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PREFACE 

In 197 6, the U.S. Department of Energy (DOE) created the 

National Waste Terminal Storage (NWTS) Program to provide 

a comprehensive solution to the problem of commercial 

nuclear waste isolation. One of the elements of the NWTS 

Program was the analysis of the feasibility of siting a 

repository on the Hanford Site. The Hanford Site was 

selected for study because of its present commitment to 

nuclear waste management activities and the necessary 

dedication of this site to this commitment in the future. 

In 1976 and 1977, preliminary investigations indicated 

that the Hanford Site indeed possessed many geologic 

characteristics favorable to the siting of a nuclear waste 

repository. Thus, in 1978, a study was initiated to 

identify site localities within the Hanford Site where a 

repository for nuclear waste could be sited. Th is study 

consisted of a series of screening steps that 

progressively reduced the land area to be subjected to 

further study based on geotechnical, safety, 

socioeconomic, and statutory guidelines. 

Guidelines were developed for each screening step to 

provide a numerical basis for attaining basic programmatic 

objectives and to represent specific levels of 

achievement. Two types of guidelines were developed; 

inclusionary and classifying. Under inclusionary 

guidelines, candidate localities are included if they meet 

defined minimum levels of achievements allowable based on 

limitations by regulatory or statutory requirements, 

technological limitations, or gross economic 

considerations. Classifying guidelines were defined as 

those not requiring a specific level of achievement, but 

which provided a basis for differentiating between 

prospective sites based on a more subjective evaluation. 
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These guidelines and specific considerations were 

developed by the Basalt Waste Isolation Project (BWIP) in 

parallel with the Office of Nuclear Waste Isolation's 

(ONWI) site-qualification criteria (ONWI-33 (2), 1979). 

The similarities of the BWIP considerations with ONWI-33 

(2) are shown in Table A. It should be noted that the 

ONWI criteria refer to repository sites, while the BWIP 

considerations have been used to evaluate the 

acceptability of site localities with i n which one or more 

repository sites may potentially be located. Many of 

these BWIP considerations are site specific and not 

applicable to other non-basalt locations. 

As a res u 1 t of the s i t e id en ti f i cation study, f iv e s i t e 

localities were identified within the boundary of the 

Hanford Site (Figure A). The proposed site localities 

meet the guidelines and specific considerations developed 

by BWIP and t he ONWI site-qualification criteria. 

The site identification study was conducted by 

Woodward-Clyde Consultants under the direction of Rockwell 

Hanford Operations. Volume I of this report contains the 

details of this study. In support thereof, a 

comprehensive l i sting of annotated references was 

compiled. Those publications, papers, and maps necessary 

to understanding the s i te study have been listed in Volume 

II. Supporting geologic and hydrologic studies conducted 

during the site identification study are reported 

elsewhere. 

The next step in the site-identification process is to 

examine which of these site localities have preferential 

attributes that make them more acceptable for a waste 

isolation repository. This step is presently under way. 

Dr. Raul A. Deju 
Rockwell Hanford Operations 
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TABLE A 

-COM'P,.ARISON OF omn-33(2) SITF. QUALIFICATION CRITERIA AND 
AND Bl'lIP SCREENING CONSIDF.RATIONS 

OOI-IT-33(2) Site Qualification Criteria, 
Draft, November 21, 1979 

2.1 Site Geanetry 

The repository site shall be located in a geologic environment 
with geanetry adequate for repository placement 

a. Minimum depth 

b. Thickness of host rock 

c. Lateral extent of host rock units 

2.2 Tectooic Environment 

The repository site shall be located such that credible 
t ec tooic events can be sha.m to cause no unacceptable 
reductioo in repository performance 

BWIP Site Identific~tion Consideration 

Stratiyraphic Characteri s tics 

a. Bedrock dip 

b. Presence of suitable 
stra tigraphic charac­
teri s tics 

c. 'l'hi c:kness of under­
lyiny basalt 

Erosion/ Denudation 

Location with respect to 
potential areas of erosion 
or denudation 

Evnluate areas on basis of bedrock dip: 

A= Oto 5 degrees 

B = 5 to 10 degrees 

C = >10 degrees 

Include areas where basalt flo-,s with de3i.rable 
internal structure, density , porosity, eY.t P.nt, 
continuity, etc. are >100 feet thick within the 
proposed repository depth zone 

Include areas where thickness of underlying 
rep:)Sitory host rock-type material at the 
rep-Jsitory depth is >500 feet 

a. Include a1:eas >O. 5 mile fran steep-walled 
canyons or slopes 

b. Evaluate areas on basis of elevation of 
underground repos itory above base level 



OOWI-33(2) Site Qualification Criteria, 
Draft, Novent>er 21, 1979 

TABLF. A 

a. Ground motion fran the maximum credible earthquake will 
not have an unacceptable adverse impact on repository 
performance 

b. Quaternary faults will have no unacceptable adverse 
impact 

(Continued) 

l.lliIP Site Identification Consideration 

Ground 1-btion 

Location with respect to a. Include areas that may he subject to 40% g 
peak surface accP.leration from known and 
interpreted earthquake sources 

potential earthquake sources 
and estimated levels of 
ground motion 

Generation of New Faults 

Location with respect to 
future potentially capable 
tectonic structures 

Fault Rupture 

Horizontal and vertical 
distance fran known 
faults interpreted to 
be capable 

b. Include areas >12 miles fran felt epi.centers 
>MM V and >6 miles fran instrument,,l 
epicenters magnitude 4.0 which occur 
in concentrations or clusters as 
interpreted fran historical earthqualte 
epicenter plot maps 

c. Evaluate areas and their locations with 
respect to isolated earthquakes of 
epicentral intensities MMV and magnitude 
<4.0 based on estimated location errors 
and geologic and tectonic setting 

d. Evaluate areas and their locations with 
respect to shallow (>35-mile depth) 
microearthquakes based on location error, 
geologic and tectonic setting, and local 
and regional stress regime 

Include areas >5 miles fran folds interpreted 
to -be capable of forming new faults 

a. Include areas >5 miles, horizontally and 
vertically, fran known faults interpreted 
to be capable 



OOWI-33(2) Site Qualification Criteria, 
Praft, Novenber 21, 1979 

TABLE A 

c. Centers of Quaternary igneous activity will not have 
an unacceptable adverse i.irpact 

(Continued) 

BWIP Site Identification Consideration 

Horizontal and vertical 
distance frQn known faults 
interpreted to be not 
capable and zones of 
fracturing and jointing 

Location with respect to 
lineaments and postulated 
faults 

Volcanic Effects 

Distance fran Quaternary 
ash fall sources 

Future New Volcanic 
Activity 

Location with respect to 
probability of new volcanic 
sources 

b. Include areas >5 miles, horizontally and 
vertically, fran known faults whose 
capabilities are unknown which have loN 
potential for a capability evaluation 

a. Include areas >0.5 mile from known faults 
interpreted to be not ca~able and fran 
wnes of fracturing and Jointing 

b. Include areas >0.5 mile from known 
faults whose capabilities are unknown, but 
which have a high potential for a 
capability evaluation 

Evaluate areas on basis of proximity to linear 
features (lineaments) as interpreted fran 
remote sensing and geophysical data and 
postulated faults 

Evaluate areas on basis of exposure to tephra 
fall fran Quaternary stratovolcanoes: 

a. >150 miles to source 

b. 40 to 150 miles to source 

c. >40 miles to source 

Evaluate areas on basis of probability and 
proximity to areas of interpreted new 
volcanic sources and effects 



ONWI-33(2) Site Qualification Criter i a, 
Draft, November 21, 1979 

TABLE A 

d. Leng-term continuing uplift or subsidence will have no 
adverse inpact 

e, The tectonic environment can be evaluated to identify 
the tectonic elements and their inpact with a high 
degree of confidence 

2.3 Subsurface Hydrology and Geochemistry 

The repository site shall have subsurface hydcologic 
and geochemical characteristics caipatible with 
waste isolation 

a. The hydrologic and geochemical regime will prevent 
radionuclides fran leaving the repository and being 
transported to the biosphere in am::>unts or levels 
above those specified 

b. The hydrologic regime will all0w construction of 
shafts and maintenance of shaft liners and seals 

by state-of-the-art means 

c. Subsurface dissolution must be shawn to have no 
unaoceptable adverse inpact on performance 

2. 4 Sur face Hydrology 

The surface hydrologic system, both during anticipated 
climatic cycles and during extreme natural phenanena, 
will oot cause unaoceptable adverse inpact 

a. Nearby surface-water bodies, errbayments, streams , 
floodplains, ruooff, or drainage under present or 
future climatological conditions can be shawn to 
present oo unaoceptable adverse inpact 

(Continued) 

BWIP Sile Identification Consideration 

Tectonic M:>vement 

LOcation with respect to 
potential bedrock folding 

GroW1d \·later Contamination 

LOcation with respect to 
natural and man-made 
discharge areas 

Evaluate areas on basis of proximity to bedrock 
folds (anticlines, synclines, or m::>noclines) 

Evaluate areas on basis of distance fran 
discharge areas and estimated contaminant 
travel time 

The screening process does not provide adequate 
information to prepare a matching consideration 
for the equivalent ONWI criter ia. 

Not applicable in basalt 

Flooding 

Height above selected 
flood level 

a. Include areas outside of primary flood­
plains and published maximllll flood levels 

b. Evaluate areas on basis of height above 
primary floodplains and estimated published 
maximum flood levels 



TABLE A (Continued) 

a-lWI-33(2) Site Qualification Criteria, 
Draft, November 21, 1979 DWIP Site Identification Consideration 

2.5 Geologic Characteristics 

The repository site shall have geologic char ac t eristics 
conpatible with waste isolation 

a. Stratigraphic evaluatioo will include charac t eri za tion 
of physical, structural, mineralogical, and geochemical 
features of the rock unit 

b. Host rock units will be shown to be canpa tible with 
anticipated chemical, thermal, and radiological 
stresses 

c. The repository shall be located without undue 
hazard to repository personnel 

Stratigraphic Characteristics 
(See 2.l) 

Therrocrnechanical Effec ts 

··~· Thickness of host rock 
flow and general 
characteristics 

Reactor and Defense Facilities 

Location with respect to 
reactor and defense facilities, 
possible missile generators, 
and possible vapor sources 

c. Evaluate areas on basis of location with 
respect to areas where catastrophic 
flcxxling (i.e., Spokane floods) has 
lX::curred in Quaternary time 

Evallate flow thicknesses and characteristics 
of potential host rock 

a. Include areas away Eran facilities occupying 
18,000 acres or more 

b. Include areas >0,6 mile fran p,tential 
explosion, fire, missile hazards 

c. Include areas >0.6 mile from potential 
sources of noxious or f.lanvnable vapors 

d. Evaluate areas on basis of proximity to 
hazardous facilities 

-. 
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ON'tll-33(2) Site Qualification Criteria, 
Draft, November 21, 1979 

2.6 Surface Characteristics 

TABLE A 

The repository site and its surrounding area shall 
possess surface chara,cteristics which are conpa tible 
with waste disposal 

a. Surface features will not adversely affect r epository 
performance 

b. Surface features, combined with meteorol og ica l 
conditions, shall not affect access to the repos itor y 

(Continuea.) 

Bv/IP Site Identification Considerat ion 

Ground Failure 

Location with respect to 
l andsl ides and potential 
landslides 

Characteristics of 
foundat ion conditions 

Site Prepara ti on (Surface) 

'!'er rn in ruggcdnc,ss 

a. Include areas not on mapped landslides 

b. Evaluate areas on basis of probability of 
lands liding: 

A !J:M probability of a landslide 

B Slight probability of a landslide 

C Higher probability of a landslide 

Evaluate general foundation conditions : 

a . Bedrock area (0 to 20 feet consolidated 
material) 

b. Shallr.Yv1 alluvial area (20 to 100 feet 
uncom;olidated material) 

c . Deep alluvial area (>100 feet 
unconsolidated material) 

S11iljective evaluat ion for terrain 
cha rac teri-.tics (i.e., slope approx imc1tely 15%, 
r e lief and degree of dissec tion) 
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TABLE A (Continued) 

O.~~I-33(2) Site Qualification Cr iteria , 
Draft, Novell'ber 21, 1979 

BWIP Site Identification Consideration 

2. 7 Human Intrusion 

The repository site shall be located so that likelihood 
of consequences of past or future h~nan intrusion will 
cause oo unacceptable adverse UTipact 

a. Future intrusion due to the site's contai ning, or 
awearing to contain, economically exploitable 
deposits shall not have adverse il1'f)aCt 

b. The site shall be located so that exploration history 
can be defined and sho..m to have no adverse impact on 
perl:ormance 

usable land a rea 

Sttbsurfuce Mine ral 
Exploration and Extrac~ion 

Location with respect to 
existing and potential 
(uture minera l exploration 
and extraction 

Po tential Sign ifican t or 
focompatible Land Uses 

Location with respect to 
potent ial future significant 
or incanpatible land uses 

Evaluate avail.able land area for dominant s ite 
rreparation costs , slope, local reli ef , d•~JrAe 
of dissection, size of area , location an:l 
juxtaposition of relati•,ely l evel areas, water 
supply, access, and arrount of f! xcavation an.i 
fill necessary to fit 2,400 acres of surC<1ce 
(acilities 

a. Include areas away from existing subsurface 
mineral extraction 

b. Evaluate areas on basis of proximity to 
potential future mineral exploration or 
extraction 

Evaluate areas with respect to potential fut•Jre 
uses. '!'he evaluation will focus on agriculture: 

a. Potentially irrigable lands 

b. Arable soils 

c. Marginal soils 

d. Sutmarginal soils 



ONWI-33(2) Site Qualification Crite ria, 
Draft, Noveirber 21, 1979 

TABLE A 

c. The site shall be located on land for whi c h the 
federal government can obtain ownership, c an control 
access, and obtain ownership of all necessary s urface 
and sub-3urface rights to assure tha t all surfac e and 
subsurface rights to assure that all surface and sub­
surface activities will not be advers ely affec ted 

2.8 Proximity to Population Centers 

The repository site shall have characteristics that tend 
to minimize the risk to the fX)pulation from fX)tential 
radiation exfX)Sure 

a. TransfX)r tat ion of nuclear material shall be considered 
as part of the refX)sitory system 

b. The refX)sitory shall be located a di s t ance away fran 
urban areas 

2.9 Environm~nt 

The refX)Sitory site shall be located with due 
consideration to fX)tential environmental irrpac ts 
and to prevent land-use conflicts 

a. Due consideration to fX)tential environmental 
inpacts must be made 

(Continued) 

BWIP Site Identification Consideration 

(Pc iim ry ins truc tions for BWIP were to evaluate the wholly o..ned and 
controlled, nuclear-dedi r,ated Hanford Site for potential repository siting) 

('l'ransportation studies are starting in fiscal year 1980) 

~~·at ionill Radiation 
Reh>ase 

Distance fran fX)pulation 

Protec t ed Ecological 
Areas 

I.ocation ~,i th respect to 
protec t ed ecologi cal. areas 

a . Include areas >3 miles fcan population 
>2, 500 

b. Include areas >l mile fran any incorporated 
COIVJlUni ty 

c. Include areas > 1 mi le from any urbani zecl 
area 

Inclune areas outside of designated protec ted 
ecol<XJ ical areas 

A ~18,000 acres 
B 5,000 to ]8,000 acres 
C ~ 5,000 acres 



0NWI-))(2) Site Qualifica tion Criter i a , 
Draft , November 21, 1979 

b. Siting shall reduce the likel ihood or consequence 
of land-use conflicts 

TABLE A (Continued ) 

··------- - -- ---- ---- --------------- ----
[lv/1P S ite Identifi ca tion Conside ration 

Cultura lly ~rtant 
/\ reas 

Locat ion with r espec t to 
des ignatetl scenic ar:e,1s 

Location with r espec t 
t o a l l des ignated areas 

Prot<:c ted ilnd Endanger.~:9. 
Spec ies 

l.ncat ion wi th r espect t o 
pro t ec t ed and endangered 
spec i e s 

~i_~ically Irrpxtant 
Areas 

Locat i on with re sp•~ct to 
b io log ica lly inpor tant 
areus 

Exi_s t ing -~~ if icant.! 
~c i_~ ty, or I ncarpa t ib l e 
Land Uses 

Location with respec t t o 
s ign i E icant , spec i a lty, or 
inca,pa tible l and usPs 

Po t cnt ia!2_ign ificant o r 
Tncoopa t ibl e Land Us_<: 

Locat ion with respect to 
significant , spec i alty, or 
i nco11patible l and uses 

Inc lude areas gcea t e r th,m a calcul ated d i stance 
l ,ased on height o f surface repo,;itory 

Include areas o ut s ide of des iqnat-ed cul turnl l y 
.irrpor tant areas · 

A ?18,000 acres 
B 5,000 tn 18,000 acrPs 
C <5,000 ~; r es 

Include areas o utside of knO\m lnr.a ti nns of 
protected and endangereo speciPs 

Evaluate areas hased on pro ximity to 
biologically inportant areas 

Include areas outside of m~p~d extent 0f 
spec ial ty agriculture, irrigate ci agrku.lture, 
incrnpatihle fad lit ie:, , or other l a nci uses thilt 
are locally lim.i ted ancl r eqi on;,lly s i<cinifir.,mt· 

Evaluate areas with respec t to po t ent i ;i l fut:,ire 
us es. '111e evaluat ion will fcx:us on r1gr:k1 1lturP . 
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~ABLE A (Continued ) 

ONWI-33(2) Site Qualification Criteria , 
Draft, Noverrber 21 , 1979 

2 .10 Social , Political. , and Econom ic 

Due considerations shall be given to soc ial, polit ica l, 
and economic impacts on cOlll!Unities affec t ed 

a. Soc i al , political , and econanic impacts nus t be managed 
by mi tigation or conpensation strategie s 

b. Conflicts with existing legal r equirements must be 
avoided . The site nust be accepted by the establ ished 
processes of affected governments 

c. Adequate capabi 1 i ty for handling and tr anspor tat ion 
requi r ement s either ex i sts or can be provided without 
inpact on the affected cOlllnunities 

No Co!Tparable ONWI Criteria 

Bl~IP Site Irie ntification Consideration 

Site Pre f2.Jra t ion 
(Suixiiirf:ace ) --

Mining and excav.:i tion 
cos t s 

Evaluat,1 areas on basis of thickness of 
ove i:burric·n, depth of s hafts , host roc k 
chacact ,ccistics, configurati o n, ,rnri 1c ngth of 
tunnels (spoil, etc . ), excavated volume. , etc. 

(Thi ,-; c at, ·· p ry of er i t c, r ia w;1s not a,l<Jressed di rectl.y in the sr.reeni ng 
process, .:; it did no t provirle a means of distinguishing ooe s itP. fu'ln 
anothe r. 1nipact of all site, on the ltanford Site or the surro1u1Cling 
comrnuniti,, ,. woc.1ld be nearly the same) 

•rr anspo r ta~~~ 

Distance fran trans­
portation corr idors 

Aircraft Irrpact 

Distance Eran a irports 

a. Include areas >0.6 mi] e frrn1 U.S. highwa•rs , 
int,~rs tate high·,1ays , railroar'ls , ,m<'l 
navigable waterways 

b. Evaluate areas on basis of proximity to 
trnnspor tation corridors 

a . Include areas >5 mi l.<!s from airports shavm 
on state airpxt plans, accara110<l atincJ 
air :: raft >]2,500 pounds qross wdqht or any 
military airp:)rt 
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EXPLANATION: 

~Site locality 1

1~;:y 

NOTES: 

See Section IV -4 .5 for rationale 
for the selection of Site Locality 
Boundaries 

Base map from USGS 1 :250,000 
scale maps of Yakima and Walla 
Walla quadrangles 

FIGURE A 

SITE LOCALITIES 
ON THE HANFORD SITE 

xiv 
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ONWI-33(2) Site Qualification Criteria, 
Draft, N<>vent>er 21, 1979 

No Conparable ONWI Criteria 

-- ----- - - --- ------ -- -

TARLF. A (Continued) 

BWIP Site Identification Consideration 

LOcations with respect 
to conmercial jet routes 
and military routes 

LOcation with respect to 
restricted airspace 

b. For airP,Orts with 12,500 ~rations per 
year, but less than 50,000, inclu<le areas 
d miles fran airport: 

d "../o.002 (operat ions) 

c. For airports with 50,000 to 100,000 
operations per year , 10 miles fran 
airport. For airports with 100,000 
operations per yea r , include areas a miles 
from airport 

d = J0.001 (operations) 

Evaluate areas with respec t to proxirni ty to 
high-frequency routes 

Include areas away fran the limits of restricted 
airspace defining mili t ary airspace llsage 

Considerations not covered by ONWI-33(2) 

Induced Seismicity 

LOcation with r espect to 
sources of induced 
seismicity and potential 
future earthquake sources 

National Defense and 
Secur.ity 

Proxirn i ty to faci l.i ties 
or areas interpret:ed to be 
possible defense 0r 
security risks 

a. Include areas ,5 miles Eran existing 
reservoirs >100 feet ~eep 

b. Evaluate areas on basis of proximity to 
future reservoirs and interpreted sources 
of induced seismici t.y 

B = 0 to 5 miles 

Evaluate areafl on bar.is of proximit.1 tn 
facilities or areas ir1terpretoo to be 
attractive military or terrorist targets 
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SUMMARY 

Presented in this report are the results of the site locality 

i de nti f i ca ti on study for the Hanford Site using a screening 

process. To enable evaluation of the entire Hanford Site, the 

screening process was applied to a somewhat larger area; i.e., 

the Pasco Basin. The study consisted of a series of screening 

steps that progressively focused on smaller areas which are 

within the Hanford Site and which had a higher potential for 

containing suitable repository sites for nuclear waste than 

the areas not included for further study. Five site 

localities, designated H-1, H-2, H-3, H-4, H-5 (Figure A), 

vary ing in size from approximately 10 to 50 square miles, were 

identified on the Hanford Site. It is anticipated that each 

site locality may contain one or more candidate sites suitable 

for a nuclear waste repository. 

The site locality identification study began with de fi nit i on 

of objectives and the development of guidelines f or 

screening. Three objectives were defined: a) maximize public 

health and safety ; b) minimize adverse environmental and 

socioeconomic impacts; and c) minimize s y stem costs. The 

screening guidelines have numerical values that provided t he 

basis for the successive reduction of the area under study and 

to focus on smaller areas that had a higher likelihood o f 

containing suitable sites. 

