, The Boardman Nuclear Project: Report
to Portland General Electric Co.. Portland, Oregon.

Steen-McIntyre. Virginia. 1977, A manual for tephrochronology-collect1on.
preparation, petrograpnic description and approximate dating

- of tephra (volcanic ash): Published by the author, Box 1167,
Idaho Springs, Colorado, 80452. 167 p.

Thayer, T. P.. Wacner, N. S., 1969, Geology of the Blue Mountain region:? Oregon Dept. of Ceol. L Mn. Ind., Bull. 64, p. 6a-74.
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article
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FIGURE fl-1

EXAMPLE OF SCANNED BIBLIOGRAPHY PAGE
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Screening of the data sources involved the development of a literature
screening form for use in reiievirwg the significant data sources and
summarizing the pertinent data. Two general forms were developed: one for
geologic/tectonic and geotechnical purposes and one for environmental science
purposes. The forms contain spaces to fill in the reference information,
location of the study being described, relevance to the project, key words and
a summary of the article. In addition, the forms for geologic studies contain
space for specific information on stratigraphy, structure, hydrology and
economic geology. A sample of how this form was used is illustrated in Figure
1I-2. The purpose of the forms was to summarize the type of data available,
the amount of detail in each article or map and to provide a mechanism to
trace data sources used in the site identification study. The literature
screening forms are maintained in the project files and are continously
updated as data is acquired.

.
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III. DATA COMPILATION AND CATALOGING

1. GENERAL

The data compilation and cataloging step provided the primary product of Task
4 work in the site identification study: a retrievable cataloging system
useable during the siting study as well as through subsequent phases of the
siting process. Basically, two types of data sources were utilized in the
site locality identification study and included published and unpublished
literature and compiled data summaries and data maps. To accomodnte the
available published and unpublished literature and catalog it in a retrievable
manner two systems were utilized: an annotated list of references and a key
word index. The annotated references (Appendix A) include all published and
unpublished literature screened for use in the siting study. The key word
index (Appendix B) was developoed to provide a cross-reference to the
annotated reference list and to provide an additional method to enter the data
cataloging system.

Data summaries and data compilation maps evolved from the review and
evaluation of the available data sources. This information was used directly
or indirectly in the various tasks of the candidate site locality
identification study. In addition, where specific information could not be
compiled from the existing data sources special studies were undertaken to
develop data that could be utilized in the siting study. Appendix C includes
an index of compiled data while Appendix D is a discussion of two special
studies used to develop data.

2. DATA CATALOG ING

2.1 Annotated References

The annotated reference list present in Appendix A, evolved as the need for
data developed in each of Tasks 2, 5, and 6. As such the reference list was
being continously updated throughout the site Identification study. The
annotations for each reference are based on the information extracted from the
data scr -ining forms discussed in Section II and are generally limited to the
pertinent data utilized in the site identification study. Thus it is likely
that other information may also be present in a given source of data but it
was not considered to be significant to the present siting study. The numbers
assigned to each reference in Appendix A were developed for cross-reference
with the key word index and provide for reference list expansion by the use of
decimal numbering.

The annotated reference list was designed to provide a system to trace the use
of available published and unpublished data in the site identification study
and retrieve a summary of the pertinent information. In addition, when used
in conjunction with the filed literature screening forms, more detailed data
can be retrieved.
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2.2 Kev Word Index

All the key words listed on the literature screening forms were compiled into
a master list. The list was organized by topic into a preliminary key word
list which was retriewed and evaluated for completeness and to eliminate
possible redundancies. The preliminary key word index was finalized and
resulted in the list presented in Appendix B. All available published and
unpublished data sources (Appendix A) are listed by number in the key word
index (Appendix B) under each key word used on the data screening form or an
equivalent key word.

The key word index was designed to provide an additional source of entry into
the annotated reference list and thus provide an additional method of tracing
and retrieving sources of data. Using the key word index, a general topic
and/or a known key word can be located and the appropriate or pertinent data
sources can be traced. An example of how the key word index can be used is
shown in Figure IlI-1.

. 2.3 Data Summaries And Compilations

Data from available, existing literature that could be mapped and used in the
screeni g of Pasco Basin for Task _ was compiled on overlays of the study
area. Other maps were compiled to show where surface mapping had been done
and where subsurface data existed. In addition, Viere information was needed,
though not necessarily mapped information (eg: lithology, stratigraphic

. descriptions), notebooks and small scale maps were developed to organize and
summarize the pertinent data on the Pasco Basin and region. The data
compilations are placed on file and accompanied by references to sources, data
summaries, working drafts and so on. Appendix C contains an index of the
compiled data placed on file and used In to date in the screening of the Pasco
Basin.

3. SPECIAL STUDIES

When neither the existing data sources nor the compiled data could provide
necessary information for the various tasks of the siting study, special
studies involving analyses and evaluations of the data were undertaken to
obtain such information. These studies generally involved a review of
existing literature plus the development of assumptions and subsequent
analyses to reach conclusions necessary to provide the required information.
Two such special studies undertaken were to 1) characterize estimated
operational radiation releases from nuclear waste repositories and 2)
characterize underground earthquake ground motion. Adequate information does
not exist to characterize either of these subjects although they are of
particular interest to the siting study in terms of the development of
screening and ranking guidelines. Appendix D includes detailed discussions of
the approaches and methodologies to the particular special studies of
repository operational re!-ases and underground earthquake ground motion.
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ANNOTATED REFERENCES

The following list of over 470 annotated references is the

primary product of Table 4, Data Cataloging. The type and

variety of the list reflects the data needs for the various tasks

of the site locality identification study for the Pasco basin and

surrounding region. The annotations for each reference are based

on the information extracted from the literature screening forms

(discussed in Section III) and as such are geared to present a

summary of the information considered pertinent to the present

siting study. Appendix A together with Appendix B (key word

index), provide a cross-referenced cataloging system for the

available published and unpublished literature used or condidered

for use in the site locality identification.

1. Adam, J.A., and Rogers, V.L., 1978, A classification system

for radioactive waste disposal--what waste goes where?:

- U.S. Nuclear Regulatory Commission, NUREG-0456.

This classification system is based on the premise that

characteristics of radioactive waste should determine the

waste disposal method employed.

2. The Aerospace Corporation, 1973a, Washington State Airport

System Plan. Prepared for the Washington State Aeronautics

Commission and the Federal Aviation Administration,

ATR-73(7273)-l, v. 1.

This plan describes aviation facility needs in the State of

Washington for the next 20 years. An inventory of aviation

facilities identifies land use patterns in the vicinity of

the state's airports.
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3. The Aerospace Corporation, 1973b, Washington State Airport

System Plan: Technical Supplement. Prepared for the

Washington State Aeronautics Commission and the Federal

Aviation Administration, ATR-73(7273)-l, v. 2, Part 1.

This report presents the planning study information that was

developed during the preparation of the Washington State

Airport System Plan. It identifies the procedures followed

during development of information and presents data, plans

and Guidelines directed to county and local planners.

4. The Aerospace Corporaticn, 1973c, Washington State Airport

System Plan: Technical Supplement, Prepared for the

-- Washington State Aeronautics Commission and the Federal

Aviation Administration, ATR-73(7273)-l, v. 2, Part 2.

This report describes the analyses performed during the

planning study and the techniques employed in making the

various forecasts. Appendices include the 1972 state

aviation facility survey and description of data files.

5. Acapito, 7.F., Hardy, M.P., and St. Laurent, D.R., 1977, Geo-

engineering review and proposed program outline for the

structural design of a radioactive waste repository in

Columbia River basalts: Rockwell International report

RHO-ST-6.

This geological engineering review program is for a proposed

radioactive waste repository in Columbia Plateau basalts.

6. American Nuclear Society, Inc., 1978, Waste management:

Nuclear News, v. 21, n. 11, p. 119-130.
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A news article summarizing a public hearing on radioactive

waste by an interagency task force. Federal proposals are

briefly explained by legislators.

7. Anderson, J.V., and others, 1973, Correlation of Columbia

River Basalt by geophysical techniques (abstract):

Geological Society of America, abstracts with programs,

v. 5, no. 1, p. 3.

Stratigraphic correlations, based on TiO2 analysis, gamma

and neutron logs, and driller's logs, were performed on the

upper 500 feet of basalt in Horse Heaven plateau. Correla-

tions were made for Wanapum and Saddle Mountains.

7.5. Armstrong, B.B., 1969, Acoustic emission prior to rockbursts

and earthquakes: Bulletin of the S'mismological Society of

America, v. 59, no. 3, p. 1259-1279.

The acoustic emissions prior to earthquakes and rockbursts

were examined. Transmission effects and the effect of

anelastic absorption ((-values) are considered. Indications

are that highly stressed areas of mine workings may be

identified through the monitoring of acoustics and

earthquakes of the mined area.

8. Armstrong, R.L., Taubeneck, W.H., and Hales, P.A., 1977, Rb-Sr

and K-Ar geochronometry of Mesozoic granitic cocks and their

Sr isotopic composition, Oregon, Washincton, and Idaho:

Geolcgical Society of America Bulletin, v. 88, p.. 397-411.

Orogenic events occurred in the basement complex during Late

Triassic to Early Jurassic (200 to 217 m.y.a.) in western

Idaho; Late Jurassic (140 tj 160 m.y.a.) in Oregon; and Late

Cretaceous (70 to 100 m.y.a.) in the Idaho batholith.
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9. Atlantic Richfield Hanford Company Staff, 1972, Bibliography

of reports related to earthquake studier at Hanford, with

synopses of individual reports: Atlantic Richfield Hanford

Company, 77 p.

An annotated bibliography to earthquake studies performed at

Hanford.

10. Atlantic Richfield Hanford Company, 1976, Preliminary

feasibility study on storage of radioactive wastes in

Columbia River Basalts: Document No. ARH-ST-137, V. 1 and

v. 2, Richland, Washington.

7. The geologic, hydrologic, heat transfer and rock-waste

compatability studies that were used in evaluating radio-

active waste disposal sites in Columbia River Basalt are

discussed. Stratigraphic correlations, degree of aquifer

isolation, assessment of tectonism, heat transfer from

radwastes, and geochemistry were studied.

11. Atomic Industrial Forum's Study Group on Waste Management,

1978, Spent fuel and nuclear waste: Atomic Industrial

Forum, Inc., Washington, D.C.

A policy statement on stoting spent nuclear fuels on a short

term basis.

12. Baker, V.R., 1978, The Spokane flood controversy and the

Martian outflow channels: Science, v. 202, p. 1249-1256.

The hypothesis regarding the Spokane flood and the develop-

ment of the Scablands topography of the Columbia Plateau is

presented, and the development of the Scablands is compared

to the Martian outflow channels morphologic development.
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13. Baker, V.R., and Nummedal, D., eds., 1978, The Channeled

Scablands: Guide prepared by the National Aeronautics and

Space Administration for the Comparative Planetary Geology

Field Conference, June 5-8, 1978.

This s a compilation of papers on the Channeled Scablands

physiographic region of eastern Washington. The geomor-

phology is thoroughly described and its inferred origin,

including the hydrodynamic- of high-velocity flood erosion,

is discussed.

14. Baksi, A.K., and Watkins, N.D., 1973, Volcanic production

rates: Comparison of oceanic ridges, islands, and the

Columbia Plateau Basalts: Science, v. i8O, p. 493-496.

Volcanic production rates for the Colulmbia River Basalts

_ were two to three times that of volcanic island (oceanic)

basa.lts. Lithospheric plate motions elsewhere along the

North American Pacific plate margin is suggested to have

triggered the event.

7: 15. Baldwin, E.M., 1966, Geology of the Columbia River gorge:

Northwest Science, v. 40, no. 4, p. 121-128.

This article discusses the Tertiary stratigraphy in the

Columbia River gorge , specifically the Goble and Skamania

Volcanics, Eagle Creek Formation, the Columbia River

Basalts, Troutdale Formation, Sandy River .Mudstone and the

Dalles Formation.

16. Battelle Pacific Northwest Laboratory, 1967, Nuclear power

plant siting in the Pacific Northwest: Report for the

Bonneville Power Administration, Contract No. 14-03-67868,

50 p.
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The general characteristics of Pacific Northwest areas

selected as potential nuclear power plant sites are

presented.

17. Battelle Pacific Northwest Laboratory, 1971, Bibliography of
geological publications supported by the AEC, related to the

Columbia River Thermal Effects Studies: BPNL, document no.

BNWL-1543-VC-48.

These papers and publications deal almost exclusively with
Salmonids, mainly regarding thermal effects and related

topics. Most entries are from 1966 to 1970, but the

bibliography covers the period of 1950 to 1970.

-* 18. Battelle Pacific Northwest Laboratory, 1977, The Hanford 6-7

series, a volume of atmospheric field diffusion measure-

ments: BN4PL document no. PNL-2433.

Meteorological data obtained by taking atmospheric diffusion
measurements in the Hanford Reservation area are presented.

=! 19. Battelle Pacific Northwest Laboratory, 1979, Def2nse

programmatic environmental impact statement for high-level

waste: Release Scenario Analysis (Draft): Prepared for

Rockwell Hanford Operations, Richland, Washington.

This draft report analyzes Rockwell Hanford Operations'

disruptive release scenarios for high-level waste, as well

as presenting additional scenarios.

20. Battelle Seattle Research Center, 1978, Tectonics and
seismicity of the Columbia Plateau workshop: Battelle

Tectonics Symposium, February 14-16, 1978, Basalt Waste

Isolation Program - Rockwell Hanford Operations, Seattle,

Washington.
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This report summarizes the present knowledge on the Columbia

River basalts and their tectonic setting, past and present.

21. Beaulieu, J.D., ed., 1972, Geolwi' formations of eastern

Oregon: Oregon Department of Geology and Mineral Industries,

Bulletin 73, 80 p.

A descriptive index of lithologies ana iapping of formations

in eastern Oregon is provided. (No geologic map is

included.)

22. Beaulieu, J.D., ed., 1973, Geologic field trips in northern

_ Oregon and southern Washington: Oregon Department of

Geology and Mineral Industries, Bulletin 77, 206 p.

Pre-Columbia River Basalt formations in Oregon are

discussed, including limited stratigraphic information on

the Columbia River Plateau.

- 23. Beaulieu, J.D., 1978, Surficial geologic hazard conccpts for

Oregon: The Oregon Bin, v. 40, no. 3, p. 41-56.

Various types of surfical geological hazards are discussed

with (non-referenced) examples.

24. Beck, M.E., Jr., 1978, Summary of tectonic models for the

origin of the Columbia River Plateau: Paper presented at

Battelle Tectonics Symposium, February 14-16, 1978, Seattle,

Washington, 8 p.

This paper discusses several tectonic models and theories

for the origin of the Columbia River Basalt.
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25. Becraft, G.E., and Weis, P.L., 1957, Preliminary geologic map

of part of the Turtle Lake quadrangle, Lincoln and Stevens

Counties, Washington: U.S. Geological Survey, Mineral

Inventory Field Studies, Map MF-135.

This map shows basement rock formations and surficial

deposits. Very little of the Columbia River Basalt is

exposed. No direct correlation of flows is given.

26. Becraft, G.E., and Weis, P.L., 1963, Geology and mineral

deposits of the Turtle Lake quadrangle, Washington: U.S.

Geological Survey, Bulletin 1131, 73 p.

This bulletin describes the structure, stratigraphy and

mineral deposits in Lincoln and Stevens Counties on the

northern edge of the Columbia Plateau. There are sparse

exposures of the Columbia River Basalt and no direct

correlations of the flows are made, however, there is data

on basement and surficial deposits.

27. Beeson, M.H., and others, 1976, Preliminary correlation of

Lower Yakima Basalt flows in western Cregon with the type

area in central Washington (abstract): Geological Society

of America Abstracts with p:ograms, v. 8, no. 3, p. 353-354.

This abstract discusses the possible correlation of some

Grande Ronde Basalt flows between central Washingtcn and the

Portland area.

26. Benson, L.V., 1978, Secondary minerals, oxidation potentials,

pressure and temperature gradients in the Pasco Basin of

Washington State: Topical Report No. 1: Lawrence Berkeley

Laboratory, University of California at Berkeley, Contract

No. EY-77-C-06-1030.
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This report presents the lithostatic pressure-temperature

versus depth gradients, oxidation potential measurements and

interpretations, and a review of secondary mineralization

phases present at depth in the Pasco Basin.

29. Bentley, R.D., 1977, Stratigraphy of the Yakima Basalts and
structural evolution of the Yakima ridges in the western

Columbia Plateau (Field Trip no. 12), in Geological

Excursions in the Pacific Northwest, Geological Society of

America 1977 Annual Meeting, Seattle, Washington,

p. ?39-389.

Stratigraphic and structural cross sections, field locations
*= with descriptions, photgraphs and geologic maps of the

western Columbia Platu u are provided.

30. Benton, Franklin, and Walla Walla County Air Pollution Control

Board Staff, 1973, Regulation II - Air Quality Standards:

Benton, Franklin, and Walla Walla County Air Pollution

Control Board, Washington.

-, This document contains a listing of official air quality

standards as of 1973 for Benton, Franklin, and Walla Walla

counties, Washington.

31. Bierschenk, W.H., 1957, Hydraulic characteristics of Hanford

aquifers: Hanford Atom.ic Products Cperation, General

Electric, Richland, Washington.

Three analytical techniques are applied to aquifer test data

at Hanford: (1) non-equilibrium 'type-curve' methcd, (2)

ncn-equilibrium "straight-line" method, (3) image well"

technique. These techniques are described and discussed as

they apply to the Hanford area aquifers.

-9-



Woodward.Clyde Consultants

32. Bingham, J.W., and Grolier, M.J., 1966, The Yakima Basalt and

Ellensburg Formation of south-central Washington: U.S.

Geological Survey Bulletin 1224-G, 15 p.

Type locations and a bibliography of measured stratigraphic

sections are given for: (1) Saddle Mountain Basalt, (2)

Roza member, (3) Sentinal Gap member, and (4) Frenchman

Springs member. Basement rock is found at 4,600 feet near

Odessa, Washington.

33. Bingham, J.W., Londquist, C.J., and Baltz, E.H., 1970,

Geologic investigation of faulting in the Hanford region,

Washington: U.S. Geologicil Survey, Open-File Report,

103 p.

C..
The report states that the block gliding on the Smyrna bench

last occurred at least 12,000 y.a. Gable Mountain fault is

at least 40,000 years old and probably more than 100,000

years old, and the WaLlula Gap fault is probably active.

34. Bingham, J.W., and Walters, K.L., 1965, Stratigraphy of the

upper part of the Yakima basalt in Whitman and eastern

Franklin Counties, Washington: U.S. Geological Survey

Professional Paper 525c, p. C87-C90.

This paper discusses the stratigraphy of the Yakima Basalt

and contains cross sections, tables and maps correlating

flow members. m

35. Bishop, W.P., and others, 1978a, Proposed goals for

radioactive waste management: U.S. Nuclear Regulatory

Commission, NUREG-0300.
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For policy development, the goals for radioactive waste

management are set forth with respect to time of nuclear

use, management and permanent isolation, government

organizations, costs, technical problems, health and safety.

36. Bishop, W.P., and others, 1978b, Essays on issues relevant to

the regulation of radioactive waste managenment: U.S.

Nuclear Regulatory Commission, NUREG-0412.

Essays discuss the history of radioactive waste management,

credulity, methods, managerial errors, public participation,

problems, and goal- of radioactive waste management.

- 37. Blume, John A., and Associates, 1971a, A summary report,

seismic evaluation and development of ground acceleracicn

and response spectra for FFTF site. Report prepared for

WADCO, Richland, Washington.

This summary report indicates a maximum credible earthquake

on Rattlesnake-Wallula fault at M6.8 and acceleration of

^ 3.25 g.

38. Blume, John A., and Associates, 1971b, Supplementary geologic

investigations for seismic evaluation of the FFTF site near

Richland, Washington. Report prepared for WADCO, Richland,

Washington.

This summary geologic investigation report for the Hanford

reservation evaluates seismicity hazards of the Fast Flux

Test Facility (FFTF) site, geology and surface faulting.

39. Board, M.P., 1978, Rock mechanics methods and in situ heater

tests for design of a nuclear waste repository in basalt:

Rockwell Hanford Operations report RHO-Bull-LD-2, 49 p.
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A discussion on how in situ data from the neir surface test

facility will be integrated into the overall Waste Isolation

Program. The rock mechanics program is discussed.

40. Bond, J.G., 1962, Geology of the Clearwater Embayment in

Idaho: Ph.D. thesis, University of Washington, Seattle,

193 p.

The tectonic development of the area is discussed, and

stratigrahic information for the eastern Columbia Plateau

and pre-basalt flow geology and topography are provided.

41. Bonini, W.E., Bughes, D.W., Danes, Z.F., 1974, Complete

Bouguer gravity anomaly map of Washington: Washington

Division of Geology and Earth Resources, map GM-ll.

This gravity map has a 10 mgal contour interval showing

50 mgal readings near the Hanford area.

41.2. Boore, D.M., 1977, Strong-motion recordings of the California

earthquake of April 1906: Bulletin of the Seismological

a, Society of America, v. 67, no. 3, p. 561-577.

The values of inexpensive techniques to simulate ground

motion are illustrated, and the importance of directivity

and rupture velocity to the sensitivity of ground motion are

shown.

41.4. Brekke, T.L., and Glass, C.E., 1973, Some considerations

related to underground siting of nuclear power plants in

rock. Department of Civil Engineering, University of

California, Berkeley.
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The importance of expansive coupling of system structures to

floor, walls or roof of rock cavities are examined.

42. Bretz, J.H., 1933, The Channeled Scabland: Guidebook 22, Ex-

cursion C-2, International Geological Congress, 16th Ses-

sion, U.S. Government Printing Office, 16 p.

A field guide to the glacial features and deposits of the
Scablands, Columbia River Plateau.

43. Bretz, J.B., 1959, Washington's Channeled Scabland:

Washington Division of Mineralogy and Geology, Bulletin

no. 45, 57 p.

This bulletin describes the various flood features of the

Channeled Scabland, discharge routes, and rates of discharge

of the Channeled Scabland physiographic area.

44. Bretz, J.H., and others, 1956, Channeled Scabland of

Washington: New data and interpretations: Geological

Society of America Bulletin, v. 67, p. 957-1049.

-!

This bulletin discusses several geomorphic features relating

to Pasco and Quincy Basins and the overall Scabland

physiographic area. Many maps and photographs that show

outcrops in support of the catastrophic flooding theory are

provided.

45. Brock, M.R., and Grolier, M.J., 1973, Chemical analysis of 305

basalt samples from the Columbia River Plateau, Washington,

Oregon, and Idaho: U.S. Geological Survey, Open-File Report

Nc.. 1889.
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A computer printout of geochemical data on Columbia River

Basalt samples. Sample location listings are provided.

46. Brooks, W.E., Jr., 1974, Stratigraphy and structure of the

Columbia River Basalt in t. vicinity of Gable Mountain,

Benton County, Washington: M.S. thesis, University of

Washington, Seattle.

Data on the stratigraphy and structural geology of the

Columbia River Basalt in the vicinity of Gable Mountain are

presented.

47. Brown, C.E., and Thayer, T.P., 1966, Geologic map of the Canyon

City quadrangle, northeastern Oregon: U.S. Geological Sur-

vey Miscellaneous Geologic Investigations, Map I-447.

This map shows Columbia River Basalt geology and general

basement geology. A description of map units and the

tectonics of the area are also presented.

48. Brown, D.J., 1965, Correlation of sediments overlying the

Columbia River Basalt in southeastern Washington (abstract):

Geological Society of America, Special Paper no. 82, p. 321.

This abstract discusses Late Tertiary and Quaternary

sedimentation.

49. Brown, J.C., 1978, Discussion of geology and ground-water

hydrology of the Columbia Plateau, with specific analysis of

the Horse Heaven, Sagebrush Flat, and Odessa-Lind areas,

'"shington: Washington State University, College of

Engineering, Research Report no. 78/15-23.
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This report mainly discusses relationships of geologic units

and structures to hydrology of the areas.

50. Brown, R.E., 1960, The use of geophysics and geochemistry to

confirm geological interpretations of the Hanford works of

the Atomic Energy Commission, U.S.A.: Twenty-first

International Geological Congress, Copenhagen, part 2,

p. 75-82.

A study of geohydrology at Hanford is provided for use in

planning waste disposal.

- 51. Brown, R.E., 1965, Problems associated with the extension of

the stratigraphic units of south-central Washington, Part 1:

A.- The late basalt flows, Ellensburg and Lower Ringold

Formations: Presentation at Annual Meeting of the Northwest

Scientific Association, Portland, Oreton, 11 p.

The geologic report provides information on stratigraphy of

the Saddle Mountains Basalt, the Ellensburg Formation and

lowest part of the Ringold Formation.