The guidelines were developed to measure the achievement of 

the siting objectives. Twenty-eight considerations expressing 

areas of concern were identified under each objective (e.g., 

earthquake ground motion under public health and safety, 

culturally important areas under envi ronrnental impacts, site 

preparation costs under system costs), and the guidelines were 

established to represent specific levels of achievement under 
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each consideration. Two varieties of guidelines were 

developed; inclusionary guidelines and classifying guide-

1 i nes. The i nclu s i onary guidelines established, or inter­

preted, minimum levels of achievement based on regulatory or 

statute requirements, technological limitations, or gross 

economic considerations. For example, areas included for 

further study and which lie outside of national parks and 

monuments were a guideline responsive to a statute or 

regulation prohibiting developments such as a repository in 

national parks and recognized the concerns under the 

consideration of culturally important areas. Also included 

for further study are areas interpreted to be subject to 

moderate to low earthquake ground motion ( < 40 % g horizontal 

acceleration); this guideline was responsive essentially to 

gross economic considerations, and in part to tech nological 

limitations, that recognized the concerns for earthquak e 

g round motion. Classifying g ui d elines were those f o r which a 

finite level of achievement was not required, but which 

provided bases for differentiating between siting areas. For 

example, the subjective evaluation of distance to ground-water 

discharge areas was used to differentiate between siting areas 

and to guide professional judgments, although no minimum 

distance was established. 

The approach 

entire siting 

to guideline 

study) was 

development 

selected to 

(applicable to the 

meet anticipated 

regulatory agency requirements for an objective and systematic 

site identification method and to provide traceability and 

documentation in the siting study record. For example, any 

site locality identified on the basis of these guidelines may 

be discussed and evaluated in terms of the siting objectives 

set forth at the outset of the study; the decision to include 

or remove any area or locality may be traced through the 

guidelines to systematically applied rules that are directly 

related to the objectives. 
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The screening process utilized 

area under consideration and 

the guidelines to reduce the 

identify areas for further 

study. Three basic screening steps were used to successively 

reduce the Pasco Basin screening area and identify the five 

site localities on the Hanford Site. Each step essentially 

consisted of two substeps: a) selection of the guidelines to 

be applied in that step; and b) manual application of the 

guidelines on overlay maps of the area under consideration. A 

composite overlay, representing the application of all the 

guidelines used in a given screening step, identified the area 

t o be included for f urther study in subsequent screening 

steps. All inclus i onary guidelines were gi ven equal weight 

during the screening process. An inherent aspect of scree ni ng 

processes is that weighting is not practical during application 

of t h e g uidelines. This methodology presumes that i f no 

su i table s it es are identi fied with in t he stated g u i del i ne s, 

then either no suitable sites e xist, or the guidelines are too 

strict. However, in the Han f ord Site screening process, f i v e 

site localities were identified. 

Th e first st ep in screening consisted of t h e applicat i on o f 1 4 

i nclusionary g u idelines ( representing 9 considerations) t o the 

siting area to define one large candidate area of approxi­

mately 500 square miles. More than 50 % of the candidate area 

occurred within the Hanford Site. 

In the second step of screening, the boundaries of the 

candidate area were transferred to larger scale maps, and 

seven i nclusionary guidelines (representing seven 

considerations of the siting objectives) were applied to 

define four subareas within the candidate area. The subareas 

ranged from approximately 10 square miles to approximately 

200 square miles for one which occurred almost entirely within 

the Hanford Site. 
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The third step of screening consisted of the application of 

classifying guidelines to the subareas for the purpose of 

evaluating them with respect to the i dent if i ca ti on of site 

localities. Those subareas or portions of subareas lying 

outside the Hanford Site were considered to be not obviously 

superior to the subareas occurring within the boundaries. 

Further evaluation of the subareas then concentrated on the 

Hanford Site, and the impacts of the inclusionary and 

classifying guidelines affecting the subsurface were compared 

to those affecting only the surf ace. Based on an eva lua ti on 

of the combined effect of the appl i ca ti on of surf ace and 

subsurface guidelines, the five site localities shown on 

Figure A were identified on the Hanford Site. Future siting 

efforts in the five site localities on the Hanford Site will 

include the identification of one or more candidate repository 

sites in each of the localities. 
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I. INTRODUCTION 

1. GENERAL 

Under Prime Contract DE-AC06-77RLO1030 to the · U.S. Department 

of Energy (abbreviated DOE in this report), Rockwell Hanford 

Operation& (abbreviated Rockwell) is investigating the concept 

of radioactive waste storage in basalt. As a part of this 

investigation, the study described here was to define site 

localities within which candidate sites for the disposal of 

radioactive wastes may be identified. The study area was the 

Hanford Site, which extends over approximately 570 square 

miles in eastern Washington 

localities identified in this 

( see Figure 

study range 

I -1 ) • The s i t e 

in size from 10 

square miles to 5 0 square miles. In future steps of the 

study, candidate sites of approximately 10 square miles will 

be identified within the site localities. 

For siting purposes, a repository was considered to consist of 

surface and subsurface facilities capable of receiving daily 

rail and/or truck shipments of radioactive waste contained in 

shielded shipping casks, removing the waste from the shipping 

cask, transferring the waste into a transport shaft or tunnel 

which would provide access to an underground storage area, and 

placing the waste within the underground storage area, most 

likely in specially prepared boreholes. In addition to the 

waste repository, the candidate sites, which would be located 

in the site localities, should be capable of accommodating a 

facility for the packaging of high-, intermediate-, and low­

level waste and a facility for storage of radioactive waste 

prior to packaging, possibly consisting of water basins 

similar to those in use at light water nuclear reactor plants. 
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2. METHODOLOGY 

The overall goal of the study was to identify site localities 

that have a high likelihood of containing suitable sites for 

locating a radioactive waste repository. Because the size o f 

the site localities was considerably smaller than the study 

area (the Hanford Site), a systematic methodology was required 

that would permit focusing on progressively smaller areas 

having higher likelihood of containing suitable sites than the 

areas removed from further consideration. Moreover , the 

methodology should be traceable and flexible so that revisions 

could be made to accommodate possi b le changes 

licensing framework, technology of waste 

socioeconomic values. 

in objectives, 

managemen t , o r 

A met hodology based on dec i s io n an al y s is was es t a bl i s h e d t o 

accomplish the overall goal. The methodology has t h e 

requisite features outlined above and i s described in the 

following chapters of this volume. In essence, t h e 

methodology consisted of the following items: 

• 

• 

Identification of obj e cti ves an d d evelop ment 

guidelines for application t o the s t ud y area; 

o f 

A multi-step 

application of 

screening 

guidelines 

process that 

to smaller and 

permits the 

smaller areas 

until the site localities have been identified; 

• Development of a data base of appropriate scope and 

detail that could be utilized for defining the conditions 

within the areas defined in each substep of the screening 

process. 
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The assumptions, procedure, and results of the development of 

guidelines and the screening process are described in this 

volume. Development of a data base is described in Volume II. 

It is important to note that the study described in this 

report concludes with the siting areas ( the site localities) 

which are larger than repository candidate sites. Additional 

work will be necessary to identify candidate sites within the 

site localities. Thus, future steps in the site 

identification process will consist of candidate site 

identification followed by site evaluation, design, licensing, 

and construction. 

An integral part of the siting stud y methodology was the 

quality assurance program. The program consisted of planned, 

s y stematically employed actions to assure that the consulting 

services conformed to the requirements of wee, Rockwell, and 

Title 10, Code of Federal Regulations, Chapter 50 (10 CFR 50) 

Appendix 8. The program was executed in accordance with 

controlled written policies, procedures, and instructions. 

The principal elements of the quality assurance program 

included organization, training, 

nonconformance 

documentation. 

and corrective 

3. SCOPE OF THIS VOLUME 

review 

action, 

and control, 

protection, and 

This report is organized into five sections and one 

appendix. The project definition and the scope of the study 

are described in Section I, Introduction. The approach, 

framework, and methodology for the siting process utilized in 

the study are described in Section II. The approach, 

methodology, and results of guideline development are described 
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in Section III. The implementation and results of screening 

to obtain site localities on the Hanford Site are described in 

Section IV, and concluding remarks are given in Section V. 

Detailed discussions of the guidelines and their rationale are 

presented in the Appendix to this volume. 
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II. SITING PROCESS DESCRIPTION 

1. GENERAL 

The site identification process used for screening of the 

Pasco Basin to identify potential repository site localit i es 

on the Hanford Site is described in this section. The siting 

methodology for this study was designed to systematically and 

rapidly focus on areas where there is a high likelihood of 

finding suitable repository sites. Carried to completion 

(i.e., identification of candidate sites): the approach to the 

methodology would consist of the following: 

• Definition of objectives and establishment of guidelines 

which form the basis for site locality ident i fication; 

• A screening process to identify candidate sites starting 

f rom t h e relatively l arge study area and progres s i ve ly 

concentrating on smaller and smaller areas; 

• A ranking process to preferentially order candidate sites 

based on a decision analysis approach. 

The content of this study terminated with the identification 

o f site localities on the Hanford Site, which is one step 

prior to the identification of candidate repository sites. 

The following discussions concentrate on the siting process to 

identify site localities, but also briefly consider the 

identification of candidate sites and their ranking. 

2. FRAMEWORK 

In developing a specific approach to repository siting on the 

Hanford Site, including the development of screening 

guidelines, the following general assumptions were applied: 
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• Licensing 

which will 

Regulatory 

will be required for the proposed facility 

be under the authority of the U.S. Nuclear 

Comrni ssion (NRC). The Department of Energy 

(DOE) will be the license applicant. The licensing 

process may also include reviews by other federal 

agencies, such as the U.S. Environmental Protection 

Agency (EPA) and the U.S. Army Corps of Engineers, which 

require specific permits. Licensing reviews may also be 

made by state agencies and other local jurisdictions 

where the repository will be located. 

• The design of the surface facilities will be governed, as 

a minimum, by the current safety and en vironmental 

licensing requirements. Similar licensing req uirements 

for the underground facilit y are not c urrentl y 

a vai l able. It is, howe ver, anticipated t h at th ey woul d 

be as stringent as those 

that certain additional 

based on a substantially 

over thousands of years). 

for the surface facilit y and 

constraints might be imposed, 

longer design life ( extendin<J 

• The operational characteristics of the repos i tory have 

been based on present p~econceptual design cons i derations 

and can be used to assess site suitability. The various 

components of the proposed repository will include sur­

face and subsurface areas and may include a packaging 

facility and a lag storage facility. The depth below 

grade of the subsurface facilities is considered to be 

between 2,000 and 4,000 feet. 

• The long-term, safety-related characteristics of the 

repository medium (basalt) can be adequately estimated 

and used in the selection of siting guidelines. 

Similarly, appropriate judgments can be made regarding 
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social, economic, and political considerations applicable 

to repository siting. 

• The siting study should consider two time frames. In the 

first time frame, the repository would be in operation 

over some length of time during which the stored wastes 

would be retrievable. In the second time frame, the 

radioactive waste placed in the repository would be 

permanently isolated from the biosphere to the maximum 

degree practicable. Specific numerical limits for the 

two time frames are yet to be established. 

• The selection of guidelines and assessment of the 

conditions in the study area are based principally on 

currently available data. 

3. SITING PROCESS METHODOLOGY 

The siting process methodology, as 

consisted primarily of three steps: a) 

stated previousl y , 

the development of 

guidelines used in screening; b) the screening process to 

identify areas having a high likelihood of containing suitable 

nuclear waste repositories; 

candidate sites identified 

and c ) a ranking process to order 

in the screening process. Thes e 

steps are briefly described below. 

A necessary part of the methodology which has s igni f i cant 

impact on each step, was the collection, review,and cataloging 

of available published and unpublished data on the geology, 

tectonics, hydrology, land use, ecology, etc. of the study 

area. These data provided the necessary information to 

complete the steps of the siting process. The collection and 

review of these data were based on the following assumptions: 
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• The data reviewed consisted of readily available data 

generated to the present date; 

• The review and evaluation of data were for probable 

utilization in a site identification process with the 

application of present-day technology; 

• The coverage and detail of data could vary depending upon 

the area in question; the data utilized for a regional 

assessment may not be the same as the data utilized for 

assessing considerably smaller areas. 

The process o f the data collect i on used for this study and a 

catalog of the data considered for use in t h is study are given 

in Volume II, Data Cataloging. 

3.1 Development of Screening Guidelines 

The ob j ective of this step in the siting process methodology 

was to establish guidelines for the screening process. The 

approach used in guideline development consisted of the 

following steps: 

• Define the overall goal and objectives for the proposed 

repository and their relationship to the siting study; 

• Define and establish the considerations that describe 

the concerns of each objective; 

• Define measures for each consideration, and establish 

the appropriate numerical screening guidelines for each 

measure; 
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• Review the guidelines with respect to completeness and 

sensitivity to changes in basic information used to 

develop the guidelines; 

• Select guidelines for use in the siting study. 

Figure II-1 is a flow diagram illustrating the various steps 

in the development of screening guidelines. The relationships 

between the overall goal of the siting study, ob j ectives, 

considerations, measures, and guidelines are illustrated in 

Figure II-2. These terms are defined in Table II-1. 

3. 2 Screening Process 

Th e o bj e c t ive of screening was to s y stematically and rap idly 

f ocus o n portions of the Han f or d Site where the li keli hood of 

finding suitable repository sites was high relative to other 

parts of t h e screening area. The proc e ss descr ibed her e a nd 

in the example presented at the end of this sect i on was 

designed to lead ultimately to the identification o f specif ic 

candidate sites. This report, however, covers only the f irst 

few steps o f screening leading to the identif i cat i on o f s ite 

l o cali ti es. 

On t h e completion of more detailed study of t h ese si te 

localities, specific candidate sites may be identified an d 

evaluated using the process described below. 

Each step of screening consisted of two sub-steps; selection 

of the guidelines to be applied in that step, and manual 

application of the guidelines on overlay maps of the study 

area. Two varieties of screening guidelines were used; 

inclusionary and classifying. Inclusionary guidelines are 

those for which a finite level of achievement must be reached 
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TABLE II-I 

DEFINITION OF TERMS USED IN GUIDELINE DEVELOPMENT 

Overall Goal: The first step in the siting process 
develop a formal statement of the overall goal of the 
that is, identifying acceptable sites for a nuclear 
repository. 

is to 
study; 
waste 

Objectives: A step in the siting process is to identify 
06Ject1ves that are to be addressed for meeting the overall 
goal (for example, maximizing public health and safety). 

Consideration and Measure: A step in the siting process in 
which objective issues are broken down into specific 
considerations for which a measure can be identified, and 
those specific considerations for which some level o f 
achievement is required are identified. For example, for 
surface faulting, which is a safety consideration for 
r ·epos i tor ies, the measure was distance of site from capabl e 
faults. 

Guidelines: A step in the siting process to establish 
guidelines which define the required level of achievement. 
These guidelines were used to include areas for further 
consideration and were referred to as inclusionary guidelines 
and classifying guidelines. These guidelines can change with 
time as they may depend on social, political, technological, 
and financial conditions. Additional siting work done in the 
future may use different and / or additional guidelines as 
conditions change. 

Inclusionary Guidelines: Inclusionary guidelines were 
selected to provide a mechanism for successfully reducing the 
study area (or remaining portions of the study area) under 
consideration and were not used to permanently or definitely 
exclude areas. Each guideline was chosen to represent an 
acceptable level of achievement of the pertinent objective, in 
terms of the consideration under study. Areas which met these 
guidelines were included for further studies because they had 
a higher probability of containing acceptable sites. Areas 
which did not meet these guidelines may also contain 
acceptable sites, but have a lower probability of containing 
such sites. As the study focused on those areas which 
continued to have the highest probability of containing 
acceptable sites, those areas failing to meet the inclusionary 
guidelines were not retained for continued study at this time. 
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TABLE II-1 (Continued) 

ClassifyinJ Guidelines: No minimum or maximum values are 
es tabl 1she for these guidelines. The interpreted value of 
the guidelines is used to classify each candidate area or 
subarea, with respect to the relative magnitude of additional 
safety safeguards and environmental restrictions that could be 
required to achieve an acceptable level of performance. The 
classifications are, in turn, used to identify groups of areas 
with similar characteristics as an aid to organizing more 
detailed analyses and field studies. 
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to meet siting objectives. An example is the proximity to 

hazardous facilities, a finite value likely to be imposed in 

licensing. Classifying guidelines are those for which a 

finite level of achievement is not required, but which can 

provide a basis for differentiation between areas. An example 

is potential land use, in which areas can be differentiated on 

the basis of their relative suitability for cultivation and 

irrigation in the future. It is preferable to locate 

potential repository sites in areas where the potential for 

intensive agricultural activity is low relative to other 

areas. 

Areas identi f ied by various screening guidelines were mapped 

on overlays. Portions o f the study area that failed to meet 

inclusionary guidelines were shaded. When several overlays 

(each one showing a different set of mapped 9uidelines) were 

superimposed, all shaded portions were outlined and r emove d 

from further consideration in the study. The boundaries o f 

areas defined by the mapping of classify ing gui d e l ines were 

transferred onto the composite map and was used in the 

evaluation and preferential identification of smaller portions 

of the study area considered in the subseq ue n t step of 

screening. At each step of screening, the res ults of an 

overlay-composite process were transferred to larger scale 

maps which are suitable for more detailed evaluation and 

mapping. This process is schematically i llustrated in 

Figure II-3. Section IV, following, is a hypothetical example 

of the application of screening guidelines. 

In this study, a distinction was drawn between screening 

guidelines that apply only to surface facilities during the 

operation phase and those that apply to subsurface facilities 

during the operation and/or isolation phase. This distinction 

recognized that portions of the subsurface facility (e.g., 

horizontal galleries) may be located logically and safely deep 
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beneath a portion of the surface which is not of itself 

suitable for siting a nuclear material handling facility. An 

example of this situation is a repository site located near a 

potentially hazardous industrial plant. For safety of 

operation of the waste handling and lag storage components, a 

minimum lateral setback of the surface facilities from the 

industrial plant could be required, but portions of the 

subsurface facility, protected by several thousand feet of 

basalt, might logically run beneath the industrial plant 1n 

question. In order to leave open the option of such a 

facility configuration, the surface-only guidelines were 

separately identified and carried forward into all steps of 

screening. This resulted in the identification of relatively 

small land areas (localities) having a variety of s u rface­

subsurface siting options. 

Areas in the Pasco Basin were screened 1 n thre e step s to 

identify site localities on the Hanford Site: a) candi date 

areas were identified based on regional considerations and 

guidelines; b) subareas were identified based on more detailed 

and localized considerations and guidelines; and c) site 

localities were delineated within the areas remaining. The 

development of the considerations and gu i delines used 1n 

screening are discussed in Section III, and implementation o f 

the screening process is 

localities (Figure IV-9) 

approximately equal size as 

discussed in Section IV. Site 

were drawn to define areas of 

constrained by the configuration 

of the most favorable siting area. 

3.3 Ranking Process 

The screening process, carried to completion, would result in 

the identification of a small number of candidate repository 

sites. The purpose of ranking is to differentiate among 

candidate sites in terms of the siting objectives developed 
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for the study. The current study terminated with the 

identification of site localities. The identification of 

candidate sites and their ranking would be the result of 

future work. 

Ranking 

analysis 

of the candidate 

approach. The 

sites 

basis 

may be based on a decision 

for the approach is that 

decisions are made on the basis of the data at hand, the 

decision - maker's judgments about the likelihood of the 

occurrence of various consequences given those data, and his 

preferences for these consequences. The dee is ion analysis 

approach breaks the problem into parts which are easier to 

analyze than the whole, and then puts the parts back together 

using a logical and s y s tema tic procedure. The procedure for 

putting the parts together depends on the decision make rs. 

The experience, professional judgment, and knowledge of the 

individuals res ponsible to the dee is ion maker for making the 

siting decision shoul d be utilized. Decision analysis 

prov ides procedures for formalizing the judgment s and 

preferences of the decision makers and integrating these 

elements to evaluate alternative courses of action. 

Figure II-4 is a summary of the basic steps of ranking whi ch 

are described below. A mo re detailed discussion of the 

decision analysis approach is presented by Keeney and Nair 

(1977). 

Step l: Structure the Problem. In this step, the 

alternatives (candidate sites) are identified, and the siting 

objectives and considerations, measures, and guidelines are 

chosen to identify and evaluate the sites. 

Step 2: Determine the Magnitude and Likelihood of Impacts. 

In this step, the consequences (costs, environmental impacts) 
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STEP 1 Defining and Structuring the Problem 

This step requires : 

• Describing alternatives; 

• Describing the existing environment ; 

• Identify ing potential areas of impact; 

• Establishing objectives (e.g., minimizing adverse impacts ) and measures of 
effectiveness in achieving these objectives; and 

• Identifying decision makers and interested parties. 

The chronology of the solution process is also established , and options for 
collecting additional information are specified . 

STEP 2 Determ ining the Magnitude and L ikelihood of Impacts 

• The impacts of each alternative are stated in terms of the speci fi ed 
measures of effectiveness. 

• If there are uncertainties, the Ii kel ihood of each possib le impact is 
quant ified . 

STEP 3 Determining the Preference Structure 

• The preferences of the dec ision maker (s) with regard to the ach ievement of 
the various objectives are quant ified . 

• The value tradeoffs between competing ob jectives are assessed. 

STEP 4 Evaluating the Alternatives 

• Information obtained in the f irst three steps is rationall y and consistent ly 
integrated to determine a course of action . 

FIGURE II-4 

STEPS IN THE RANKING PROCESS 
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of choosing each alternative candidate site are estimated, as 

are the uncertainty or variability of these estimates. 

Step 3: Determine the Preference Structure. In this step, an 

assessment is made of the relative importance of different 

levels of the same impact or cost, of the relative importance 

of one impact versus another, and of the role of uncertainty 

in the decision process. This assessment establishes the 

framework and rules whereby the consequences of choosing one 

site over another will be evaluated. 

Step 4 : Evaluation and Sensitivity Analysis. This st ep 

combines the information from the preceding steps in a formal 

analysis that results in a rank order of sites. This ran k 

order reflects the impacts 

pa r ticul ar site choice , seen 

structure assessed in Step 

ranking is then performed 

and 
in 

3 . 

by 

uncertainty surrounding any 
the context of the preference 

Sensitivity analysis of the 
varying the inputs to the 

evaluation and noting changes in the resultant rank order; the 

candidate sites or different points of view (preferences) that 

might be invol ved in evaluating the outcome of the siting 

study . 

4. EXAMPLE OF THE SCREENI NG PROCESS 

4.1 General 

The purpose of this section is to describe the screening 

process and the application of screening guidelines. 