_ 52. Brown, R.E., 1966, The stratigraphy of the uppermost part of

the basalt sequence and its implications: Battelle Pacific

Northwest Laboratory, BNWL-235, v. 3, p. 1-4.

This report provides some informatiqn on the near surface

hydrology in the Beverly member of the Ellensburg Formation

and the sequence of Tertiary-Quarternary folds in the

Hanford area.

53. Brown, R.E., 1968a, The incidence of earthquakes at Hanford as

deduced from geological features: Battelle Pacific

Northwest Laboratory, BNWL-481, v. 3, p. 3-5.
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This report discusses earthquakes, landslides and faulting.

It is noted that major faulting occurs, and landslides are

probably not triggered by earthquakes.

54. Brown, R.E., 1968b, The Yakima Basalt Formation and its

relationships to the Columbia River in aquifer development:

Battelle Pacific Northwest Laboratories, BNWL-481, v. 3,

p. 1-2.

The influence of basalt flow advancement on the flow regime

of the Columbia River is discussed. Due to basining, the

forme-r river course would return to the east, having been

previously diverted to the west by advancing basalt flows.

55. Brown, R.E., 1968c, Reported faulting in the Pasco Basin:

Battelle Pacific Northwest Laboratory, BNWL-SA-1704, 14 p.

This summary report emphasizes the role of active faulting

and the role of folding of basalt in Pasco Basin. The role

of faulting between Wallula Gap and Rattlesnake Hills is de-

emphasized. The conclusion is made that faults associated

with folds are aseismic.

56. Brown, R.E., 1968d, A study of reported faulting in the Pasco

Basin: Battelle Pacific Northwest Laboratory, BNWL-662.

Faulting is secondary to folding, with maximum 500-foot

offsets. Evidence for the Olympic-Wallowa Lineament or of

very recent faulting was not found.

57. Brown, R.E., 1969, Hydrologic inter-area relationships as

indicated by rising heads in confined acquirers, Pasco

Basin, Washington: Battelle Pacific Northwest Laboratory,

BNWL-SA-686.
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This report contains diagrams of the complex hydrologic flow

system with cross-sections showing changes in the configur-

ation of anticlines and synclines during the period of

deposition of the Saddle Mountains Basalt.

58. Brown, R.E., 1970a, Interrelationships of geologic formations

and processess affecting ecology as exposed at Rattlesnake

Springs, Hanford Project: Battelle-Pacific Northwest Labor-

atory, BNWL-B-29, 39 p.

This report disagrees with other authors on previously

hypothesized faults. It contains a description of drainage

patterns, faults and other structural features.

" 59. Brown, R.E., 1970b, Some effects of irrigation in the Pasco

Basin, Washington (abstract): Geological Society of

-- America, abstract with programs, v. 2, no. 5, p. 326-327.

This abstract discusses some geological hazards (landslides,

local flooding) resulting from irrigation in the Pasco

Basin.

- 60. Brown, R.E., and McConiga, M.W., 1960, Some contributions to

the stratigraphy and indicated deformation of the Ringold

Formation: Northwest Science, v. 34, no. 2, p. 43-54.

The stratigraphy and structure of the Ringold Formation

indicates gentle Quaternary folding towards the Pasco

Syncline and post depositional warping of the Ringold and

underlying basalt. Possible continuation of warping is

suggested.

61. Brown, R.E., and Raymond, J.R., 1963, A geophysical seismic

evaluation study of the Hanford Works, Washington: General

Electric Co., Hanford Atomic Products Operation, report no.

HW-SA-3280, 17 p.
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This feasibility study tested the value of seismic methods

for data compilation and correlation purposes. Results show

the surface of the bisalt and the Ringold Formation.

62. Brunton, G.D., and McClain, W.C., 1977, Geological criteria

for radioactive waste repositories.

Listing of geological criteria and factors that can be used

to derive specifications that will be applied to each step

of a geological evaluation process.

63. Bush, J.H., and Siems, B.A., 1973, Basalt stratigraphy of the

Jamestown Lake area, Douglas County, Washington (abstract):

Geological Society of America, Abstracts with Programs,
C v. 5, no. 1, p. 19.

- The stratigraphy of seven Columbia River Basalt flows (757

feet total thickness) is discussed in this abstract.

64. Bush, J.H., Jr., and others, 1972, Test-observation well near

Mansfield, Washington, description, stratigraphic

relationships and preliminary results: Washington State

University, College of Engineering Research Report

No. 72/11-128, Project No. 3811-1184.

Aquifer and stratigraphic data obtained in T27N, R26E

Section 25 and nearby areas are presented.

65. Bush, J.B., Jr., and others, 1973, Test-observation well near

Walla Walla, Washington: Description, stratigraphic rela-

tionships and preliminary re_:lts: Washington State Univer-

sity, College of Engineering Research Division, Research Re-

port No. 73/15-66, Project No. 3811-1184.
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This is a report describing aquifer data obtained in T6N,

R35E, S18.

66. Byerly, G., and Swanson, D., 1978, Invasive Columbia River

Basalt flows along the northwestern margin of the Columbia

Plateau, north-central Washington: Geological Society of

America, abstracts with programs, 1978, v. 10, p. 98.

Indicates invasive sills can be traced to surface flows

showing gradational changes.

68. Camp, V.E., 1976, Petrochemical stratigraphy and structure of

the Columbia River Basalt, Lewiston Basin area, Idaho-

Washington: Ph.D. thesis, Washington State University,

c- Pullman, 201 p.

_ Data on the stratigraphy and petrochemical correlation of

Columbia River Basalts in the Lewiston Basin are presented.

A generalized geologic map and discussion of the tectonic

development of the area are also provided.

*; 69. Campbell, N.P., 1975, A geologic road log over Chinook, White

- Pass and Ellensburg to Yakima highways: Washington Division

of Geology and Earth Resources, Information Circular 54,

79 p.

This road log contains photographs and drawings of the

western edge of the Basalt plateau and underlying

formations.

70. Campbell, N.P., 1976, Geologic map of the Yakima area:

Washington State Department of Natural Resources, Division

of Geology and Earth Resources, map no. OF 76-11.
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This large-scale geologic map of the Yakima area portrays

geologic structures and stratigraphic units from '.he Grande

Ronde Basalt to deposits of Quaternary age.

71. Carrell, D.J., and Jones, G.L., 1978, Proposed format and

content of environmental report for deep geologic terminal

repositories for radioactive material: Rockwell

International-Hanford Document RHO-BWI-CD-18.

This document is Rockwell's proposed guide for preparation

of environmental reports and is to be used as a basis for

discussions with the NRC to develop a 4.2-type document for

repositories.

- 72. Carter, L.J., 1978, Nuclear wastes. The science of geologic

disposal seen as weak: Science, v. 200, pp. 1135-1137.

This article questions the scientific feasibility of

disposing radioactive waste in geologic formations,

especially salt formations.

^' 73. Cline, D.R., 1969, Groundwater resources and related geology

north central Spokane and southeastern Stevens Counties:

_ State of Washington, Department of Water Resources, Bulletin

No. 27.

The ground-water resources, primarily in unconsolidated

Quaternary deposits in parts of Spokane and Stevens

Counties, are discussed.

74. Cline, D.R., 1976, Reconnaissance of the water resources of

the upper Klickitat River basin, Yakima Indian Reservation,

Washington: U.S. Geological Survey, open-file repoA..
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Well water data and general water resource information for

the area are presented.

75. Coe, R.S., Bogue, S., and Myers, C.W., 1978, Paleomagnetism of

the Grande Rot.de (Lower Yakima) Basalt exposed at Sentinel

Gap: Potential use for stratigraphic correlation: Prepared

for U. S. Department of Energy, under contract

EY-77-C-06-1030, Atomics International Division, Rockwell

International-Hanford Operations Report RHO-BWI-ST-2.

This report describes the potential for age dating of basalt

_ flows in the Columbia Plateau by paleomagnetic correlation.

76. Cohen, B.L., 1977, The disposal of radioactive wastes from

fission reactors: Scientific American, v. 236, no. 6,

p. 21-31.

This article describes the nature of radioactive wastes

produced by reactors, evaluates their environmental impact,

and outlines current plans for disposal in subsurface

repositories.

77. Columbia Basin Interagency Committee, 1965, Bibliography of

published climatological data, Columbia Basin states:

Columbia Basin Interagency Committee, Portland.

This bibliography lists sources of published climatalogical

data for the states of Washington, Idaho and Oregon.

78. Columbia-North Pacific Technical Staff, 1970a, Appendix IV:

Land and mineral resources, comprehensive framework study:

Submitted by Pacific Northwest River Basins Commission,

Vancouver, Washington, 2 volumes.
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In this report, climate, ground water, and surface water in

the Columbia Plateau area are discussed.

79. Columbia-North Pacific Technical Staff, 1970b, Appendix V:

Water resources, comprehensive framework study: Submitted

by Pacific Northwest River Basins Commission, Vancouver,

Washington, 2 volumes.

ThIs report contains maps, charts, and tables describing

la..d and mineral resources of the Columbia Plateau region.

80. Columbia-North Pacific Technical Staff, 1971a, Appendix IX:

Irrigation, comprehensive framework study: Submitted by

Pacific Northwest River B3sins Commission, Vancouver,

Washington.

_ This report summarizes the present status of, and future

needs for irrigation in the Columbia drainage area. It

includes detailed Information regarding present ind

projected available water supplies, acreages under

irrigation, and crop yields.

82. Columbia-North Pacific Technical Staff, 1971b, Appendix XII:

Water Quality and Pollution Control, comprehensive framework

study: Submitted by Pacific Northwest River Basins

Commission, Vancouver, Washington.

This document describes existing water quality in the

Columbia River-North Pacific area, the means for satisfying

future water needs, flow requirements, treatment costs, and

management practices.

83. Columbia-North Pacific Technical Staff, 1971c, Appendix XIV:

Fish and wildlife, comprehensive framework study: Submitted

by Pacific Northwest River Basins Commission, Vancouver,

Washington.
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This document describes freshwater wildlife species in the
Columbia River-North Pacific region, the extent and quality

of available habitats, and the demand for wildlife

resources.

84. Committee on Radioactive Waste Management, 1978a, Geological

criteria for repositories for high-level radioactive wastes:

Panel on Geological Site Criteria from the Committee on

Radioactive Waste Management, National Academy of Sciences,

Washington, D.C., 19 p.

This report summarizes geologic, tectonic, hydrologic,

geochemical and economic criteria for assessig the.suit-

ability of sites for storage or disposal of high-level

radioactive wastes.

- 85. Committee on Radioactive Waste Management, 1978b, Radioactive

wastes at the Hanford Reservation: A technical review:

National Academy of Sciences, Washington, D.C., 269 p.

This document is a review of technological aspects of radio-

active waste management at Hanford.

_ 86. Cook, N.G., 1977, An appraisal of hard rock for potential

underground repositories of radioactive wastes: prepared

for the U. S. Department of Energy, Contract W-7405-ENG-48,

Un versity of California, Lawrence Berkeley Laboratory.

Potential engineering stress and stability factors, inter-

action between adjacent excavations, and the consequences of

thermal loading are examined with respect to underground

radioactive waste disposal in hard rock.
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87. Cornwall, U.R., 1966, Nickel deposits of North America: U.S.

Geological Survey Bulletin 1223.

This report contains descriptions of two small nickel

deposits near Cle .lum and Winesap at the western edge of

the Columbia Plateau.

87.5. Crosby, J.W., and Mellott, J.C., 1973, Physical

characteristics of basalt aquifers: Co.mpletion report for

OWRR project no. A-C21-WASH, Washington State University

Water Research Center.

This report summarizes a research project which was

conducted to ascertain the physical characteristics of

basalts which influence transmission and storage of ground

water.

88. Culver, H.E., and Lupher, R.L., 1937, The bearing of Fzst-

Paleozoic sedimentary record on the occurrence of gas in the

Rattlesnake gas field, Washington: Northwest Science,

v. 11, no. 3, p. 71-74.

This report discusses the occurrence and source of oil and
_ gas in porous basalt near Wenatchee, Washington.

89. Cushing, C.E., and Watson, D.G., 1973, Aquatic studies of

Gable Mountain Pond: Battelle Pacific Northwest Laboratory,

BNWL-1884 UC-48.

Radiation levels were measured in fish, ducks, and other

organisms at a Hanford Reservation cooling pond to assess

ecosystem uptake of radioactive materials.
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90. Danehy, E.A., and others, 1976, Structural elements of the

Pasco Basin, south-central Washington (abstract):

Geological Society of America, Abstracts with Programs,

v. 8, no. 3, p. 366-367.

In the geologic structures in the Pasco Basin, minor faults

were found, but no evidence of the reported Olympic-Wallowa

lineament was cited.

91. Davis, N.F., 1947, Relief features of southern British

Columbia, in Freeman, O.W., and Martin, H.H., eds., The

Pacific Northwest: John Wiley and Sons, Inc., New York,

p. 97-103.

A map and descriptions of physiographic features in southern

British Columbia and a summary of the geologic history of

the region are presented.

92. DeBuchananne, G.D., 1974, Geohydrologic considerations in the
management of radioactive waste: Nuclear Technology, v. 24,

p. 356-361.

This article discusses geohydrologic considerations for

managing radioactive waste, including water's importance in

transporting radioactive materials, considerations for near-

surface and deep disposal, and uniformitarianism as a method

for evaluating the geohydrologic suitability of waste

disposal sites.

92.5. Deju, R.A., 1976, Feasibility of storing radioactive waste in

Columbia River basalts: Atlantic Richfield Hanford Company,

prepared for the U.S. Energy Research and Development

Administration under contract EY-76-C-06-2130, No. ARH-SA-

281.
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This paper summarizes the results of an incomplete study

that was conducted by the Atlantic Richfield Hanford Company
to assess the feasibility of storing radioactive wastes in

deep caverns constructed in the Columbia River Basalt.

93. Deju, R.A., 1977, Environmental assessment of near-surface

test facility: Rockwell International-Hanford Operations,

Letter Report R77-540A.

A brief description of the ecology at the near-surface test

facility at Hanford is presented.

94. Deju, R.A., 1978, Evaluation of basalt flows as a waste

N. isolation medium: Presented at 1979 Annual meeting of the

-. American Nuclear Society, Atlanta, Georgia, Rockwell

International-Hanford Operations, report RHO-B'WI-SA-16-A.

This paper briefly describes the Basalt Waste Isolation

Program within Rockwell Hanford Operations and includes

studies of geology, hydrology, systems integration,

engineered barriers, engineering testing, and the

- construction of a near-surface test facility.

95. Deju, R.A., and others, 1977, Environmental factors needed to

establish the geotechnical feasibility of storing

radioactive waste in Columbia River Basalt: Rockwell

International-Hanford Operations, Report RHO-ST-E.

The geologic and hydrologic factors that must be considered

to assess the feasibility of storing radioactive waste in

Columbia River Basalt are discussed. An extensive

bibliography with several hundred entries is provided.
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96. Deju, R.A., and others, 1978, Structural considerations in the

design of a repository to store radioactive waste in basalt

formations: Rockwell International-Hanford Operations,

Report RHO-SA-10, 17 p.

Structural design considerations for radioactive waste

repositories in basalt are discussed and the structural and

thermo-mechanical properties of basalt are summarized.

97. deLaguna, W., 1962, Engineering geology of radioactive waste

disposal: Reviews in Engineering Geology I, Geological

Society of America, p. 129-160.

This paper contains one of the early literature discussions

of the geologic requirements of a waste repository. An

assumption of zero defects was implied, and a case was made

-- for storage in salt formations, suposedly a 'water-tight'

.edia.

98. Diery, H.P., and McKee, B., 1969, Stratigraphy of the Yakima

Basalt in the type area: Northwest Science, v. 43, rio. 2,

p. 47.

_ The geologic map and stratigraphic sections, covering the

Ellensburg-Roza area, correlate many of the lower Yakima

Basalt flows on the basis of lithologic and petrographic

features.

99. Durrani, S.A., 1975, Nuclear reactor in the jungle: Nature,

v. 256, no. 5515, p. 264.

The geologic environment, which concentrated a natural

reactor fuel and caused a naturally moderated nuclear

reactor to function, was briefly described. A change in

concentration of nuclides in the Oklo mine lead to the

discovery of the reactor. Since most fission products
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remained in place for over 1.5 to 5 billion years, the

phenomena has relevance to waste disposal problem-s the

plutonium generated by the reactor has hardly iL

100. Easterbrook, D.J., Baker, V.R., and Waite, R., 1977,

Glaciation and catastrophic flooding of the Columbia

Plateau, Washington, (Field Trip No. 13), in Geological

Excursions in the Pacific Northwest: Geologic Society of

America, 1977 Aranual Meeting, Seattle, p. 390-414.

This is a field guide to locations and descriptions of

glacial and glacio-fluvial features on the Columbia River

Plateau.

101. Eddy, P.A., 1970, Geology and ground-water availability, Selah

area, Washington: State of Washington, Department of

_ Ecology, Olympia, Washington.

The Ellensburg Format.'.on is shown to provide the major

portion of the ground water to the Selah area.

-: 102. Eddy, P.A., 1976, Description, preliminary results, and

pumping tests of test-observation well #13 near George,.

Washington: State of Washington Department of Ecology,

Olympia, Washington, 43 p.

The hydrologic, stratigraphic and structural relations

obtained from test well results arepresented.

103. Farkas, S.E., 1971, Stratigraphic and structural analysis of

Columbia River Basalt flows, Umtanum Ridge, Yakima and

Benton counties, Washington (abstract): Geologic Society of

America, Abstracts with Programs, v. 3, no. 6, p. 380.
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The Umtanum flow is assessed to be greater than 400 feet

near the base of Umtanum Ridge, and northward thrusting

imbricate sheets are indicated on the ridge.

104. Farkas, S.E., 1972, Structural relationships of folds and

faults in Yakima Basalt and Ellensburg Formation, central

Washington (abstract): Geological Society of America,

Abstracts with Programs, v. 4, no. 6, p. 375-376.

The variation in the number of flows in the Frenchman

Springs member over the plateau area is discussed. From one

to nine flows exist in various localities over the area.

Normal faulting is shown in fold and thrust belts of the

N Wanapum Basalt and in the Ellensburg Formation.

106. Farooqui, S..M., and others, 1976, Structural mplications of

_ the Yakima Basalt in north central Oregon and south central

_- Washington (abstract): Geological Society of America

Abstracts with Programs, v. 8, no. 3, p. 372-373.

This abstract indicates the prcdominance of east-west and

northwest structural trends, minor pre-Roza member

deformation, minor pre-Selah member deformation and major

post Elephant Mountain member deformation.

107. Federal Aviation Administration, 1978, Airport Statistics

Handbook for 1977, Tower-Uperated Airports: Advanced

Technology, Inc., Report No. FAA-AVP-78-10.

A handbook of computerized listings of specific air traffic

statistics including means, standard deviations, and peak

occurrences computed for individual and multiple airport

groupings. Histograms and time curves are presented for FAA

towered airports.
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108. Fenix and Scisson, Inc., 1978, Sole History of Rotary Hole DC-

5, Hanford, Washington: report submitted to Rockwell

Internatinal-Hanford (RHO-BWI-C-7).

This drilling and test boring report summarizes
stratigraphic section intersected by boring DC-5: Top of

the basalt at approximately 600 feet. The Vantage member is

at approximately 2,600 feet. Total depth is 3,990 feet, in

the Grande Ronde Basalt.

109. Fisher, R.V., 1967, Early Tertiary deformation in north-

central Oregon: American Association of Petroleum

Geologists Bulletin, v. 51, no. 1, p. 111-123.

Rock formations deposited prior to the Columbia River Basalt

-. are presented in a structural framework.

110. Fitzner, R.E., and Price, K.A., 1973, The use of Hanford waste

ponds by waterfowl and other birds: Battelle Northwest

Laboratory, Special Distribution Report BNWL-1738.

Graphs and charts showing weekly and seasonal species counts

are provided with summaries, lists and references of

species.

111. Forrester, J.D., 1947, Rocky Mountain Province, in Freeman,

O.W., and Martin, H.H., eda., The Pacific Northwest: John

Wiley and Sons, Inc., New York, p. 80-96.

This outline summary of physlographic groupings or

subprovinces within the Rocky Mountain physiographic

prolvince includes the Okanogpn Highlands.
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112. Foster, R.J., 1958, The Te-anaway Dike Swarm of Central

Washington: American Journal of Sciences, v. 256, p. 644-

653.

Data on the pre-Columbia River Lasalt tectonic setting of

the western edge of the Columbia Plateau are provided.

113. Foxwocthy, B.L., 1962, Geology and Groundwater Resources of

the Ahtanum Valley, Yakima County Washington:

U.S.Geological Society, Water Suppl: Paper 1598.

This hydrogeologic report discusses aquifers in the Ahtanum

Valley.
IN

C 114. Foxworthy, B.L., and Washburn, R.L., 1963, Ground Water in the

Pullman area, Whitman County, Washington: U.S. Geological

Survey Water-Supply Paper 1655.

Maps and cross sections of the Pullman area of Whitman

County, Washington are provided.

115. Franklin, J.F., and others, 1972, Rattlesnake Hills Research

Natural Area, separate from Federal Research Natural Areas

in Oregon and Washington - A Guidebook for Scientists and

Educators: Pacific Northwest Forest and Range Experiment

Station, Portland, Oregon, 18 p.

The Rattlesnake Hills Research Natural Area was established

for research and educational purposes. This area is

ecologically significant because it is the last piece of

natural shrubsteppe vegetation of this size in the Pacific

Northwest.
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116. Freeman, O.W., 1947, Columbia lava basins and plateaus, in

Freeman, O.W., and Martin, B.H., eds., The Pacific

Northwest: John Wiley and Sons Inc., New York, p. 59-79.

This is a simplified source reference for physiographical

and geomorphological provinces, with a short geologic

history, and a summation of regional geology.

117. Frutchter, J.S., and Baldwin, S.F., 1975, Correlations between

dikes of the Monument Swarm, central Oregon, and Picture

Gorge Basalt flows: Geological Society of America Bulletin,

v. 86, p. 514-416.

A chemical analysis of dike swarms, many having composition

similar to the Picture Gorge Basalt flows is presented.

Tables and chemical data are also included.

118. Fryxell, R., 1962, A radiocarbon limiting date for Scabland

flooding: Northwest Science, v. 36, no. 4, pp. 113-119.

A date of 31,600 + 900 y.b.p. was obtained from peat

deposits in glacial debris near Vantage. This debris was

- not from the most recent glacial flood.

119. Gard, L.M., and Waldron, H.H., 1954, Geologic map of the
Starbuck Quadrangle, Washington: U.S. Geological Survey Map

GQ-38.

This map shows Palouse soil and Columbia River Basalt.

120. Geological Society of America, 1977, Geological excursions in

the Pacific Northwest: 1977 GSA Annual Meeting, Seattle,

Field trips nos. 12 and 13.
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This is a geologic field trip guidebook for northern Oregon

and southern Washington.

121. Gibson, I.L., 1966a, Crustal flexures and flood basalts:

Tectonophysics, v. 3, no. 5, p. 447-456.

The tectonics of the Columbia River Basalt in Southwest

Idaho is discussed, and cross sections of flexures

associated with volcanism and faulting are presented. Much

of this information is out of date.

_ 122. Gibson, I.L., 1966b, Grande Ronde dike swarm and, its relation

to the ColumLia River Basalts (abstract): Geological

Society of America, Special Paper 87, p. 204.

A swarm of 40 dikes, each approximately 35 feet thick, that

cut the Columbia River Basalt may be feeder dikes to some

lava flows.

- 123. Gilmour, E.H., and Stradling, D., eds., 1969, Proceedings of

the Second Columbia River Basalt Symposium: Eastern

Washington State College, Cheney, Washington, EWSC Press,

333 p.

This compilation of papers covers petrology, mineralogy,
geochemistry, palynology and tectonics relating to the

Columbia River Basalt.

124. Glass, C.E., 1977, Remote sensing analysis of the Columbia

Plateau: Washington Public Power Supply System,

Amendment 23, WPPSS Nuclear Projects 1 and 4, Appendix 2RK.

This is a final report discussing a three-part study

utilizing remote sensing techniques in assessing the

potential for earthquakes along active faults within the

Columbia Plateau.
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124.5. Goldstein, P., Bultgen, G.O., and Nelson, R.W., 1978, A model

of contaminant diffusion from a finite line source in a

dense basalt stratum to an overlying permeable interbed:

Rockwell International-Hanford Operations report

RSO-BWI-C-3, prepared by BCS Richland, Inc., Richland,

Washington.

This report presents a mathematical model for the diffusion

of radioactive wastes located in dense rock stratum bounded

above and below by permeable interbeds.

125, Gray, D.A., and others, 1976, Disposal of highly-active, solid
radioactive wastes into geological formations--relevant

geological criteria for the United Kingdom: Republic

Institute Geological Science, v. 76, no. 12, 4 p.

This series of a priori criteria applies to the selection of

areas containing formations suitable for the disposal of

high level wastes within the United Kingdom.

126. Gray, J., and Kittleman, L.R., 1967, Geochronometry of the

Columbia River Basalt and associated floras of eastern

Washington and western Idaho: American Journal of Science,

v. 265, p. 257-291.

Age dating and stratigraphic relations of the Latah

Formation, Picture George Basalt, Columbia River Basalt,

Ellensburg Formation and many unnamed flows in eastern

Washington and western Idaho are discussed.

127. Greensfelder, R.W., 1976, Maximum probable earthquake

acceleration on bedrock in the State of Idaho: Idaho

Division of Highways Research project no. 79.
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This summary report of Late Quaternary faulting in Idaho

provides discussion of regional seismicity and levels of

maximum probible accelerations.

128. Gregg, D.O., and Laird, L.B., 1975, A general outline of the

water resources of the eoppenish Creek Basin, Yakima Indian

Reservation: U.S. Geological Survey, Open File Report 75-19.

This report broadly summarizes the water resources and

includes a water budget scheme and summary of the geology of

the area.

129. Gregg, D.O., and Lum, W.E., II, 1973, Dry creek exploration

test well: U.S. Geological Survey Open File Report,

prepared in cooperation with the Confederated Tribes and

lands of tne Yakima Indian Nation, 9 p.

This hydrogeologic report of the Dry Creek Basin is based on

test well data. The drilling of the 700-foot test well

revealed dense basalt flows and less dense interflow

acquifer layers.

- 130. Griggs, A.B., 1973, Geologic map of the Spokane Quadrangle:

U.S. Geological Survey, Miscellaneous Geologic

Investigations Map I-768.

This map represents the geology of the Spokane area.

131. Griggs, A.B., 1976, The Columbia River Basalt Group in the

Spokane Quadrangle, Washington, Idaho, and Montana: U.S.

Geological Survey, Bulletin 1413, 39 p.

A series of crcss sections show basalt thickness and

underlying formations, and contains well log data and

outcrop data of the area. Petrographic and geochemical

analyses may be useful for flow correlations.
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132. Grolier, M.J., and Bingham, J.W., 1969, Geolog,' and ground-

water condtions in parts of Grant, Adams and Franklin

counties, Washington: U.S. Geological Survey, Professional

Paper, with a section on chemical quality of the groundwater

by A.S. VanDenburgh.

The authors discuss the geology and hydrology of the

Ellensburg Formation, Wanapum Basalt, Saddle Mountains

Basalt and the Ringold Formation.

133. Grolier, M.J., and Bingham, J.W., 1971, Geologic map and

sections of parts of Grant, Adams and Franklin counties,

Washington: U.S. Geological Survey Miscellaneious Geologic

Investigations Map I-589.
-.

Hydrologic, structural, and geologic data on the Columbia

_ River Basalt, the Ringold and Ellensburg Formations are

shown on this map.

134. Grolier, M.J., and Bingham, J.d., 1978, Geology of parts of

Grant, Adams and Franklin Counties, east-central Washington:

Washington Division of Geology and Earth Reserves Bulletin

no. 71, 91 p.

This bulletin is the tert to accompany Grolier and Bingham's
1971, U.S. Geological SuLvey Map I-589. It contains

descriptions of stratigraphic units and structures.

135. Grolier, M.J., and Fo::worthy, F.L., 1961, Giology of the Moses

Lake north quadLangle, Washington: U.S. Geological Survey,

Miscellaneous Geologic Investigations, Map I-330.

This geohydrologic map shows Quaternary stratigraphy,

ground-water development data, and structure of the area.
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136. Hamilton, W., 1962, Late Cenozoic structure of west-central

Idaho: Geological Society of America Bulletin, v. 73,

p. 511-516.

Possible tectonic creep on faults near Seven Devils

Mountains (southeast border of the Columbia River Plateau)

are inventoried. In the Columbia River plateau province

normal faults strike west to northwest and some may indicate

movement in the Quaternary period.

137. Hamilton, W., and Myers, W.B., 1966, Cenozoic tectonics of the

Western United States: Reviews of Geophysics, v. 4, no. 4,

p. 509-549.

This review presents very little data with respect to the

Columbia River Plateau. The authors suggest that the

western part of the plateau is underlain by oceanic crust.

137.5. Hardy, S.R. , 1977, Some current applications of microseismic

techniques: Proceedings of Dynamic Methods in Soil and Rock

Mechanics (tiMSR) 77/Karlsruhe, September 5-16, 1977, v. 3,

_. p. 173-199.

Some techniques and applications of acoustic

emission/microseismic activity to geomechanics for mining

and other underground cavity excavations.

138. Hardy, M.P., St. John, C.M., and Hocking, G., 1978, Numerical

modelling of rock stresses within a basaltic nuclear waste

repository: Final report submitted to Rockwell

International-Sanford Operations, Atomic International

Division, Prime Contract EY-77-C-06-1030, Department of

Energy.
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This report summarizes the numerical modelling of rock

stresses within a basalt rock nuclear repository for the

Rockwell Hanford Operations. The types of thermo-mechanical

problems analyzed using numerical models are identified and

discussed.

139. Hedlund, J.D., and Rogers, L.E., 1976, Characterization of

small mammal population inhabiting the B-C cribs environs:

Battelle Northwest Laboratory, BNWL-2181-VC-ll.

This is a bibliography of small mammal population studies on

the Hanford reservation.

^ 140. Hill, D.P., 1972, Crustal and Upper Mantle structure of the

Columbia Plateau from long range seismic-refraction

measurements: Geological Society of America Bulletin,

v. 83, p. 1639-1648.

Previous seismic studies of the Columbia Plateau are

compared to present study data.

141. Hinds, W.T., and Thorp, J.M., 1971, Annual summaries of

microclimatological data from the Arid Lands Ecology

Reserve, 1968-1970: Battelle Northwest Laboratory, Special

Report BNWL-1629.

Air quality data tabulation of precipitation and temperature

ranges on the Hanford reservation are presented.

143. Hodges, C.A., 1978, Basaltic ring structures of the Columbia

Plateau: Geological Society of America Bulletin, v. 89,

p. 1281-1289.
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The ring structures found in the Roza Member near Odessa are

described and features are related to rising ground water as

thick flows cooled over topographic lows.

144. Hoffer, J.X., 1967, The Rock Creek Flow of the Columbia River

Basalt: Northwest Science, v. 41, no. 1, p. 23-31.

A detailed report covers the physical and petrographic

properties of the Rock Creek Member of the Grande Ronde

Basalt. No correlation is made with other flows in the

area.

145. Hogenson, G.M., 1964, Geology and ground-water of the Umatilla

River Basin, Oregon: U.S. Geological Survey, Water Supply

Paper no. 1620.

Basic well log and geologic data are provided, and

structiral relations of the basalt are described.

146. Holden, G.S., and Hooper, P.R., 1976, Petrology and chemistry

of a Columbia River Basalt section, Rocky Canyon, west-

central Idaho: Geological Society of America Bulletin,

v. 87, p. 215-225.

The geochemistry and petrography of the rmnaha Basalt, and

Columbia River Basalt are described.

147. Holmgren, D.A., 1969a, Columbia River basalt patterns from

central Washington to northern Oregon: Ph.D. thesis,

University of Washington, Seattle.

A multiple-criteria comparison of Columbia River Basalt near

Yakima, Central Washington, and The Dalles, Northern Oregon

is provided, and their successional identity is

demonstrated.
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148. Holmgren, D.A., 1969b, Columbia River Basalt stratigraphic

pattern near Yakima and Columbia Gorge areas, Washington and

Oregon (abstract): Geological Society of America Abstracts

with Programs, v. 2, no. 3, p. 26.

The flow succession and magnetism near Yakima and The Dalles

is summarized. Thickness was measured to be between 2,000

and 2,750 feet.

149. Hooper, P.R., and others, 1976, Magnetic polarity and

stratigraphy of the southeastern part of the Columbia River

Basalt Plateau (abstract): Geological Society of America

Abstract with Programs, . 8, ro.. 3, p. 383.

Paleomagnetic and stratigraphic data on the Columbia River

Basalt of Southeastern Washington showed 9 polarity

intervals thicknesses greater than 1,500 m of exposed basalt

were indicated in the Snake River Canyon and Salmon River

Canyon, and greater than 450 m of Imnaha Basalt.

150. Hoyt, C.L., 1961, The Hammond Sill-An intrusion in the Yakima

Basalt near Wenatchee, Washington: Northwest Science,

v. 35, no. 2, p. 58-64.

The basalt structures in western Douglas County are

discussed. The Hammond Sill is an invasive sill with

subsidiary dikes within the Rock Island interbed.

151. Hunt, C.B., 1974, Natural regions of the United States and

Canada: W.H. Freeman and Company, 725 p.

The physiography, geology, stratigraphy, tectonics, and

Quaternary geologic processes of the Columbia Plateau are

summarized and the Spokane floods and regional erosion rates

are discussed.
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152. Huntting, M.T., 1949, Perlite and other volcanic glass

occurrences in Washington: State of Washington, Department

of Conservation and Development, Report of Investigations

No. 17.

This is a report on perlite and other volcanic glasses

occurring on the Columbia River Plateau.

153. Huntting, M.T., 1956, Inventory of Washington minerals,

Part I: Metallic minerals: State of Washington, Department

of Conservation and Development, Division of Mines and

Geology, Bulletin no. 37, v. I-Text, v. 2-Maps.

This report shows a deposit of gold and silver near Prosser.

No other metallic minerals are shown on the Plateau.

_ 155. Huntting, M.T., and others, 1961, Geologic map of Washingrtn
(1:500,000): Washington Department of Conservation, sheets

1 and 2, Division of Mines and Geology.

This map depicts and describes the geologic formations of

this State of Washington.

_ 156. Idaho Department of Highways, 1974, Official Highway Map.

This is the official Idaho state road map.

157. Idaho Department of Parks and Recreation, undated, Idaho State

Parks and Recreation.

This map shows the locations of Idaho State Parks and
provides information on specific parks.
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158. Jackson, D.B., 1975, Description of the geoelectric section,

Rattlesnake Hills Unit 1 well, Washington: Journal of
Research, U.S. Geological Survey, v. 3, no. 6, p. 665-669.

The interpretive discussion of basalt stratigraphy is
derived from electric log data. A major change in rocktype

occurs between 4,000 and 7,000 feet in the Rattlesnake Hills

well.

159. Jahns, R.H., 1967, Geologic factors relating to engineering
seismology in the Hanford area, Washington: Prepared for

Douglas United Nuclear, Inc., Richland, Washington, Report

DUN-1300.

The recent seismicity in Saddle Mountains and Wallula Gap
:. area is discussed. Evidence of recent faulting was
-examined. The report is essentially a :ebuttal to Jones and

Deacon, 1965.

160. Jones, F.O., and Deacon, R.J., 1966, Geology and tectonic
history of the Hanford area and its relation to the geology

and tectonic history of the State of Washington and the

active seismic zones of western Washington and western
Montana: Douglas United Nuclear, Inc., Richland,
Washington, under consultant agreement CA-00056.

This literature review summarizes the geologic hist,:ry,
tectonics and seismicity of the Hanford area and provides
structural cross sections and water and gas well data.

161. Jones, M.G, and Landon, R.D., 1978, Geology of the Nine Canyon
map area: Rockwell International Informal Report

RHO-BSI-LD-6, prepared for the U.S. Department of Energy,

Contract EY-77-C-06-1030.
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This is a detailed study of part of the southern Pasco

Basin. Stratigraphy and structural geology of the Priest

Rapids Member, Saddle Mountain Basalt, Ellensburg Formation,

Quaternary deposits, and as well as the Rattlesnake Hills-

Wallula Gap lineament and other folds and faults in the

vicinity are discussed.

162. Jones, R.W., and Ross, S.H., 1972, Moscow Basin ground water

studies (abstract): Idaho Bureau of Mines and Geology,

Pamphlet no. 153.

163. Judson, S., and Ritter, D.F., 1964, Rates of regional

denudation in the United States: Journal of Geophysical

Research, v. 69 no. 16, p. 3395-3401.

This is a summary article of various regional rates of

erosion or denudation throughout the United States.

Included is the rate calculated for the Columbia Plateau,

based on stream sediment calculations.

163.2. Kanai, K., Tanaka, T., and Yoshizawa, S., 1959, Comparative

studies of earthquake motions on the ground and underground

(multiple reflecticn problem): 3ulletin of the Earthquake

Research Institute, v. 37, p. 53-87.

Spectral analyses were carried out on seismograms of

earthquakes recorded underground and at the surface of twa

mines. These analyses indicated that the amplitude on the

ground increased relative to depth due to multiple

reflection in the surface layer.

163.4. Kanal, K., and others, 1966, Comparative studies of

earthquake motions on the ground and underground, II,

Bulletin of the Earthquake Research Institute, v. 44,

p. 609-643.
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Empirical relations for strong motions in bedrock are

compared to empirical data from recorded motions of 22

earthquakes. Velocity and acceleration apectra are shown

for recordings from four stations.

163.6. Kaufman, S.K., Reuben, P.A., and Wyss, M., 1978, Focal

mechanism and stress drops for mining-induced

microearthquakes in Idaho (abstract): 74th Annual Meeting

of the Seismological Society of America, October-December,

1978, v. 49, no. 4.

Focal mechanisms and stress drops have been determined for

earthquakes occuring in an Idaho mine. Stress fields around

the mine are compared to the regional field.

164. Keeney, R.L., and Nair, K., 1977, Evaluating potential nuclear

power plant sites in the Pacific Northwest using decision

analysis: Energy Policy, v. 5, no. 1.

7 The use of decision analysis in the selection and ranking of

suitable future sites for nuclear power generating

_. facilities in the Pacific Northwest is described.

165. Kienle, C.F., Jr. 1972, The Yakima Basalt in western Oregon

and Washington (abstract): Geological Society of America,

Abstracts with Programs, v. 4, no. 7, p. 561-562.

This paper discusses paleomagnetism, geoc.hemistry,

petrography and geomorphology as methods of stratigraphic

correlation of the Columbia River Basalt.

166. Kienle, C.F., Jr., Bentley, R.B., and Anderson, J.L., 1977,
Geologic reconnaissance of the Cle Elum-Wallula lineament

and related structures: Shannon and Wilson, Inc., Portland,

Oregon, Report no. WolP-1/4, 33 p.
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Each structural feature along the CLEW is described, and

detailed mapping of several areas in the Yakima Ridges area

is provided. A model for structural deformation is

discussed.

167. Kienle, C.F., Jr., and others, 1978, Western Columbia Plateaus

tectonic structures and their age of deformation: Paper

presented at Battelle Tectonics Symposium, February 14-16,

1978, Seattle, Washington.

Tectonic features of the plateau are described and the ages

of deformation are approximated using dated volcanics and

sedimentary deposits.

168. Kohler, J.E., Kennecke, A.P., and Grimes, B.K., 1974,

Population distribution considerations in nuclear plant

siting: American Nuclear Society Conference, August 1974.

A method for calculating a site population factor, which

measures cumulative population distribution around nuclear

power plant sites, is presented. A distance decay function

that simulates average atmospheric diffusion of

radionuclides released from power reactors is used in this

method.

169. Kuno, H., 1969, Plateau Basalts, in Hart, P.J., ed., Earth's

Crust and Upper Mantle: American Geophysical Union,

Washington, D.C., p. 495-501.

The tectonics of the Plateau Basalts are discussed along

with a proposed mechanism for slow and continuous magma

genesis of the Columbia River Plateau Basalts.
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170. Laubscher, H.P., 1977, Structural analysis of post-Yakima

deformation, Columbia Plateau, Washington (draft);

Geological Institute, University of Basel, Basel,

Switzerland.

This draft report develops a model to explain the post-

Miocene deformational style of the Columbia Plateau.

171. Laval, W.N., 1956, Stratigraphy and structural ;eology of

portions of south-central Washington: Ph.D. thesis,

University of Washington, Seattle, 208 p.

Mapping, measured sections, and correlations of middle and

17 upper basalt in the Horse Heaven Hills area are presented.

,.172. Laval, W.N., 1957, Primary structures of the Columbia River

_ Basalt flows, south-central Washington (abstract):

Geological Society of America Bulletin, v. 68, p. 1867.

The flow structures in Wanapum and Saddle Mountains basalt

are discussed.

_ 173. Laval, W.N., 1958, Anticlines of the southwestern Columbia

Basin (abstract): Geological Society of America Bulletin

v. 69, no. 12, pt. 2, p. 1734.

The structural geology and history of the southwestern
Columbia Basin are discussed. *

174. Lawrence Livermore Laboratory, 1978, Draft environmental

impact statement, high-level waste repository site

suitability criteria: Prepared by Tera Corporation,

Berkeley, California.
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This report discusses the various types of environmental

impacts of a high-level waste repository. It includes draft

site suitability criteria.

175. Ledgerwood, R.K., and Deju, R.A., 1976, Bydrogeology of the

uppermost confined aquifers underlying the Hanford

Reserration: Atlantic Richfield Hanford Company,

ARH-SA-253, 27 p.

This comprehensive hydrogeology report contains tables of

transmissibility and conductivity and well log data and

structural interpretations on the upper confining aquifers

underlying the Hanford Reservation.

176. Ledgerwood, R.K., Myers, C.W., and Cross, R.W., 1978, Pasco

Basin stratigraphic nomenclature: Rockwell International-

Hanford Operations, RHO-BWI-LD-1.

This chart and discussion of the stratigraphic nomenclature

and age dating parameters of the Columbia River Basalt and

younger units in the Pasco Basin uses the most current data

available.

178. Ledgerwood, R.K., and others, 1973, Identification of Yakima

Basalt flows in the Pasco Basin: Atlantic Richfield Hanford

Co., Report no. ARH-2768.

This report discusses techniques used in correlating

stratigraphy of the Yakima Basalt flow members in the Pasco

Basin. Drill cores, geophysical logs and geochemical data

were analyzed. Cross sections across the Pasco Basin

summarize the flow stratigraphy.
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179. Lillie, J.T., and Richard, B.H., 1977, An analysis of selected

gravity profiles on the Hanford Reservation, Richland,

Washington: Rockwell International-hanford Operations,

Report RHO-BWI-C-6.

Two dimensional models were constructed using gravity

values. Indications of buried valleys cut into bedrock were

found; however, distinguishing these valleys from

sedimentary contacts would be difficult.

180. Lillie, J.T., Tallman, A.M., and Caggiano, J.A., 1978,

Preliminary geologic map of the Late Cenozoic sediments of

the western half of the Pasco Basin: Rockwell

International, Informal Report RHO-BWI-LD-8, prepared for

the (,.S. Department of Energy under Contract

EY-7--C-06-1030.

This is a detailed (1 mile to 1 inch) map of Quaternary

deposits in the Ppsco Basin.

-181. Lindsley, D.H., 1960, Geology of the Spray Quadrangle, Oregon:

7^- Ph.D. thesis, Johns Hopkins University, Cleveland, Ohio,

235. p.

This thesis primarily discusses the stratigraphy and

petrography of the Picture Gorge Basalt and its magnetic

properties and the stratigraphy of the early Tertiary Clarno

and John Day Formations.

182. Livingston, T., 1978, Origin of the Grand Coulee and Dry

Falls: Washington Geologic Newsletter, v. 6, no. 3.

The geology and geomorphic processes relating to the

development of some of the structures in the Columbia

Plateau are discussed.
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184. Long, P.E., 1978, Characterization and recognition of

intraflow structures, Grande Ronde Basalt: Rockwell

International, Informal Report RHO-BWI-LD-10, prepared for

the U.S. Department of Energy, Contract EY-77-C-06-1030.

This report describes various intraflow structures in the

Grande Ronde flows and their usefulness in correlating drill

hole data.

185. Lowry, W.D., and Baldwin, E.M., 1952, Late Cenozoic geology of

the Columbia River Valley, Oregon and Washington:

Geological Society of America, Bulletin, v. 63, p. 1-24.

This bulletin focuses only on the westernmost portion of the

Columbia Plateau and summarizes the Late Cenozoic geologic

history of the area.

186. Luzier, J.E., 1969, Ground water occurrence in the Goldendale

area, Klickitat County, Washington: U.S. Geological Survey,

Hydrologic Investigations Atlas HA-313.

This is a general geologic map and a water level contour

map. Well logs of the Goldendale area are included.

187. Luzier, J.E., Bingham, J.W., and Burt, R.J., 1969, Ground

water survey, Odessa-Lind area, Washington: Washington

State Department of Water Resources, Water Supply Bulletin

No. 36.

This bulletin presents generalized hydrogeologic data from

the Odessa-Lind area, Washington.

188. Luzier, J.E., and Burt, R.J., 1974, Hydrology of basalt

aquifers and depletion of ground water in east-central

Washington: U.S. Geological Survey, Water Supply Bulletin

No. 33.
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This bulletin presents hydrologic characteristics of the

basalt aquifers in east-central Washington, the variability

of heads in different aquifers, and recharge-discharge

rates. Ground-water barriers may be related to tectonic

structures.

189. Mackin, J.H., 1961, A stratigraphic section in the Yakima

Basalt and the Ellensburg Formation in south-central

Washington: Washington Division of Mines and Geology,

Report of Investigations, no. 19, 45 p.

A stratigraphic history is presented of the Wanapum Basalt

and Ellensburg Formation within the area bounded at corners

by Yakina, Ellensburg, Vantage, and Priest Rapids.

190. Maddox, George and Associates, Inc., 1978, Groundwater

hydrology and proposed water management policy--Quincy and

Odessa subareas: Report (Job no. 77-08101) prepared by

George Maddox and Associates, Inc., Yakima, Washington, for

Eastern Big Bend Resources.

The discovery of hydraulically discontinuous structural

aquifers invalidates water management policies promulgated

by the State of Washington.

191. Maddox, G.E., and Fox, F.M., and Associates, Inc., 1976, A

proposed structural control of surface and groundwater in

the eastern portion of the Columbia River Basalt:

Geological Society of America, Abstracts with Programs,

v. 8, no. 3.

Markedly different transmissibility values on each side of a

hypothesized lineament may be indicative of structurally

controlled groundwater flow.
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192. Malde, B.E., 1968, The catastrophic Late Pleistocene

Bonneville flood in the Snake River Plain, Idaho: U.S.
Geological Survey Professional Paper 596, 52 p.

The glacial flood deposits and paths along the Snake River
in Idaho are discussed.

193. Matsuda, T., 1976, Empirical rules on sense and rate of recent
crustal movements: Journal of the Geodetic Society of

Japan, v. 22, no. 4, p. 252-263.

This article compares geologic evidence of Quaternary rates
of uplift, folding, and horizontal strain with geodetic data

of recent crustal movements in Japan. Sample calculations

are made for the rate of anticlinal folding.

194. Mattinson, J.M., 1972, Ages of zircons from the northern
Cascade Mountains, Washington: Geological Society of

America Bulletin, v. 83, p. 3769-3784.

Two metamorphic events that occurred in the Northern
Cascades during the middle Paleozoic (approximately 415

m.y.a.) and in the Late Cretaceous period are examined. The

rocit formations remained deeply buried into the Eocene epoch
and some may be as old as 2 billion years.

195. Maynard, W.S., and others, 1976, Public values associated with

nuclear waste disposal: Battelle Memorial Institute, Human

Affairs Research Centers, Seattle, Washington, Document

No. BNWL-1997.

This report summarizes public response to a questionnaire on

nuclear waste disposal issues, such as, long and short term

safety, accident detection/recovery, and cost factors.
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196. McCarthy, G.J., and Grutzeck, M.W., 1978, Preliminary

evaluation of the characteristics of nuclear wastes relevant

to geologic isolation in basalt:

This report reviews and discusses physical and chemical

characteristics of radioactive waste. This information has

bearing on the concept of geologic storage in basalt.

197. McCarthy, G.J., and others, 1978, Hydrothermal stability of

spent fuel and high-level waste ceramics in the geologic

repository and environment: Rockwell International-Hanford

Operations, Report RHO-BWh-SA-12A.

This abstract focuses on waste-rock hydrothermal interaction
A.*

and closed system waste-water reaction in basalts and

shales.

198. McDougall, I., 1976, Geochemistry and origin of basalt of the

._ Columbia River Group, Oregon and Washington: Geological

Society of America Bulletin, v. 87, p. 777-792.

-9

The strontium ratios of coeval coastal basalt.. and Columbia

Plateau basal:s are the same; different parent magmas gave

rise to the Picture Gorge and the Grand Ronde and Wanapum

basalts.