Following is a hypothetical description of the screening 
guidelines for an example related to fault rupture. 
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4.2 Application of Screening Guidelines 

Most of the data used in screening are mapped. In general, 

this consists of the preparation of a base map, preparation or 

collection of source data maps, interpretation of these source 

data according to the guidelines, preparation of interpretive 

overlays 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 guidelines 

related to a set of considerations studied in a given step of 

screening. Each step in screening corresponds to a change in 

map scale or a change in the evaluation technique as the study 

focuses on smaller and smaller areas having progressively 

higher likelihoods of containing suitable repository sites. 

At the end of each screening step, the result is mapped. In 

steps where inclusionary guidelines are applied, the composite 

overlay map is the evaluation technique and the result. In 

steps where classifying guidelines are applied, the guidelines 

a re applied to maps and then evaluated. The steps normally 

employed in screening are listed below, and Table II-2 

contains definitions of the area designations used. 

• Identification of candidate areas 

• Identification of subareas 

• Identification of site localities 

• Identification of candidate sites. 

To illustrate the manner in which guidelines are applied in 

screening, the following example has been prepared. This 

example describes the consideration of fault rupture. It is a 
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TABLE II-2 

AREA DESIGNATIONS USED IN SCREENING 

Screening Area: For the purposes of this siting study, it is 
the Pasco Basin (approximately 1,600 square miles). 

Study Area: The area covered by 
site locality identification study 
miles on the Hanford Site). 

th is repository candidate 
(approximately 570 square 

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 are a 
covers several hundred square miles and is derived by the 
application of inclusionary guidelines.) 

Subarea: Portions of candidate areas that have a high e r 
potential of containing sites than other portions. Th e 
subarea is t ypically defined on a larger scale map than t hat 
used to identify candidate areas and is derived by t h e 
application of inclusion a r y guide 1 ines. Subareas represent 
r ef ine ments of candidate areas and ma y st i ll cover more than a 
h und r ed s q uare miles. 

S i t e Locality: Portions of subareas that have a higher 
potential of containing suitable sites for a waste repositor y 
than the rest of the s ubarea. (Typically , a site local i t y 
covers an area up to 40 square miles.) 

Candidate Site: A specific location with in a site locality 
cons ide re d to be suitable for l ocating a repository . Not a l l 
site localities may contain candidate sites; t hi s 
determination is made following field v isits to sit e 
localities and a detailed characterization of the s i te 
localities. (Typically, a candidate site may cover an area up 
to 10 square miles.) It should be noted that the current 
siting study described in this report does not proceed to the 
identification of candidate sites, but terminates with site 
localities. 
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useful illustration because it involves the application of 

both inclusionary and classifying guidelines at several levels 

during the progress of a siting study. A discussion of the 

consideration of fault rupture and the development of the 

guidelines which describe it are presented in the appendix to 

this volume. 

The consideration of fault rupture may be utilized at three 

significant levels in the siting study, and the guidelines may 

be applied to obtain candidate areas, site localities, and 

candidate sites. Prior to the application of the guidelines, 

however, an examination is made of the regional tectonic 

regime, g eo l o g ic structure , and historical geology in order t o 

evaluate the tectonic activity in t h e st ud y area. Using t h is 

information, the first application of the guidelines involves 

the use of the inclusionary guideline, which includes for 

further study ar e as gre ater than 5 miles f r om kn o wn f aults 

interpreted to be capable. To accomplish this, all k nown 

faults (observable on the scale of geologic maps being 

utilized) are identified on an overlay of the study Table II-2 

area. This over 1 ay becomes the data map depicting fault 

rupture (Figure II-5). The literature sources and t h e mapped 

rel a ti onshi ps of the faults are used to evaluate the age of 

movement of the faults. The faults ma y be categorized as 

follows: 

• Known faults interpreted to be capable ( based on mapped 

relationships and/or literature); 

• Known faults of unknown capability which appear to have a 

low potential for a fault capability evaluation; 

• Known faults interpreted to be noncapable (based on 

mapped relationships and/or literature); and 
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• Known faults of unknown capability which appear to have a 

high potential for a fault capability evaluation. 

The data map is then overlaid and lines are drawn representing 

the inclusionary guideline setback of 5 miles from known 

faults interpreted as being capable. The resulting map is the 

screening overlay for fault rupture which may be applied in 

the first step of screening (Figure II-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 (Figure II-6). 

Following the application of inclusionary guidelines (such as 

for fault rupture) to obtain candidate areas, other 

inclusionary guidelines and evaluat ion s are utilized to 

successfully reduce the study area so that subareas remain. 

The next use of the consideration of fault ru p ture invol ves 

the application of inclusionary and classification guidelines 

to obtain site localities. 

Using detailed geologic and st rue tural geologic inf orma ti on 

available for the subareas, known faults are again identified 

and categorized. In addition, the data are examined to 

identify lineaments and postulated faults or structures. This 

information is compiled onto overlays of a large-scale base 

map of the subareas and the inclusionary guidelines are 

applied. If a known fault is interpreted as being potentially 

capable, a 5-mile inclusionary setback is applied (see 

Section III 3.1.4). If a known fault is interpreted as 

being noncapable, the setback is one-half mile, as illustrated 

in Figure II-7. Following the application of the inclusionary 

guidelines, the remaining area is evaluated with respect to 

location and orientation of lineaments and postulated 

faults. That is, the areas farther away from postulated 

faults and lineaments are judged to be preferentially better 

than those closer. 
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After the inclusionary and classifying guidelines for fault 

rupture are applied, the results are combined with the results 

of the application of other classifying as well as 

inclusionary guidelines. The areas remaining, following the 

application of all inclusionary guidelines, are evaluated, and 

site localities that have the most favorable characteristics 

are preferentially identified in the subareas. For example, 

using only the consideration of fault rupture (Figure II-7), a 

site locality may be identified because the area is not in 

close proximity to the lineaments. Thus, the location appears 

to offer t he most favorable characteristics in the subarea 

reyarding the cons ideration of fault rupture. 

The final application of the cons id era t io n of fault r u!) ture 

involves t he subjective evaluation of the site localit ies ' 

location and 

this step, 

proximity to the mapped geologic structures. 

candidate sites are identified through 

In 

the 

compa rison of the site localities and their respective 

relative proximities to mapped faults and fault systems. 

Candidate sites may be identified in those parts of all site 

localities that appear to be the least affected by mapped 

geologic structures . Alternatively , candidate sites may be 

identified only 1n those site localities which appear to be 

relatively free of mapped structures or unaffected by mapped 

structures. Thus, the identified candida te sites would have a 

higher likelihood of containing suitable repository sites with 

respect to the consideration of fault rupture. 
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III. GUIDELINE DEVELOPMENT FOR ~CREENING 

1. GENERAL 

The overall yoal of the site locality identification study was 

to identify areas suitable for a nuclear waste repository. In 

the context of the current study, this meant identifyiny site 

localities on the Hanford Site through a screeniny process 

beginning with the Pasco Basin. Working objectives associated 

with tn is overall goal were a) to mi nirni ze adverse conditions 

affectir.':i public health and safety, b) to minimize adverse 

environmental imfJacts, and c) to minimize the cost associated 

with the development and construction of such a re 2ository. 

Corollaries to these obJectives were a) that the i dentified 

site localities snoulu be capable of containing candidate sites 

r,,eet in '::J the desirea fJerrormance characteristics of a 

repositor-y, ana b) that these site localities are suitaole 

within the regulatory , leyislative, and public acceptance 

tra1i1ework. These objectives anu their corollaries 2 rovided t:1e 

octsis for the development of the siting ~uideiines. 

The approach to th~ d evelopment of siting yu idelines consisted 

of the following stef)s, which are illustrated in Figure II I -1. 

• Identify and evaluate the baseline conditions which 

described the proposed nuclear waste repository, its 

~hysical characteristics and properties, and its expected 

performance characteristics. These baseline conditions 

provided a basis for the development of yuidelines. 

• Develop the guidelines using the baseline information. 

These guidelines were developed to meet the obJectives 

concerned with public health and safety, environmental 
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impacts, and system cost. , In addition, the 

were based on the existing licensing and 

guidelines 

regulatory 

framework for nuclear facilities and the anticipated 

framework for nuclear waste repositories. These 

guidelines were reviewed and the revised guidelines were 

were used in screening to identify site localities on the 

Hanford Site. 

2. BASELINE CONDITIONS USED IN GUIDELINE DEVELOPMENT 

An essential part of the development of siting guidelines was 

the identification and selection of basic information or data 

that established baseline conditions describing a reference 

nuclear waste repository. This information provide d 

q ualitative and quantitative descriptive and f aci l ity 

performance information which provided a basis for estab lis h ing 

nwner ical guidelines in the siting process. For e xam r-, l e , t he 

size or acreage of a desired facil i t y must be estimated, 

otherwise areas might 

small to contain the 

De identified wh ich are physically too 

proposed facility. Table III-1 is a 

summary of t.he baseline conditions used in guideline 

deve l opment.. 

2.1 Discussion 

The baseline conditions summarized in Table III-1 were derived 

in two ways: a) by using Rockwell preconceptual repository 

design guidance and performance characteristics of the 

repository and waste; and b) by evaluations of the wee project 

team. The following dis cuss ions briefly describe the 

categories of information contained in Table III-1 and the 

derivation of the baseline conditions in each category. 
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Category 

Facility 
De script ion 

TABLE I I I-1 

BASELINE CONDITIONS USED IN GUIDELINE DEVELOPMENT 

Item 

Type of Facility 

Total Area (surface 
facilities) 

Nominal Configuration 
(surface facilities) 

Nominal Volume of Rock 
Spoil 

Power Supply 

Water Supply 

Depth to Repository 

Area (subsurface) 

Repository Expansion 

Design Basis Earth­
quake 

Value or Condition 
Used in This Study 

Receiving and handling 
facilities may have Cat. I 
components 

2. 2 square miles 

1.6 x 1.4 miles 

24 X 10 6 to 32 X 10 6 

cubic yards 

Dedicated 

Onsit e we lls, with cooling 
towers 

2,000 to 4,000 feet 

Approx. 10 square miles 

Expansion of repository is 
probable in future 

Facilities will have SSE/OBEa 
evaluation and reviews 

Source or Basis 

Rockwell 

wee 

wee 

Rockwell 

Rockwell 

Rockwell 

Rockwell 

Rockwell 

Rockwell 

Rock we 11 
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Category 

Waste 
Description 

Repository 
Host Rock 

Pecformance 
Charac­
teristics 

TABLE III-1 (Co n t inue d) 

Item 

Type of Waste 

Waste Fann 

Total Time Per-iod of 
Waste Inv entor- y to 
be Stor-ed 

Period of Waste Aging 

Retrievability of 
Waste 

Type 

Flow Thickness 

Flow Dip 

Strata Continuity 

Time Fr-ame 

Val ue or Condition 
Used in This Study 

SURF, LL-TRUb (IL-TRU, HLW, 
CW as alternatives to SURF) 

Sol id 

1973 thr-ough 2000 

10 years minimum 

Up to 25 year-s after 
emp lacement 

Basalt of the Columbia River 
Gr-oup 

100 feet minimum 

Less t han 5 degr-ees is 
optimum condition 

Flows >100 feet thickness 
of for-mations within basalt 
of Col umbia Plateau are 
continuous for at least a 10-
mi.le radius f rom sour-ce 
of stratigraphic data 

Oper-ational phase: 60 years; 
isolation p hase up to 
10,000 years 

Sour-ce or Basis 

Rockwell 

Rockwell 

Rockwell 

Rockwell 

Rockwell 

Rockwel 1 
Rockwell 

Rockwell 

Rockwell 

wee 

wee 
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Category 

Legal and 
Licensing 

TABLE III-1 (Continued ) 

Item 

Radiation Releases 

Natural and Man-Made 

Climate 

Geologic and Tectonic 
Conditions 

Licensing Authority 
State Sanction 

Value or Condition 
Used in This Study 

Within 10 eFR 100, 10 CFR 20 
during operational phase 

Sealing and plugging works 
and future boreholes do not 
penetrate repository 
Natural isolation barriers 
are effective over the 
i so 1 a t i on pe ri o d 

Future climatic changes 
are considered to affect 
all ar e as of the Columbia 
P 1 a t e a u eq u a 11 y 

The geo logic and tectonic 
processes, patterns, and 
conditions existing at 
present in the Columbia 
Plateau region are likely 
to be similar over the 
next 10,000 years 

Th e repository will be 
licens ed by and under the 
authority of the NRe 
St a te laws prohibiting 
nuclear waste storage are 
not considered for the 
t ech ni ca l purposes of 
thi s study 

Source or Basis 

wee 

wee 

wee 

wee 

wee 
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Category 

System 
Economics 

Environmental 
and Socio­
Economic 
Conditions 

Ownership 
and Control 

Item 

Total Cost 

Administr a tive 
Control 

Ownership and 
Control 

TABLE III-1 (Con t inue d ) 

Value or Condition 
Used in This Study 

Co s t compon e nts are con­
st r uc tion and site prepara­
ti o n cost, facility cost 
for d es ign a gainst natural 
and man-mad e hazards, cost 
of mitigation of impact, 
and ope r at i n~ cos ts 

Considered to be similar 
t o t he pre s e nt framework, 
th ro ug h ope rating phase 

Own e r s hi p an d control of 
r epos itory area and mineral 
an d wa t er ri g hts will be 
under go ver n me nt au t hor ity 

a 
b 

SSE - Safe Shutdown Ear thq uake ; OBE - Opera ting Bas is Earthquake 
SURF - Spent unreproc e ss ed f ue l; LL-TRU - Lo w-leve l t ransuranic waste; 
IL-TRU - Intermediate- leve l t ra ns urani c was t e ; HLW - High - level waste; 
CW - Cladding wast e 

Source or Basis 

Rockwell: Based o n Roc kwell fil e s 

wee: Value s ba s e d o n wee fil e s o r es t a bli s he d b y wee project t eam 

Source or Basis 

wee 

wee 

wee 



2.1.1 Facility Description 

The majority of the information in this category deals with the 

physical dimensions, geometry, and types of facilities that are 

expected or planned for the surface and underground components 

of the nuclear waste repository. The maJ or i ty of these data 

are derived from Rockwell files. These baseline 

conditions provide data significant to develoi:)i:-1g screening 

yuidelines dealing with radiation releases, system costs, and 

environmental impacts. For example, the size of the surface 

facility wi ll affect how guide lines are developed fo r assessing 

site j? repa r at ion costs where topog raphy, access, and usaule 

land area 1r.a y be imp or tan t. 

2 .1. 2 ~aste Description 

The da ta listed under waste description affect the raaionuclide 

invento~y and thus influence tne potential e mi ssions fro m 

repository facilities. A knowedge of poten t ial emissions is 

i mpor tant oecause this fac t cr impacts the setback distance from 

population centers, which is an important sit i ny y uiaeline. 

Operatiny e missions have oeen fo und to be similar to those for 

a nuclear power plant; thus, the siting yuidelines concerniny 

operational radiation releases from a repository are similar. 

The analysis used to compare operating emissions of 

repositories and nuclear power plants is given in Volume II, 

Appendix D. 

2. l. 3 Repository Host Rock Characteristics 

The baseline conditions provide information concerning the 

strati9raphic characteristics of the proposed repository in 

basalt. These data provide limits around which the guidelines 

can be built. For example, to require that the host rock must 

be within the Columbia Plateau basalt provides a stratigraphic 
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limit around which guidelines can be developed. Likewise, a 

minimum flow thickness of 100 feet provides another 

stratigraphic limit. 

2.1.4 Performance Characteristics 

The information in this category includes reference conditions 

concerning the time frame of the repository, radiation 

releases, and the long-term stability of the repository and its 

enviromnen t. 

A baseline condition that 

guideline development is the 

has a significant impact upon 

time frame. It is particularly 

important in the selection of guidelines concerned with long­

term geol ogic stability. 

Various pr-oposals for the isolation phase have ranged fr-om a 

few hundred years to 100 ,000 yea rs (National Academy o f 

Sciences , 1978). Su c h a wide r-anye in time can af f ect 

guideline development. To arrive at an estimate for the 

isolation period time frame, the types ot wastes expected to be 

stored in the repository and their decay rates were 

evaluated. This evaluation suqgests that the radioactivity o f 

the wastes decays by approximately five orders of magnitude in 

the period of 3,000 to 10,000 years. In addition, Cohen (1977) 

and the NRC (1978b) suygest that the health hazard of the 

raaioactive waste decreases siynificantly between 100 and 1,00 0 

years. Because of the uncertainty of the effects of low-leve l 

radiation ana the toxic effects of the waste, 10,000 years was 

selected for the isolation time frame. The operational time 

frame of 60 years is an estimate. 

2.1.5 Other Categories 

The remaining categories are concerned with legal, economic, 

and socioeconomic conditions of the proposed repository and/or 

environment. 
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2.2 Information Considered But Not Used 

In addition to developing the baseline conditions for use in 

guideline development, certain considerations regarding rock 

mechanics, natural hazards, etc., were found to be not 

applicable to the formulation of siting guidelines. These 

cons ide rations either were generally too broad in scope and 

could not be used to differentiate one area from another or 

were too detailed such that data with which to differentiate 

areas do not exist. Table III-2 lists examples of specific 

considerations which were examined for use in guideline 

development, but were fou nd to be not applicable or could not be 

utilized. 

3. METHODOLOGY AND RESULTS OF GUIDELINE DEVELOPMENT 

The methodology used to develop site locality identifica tion 

guidelines and the results of guideline development are 

presented i n th i s sect ion. The word "g u i deli n e, " as used h ere, 

means a s et of rules chose n to g u i de a s i t e i dent i f i cat i on 

process through screening and ranking. However, in the cont ext 

of the site locality identification study for the Hanford Site, 

the guideline development described below concentrates on 

screening guidelines. 

Some guidelines are said to be "inclusionary," meaning they are 

used to include areas for further consideration in the study. 

Other guidelines are said to be "classifying," meaning they are 

used to classify or characterize smaller areas as an a id to 

evaluation. More detailed definitions of the guidelines are 

included in Table II-1. The general approach used to develop 

the siting guidelines, a review of the implementation of this 

approach, and a presentation of results (the guidelines) 

follow. 
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TABLE III-2 

EXAMPLES OF CONSIDERATION EXAMINED FOR 
GUIDELINE DEVELOPMENT BUT NOT USED 

Consideration 

Meteorite Impact 

Severe Weather 

Mechanical, Chemical, and 
Physical Interactions 
Between Waste and Rock 

Future Socioeconomic 
Development 

Repository-Induced 
Seisrnicity 

Continental Glaciation 

Remarks 

Meteorite impact is considered 
to have the same probability 
throughout the Pasco Basin and 
cannot be used to differentiate 
areas 

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

Information on these considera­
tions will generally not be 
available in enough detail to 
differentiate areas on the basis 
of these properties and interac­
tions 

Adequate information does not 
exist to predict and assess 
future socioeconomic develop­
ment for the isolation phase 

Available information regarding 
potential repository-induced 
seisrnicity will generally not be 
adequate to differentiate areas 

Direct effects of past continen­
tal glaciations have not af­
fected the study area. Informa­
tion does not exist to predict 
the future effects, if any, 
within the study area to 
adequately differentiate between 
areas 
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3.1 A);)proach, Implementation, and Results 

The basic logic of the approach began with articulation of 

oojectives of the repository sitiny decision and proceeded 

systematically to refine these objectives and identify means of 

measur ins achievement of the obJ ecti ves. The results of this 

process were the guidelines. Sites identified by the 

guidelines can be shown to meet minimum levels of achievement 

of the siting objectives used. The steps in the approach are 

shown scheraatically in Figure III-2. 

This approach was selected t o meet anticipated regulatory 

ayency requirements fo r an objective and systematic site 

identification method and to provide a mechanism for 

traceability and documentation in the project record. For 

e x amp l e , any s i t e lo ca l i t y id e n t i f i e d on the ba s i s o f these 

yui d elines may be discussed and evaluated in terms of the 

s iting obJectives set forth at the outset of the study; and the 

decision to include or remove any area or locality may be 

traced through the guidelines to systematically applied rules 

that are airectly re lated to sitiny obJectives. 

3.1.l Key Ass umptions 

The key assumptions guiding the site locality identification 

study are provided in Section II of this volume and are 

restated below. They are important to the development of 

screening guidelines in providing additional bases for 

imE,Jlementing the approach and r,1ethodology. 

• The repository will require licensing involving the NRC, 

other federal agencies, and possible state and local 

entities. 
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• 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 facility will be similar. 

• Nominal design and performance characteristics of the 

repository have been estimated; these have been discussed 

previously as yiven basic intormation. 

• The long-term, safety-related characteristics of the host 

rock system can be estimated and used in the selection of 

guidelines; similarly, appropriate Judgments can be made 

regarding long-term social, economic, and political 

consid erations applicable to repository siting . 

• The repository w i 11 be designed for two time frames; a 

re lat ively short emplacement and retrieva l phase and a 

much longer isolation phase. 

• The site locality identification study will be based on 

available data; siting guidelines will be based on 

currently available technology. 

It is further assumed that forthcor.iiny repository licensing 

reyuirements will be written by, or adapted in the style of, 

the NRC. In the interim, existing NRC regulations pertaining 

to other nuclear fuel cycle f ac il it ies (mining, enrichment, 

fuel fabrication, power reactors, fuel re_f?rocessing and fuel 

handling, and s to rage) provide a reasonable bas is for 

estimating the scope of siting considerations and the degree of 

conservatism appropriate to repository licensing. 

3.1.2 Objectives 

The first step in the approach to develop guidelines was the 
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establishment of objectives for the siting decision. The 

overall goal was to identify "suitable" sites for a nuclear 

waste repository and its 

have a high probability 

associated surface facilities that 

of being licensed. Existing and 

anticipated regulations, national and state environmental 

legislation, and principles of sound engineering practice 

provided basic guidance for the in terpre tat ion of the word 

"suitable" and, hence, for the articulation of more precise 

siting objectives. Each objective derived from this intitial 

interpretation was serially refined and restated in 

increasingly greater detail to reflect specific characteristics 

of the repository facilities, as well as conditions an d 

concerns with the study area. The hierarchy of obJectives thus 

establ isheci provided the framework for choosing and applying 

guidelines to identify site locdlities. 

In a November 1978 p ro l.Josed general statement of policy for 

licensiny requi rements to r a repository (NRC , 1978a}, the NRC 

indicated t hat the proposed repository application would 

require a site safety review and would be required to compl y 

with the National Environmental Policy Act (NEPA}. From these 

conditions and f rom past siting and licensing experience with 

the NRC, it was deduced that, for a repository sit e to be 

accertec.i as suitable by the NRC, the 

following obJectives: 

site must meet the 

• Maximize public health and safety 

• Minimize adverse environmental and socioeconomic impact 

• Minimize cost necessary to attain the requisite levels of 

safety, as well as costs of mitigation. 