198.2. McGarr, A., 1971, Violent deformation of rock near deep-

level: Tabular excavations-seismic events, Bulletin of the

Seismological Society of America, v.F 61, no. 5, p. 1453-

1466.

Modeling that uses two-edge dislocations are presented for

elastic deformation of the rock near the edges of thin

tabular excavations (stopes) of deep-level mines. The

results compare favprably to energies released during

observed tremors.
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198.4. McGarr, A.M., and Wiebols, G.A., 1977, Influence of mine

geometry and closure volume on seismicity in a deep-level
mine (abstract): International Journal of Rock Mechanics,

Mineral Sciences and Geomechanics, v. 14, p. 139-145.

Seismicity and volume of closure relationships are studied
in three mines. Indications are that by planning mine

geometrics, problems associated with large tremors can be
kept to a predictable level by controlling the convergence.

198.6. McGarr, A.M, Green, R.W., and Spottiswoodie, S.M, 1978, Strong

ground motion of tremors recorded in a deep mine (abstract):

74th Annual Meeting of the Seismological Society Of

America, October-December, 1978, v. 49, no. 4.

Accelerogram recordings were analyzed for event location,

peak acceleration, stress drop and magnitude.

199. McGhan, V.L., Myers, D.A., and Damschen, D.W., 1976, Hanford

wells: Battelle Pacific Northwest Laboratories, prepared

for t.;. U.S. Energy Research and Development Administration,

-. Cont:act E(45-l):1830, Report BNW1-1981.

General information on wells drilled on the Hanfof:d
reservation is provided; however, data from wells, such as

depth to basalt or purpose of well, are not included.

201. Mciee, B., and Stradling, D., 1970, The sag flowout: a newly
described volcanic structure: Geological Society of America

Bulletin, v. dl, p. 2035-2044.

This article describes the ring structures occurrirnq in the
Roza member near Odessa, Washington. They were former' by

fluid lava escaping along concentric dikes from the partly

solidified flow.
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202. Mercer, J.W., and Orr, B.R., 1977, Review and analysis of

hydrogeologic conditions near the site of a potential
nuclear-waste repository, Eddy and Lea Counties, New Mexico:

U.S. Geological Survey, Open-File Report 77-123, 35 p.

This report focuses on hydrology, salt beds and radioactive
waste management in southeast New Mexico; it provides no

relevant Information on Basalt.

203. Miller, F.K., and Engels, J.C., 1975, Distribution and trends
of discordant ages of the plutonic rocks of northeastern

Washington and northern Idaho: Geological Society of

America Bulletin, v. 66, p. _.7-528.

This report contains information on four episodes of
intrusion during the Mesozoic and Cenozoic eras. The major
events occurred during mid-Cretaceous and early Eocene.
Useful information is provided regarding pre-basalt tectonic
setting.

2C4. Milne, P.C., and Walker, C.W., 1978, Directory of Washington
mining operations for 1977: State of Washington, Department
of Natural Resources, Division of Geology and Earth

Resources. Information Circular No. 63.

This directory summarizes and identifies metallic and non-
metallic mining operations in the State of Washington, by
name of operator, product, and property (mine) location.

204.5. Milne, C., and Vonheeder, E.R., 1979, Metallic and
nonmetallic mineral exploration and mining highlights, 1978:

Washington Geologic Newsletter, v. 7, no. 1, Washington
Dejartment of Natural Resources.
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This publication summarizes metallic and nonmetallic mineral
exploration, including a discussion of energy exploration,
in the State of Washington.

205. Moen, W.S., '.978, Mineral resource maps of Washington:

Washington Department of Natural Resources, Division of

Geology and Earth Resources, Map GM-22.

This publication contains several location maps and provides
up-to-date information. Few economic mineral deposits are

on the Columbia Plateau except sand, gravel, rock and

diatomite.

* 206. Molenaar, D., 1968, A geohydrologic reconnaissance of

northwestern Walla Walla County, Washington: Washington

Department of Water Resources, Monograph No. 1.

A reconnaissance map of Eureka Falt and vicinity,

Washington, showing locations and hydrologic data.

207. Molenaar, D., 1977, Outline of the Water Resources of the

Satus Creek Basin, Yakima Indian Reservations, Washington:

U.S.Geological Survey, Open File Report 76-808.

Tne general hydrology and a water budget analysis of the
area are presented.

208. Monahan, C.J., 1962, John Day lock and dam: Foundation
investigations: Journal of the Power Division Proceedings

of the Society of Civil Engineers, v. 3344, no. 4, p. 29-45.

Engineering and geology studies of foundation conditions are

described for a 5-mile section of the lower Columbia River,

near the western edge of the Columbia River Plateau.
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209. Monahan, C.J., 1969, Reservoirs in volcanic terrain:

Association of Engineering Geologists Bulletin, v. 6, no. 1,

p. 53-60.

Requirements of and guidelines for investigating reservoirs,

including lava flow characteristics and their effects on

structural permeability, are discussed.

210. Myers, C.W., 1973, Yakima Basalt flows near Vantage and from

core holes in the Pasco Basin, Washington: Ph.D. thesis,

University of California, Saata Cruz.

This thesis provides detailed stratigraphic, petrographic,

and chemical information on the Grande Ronde and Wanapum

Basalt, including the Museum Basalt, Frenchman Springs

Basalt, Roza Basalt, Ginko, Sand Hollow, and Sentinal Gap

flows and/or members.

211. Myers, D.A., 1972, Test-observation well near Davenport,

Washington, descriptio, and preliminary results: U.S.

Geological Survey, Open-File Report, 23 p.

This well description contains very little stratigraphic

information, but identifies several aquifers.

212. Nair, K., and others, 1975, An approach to the siting of

nuclear power plants in siting of nuclear facilities:

International Atomic Energy Agency.

This report describes a regional approach to nuclear powe:

plant siting by using exclusionary criteria (i.e., active

faults, population centers) to eliminate areas from

consideration aid identify likely candidate areas.

Candidate sites are then ranked by decision analysis

methods.
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213. National Academy of Sciences, 1978, Radioactive wastes at the

Hanford reservation; A technical review: Document No. ISBN

6-309-02745-3, Washington, D.C., 269 p.

The radioactive wastes at Hanford are briefly characterized,

and storage facilities, equipment and methods are

summarized. This report suggests that a deep repository in

basalt may be preferable to the present methods of surface

storage.

214. National Geographic Society, 1977, Wild and Scenic Rivers map

of the United States: Supplement to National Geographic,

July 1977, v. 152, no. 1--Wild and Scenic Rivers of the

United States, p. 2a.

This i3 a series of schematic location maps of national and

state wild and scenic rivers (designated and proposed).

215. National Oceanic and Atmospheric Administration, 1979, Seattle

Sectional Aeronautical Chart, 1:500,000 scale: U.S.

Department of Conmerce.

Airports, jet routes and restricted airspace of the Pacific

Northwest are shown on this map.

216. National Research Council, 1978, Geologic criteria for

repositories for high-level radioactive wastes: National

Academy of Sciences pamphlet, Wasnington, D.C.

Criteria for high-level radioactive waste disposal sites are

presented. The factors considered were related to host-rock

geometry, long-term stability, hydrology, geochemistry and

economics.
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217. Newcomb, R.C., 1951, Preliminary report on the ground-water

resources of the Walla Walla Basin, Washington-Oregon: U.S.
Geological Survey, Open-File Report.

This report contains basic well inventory, well log and
water level data from the Walla Walla Basin.

218. Newcomb, R.C., 1958, Ringold Formation of Pleistocene age in
type locality, the White Bluffs, Washington: Washington

Division of Mineralogy and Geology, reprint no. 1 (from

American Journal of Science, v. 256, p. 328-340).

This report describes the Quaternary stratigraphy and

geology of the Ringold Formation.

219. Newcomb, R.C., 1961a, Structural barrier reservoirs of ground

water in the Columbia River Basalt: U.S. Geological Survey

Professional Paper 424-B, o. B213-B215.

The upper Cold Creek Valley, Walla Walla Valley at College

Place structural ground water barriers are discussed.

220. Newcomb, R.C.b, 1961, Age of the Palouse Formation in the

Walla Walla and Umatilla River Basins, Oregon and
Washington: Northwest Science, v. 35, no. 4, p. 122-127.

The Palouse Formation is differentiated from younger loess.

It is of Middle to Late Pleistocene age, and closely follows

the Ringold deposition and pre-Wisconsin glacial stage.

221. Newcomb, R.C., 1961c, Storage of ground water behind

subsurface dams in the Columbia River Basalt, Washington,

Oregon, and Idaho: U.S. Geological Survey, Professional

Paper 383-A, 15 p.
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This is a good general paper on the permeability of faults,

structural ground-water reservoirs, and fault barriers in

synclinal Lisins of the Columbia River Basalt.

222. Newcomb, R.C., 1965, Geology and ground-water resources of the

Walla Walla River Basin, Washington-Oregon: Washington

Division of Water Resources, Water Supply Bulletin no. 21.

This is a hydrogeologic bulletin of the W3lla Walla River

Basin. Well inventories and stratigraphic descriptions of

the Columbia River Basalt, Pleistocene clays and gravels,

and Ringold and Palou e Formations are provided.

Z 223. Newcomb, R.C., 1966, Lizhology and eastward extension of the

Dalles Formation, Oregon and Washington, U.S. Geological

Survey, Professional Paper 550-D, p. 59-63.

This paper correlates the Dalles Formation to parts cf the

Arlington Lake Beds, Shutler Formation and Pliocene

fanglomerates, suggesting an Early to Middle (?) Pliocene

age for the Dalles Formation.

_224. Newcomb, R.C., 1967, The Dalles-Umatilla syncline, Oregon and

Washington: U.S. Geological Survey, Professional Paper

575-B, p. B88-B93.

This paper Aescribes the structure of the Dalles-Umatilla

syncline and the st:atigraphy oi the area.

225. Newcomb, R.C., 1969, Effect of tectonic structure on the

occurrence of groundwater in the basalt of the Columbia

River Group of the Dalles area, Oregon and Washington: U.S.

Geological Survey, Professional Paper 383-C, 33 p.
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The geohydrology of the Columbia River Group and general

tectonics which influence ground-water parameters in the

Dalles area are described. The rapped area includes White

Salmon, the Dalles and Wishram Quadrangles. Many maps and

cross sections are provided.

226. Newcomb, R.C., 1970, Tectonic structure of :he main part of

the basalt of the Columbia River Group, Washington, Oregon,

and Idaho: U.S. Geological Survey, Miscellaneous Geological

Investigations Map 1-587.

This is a tectonic map showing fold axes, faults, Quaternary

basins of deposition and extent of the Columbia River

Basalt.

* 226.5. Newcomb, R.C., 1971, Geologic map of the proposed Paterso:i

Ridge pumped-storage reservoir, south-central Washington:

J.S. Geological Survey, Miscellaneous Geological

Investigations Map I-652.

This is a geologic map of the resrvoir area with a general

description of the geology and a discussion of the

stratigraphic and petrographic characteristics of the

bedrock.

227. Newcomb, R.C., 1972, Quality of the ground water of the

tolumbia River group, Washington, Oregon and Idaho: U.S.

Geological Surve_, Water Supply Paper 1999-N, p. Nl-N71.

This regional ground-water quality investigation has

implications on transit time, transit path, location and

mechanism of recharge for the Columbia River Basalt group.
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220. Newcomb, R.C., Strand, J.R., and Frank, F.J., 1972, Geology

and ground-water characteristics of the Hanford Reservation

of the U.S. Atomic Energy Commission, Wasnington: U.S.

Geological Survey, Professional Paper 717, 78 p.

This paper describes the geologic and hydrologic

characteristics of the Hanfora Reservation. Geologic

structures and stratigraphy are correlated with ground-water

characteristics. Maps, including cross sections, are

provided.

229. Newcomb, R.C., and others, 1953, Seismic cross sections across

the Spokane River Valley and Hillyard trough, Idaho and

Washington: U.S. Geological Survey, Water Research!

Division, Taccrna, Washington, Open-File Report.

_ Basic seismic data, showing profiles and velocities of

valley fill, Latah Formation, glaciofluvial deposits, and

basement rock of the area, are presented.

230. Norris, J.A., 1974, Selected environmental considerations and

their measuring parameters: Paper presented to the American

Nuclear Society, Portland, Oregon.

This paper provides a general discussion of selected

er.vironmental considerations, (ecology, land use,

aesthetics, water supply, meteorology) with regard to

nuclear powc7 plant siting.

231. Northwest Energy Policy Project, 1978, Energy Futures

Northwest, Northwest Energy Policy Project: Final report,

sponsored by Pacific Northwest Regional Commission.

Vancouver, Washington.
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An overview of energy policy options, available to the

Pacific Northwest states, that might influence future

patterns of energy production and consumption in the regicn.

233. Oak Ridge National Laboratory, 1972, Federal waste repository,

site selection factors and criteria: Internal Report,

central file number 72-3-4. Oak Ridge National Laboratory,

Oak Ridge, Tennessee.

Problems concerning "criteria" for construction of

radioactive waste repositories in salt are discussed in this

report.

234. Office of Waste Isolation, Union Carbide Corporation, 1976,

National waste terminal storage program information meeting:

Union Carbide Corp., Office of Waste Isolation, Oak Ridge,

Tennessee, v. 1, Y/OWI/TM-ll/l.

This booklet contains a short discussion of Union Carbide

Corporation's tJCC) project to find repositories in various

rock formations. It also contains abstracts or copies of

view-graph slides relating to early in-house and

subcontracted investigations administered by OWI (a branch

of UCC). Much of the emphasis is on repositories in salt or

shale formations.

,35. Office of Waste Isolation, Unio:. Carbide Corporation, 1977,

Conceptual design criteria for facilities for geologic

disposal of radioactive waste in salt format'ons:

(Y/CWI/IM-9), Union Carbide Corporation, NP Engineering, Oak

Ridge, Tennessee, Document No. X-OE-17 (Y/OWI/TM-9).
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This document contains both general and specific criteria

for the facilities and systems for a repository built in
salt.

236. Olson, T.M., 1975, Geology and groundwater resources of part

of 'Jarryman ar- Marshall Creek drainage basins: M.S.

thesis, Eastern Washington State College, Cheney,Washington.

Approximately 1000 existing wells provide yields of several
hundred gallons per minute from basalt rock in Spokane.

County. Less than 25 gallons per minute are provided from

wells tapping overlying sediments.

Z7 227. Oregon Department of Transportatior,. 1974b, Oregon Parks Map:

Trav,'l Information Section, Oregon Department of

_ Transportatton, Salem, Oregon.

This map shown the general locations of federal, state and

county parks and land areas of inherent scenic, historic,

recreational and economic quality.

- 238. Oregon Department of Transportation, 1974a, Official Highway

Map of Oregon, State Shighway Division, Oregon Department of

Transportation, Salem, Oregon.

This highway map shows culturally important and land use

areas such as highways, airports, and state parks.

239. Oregon Department of Transportation, 1974c, Summary of Oregon

aviation system plan: Oregon Department cf Transportation

and Oregon Aeronautics Division, Salem, Oregon.

This is a listing of specific air traffic statistics for

airports grouped in Oregon.

-63-



Woodward-Clyde Consultants

240. Packer, D.R., 1978, Review of paleomagnetic studies of the

Columbia Plateau Basalts: Paper presented at Battelle

Tectonics Symposium, February 14-16, 1978, Seattle,

Washington.

Various paleomagnetic studies that have been conducted on

the Columbia Plateau Basalts are discussed and reviewed.

241. Patton, P.C., and Baker, V.R., 1978, New evidence for pre-

Wisconsin flooding in the channeled scabland of eastern

Washington: Geology, v. 6, p. 567-571.

This paper presents stratigrapnic evidence for t..e pre-

Wisconsin flood history of the chanelled scabland in the

eastern portion of the State of Washington.

- 242. Patwardhan, A.S., Tocher, D., and Savage, E.D., 1975,

Relationships between earthquake magnitude and length of

i_ fault rupture surface based on aftershock zones (abstract):

Geological Society of America Abstracts with Programs, v. 7,

no. 3, p. 419.

-- This paper presents empirical data from aftershock zones,

relating fault rupture length and rupture surface to

earthquake magnitude.

243. Pearson, H.E., 1973, Test-observation well near Paterson,

Washington, description and preliminary results: U.S.

Geological Survey, Water Resources Investigations 9-73,

23 p.

Information presented includes data on aquifer

characteristics and water quality obtained from a test-

observation well in Benton County, Washington.
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244. Pearson, R.C., and Obradovich, J.D., 1977, Eocene rocks in

northeastern Washinqton - radiometric aces and correlation:

U.S. Geological Survey, Bulletin 1433, 41 p.

This article describes the Eocene basement rocks in the
Okanogan Highlands region of northeastern Washington.

245. Peck, D.L., 1961, Geologic map of Oregon west of the 121st
meridian: U.S. Geological Survey, Miscellaneous geologic

investigations Map 1-325.

This is a regional geologic map of Oregon, west of the 121st
meridian, and includes cross sections.

246. Pitt, A.M., 1972, Seismic activity in the Hanford L gion,

Washington, March 23, 1969 to June 30, 1971: U.S.
Geological Survey, Open-File Report 72-298.

This report contains the preliminary results from the U.S.
Geological Survey seismograph network for the Hanford area

during time period March 23, 1969 to June 30, 1971.

Distribution, number, and magnitude of earthquakes are

discussed, and events are listed.

247. Portland General Electric Company, 1974, Pebble Springs
nuclear plant: Preliminary Safety Analysis Report, v 2.

This volume contains detailed maps and geologic information

on the study area for the Pebble Springs Nuclear Plant in

Oregon.

248. Pratt, H.R., Hustrulid, W.A., and Stephenson, D.E., 1978,
Earthquake damage to underground facilities: Prepared by

DuPont-Savannaii River Laboratory, Aiken, S. Carolina for
U.S. Department o' Energy, Report AT(07-2)-l.
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The use of ground motion measurements of nuclear explosions

are discussed to provide constrainsts on parameters

important for siting an underground nuclear waste

repository. Seismological data (primarily from Japan; on

ground motions (underground relative to above ground) are

examined.

249. Price, C.E., 1961, Artificial recharge through a well tapping

basalt aquifers, Walla Walla area, Washington: U.S.

Geological Survey, WSP 1594-A.

This paper provides a general stratigraphic description of

the Walla Walla valley in Washington. The transmissivity of

the local basalts and the effects of artificial recharge on

the Columbia River Basalts are discussed.

250. Price, D., Hart, D.H., and Foxworthy, B.L., 1962, Artificial

recharge in Oregon and Washington: U.S. Geological Survey,

WSP 1594-C.

This article provides a brief description of artificial

recharge operations in Oregon and Washinqton.

251. Price, S.A., 1977, An evaluation of dike-flow correlations

indicated by geochemistry, Chief Joseph Swarm, Columbia

River Basalt: Ph.D. thesis, University of Idaho, Moscow.

This thesis presents the results of a detailed study of

geochemical correlation of basalt flows and dikes in the

eastern Columbia Plateau, Oregon. Stratigraphic information

on basalt flows within the formations and information on

tectonic development of the area are provided.
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252. Price, W.H., and Fecht, K.R., 1976a, Geology of the 241-AX

Tank Farm: Atlantic Richfield Hanford Company, document

no. ARH-LD-128, Prepared for the U.S. Energy Research and

Development Administration Under Contract E(45-1)-2130.

This is an informal geologic report with accompanying maps

of the 241-AX Tank Farm on the Hanford Reservation,

Washington.

253. Price, W.H., and Fecht, K.R., 1976b, Geology of the 241-B Tank

Farm: No. ARH-LD-129, Prepared for the U.S. Energy Research

dnd Development Administration Under Contract E(45-1)-2130.

This is an informal geologic report with accompanying maps

of the 241-B Tank Farm on the Hanford Reservation,

Washington.

254. Price, W.H., and Fecht, K.R., 1976c, Geology of the 241-BX

Tank Farm: No. ARH-LD-130, Prepared for the U.S. Energy

Research and Development Administration, Contract

E(45-1)-2130.

This is an informal geologic report with accompanying maps

of the 241-BX Tank Farm on the Hanford Reservation,

Washington.

.255. Price, W.H., and Fecht, K.R., 1976d, Geology of the 241-BY

Tank Farm: No. ARH-LD-131, Prepared for the U.S. Energy

Researc.i and Development Administration Under Contract

E(45-1)-2130.

This is an informal geologic report with accompanying maps

of the 241 BY Tank Farm on The Hanford Reservation,

Washington.
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256. Raiffa, H., 1968, Decision Analysis, Tntroductory Lectures on

Choices Under Uncertainty: Addison-Wesley Publishing Co.,
Reading, Massachusetts.

This is a textbook on decision analysis methods and

applications.

257. Raisz, E., 1945, The Olympic-Wallowa lineament: American
Journal of Science, v. 243A, p. 479-485.

This article presents surface evidence for the Olympic-

Wallowa lineament in the State of Washington, and traces its

course on a physiographic map.

258. Raymond, J.R., 1957, A pumping system for ground-water aquifer
evaluation tests: Hanford Laboratories Operation, General
Electric Company, Richland, Washington, Report No. HW-51171.

-- This report describes pumping and related equipment chosen
for quick and accurate perfcrmance tests for determining

7' aquifer characteristics at the Hanford Reservation.

259. Raymond, J.R., 1978, Hydrologic support to Department of Waste
Isolation, RHO-completion report for subtask 2: Battelle

Pacific Northwest Laboratory, Seattle, Washington.

This report conti.ns Landsat enhanced imagery that would be

useful for differentiating land use types. Structural and

hydrologic data on Kittitas County are also provided.

260. Raymond, J.R., and Tillson, D.D., 1968, Evaluation of a thick

basalt sequence in south central Washington--geophysical and

hydrological exploration of the Rattlesnake Hills deep

stratigraphic test well: Battelle Pacific Northwest

Laboratory, Seattle, Washington Report BNWL-776.

-68-



Woodward-Clyde Consultants

This report presents the data, findings, and interpretations

of a detailed geophysical and hydrological exploratory study

of the Rattlesnake Hills deep stratigraphic test well in

south-central Washington.

261. Reichert, S.O., and Fenimore, J.W., 1964, Lithology and

hydrology of radioactive waste-disposal sites, Savannah

River Plant, South Carolina, in Engineering Geology Case

Histcries 1-5, Geological Society of America, p. 295-316.

This article discusses the techniques used to determine and

-7 map the lithology, structure, and hydrology of the areas

chosen for radioactive waste disposal at the Savannah River

Plant, South Carolina. Results obtained from using the

techniques and conclusions regarding the radiological safety

are also included.

262. Reichert, W.H., 1969, Compilation of geologic mapping in

-- Washington through 1968: Open file report prepared by the

Washington Department of Natural Resources, Geology and

Earth Sciences Division, Olympia, Washington.

This is an index to geologic maps for the State of
Washin-ton (through 1968).

263. Reidel, S.P., 1978a, Geology of the Saddle Mountains between

Sentinel Gap and 119o30 Longitude: Rockwell International,

Informal Report RHO-BWI-LD-4, prepared for the U.S.

Department of Energy, Contract EY-77-C-06-1030.

This report presents the results of a detailed study of the

structure, stratigraphy, and geochemistry of the Saddle

Mountains area.
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264. Reidel, S.P., 1978b, The stratigraphy and petrogenesis of the

Grande Ronde Basalt in the lower Salmon and adjacent Snake

River Canyons: Ph.D. thesis, Washington State University,

Pullman.

This t-esis deals primarily with the petrology,

petrochemistry, and petrogenesis of 1rande Ronde Basalt.

Data on stratigraphy and flow correlations are prepared.

265. Richard, 8.0., and Deju, R.A., 1977, Three-dimensional gravity

investigation of the Hanford Reservation; Rockwell

International-Hanford Ope:ations, Report RHO-BWI-C-5, 112 p.

This report presents the results of a gravity study

conducted at the Hanford Reservation and provides mapped

locations of anticlines and synclines in the area.

266. Richard, B.H., Lillie, J.T., and Deju, R.A., 1977, Gravity

studies of the Hanford Reservation, Richland, Washington: A

report prepared for Rockwell International-Hanford

Operations, Report RHO-BWI-C-4, contract EY-77-C-06-1030.

In this report Cold Creek snycline is remapped to the west

of a previously mapped location at the south end of the

reservation. The Umtanum anticline is mapped as being

continuous to Richland. The Pasco syncline is not shown.

267. ti±gby, J., and Tucker, G., 1978, Basalt (NUCLEAR) waste

isolation program: Washington Geologic Newsletter,

Department of National Resources, Division of Geology and

Earth Resources, v. 6, no. 2.
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This report provides a brief summary of the U.S. Department

of Energy's Basalt Nuclear Waste Isolation Program. In

particular, the study and mapping efforts of the Quaternary

deposits of the Columbia Basin (except Pasco Basin) are

summarized through July 1979.

268. Rigg, G.B., 1958, Peat resources of Washington: State of

Washington, Department of Conservation, Division of Mines

and Geology, Bulletin No. 44.

This article discusses peat resources in Grant, Lincoln, and

Spokane Counties, Washington, that exist as depcsits found

in former scabland lake beds.

269. R.nge, D., 1970, Sub-loess basalt topography in the Palouse

Hills, southeastern Washington: Geological Society of

- America Bulletin, v. 81, p. 3049-3060.

This article discusses the structural relief of sub-loess

basalt in the Palouse Hills area of southeastern Washington.

- .

270. Roberts, M., 1971, Bibliography of the geology and mineral
-- resources of Oregon (fourth supplement): Oregon Department

of Geology and Mineral Industries, Bulletin no. 67.

This bibliographical index of publications, theses, open-

file reports, and unpublished materials focuses on the

geology and mineral resources of Oregon for years 1956-1960.

271. Roberts, M.S., and Steere, M.L., and Brookhyser, C.S., 1973,

Bibliography of the geology and mineral resources of Oregon

(fifth supplement): Oregon Department of Geology and

Mineral Resources, Bulletin no. 78.
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This bibliographical index of publications, theses, open-

file reports focuses on the geology and mineral resources of

Oregon for years 1961-1970.

272. Robinson, C.F., 1966, Stratigraphy and structural geology of

Antanum Ridge, Yakima, Washington: M.S. thesis, University

of Washington, Seattle.

This thesis discusses the stratigraphy and structure of the

Antanum Ridge, which is on the western portion of the

Columbia River Plateau. General descriptions of units and

structure, and nomenclature of flows are included.

_ 273. Robison, J.H., 1971, Hydrology of basalt aquifers in the

*iermiston-Ordance Area, Umatilla and Morrow Counties,

Oregon: U.S. Geological Survey Atlas, HA-387 (2 sheets).

Hydrological data on the basalt aquifers in the Hermiston-

Ordance area of Oregon are provided. Data on

transmissivity, specific capacities and yields, and water

quality are also included.

-. ,

274. Rochlin, G.I., 1977, Nuclear waste disposal, two social

criteria: Science, Jan. 7, 1977, v. 195, p. 23-29.

Rochlin points out that a zero defect repository is

impossible. Therefore, decisions should be based on

acceptable or defined risks. After a predicted period of

administrative control, there is no guarantee that the

repository could or would be repaired if it is breached.

Therefore, the repository should be put in a geologically

uninteresting area surrounded by a wide zone of similar

terrain to minimize any accidental breach by future

investigators. A second criteria would be honesty in our

approach to locating a repository. Any and all possible

adverse impacts on future generations should be declared by
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the responsible agency.

275. Rockwell International (R.A. Deju), 1977a, Summary of siting
criteria for geological repositories of nuclear waste:
Report RHO-BWI-CD-9, draft, 5 p.

This paper provides criteria for the siting of nuclear waste
repositories in geologic settings.

276. Rockwell International, 1977b, The basalt storage program:
Rockwell International, Department of Waste Isolation

Research and Engineering, Report RHO-SA-ll, 34 p.

- This report provides a general description of Rockwell's
:* basalt storage program for radioactive wastes at Hanford.

277. Rockwell International, 1978, Basalt waste isolation program
annual report--Fiscal year 1978: Prepared for the U.S.
Department of Energy, Contract EY-77-C-06-1030.

This report summarizes the status of the basalt waste
-. isolation program for fiscal year 1978.

_279. Rogers, L.E., and Rickard, W.H., 1977, Ecology of the 200 area
plateau waste management environs. A status report:
Battelle Pacific Northwest Laboratory Report PIL-2253 VC-ll.

This report provides descriptions of the biological.
communities occuring in the 200 area of the Hanford
Reservation. A partial bibliography (for years 1943-1977)

of biological field studies on radioactivity in biota of the
Hanford area is also included.
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280. Rosenmeier, F.J., 1968, Stratigraphy and structure of the

Table Mountain-Mission Peak area in the Wenatchee Mountains,

central Washington: M.S. thesis, University of Washington,

Seattle.

This thesis presents the results of modal analyses of an 85-

square-mile study area located at the edge of the Columbia

Plateau, central Washington. Members of the Grande Ronde

basalt are named.

281. Ross, M.E., 1975, The structure of Yakima Basalts in a portion
of the Grande Ronde River region of northeastern Oregon and

southeastern Washington (abstract): Geological Society of

America Abstracts with Programs, v. 7, no. 5, p. 638-639.

The tectonics and structure of the Grande Ronde Basalt are

discussed for part of the Grande Ronde River region of

northeastern Oregon and southeastern Washington.

282. Rothe, G.H., 1978, Earthquake swarms in the Columbia River

Basalts: Addendum to Annual Technical Report 1968,

'1! Earthquake monitoring of the Hanford region., Ph.D. thesis,

_ University of Washington, Seattle, 181 p.

This thesis discusses earthquake swarms in the Columbia

River Basalts and attempts to correlate earthquake activity

with geologic structures in the area of Wooded Island.

283. Ryan, M.P, and Sammies, C.G., 1978, Cyclic fracture mechanisms

in cooling basalt: Geological Society of America Bulletin,

v. 89, p. 1295-1308.

This paper addresses the question of how hexagonal polyhedra

are found and how vertical joints grow longer (crack tip

deformation) in cooling basalts.
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284. Sandia Laboratories, 1978, Environmental impact statement for

the waste isolation pilot plan: Working draft for review.

This report addresses short and long term environmental

.mpacts of operating a high-level radioactive waste

rr isit.ory at the WIPP site on the Hanford Reservation.

n.ironmental considerations include: health and safety,

wildlife, land use, and pre-emption of resources.

285. Schlumberger Well Surveying Corporation, 1958, Well logs for

Rattlesnake Hills Unit {1, Benton, Washington: Standard Oil

Company of California: Reproduced by Rocky Mountain Well

Log Service.

This compilation of geophysical well logs (gamma, neutron,

S-P, resistivity) is from 600 to 10,600 feet below the

surface for the Rattlesnake Hills area.

286. Schlumberger Well Surveying Corporation, 1960, Well logs for

Basalt Explorer 11, Lincoln Washington: Development

Associates: Reproduced by Rocky Mountain Well Log Service,

Denver, Colorado.

This series of geophysical well logs (S-P, resistivity) is

for the Explorer #1 boring, in eastern Washington.

287. Schmincke, .U.3, 1967, Stratigraphy and petrography of four

Upper Yakima Basalt flows in south-central Washington:

Geological Society of America Bulletin, v. 78, p. 1385-1422.

This article presents stratigraphic and petrographic data on

the four upper flows (Umatilla, Pomona, Ward Gap, and

Elephant Mountain) of the Saddle Mountains Basalt.
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288. Schuster, J.E., 1973, Directory of Washington mining
operations, 1971-1972: State of Washington, Department of
Natural Resources, Information Circular No. 48.

Directory of the State of Washington mining operations
(years 1971-1972) covers metallic and non-metallic minerals
and contains maps and information on mining company holdings

and operations.

289. Science Applications, Inc., 1978a, Technical support for GEIS:
Radioactive waste isolation in geologic formations;

Volume 23. Environmental effluent analyses: Prepared for
the U.S. Department of Energy, Contract W-7405 eng 26,
Y/OWI/TM-36/23.

Radioactive and non-radioactive releases to the environment
from facility construction and waste handling operations,

and releases arising from operational accidents are
discussed.

290. Science Applications, Inc., 1978b, Technical support for GEIS:
7., Radioactive waste isolation in geologic formations;

Volume 1. Executive Summary: Prepared for the U.S.

Department of Energy, Contract W-7405 eng 26, Y/OWI/TM-36/1.

This volume briefly presents the Alternate Repository
Preconceptual Design Studies that led to the generic

* repository designs, and the determination of resource
requirements for repositories.

291. Science Applications, Inc., 1978, Hydrologic testing in
borehole DC-2: Prepared for U.S. Departmenc of Energy,
Contracts no. EY-77-C-06-1030 and no. EY-76-C-06-2175.
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This is a summary report on packer (hydraulic conductivity)

testing at Borehole DC-2 on the Hanford Reservation, as

conducted by Science Applications, Inc. The data are used

to evaluate flow systems and ground-water aquifers for

radionuclide movement in the biosphere.

292. Seattle, Walla Walla and Portland Districts; U.S. Army Corps

of Engineers, and State of Washington Department of Ecology,

1974, Flood plain information reports and special flood

hazards information reports for Washington State.

Annotated index to informational reports concerning

- locations and characteristics of flood plains in the State

of Washington. Also contains an index map of flood control

zones in the State of Washington.

293. Shannon & Wilson, Inc., 1973a, Regional geologic and seismic

investigations, Boardman Nuclear Project: Report no.

0-618D, prepared for Portland General Electric Company,

Portland, Oregon, 43 p.

^.1 This report presents the results of detailed fault and

earthquake studies conducted for the Boardman Nuclear

Project.

294. Shannon & Wilson, Inc., 1973b, Geologic studies of Columbia

River Basalt structures and age of deformation, the Dalles-

Umatilla Region, Washington and Oregon, Boardman Nuclear

Project: Report no. 0-518E, prepared for Portland General

Electric Company, Portland, Oregon, 52 p.

This report contains information on faulting, folding and

volcanism in the Dalles-Umatilla region of Washington and

Oregon. Information on ages of deformation within basalt,

as determined from studies of past fault movement, is

presented.
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295. Shannon & Wilson, 1976, Volcanic hazard study potential for

volcanic ashfall, Pebble Springs nuclear plant site, Gilliam

County, Oregon: Prepared for Portland Gener .1 Electric

Company

This report provides a summary of world-wide thickness,
geochemistry, rates of accumulaticn, and physical properties

of volcanic ashfall. Of particular importance are the data
on cascade volcanoes, which show downwind ashfall thickness,

grain size, water acidity, and dissolved solids content.

296. Shaw, B.R., and Swanson, D.A., 1969, Eruption and flow rates
of flood basalts: Proceedings of the Second Columbia River

Basalt Symposium, March, 1969, Eastern Washington State
College, Cheney, Washington, p. 271-299.

- This report discusses basalt eruption, flow rates and
gradients, and feeder dike characteristics of the flood
basalts.

297. Sheppard, R.A., 1964, Geologic map of the Husum quadrangle,
*. Washington: U.S. Geological Survey Mineral Investigation

Field Study, Mao MF-280.

This is a basic geologic map with cross sections of the
Husum quadrangle.

298. Siems, B.A., 1973, Surface to subsurface correlation of
Columbia River Basalt, using geophysical data, in parts of

Adams and Franklin Counties, Washington: Washington State
University, College of Engineering, Pullman, Bulletin 331,

63 p.
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Stratigraphic and geophysical data on the portion of the
Columbia Plateau north of the Hanford Reservation are
provided.

299. Siems, B.A., 1974, Stratigraphic identification and
correlation of basalt aquifers using geophysical and
chemical techniques: Washington State University, College
of Engineering, Research Report no. 74/15-90, 33 p.

This report presents the results of a preliminary study
relating stratigraphic units to physical features through

the use of geophysical logs and chemical techniques.

300. Siems, B.A., Bush, J.H., and Crosby, J.W., 1974a, TiO2 and
geophysical logging criteria for Yakima basalt correlation,
Columbia Plateau: Geological Society of American BulleEin,

v. 85, p. 1061-1068.

This article addresses methods of correlation for
identifying basalt flow sequences from borehole data.

:*301. 3iems, B.A., and others, 1974b, Geophysical investigation of
- Washington's groundwater resources: State of Washington

_ Department of Ecology, Technical Report no. 73-034, 45 p.

This report presents the results of a geophysical
investigation cf selected ground-water resources in the

State of Washington.

302. Silar, J., 1969, Gcound-water structures and ages in the
eastern Columbia River Basin, Washington: Washington State

University, College of Engineering Research Division,
Bulletin 315, Project No. 141-01-11B-3998-2201.
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The hydrologic significance of ground-water structures in

the eastern Columbia River Basin are discussed. Available

data (through 1969) regarding age of water in shallow

aquifers are summarized.

303. Skehan, J.W., 1965, The Olympic-Wallowa lineament: A major

deep-seazed tectonic feature of the Pacific Northwest

(abstract): EOS (American Geophysical Union Transactions)

v. 46, no. 1, p. 71.

The O]mpic-Wallowa lineament is Hypothesized to be a
transition between the continental and oceanic crusts, and

may be a fault.

304. Smith, W.D., 1947, Physical framework of the Pacific

Northwest, in The Pacific Nortnwest: John Wiley & Sons
_ Inc., New York, p. 44-58.

This is a reference to the physiographic provinces of the

Pacific Northwest.

-'304.5. Smith, R.B., and others 1974, Source mechanics of

microearthquakes associated with underground mines in

eastern Utah: Bulletin of the Seismological Society of
America, ;. 64, no. 4, p. 1295-1317.

The relationship between earthquakes and coal mining, based

on information obtained from a microseismic survey is

discussed. And data on the frequency of events and results

of spectral analysis and source mechanism determination are

presented.

305. Snavely, P.D., Macleod, N.S., and Wagner, B.C., 1973, Mioceno

tholeiitic basalts of coastal Oregon and Washington and

their relations to coeval basalts of the Columbia Plateaus

Geological Society of America Bulletin, v. 84, p. 387-424.
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Three theories about the coeval and cosanguinous basalts of

the Columbia River Plateau and coastal regions of Oregon and

Washington are addressed. A considerable amount of chemical

dati and other information regarding the basalts are

provided.

306. Sonnicksen, J.C., and others, 1970, Dispersicn characteristics

of the Columbia River between river miles 383 and 355:

Battelle Northwest Laboratory, Report BNWL-1477 VC-70.

Meteorological data and interpretations for the K-Area of

the Handford Reservation are presented.

^ 307. Staatz, M.H., and Morris, R.R., 1976, Resume of the regional

geoloy of the Grand Coulee Area, Washington: U.S.

Geoligical Survey, Open-File Report 76-782.

This re~port describes the structural geologic features of

lower rock units of the Grand Coulee Area.

308. Starr, W.A., and others, 1971, Study A: Potential rate of

-. development of irrigation in eastern Washington: State of

Washington Water Research Center, Washington State

University ar.d the University of Washington, Report No. 3A,

80 p.

This report presents a gross examination of the distribution

of irrigable lands in eastern Washington and analyzes

different methods of irrigation development.

308.5. Stevens, P.R., 1977, A review of the effects of earthquakes on

underground mines, U.S. Geological Survey, Open-File

Report 77-313.
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This report summarizes a literature search performed to
assess subsurface damage from earthquakes. Mines in the

epicentral region of large earthquakes can be damaged by

transecting activated faults. Underground damage is
generally less than above ground damage from earthquakes.

309. Stone, W.A., Jenne, D.E., and Thorp, J.M., 1972, Climatography

of the Hanford Area: Battelle Pactfic Northwest Laboratory,
Report BNWL-1605 '.'C-53.

A wide variety of meteorological and climatological data on
the Hanford Reservation is provided.

^ 310. Summers, W.K., and Schawb, G.E., 1978, Bibliography of the

geology and groundwater of the basalts of the Pasco Basin,

Washington: Prepared for Rockwell International-Hanford

Operations, Report no. RHO-DWI-C-15.

This is an annotated bibliographic index to publications
-~ dealing with the geologic and hydrologic characteristics of

the basalts in the Pasco Basin.

_ 311. Summers, W.K., and Weber, P.A., 1978, Data for well

penetration basalt in the Pasco Basin area, Washington:
Prepared for Rockwell International-Hanford Operations,

Report no. RHO-BWI-C-19.

Hydrologic data, most of which is from driller's logs are

presented on the Pasco Basin.

311.5. Swanger, B.J., and Boore, D.M., 1978, Simulation of strong-

motion displacements using surface-wave modal superposition:
Bulletin of the Seismological Society of America, v. 88,

no. 4, p. 907-922.
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In this paper, a surface-wave modeling technique indicates

that displacements of surface waves in sedimentary basins

can be dominant for only a few focal depths. Both point

sources and propagating sources are used in the analysis.

312. Swanson, D.A., 1967, Yakima Basalt of the Tieton River area,

south-central Washington: Geological Society of America

Bulletin, v. 78, p. 1077-1110.

This article discusses the geologic history, structure,
stratigraphy, petrography, and hydrology of the northwest

section of the Columbia Basin, Washington.

313. Swanson, D.A., 1969, Reconnaissance geologic map of the east
half of the Bend quadrangle, Crook, Wheeler. Jefferon,

Wasco, and oeschutes Ccunties, Oregon: U.S. Geological

Survey, Miscellaneous Geologic Investigations, Map 1-568.

This detailed geolc;ic map shows the structure and
s.ratigraphy of areas in Oregon.

-:314. Swanson, D.A., and Wright, T.L., 1973, Extent, source and
structure of the Roza Member of the Yakima Basalt in

southeast Washington (abstract): Geological Society of

America, Abstracts with Programs, v. 5, no. 1, p. 113-114.

This abstract describes the source vents, flow

thicknesses,and the number of flows, of the Roza Member of

the Wanapum Basalt in southeast Washington.

315. Swanson, D.A., and Wright, T.L., 1978, Some important facts

and inferences concerning the Columbia River Basalt group:

Paper presented at Battelle Tectonics Symposium, February

14-16, 1978, Seattle, Washington.

-83-



Woodward-Clyde Consultnts

The authors compare the different Columbia River Basalt

types in terms of formation, structure, and stratigraphy.

316. Swanson, D.A., Wright, T.L., and Helz, R.T., 1975, Linear Vent
Systems an' estimated rates of magma production and eruption

for the Yakimi B3salt of the Columbia Plateau: American

Journal of Szience, v. 275, p. 877-905.

This paper describes the north-northwest trending vent

systems and outcrops of Roza, Ice Harbor, Dodge and

Uniontown flows of the Yakima Basalt group.

317. Swanson, D.A., and others, 1972, revisions in stratigraphic

-. nomenclature of the Columbia River Basalt group: U.S.

Geclogical Survey, Bulletin 1457.

_ Revised stratigrahic nomenclature and descriptions of

formations, members, and flows for the Columbia River Basalt

group ar- provided.

318. Swanson, D.A., and others, 1976, Geologic interpretation of an

aeromagnetic map of the west central Columbia Plateau,

Washington and Oregon: U.S. Geological Survey, Open-File

Report no. 76-51.

This report contains an aeromagnetic map, accompanied by

interpretive discussions.

319. Swanson, D.A., and others, 1977, Geologic reconnaissance map

of the Columbia River Basalt group, Pullr.an ant Walla Walla

quadrangles, southeast Washington and adjacer. Idaho: U.S.

Geological Survey, Open-File Report no. 77-100.
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This map shows the extent of ind" idual flows in the Grande

Ronde, Wanapum, and Saddle v .Lns Basalt and folds and

faults not previously mapped.

320. Sylvester, K.J., 1978, Geophysical investigations of the
hydrogeology of the Goldendale-Center-ille areas,
Washington: M.S. thesis, College of Engineering, Washington

State University, Pullman.

This thesis provides stratigraphic and hydrogeologic data
for an area in the western portion of the Columbia Plateau.

Locations of structural features and age of deformation are
also provided.

321. Tabor, R.W., ard others, 1977, Preliminary map of the

Wenatchee 1:100,000 quadrangle, Washington: U.S. Geological
Survey, Open File Map 77-531.

Compilation and correlation of mapping prepared by a variety
- of sources. The stratigraphy of basement units and Columbia

River Basalts of the Wenatchee area are described.

322. Tanaka, R.H., and Wildrick, L., 1978, Hydrologic bibliography
of the Columbia River 83salts in Washington. Washington
State Department of Ecology for Rockwell InternaLional-
Hanford Operations, Report RHO-BWI-C-14.

A hydrologic bibliography contains some articles not
included in other bibliographies. Majority of articles are

from the late 1940, 1950 dl.J 1°60 decades. Very few
articles are from after 1973.

323. T.A.P., Inc., 197', Summary to the Idaho State airport system
plan: Submitted to Idaho Department of Aeronautics, Boise,
Idaho.
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This document provides a summary of the Idaho airport system

plan. Included are airport locations, airport categories,

and projected airport usage.

324. Taubeneck, W.H., 1966, An evaluation of tectonic rotation in

the Pacific Northwest. Journal of Geophysical Research,

v. 71, no. 8, pp. 113-212.

The Nevadan Orogeny and the Olympic-Wallowa Lineament as a

non-hazardous tectonic feature are discussed. The Columbia
River Basalt feeder dikes in eastern Oregon and Washington

are very well described.

~- 325. Taylor, G.C., 1948, Groundwater in the Quincy Basin, Wahluke

Slope and Pasco Slope subareas of the Columbia Basin

Project, Washington. U.S. Geological Survey, Open-File

Report, 182 p.

This is a description of geologic units and ground water

aquifers, well logs and spring data.

* .326. Tera Corporation, 1978, High-level waste reposi.ory site

suitability criteria: Draft Environmental Impact Statement

submitted to Lawrence Livermore Laboratory, Livermore,
California.

This is an evaluation of environmental impacts associated

with the issuance of prospective roles regarding the siting

of nuclear waste repositories. Also contains a discussion

of alternative actions as well as overall assessment costs

and benefits of the licensing procedure.

327. Thayer, T.P., and Brown, CE., 1964, Pre-Tertiary orogenic and

plutonic iratrusive activity in central and northeastern

Oregon: Geological Society of America, Bulletin, v. 75,

p. 1255-1262.
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The pre-basalt tectonics in the Blue Mountains and the

Mesozoic intrusives in northeast Oregon are discussed.

328. Tillson, D.D., 1970, Analysis of crustal changes in the

Columbia Plateau area from contemporary triangulation and

leveling measurements: Battelle Pacific Northwest

Laboratory, Richland, Washington, 59 p.

This is an analysis of geodetic data on the Columbia Plateau

in southeastern Washington and northeastern Oregon, as part

of an effort to determine seismicity of the Hanford area.

329. Tillson, D.D., Brown, D.J., and Raymond, J.R., 1969, River

water ground water relationships along a section of the

Columbia River valley: ASCE Annual Meeting and National

Meeting on Water Resources Engineering, New Orleans, La,

- February 3-7, 1969, Meeting Preprint 823.

Information on bank storage, ground-water levels,

hydrographs and areas influenced by changes in river water

level in the flanford area is provided with a summary chart.

331. Tocher, D., and Patwardhan, A.S., 1975, Attenuation of peak

acceleration in earthquakes (abstract): Geological Society

of America, Abstracts with Programs, v. 7, no. 3, p. 426.
r

This paper presents compiled world-wide data on earthquake

acceleration attentuation versus distance, and estimated

peak acceleration-versus distance.

332. Tucker, G.B., 1978, Compilaticn of columnar, cross, and type

sections in the Columbia Basin and surrounding areas of

Washington: CA/W2G4, Appendix C to Open-File Report 78-3.
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This is a tabular compilation of maps, cross-sections and

references on geology, hydrology and petrology of the

Columbia Plateau in Washington.

333. Tucker, G.B., and Rigby, J.B., 1978, Bibliography of the

geology of the Columbia Basin and surrounding areas of

Washington with selected references to Columbia Basin

geology of Idaho and Oregon: Washington State Department of
Natural Resources, Division of Geology and Earth Resources,

Report RHO-BWI-C-10.

Published, unpublished, and open-file references on the

geology and geophysics of the Columbia Basin of eastern

Washington are contained in this bibliography.

334. Union Carbide Corporation, Nuclear Engineering Division, 1977,

_- Conceptual design criteria for facilities for geologic

disposal of radioactive wastes in salt formations: Prepared

for U.S. Energy Research and Development Administration,

Office of Waste Isolation, Oak Ridge, Tennessee, Document

no. X-OE-17.

This document provides conceptual design criteria for

terminal waste storage disposal facilities in rock salt.

335. University of Washington, 1978, Farthquake monitoring of the

Hanford region, eastern Washington: University of

Washington, Geophysics Program, Annual Technical Report

1968, including Quarterly Technical Report 78-B.

This report Iiets seismograph stations and earthquakes

recorded during the periods from January to Jiine 19;; and

April to June 1978. Theses by Sheng-Shang Boi and reorge

Rothe are included.
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336. U.S. Army Corps of Engineers, 1975, Report of the Chief

Engineers on the national procrams of inspection of dams.

This listing of dams provides data on the dams' physical

characteristics and condition.

337. U.S. Atomic Energy Commission, 1974z, Population density

around nuclear power plant sites: Report T-160.

Rules and regulations regarding the population density

around nuclear power plants are discussed.