The 

that, 

high 

overriding 

through 

concern for safety considers the possibility 

levels 

biosphere. 

an 

of 

The 

accident or routine operation, unacceptably 

radioactivity will be released to the 

objective of maximizing public health and 
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safety was 

could be 

radiation 

then restated to bear on conditions or events that 

associated with the causes or consequences of 

releases from a repository. These conditions or 

events were grouped into natural hazards, man-made hazards or 

even ts, and repository-induce d even ts. The safety objective 

was then particularized to state: 

• Maxim ize public healch and safety in relation to 

Na tural hazards 

Man- made hazards and events 

Repository-induced events. 

Implied here is that achievement of this obJective is related 

to the p revention or minimization of the possiolity or 

consequence of r adiatio n releases to the biospher e . Ot her non­

radioactive byproducts or emission streams, while thought net 

to be significant to repository siting, were also considered in 

this ooJective. 

The environmental objective was derived from NEP~ - (42 USC 

4341), which requires the appropriate federal agency ( in this 

case, the NRC) to account for environmental fa ctors in its 

decision-making process and to align its decisions reasonably 

with national environmental pol icy guidelines. In pr act ice, 

this means that the site identification p rocess 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 

considerations. "Environment" as used here refers to both the 

natural and man-made environments. The time frame covered by a 

NRC environmental review covers all phases of repository 

development, use, and decommissioning. Therefore, the 

environmental objective was particularized as: 

III-16 



• Minimize adverse environmental and socioeconomic impact 

related to 

Construction 

Operation 

Closure and surveillance. 

The cost obJective was 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 alternative sites. The cost objective was 

particularized by stage of repository development: 

• Minimize system costs related to 

Construction and impact mitigation 

Ope ration and maint e nance 

Closure, decommissioning, and surveillance. 

The three major ob :;ectives (safety , envi ronmental , and cost) 

were cons ide red to embrace the totality of concerns pertinent 

to a siting decision. Two major practical objectives of a 

siting dee is ion are; maxi mize l icensabil i ty of the p ro po se d 

facility and maximize p ublic acceptanc e . Both of these 

ObJectives were consi de r ed to be inhere nt 1n the sa fe t y, 

e n v i r o n.li1 e n ta l , and cos t o b J e c t iv es : th a t i s , a s i t e local i t y 

that achieves highly on all obJ ectives should be licensable, 

and the siting decision should be acceptable to the public. 

3.1.3 Considerations and Measures 

For each of the general objectives established in the above 

step, one or more "considerations" or technical matters of 

concern were identified to describe the subject matter that 

must be addressed in order to orient the siting study toward 

achievement of the objectives. The considerations reflect 

character is tics, conditions, or processes in the study areas 
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that may affect suitability of a repository site. An example 

of a consideration related to a safety objective is fault 

rupture which is a technical matter that must be addressed in 

the siting study to assure achievement of the safety objective. 

For each consideration, a measure was selected or developed to 

allow differentiation between areas or localities in terms of 

the consideration . Using fault rupture as an example, a 

measure may be stated as the distance from capable faults and 

those interpreted to be capable. This measure provides a means 

of assessing the degree to which a repository at any location 

1n the study area can achieve the objective of maximizing 

safety in relation to fault rupture. 

The selection of considerations was based on the nominal 

repository design and performance characteristic estimates , the 

pertinent regulatory guidance, and assessment of t h e natural 

and man-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 manifestatio n of 

signi fic ance at all locations in the study area, it was not 

included in the set. For example, meteorite impact was 

estimated to have an equal prob ab i 1 i ty 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-term operating time frame and the long­

term isolation time frame. 
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The choice of measures for the considerations was based o n 

prior NRC licensing experience and relevant regulatory 

positions, on the availability of data, and on the need t o 

portray as many of the measures as possible on maps. In man y 

cases, the measure was used as a proxy for the siting 

consideration or its associated effects. For example, t he 

ground mot ion consideration is measured in miles; the mot i o n 

itself is traditionally measured in terms of acceleration. I n 

this study, the range of acceleration levels was inferred from 

a magnitude-acceleration attenuation relationship, and t he 

magnitude was estimated from a fault rupture length-magnitude 

relationship. On a map, this consideration was portrayed as a 

distance (in miles) from faults of different lengths; t he 

distance representing a range of acceleration leve l s. 

Th e considerations and measures selected appear in Tabl e II I - 3 

and are f urther e xplained in the append i x to th i s vol ume . 

3.1.4 Establishment of Guidelines 

For some 

r equired 

considerations, 

or implied by 

a specific level of achievement wa s 

statute, regulation, techno l ogi cal 

limitations, or gross e conomic considerations. In these cases , 

a limit was established for the appropriate measure. The v a lue 

o f the measure at which the l imit was set was an inc l usionary 

guideline. The limit was used to identify locations that me t 

the minimum requirements for that consideration. In the faul t 

rupture example, it is generally accepted by the sc ien ti f ic 

community that most effects of fault rupture (surface rupture, 

lurching, severe deformation, etc.) occur within 5 miles of the 

capable structure (Bonilla, 1967). In addition, it is general ly 

considered difficult to accommodate in design for fault rupture 
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Consideration 

TABLE III-3 

SUMMARY OF GUIDELINES USED FOR SCREENING 

Measure 
l ;u idt! I in L! 

( 1) 

OBJECTIVE: MAXIMUM PUBLIC HEALTH AND SAFETY 

A) Natural Hazards 

1) Fault Hupture 

2) Generation of 
New Faults 

3) Ground Motion 

a) Horizont a l and ve rtical a) In c l ude a r eas . 5 mil es , hor i zonta lly 
and v0 1 t i ca l l y , f r om kno.,n faults 
int erp , <.:ted t o Ile capab l e 

distance from kn own faults 
interpr e t e d t o be ca pabl e 

b) In c l ud e a r eas >5 mil es , ho rizo nt a lly 
and ve rti ca lly, from known faults 
wh ose c ~~ab iliLi es are unknown whi c h 
have l o w po t e ntial f o r a capab ility 
e valu at i o n 

b) Horizont a l and ve rtical a) In c l ud • area s · O. S mi l e fr om kn own 
fault s int e rpr eted t o be no t ca pable 
.Jnd frum zo 11 Qs o f fr ac tur in<J a nd 
j o int i rllJ 

distanc e from kn own f au lt s 
interpret ed Lo be not 
capable a nd zones of 
fra c turing and j o inting 

c) Locati on with r espec t to 
lineaments and pos tul a ted 
faults 

Location with re s pect t o 
future potentially capable 
tectonic structures 

Location with r espect to 
potential earthquak e so ur ces 
and estimat ed l evels o f 
ground mot i on 

b) In c lud e a r as 0 . 5 mil e from known 
fault s wh o se ca ,, b i li t ie s are unf,nown, 
but which !r a ve a h i gh pot en tial for 
a capa hi Ii ty eva luati o n 

Evalu a t e a r eas on basis o f pr o ximity t o 
linea r f ea tur<.: s (lin ea ments) as int e r ­
preted fr o m rem o t e se nsing and geo phy s ­
ical da L.J ,111J µos t ulatod faults 

In c lu d e ar eas ~ mil es fr om f o l ds in ter­
pret e d t o lie caµah l e o f form ing ne w 
fault s 

a ) In c luu c areas th a t may be subject t o 
, 401 y pea k s urf.J ee acce l e r a tio n 
fr om kno.,n a nd int e r p r eted ea rthquake 
sources 

Po ss ible Use 
To Obtain 

Candidate Area 

Site Locality 

Cand idate Area 

Site Locality 

Subarea 

Subar e a 

Site Locality 

Ca ndidate Area 
Sit e Locality 

Cand id ate Area 

Applicability 
and Time Frame 

( 1) ( 2) 

0 and 

sand u 

O and I 
Sand U 

C and I 
sand u 

0 and 
Sa nd U 

O and I 
sand u 

(1) 0 = Operation Phase (0 to 60 years); I = I so l a ti o n PlrJ s e (1 0 ,QOO yea,s ) 
(2) Applicability of guidelines to th e s urfac e ( S ) repo s it o r y f ac 1l1L1 es a nd /o r th e s ub s urface (U) repo s itory facilities 
(3) See Appe ndix for discu ssion of quan tita tiv" aspec ts o f 9uich., J ines 
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4 ) Tectonic 
Movement 

5) Ground-Water 
Contamination 

6 ) Flooding 

TABLE III-3 (Cont~nued) 

Me a s ur e 

Location with respec t t o 
potential bed r oc k f o ldin g 

Location with re spec t t o 
natural a nd ma n-mad e d i s­
charg e ar ea s 

Height above se l ec t ed fl oo r 
level 

Guide lin e 
( 3) 

Possible Use 
To Obtain 

b) In c lud e a r eas • 12 mil e s from felt epi- Candidate Ac e a 
ce nt e rs • MM V a nd , 6 miles fr om instru -
me nt a l ep i ce nt e r s > magnitud e 4 .0 whi c h 
occ ur in co nce ntrati ons or clusters 
a s int e r p r e ted fr om historica l ear th-
qu a ke epi ce nter plot maps 

c ) Eva lu a t e a r e as and the ir loc ations Site Locality 
with re s pe c t t o isolated earthquakes 
o f e pi ce ntral intensities> MM V and 
mag nitude · 4 .0 , bas ed o n e sti ma t ed 
l oca ti o n e rr o r s and g eo logi c and 
t ec t o ni c se tting 

d) Ev a lu a t e a r e as a nd their locations with Si te Locality 
r espect t o shallow (< 35-mil e de pth) 
mi c r oearthquakes based on location 
e rr o r, geo l ogi c and t ec t onic s e tting, 
a nd l oca l a nd r e gional str e ss regime 

Evalu a t e ar eas on ba s is of pr oximity to 
bed r ock fo ld s ( a nti c lines , sync lines, or 
mo noc li ncs) 

Ev a lu a t e a r eas o n bas is o f dist a nc e from 
di sc ha r ge a r eas a nd int e rpr e t ed contami­
na nt tr ave l ti me 

a ) In c lud e a r e a s o utside of primary 
fl oodplain s and published maximum 
fl ood l e ve ls 

b) Eva lua te a re as o n basis of height 
abov e p rim a ry f l oo dplains and esti ­
ma t ed pu b li s hed max i mum fl ood l eve l s 

c) ev a lua t e a r e a s o n ba s i s of loc ation 
with r espec t to are as wh e r e catas­
tr ophi c fl ooding (i. e ., Spo kane 
fl ood s ) has occ urred in Quat e rnary 
L i 1111.! 

Site Locality 

Site Locality 

Subarea 
Site Locality 

Site Locality 

Site Locality 

(1) 0 = Operation Phase (0 to 60 yea r s ); I = I so l a ti o n Ph~ sc (10,000 yea r s ) 

Applicability 
and Time Fe ame 

( 1) ( 2) 

0 and I 
Sand U 

0 and I 
Sand U 

O and I 
Sand U 

I 
u 

u 

0 and I 
s and u 

I 
u 

I 
u 

(2) Applicability of guide lines t o th e s urf ace (S) r e pos it o ry f ac iliti es a nd / o r th e subsurfa c e (U) repository facilities 
(3) See Appendix for disc ussi on of q ua nti t a ti ve a sµccts of ~uidc li nes 



H 
H 
H 
I 

N 
N 

Consideration 

7) Volcanic 
Effects 

8) Future New 
Volcanic 
Activity 

9) Ground Failure 

10) Erosion/ 
Denudation 

TABLE III-3 (Continued) 

Mea sur e 

Distanc e fr om Qu a t e rn a ry 
ash fall s o ui:ces 

Location with r espec t t o 
probability of ne w vo l ca ni c 
sour c es 

a) Lo c ati o n wit h r espec t t o 
land s lides a nd po t en tial 
land s li des 

b) Char ac t e ri s ti cs o f 
foundati o n c onditi o ns 

Locati o n with r es pect t o 
po tenti a l a r eas o f e r os i on 
or d e nud a ti o n 

Cu i de line 
( 3) 

Evalu ate a r eas o n bas i s of e xpos ur e t o 
t e phr a fa ll f r o m Quate rn a r y s tr a t o­
vo l ca noes : 

> ] 50 111i l es Lo SOll lCC 

4 0 L o l SU miles Lu sout-c l.! 

... 4 0 1111 l l ..! S Lo source 

Eva lu a t e a r eas o n bas i s of p r oba bility 
and p r o x im i ty t o a r eas o f int e r p r e t e d 
ne w vo l ca ni c so ur ces a nd eff ec t s 

a ) In c l ude a r eas no t o n mapped land s li des 

b ) Eva l ua t e areas on bas i s of probab ility 
of lantls l id i n9 : 

A - Lo w p r o l> at, i l i t y o f a 1 a nds l i de 

8 Sli ght p r obab ilit y of a l a nds l i d e 

C lli <j hc,r pr o bab i 1 i t y o f a l a nd s lid e 

Eva luate gene r a l founda ti o n co nditi o n s : 

Bed r ock area ( 0 l o 20 feet conso lidated 
nlil l er i a l ) 

Sh c1 ll ow ,ll l uv1.1 ! -irl.!.1 (LO lo l ll 0 fee t 
u1H..:o n so l idu l i..:d mc1L!...!riu l) 

Dee p alluvi ,J] an.:a ( - 100 feet 
unconso l itlalc.:J mc1t..,ria l) 

a ) I nc l ude a r eas ,0 . 5 mil e fr om s t eep­
wa ll ed ca nyons o r s l o pes 

tJ} tv , l ua t e a t c~1 s o n tJas i s of e l evation 
o f under,Jro 11 ntl r epos i to r y al>ove 
hase l eve l: 

Possible Us e 
1'o Obtain 

Subarea 

Subarea 

Sit e Locality 

Suba re a 

S it e Loca lity 

Appli c ability 
and Time Frame 

( 1) ( 2) 

0 
Sand U 

u 

0 
s 

0 
s 

0 

u 

I 
u 

(1) 0 = Operation Phase (0 t o 60 yea r s ); I = I so l a ti o n Ph ase (10, 000 yea r s ) 
(2) Applicability of guid e lin es t o t he s urf ace (S) r epos i to 1y f ac iliti es a nd / o r the s ub s urf ace (U) repo s ito r y facilities 
(3) See Appendix for disc us sion of quan t itat i ve a spec t s of <JUide l ines 
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TABLE III- 3 (Continued) 

Co nside ration Me.J S U I 0 

11) Stratigraphic a ) Bedroc k dip 

B) 

l) 

Charac t eristics 

Man-Made Hazard s 

b ) Prese nce of s uitab l e 
strat i yraphi c 
character i s t i es 

c ) Thi ck ness of unde rl y ing 
basa lt 

Air craf t Impact a ) Di s t ance fr om a irpo rt s 

(;u j Li e 1 j n c 
(l) 

A He pos it o ry e l evat i on be l o w base 
l eve l ( sc~ l eve l ) 

A Repos iL o r y e l e vation above base 
l e ve l (sea l eve l) 

Evaluat e ar eas on bas is o f bedroc k d ip: 

0 t o 5 deq r •....:s 

5 L O I ll U L!<J l ..:L!S 

In c l ud e ar cau wh e r e basa lt fl ows with de­
sir ab l e, i nlcrna l s t,uc ture d e n s ity, ~or­
os it y , exLcnl , co nLi nuity, e t c. are >100 
fe e t Lh ick 1,ithin t he pro posed r epos itory 
deplh zo ne, 

In c lud e area s wh e r e thi c kness o f under­
l yiny r e pos i t o ry hos t r oc k-type material 
a t Lh c r e pos it o r y d e pth i s >500 f ee t 

a ) ln c lu cl c a r eas -5 mil es fr om a irports 
sho~ n o n s t a t e a ir po rt plan s , accom­
mod a t ing a i r c ra ft , 1 2 , 500 po unds gross 
we i ght o r an y mi Ii tary airpo rt 

b) Fo r a irpo rt s wi l h 1 2 , 500 operat i ons 
pc , yc,.1r , but l ess than 50 ,00U, i n­
c l ud 0 .J r l.! ..1 s ·. d in i l es f r om a i r l)O r t : 

Possible Use 
To Obtai n 

Site Locality 

S ite Locality 

Site Locality 

Candida t e Ar ea 

C:anchnate Are a 

Applicability 
and Time Fr ame 

(l) ( 2 ) 

0 
u 

O and I 
u 

0 and 
u 

0 
s 

0 
s 

(1) 0 = Operat on Ph ase (0 t o 60 year s ); I = I so l a tion Pt:i asc ( 10 , 000 yea r s ) 
( 2 ) App li cabil ty of guid e lines LO t he s urface ( S ) r epo s 1t o ry _f ac 1l1t1 es and /o r th e s ub s urfa ce (U) repos itory facilities 
(3) See Append x for d1sc uss 1o n of q ua nt1 La t1 vc as pec1- s o f <J11 1cl c l 1nc s 
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2) Hazardous 
Facilities 
(Reactor and 

De tense 
Faciliti e s ) 

3) Transportation 

TABLE III-3 (Con tinued) 

Me a s ur e 

b) Lo ca t i uns wi LI , r espec t t o 
comme r cial j e t routes 

C ) 

and military r o ute s 

Location with r espe ct 
t o r estr i c t e d a irspa c e 

c;uid \..! lin ~ 
( 1) 

c ) f o r a ir po rt s with 50 ,000 t o 100 , 000 
ope r a ti o ns pe r yea r, 10 mil es from 
d i r po , t. Fo r a irpo rt s with > 100,000 
o pe r a ti o n s pe , ye a r inc lude a r e as •d 
mil es 11 0 111 il i rµo rt 

d - ✓n. uo1 ( c, 1><· 1· . ,t io ns ) 

Eva lu d t e d 1ea s with r espe c t Lo pr oximity 
t o hiyli - fr equ e ncy r o ut es 

In c lud e ar ea s a way from th e limi t s o f 
r es tri c t ed a ir spa c e d e f ining military 
air s pace usage 

a) Locati o n with r e spect to a ) I nc lud e a r e a s a wa y fr o m f ac iliti es 
oc· up y in y 18 ,00 0 a r ea s o r mo r e hazardo us fa c iliti es , pos ­

s i b l e mi s s il e g e ne r a t o r s , 
and pos~ i b lt.} vu po r s0 11t ccs U) l1 h · l ud \..• Jre u!; 0.6 111 1 l ~ f n .H11 1.,u l · 11 -

b) Distance fr om tran s po r­
tation co rrid or s 

C ) 

d) 

ti a l e xp l os i o n , fir e , mi ss il e 
ha 2::i r ,b 

In c lud e a r ea s ·0.6 mil e f r om po t e n ­
ti J I s o ur ces o f no xi o u s o r fl a mm a hl e 
vapo r s 

Ev a l ud l • a r ea s o n h a s i s o f pr o ximity 
t o haza td o us f ac iliti es 

a ) In c lud e a r e as , 0 . 6 mi l e fr o m U. S . 
h i ,Jt1w c.1y s , i n t e r t..; t .Jte hiCJhw a y s , r a il -
r c1c,.1s , and nav i •J a hl e highwa ys 

b) Ev d l ua t e ::i r ea s on ba s i s o f p r ox imity 
t o tr a ns po rt a ti o n co rri do r s 

Possible Us e 
To Ob tain 

Canclid a t e Ar e a 

S ite Loc ality 

Ca ndidate Area 

Candidate Area 

Sub a r e a 

Site Locality 

S it e Locality 

Sit e Locality 
Ca ndioia t e Arei\ 

Ca nd ida t e Area 

Applicability 
and Time Frame 

( 1) ( 2) 

0 
s 

0 
s 

0 
s 

0 
s 

0 
s 

0 
s 

0 
s 

0 
s 

0 
s 

(1) 0 = Operation Phase (0 to 60 yea r s ); 1 = I s ol a ti o n Pl_1a ,;e ( 10, \J0 \J yea r s ) 
(2) Applicability of guidelin es to th e s urface (S) r epos it o r y Ea c 1l1L1 es a nd / o r th e s ubs urface (U) r epos it o ry fa c iliti es 
(3) See Appendix f o r di sc uss i o n o f q uan Li Ldt i vc aspec ts 0 1 •Jt1 i d c, l 111L' :; 
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Conside ration 

4) Induced 
Seismic it y 

5) Subsurface 
Mineral 
Exploration 
and Extraction 

6) National 
Defense and 
Security 

C) Repository­
Induced Events 

l J Thermo­
Mechanical 
Effects 

2) Operational 
Radiation 
Release 

TABLE III- 3 (Continued) 

Mea,; ur e 

Location with r espe c t t o 
sources o f i nd uced se i s mi c it y 
and po t e nti al f u ture ea rth­
quak e s o ur ces 

Lo c ation wit h r e s pe c t t o 
exi s ting a nd po t e nt i a l 
future min e r a l e xp l o r a ti on 
and extrac ti on 

Proximity to f a c iliti e s o r 
areas int e rpr e t ed t o be 
po s sible d e f ens e o r 
security risk s 

Thickness of ho st r ock f low 
and general r oc k cha r a c­
teristics 

Distance fr om p op ul a ti o n 

Gu ide l ine 
() ) 

a) In c lude a r ea s , s mil es fr om e xi s ting 
r ese r vo i rs , 100 f ee t dee p 

b ) Eva l ua t e a r ea $ o n bas i s of p r o ximity 
t o fut ur e r ese r vo ir s a nd interpreted 
so ur ces o f i nd uced se i s mi c ity 

A , 5 mi l es 

B O Lo 5 mil oi!s 

a) In c lud e a r e as a way f r om e xi s ting sub­
s ur fa ce mi ne ra l e x tra c t i on 

b) Eva l uat e a r eas o n bas i s o f pr o ximity 
t o po t e n ti a l futur e min e ral ex p lora­
t i o n or e xt r ac ti o n 

Eval ua te ar ea s o n ba s i s o f p r oxi mity to 
fa c iliti es o r a r e as in t e r p r e t ed t o be 
att ra c ti ve mili t a r y o r t e rr o ri s t t a rg e ts 

Ev a lu a t e fl ow thi c kne sse s a nd c ha rac­
t e ri s ti c s o f po t e n ti a l ho s t r oc k 

a) In c lud e a r e a s >) mil es fr om popula­
ti on >2 , 500 

b) In c l ud e a r e a s • l mil e fr om any 
inco r po r a t ed communit y 

c) I nc l ud e a r ea s >l mil e fr om any 
urb a ni ze d a r ea 

Possible Use 
To Obtain 

Subarea 

Sit e Locality 

Sit e Locality 

Sit e Locality 

Sit e Locality 

Candidate Area 

Ca nrl i<late Area 

Applicability 
and Time Frame 

( 1) ( 2) 