338. U.S. Atomic Energy Commission, 1974b, Draft Environmental

Statement, Waste Management Operations. Hanford Reservation,

Richland, Washington: Report Wash-1538, v. 1.

_. The Hanford facilities, waste management operations,

environmental setting, endangered species, and impact on

environment are described.

339. U.S. Atomic Energy Commission, 1974c, Draft Environmental

Statement, Waste Management Operations, Hanford Reservation,

Richland, Washington: Report Wash-1538, ,. 2, appendices.

Geologic maps of Hanford, environmental setting of Hanford

end vicinity, and water, animal, vegetation, weather, and

seismological data are provided.

33° 5. U.S. Atomic Energy Commission, 1974d, Environmental statement

related to construction and operation of Barnwell Nuclear

Fuel Plant, Document no. 50-332.

This is the only written environmental statement for a

nuclear fuel processing plant. Information on the

radioactive releases from such a processing plant is

provided.
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340. U.S. Bureau of Reclamation, 1974, Geologic and seismic

evaluation of Grand Coulee Dam and forebay, Columbia Basin

Project, Washington: U.S. Bureau of Reclamation, Division

of Design, Denver, Colorado, 77 p.

Information on geologic structure of the northern Columbia
Plateau area ind on the age of faulting are discussed.

Maximum probable earthquakes and possible ground motions are

estimated.

341. U.S. Committee, International Committee on Large Dams, 1958,

1963, '068: World Register of Dams, v. 2.

This listing of dams provides data such as dam height,
reservoir capacity, and discharge rates.

_ 342. U.S. Department of Agriculture, 1964, Soils of the western

United States: A Joint Regional Publication by Agricultural

Experiment Stations of Western States Land-Grant

Universities and Colleges and by the Soil Conservation
Service c. U.S. Department of Agriculture, 69 p.

Soils, climate and vecetation, and possible land uses for
the western United States are described.

343. U.S. Depari-ment of Commerce, Bureau of the Census, 1977,
Populition estimates and projections: Current Population

Reports Series P-25, no. 660, 680, 695.

These reports contains demographic data for the States of

Idaho, Oregon, and Washingtoa for the years 1970, 1973, and

1975.
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344. U.S. Department of Commerce, Bureau of the Census, 1978,

Bibliography: Directory of Federal Statistics of Local
Areas, Washington.

This is a bibliography of federal statistics on
socioeconomic land uses and demographic impacts for
Washington State.

345. U.S. Department of Commerce, 1979, Seattle sectional
aeronautical chart: 1:1,500,000 scale.

All airports, low altitude airways, navigational aids,
controlled airspace, topography and geography are depicted

on this map covering the Columbia Plateau area.

346. U.S. Department of Defensa, Mapping Agency, 1979a, Area
Planning AP/lB Chart, Military Training Routes, Western

Routes: U.S. Defense Mapping Agency Aerospace Center, St.
Louis, Mis. ouri.

The map (scale of 1 inch = 30 nautical inches) shows
military VFR and IFR training routes for the western U.S.,
including the Columbia River area.

347. U.S. Department of Defense, Mapping Agency, 1979b, Area
Planning training routes, North and South America:

Department of Defense, Flight Information Publication AP/lB.

Flight information on military training routes in North and
South America are presented.

348. U.S. Department of Energy, 1978a, Report of task force for
review of nuclear waste management: Draft report,

DOE/ER-0004/D, 165 p.
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This is an assessment of current nuclear waste managment

programs, issues, and courses of action for formulating an

administrative nolicy.

349. U.S. Department of Energy, 1978b, Environmental assessment -

National Waste Terminal Storage Program - Near Surface Test

Facility, Hanford Reservation: Report DOE/EA-0052.

This is a compilation of test data obtained from conducting

electrical heater tests and spent fuel tests for determining

the suitability of basalt as a repository medium. The Near

Surface Test Facility at Gable Mountain is describeA.

: 350. U.S. Department of Energy, 1978c, Proposed format and content

of license applications for deep geologic terminal

repositories for radioactive material: Rockwell

International-Hanford Operations, Richland, Washington.

This report provides basic guidelines for license

applications for geologic radioactive waste repositories.

-:352. U.S. Depart'rent of Energy, 1978d, Environmental
assessirent--National Waste Terminal Storage Program

(NWTSP)--Exploratory Borehole Drilling Program, wells

ARH-DC-4,-5,-6,-7,-8, DOE/EA-2048: ERDA document control

no. EIA/WPR/77-3, Appendix of ARH-DC-2.

The drilling procedures used to obtain geologic and

hydrologic data for assessing the environmental feasibility

of a nuclear waste repository in the Columbia River Basalt

are provided.

353. U.S. Department of Energy, 1978e, Commercial waste forms,

packaging and projections for preconceptual design studies:

Technical support for GEIS - radioactive waste isolation in

geologic formations, v. 2. Prepared by Science

-92-



Woodward-Clyde Consultants

Applications, Inc., Report no. Y/OWI/TM-36/2.

This volume contains data bases for waste forms, packaging

and projections for commercial waste as defined by the

Office of Waste Isolation and Battelle Pacific Northwest

Laboratories.

354. U.S. Department of Energy, 1278f, Stratigraphies of salt,

granite, shale, and basalt: Technical support for GEIS -

Radioactive waste isolation in geologic formations, v. 3.

Prepared by Dames and Moore, Report no. Y/OWI/TM36/3.

This volume contains general stratigraph c information on

salt, granite, shale, and basalt geologic formations for

evaluating their suitability as repositories.

355. U..,. Department of Energy, 1978g, Baseline rock properties -
granite: Technical support for GEIS - radioactive waste

isolation in geologic formations, v. 5. Prepared by Dames

and Moore, Report no. Y/OWI/TM-36/5.

-2 This volume discusses the geology, hydrology, and rock

properties of grani't as a possible medium for locating a

radioactive -a ste repository.

356. U.S. Department of Energy, 1978h, Baseline rock properties -

shale: Technical support for GE'S - radioactive waste

isolation in geologic formations, v. 6, prepared by Dames

and Moore, Report no. Y/OWI/TX1-36/6.

This volume reviews the properties of shale, and discusses

in detail the shales from four different parts of the U.S.

These four shales were considered to be most suitable as

host rock for a nuclear waste repository.

-93-



Woodward.Clyde Consultants

357. U.S. Department of Energy, 1978i, Baseline rock Properties -

basalt: Technical support for GEIS - radioactive waste

isolation in geologic formations. v. 7. Prepared by Dames

and Moore, Report no. Y/OWI/TM-36/7.

This volume discusses properties of basalt as a possible
medium for the location of a nuclear waste repository.

358. U.S. Department of Energy, 1978j, Repository preconceptual

design studies - salt: Technical support for GEIS -

radioactive waste isolation in geologic formations, v. 8.

Prepared by Parsons Brinckerhoff Quade and Douglas, Inc.,

Report no. Y/OWI/TM-36/8.

This volume presents a preconceptual design for a nuclear

waste storage facility in salt.

359. U.S. Department of Energy, 1978k, Repository preconceptual

design studies - granite: Technical support for GEIS -

radioactive waste isolation in geologic formations, v. 10.

Prepared by Parsons Brinckerhcff Quade and Douglas, Inc.,

Report no. Y/OWI-/TM-36/10.

This volume presents a preconceptual design for a nuclear
waste storage facility in granite.

360. U.S. Department of Energy, 1978L, Repository preconceptual

design studies - shale: Technical support for GEIS -

radioactive waste isolation in geologic formations, v. 12.

Prepared by Parsons Brinckerhoff Quade and Douglas, Inc.,

Report no. Y/OWI/TM-36/12.

This volume presents a preconc?.ptual design for a nuclear

waste storage facility in shale.
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361. U.S. Department of Energy, 1978m, Repository preconceptual

design studies - BNPL waste forms in salt: Technical

support for GEIS - radioactive waste isolation in geologic

formations, v. 16. Prepared by Parsons Brinckerhoff Quade

and Douglas, Inc., Report no. Y/OWI/TM-36/16.

This volume describes a preconceptual design for a nuclear

waste storage facility in salt, for various forms of

radioactive waste.

362. U.S. Department of Energy, 1978n, Thermal analysis: Technical
_- support for GEIS - radioactive waste isolation in geologic

formations, v. 19. Prepared by Science Applications, Inc.,

Report no. Y/OWI/TM-36/l9.

This volume discusses the effects of thermo-nuclear waste

heat generation on the waste matrix, the protective

cansiters, and the geologic formation.

363. U.S. Department of Energy, 1978o, Groundwater 14iovement and

nuclide transport: Technical support for GEIS - radioactive

waste isolation in geologic formations, v. 21. Prepared by

Dames and Moore, Report no. Y/OWI/TM-36/21.

This volume discusses the effects of repository construction
and consequent heat generation (thermal loading) on the

movement of ground water in granite, shale, and basalt.

364. U.S. Department of Energy, 1978p, Nuclear considerations for

repository design: Technical support for GEIS - radioactive

waste isolation in geologic formations, v. 22. Prepared by

Science Applications, Inc., Report no. Y/OWI/TM-36/22.
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This volume presents baseline design considerations, such as

decay levels, characteristics of containers, shielding, and

health and safety.

365. U.S. Department of Energy, 1978q, Environmental effluent

analysis: Technical support for GEIS - radioactive waste

isolation in geologic formations, v. 23. Prepared by

Science Applications, Inc., Report no. Y/OWI/TM-36/23.

This volume discusses the releases of radioactive and non-

radioactive materials to the environment during

construction, waste handling, and operational accidents.

366. U.S. Department of Interior, 1972, The mineral industry of

Washington: Bureau of Mines Minerals Yearbook.

This description of the mineral industry provides

information on numerous sand, gravel, rock quarries, and

diatomite, clay, and lime deposits on the Columbia River

Basalt Plateau.

^. ,

_ 368. U.S. Energy Research and Development Administration, 1976a,

Evaluation and impact of potential flooding criteria on the

Hanford Project: Prepared by U.S. Energy Research and

Development Administration, Richlands Operation Office,

Richland, Washington.

A brief discussion, prepared with a series of maps and data,

describes the historic, geographic, hydrographic, and

programmatic relationships of hypothetical floods on the

Columbia River, particularly as these floods would affect

Hanford.
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368.5. U.S. Energy Research and Development Administration, 1976b,

Alternatives for managing wastes from reactors and Post-

fission operations in the LWR fuel cycle, ERDA-76-43.

Alternatives are examined in considerable detail.

Information on the 3H and85i;R content of fuel assemblies

after 5 years decay is provided.

369. U.S. Env.ironmental Protection Agency, 1977, EPA radiation

protection prog:ams; Environmental radiation protection

standards for nuclear power operations: Federal Register,

_ v. 43, no. 195.

This document sets forth environmental radiation standards

for nuclear power plant operations.

370. U.S. Environmental Protection Agency, 1978a, State hazardous

waste programs; Proposed guidelines: Federal Register,

v. 43, no. 22.

These guidelines prescribe procedures by which states may

'' apply for authorization; and procedures by which such

- authorization may be withdrawn from hazardous waste

- management programs. This program is not for radioactive

waste.

371. U.S. Environmental Protection Agency, 1978b, Criteria for

radioactive wastes--Recommendations for Federal Radiation

Guidance: Federal Register, v. 43, no. 221.

These recommended criteria for federal radiation guidance

include basic management principles and guidelines for

development of generally applicable standards for

radioactive waste sources.
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372. U.S. Fish and Wildlife Service, 1965, Map of McNary National

Wildlife Refuge.

This detailed map shows the location and boundaries of

McNary National Wildlife Refuge.

373. U.S. Fish and Wildlife Service, 1974, Map of Columbia National

Wildlife Refuge.

This detailed map shows location and boundaries of Columbia

National Wildlife Refuge. Seven accompanying maps show land

ownership within the Columbia National Wildlife Refuge.

374. U.S. Fish and Wildlife Service, 1976a, Map of Saddle Mountain

National Wildlife Refuge.

.- This detailed map shows location end boundaries of Saddle

*Mountain National Wildlife Refuge.

375. U.S. Fish and Wildlife Service, 1976b, Map of Turnbull

National Wildlife Refuge.

This detailed map shows location and boundaries of Turnbull

National Wildlife Refuge.

376. U.S. Fish and Wildlife Service, 1976c, National fish

hatcheries and wildlife refuges - Washington.

This small scale, schematic map shows general locations and

boundaries of national wildlife refuges.

377. U.S. Fish and Wildlife Service, 1978a, National fish

hatcheries and wildlife refuges - Idaho.
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This map shows general locations of national wildlife

refuges and hatcheries.

378. U.S. Fish and Wildlife Service, 1978b, National fish

hatcheries and wildlife refuges - Oregon.

This is a general location reference map for national fish

hatcheries and wildlife refuges in Oregon.

379. U.S. Forest Service, 1966, National forests and national

grasslands - Region 1 map.

This is a small scale map showing general locations and

boundaries of national forests and national grasslands.

380. U.S. Forest Service, 1976a, National forest wildernesses of

the Pacific Northwest region.

The small scale and schematic format limits the usefulness

of this map which shows general locations of national

forests and wilderness areas.

381. U.S. Forest Service, 1976b, National Forests of Region 6.

- This map shows the locations and boundaries of national

forests, national parks, national monuments, and national

grasslands.

382. U.S. Forest Service, 1977a, Roadless and undeveloped area

evaluation It map - Oregon.

Locations and boundaries are shown on a detailed map of the

Rare II areas, new wilderness study areas, and national

forests.
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383. U.S. Forest Service, 1977b, Roadless and undeveloped area

evaluation II map - Idaho.

Locations and boundaries for Rare II areas, new wilderness

study areas, and national forests are shown.

384. U.S. Geological Survey, Topographic map of Canyon City:

1:250,000 scale.

This topographic map covers 446-45° latitude, and 118'-120'

longitude.

385. U.S. Geological Survey, Topographic map of The Dalles:

1:250,000 scale.

This topographic map covers 456-461 latitude,and 1201-122'

longitude.

386. U.S. Geological Survey, Topographic map of Grangeville:

1:250,000 scale.

This topographic map covers 450-460 latitude, and 1160-1180

longitude.

386.5. U.S. Geological Survey, Topographic Map of Pendleton:

1:250,000 scale.

This topographic map covers 456-461 latizude, and 118'-1201

longitude.

387. U.S. Geological Survey, Topograohic map of Pullman: 1:250,000

scale.
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This topographic map covers 460-470 latitud"e, and 1161-118l

longitude.

388. U.S. Geological Survey, Topographic map of Ritzville:
1:250,000 scale.

This topographic map covers 470-481 latitude,and 118'-120
longitude.

389. U.S. Geo'ogical Survey, Topographic map of Spokane: 1:250,000

scale.

This topographic map covers 47g-480 latitude, and 1161-1181
- longitude.

390. U.S. Geological Survey, Topographic map of Walla Walla:

1:250,000 scale.

This topographic map covers 461-470 latitude,and 118-1201
longitude.

^^391. U.S. Geological Survey, Topographic map of Wenatchee:

1:250,000 scale.

This topographic map covers 470-481 latitude, and 12GI-1221
longitude.

392. U.S. Geological Survey, Topographic map of Yakima: 1:250,000
scale.

This topographic map covers 461-471 latitude, and 120°-1220
longitude.
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393. U.S. Geologic Survey, 1969, The geologic setting of the John

Day country: USGS Informational Pamphlet. 69-10 (R.-4).

The basic geology of the John Day and Monument, Oregon
vicinity are presented with structural views showing

faulting and folding. General description of rock units

include road logs of area.

394. U.S. Geologic Survey, 1972, Water resources investigations in
Washington: Map A-30, Water Resources Division.

. These maps and references, and hydrologic data include
precipitation, runoff, and river discharge in the State of

Washington.

395. U.S. Geological Survey, 1974, The Channeled Scablands of
Eastern Washington: USGS Informational Pamphlet 72-2(R-1).

- This pamphlet describes the Spokane flood and the formation

of the Channeled Scablands in eastern Washington, including

present drainage in areas of deep scour.

397. U.S. Nuclear Regulatory Commission, 1975a, Standard format and
content of safety analysis reports for fuel reprocessing
plants: USNRC Regulatory Guide 3.26, 110 p.

This report discusses the geography, hydrology, meteorology,

geology and seismology in describing site characteristics
for Safety Analysis Reports (SARs). This standard format

and content are identified.

398. U.S. Nucleir Regulatory Commission, 1975b, Environmental

statement related to operation of Davis-Besse Nuclear Power

Station Unit 1, proposed by Toledo Edison Company: Office

of Nuclear Reactor Regulation, Docket No. 50-346,

NUREG-75/097.
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This is a summary environmental impact statement presenting

an evaluation and the NRC position on licensing of the

Davis-Besse Nuclear Power Station Unit 1 of the Toledo

Edison Company, Ohio.

399. U.S. Nuclear Requlatory Commission, 1976a, Preparation of

environmental reports for nuclear power stations:

Regulatory Guide 4.2, Revision 2, NUREG-0099.

This USNRC guide to the preparation of environmental reports

for nuclear power stations, delineates techniques and

provides guidance on regulatory standards development.

_ 400. U.S. Nuclear Regulatory Commission, 1976b, Rules and

regulations; Part 20. Standards for protection against

radiation: Code of Federal Regulations - Energy, Title 10,

Chap. 1, p. 20.1-20.18.

These rules and regulations cover the areas of permissible

-- doses, precautionary procedures, waste disposal,

notification requirements, and enforcement policies

-! regarding health and safety aspects of radiation.

401.2. U.S. Nuclear Regulatory Commission, 1976c, Environmental

survey of the reprocessing and waste management portions of

the LWR fuel cycle. A task force report: National

Technical Information Service Publication no. PB-258-316.

This is a preliminary, generic environmental discussion of

waste management. Some of the various problems and possible

means of finding solutions are discussed.

401.3. U.S. Nuclear Regulatory Commission, 1976d, Final generic

environmental statement on the use of recycled plutonium in

mixed oxide fuel in light water-cooled reactors (GESMO),

NUREG-002.
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This multi-volume generic environmental statement includes a

comprehensive treatment of many aspects of the nuclear fuel

cycle. This reference was used in this analysis to obtain

estimates of annual releases from nuclear power reactors and

the surface facilities associated with nuclear waste

repositories and to calculate a preliminary does for 85Kr

released from a repository.

402. U.S. Nuclear Regulatory Commission, 1977, Safety evaluation

report, Pebble Springs Nuclear Plant Units 1 and 2:

NUREG-0013, Supplement No. 3, Docket Nos. 50-514, 50-515,

p. 2-1 to 2-3.

Section 2.5 of the Safety Evaluation Report Supplement

provides for the Nuclear Regulatory Commission policy

decision of the ashfall model to be used at Pebble Springs

Nuclear Plant, near Arlington, Oregon, on the Columbia

River. Safety analysis also involved volcanic hazards.

403. U.S. Nuclear Regulatory Commission, 1978a, Workshops for state

review of site suitability criteria for high-level

radioactive waste repositories, analysis and

recommendations: NUREG-0354, v. 1.

This volume presents the views and recommendations of state

officials regarding the preliminary site suitability

criteria for high-level radioactive waste repositories.

404. U.S. Nuclear Regulatory Commission, 1978b, Rules and

regulations--reactor site criteria: Title 10, Chapter 1,

Code of Federal Regulations--Energy, Part 100.

This description of reactor site criteria is used in

evaluating the suitability of stationary reactor sites.

Seismic and geologic criteria for nuclear power plants are

provided.
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405. U.S. Nuclear Regulatory Commission, 1978c, Licensing and

regulatory policy and procedures for environmental

protection: Title 10, Chapter 1, Code of Federal

Regulations--Energy.

This code establishes the policy and procedures for

processing environmental impact statements and related

documents in connection with the NRC's licensing and

regulatory activities.

406. U.S. Nuclear Regulatory Commission, 1978d, Storage of spent

fuel in an independent spent fuel storage installation

(ISFSI)--Proposed licensing requirements: Federal Register,

v. 43, no. 195; 10 CFR, Part 72.

These regulations specify procedures and requirements for

issuance of licenses to store spent fuel in an independent

spent fuel storage installation (ISFSI). Requirements for

siting, general design criteria, and certain operational

aspects of such an activity are presented.

,"407. U.S. Nuclear Regulatory Commission, 1978e, Workshops for state

review of site suitability criteria for high-level

radioactive waste repositories, analysis and

recommendations: NUREG-0354, v. 2.

A series of seminars on repositories was held with state and

local government representatives to discuss the division of

responsibility between federal and state agencies. The

reactions of participants to various geologic, engineering,

operational, and administrative problems were discussed.

Comparison were made concerning reactions in various

geographic areas.
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408. U.S. Nuclear Regulatory Commission, 1978, Licensing procedures

for geologic repositories for high-level radioactive wastes:

Federal Register, v. 43, no. 223, pp.53869-53872, plus

addendum.

The responsibilities and interaction between various

government bodies and repository operating agencies were

proposed for discussion and comment. The general tone of

the discussion indicated that the NRC would become involved

in a decision making/decision approving capacity for any

radioactive repository constructred or operated by or for

the U.S. Department of Energy.

409. Valentine, G.M., 1960a, Inventory of Washington Minerals,

Part 1--Nonmetallic minerals: (Second Edition), State of

Washington, Department of Conservation, Division of Mines

- and Geology, v. 1 - Text.

This report summarizes nonmetallic mineral resources and

mining operations in the State of Washington, as of 1960.

410. Valentine, G.M., 1960b, Inventory of Washington Minerals,

'Part 1--Nonmetallic minerals: (Second Edition), State of

Washington, Department of Conservation, Division of Mines

and Geology, v. 2--Maps.

The economic minerals on the Columbia Plateau are clays,

shales, minor coal, peat, diatomite, some common gemstones

and fire opal, soda compounds, grinding pebbles, rock, sand,

gravel, and poor quality silica sand.

411. Vance, J.A., 1978, The Pre-Yakima basement of the Washington

Cascades: Paper presented at Battelle Tectonics Symposium,

Seattle, Washington, February 14-16, 1978.
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The known events and deposits, pre-Columbia River Basalt,

Northwest of the plateau, including pre-Miocene faulting,

subduction, and volcansim, are summarized.

412. Van Denburgh, A.S. and Santos, J.F., 1965, Ground water in

Washington: Its chemical and physical quality: State of

Washington, Department of Conservation, Division of Water

Resources, Water Supply Bulletin No. 24.

The chemical characteristics of Washington's ground water
are described. Charts and maps are included.

- 413. Van Routen, F.B., 1961, Maps of Cenozoic depositional

,_ provinces, western United States: American Journal of

Science, v. 259, p. 612-621.

General description of locations of deposition at various

times during the Cenozoic, but out-of-date and pre-plate

tectonics theory.

414. Von Neumann, J., and Morgenstern, O., 1947, Theory of Games

and Economic behavior: PLinceton University Press,

Princeton, New Jersey.

This is a textbook on game theory and its applications to

economic behavior.

415. Wagner, N.S., 1954, Preliminary report on the geology of the

southern half of Jmatilla County, Oregon: The Ore-Bin,

v. 16, no. 3, p. 13-17.

The pre-Tertiary basement of northeastern Oregon is

discussed. This report is too old and lacking in detail to

be useful.
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416. Wagner, N.S., 1955, Summary of Wallowa Mountains geology: The

Ore-Bin , v. 17, no. 5, p. 31-35.

The pre-Tertiary basement of Wallowa Mountains is discussed.

No detail is provided except for the Columbia River Basalt

in Minan. Canvon which is a maximum thickness of 3,030 to

4,000 feet.

417. Waite, D.A., and Newcomb, W.E., 1979, Integrated geological
and environmental site-qualification criteria: Prepared for

the U.S. Department of Energy, Contract No. EY-76-C-06-1830

This a aft report was prepared to guide site qualification

investigations until the Nuclear Regulatory Commission

establishes its criteria for radioactive waste repositories.

Siting criteria for health/safety,

-environmental/socioeconomic, and engineering/economic

considerations are listed and discussed.

418. Waitt, R.B., 1177, Guidebook to Quaternary geology of the

Columbia, Wenatchee, Peshastin, and upper Yakima Valleys,

7' west-central Washington: U.S. Geological Survey Open-File

- Report 77-753, 25 p.

Glacial deposits in the river valleys are discussed and a

road guide is provided. Table of Quaternary deposits in

this vicinity and their ages are presented.

419. Waitt, R.B., Jr.,, 1978, Post-Miocene stratigraphy and tectonism

of parts of the Great Columbia Pliin and adjacent Cascades,

Washington: Paper presented at Battelle Tectonics

Symposium, Seattle, Washington, February 14-16, 1978.
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Post-Miocene events are 3ummarized, beginning with a

discussion of glacial, then Ringold, and then pre-Ringold
structures. The development of present drainage with

respect to rising structures is analyzed.