O and I 
sand u 

I 
u 

o and I 
u 

I 
u 

O and I 
Sand U 

O and I 
u 

0 
s 

0 
s 

0 
s 

(1) 0 • Operation Ph ase ( 0 t o 6 0 yea r s ) ; I • I so l a t i o n Pha se ( 10 , 0 00 yea r s ) 
(2) Applicability o f guide li ne s t o th e surf ac e ( S) r e pos i t o r y f a c i l i t i e s a nd /o r th e subsurface (U) r e posito ry facilities 
(3) See Append i x f or di s c us s i o n o f yuan tit a ti ve aspects o f quid e llnes 
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TABLE III-3 (Continued) 

Consideration Meas ur e 

OBJE CT IVE: MINIMIZE ADVERSE ENVIRONM ENTAL IMPA CTS 

l) Protec ted Eco­
logi ca l Are as 

2) Culturally Im­
portant Areas: 

Indian Reservations 
Parks, Monuments, 
Wilderness, Primi­
tive Areas, Road ­
less Area of Na ­
tional For est , Bu­
reau of Land Man­
agement Roadless 
Recreation Area, 
Archaeologi ca l Sites 

3) Protected and 
Endanger e d 
Species 

4) Biologically 
Importa n t 
Area s 

5) Existing 
Significant , 
Specialty, or 
Incompatibl e 
Land Use s 

Loca ti on wit h r espect t o pro ­
t ec t ed ecological areas 

a) Location wi th r espect to 
des i gnat ed scenic areas 

b) Locat i on with r es pect t o 
all des i gnated areas 

Lo cati o n wit h r espec t t o pro­
t ec ted and endangered 
species 

Lo c ation with r es pe c t to 
b i o l ogica ll y importJnt 
areas 

Location wi th r es pe c t t o 
s ignifi can t, spec i al ty , o r 
incompatible l an d uses 

Guideline 
(]) 

In c l ud e areas o ut s id e of d es ignated pro­
t ec t ed eco l ogica l a r eas of: 

.:.18,000 .1c 1·cs 
5 L U 18,[)()I) ,l<" I VS 

5 , QQ(} ,h.,; l - 1..!S 

In c lud e a r eas greater than a calc ul ated 
di s t ance ba sed o n height of surface 
r epos it o r y 

In c lude a rea s ou t s i de of de s i g nated 
cu 1 tu r a I I y i mpo r tan l are as o f: 

.;1 0 , 00() , I C I CS 

S l o I U,00() d l · 1 1..·s 

~> , ()()0 , l l" l "t.:S 

In c lude a , c a s o ut s i de o f kn own l oca ti ons 
o f pr o t e c t e d an d endang e r ed s pec i es 

Eva lu a t e a rea s ba sed on pr ox imit y to 
bio l o•Jic- .1l l y i111po rt ,:rnt ;:ircas 

In c lud e: __, r e a s o ut s ide o f mapped extent 
o f spec i a lty ag riculture, irrigat ed 
agricultu, c , in compa tib l e fa c iliti es , or 
other l a nd uses that a r e l oca ll y limit e d 
and r eg i onal l y siynif i ca nt 

Possible Use 
To Ob tain 

Ca ndi dc1Le Area 

Cand i da t e Ar ea 
Subarea 

Si t e Loca lit y 

Applicability 
and Time Frame 

(1) ( 2 ) 

0 
s 

0 
s 

0 
s 

0 
s 

0 

0 
s 

(1) 0 = Operation Pha se (0 t o 60 ye a r s ) ; I = I so lati on Ph ase, (10,000 yea r s ) 
(2) Applicability of guidelines to the surface (S) r epos it o r y f ;:ic ilit 1es an d/ o r t~ e s ub s urfa ce (U) r epos ito r y fac ilities 
(3) See Appendix for discussi on of qu a lltit ;:i tiv c, as 11cc ts of q t.id c l 111 --, s 
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TABLE II I -3 (Continued) 

Consideration 

6) Potenti a l Sig­
nificant or 
Incompatible 
Land Uses 

Mea s ur e 

Locati on with r espec t t o 
potential futur e s ignifi c ant 
or incompa ti bl e l a nd uses 

OBJECT IVE: MINIMIZE SYSTEM COSTS 

l) Site Pr e para­
tion (Surface) 

2) Site 
Preparation 
(Subsurf ace ) 

a) Terrain rugg ed ness 

b) Us abl e l a nd a r e a 

Minin g and e xca va ti o n 
costs 

Gu ide l i ne 
( 3 ) 

Evaluat e a r eas with r es pec t t o po tential 
future use s . Th e e valuat i o n will focus 
on agricultur e : 

a ) Pote n t i a lly ir r j gabl e l a nd s 

b ) Ar a bl e so il s 

c ) Marg j n.:,l so i l s 

c.l) Su bmanJ illd l SO I is 

Sub j ec ti ve e va l uat i o n fo r t e rrain charac­
teri s ti cs (i. e . , s l o pe app r o ximately 
> 1 51 , r e l i ef dnd d egree o f d is sec tio n ) 

Eva lu a t e ava il ab l e l and are a f o r dominant 
s it e pr epara ti on cos t s , s l ope , l ocal 
r e li e f, d eg r ee o( d i ssec ti o n, s ize of 
area, loca ti o n a nd juxta pos ition of 
rel a tiv e l y l eve l a r eas , wa t e r supp ly, 
a c cess , a nd amoun t o f e xca va ti o n and 
f ill neces sa r y t o f it 2 ,4 0 0 ac res of 
s urfa ce f ac il i ti es 

Eva l uat e a r eas o n bas i s of thi c kness of 
o ve rburd e n , d e p th o f s haft s , host rock 
c hara c t e ri s ti c s , confi g ur a ti on , a nd 
l ength o f t unn e l s (s po il, e t c .), 
e xc av a t ed vo l ume , e t c . 

Possible Use 
To Obtain 

Candida te Area 
Suba r ea 

Sit e Locality 

Applicability 
and Time Frame 

( l) ( 2) 

I 
s 

0 
s 

0 
s 

0 
s 

(1) 0 = Op e ration Phase (0 to 60 years ) ; I = I so l at i o n Ph ase (1 0 , 000 yea r s ) 
(2) Appli cability of guide lines t o th e surface ( S ) r epos i t o ry f a i li ti e s and / o r th e s ubs urfa ce (U) repository facilities 
(3 ) Se e Appe ndix for di scu s si o n of quanLiLdLivc, aspec Ls o f yu1 ch.: L1n es 



that occurs within 5 miles of a capable structure. Hence, a 

limit was set on the measure of the fault rupture consideration; 

in this case, locations within 5 miles of 

removed from consideration in the siting 

capable faults were 

study because they 

failed to meet the minimum level of achievement of the safety 

objective as expressed in relation to the fault rupture consid­

eration. For considerations where no s peci f ic level of achieve­

ment was required, the measure itself, o r a non - p rescriptive 

classificatory interpretation of it, was the g uideline and was 

used to characterize or classify areas and localities. If the 

guidelines were used to identify groups of areas o r localities 

with similar characteristics, it wa s called a "c las sify ing 

guideline. " 

All of t he guidelines selected for the many considerations 

developed in the process d escri bed above were not assessed 

meaningfull y at the same level of detail or on maps of t h e same 

scale. For this reason, it was often necessary to repeat the 

measurement of some considerations at several steps of the 

screening process. For example, if an inclusionary guideline 

was stated as "include areas outside of protected ecological 

reserves," and if such reserves could vary in size from a few 

acres to seve ral tens of t hou sands of acres, it was necessary 

to restate this guideline in ter~s appropriate to the several 

scales of maps characteristically used in a screening 

process. Thus, in the first step of screening (which uses 

small-scale maps), the guideline was stated as "include areas 

outside of protected ecological reserves larger than 18,000 

acres" (an area that is readily discernible on maps of 

1:500,000 scale). In subsequent steps of screening, the 

guideline was restated to consider smaller ecological reserves. 

The guidelines selected for the site locality identification 

study are presented in Table III-3. Each guideline is shown in 
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relation 

measure. 

to the pertinent objective, consideration, and 

The background and rationale for selecting the 

various guidelines and considerations are discussed in Appendix 

A to this volume. 

3.2 Review and Revision of Guidelines 

The final step in guideline development was to review the set 

of established guidelines for completeness, appropriateness, 

responsiveness to governmental regulations and guidelines, 

consistency, and practicality in application. Modifications 

suggested by this review were made, and a revised set of 
guidelines was issued. It is important to note that this 

review and revision process can take place at any time in the 
future. The siting methodology and the guideline development 

task within it are structured to allow accommodation of new or 

rev i s e d i n f o r ma t i on ; the ef feet of a changed objective, a 

technological advance, or a new or revised regulation can be 

isolated within the rigorously defined hierarchy of guidelines 

and played out in the corresponding steps of screening or 

ranking. At the outset of the siting study, however, the 

emphases on guideline review were a) consistency within the set 

of guidelines, b) compatibility with emerging repository design 

concepts and repository systems development, c) compliance with 

regulation, d) completeness and reasonableness in comparison to 

previous or concurrent repository 

efforts, and e) the ability to 

This review was accomplished 

siting guideline development 
portray guidelines on maps. 

through an examination of 

pertinent literature, comparison with successfully applied sets 

of guidelines that have been used to site similar large 

f aci li ti es, rneeti ngs with the Rockwell engineering and 

geosciences staff, and test applications of selected guidelines 

on a portion of the study area. 
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IV. IMPLEMENTATION AND RESULTS OF SCREENING 

l. GENERAL 

Screening in the Pasco Basin was conducted to locate potential 

repository site localities on the Hanford Site. Screening was 

initiated in the Pasco Basin to provide a broader scope from 

which to study processes that might affect the Hanford Site, 

and to determine whether there are any apparent, obviously 

superior site localities in a natural region outside of the 

Hanford Site (i.e., the Pasco Basin). The Pasco Basin 

screening area and Hanford Site boundaries are shown in 

Figure IV-1. For the purpose of this study, the Pasco Basin 

can be defined with the following boundaries. 

The axis of the Saddle Mountains anticline forms the northern 

edge of the basin. The southern edge is the axis of the 

Rattlesnake Hills-Wallula Gap structure. The "Hog Ranch axis" 

as defined by Mackin (1961) and mapped by Bentley (1977) was 

used as the western edge of the basin. The axis is an 

alignment of the structural culmination of several anticlines 

and nearly coincides with the drainage divide between the 

Yakima and Columoia Rivers. The eastern edge of the basin is 

more difficult to define, as there are no drainage divides or 

structural features. However, the edge of Quaternary 

sediments, as shown on the Columbia Plateau tectonic map of 

Newcomb (1970), was used to define the eastern edge of the 

Pasco Basin, thus defining this boundary on the basis of a 

sedimentary basin. 

IV-1 



120°15' 120°00· 119°45' 119°30' 119°15' 119°00· 118°45' 

NOTE: 
Base map from USGS 1 :250,000 scale maps 
of Yakima and Walla Walla quadrangles. 

FIGURE N-1 

PASCO BASIN SCREENING AREA 
AND HANFORD SITE BOUNDARIES 
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Screening within the Pasco Basin was accomplished through an 

overlay process, which is illustrated in Figure IV-2. Each 

overlay represents the results of the application of an 

individual screening guideline to the study area ( see 

Section III and the appendix to this volume for guideline 

development and rationale, respectively). When the individual 

over lays are combined, the compilation results in simi lar 

areas being included for further study which have a higher 

likelihood of containing suitable nuclear waste repository 

sites based on the application of the guidelines. 

For screening of the Pasco Basin to identify site localities 

on the Hanford Site, the overlay process was conducted in 

three steps which resulted in three distin~t and successively 

smal ler areas to be considered for further study; candidate 

areas, subareas, and site localities. The relationship of 

these areas to the study area is illustrated in Figure IV- 3 

and definitions of the area designations are given in 

Table IV-1. 

In the following discussions, the application of the screening 

guidelines employed at each step in screening the Pasco Basin 

are described and the results of each step are presented. 

2 . IDENTIFICATION OF CANDIDATE AREAS 

The first step in screening the Pasco Bas in resulted in the 

definition of candidate areas. Screening involved the use of 

inclusionary guidelines which represent a total of nine 

considerations under the working objectives of maximizing 

public health and safety, minimizing adverse environmental 

impacts, and minimizing system cos ts. The considerations and 

guidelines used are listed in Table IV-2. 
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FIGURE Til-2 

PROTECTED 
ECOLOGICAL AREAS 

POPULATED AREAS 

TRANSPOR,ATION 

FAULT RUPTURE 

COMPOSITE OVERLAY 

Note: The areas shown are for 
illustrative purposes only 

THE OVERLAY PROCESS 
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SUBAREA 

SCREENING AREA 

SITE LOCALITIES 

CANDIDATE SITES 

FIGUREN-3 

RELATIONSHIP OF AREA DESIGNATIONS 
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TABLE IV-1 

AREA DESIGNATIONS USED IN SCREENING 

~creening Area: For the purposes of this siting study, it is 
the Pasco Basin (approximately 1,600 square miles). 

Study Area: The area covered by this repository candidate 
site locality identification study (approximately 570 square 
miles on the Hanford Site). 

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 inclusionary guidelines.) 

Subarea: Port ions of candidate areas that have a h ig her 
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 incl us ionary guidelines. Subareas represent 
retinements of candidate areas and ma y still cover r,to re than a 
hundred square miles. 

Site Locality: Portions of subareas that 
potential of containing suitable sites for a 
tt1an the rest of the s ubarea. ( Ty pica! ly, 
covers an area up to 50 square miles.) 

have a higher 
waste repositor y 
a site locality 

Candidate Site: A specific l o cation within a site locality 
consiuered to b e suitable to e locating a cepositocy. Not all 
site localities may contain candidate sites~ this 
determination is made fc llowiny fiela visits to site 
localities and a detailed characterization of the site 
localities. (Typically, a candidate site may cover an area up 
to l O square miles. ) It should be noted that the current 
sitiny study aescribed in this report does not proceed to the 
identification of candidate sites, but terminates with site 
localities. 
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TABLE IV-2 

CONSIDERATIONS AND GUIDELINES USED IN THE 
CANDIDATE AREA SCREENING OF THE PASCO BASIN 

OBJECTIVE: MAXIMIZE PUBLIC HEALTH AND SAFETY 

Consideration 

Fault Rupture 

Generation of 
New Faul ts 

Ground Motion 

Aircraft 
Impact 

Measure 

Distance from known 
faults interpreted to 
be capable 

Location with respect 
to future potentially 
capable tectonic 
structures 

Location with respect 
to earthquake sources 
and estimated levels 
of ground motion 

a) Distance from 
airports 

Guidelines1 

Include areas >5 miles 
from known faults inter­
preted to be capable and 
known faults whose capa­
bility is unknown 

Include areas >5 miles 
from folds interpreted to 
be capable of forming new 
faults 

a) Include areas that may 
be subject to less than 
40% g peak surface 
acceleration from known 
and interpreted 
earthquake sources 

b) Include areas >12 miles 
from felt epicenters 
> MM V and > 6 miles 
from instrumental epi­
centers> magnitude 4.0 
which occur in concen­
trations or clusters as 
interpreted from his­
torical earthquake epi­
center plot maps 

a) Include areas >5 miles 
from airports shown on 
state airport plans, 
accommodating aircraft 
>12,500 pounds gross 
weight, or any military 
airport 

b) For airports with 
>12,500 yearly oper­
ations, but with less 
than 50,000, d miles 
from airport: 

d = ✓ 0.002 (operations ) 

1see Appendix for discussion of quantitative aspects of guidelines 
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TABLE IV-2 (Continued) 

Consideration Measure 

b) Location with 
respect to 
restricted 
airspace 

Transportation Distance from 
transportation 
corridors 

Operational 
Radiation 
Release 

Distance from 
population 

Guidelines 1 

Include areas away from the 
limits of restricted air­
space defining intense 
military usage 

Include areas >0.6 mile 
from U.S. highways, inter­
state highways, and major 
railroads and navigable 
waterways 

a) Include areas >3 miles 
from populations of 
>2,500 

b) Include areas >l mile 
from any incorporated 
community 

OBJECTIVE: MINIMIZE ADVERSE ENVIRONMENTAL IMPACTS 

Consideration 

Protected 
Ecological 
Areas 

Culturally 
Important 
Areas 

Measure 

Location with respect 
to protected ecologi­
cal areas 

Location with respect 
to all designated 
areas greater than 
5,000 acres 

OBJECTIVE: MINIMIZE SYSTEM COSTS 

Consideration 

Site 
Preparation 
Costs 
(Surface) 

Measure 

Terrain ruggedness 

Guideline 

Include areas outside of 
designated protected 
ecological areas 

Include areas outside of 
designated culturall y 
important areas greater 
than 5,000 acres 

Guideline 

Include areas outside of 
rugged terrain 

1see Appendix for discussion of quantitative aspects of guidelines 
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A more detailed description of the guidelines and rationale is 

given in the appendix to this volume. 

The inclusionary guidelines used in the screening successively 

reduced the size of the area- to identify the remaining area as 

having a higher likelihood of containing suitable nuclear 

waste repository sites. The guidelines used for candidate 

area screening (Table IV-2) were selected because the data 

were available over the study area and they could be readily 

and easily depicted on the 1:250,000-scale screening 

overlays. Surface and subsurface guidelines were developed 

and applied independently during the screening process to 

c.Jifferentiate between performance objectives that may relate 

only to the operational phase of the surface facilities and 

the longer term performance objectives of the repository. 

Hydrological guide 1 ines and the other remaining guidelines 

were not applied during this step of the screening because 

they are more readily applicable to the increasing levels of 

detail used in later screening steps. 

The area remaining in the Pasco Basin following application of 

considerations in the first step in screening is termed the 

candidate area. Figure IV-4 depicts the candidate area 

resulting from the first step in screening. The relationship 

of this screening step to other screening steps is illustrated 

in Figure IV-3. 

The application of the guidelines used under each 

consideration and the data sources utilized in the application 

of the guidelines to the screening area are described below. 
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120°15· 120°00· 119°45' 119°30' 119°15' 119°00· 118°45' 

EXPLANATION: 

NOTE: 

Candidate area included 
for further study 

Base map from USGS 1 :250,000 scale maps 
of Yakima and Walla Walla quadrangles. 

FIGURE N--4 

PASCO BASIN CANDIDATE AREA 
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2.1 Fault Rupture 

Areas considered to have a high potential for fault rupture 

were considered unsuitable for repository siting. The guide­

line considered capable faults as defined by the NRC in 

10 CFR 100, Appendix A. 

As presented in the available data, all known faults within the 

study area or near the study area were examined. These known 

faults were evaluated as to their capability as defined by the 

NRC in 10 CFR 100. Those faults which either have been 

reported in the literature as being capable or have exhibi t ed 

mapped relationships suggestive of Quaternary movement were 

the Wallula Gap fault system and the Saddle Mountains fau l t. 

The inclusionary guideline was then applied to these known 

faults, and only areas greater than 5 miles from mapped traces 

o f these faults were included for further study. 

The data sources examined and used for the application of t h is 

guideline included Grolier and Bingham (1971 and 1978) and 

WPPSS (1977a and 1977b). 

2 .2 Generation o f New Faults 

Because of the long isolation period for the repository 

(approximately 10,000 years), the potential for generation of 

new faults and reactivation of existing faults was studied to 

locate areas having a higher likelihood of containing suitable 

repository sites. Faulting in the Columbia Plateau appears to 

be closely associated with bedrock folding; thus, the folds 

(anticlines, synclines, and monoclines) were examined as 

potential generators of new faults. 
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Available geologic and tectonic literature for the Pasco Basin 

area was examined to identify bedrock folds interpreted to 

have a potential for generating new faults. Folds that fit 

this category <jenerally exhibit relatively higher rates of 

Quaternary movement and associated faulting or have been 

designated as potentially active structures by previous 

studies in the Pasco Basin area. Two folds were identified 

that appear to fit this category; the Saddle Mountain anti­

cline and the Rattlesnake Hills anticline. The Saddle 

Mountains anticline exhibits evidence of capable faulting, 

prominent geomorphic expression, and deformed Early Quaternary 

sediments. The Rattlesnake Hills anticline has been con­

sidered a capaule s true ture in its southern extent by site 

safety studies done for nuclear power plan ts in the reg ion. 

After the Rattlesnake Hills and Saddle Moun ta ins anticlines 

were identified, the areas within 5 miles of the ma p p ed axes 

o f the f olds were not retained for f urther study . 

The data sources examined and utilized for this consideration 

include WPPSS (1977a and 1977b), Grolier and Binyham (1971 and 

1978), Thoms and Others (1977), and Bentley (1977). 

2 .3 Ground Motion 

Areas estimated to have a high potential for moderate to high 

peak seismic acceleration were considered unsuitable for 

repository siting. For this consideration, faults at least 

12 miles long were examined as possible earthquake sources. 

The capability of the faults was evaluated using the NRC 

definition provided in 10 CFR 100, Appendix A. A fault was 

considered potentially capable if there was no evidence of 

noncapability. 

Also considered here were areas within 12 miles of felt epi­

centers greater than MM V and within 6 miles of instrumental 
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epicenters greater than magnitude 4.0 which occurred in 

clusters or concentrations as interpreted from historical 

earthquake epicenter plot maps. This consideration had no 

effect on the Pasco Basin screening area. 

Setback di stances were established for faults interpreted as 

being capable and faults of unknown capability. Noncapable 

faults were not considered. The setback distance establis hes 

the boundary of an area estimated to experience moderate to 

high ground motion (2._40% g horizontal acceleration) as deter­

mined from fault-rupture length-magnitude relationships and 

earthquake attenuation relationships. The following setback 

distances were used to define areas included on the basis o f 

g round mo t i on : 

Mapped Fault 

Length (miles ) 

1 2 to 24 

24 to 60 

>60 

Setback Distance 

(miles ) 

5 

10 

1 5 

Using a geologic structure data base map, enclosures at t he se 

setback distances were drawn around the faults under con­

sideration; t he resulting enc l osed areas were plotted on a n 

overlay map o f the study area and were r e moved from f urt her 

considerat i on. Affect e d s t ructur e s in the Pasco Basin a re th e 

Rattlesnake Hills and the Saddle Mountains. 