419.5. Waitt, R.B., Jr., 1979, Late Cenozoic deposits, land forms,
strat4grphy and tectonism in Kittitas Valley, Washington:

U.S. Geological Survey, Professional Paper no. 1127, 18 p.

This paper discusses the stratigraphy of the Columbia River
Basalts, and the Quaternary stratigraphy in the Kittitas

Valley. Tectonic deformation of this stratigraphy is also
discussed.

420. Walker, G.W., 1973a, Contrasting compositions of the youngest

Columbia River Basalt flows in Union and Wallowa Counties,
northeastern Oregon: Geological Society of America

Bulletin, v. 84, p. 425-430.

- A 900-meter-thick section correlative to Wanapum and Saddle
Mountains Basalts and Ellensburg Formation is described.

421. Walker, G.W., 1973b, Reconnaissance geologic map of the
Pendleton Quadrangle, Oregon and Washington: U.S.

Geological Survey, Miscellaneous Geologic Investigation

Map 1-727.

This 1:250,000 scale geologic reconnaissance map of the
Pendleton quadrangle presents mineral and water resources,

geology, and engineering features of some lithologic units.

422. Walker, G.W., 1973c, Preliminary tectonic map of Oregon east
of the 121st meridian: U.S. Geological Survey,

Miscellaneous Field Studies Map MF-495.

-1 0 9-



Woodward.Clyde Consultants

This is a preliminary tectonic map of eastern Oregon.

423. Walker, G.W., 1977, Geologic map of Oregon east of the 121st

meridian: U.S. Geological Survey, Miscellaneous

Investigations Map I-902.

This is a geologic map of eastern Oregon with separate

tectonic and geomorphic map inserts.

424. Walker, G.W., and others, 1974, Index to potassium-argon ages

of Cenozoic volcanic rocks of Oregon: U.S. Geological

__ Survey, Miscellaneous Field Studies Map MF-569.

This is an index map showing locations and K-Ar ages of

Rhyolitic, intermediate and Basaltic Cenozoic volcanic

domes, sills and other intrusive bodies and some associated

sediments.

425. Walters, K.L., 1972, Test-observation well near Almira,

Washington: Description and preliminary results: U.S.

Geological Survey Open-File Report, 20 p.

A test-well in basalt approximately 10 miles south of

Almira, Washington showed a specific capacity of 92 gpm/ft

to 546 feet, and 96 gpm/ft to 750 feet depth. No

stratigraphic interpretations are provided.

426. Walters, K.L., and Glancy, P.A., 1969, Reconnaissance bf

geology of ground-water occurrence in Whitman County,

Washington: U.S. Geological Survey, Water Supply Bulletin

No. 26.

These geologic maps identify the Roza flow and gross areal

geology. The regional dip is evident, but very little

tectonic structure Is shown.
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427. Walters, K.L., Cline, D.R., and Luzier, J.E., 1972, Test-

observation well near Odessa, Washington: Description and

;reliminary results: U.S. Geological Survey, Open-File

Report, 25 p.

Piezometer data from wells in seven individual aquifers is

discussed.

428. Walters K.L. and Grolier, M.J., 1960, Geology and ground

water resources of the Columbia Basin Project Area,

Washington: State of Washington, Department of

Conservation, Division of Water Resources, Water Supply

Bulletin no. 8, v. 1.

This report consists of approximately 500 pages of well

records, drillers' logs, and hydrographs. Brief

descriptions are given of the Ringold Formaion, Palouse

Formation and Columbia Rive: Basalt.

429. Warnic, C.C., and others, 1973, Regional problem analysis in

the Pacilic Northwest; Part B: Basalt groundwater aquifers:

Washington State Water Research Center, Office of Water

Research and Technology, Pullman, Washington.

Differences (confined versus unconfirmed) in the Columbia

River Plateau and Snake River Plain basalt aquifers are

compared. The Snake River Plain is more permeable with

higher transmisivity.

430. Washington Department of Natural Resources, 1973, Washington's

major public lands.

This is a map showing public land ownership in Washington

State.
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431. Washington Department of Natural Resources, Geology and Earth

Resources Division, 1969, Placer gold.

Placer gold has been found on sandbars along the Columbia

and Snake Rivers.

431.5. Washinaton Department of Parks and Recreation, 1977,

Washington State Outdoor Recreation Guide: Northwest

Experience, Moscow, Idaho.

This list of maps of Washington State Parks shows culturally

important areas.

* 432. Washington Public Interest Research Group, 1978, Nuclear

waste, a national waste repository at Hanford:

considerations for Washir.non State: University of

Washington, Energy Research group, Seattle, Washington,

50 p.

This study draws negative conclusions about the feasibility

of safely transporting and disposing of nuclear wastes at

Hanford. A moratorium is recommended on plant licensing,

feasibility studies on basalt, various legislation for

safety. Costs for decommissioning ard disposal of wastes

should be included by power companies.

434. Washinqton Public Power Supply System, 1974, Preliminary

Safety analysis Report, Amendment 9, for WPPS!: Nuclear

Proiects No. 1 and 4.

This PSAR contains regional and site specific geologic

information for the Hanford Reservation area including the

results of literature review for stratigrapny, aerial photo

interpretation of faulting and borehole drillings.
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435. Washington Public Power Supply System, 1977, .reliminary

Safety Analysis Report, Amendment 23 for WPPSS Niclear
Project No. 1 and 4 vols. 2A, 2B.

This Preliminary Safety Analysis Report for WPPSS Nuclear

Project No. 1 and 4 deals specifically with the 1872

earthquake.

439. Washington, rtac? of, 1975, Water quality assessmentreport:

Report 75-8, v. 1 and 2.

Volume 1 assessen present water quality and outlines the

programs and goals of water quality management. Volume 2

:^ contains maps (scale of 1:750,000) of Washington showing

bacterial densities, water temperatures, turbidity levels,

and dissolved oxygen. Classification and monicoring sites

for all rivers in Washington are included.

441. Washington State Game Department, 1975, Columbia Basin

recreation areas: Pamphlet-map prepared by the Washington

State Game Department in conjunction with the U.S. Bureau of

-. Reclama tion.

This pamphlet contains a schematic map showing wildlife

recreation areas, national *ildlife refuges, and state parks

in the Columbia Basin region of eastern Washington.

442. Washington State Game Department, 1976, Wildlife recreation

areas: Pamphlet-map.

These maps, at various scales, show the boundaries of all

the Wildlife Recreation Areas (Regions I-VI) in the State of

Washington.
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443. Washington State Game Department, (undated), Wildlife

recreation areas: Map-Pamphlet.

This schematic map of Wildlife Recreation Areas in the State

of Washington provides short descriptions of each area:

L.T. Murray, (north and south segments), Oak Creek (two

segments), Quilomene, Rattlesnake Slope, and Wahluke.

444. Wash'ngton State Highway Commission, 1973, Washington State

Highways Road Map.

General locations, some with boundaries of highways,

national parks, add state parks, are shown. This map is of

limited usefulness because of schematic format.

445. Wasnington State University, 1972, Irrigation development

potential and economic impacts related to water use for the

Yakirma River Basin: Report submitted to the Yakima Valley

Natural Resources Development Association, Washington State

University, Agricultural Research Center, Pullman,

Washington.

Land use, soils, hydrology and ecology are addressed in this

report.

446. Waters, A.C., 1955, Volcanic rocks and the tectonic cycle:

Geological Society of America, Special Paper 62, p. 703-722.

Tectonics and volcanism in the Columbia River Basin are

discussed on the basis of differentiation. The material is

out-of-date.

447. Waters, A.C., 1960a, Determining direction of flow in basalts:

American Journal of Science, v. 258-A, p. 350-366.
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Flow direction is determined by using columnar joints,

spiracles, pipe vesicles and cylinders, and primary foreset

bedding in palagonite.

448. Waters, A.C., 1960b, Two-fold division of the Columbia River

Basalt (abstract): Geological Society of America Bulletin,

v. 71, p. 2082.

Petrographic and stratigraphic correlations were made on 28

stratigraphic sections of the Columbia River Basalt. The
basalts are products of separate magmatic hearths, and are

not differentiates of a hypothetical uniform parent magma.

@ 449. Waters, A.C., 1961a, Keechelus problem, Cascade Mountains,

Washington: Northwest Science, v. 35, no. 2, p. 39-57.

_ The pre-Columbia River Basalt geology near Mount Rainier is
discussed. The Fife's Peak and Steven's Ridge Formations

are differentiated.

450. Waters, A.C., 1961b, Stratigraphic and lithologic variations

in the Columbia River Basalt: American Journal of Science,

v. 259, p. 583-611.

This article notes the distinct chemical differences between
Picture Gorge Basalt and Yakima Basalt Subgroup. Tables and

variation diagrams are included. These are good

observations and discussions, but the stratigraphy is now

obsolete, as the author had predicted.

451. Waters, A.C., 1973, Problems of basalt correlation (abstrart):

Geological Society of America, Ab-ctract with Programs, v. 5,

no. 1, p. 120.
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An important correlation problem is the recognition of a

sequence of flows in stratigraphic order. Especially

helpful is Kuno's solidification index in petrography.

452. Watkins, N.D., 1964, Structural implications of paleo-agnetism

in Miocene lavas of north-eastern Oregon, south-eastern

Washington and west-central Idaho: Nature, v. 203,

p.830-8312.

Inco--lusive results show evidence of oroclinal rotation of

Miocene lavas or crustal spreading during the Miocene.

453. Watkins, N.D., 1965, Paleomagnetism of the Columbia Plateaus:

Journal of Geophysical Research, v. 70, no. 6, p. 1379-1406.

Evidence of tectonic rotation of the Columbia River Basalts

is shown to be compatible with the 'orocline' hypothesis for

the Pacific Northwest.

454. Watkins, N.D., and Baksi, A.K., 1974, Magnetostratigraphy and

oroclinal folding of the Columbia River, Steens and Owyhee

Basalts in Oregon, Washington and Idaho: American Journal

of Science, v. 274, p. 148-189.

This review of previous literature on rotation contains
considerable paleonragnetic work, charts, maps, and

correlations with K/Ar dates.

455. Weis, P.L., 1968, Geologic map of the Greenacres quadrangle,

Washington and Idaho: U.S. Geological Survey, Map GQ-734.

This geologic map depicts basic bedrock geology and

describes information on the clay and glacial deposits and

related features of the area.
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456. Weis, P.L., and Richmond, G.M., 1965, Maximum extent of Late

Pleistocene Cordilleran glaciation in northeastern

Washington: U.S. Geological Survey, Professional Paper 525-

C, p. C126-C132.

Maximum southern ice extension is placed farther north than

by previous authors.

457. Weissenborn, A.E., 1969, Geologic map of Washington: U.S.

Geological Survey, Miscellaneous Geologic Investigations

Map I-583.

This is a basic, large-scale geologic map of the State of
Washington.

457.5. Wiggins, R.A., and others, lVA8, Simulations of earthquake

_ ground motions: Proceedin',s, Seminar-Workshop on Strong

Ground Motions, Rancho Santa Fe, New Mexico.

Computer codes have been developed to sirrulte ground motions
near a strike-slip failt for freqjencies in the range of 1

to 20 Hz. This is useful for engineering design of response

spectra for structures.

458. Williams, J.F., 1960(?), Well report--Basalt explorer,
Number 1: Development Associates, Inc., Spokane, Wash.

The base of the Columbia River Basalt is near 4,300 feet

below surface. Beneath it are 300 of sediments named the

'Irby shale' and 'Odessa sand". Descriptions of rotary

samples and cores are included. The basalt is well bottomed

in granitic bedrock.
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460. Woodward-Clyde Consultants (San Francisco), 1975, Final Siting

Report, v. 1 and 2: Prepared for the Washington Public

Power Supriy System.

This report summarizes an investigative approach and

findings identifying and recommending sites suitable for

nuclear or fossil fuel electric ge.ne:ating stations in the

Pacific Northwest.

461. Woodward-Clyde Consultants (San Francisco), 1976, Preliminary

draft report Seismicity listing for the Pacific Northwest:

Prepared for Washington Public Power Supply, Washington.
7-

This is a catalogue of earthquakes that have occurred

between latitudes 440 and 540 north and longitude 110° and

1280 west. Tables list earthquakes chronologically and by

location.

462. Woodward-Clyde Consultants (San Francisco), 1977a, Draft

report: Preliminary site selection factors for the NWTS

program: Prepared for Union Carbide Corporation (Nuclear

Division), under contract to U.S. Energy Research and

Development Administration, 32 p.

Site selection factors, such as geologic events, repository-

induced processes, impact of construction, and location, are

listed and described with reference to possible effects on a

repository site.

% 1. Woodward-Clyde Consultants (San Francisco), 1978a, 1872

earthquake stud.es: Washington Public Power Supply System

Nuclear Project No. 1 and 4. (Straight Creek Fault Zone

Study; Microearthquake Study]
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The Straight Creek Fault Zone Study presents maps and a

detailed examination of Quaternary faulting along the

Mesozoic Straight Creek fault zone in the Northern Cascades,

Washington. The microearthquake study presents the results

obtained from a microseismic network in Washington. An

evaluation of the data is included.

464. Woodward-Clyde Consultants (San Francisco), 1978b, Evaluation

of residual risk for earthquake risk management and

mitigation by public and private organizations: Research

proposal submitted to the National Science Foundation,

Division of Problem-Focused -Research Applications.

This report contains a program proposal for development and

verification of methodology for the evaluation of residual

risks from earthquakes..

465. Woodward-Clyde Consultants (San Francisco), 1978c, Cu'turally

i portant areas composite data map: Woodward-Clyde

?insultants' working project file (WPPSS, 3D-lC).

-. This map shows locations and boundaries of culturally

important areas of the Pacific Northwest, including wild and

scenic rivers, wilderness a:eas, primitive areas, scenic

areas. Plots are accurate for entire study area.

466. Woodw'rd-Clyde Consultants, 1978, Annotated wild and scenic

rivers under study data map: Woodward-Clyde Consultants'

working project file (WPPSS, 3E-3a)

This map shows locations of wild and scenic rivers. The

coverage is incomplete.
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467. Woodward-Clyde Consultants (San Francisco), 1978e, Culturally

important areas data and interpretive map(s): Woodward-

Clyde Consultants' working project file (WPPSS, 3F-4) (scale

1:250,000).

These maps show locations and boundaries of state parks,

state wild and scenic rivers, and federally designated

culturally important areas ( 5000 acres) in the Pacific

Northwest. Coverage of the study area is incomplete.

468. Woocdard-Clyde Consultants (San Francisco), 1978f, Protected

ecological areas data map(s): Woodward-Clyde Consultants'

working project file (WPPSS, 3F-3), (scale 1:250,000).

These maps shows locations and boundaries of national and

. state wildlife refuges, and wildlife recreation areas.

_ Coverage is incomplete aind graphically schematic ror some

areas.

469. Woodward-Clyde Consultants (San Francisco), 1978g, Project

quality assurance manual, Repository site selection study:

Prepared for Rockwell International-Hanford Operations.

This document describes the project quality assurance

program,including project organization, audit procedures,

project documenation, and control and project procedures.

470. Woodward-Clyde Consultants (San Francisco), 1979, Siting study

technical report, Candidate sites for coal-fired power

plants: Prepared for Washington Public Power Supply System.

The subjects of this study are: geology, hydrology,

topography, demography, land use, ecologically important

areas, culturally important areas, air quality, and

potentially hazardous areas. This report presents the

investigative approach and findings of a study conducted to

-1 20-
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identify candidate sites for coal-fired power plants in the

Pacific Northwest. The report describes the methodology

used in the screening process, and graphically portrays the

results of applying various criteria to the study area.

Specific data are not included.

471. Yates, R.G., and others, 1966, Tectonic framework of

northeastern Washington, northern Idaho, and northwestern

Montana: Canadian Institute of Mining & Metallurgy Special,

v. d.

Rock types and provinces north of the Columbia Plateau are

generally described. Several small scale geologic maps are

included.

-121-
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APPENDIX B - KEY WORD INDEX

The following key word index was developed to provide an addi-

tional access into the annotated references listed in Appendix A.

The numbers under each key word or topic refer to the numerical

listing of the annotated references in Appendix A. Thus, by

referring to those numbered references under a particular key

word in which one might be interested and then referring to

Appendix A, one can locate the significant literature pertinent

to the key word and also a summary of the article. The key words

.listed were developed from the literature screening forms used in

,ask 4 and, in general, reflect the data needs, concerns, and

considerations of the site locality identification study.

Bibliographies

9 17 77 95 262 267 270 271 310 322 332 333 344

470

-Columbia River Basalt

- 7 14 15 20 22 25 27 28 29 31 32 33 34 37 38 40

- 45 46 47 49 51 52 SS 56 57 63 64 65 66 68 69

70 74 75 90 98 101 103 104 106 109 113 116 117

122 123 126 130 131 132 133 134 135 143 144 145

146 147 150 159 160 161 162 165 166 167 169 170

171 172 173 176 178 181 184 185 189 190 191 198

201 210 213 217 224 225 226 226.5 228 236 249 251

257 259 263 264 265 272 280 283 287 288 296 299

300 303 305 312 314 315 316 317 319 321 324 325

393 416 419.5 420 421 423 424 426 434 455 446 447

448 450 451 454 455
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Age-dating

75 176 317 424 454

Flow direction

52 447

Flow rates

14 315

Geochemistry

28 45 68 117 131 146 210 263 264 287 305 450

Petrography

131 144 146 147 181 210 287 312 315 450

Petrology

169 198 264 305 446

Regional correlation

7 27 31 40 75 68 98 134 165 171 176 184 198

200 299 300 305 317 451

Sources
a.,

52 116 122 198 251 296 314 315 316

_ Stratigraphy

1S 20 29 34 46 63 64 65 68 69 70 117 132

133 134 147 171 176 178 18S 189 200 210 251

263 272 317 420 435 448 450

Imnaha Basalt

40 68 144 146 264

Picture Gorge Basalt

109 126 181 393
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Grande Ronde Basalt

27 29 40 64 68 69 75 98 103 122 146 147

150 171 184 189 264 280 312

Wanapum Basalt

32 34 40 49 98 103 104 106 146 162 189

312 314 316 420 426

Saddle Mountains Basalt

32 49 51 57 162 287 316 420

Latah Formation

40 126 131 236

Ellensburg Formation

22 32 51 52 98 101 126 162 189 393

Structural Features

69

Ahtanum Ridge

272

7* 'Cle Elum-Wallula Lineament

161 166 167 435

Dalles-Umatilla Syncline

224

Ol ympic-Wallowa Lineament

56 90 257 303 324

Umtanum Ridge

46 103

Yakiima Ridges

29 166
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Structure

15 20 25 29 40 47 68 106 130 131 133 134 145

16C 161 170 171 213 225 226 226.5 228 259 263

265 272 280 312 319 321 421 423 434 455

Basins

57 67 68 74 90 113 145 190 217 249 325

Faults

33 37 38 56 103 104 166 321 423

Folds

46 55 56 103 104 170 173 265 321 423

Fracture zones

130 131 191

* Intrabasalt structures

-- 143 150 172 184 201 283 447

Lineaments

166 190

Rate of folding

105 167 288

Recent faulting

33 35 37 159 329 419.5

Viscosity

296

Economic Geology

26 78 88 152 153 154 204 204.5 205 268 288 366

409 410 431

Geolog'! Hazards

23 53 59 127 292 295 402 463 464
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Earthquakes

127 463 464

Flooding

59 292 368

Volcanic

295 402

Geologic Mapping

25 29 40 42 47 68 69 70 98 113 119 130 131 133

155 161 166 222 226 226.5 228 236 245 252 253 254

255 263 272 297 313 319 321 419.5 421 422 423 426

435 456 457

Remote sensing

- 124 259

Road logs

22 29 69 100 120 393 418

Geology (except Columbia Plateau)

8 25 26 47 69 91 116 120 136 172 244 245 307 313

327 340 393 411 422 423 424 455 463 471

Geomorphology

12 13 40 42 43 44 116 163 182 264 269 395 463

Basement topography

40 264

Erosion rates

163

Fluvial morphology

12



Woodward.Clycle Consultants
B-6

Geophysics

7 28 41 49 61 75 116 140 147 149 165 179 218 240

265 266 298 299 300 301 318 320 328 423 452 453

454 463

Aeromagnetism

318

Gravity studies

41 179 265 266

_ Paleomagnetism

75 116 147 149 165 240 452 453 454

Seismic refraction/reflection studies

61 140 229 463

Well logs - geophysical

7 49 320 427

Hanford - P3sco Basin

10 28 31 33 37 38 44 50 52 53 55 56 57 58 59

- 60 61 75 85 90 93 139 159 160 161 176 178 180

- 199 210 218 228 246 252 253 254 255 265 266 279

291 309 329 335 338 339 368 434 435

Biology

139 279

Drilling, test wells

10 75 199 210 291 311 434

Ecology

58 93 141 309

Faulting

33 37 38 53 55 56 58 159 160
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Geology

28 50 52 53 58 59 60 61 161 180 210 219 228

252 253 254 255

Geomorphology

44 58

Hydrology

31 50 54 57 59 175 228 291 329 368

Multidisciplinary studies

338 339 434 435

11-1
Struc ture

56 57 60 90 161 228 265 266

Hydrology

I
_ 31 49 50 52 54 57 59 64 65 73 74 79 87.5 101

102 113 114 128 132 133 134 135 145 162 175 186

187 188 190 191 206 207 208 209 211 217 219 221

222 225 227 236 243 249 250 258 259 273 291 301

302 320 322 325 329 336 340 341 394 412 425 426

427 428 429 439 445 460

Aq u i f e rs

31 52 64 65 87.5 101 133 188 191 211 243 273

427 428 429

Confined

57 175

Pump testing and other studies

31 63 102 258 259 291

Structural barriers

188 191 219 221 225
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Columbia River hydrology

54 330 394 439

Dams

208 209 336 340 341

Groundwater studies

49 50 79 114 132 133 135 145 162 186 187 188

206 217 222 227 236 302 325 329 412

Water resources

73 74 101 113 114 128 190 207 217 301 394 460

Well logs

63 74 134 145 186 211 217 325 425 426 427 428

- Intrusive Rocks

- 8 21 69 109 203 319 327 463 471

Lower Tertiary Stratigraphy

* 21 22 29 69 109 112 120 181 185 244 280 313 327

393 424 449

Astoria Formation

- 185

Clarno [orfation

22 109 181 327 393

Eagle Creek Formation

15 22

Fife's Peak Formation

69 120 449

John Day Formation

22 109 181 327 393 424
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Klondike Mountain Formation

244

O'Brien Creek Formation

244

Roslyn Formation

29 280

Sanpoil Volcanics

244

Steven's Ridge Formalion

69 120 449

Swauk Formation

280

Teanaway Basalt

280

Teanaway dike swarm

112

Multidisciplinary Studies - Cl

_ 20 247 277 293 294

Physiography and Geography

91 111 116 151 304

391 392

Blue Mountains

47 145 327

olumbia Plateau

338 339 433 436 460 470

384 385 386 387 388 389 390

Cascades

91 295 411

Channeled Scabland

12 42 43 44 100 241 395
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Idaho

127 136 156 157 192 386 387 389

Oregon

47 121 237 238 245 384 385 386 386.5

Washington

385 387 388 389 390 391 392 386.5 430 444 456

Pre-Tertiary Formations

21 22 26 40 63 69 131 194 307 319 327 415 416

463 471

Quaternary and Late Tertiary Stratigraphy

15 21 26 42 43 44 48 60 70 100 118 130 133 134

135 145 161 178 180 185 218 220 223 225 226 228

236 241 294 338 395 418 419 419.5 434 435 457 463

Boring Lava

185

The Dailes Formation

15 223 225

Glaciofluvial deposits

13 42 43 44 100 118 135 395

Goble Volcanics

15

Palouse Formation

48 220 236

Portland Hills Silt

185

Ringold Formation

51 60 132 133 134 218
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Sandy River Mudstone

15

Simcoe Lava

294

Skamania Formation

15

Surficial deposits (undifferentiated)

26 43 73 132 133 145 161 226

Troutdale Formation

N 15 185

,..Rock Mechanics

5 39 86 138 208 209

Seismology

7.5 37 38 41.2 41.4 53 127 137.5 163.2 163.4 163.6

198.2 198.4 198.6 242 246 248.5 282 304.5 308.5

311.5 328 331 335 340 434 435 457.5 461 463

Subsurface Geologic Data

_ 61 64 236 435

Cross sections

29 57 114 131 133 160 171 175 224 319 421 435

Well logs - test wells

10 63 65 75 102 108 114 129 131 133 158 160

175 199 211 217 243 260 285 286 293 294 311

325 425 434 458

Tectonics

47 227 324 411 422 435 446 463 471
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Basement tectonics

137 203 327

Cenozoic tectonics

14 20 24 52 60 68 109 112 136 137 169 170

193 251 413 419.5 452 453 454

Aviation

2 3 4 107 142 215 239 323 345 346 347

Decision Analysis

164 256 414 470

Demography

168 289 337 343 344

..Environment - Ecology

- 18 30 71 82 83 89 93 110 115 131 139 214 228 273

279 289 306 309 372 373 374 375 376 378 412 430

439 441 442 443 466 468

Air quality
_, .

30 131 289 306 309

Aquatic biology

89

Biology

18 83 89 93 110 139 279

Ecologically important areas

115 214 372 373 374 375 376 377 378 466 468

Fish

83

Habitat quality

83



Woodward-Clyde Consultants
B-13

Natural resources

437

Salmonids

18

Terrestrial biology

93 110 139 279

Water quality

82 228 373 289 412 439

Waterfowl

110

Wildlife resources

83 115 372 373 374 375 376 377 378 441 442

_ 443

Land Use

59 78 80 157 214 237 308 342 372 373 374 375 376

377 378 379 380 381 382 383 430 432 441 442 443

445 465 466 467 468

Agriculture

308

Culturally important areas

379 380 381 382 383 432 465 467

Irrigation

59 80 308 445

Public lands

157 214 237 372 373 374 375 376 377 378 379

380 381 382 383 430 441 442 443
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Soils

342 445

He teorology

18 77 79 309

Nuclear Facilities Siting

1 5 6 10 11 16 19 35 36 39 41.4 50 62 71 72 76

84 85 86 91 92 92.5 94 95 96 97 102 124.5 125

138 168 174 195 196 197 212 213 216 230 231 232

233 234 235 247 248 261 274 276 278 284 289 326

334 337 338 339 339.5 348 349 350 352 353 354 355

356 357 358 359 360 361 362 363 364 365 368 .5 369

370 371 396 397 398 399 400 401.3 403 404 405 406

* 417 433 434 435 460 462 469

Energy policy

231

Health and safety issues

168 289 337 369 370 400 417

Multidisciplinary studies

247 284 326 338 339 417 434 435

Policies - Regulations

11 348 397 398 400 405 406

Development of guidelines

35 62 71 125 216 233 274 326 334 371 403

404

Public acceptance

36 195
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Public interest group studies

432

Radioactive waste

11 371

Spent fuel

11 76 406

Waste disposal

6 39 50 76 97 234 261 274 349 353 433

Geologic repository

5 10 62 76 84 86 125 216 278 326 354

355 356 359 360 363

Basalt

5 92.5 94 95 96 138 196 197 276

349 352 357

Feasibility

10 72 92.5 94 95 96 352 433

Host rock interaction

10 86 91 92 124.5 196 197 362 363

Safety issues

92 353 363 364 365

Sal t

72 102 235 334 358 361

Site selection guidelines

174 248 350 396 403 404 462

waste handling

92 364 365 433
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Waste management

1 6 35 36 84 85 92 213 232 289 348 368.5

401

Rad ioactiv ity

89 364

Release scenario analysis

19 289 365

Soc ioeconomics

344 417

- .
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APPENDIX C
INDEX OF COMPILED DATA

The following index of compiled data is a reproduction of the file index for
use in the site identification study for the Hanford Reservation. It includes
primarily data maps, compiled data maps and screening overlays developed to
date for the screening proceAs in the Pasco Basin and Hanford Reservation.

4310 Geology

4311 Structure - field notes

4311.1 Structure overlays of region 1:500,000 scale map
4311.5 Structure overlay of Hanford 1:62,500 scale map

4313 Stratigraphy

4313.1 Stratigraphy notebook
4313.2 Grande Ronde basalt notebook and 1:1,000,000 scale

overlay showing location of measured sections
4313.3 Subsurface data overlay of regional 1:500,00 scale

map
4313.3.1 Hanford deep well logs field notes

4313.4 Quaternary stratigraphy, field notes
4313.4.1 Regional Quaternary stratigraphy overlay

1:500,000 scale
4313.4.2 Hanford Quaternary stratigraphy 1:62,500

scale overlay
4313.5 Surficlal deposit thickenss, field notes

4313.5.1 Regional surficial deposit thickness
1:500,000 scale overlay

4313.5.2 Hanford Surficial deposit thickness
1:62,500 scale overlay

4313.6 Total baslt thickness - regional 1:600,000 scale
overlay and field notes

4313.7 Cross-sections 1:250,000 and field notes

- 9

4316 Geologic history - Tectonics , pre-mid Miocene, Columbia
Plateau region set of overlays at 1:1,000,000 scale and
field notes

4340 Environment

4341 Demography and airports - field notes

4341.1
4341.2
4341.3

Population data map, regional 1:500,000 scale
Population data overlay - Hanford 1:62,500 scale
Airports data map, regional 1:500,000 scale
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4342 Biology/Ecology - field notes

4342.1 Protected ecological areas, regional 1:500,000
scale overlay

4342.2 Protected ecolitical areas, Hanford 1:62,500 scale
overlay

4342.3 Culturally imrrrtant areas - regional 1:500,000
scale overlay

5510 Hanford 1:250,000 base map and field notes for selection of
candidate areas

5510.1 Generation of new faults and fault rupture screen
5510.2 Terrain ruggedness screen
5j10.3 Transportation screen
5510.4 Aircraft impact screen
5510.5 Operational radiation release screen
5510.6 Pro.tected ecological areas screen
5510.9 Ground motion screen

- Compilation of candidate area screens

5520 Hanford 1:62,500 scale maps and filed notes for screening of
subareas

5520.1 Priest Rapids 15' quadrangle
5520.1.1 Flooding
5520.1.2 Terrain
5520.1.3 Erosion idenuation
5520.1.4 Fault ripture
5520.1.9 Compilation of subarea screens

5520.2 Coyote Rapids 1' quadrangle
5520.2.1 Hazardous facilities
5520.2.2 Flooding
5520.2.3 Terrain ruggedness
5520.2.4 Fault rupture
5520.2.9 Compilation of subarea screens

5530.3 Hanford 15' quadrangle
5530.3.1 Landslides
5530.3.2 Flooding
5530.3.3 Terrain ruggedness
5530.3.4 Erosioridpnudation
5530.3.5 Fault rupture
5530.3.9 Compilat!n of subarea screens

5520.4 Mesa 15' quadrangle
5520.4.1 Terrain ruggedness
5520.4.2 Erosion/denudation
5520.4.9 Compilation of subarea screens

5520.5 Corral Cayon
5520.5.9 (on same sheet as base)

5520.6 Richland 15' quadrangle
5520.6.1 Eazardous facilities
5520.6.2 Flooding
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5520.6.3 Terrain ruggedness
5520.6.4 Erosion/denudation
5520.6.5 Induced seismicity
5520.6.9 Compilation of subarea screens

5520.7 Eltopia 15' quadrangle
5520.7.1 Terrain ruggedness
5520.7.2 Erosion/denudation
5520.7.3 Induced seismicity
5520.7.9 Compilation of subarea screens

5530 Hanford site
5530.1
5530.2

locality selection
Overlays shoving site localities on Hanford
Notes, forms, files, etc., used in selection of
site localities

_ .
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APPEDIX D - SPECIAL STUDIES

Special studies, to develop informa:ion needed for the various tasks of the
site locality l.de;itification study, were undertaken when the existing
available literature lacked the necessary specific data. These special
studies generally involved ja extensive review of the existing literature to
extract the needed data. They also involved the development of assumptions
and subsequent data analyses to reach conclusions to provide the specific
information needed for use in the sitirg study. The following two examples of
special studies deal with an evaluation of operational radiation releases from
a repository and a preliminary evaluation of earthquake ground motion in the
subsurface.

D.1 EVALUATION OF OPERATIONAL RADIATION RELEASES

Safety-related radiological studies figure prominently in the licensing of all
nuclear facilities. Accordingly, radiological considerations typically appear
in me:hodologies 'or site identification studies that may lead to the
selection and application for licensing of a nuclear facility. In the present
case of a site identification study, for a deep geologic repository for high
level radioactive wastes in hasalt, an evaluation was conducted to estimate
the nature and magnitude of operational radiation releases from a repository.
The results of this study were applied to the development of guidelines for
the identification of candidate repository site.

D.1.1 Structuring the Problem

The objective of the radiological stud: was to develop a guideline for site
identification that considered potential human exposure to onerational
releases of radiation from a repository. A comparable and analogotum model for
such guidelines is available from nuclear power plant identifica:ion studies.
In these studies a minimum distance from population cc "centrations is
frequently used to limit the area under consideration for sites. Such
population setback guidelines, while often applied as conservative "rules of
thumb", are based on an anticipated amount of radiation release, an average
atmospheric diffusion potential (to account for dispersion of releases), and
on Nuclear Regulatory Commission (NRC) positions on acceptable radionuclide
concentrations, population doses, and population densities around nuclear
power reactors. The phenomenon under study has several important features: a
fixed source of radioactive emissions with a known emission rate operating
over a known area and a knowable population density. Since these features are
the same for rectors, repositories and other nuclear facilities, an approach
for developing a repository siting guideline modeled after reactor siting
guidelines was selected.

The steps in the approach were:

1. Estimate the maximum annual emmissions expected from a repository during
its operating phase.

2. Based on calculated diffusico of expected emissions, estimate the distance
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from a repository at which radionuclide concentrations would fall within
established standards, both for erironmental radiation and population
dose.

3. Compare these results with NRC guidelines for pepultion distribucion
around reactors (generally, a low population zone of about three miles
radius isoacceptable).

4. Select a conservative population setback distance for use in screening.

The greatest uncertainty in this approach occurs in the first step: estimating
the operational releases at a repository site. At the time this evaluation
was Init.ited, the size of the repository (its radioac:ive inventory) and the
eng'neering characteristics of the repositor? were largely unknown; in
addition, a spent fuel reprucessing facility has been dropped from
consideration in the site identification study.)

The estimate of the emissions from a repository was based on assumptions
regarding spent fuel pin and waste cannister leakage rates, applied to a total
cannister inventory estimate based on Rockwell preconceptual design -nrking
documents adjusted for thermal loading considerations. The logic of this
approach is shown schematically in Figure D-1. The method of computing the
radioactive inventory of the repository was adapted conservatively from GESM0
(NUREG-002,1976) and from ERDA-76-43. The estimate of radionuclide emissions
from a reprocessing plant was taken from the environmental statement prepared
for the iarnvell reprocessing plant in South Carolina (NRC Docket 'lo.50-
332,1974). The analysis focused mainly on two gaseous radionuclides, 85Kr and
3H; iodine (1291 and 1311) was also considered.

D.I.2 Results

,.Estimates of maximum annual release radioactive effluents from a repository, a
reprocessing plant and a 1000 XWe power reactor are presented in Table 1. The

-significant releases concern 85Kr and 3R. The expected releases of these
radionuclides are two-to-three orders of magnitude greater for a repository

-than for a reactor. Dispersion calculation incorporating these values were
petformed for various dispersion scenarios, solving for the amount of release
that would be necessary to yield the maximum permissible concentrations
(MPC's) allowed by federal regulations. The results of these calculations are
shown In Table II. Under all dispersion scenarios examined, the expected
release from the repository would be insufficient to yield concentratiens in
excess of the HPC's at a distance of one kilometer from the point of release.
If a five kilometer from the point of release. If a five kilometer population
setback around a repository were applied (a distance typically used in reactor
siting) the Amount of radionuclides released would have to Increase by several
order of magnitude before radionuclide concentrations at the site boundary
could exceed the standards. Therefore, a five kilometer (three mile) setback
is a conservative guideline for use in screening. Table III contains
assumptions and calculations used to estimate releases from a repository.
Table IV presents estimates of the inventory of two radionuclides (85Kr and
3H) during 25 years of repository operation. Table V presents decay factors
used in computing radioactivity in the repository over time. Table VT



} , TABLE 11 .; * I.I I, -,

ANNUAL REL.EASE OP SIGNIFICANT RADIONUCLIDES IN GASEOUS EFFLUENTS

CURIES/YEAR

NUCLIDS

3H

1000 HWe REACTORa REPOSITRItYb

1.3 x 104

SURVACE FACILITIESC

Negligible

REPROCESSIN(: Pl.ANTd

7 x 10543 - 1100

I C

a 'Kr

87Kr

"'Kr

33Xe

3 s5Xe
3 "Xe

8

290

3

23

3200

1

86

1

- 9.5

- 470

- 200

- 240

- 12000

- 740

- 1100

- 1400

5 X 10" - 1.4 X 10' Negligible

1360e

1.4 X 107

u

WI

2 - 0.05

31i 0.03 - 0.3 0.5

"1 0.02 - 1.1

a) U.S. Nuclear Regulatory Commission, "Final Generic Environmental Statement on the Use oi Recycle Plutonium
In Mixed Oxide Fuel in Light Water Cooled Reactors" (CESMO), NUREG - 002, 1976. Tables IV C-17 & IV C-19.

b) Woodward-Clyde Estimates, conservatively based on CESHO; ERDA-76-43 and
c) CESHO, TABLE lV 11-14
d) U.S. Atomic Energy Cwunisslon, "Enviroamental Statement Related to Construction AnJ Uperation of Barnwell

Nuclear Fuel Plant", Docket tNo. 50-332, 1974.
e) GESMO, TABLE IV E-8
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TABLE 1I

10 CFR 20 XPC's

Kr 5S

uC /m.1

3 X 10-7

2 X 10-7

+1/2 - 10.'76y B-0.67 uev LO.514 (0.41:)

+1/2 ' 12.26y B-0.0135 uev I noneHI

If we take various x/Q'j from Table IV J(A)-2 of GESMO, we can calculate releases

that will equal 10 CFR20 XPC's.

lOOm

300m

500m

* 1000m

* 1000w

from 3round level release

it of to of

.i of .. ..

It of S a of

1o 00wo Stack o

(6. 4E- 5)

(1.4E-5)

(5.4E-6)

(1. 5E-6)

(1. 6E-R)

1.48 X105 cl/yr

6.75 X105 cl/yr

1.75 X106 cl/yr

6.30 X106 cl/yr

5.63 XIO' cl/yr

* This may be 'Interpreted to say that a lkm setback will bring all expected releases
from a repository within the MPC levels expressed in 10 CFR 20. A three mile

'(5km) seback typically applied to power reactors is therefore a

guideline to use in screening.
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TABLE III

RADIOACTIVE RELEASE CALCULATIONS

2010 Inventory X fl f2 i3 f4 fS - Release

fl - fuel pins leaking - .1

f2 - fraction of reaionuclide escaping cladding in year - .5

f3 - canisters leaking U .1

_ £4 - fraction of radionuclide escaping canister in year -

f5 - fraction of sealed boreholes leaking - .1
..

2010 Release (85K) - 5.5 X 10' X .1 X 5 X lO- X .1

- 1.6 x 105 Ci/yr

- 2010 Release (3H) - 5.0 X 10' X .1 X 0.5 X .1 X 0.5 .1

- 1.3 X lO Ci/yr
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TABLE IV

3u & "Kr INVEMTORIES IN A REPOSITORY

Based on number of assemblies per Table A-4 RHO-BWI-CD-2 and activity per
assembly per Table 2.3 ERDA-76-43 and 5-yr delay to emr&.cement.

3H "Kr
Time
Interval ci Ci (as of 2010) Ci Ci (as of 2010)

1985*

1986

1987

1988

1989

1990

1991

1992.

1993.

1995

1996

1997

199t'

1999-

200 Q..

2001

2002

:003

2004

2005

2006

2007

2008

AU9

2010**

* 1980

** 2005

Note:

3.76E

8.3E5

9.4E5

1.l!6

1.3E6

1.5E6

1.6E6

1. 8E6

2.OE6

2. 2E6

2.3E6

2. 5E6

2. 7E6

2.9E6

3.1E6

3.3E6

3.6E6

2.9E6

4.2E6

4.4E6

4.7E6

4. 7E6

4. 7E6

4.7E6

4.7E6

5.9E6

9. OE5

2.lE5

2.5E5

3.3E5

4.1E5

4. 7E5

5.6E5

6.5E5

7.5E5

8.6E5

l.OE6

1. 1E6

1. 3E6

1. 5E6

1. 7E6

1. 9E6

2.2E6

2.5E6

2.8E6

3.1E6

3.5rS

3.8E6

3.9E6

4.2E6

4.5E6

5.9E6

TOTAL-5. 0E7
(2010 - no leaks)

4.3E7

9.SE6

1.lE7

1.3E7

1.5E7

1.7E7

l.9E7

2.1E7

2.3E7

2.5E7

2.7E7

2.9E7

3.1E7

3.3E7

3.6E7

3. SE7

4. 2E7

4.5E7

4.8E7

5. 1E7

5.4E7

5.4E7

S.4E7

5.4E7

5.4E7

6.8L7

8.1E6

2.OE6

2.5E6

2.5E6

3.9E6

4.7E6

5.5E6

6.5E6

7.6E6

9. OE6

'.OE7

1.2E7

1.3E7

1.5E7

1. 7E7

2.OE7

2.3E7

:.7E7

3.1E7

3.5F7

3.9E7

4.2E7

4.5E7

4.8Z7

5.1IE7

6.8E7

TOTAL-S.SE8
(2010 - no leaks)

0

in Table 2.3

in Table 2.3

3.7E6 - 3.7 X 10'
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TABLE V

DECAY FACTORS USED IN CALCULATING RADIOTUCLIDE IUVEN1TORIES

Years Frc 3 Decay Factor
Emplacement H_____

25 .24 .20

24 .26 .21

23 .27 .23

22 .29 .24

21 .31 .26

_ 20 .32 .28

_ 19 .34 .29

18 .36 .31

17 .38 .33

16 .40 .36

* 15 .43 .38

- 14 .45 .41

13 .48 .43

12 .51 .46

11 .54 .49

10 .57 .53

9 .60 .56

- 8 .64 .60

7 .67 .64

6 .71 .68

5 .75 .72

4 .80 .77

3 .84 .83

2 .89 .88

1 .95 .94
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TABLE VI

Preliminary Dose Calculation, based on ^onservative assumptions, for #$Kr

For Immersion GESMi0 IVJ (A-9)

D.-B - R X XJQ < Dc

Dose to whole body from immersion

R - Release rate, Cl/sec

X/Q - Atmospheric dispersion factor sec/in3

Dc - Dose conversion factor R/Ci - sec/in3

71.4X 105 Ci x , r x 1.5 X 10-' 4.3 X 10- R.m3

.Y 3.15 x sec sec x Ci-sec -

10 1 -
*2.9 x 10- R/sec - 2.9 X 10-7 mR/sec

X 3.15 X 4O7 sec/yr - 9.1 sec/yr

.10 CFR 20 MPC

3 X 10-7 vCi/ml - 3 X 10-7 Cl/m 3

Ds 4.3 2 10-2 X 3 X 10- 1.3 X 10-9 R/sec X 3.15 X 107 31.5 mR/yr

DwB - 5.1 X 10 4 X 1.4 X 10' X 1.5 X 10-6 - 0.1 mR/yr

DWB- 7.88 X 10' X 1.4 X 10 X 0.514 X 0.0041 X 1.5 X 10-6 - .1
3.15 x 10'r
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PERCENT OF SPENT
FUEL PINS LEAKING

TOTAL RADIOACTIVE
INVENTORY OF
REPOSITORY
d/yr

PERCENT OF
TOTAL REFJSITORY
I4VENTORY ASSUMED
TO LEAK PERCENT OF RADIOACTIVE

INVENTORY LEAKING
I FROM EACH PIN

I , -

, _ _

IQUANTITY OF RADIOACTIVITY
ASSUMEO TO LEAK IN
MAXIMUM YEAR

PERCENT OF SPENT FUEL
CANNISTERS LEAKING

,

.

ASSUMED FILTER OR
TRAP EFFICIENCY

QUANTITY OF RADIOACTIVITY
RELEASED TO ATMOSPHERE

OISPERSION
ASSUMPTIONS

I I
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RADIOACTIVE RELEASES
AT DISTANCE - XiX,

I

SETBACK DISTANCE
IN MILES

FEDERAL RADIATION
_ CONCENTRATION

STANDARDS

FIGURE D-1

APPROACH TO EVALUATION OF OPERATIONAL
RADIATION RELEASE FROM A REPOSITORY
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presents the results of a check using dose calculations. This check was
performed to verify that maximum releases from a repository would not exceed
federal standards for whole budy does -zo the public in an annual period. The
results show that operational releases from a repository would yield a whole
body dose amounting to a small fraction of the federal standard.

D.1.3 Conclusions

Based on an evaluation of operational radiation releases from a repository, a
population setback distance of five kilometers (three miles) was selected for
use as a screening guideline in the repository site identification study.
This value is ccnservative in terms of expected releases, and in terms of
applicable federal standards.

D.2 LITERATURE SURVEY AND PRELIMINARY EVALUATION OF GROUND MOTION I THE
SUBSURFACE

D.2.l Purpose

A literature search was performed in order to determine the available data
from which to make a preliminary evaluatior of the effects of vibratory ground
motion on underground facilities. This evaluation complemented development of
ground motion guidelines in Table II which were used in the Task 5 screening
process. The evaluation was based on the consideration of pertinent published
literature in geology, rock mechanics, mining, engineering and seismology.

D.2.2 Sources of Data

A preliminary survey of available in-house references was done as well as

utilization of the Georef computer access technical information service for
relevant sources. A total of approximately 50 pertinent references was
located, many of which were contained in a special report to DOE by Pratt and
others (1978) on earthquake damage to underground facilities. The references
contained herein, include pertinent secondary as well as primary references
and are annotated in the project bibliography. The primary references will
be discussed in the results and conclusions section.

D.2.3 Results and Conclusions

The most recent work on earthquake damage to underground facilities has
consisted primarily of data compilations from world-wide studies on mine and
tunnel damage due to earthquakes. Eased on this preliminary literature
survey, it was found that very, little is presently being done by way of
instrumentation of underground facilities for the express purpose of using
recorded earthquake motion for developing seismic design specifications and
criteria. The application of accoustic emission and microseismic recording
techniques to underground workings such as rock and coal mines and underground
gas storage facilities are discussed in review article by Hardy (1977). A few
studies have examined the problem of the recording and analysis of ground
motions in mines from small earthquakes actually occurring in association with
mining activities. (Armstrong and others, 1969; Kaufman and others, 1978;
McGarr, 1971; Smith and others, 1974; McCarr and others, 1977). These studies
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have shown that ground motions associated with tremors in mines can be
recorded and located, earthquake magnitude can be determined, local stress
patterns can be obtained, spectral analysis of wave forms can be performed and
regions of anomalous stress in the mine vizinity can be identified. In
particular, %cGarr and others, (1978) have obtained peak accelerations of as
much as 129 from mine tremors for events of local magnitudes -I to 2.6 and in
the hypocentral distance range of 50m to 1.6 km. The recorded accelerograms
typically have frequencies of several hundred Hz.

One of the most complete surveys of available data draws heavily upon ground
motions recorded during nuclear explosions (Pratt and others, 1978). The
principal conclusions are given below:

o Little data exists of damage in the subsurface due to earthquakes.
This in itself attests to the lessened effect of earthquakes in the
subsurface since mines exist in areas where strong earthquakes have
done extensive damage to surface structures.

o More damage is reported in shallow near-surface tunnels than in deep
mines. Data are sparse for mines deeper than 500 meters.

o In mines and tunnels, large displacements occur primarily along pre-
existing faults and fractures or at the surface entrance to these
facilities.

o Data indicate vertical structures such as wells and shafts are also
not a3 susceptible to damage as are suface facilities. Even in the

^ Alaska earthquake of 1964 (Mqm 852 few wells were damaged in
Anchorage except those sheared by landslides.

o Data were insufficient to assess the exact influence of rock type on
damage; however, the effects are less in well consolidated materials

- than in alluvium. Stevens (1977) has compiled data principally from
the U.S. and covering earthquakes occurring during pre-instrumenral

_ time. He suggests also that the severity of ground motion in a mine
located In competent rock is les than one located in less competent,
weathered, or unconsolidated rock. Little data are available to
strictly test this hypothesis. Geologic structures, such as faults,
appear to be a dominant factor in damage to underground facilities.

o Frequencies most likely to cause damage to subsurface facilities are
significantly higher (50 to 100 Hz) than the frequencies (2 to ;0 Hz)
that cause damage to surface facilities.

o Acceleration, velocity, and displacement data from nuclear explosions
may give near-source upperbound limits for large earthquake ground
motion when a facility is very near the epicer~er.

o More analysis is required before seismic criteria can be formulated
for siting of nuclear waste rapositories.

One of tne shortcomings of comparing earthquake vibrater7 ground motion with