The data sources utilized for this consideration included 

Reidel (1978), Newcomb (1970), WPPSS (1977a and 1977b), Port­

land General Electric Company (1974), Shannon and Wilson 

(1973a and 1973b), and Woodward-Clyde Consultants (1979). 
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,------ - - - - - -

2.4 Aircraft Impact 

It is considered a hazard to the safety of the repository to 

be sited in an area with a high risk of aircraft impact. At 

this screening step, large airports, restricted airspace, and 

air~orts having a large number of operations were 

considered. A 5-mile setback was given to airports 

accommodating aircraft with at least 12,500 pounds gross 

weiyht. Areas underlyiny restricted airspace were removed 

from consideration. The distance (d) from airports having 

greater than 12,500 operations per year was de tetmined f rorn 

this table: 

Operations Per Year 

>12,soo but <50,000 

>50,000 but <100,000 

100,000 

Setback Distance 

(in miles) 

d = J0.002 (op) 

d = 10 

d = J o.OOl (op) 

Airports accommodating at least 12,500 pounds gross weight 

aircraft and within 5 miles of the Pasco Basin are Tri-Cities 

and Richland. 'I'he area within 5 miles of these airports was 

plotted on the "aircraft impact" overlay and removed from 

further consideration. 

The Tri-Cities Airport 

year. The calculated 

10.2 miles. A circle 

handles over 100,000 operations per 

setback distance for this airport is 

with that radius was plotted on the 

overlay and the area within the circle was removed from fur­

ther consideration. 

The restricted airspace from the U.S. Army's Yakima Firing 

Center was plotted on the overlay from the National Oceanic 

and Atmospheric Administration (NOAA) aeronautical chart, and 

the area was removed from further consideration. 
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The data sources examined and used for the considerations of 

aircraft impact include NOAA (1979), Aerospace Corporation 

(1973), and FAA (1978). 

2.5 Transportation 

Areas close to maJor transportation routes were considered to 

be subject to potential accidents. U.S. highways, interstate 

highways, and major railroads were considered. 

The area within O. 6 rnile of major railroads was plotted on 

the "Transportation" overlay and removed from further consid­

eration. Presentl y , no interstate highways pass through the 

Pasco Basin. Interstate-82 is planned to pass through the 

southern part of the Pasco Basin, and the area within 

0.6 mile of its planned route was removed from 

consideration. U.S. Highway 395 traverses the eastern pa rt of 

the Pasco Basin, and the area within 0.6 mile of it was also 

removed from further consideration. 

The data sources used for this 

Woouward-Clyde Consultants (1979). 

2.u Operational Radiation Release 

consideration included 

Populated areas were not considered to be suitable f or reposi~ 

tory siting. Areas of current and projected moderate or 

greater population density and urbanized pl aces were removed 

from consideration using a setback distance based on 

calculated concentrations of gaseous radioacive emissions 

expected from operations of the repository and associated 

facilities. For towns with populations greater than 2,500, 

the setback distance was 3 miles. 

back distance was l mile. 
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Towns within the Pasco Basin with populations greater than 

2,500 were Pasco, Richland, West Richland, and Kennewick. The 

area within 3 miles of these towns was plotted on the 

"Operational Radiation Release" over lay of the base map and 

removed from further consideration. Eight smaller 

incorporated towns were located within the Pasco Basin and a 

1-mile radius area around them was also removed. 

The data sources used for the consideration of operational 

ra<.liation release included U.S. Bureau of the Census (1977) 

and USGS 1:250,000 topographic maps. 

2.7 Protected Ecological Areas 

Desiynated and proposed ecological areas were considered 

unsuitable tor repository sites. Protected ecological areas 

were defined as those for which binding land-us e r e str i ctions 

are establisned or p roposed to protect or enhance ecolog i cal 

values. These areas include wildli f e reserves, wild l i fe 

manayement areas, and wildlife refuges. 

Within the Pasco Bas in, there are two protected eco logi ca l 

areas; the Saddle Mountains National Wildli f e Refug e and th e 

Arid Lands Ecology Reserve. These were plotted on an overlay 

of the study area and removed from further cons ideration. 

Both of these lie wholly within the Hanford Site. 

The data sources examined and used for this consideration in­

cluded U.S. Fish and Wildlife Service (1976] and Franklin and 

Others (1972). 
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2.8 Culturally Important Areas 

Culturally important areas--parks greater than 5,000 acres, 

wilderness areas, designated wild and scenic rivers, Indian 

reservations--were considered at this screening step, but 

there are none in or near the Pasco Basin. 

2.9 Terrain Ruggedness 

Areas of rugged terrain were not considered to be favorable 

repository sites because of potential inaccesibility and cost 

of site preparation. This screen was a subjective evaluation 

of terrain characteristics (i.e. , topography, slope, relief, 

and degree of dissection). Numerous small areas of very 

rugged terrain and several larger areas of fairly rugged 

terrain were not considered for this screening stage due to 

the s ma 11 scale and 1 a r g e contour i n t e r v a 1 ( 2 0 0 fee t ) of the 

base maps. Areas of greater than 15 % were outlined o n d ata 

base overlays of the study area and were removed from further 

study . 

The data sources used for the consideration of rugged terrain 

were USGS 1:250,000 topographic maps of the Walla Walla and 

Yakima 1-degree x 2-degree quadrangles. 

2.10 Candidate Area 

When the seven overlays representing the application of the 

guidelines for nine considerations of the first step in 

screening were compiled, the results were termed the "candi­

date area." This area is shown in Figure IV-4. The 

boundaries of this area were then transferred to 1:62,500-

scale base maps for use in the next step in screening to 

identify subareas. 
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3. IDENTIFICATION OF SUBAREAS 

The second step in screening of the Pasco Basin, to identify 

subareas, involved the use of inclusionary guidelines which 

represent a total of seven considerations under the working 

obJectives of maximizing public health and safety, minimizing 

adverse environmental impacts, and minimizing system costs. 

The considerations and guidelines used to identify subareas 

from within the candidate area are listed in Table IV-3. 

The considerations and guidelines used in this screening step 

were selected because the data were available over the study 

area, and they could be readily and easily depicted on the 

l: 6 2, 500- scale screening over lays. A more detailed 

description of the guidelines and rationale is given in the 

a~pendi x to this volume. 

When the screening maps representing the several cons idera­

tions were overlaid, the resulting areas included for further 

study were termed subareas. The subareas within the Pasco 

Basin are depicted on Figure IV-5. The relationship of this 

step in screening to other screening steps is illustrated in 

Figure IV-3. 

In the fallowing discuss ions, the application of tt1e 

guidelines used under each consideration are described, and 

the data sources examined and used for each consideration are 

listed. 
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TABLE IV-3 

CONSIDERATIONS AND GUIDELINES USED 
IN SUBAREA SCREENING OF PASCO BASIN 

OBJECTIVE: MAXIMIZE PUBLIC HEALTH AND SAFETY 

Consideration 

Fault Ru1,Jture 

Floo<.1ing 

Ground 
Failure 

Erosion/ 
Denudation 

Hazardous 
Facilities 

Induced 
Se ismici ty 

Measure 

Horizontal and ver­
tical distance from 
known faults inter­
preted to be not 
capable, and from 
zones of fracturin~ 
and jointing 

Height above selected 
flood level 

Location with respect 
to landslides and po­
tential landslides 

Location with respect 
to potential areas of 
erosion and denudation 

Distance from possible 
missile or noxious 
vapor generators 

Location with respect 
to sources of induced 
seismicity and poten­
tial earthquake sources 

OBJECTIVE: MINIMIZE SYSTEM COSTS 

Site 
Preparation 
(surface) 

Terrain ru~gedness 
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Guidelines 

Include areas >0.5 mile 
from known faults inter­
preted to be not capable, 
known faults of unknown 
capability which have a 
high potential for a cap­
ability evaluation, and 
from zones of fracturing 
and jointing 

Include areas outside pri­
mary floodplain and esti­
mated PMF levels 

Include areas not on mapped 
landslides 

Include areas >0.5 mile 
from steep-walled canyons 
or slopes 

Include areas 0.6 mile from 
facilities with potential 
explosion, fire, or missile 
hazards 

Include area >5 miles from 
existing reservoirs >100 
feet deep 

Subjective evaluation for 
terrain characteristics 
(i.e., topography, slope, 
relief, and degree of 
dis section) 



120°15• 120°00· 119°45' 119°30' 119°15' 119°00· 

46°15• 

118°45' 

EXPLANATION: 

NOTE: 

Subareas included for 
further study 

Base map from USGS 1 :250,000 scale maps 
of Yakima and Walla Walla quadrangles. 

FIGURE N-5 

SUBAREAS WITHIN PASCO BASIN 
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3.1 Fault Rupture 

Areas having non-capable faults and zones of tectonically 

induced fracturing or jointiny were not considered to be 

suitable repository sites because a fault could provide a 

pathway between the repository and the biosphere. Therefore, 

a setback distance was set at 0.5 mile from known faults 

interpreted to be non-capable. 

~vithin the Pasco Basin candidate area, there were three faults 

shown on maps by Newcomb and Others (1972) and WPPSS 

(1977a); two are on Gable Mountain and the third is on 

Urn tan um Ridge. A o. 5-mile envelope around these faults was 

d rawn on overlays of the base maps, and the area within each 

envelope was removed from further consideration. 

The sources of data utilized for the cons id era t ion o f fault 

rupture included Newcomb and Others (1972) and WPPSS (1977a) . 

3.2 Floodiny 

Areas subJect to inundation by floods present a potential 

hazard for surface facilities for a r epository. The Columbia 

River and Yakim a River were considered. The Yakima River d id 

not affect the identification of subareas in terms of 

potential floodiny. 

The area which would be inundated by the estimated maximum 

flood on the Columbia River, as shown on the Washington Public 

Power Supply System's map in the WNP-2 PSAR, was delineated on 

the "flooding" overlays of the base maps and was removed from 

further consideration. 
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The sources 

consideration 

ERDA ( 1976a), 

of data examined and u ti 1 i zed for the 

of flooding included Newcomb and Others (1972), 

and WPPSS (1977a). 

3.3 Landslides 

Landslides are areas of existing ground instability and are, 

therefore, unsuitable for siting surface facilities for a 

repository. 

Mapped landslides occur along the White Bluffs and Gable 

Mountain within the Pasco Basin candidate area. These 

landslides were traced on an overlay of the base maps and were 

removed from further consideration. 

The sources o f data used for this considerat i on inc l ud ed 

Newcomb and Others (1972), and Grolier and Bingham (1 971 ) . 

3.4 Erosion/ Denudation 

The potential for erosion and denudation may affect t h e safety 

of a repository site. High, very steep slopes (greater than 

40 %) h a ve a p o te n tia l fo r e r o s ion . 

The main part of the Pasco Basin affected by this guideline is 

the White Bluffs region along the Columbia River. Smaller 

areas occur along coulee walls and along the Yakima and 

Umtanum Ridges. The area within 0.5 mile of the top of the 

steep slopes was delineated on overlays of the base maps and 

was removed from further consideration. 

The source of the data for this consideration were the USGS 

1:62,500-scale topographic maps of the study area. 
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3.5 Hazardous Facilities 

Areas near facilities with a 

generating missiles or noxious 

surface facility siting. A 

potential 

vapors 

0.6-mile 

for explosions or 

are unsuitable for 

setback from these 

facilities was used as the screening guideline. 

There are potential hazards from several facilities on the 

Hanford Site. 'i'hese are the WPPSS nuclear power plants, the 

Fast Flux Test Facility, the N Reactor, and some of the 

facilities in the 200 East and 200 West Areas. A 0.6-mile 

envelope was drawn around each of these facilities on overlays 

of the study area, and the area within each was removed from 

further consideration. 

The sources of data used for the consideration o f hazardous 

facilities included AEC (1970), and WPPSS (1977a and 197 7b ) . 

3.6 Induced Seismicity 

Areas with a potential for induced seismicity are not 

considered to be suitable repository sites. Reservoirs with a 

rn ax 1mur,1 depth y rea ter than l 00 feet we r e cons 1dered to be 

~ocential sources of induced seismicity. 

'.rhe reservoir impounded by McNary Dam is the only one wh i c h 

affects the Pasco Basin area. This reservoir backs up water 

in Lake Wallula to Wooded Island. The area within 5 miles of 

this reservoir was outlined on overlays of the study area and 

removed from further consideration. The proposed Ben Franklin 

aam, if built, would not create a reservoir greater than 100 

feet deep. 

The sources of data examined and utilized included U.S. Army 

Corps of Engineers (1975), U.S. Committee, International 
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Commission on Large Dams (1958, 1963, 1968), Columbia-North 

Pacific Technical Staff (1970). 

3.7 Terrain Ruggedness 

Areas of rugged terrain are not considered to provide fav­

orable surf ace f ac il i ty sites because of potential inacces­

s ib il i ty and cost of site preparation. 

This screen is a subjective evaluation of terrain char-

acteristics (i.e. ' topography, slope, relief, and degree of 

dissection). It was reapplied at the subarea level because of 

the smaller contour interval (20 or 40 feet) and larger map 

scale which provided a more detailed and complete data base 

for ~uide~ine application. 

Areas with high, steep slopes (greater t h an 15 %) or deep 

dissection were delineated on overlays of the 1:62,500-scale 

base maps and were removed from further consideration. 

Tt1e oat.a sources used to define rugged terrain were USGS 

1:62,500-scale topographic maps of the study areas. 

J . 8 Subareas 

When the seven set.s of overlays de~icting the application of 

the ~uidelines under the above considerations were compiled, 

the resulting areas included for further study were termed 

"subareas." The subareas are shown in Figure IV-5. These 

subareas were then carried into the next step in screening to 

identify site localities. 
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4. IDENTIFICATION OF SITE LOCALITIES 

4.1 General 

Site localities on the Hanford Site were identified through an 

evaluation of the subareas based on the classifying guidelines 

presented in Table III-5 and discussed in the appendix to this 

volume. This evaluation was conducted in two steps: 

• Evaluation of subareas within the Pasco Basin screening 

area outside of the Hanford Site and 

• Evaluation of the subareas within the Hanford Site. 

The fi rst step was designed to determine whether any apparent, 

obviously superior site localities occur in the subareas 

within the Pasco Basin outside of the Hanford Site based on 

an evaluation comparing them to subareas on the Hanford Site 

and utilizing the classifying guidelines. 

The results of this evaluation (discussed below) indicate that 

no obviously superior site localities appear to occur within 

the screening area outside the Hanford Site, thus fu r ther 

study was concentrated on the Hanford Site uti lizing the 

evaluation of the second step. The distribution of subareas 

outside of the Hanford Site is indi cated in Figure IV-5. 

In the second step, the evaluation of subareas on the Hanford 

Site was an examination of the results from the application of 

those guidelines (both inclusionary and classifying) as they 

affect the subsurface compared to those that affect the 

surf ace. 

Certain screening guidelines used to 

and subareas affected only the 
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facilities. For example, part of a repository could be 

located beneath a landslide or a hazardous facility as lony as 

the surface facilities were located at a safe distance. 

Similarly, some subsurface areas might be unsuitable for a 

repository even though the overlying surf ace area appeared 

suitable. For these reasons, it was dee ided to study the 

available surface and subsurface areas separately prior to 

identifying site localities to evaluate the impact of the 

surface versus the subsurface screens. The combined surface 

and subsurface available areas were then evaluated, and site 

localities were identified in the resulting areas because of 

their higher likelihood of containing suitable repository 

sites based on the results of the application of the 

screening guidelines. The results of the identification of 

site localities are depicteci in Figure IV-6. The relationship 

of this step to other steps in the screening process is 

illustrated in Figure IV-3. 

4. 2 Evaluation of Subareas Outside of the Han f ord Site 

7wu subareas were located in the Pasco Basin outside of the 

Hanford 

partly 

Site. 

outside 

Two 

of 

others were 

the Hanford 

located partly 

Site. All of 

within and 

the subareas 

outside of the Hanford Site were evaluated with respect to the 

classifying guidelines and to determine if apparently superior 

areas exist outside of the Hanford Site. 

used to locate these subareas. 

Figure IV-5 can be 

The first subarea, located just east of Priest Rapids Dam, is 

presently used for irrigated farming. It is adjacent to the 

Columbia River and the Saddle Mountains National Wildlife 

Refuge. On the basis of land use and hydrology, this area was 

considered to be not obviously superior to subareas on the 

Hdnford Site. 
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EXP LANA Tl ON: 

~Site localitY '/~;:} 

NOTES: 

See Sect ion I V-4.5 for rationale 
for the selection of Site Locality 
Boundaries. 

Base map from USGS 1 :250,000 
scale maps of Yakima and Walla 
Walla quadrangles. 

FIGURE N-6 

SITE LOCALITIES ON 
THE HANFORD SITE 
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A second subarea is located south of Umtanum Ridge and west of 

the Hanford Site. This subarea is continuous onto the Hanford 

Site. The soil is suitable for irrigated farming, several 

deep wells have been drilled, and it is in close proximity to 

the Columbia River. Yakima Ridge traverses the area and 

appears to contain areas where the bedrock dip is greater than 

5 degrees. Umtanum Ridge and Rattlesnake Hills are in close 

proximity to the subarea. On the basis of land use, 

hydrology, bedrock dip, and tectonic stability, this subarea 

was considered to be not superior to subareas on the Hanford 

Site. 

A third subarea is located adjacent to and continuous with the 

northeastern part of the Hanford Site. This subarea is 

underlain by loess and is presently used for intensive 

irrigated agriculture. It is also near the Columbia River. 

On the basis of land use and hydrology, this sub area was 

considered to be not obviously superior to subareas on the 

Hanford Site. 

The fourth subarea is located east of the Columbia River and 

east of the Hanford Site. This land is part of the Columbia 

Basin Irrigation Project and used for irrigated agriculture. 

Several irrigation canals and pumping stations are located 

within this s ubarea. It is also near the Columbia River. On 

the basis of land use and hydrologic evaluations, this subarea 

is not considered superior to subareas on the Hanford Site. 

Because no area of the Pasco Basin outside of the Hanford Site 

was found to be obviously superior to areas within the Hanford 

Site, further study to identify site localities was 

concentrated on the subareas of the Hanford Site. 
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4.3 Subsurface Evaluation of Subareas on the Hanford Site 

An overlay was made · of the Hanford Site showing only those 

screens (based on both inclusionary and classifying 

guidelines) which affected the subsurface area. Screens not 

used were aircraft impact, transportation, protected 

ecological areas, terrain ruggedness, flooding, landslides, 

erosion~ _denudation, and hazardous facilities. Evaluations of 

bedrock dip, mi croearthquake activity, and hydrology were added 

to the results of the subarea screening. The results show the 

available area for repository siting (Figure IV-7). 

4.3.1 Bedrock Dip 

This evaluation is related to construction and operation costs 

of the repository. The greater the dip, the more difficult 

and costly the construction of a repository becomes. There 

are no specific data on bedrock dip within the Hanford Site at 

repository depth; however, a contour map has been prepared on 

the surface of the basalt. Elevation changes of more than 500 

feet per mile may reflect bedrock dips of 5 degrees or more. 

They could also reflect erosion prior to burial or thinning of 

flows. Because all areas having rapid subsurface elevation 

changes coincided with mapped anticlines or extensions along 

strike of mapped anticlines, it may be assumed that the 

elevation changes are at least partly due to folding of 

bedrock. Therefore, these areas are generally less favorable 

for repository siting. 

-4.3 : ! ·- Microseismicity -· - ...... '-"~ - . 

Although the sources of microeartbquake activity have not been 

determined in the Pasco Basin, it was considered desirable to 

locate the repository away from locations of mi croearthquake 

clusters. 
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FIGURE N-7 

HANFORD SITE: 
AVAILABLE SUBSURFACE AREA 
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4.3.3 Hydrology 

It is desirable to . site a repository away from areas of 

possible discharge, such as the Columbia River, as data on 

ground-water flow at depth in the Hanford Site area are in­

sufficient to determine where and if the deep ground-water 

· flow discharges into the Columbia River. It was considered 

that at least the area directly under the Columbia River was 

unfavorable, so that area was delineated on the "available 

subsurface area" overlay. It was judged to be prudent to 

avoid siting directly beneath the river based on the possible 

need for extensive additional studies to satisfy licensing 

concerns. 

4.3.4. Results of Evaluation of Subsurface Area 

When the evaluation of the subareas delineated by the 

classifying guidelines are combined with the areas delineated 

by the evaluation of the inclusionary guidelines, the 

resulting area describes the available subsurface area on the 

Hanford Site, which is considered to have a higher likelihood 

of containing suitable repository sites. 

4.4 Surface Evaluation of Subareas on the Hanford Site 

The available surface area within the Hanford Site is defined 

by the inclusionary guidelines representing the considerations 

of hazardous f aci li ti es, flooding, rugged terrain, 

erosion/denudation, landslides, and protected ecological 

areas. The area so defined is illustrated on Figure IV-8 and 

reflects the boundaries defined during the identification of 

subareas, except for the Hanford Site boundary to the west and 

east. Evaluations based on the classifying guidelines did not 

allow for adequate differentiation between areas based on the 

available data .. 
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4.5 Identification of Site Localities 

The evaluation of the effect of surface and subsurface screens 

on one another indicated that the area resulting from the 

combined ef feet of the screens was more suitable and had a 

higher likelihood of containing suitable waste repository 

sites. Although it is recognized that suitable subsurface 

area may exist beneath areas affected by surface screens, the 

combined area provides more logistically sound areas by 

avoiding the need for protracted surface and subsurface 

facilities, and thus a less costly option for repositories. 

In addition, the combined area continued to provide sufficient 

area and adequate geotechnical conditions for the 

identification of several site localities. Therefore, the 

combined area resulting from the application of surface and 

subsurface screens was examined to identify site localities 

(Figure IV-9). 

Three general areas were defined by the combined screens; 

east of the Columbia River, north of Gable Mountain, and south 

of Gable Mountain. Using the general size of a site locality 

as less than 50 square miles and more than 10 square miles, 

five site localities (H-1 through H-5) were identified in the 

three areas, as i ndi ca ted on Figure IV-9. The boundaries 

describing site localities H-1 and H-2 are defined by 

screening boundaries. The three site localities south of 

Gable Mountain are defined somewhat arbitrarily to maintain 

equal size. A small subarea west of site locality H-3 was not 

considered further due to its small size which would preclude 

a repository based on a subsurface area of 10 square miles. 

To characterize 

locality and to 

localities with 

the existing conditions within 

provide a basis for evaluating 

respect to identifying candidate 

each site 
the site 

sites in 

future steps of the siting process, 23 descriptive parameters. 
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AREA NOT INCLUDED BASED ON 
INCLUSIONARY GUIDELINES: 

Fault Rupture 
Generation of Faults 
Ground Motion 
Aircraft Impact 
Transportation 
Operational Radiation Release 
Protected Ecological Areas 
Culturally Important Areas 
Site Preparation Costs 

CONSIDERATION OF SUBSURFACE 
GUIDELINES: 

Bedrock Dip 
Microearthquake Activity 
Hydrology 
Subarea Size 

AREAS NOT AVAILABLE FOR 
SURFACE FACILITIES BASED ON 
INCLUSIONARY GUIDELINES: 

Hazardous Facilities 
Flooding 
Rugged Terrain 
Erosion /Denudation 
Landslides 
Protected Ecological Areas 

•••••• HANFORD SITE BOUNDARY 

H-3 SITE LOCALITY DESIGNATION 

NOTE : Base map from USGS 1 :62 ,500 
scale maps of Richland, Hanford, Priest 
Rapids, Coyote Rapids, Mesa, Corral Canyon 
and Eltopia quadrangles. 

FIGURE N-9 

HANFORD SITE : COMPILATION 
OF AVAi LAB LE AREA 
AND SITE LOCALITIES 
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were selected representing ge9logy, hydrology, seismology, 
, .• 

land use, ecology, and man-made hazards. The estimated ranges 

of the existing conditions in each of these categories, for 

each site locality, are presented in Table IV-4. 

IV-35 



H 
<: 
I 

w 
O'I 

TABLE IV-4 

ESTIMATED RANGE OF EXISTING CONDITIONS AT SITE LOCALITIES ON 
THE HANFORD SITE 

Parameter 

GEOLOGY/HYDROLOGY 

Estimated depth 
to basalt within 
site locality 

Estimated depth 
to Ringold Form­
ation within 
site locality 

Estimated basalt 
stratigraphic 
characteristics 
within site 
locality 

Estimated depth 
to Umtanum mark­
er bed 

Formations in 
repository zone 
(2,000- to 4,000-
foot deµth) 

Distance to 
nearest anti­
c 1 ines and 
faults 

Site Loca lity 
H-1 

400 t o 700 fee t 

"- 10 t o 'c60 f e L? t 

Approximat e ly 
flat - l yi ng , e x­
cept at south 
bound a ry 

>3,000 f ee t 

Upper part o f 
Grand e Rond e 

Measur e d fr om 
Gable Mo untain 
anticline and 
assoc i a t e d 
fault s . 
0.2 5 to 3 . 2 5 
mil e s 

Site Loca lit y 
H-2 

450 t o 8 00 feet 

0 t o 'oSO f 12 c t 

Approximat e ly 
flat-lyin g ; 
uniform; no 
apparent st ruc­
ture; b ed s thin 
to no rth 

>3,000 f ee t 

Lower Wanapum­
uppe r Gr a nde 
Ro nd e 

Me asur e d f r om 
Gable Mo untain 
and Saddl e Mo un­
tains anti ­
cline s . 
3. 5 t o 7. 25 
miles 

Site Locality 
H-3 

O (Ga bl e Butte ) 
t o ·s 700 f ee t 

"- 25 t o "- 100 f ee t 

All edges dip 
slightly toward 
ce nte r; struc ­
tural low near 
wells DC-'1, -5. 
Yakima Ridge 
anti c line crosses 
southern part 

· 1, 3 , 0 0 O to 3 , 8 O 0 
f ee t 

Lo wer Wanapum­
upper Grande 
Ro nd e 

Measured from 
Gable Mountain 
anti c line and 
faults , and 
Umt a num and 
Yakima Ridge 
anticlines. 
0 t o 4 mil e s 

Site Loc ality 
H-4 

0 (Gable Mtn.) 
t o "- 700 f e et 

"- SO to "- 150 feet 

Dipping slightly 
to southern tip 
of site locality 
near wells DC-7, 
-8; northwest area 
is structurally 
complex 

"- 3,000 to 3,800 
feet 

Lower Wanapum­
upper Grande 
Ronde 

Measured from 
Gable Mountain 
anticline and 
faults and Ya­
kima Ridge an­
ticline. 
0 to 8 miles 

Site Locality 
H-5 

"- 0 (south) to 
"-700 feet (north) 

,_, 50 to "-125 feet 

Southern 2/3 dips 
slightly to north; 
northern 1/3 dips 
slightly south; 
Yakima Ridge 
anticline may 
affect western 
parts 

"- 3,000 to 3,800 
feet 

Lower Wanapum­
upper Grande 
Ronde 

Measured from 
Yakima Ridge an­
ticline. 
0 to 5 miles 
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Parameter 

Distance to 
rivers 

Estimated depth 
to water tabl e 

Estimated dis­
tance to irri­
gation wells 

SEISMOLOGY 

Site Loca l iLy 
H- 1 

0. 5 t o 4.5 miles 

<50 t o >150 fe e t 

8 t o 11 mil es 

(Based on histori c al seism i city) 

Microear th-
quake: ( Magni-
tude 1. 0 from 
1969 t o 1977) 

a) Spatial dis- No trend 
stribution 
(trends) 

b) Seismographic 3 i n s t r um e n ts 
instrument cov-
erage within 
or near site 
locality (USGS 
or University 
of Washington) 

c) Focal depth :_8. 5 mil e s 
distribution 

d) Temporal dis- Swarm behav i o r 
tribution of 
events in or 
near site 
local ity 

TABLE I V-4 (Cont inued ) 

Site Loca lity 
H-2 

1 t o 4 mil es 

"'300 feet 

1 to 5 mil es 

No tr end 

No instr um e nt s 

:_18 miles 

Swarm be ha vior 

Sit e Locality 
H- 3 

1. 7 5 to 1 0. 5 o 
mil e s 

<5 0 to >350 feet 

3 t o 13 mil e s 

Some tr end 
northwest 

4 i n s t r um e n ts 

:_18 miles 

Random 
occurrences 

Site Loca lity 
H- 4 

0.25 t o 8 miles 

<5 0 to >150 feet 

2 to 1 2 mil es 

No trend 

2 instruments 

No r ecor d ed 
events 

No r ecor ded 
event s ML~ l 

Site Locality 
H-5 

0 to 10 miles 

"'130 to >190 feet 

6 to 11. 5 mil e s 

No tre nd 

l instrument 

:_18 mi l es 

Swarm behavior 
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Parameter 

e) Magnitude 
distribution 

f) Possible asso­
ciation with 
irrigation 

Estimated hor i­
zontal bedrock 
accelerations 
from offsite 
historical earth­
quakes and dis­
tances for MM V 
and/or magnitude 
4 . 0 

LAND USE/ECOLOGY 

Amount of surface 
area underlain by 
irrigable soil 

Estimated amount 
of site locality 
with important 
wildlife habitat 

Estimated 
distance from 
protected 
ecological areas 

Site Locality 
H-1 

ML l to 3; 
ML ~2. 5 for 
swarms 

Yes 

2 to 8 mil es ; 
~0.02 g 

"' 35% (center of 
H-1 from north 
to south) 

10% 

0.7 5 to 7 mil e s 

TABLE IV-4 (Continued) 

Site Locality 
H-2 

ML l to 3; 
ML ~2. 5 for 
swarms 

Yes 

5 to 11 miles 
~0 . 02 g 

"'2 0% (all in 
southern part 
of 11 -2) 

55% 

5 to 11 mil es 

Site Locality 
11-3 

Not applicable 

7 to 13 miles 
<0. 02 g 

1. 20% (all along 
and east edges 
of H-3) 

75% 

0 to 7.5 miles 

Site Locality 
H-4 

Not applicable 

Not applicable 

13 to 24 miles 
< 0. 02 g 

'\, 4 % 

65% 

3.5 to 11 miles 

Site Locality 
H-5 

ML l to 3 
ML~2.5 for 
swarms 

Yes 

8 to 24 miles; 
~o. 02 9 

0% 

80% 

0 to 5.75 miles 
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Parameter 

MAN-MAIJ E IIAi::AHDS 

Distance to 
hazardous 
fa c ilities 

Lo w-altitude 
military routes ; 
high-altitud e 
j e t rout es 

Contaminated 
soil and wat er : 
area-extent-l e ve l 

Deep well s 
( >l,000 fee t); 
distance and 
depth 

Site Locali ty 
11-1 

N-Reac t or d nd 
200 vil: s t Anc c1 ; 
0 . 7 5 to 5 mi.l e s 

Almos t e nLi L·e 
s it e loca li ty 
withi n limit s of 
j e t L"OUt e J l4 3 ; 
o nl y a pprux i 111ut <! l y 
0.75 - mil e s l1: i p 
in no rthw1.: s t p,HL 
li es o ut sid e ; out ­
side l im i ts o f 
l ow- a l ti.tuck 
milit a ry r o ut0 s 

No t app li ca ble 

Di s t ance : 3 Lo 
6.5 mi l es 
De pth: None in 
site l oca li ty 

TABLE IV-4 (Co ntinued) 

Si t e Local it y 
!1- 2 

N-Heactur a nd 
u nd 200 t::as t 
Ar c a ; 8 to 11. 5 
mil e s 

/\ l111ost en tire 
s it e l oca lity 
within li mit s u f 
j c t rout e :Jl4J ; 
o nly s o uth ­
e,,s l e t· n t ip Ji ,•,; 
<l UtSj <JL! ; O UL t:. j <I , · 

I i mi t s o f l o w­
a ltitud e miJiL d l"j' 
t·out e !, 

No t app J i c a b I , 

ll i s t a nce : 
1. 5 mi. J e s Lo 
ne are s t d eeµ 
\,<..: ll; De p lh: 
No ne in s il c 
l ocality 

Site Lo ca li ty 
II - 3 

'.! 00 \·le,, t d nd 
200 l.:: il st Areas ; 
0. 6 t o 5 mi l e s 

Al1 11 os t· e 11t. i re 
s il c l ocJ lil y 
within l im it s o f 
l<: l l'<..1 Lll t: .1143; 
o nly so ulli-
11i:1 :-; t t : I II d ll d 

11 0 1 t lllaes t l· l·n 
Cl1 t n L.: L- ~j Jj e o ut­
s i de, ; o t1L s irl e J o w­
a l Li tudt: mi Ii tary 
r o ut l!s 

Surf a c e so il : 
s rnnc: co n tam i na­
t i on . lln c o n-
f i n, •d 'J [ ' O U nd-

1ec1 L c: 1· : s o me 
<·on t .im i 11r1 L j o n 

I > J ,; L ci n c e : 0 l o 4 
11 tJ l es 
llep tll: 1, 046 t o 
s , ·1 00 t o..: 1.: L 
( 4 wc J l s ) 

Site Loca lity 
H-4 

200 Ea s t Ar ea , 
FF'rF' , a nd \·/PPS S 
sites ; 0 . 25 to 
6 . 5 miles 

Th e northwestern 
1/ 3 o f s it e l o ­
ca lity i s within 
l im i ts of j e t 
rout e J l 43 ; o ut­
s i d e li mit s of 
l ow- a l t itud e 
milil a ry r o ut es 

Surfa c e so il: 
no ne . Un confined 
9round- wa ter : some 
cont a min a ti o n 

Di s t ance : 0 t o 
5 . 5 mil e s 
De p t h : l , 4 0 3 to 
a nd 4,100 fe e t 
( 2 we ll s ) 

Site Locality 
H-5 

200 East Area , 
F'F'l'F, and WPPSS 
s ites ; 0. 6 to 
6. 7 5 miles 

Ent i. r e s i. t e lo­
ca lity li es out­
s i de limits o f 
jet route Jl43 
a nd l o w- altitud e 
military routes 

Surface so il: 
none . Un confin ed 
ground-wate r: some 
co nt ami na tion 

Distance : 0 to 
t o 6 mil es 
Dep th: 1, 292 
and 1,490 fee t 
( 2 we ll s ) 



V. CONCLUD!t~G REMARKS 

This report presented the results of the site locality 

identification study for locating potential areas for a 

radioactive waste reJ:.lOSitory on the Hanford site. The study 

consisted of a screening and ev al ua t ion process carried out 

with the help of guidelines to focus on progressively smaller 

areas which hac.i a higher potential for containing suitable 

sites for loca tiny a radioactive waste repository than the 

areas not included for f urther analysis. The screen1 ny 

proce ss WciS applied in two substeps to identify subareas 

within t he Hanford site. These subareas were later evaluated 

1n a series of suosteps to identify five site localities 

des1ynat.ed as H- 1 , H-2, H- 3 , H-4, and H-5 (Figure IV-9 ) . The 

site localities vary 1n size from approximately 10 t o SO 

sy_uare miles and were delineated based on an evaluation of 

conditions within them. It 1s anticiJ:)ated that each site 

locality may contain one or more candidate sites that may be 

suitable fo r the construction of a repository . 

hdd itional wor k will be necessary to identify candidat e sites 

within t. he site loca1ities . The methodology for additiona l 

work will be similar t.o 

Section II of this volume . 

the 
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APPENDIX 

GUIDELINES AND RATIONALE 

A.l INTRODUCTION 

Th is append ix is a discuss ion of the various cons id era t ions 

and guidelines used in the site locality identification stud y 

and the rationale utilized to select each guideline. The 

objectives of the guidelines and the considerations from which 

they were derived are maximize public heal th and safety, 

minimize environmental impacts, and minimize system costs. 

The anticipated approach for the use of each guideline and its 

relevance to the siting of a nuclear waste repos itory are 

dis cussed. Definitions of key terms are included with the 

guideline discussion. A summary of th e siting guidelines is 

presented 1n Table III-3, and a list of the objectives and 

considerations is presented in Table A-1. 

The s i ting methodology and guidelines used in the screening 

process are based on current licensing and regulatory 

requirements for nuclear facilities. The quantitative aspects 

of guidelines were derived from USNRC 10 CFR 100 and other 

cegulatory documents, 

management, and previous 

in licensing. 

technical requirements of waste 

experience and professional judgment 

A.2 PUBLIC HEALTH AND SAFETY 

The considerations and guidelines developed to maximize public 

heal th and safety deal with hazards, effects, or events and 

fall into three general categories; natural hazards, man-made 

hazards or events, and repository-induced events. 
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TABLE A-1 

OBJECTIVES AND CONSIDERATIONS OF SCREENING PROCESS 

OBJECTIVE: MAXIMIZE PUBLIC HEALTH AND SAFETY 

Consideration 

A. Natural Hazards 

Fault Rupture 

Generation of New Faults 

Ground Motion 

Tectonic Movement 

Ground-water Contamination 

Flooding 

Volcanic Effects 

Future New Volcanic Activity 

Ground Failure 

Erosion/ Denudation 

Stratigraphic Characteristics 

B. Man-Made Hazards 

Aircraft Impact 

Hazardous Facilities 

Transportation 

Induced Seismicity 

Subsurface Mineral Exploration and Extraction 

National Defense and Security 
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TABLE A-1 (continued) 

C. Repository-Induced Events 

Thermo-mechanical Effects 

Operational Radiation Release 

OBJECTIVE: MINIMIZE ADVERSE ENVIRONMENTAL IMPACTS 

Consideration 

Protected Ecological Areas 

Culturally Important Areas 

Protected and Endangered Species 

Biologically Important Areas 

Existing Significant, Specialty, or Incompatible 
Land Uses 

Potential Significant or Incompatible Land Us es 

OBJECTIVE: MINIMIZE SYSTEM COSTS 

Consideration 

Site Preparation (Surface ) 

Site Preparation (Subsurface) 
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A.2.1 Natural Hazards 

A.2.1.1 Fault Rupture 

The potential for fault rupture is studied to describe the 

locations, orientations, lengths, and displacements of faults 

interpreted as being capable, faults of unknown capability, 

and non-capable faults in the study area. This evaluation 

serves to determine areas of higher potential for fault 

rupture, areas which are relatively less desirable for a 

nuclear waste repository. 

_R_e_l_e_v_a_n_c_e __ t_o __ S_i_t_1_·n_g-· Displacement along 

through the subsurface repository and/or 

an active fault 

through surface 

facilities related to the repository may affect the safety of 

a potential site. In addition, because it is probable that 

licensing will be under the authority of the NRC and will most 

likely be similar to other nuclear facilities, faults will 

need to be evaluated. 

In addition to capable faulting, potential repositories 

located on or near non-capable faults or fractured zones of 

tectonic orig in may be relatively less desirable because of 

the potential for increased pathways to the biosphere and less 

desirable foundation conditions. 

Measure. Three sets of measures are derived to describe the 

fault rupture consideration. The first set applies to capable 

faulting where the horizontal as well as vertical distance 

from known faults interpreted to be capable are important. The 

second set considers the distance from non-capable faults 

and/or distance from zones of fracturing/jointing. The third 

set considers the location with respect to lineaments and 

postulated faults. 
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Guidelines. 

classifying 

Two sets of inclusionary 

guideline corresponding to 

guidelines and one 

the three sets of 

measures are used. 

Below are listed the inclusionary guidelines applicable to 

known faults interpreted to be capable and known faults of 

unknown capability which have a low potential for a capability 

evaluation: 

• Include areas to within 5 miles, horizontally and 

vertically, of known faults interpreted to be capable and 

logical projections of these faults. 

• Include areas 

horizontally , of 

to within 

known faults 

5 

of 

miles, 

unknown 

vertically 

capability 

and 

and 

which have a low potential for capability evaluation and 

their logical pr.ojections. 

The incl us ionary 

or fractures and 

guidelines applicable to non-capable 

faults of unknown capability which 

faults 

have a 

hi0h potential for a capabil ity evaluation are: 

• 

• 

Include areas to within 0 . 5 mile of known faults inter-

preted to be non-capable and to within 0 . 5 

of f racturing or jointing. 

mile of zones 

Include areas to with i n O. 5 mile of known faults of 

unknown capability which have a high potential for capa­

bility evaluations. 

The classifying guideline for lineaments and postulated faults 

is: 

• Evaluate areas on the basis of their proximity to linear 

£ea tu res ( 1 ineamen ts) as interpreted from remote sensing 
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data (i.e., satellite and aerial imagery), geophysical 

data (i.e., aeromagnetics, gravity data, seismic data), 

and postulated faults. 

Rationale. The potential for fault rupture is considered in 

the NRC review process for nuclear facilities. In this 

review, capable faults or faults interpreted to be capable 

that are greater than 1,000 feet in length and are located 

within 5 miles of the facility 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 facilities 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 site suitability criteria for f ault rupture, t h e 

5-mile setback from capable and potentially capable faults is 

considered to reasonably satisfy the present and future NRC 

regulatory position concerning fault rupture. Extending this 

guideline to the subsurface is a logical assumption because of 

the underground facilities of the repository. In addition, if 

a fault cannot reasonably be proven to be non-capable, or has 

a low potential for a fault capability evaluation, it may be 

considered capable. Due to the difficulty of proving 

capability and resultant 

capability and having a 

evaluation are subjected 

faults. 

licensing delays, faults 

low potential for a 

to the same guideline 

of unknown 

capability 

as capable 

Siting to within 0.5 mile of non-capable faults and fractures 

is based primarily upon the desire to avoid siting on any 

fault or fracture that may provide pathways to the biosphere. 
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Approach. The capable fault 

applied to obtain candidate 

inclusionary guidelines may be 

areas at all steps in the 

screening process because of the importance to siting of this 

guideline. The areas included in each step by these 

guidelines are based on the level of detail of the data for 

each step in the screening process; thus, the guidelines are 

reapplied at each step as the level and detail of the data 

increase. The non-capable fault inclusionary guidelines may 

be applied to obtain site localities, while the classify ing 

guideline may be used to evaluate areas to obtain site 

localities. 

All known faults are 

inclusionary guidelines . 

inclus ionary guidelines 

particular screening 

consideration . 

identified and subjected to the 

Areas delineated on the basis of the 

are plotted 

step and 

on overlay maps 

removed from 

for the 

further 

Al 1 known faults are examined for class if ica t ion in to four 

groups: 

• Known faults 

definition of 

interpreted 

a capable 

as capable 

fault in 

Appendix A (see Definition of Terms) 

according to the 

NRC 10 CFR 100, 

• Known faults interpreted as non-capable based on local 

stratigraphy and the tectonic history of the area 

• Known faults for which the capability could not be 

determined from the presently available data, but which 

appear to have a high probability for a capability 

evaluation based on the available stratigraphic and 

structural data 
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• Known faults for which the capability could not be 

determined from presently available data, but which appear 

to have a low probability for a fault capability 

evaluation based on the available stratigraphic and 

structural data. 

Geologic maps and literature on the geologic structure, 

tectonics, seismicity, and geologic history of particular 

areas under study are used to identify known faults 

interpreted as being capable. If a particular known fault is 

shown to displace sediments younger than 500,000 years has 

historical seismicity associated with it, or can be shown to 

be structurally associated with a capable fault, it is 

classified as capable. 

Known faults interpreted as being non-capable are identified 

from evidence indicating that undeformed sediments generally 

500,000 years old or less overlie the fault. 

Known faults are identified as of unknown capability when 

there is no definite geologic evidence to determine whether 

displacement on the fault is older or younger than 

500,000 years. They are considered to have a high probability 

for a successful fault capability evaluation if Quaternary 

stratigraphy (useful for determining aye of displacement along 

a fault) occurs near or on the projection of the fault in 

question and appears to be useful to a fault capability 

evaluation. The faults are considered to have a low 

probability for a successful fault capability evaluation if no 

Quaternary stratigraphy exists in the vicinity of the faults 

in question. 

Following identification and classification of the known 

faults and/or fractures, the inclusionary guidelines are 

applied and the areas meeting the guidelines are included for 

further study. 
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The classifying guideline is applied in the following manner: 

• Geologic and tectonic literature are reviewed to identify 

and locate lineaments and postulated faults interpreted to 

be s igni f ican t to the tectonic structure of the Pasco 

Basin. 

• Areas within the study area are subjectively evaluated 

with respect to their proximity to the 

lineaments and postulated faults-

identified 

• Areas are preferentially identied for further study. 

Definition of Terms. "Capable 

defined by t h e NRC ( 10 CFR 1 0 0) 

fault: 11 A capable fault as 

is a tectonic fault whi ch has 

exhibited one or more of the following characteristics, a s 

cited from 10 CFR 100: 

11 (1 ) Movement at or near the ground surface at least once 

within the past 35,000 years or movement of a 

recurring nature within the past 500,000 years;" 

" ( 2)Macro -se i sm i c i t y instrumentally 

records o f sufficient precision 

direct relationship wit h the fault;" 

" ( 3) A structural relationship to 

to characteristics ( l) 

determined wit h 

to demonstrate a 

a 

or 

capable fault 

(2) of th i s according 

paragraph 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 site. This might occur, for example, 
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"at a site having a deep overburden. For these cases, evidence 

may exist elsewhere along the fault from which an evaluation 

of its characteristics in the vicinity of the site can be 

reasonably based. Such evidence shall be used in determining 

whether the fault is a capable fault within this definition. 

"Notwithstanding the foregoing paragraphs ( l), ( 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 

Because of the long time frame proposed for the repository 

isolation period (10,000 years), the potential generation of 

new faults and potential reactivation of existing faults are 

studied to delineate areas considered to have a lower 

potential for new or renewed fault rupture. Thus, these areas 

have a higher likelihood of containing suitable nuclear waste 

repository sites. 

Relevance to Siting. The relevance to siting of the 

generation of new faults and reactivation of existing faults 

is the same as for fault rupture (see Section A.2.1.1). This 

consideration becomes more significant during the isolation 

period because fault rupture during the operation period is 

most likely to occur on existing capable faults. 

Measure. The measure selected to represent the generation of 

new faults is the location of the fault with respect to 

future, potentially capable tectonic structures. 
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Guideline. Locations within the study area and within 5 miles 

of those portions of anticlines, synclines, and monoclines 

interpreted as being potentially capable in the future are 

interpreted as having a potential for the generation of new 

faults or reactivation of existing faults. This guideline may 

be applied to obtain subareas and to obtain site localities. 

Rationale. Based on a review of geologic, structural 

geologic, and tectonic data for the Pasco Basin and 

surrounding region, the major faulting appears to be 

associated with and concentrated near the axes of bedrock 

folds. Any future new faulting is also likely to occur along 

or near fold axes. The 5-mile setback is based on the capable 

fault setback discussed in Section A.2.1.1. 

Approach. The approach used in apply ing this guideline 

consists of identifying and locating bedrock folds in the 

s t u d y are a a n c de f i n i n g tho s e i n t e r p r e t e d to be pot e n t i a 11 y 

capable in the future. This process ma y be done at two 

screening steps; 

localities. Each 

levels of detail. 

to obtain subareas and also to obtain site 

step uses data of significantly different 

To obtain subareas, regi onal -scale data are used to i den ti fy 

and locate bedrock folds within the study area. The folds 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 folds believed to be potentially capable of 

generating new faults are identified, and areas greater than 

5 miles from those portions of the axes of the folds are 

included for further study. The same process may be used to 

obtain site localities; however, the data used are more 

detailed. 
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Definition of Terms. 

"Fold: 11 a curve or a bend of rock strata, usually a 

product of tectonic deformation. 

11 Anticline: 11 a fold, the core of which con ta ins the 

stratigraphically older rocks that is convex upward. 

"Syncline: 11 a fold, the core of which contains the 

stratigraphically younger rocks that is concave upward-

11 Monocline: 11 a unit of strata that dips or flexes from 

the horizontal in only one direction and is not part of an 

anticline or syncline; generally a large feature of gentle 

dip. 

"Capable fault:" see Section A.2.1.1. 

A.2.1.3 Ground Motion 

Ground mot ion is studied in order to describe the potential 

for seismic ground shaking in the study area. Although there 

will be facilities under ground as well as on the surface, 

results of a preliminary literature review indicate that 

vibratory ground motion at depth in a rock environment 

probably would be less than at the surface (Brekke and Glass, 

1973). The location of historical seismicity and the 

estimated level of potential ground motion are used to define 

a relative level of potential hazard to the surface facilities 

and belowg~ound 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, 
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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 are the measures 

used in establishing the guidelines 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. 

Guidelines. Four guidelines are used to define t he 

consideration of ground motion. The first is an inclusionar y 

guideline where portions of the study area considered t o ha v e 

a h i gh likel ihood o f exper 1e nc1ng moderate to low ho ri zon t al 

accelerations (less than 0 .40 g) are included for furt her 

study. This guideline may be used to obtain candidate 

areas. The second guideline is also inclusionary and includes 

for further study those areas greater than 12 miles from felt 

epicenters whic h are larg er t han MM V and g reater t han 6 mil e s 

f rom instrumental epicenters larger than magnitude 4 and which 

occur in concentrations or clusters. This guideline may be 

used to ob ta in subareas. The remaining two guidelines are 

classifying. One is used to evaluate areas with respect to 

isolated historical earthquakes having epicentral intensities 

MM V and/or magnitudes greater than 4.0 based on estimated 

location and the surrounding geologic and tectonic setting. 

The other is an evaluation of areas with respect to shallow 

microearthquakes (less than 3. 5 miles depth) based on 

location errors, geologic and tectonic setting, and the local 

and regional stress regime. Both classifying guidelines may 

be used to preferentially identify and evaluate areas to 

obtain site localities. 
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kationale. A ~otential horizontal acceleration of moderate to 

low severity (0.40 g or less) is considered to be an 

acceptable characteristic for aboveground and belowground 

facilities of a waste repository. LV!aJor manufacturers of 

Nuclear Steam Supply System (NSSS) components for nuclear 

power plants generally design for acceleration of 0.25 gas a 

ra inimum, and designs for higher accelerations up to 0. 75 g 

have been completed. Potential accelerations of up to 0.40 g 

probably would not require significant additional expenditures 

for either seismic design or would cause delays related to 

additional seismic investigations; 

of 0.40 g are significantly more 

licensing delays. 

however, designs in excess 

expensive and may cause 

The inclusion of areas away from concentrations or clusters of 

la rger historical earthquakes (MM V or greater and magnitude 5 

or greater) is reasonable, in that the probable tee tonic orig in 

for the earthquakes and the probable location errors 

associated witn the epicenters are recognized. Such clusters 

or concentrations of earthquakes present patterns which have 

more certainty of having a meaningful identification with 

probaole active tectonic structures than single, isolated 

earthquakes. 

For earthquakes that cannot be readily associated with or 

assumed to be associated with tectonic structures, as with the 

inclus1onary guidelines, such earthquakes are evaluated with 

classifying guidelines. These classifying guidelines 

recognize that siting repository facilities in close proximity 

to isolated larger earthquakes or to the reported locations of 

microearthquake activity is generally not desirable because of 

the increased level of study involved in the subsequent review 

and licensing process. The two classifying guidelines take 

into account the uncertainty of location and variation in 

detection threshold as they change with time, population 

distribution, and instrument coverage. 
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Approach. The approach used in applying the first 

inclusionary guideline for ground motion, "include areas with 

horizontal acceleration (less than 0.40 g)," consists of 

several steps. In the first step, two interpretive maps are 

developed; a fault map of the study area and an earthquake 

e1,Jicenter map. The fault map is based on available regional 

geologic, s true tural geologic, and tee tonic data. The 

earthquake epicenter map is prepared with the following 

requirements: 

• Include instrwaental data for all earthquakes of magnitude 

<:Jreater than zero-

• Include all earthquakes based on maximum felt reports-

• When data sources cite more than one epicentral location, 

available da ta on felt effects anG/o r instrument coverage 

w i 11 be analyzed 1n order to select the most prot.Jabl e 

location. 

In the second step, the fault and earthquake epicenter maps 

are evaluated to identify potential eartnquake sources. The 

faults are classified into three categories; faults 

inter~reted to be capable, non-capable faults, and faults of 

unknown capability. Capable faults are those that meet the 

c riteria for ca!Jable faul ts spec if ied by the NRC 

10 CFR 100, Appendix A. Faults of unknown capability 

age of the last movement cannot those on wnich the 

in 

are 

be 

ascertained from the available data. Only faults interpreted 

to be capaole and faults of unknown capability and that are 

longer than 12 miles are considered as potential earthquake 

sources in evaluating the ground motion potential. Faults of 

smaller length are examined for the consideration of fault 

ru1,Jture (see Section A.2.1.1) or are evaluated during the 

later stages of the screening process. 
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The third step consists of using empirical relations comparing 

earthquake sources to horizontal ground acceleration at the 

surface. Potential earthquake sources identified in step two 

are assigned a magnitude based on an earthquake magnitude­

fault rupture-length empirical correlation (Patwardhan and 

Others, 197 5) using half of the fault length as the rupture 

length. The 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 ( Tocher and Pa twa rdhan, 19 7 5) and represent peak 

horizontal acceleration on rock at the surface of less than 

0.40 g. Because of the large number of faults greater than 

12 miles in length, the following table, which indicates the 

setbacks to be used, simplifies the application of t h is 

gu ideline. 

Fault Length 

(miles) 

12 to 24 

24 to 60 

>6 0 

Setback Distance 

(miles ) 

5 

10 

15 

Lines are drawn around the potential earthquake sources at the 

appropriate setback distances. Areas outside these enclosures 

are considered to have a higher likelihood of experiencing 

moderate or !ow acceleration from earthquake ground shaking. 

The approach used in applying the second inclusionary 

guideline consists a) of identifying concentrations or 

clusters of historical seismicity having epicentral 

intensities greater than MM V and magnitude 4 (using epicenter 
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map prepared for limiting guideline above), and b) of drawing 

the radii of 12 miles and 6 miles (for the felt epicenters and 

instrumental epicenters, respectively) and forming an envelope 

of all overlapping or contiguous circles. Areas outside these 

enveloped clusters are considered to have a higher likelihood 

of experiencing moderate to low accelerations from earthquake 

ground motion. 

The approach used in applying the classifying yuidelines 

consists of the following steps; 

• Identification of areas of shallow ( less tnan 3. 5 railes 

depth) microearthquakes and isolated larger (MM V and 

earthquakes. 

3.5 miles 

greater, maynitude 4 and greater) 

m1croea rthquakes ( y rea ter than 

generally random, spatially and 

The deepet­

depth) are 

recognized generally only 

n e two r k a re a s . Th e s e 

within 

deeper 

temporall y , and are 

the microearthquake 

microearthquakes are 

considered to occur equally randomly throughout the areas. 

• Evaluation of the earthquakes identified abov e based on 

poten tial location errors, the geologic and tectonic 

settiny, 

reg 1me s. 

and the local ana possibly regional st.res!;; 

• Preferential identification of areas having a higher 

likelihood of containing suitable nuclear waste repository 

sites based on the evaluations of the tectonic setting in 

relation to historical earthquake and possible location 

errors. 

Definition of Terms. 

"Capable fault:" see Section A.2.1.l. 
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"Epicenter: 11 the point on the earth's surface that is 

directly above the focus of an earthquake. 

11 Microearthquake: 11 for the purposes of this study, an 

earthquake which is not felt or has a magnitude of less than 

3. 

"Macroearthquake: 11 for the purposes of this study, a felt 

earthquake or an earthquake having a magnitude of 3 or 

greater. 

A.2.1.4 Tectonic Movement 

Tectonic movement is 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, particularly in the subsurface facilities. The 

level or potential for differential tectonic movement defines 

areas of relative des i rab i 1 i ty for locating a nuclear waste 

repository. 

Relevance to Siting. Potential differential tectonic 

raovemen ts localized at or near a repository site may affect 

the safety of the site through local uplift/ subsidence, 

through changes in the local stress regime which may initiate 

new patterns or modify existing patterns of geologic structure 

(e.g. , fractures, join ts), or through potential changes in the 

local ground-water regime. Avoiding areas of existing and 

potential future tectonic movement can not only increase the 

suitability of the repository site but can also decrease the 

potential for delays in licensing. 

Past differential Measure. 

Basin has 

(anticlines, 

tectonic movement in the 

near bedrock been concentrated 

synclines, and 
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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). 

Guideline. A classifying guideline is used to describe the 

potential for differential tectonic movement. It is used to 

preferentially identify and evaluate site localities and is 

stated as follows: Evaluate areas on the basis of proximity 

to bedrock folds (anticlines, synclines, or monoclines) using 

data on the extent and degree of folding as interpreted from 

available geologic and structural geologic information. 

Rat ion ale. Based on a review of geologic and structural 

geologic studies in the basalt of the Pasco Basin (Newcomb and 

Others, 1972; Grolier and Bingham, 1971 and 1978; Jones and 

Landon, 19 7 8; and Reidel, 1978), the classifying guideline is 

believed to reasonably represent the concern for t he 

consideration of differential tectonic movement. The 

available data suggest that bedrock folding in the Columbia 

Plateau basalt continued as late as the Ringold Formation 

(Plio-Pleistocene) and is possibly an on-going process. 

Recent studies 1n Japan (Matsuda, 1976) have shown that in 

active zones of folding, the maximum rate of increasing 

amplitude or relative uplift at an anticlinal axis of 

Quaternary folding has been about 1 inch / year. Because of t h e 

relative recency of bedrock folding in the Pasco Basin region 

and the need for a stable geologic environment for the 

repository, it is felt that the evaluation of areas of past 

folding will result in the location of sites which have a 

higher likelihood of 

repositories. 

being suitable for nuclear waste 

Approach. 

guidelines 

The approach 

involves an 

used for employing 

examination and 
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structural geologic maps for the study area. Mapped folds are 

identified and the guideline is applied to the folds such 

that areas are evaluated to preferentially identify site 

localities. 

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:" see Section A.2.1.2. 

A.2.1.5 Ground-water Contamination 

The ground-water 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. Ground-water flow direction and velocity 

in formations within and adjacent to the repositODJ host rock 

affect the degree to which long-term i solation from the 

biosphere can be achieved. 

Measure. The measure selected to represent ground-water 

contamination is location with respect to natural and man-made 

discharge areas. Adequate ground-water data are lacking in 

the Pasco Basin to support a more rigorous application of the 

ground-water consideration. 

Guideline. The guideline used to define the potential for 

ground-water contamination is a classifying guideline based on 

proximity to natural and man-made discharge areas. It 

involves an evaluation of discharge areas and the ground-water 
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characteristics of the region to preferentially select one 

area over another. 

The Pasco Basin has locations that have a high likelihood of 

containing natural or man-made ground-water discharge points 

that may be hyd raul i cal ly interconnected to some degree with 

deep aquifer sys terns. In ~ddi t ion, these same locations are 

characterized by relatively high apparent (composite) 

horizontal hydraulic gradients. Such localities most likely 

occur along the Columbia River drainage system 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 ground water affects the travel time, it also 

a f f e ct s the de c a y , d i f f us i o n , d i 1 u t i o n , and abs o rp t i on 

potential between the subsurface repository and t he 

biosphere. Thus, gene rally , the farther away a repository 

site is select ed from t h ese discharge areas, t h e bett e r. ':' h e 

classification guideline is used to preferentially identi fy 

and evaluate site localities. 

Rationale. At present, subsurface hydrologic test data are 

not available in sufficient detail to reliably quantify the 

vertical and horizontal hydraulic gradients and pe rme­

abilities, porosities, dispersion, and absorption of the 

proposed repository formation or the f ormations immediately 

above and below it. Therefore, because it may be difficult to 

reliably estimate the velocity of radionuclide transport 

throughout the study region, no numerical inc lus ionary 

guidelines have been specified. Rather, by using general 

hydrogeologic concepts regarding the hydrodynamics of the 

region, site localities will be evaluated and classified based 

on their distance from ground-water discharge areas. Recharge 

areas can affect flowpaths and rates, but they are not 
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considered to be as important as distance. to discharge areas 

until more detailed data are available to determine the 

interaction of the two. 

Approach. The first step in applying this classifying 

guideline is to examine maps of ground-water level and water 

well locations within the study. area. The second step is to 

prepare an overlay map of apparent natural and man-made 

ground-water discharge areas. The areas are then classified 

using these overlay maps according to the principle that site 

localities farther away from discharge areas are better. 

Definition of Terms. 

"Ground water:" all subsurface water in the zone of 

saturation, including underground streams. 

A.2.1.6 Surface Flooding 

Surface-water hydrology and river floodplain geomorphology 

are studied to delineate areas that have a low potential for 

flooding and thus have a higher likelihood of containing 

suitable repository sites. 

Relevance to Sitin9. Flooding may affect the safety of 

surface and subsurface repository facilities. It is 

reasonable to assume that the NRC position regarding nuclear 

power plant sites would probably also apply to nuclear 

repository sites if and when such a posit ion on repository 

sites is promulgated. 

The NRC position states that sites located in river valleys, 

in floodplains, or along coastlines where there is a 

potential for flooding will not be evaluated for site 

suitability until the studies outlined in NRC Regulatory Guide 
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1. 5 9 have been made. These factors make flooding potential 

relevant to repository siting. 

Measure. The measure used in applying this consideration to 

the siting study is the height above a selected flood level. 

This measure which can be depicted on maps of the study areas 

reasonably represents the concern of potential surface 

flooding of repository facilities. 

Guidelines. Three guidelines are used to describe the effects 

of flooding. The first is an inclusionary guideline which 

identifies locations within the study area that have a high 

potential for flooding and that are interpreted as being 

within primary floodplains from topographic and geologic maps 

or within pub 1 i shed probable maximum flood levels. These 

locations occur adjacent to the Columbia, Snake, Yakima 

Riversr and other rivers in 

po t e n t i al a re a s , pl o t t e d o n 

for further consideration. 

t he study area. These high flood 

an overlap n~p , are not retained 

Areas above the primary flood -

plain are evaluated using the following two classifying 

guidelines: 

• Evaluate areas on the basis of their height above primary 

floodplains and on published p r obable maximum flood 

levels and 

• Evaluate areas on the basis of their location with respect 

to areas where catastrophic flooding (i.e., Spokane 

Floods} has occurred during the Quaternary time. 

Rationale. Because floods which have occurred throughout 

Holocene times have been largely responsible for forming the 

primary floodplain, it is reasonable that areas outside the 

primary floodplain will have a significantly lower potential 

for flooding in the future and that the higher these areas are 
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above the 

probability 

Floods is 

evaluating 

floodplain the better. In addition, although the 

of catastrophic flooding similar to the Spokane 

low during the isolation period, preferentially 

these areas as possible repository sites is 

considered reasonable. 

Approach. Overlay maps delineating the primary floodplains 

and published probable maximum flood levels of the rivers in 

the study area are prepared. The primary floodplains are 

removed from further consideration. Site localities with 

higher elevations above the primary floodplain and outside 

areas of catastrophic flooding are classified as being more 

favorable with regard to flooding potential. 

Definition of Terms. 

"Flooding potential:" areas susceptible to flooding by 

floods (i .e., precipitation, wind, or seismically induced 

those resulting from darn failure, river blockage 

or distantly or locally generated waves) are 

have a flooding potential. 

A.2.1.7 Volcanic Effects 

or diversion, 

considered to 

The type and intensity of potential volcanic ashfall are used 

to define the relative potential hazard to repository 

facilities. The distribution of potential volcanic ashfall is 

used to define the relative desirability of an area for 

repository siting. 

Relevance to Siting. Quaternary volcanic activity, 

particularly from ·andesite stratovolcanoes, is common within 

and along the western and southwestern borders of the Columbia 

Plateau, particularly in and near the Cascade Mountains. 

Because of the active nature of some of the volcanoes, 
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volcanic ashfall is considered to be a safety-related factor 

in site locality identification. 

Measure. The measure selected to represent the considerat i on 

of volcanic effects is the distance to a potential volcanic 

ashfall source or its effects. Because the sources can be 

defined from maps and available data, the measure becomes a 

mappable quantity adequate to depict the consideration. 

Guideline and Approach. The guideline used to describe the 

potential for volcanic effects is a classifying guideline and 

is used to assess the far-range effects of potential volcanic 

as hf all ( from the eruption of a Cascade stratovolcano ) on a 

re pository site. 

The potential thickness of ashfall in an area is estima ted on 

the basis of a model developed for the Pebble Sprin g s Nuclear 

Power Plant (Shanno n and Wilson , 1976; NRC, 19 77) . I n this 

model, the maximum downwind thickness from the lar ge s t ash-

fall event from Mt. St. Helen s is used to describe the total 

thickness expected , while the ashfall rate from Mt. Katmai, 

Alaska 1s used to describe the expected rate. The probability 

of an ashf all occurring with a great enough thickne ss t hat 

could seriously affect the safety of repo sitory facilities 

( and thus 1 imi t areas) 1 s considered to be low because the 

closest stratovolcano is at least 75 miles from the study 

area. From the model, however, classifications for potential 

thickness of ashf all a re established on the basis of distance 

from potential sources of ash: 

A) >150 miles to source 

B) 40 to 150 miles to source; 

C) <40 miles to source. 
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This guideline for ashfall would be applied to the closest 

Cascade stratovolcanoes to arrive at the maximum effect from 

the above classifications of areas. The classification for 

potential ashfall is used in the preferential identification 

and evaluation of site localities. 

Rationale. An examination of volcanic effects from Quaternary 

andesite stratovolcanoes suggests that the near-range effects 

are concentrated within 12 miles of the s tra tovolcano. 

Because the Quaternary stratovolcanoes are at least 75 miles 

from the study area, no inclusionary guideline is used for 

them. 

Mt. St. Helens is used as the model for ashfall because it 

has already been used by the NRC in the licensing review of 

the Pebble Springs Nuclear Power Plant. The model ash f all 

(Ashfall Y) has produced the greatest thicknesses downwind of 

the Cascade stratovolcanoes. Based on the model, it is 

believed that, for distances less than 40 miles, ashfall will 

have maximum effect on repository facilities and may 

significantly affect facility design; for distances beyond 

150 miles, the effects will be minimal. 

A.2.1.8 Future New Volcanic Activ ity 

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 environment for that period, the potential for 

future volcanic activity breaching or affecting the repository 

becomes important. This is particularly true when siting of 
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the repository occurs within a thick volcanic sequence in an 

area of past volcanic activity (i.e., the Columbia Plateau) . 

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. 

Guideline and Approach. 

define the probability 

A classifying guideline is used to 

of future volcanic activity and its 

effect on areas of 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, if possible, within and near the Pasco 

Basin and those areas which may have a probability of future 

E::ruption. This evaluation is thus used to preferentially 

i a e n tify and evaluate site localities . 

A. 2 . 1.9 Ground Failure 

Ground failu re is used to de scribe areas of existing g round 

1nstauil1ty, as well as to delineat e areas that may have a 

potential for g round failure . It serves to define areas that 

are mo re desirable for the siting of nuc lea r waste repository 

facilities (particularly surface or near-surface facilities). 

Relevance to Siting. Siting a repository on unstable ground 

or in an area having a having potential for ground failure may 

affect the safety of surface facilities needed for access to a 

nuclear waste repository. In addition, extensive foundation 

and slope stability investigations may cause delays in 

licensing and could also add to the cost of design and 

construction of repository facilities. 
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Measure. Two measures were developed to describe the major 

concerns for the consideration of ground failure. One deals 

with location with respect to existing landslides or potential 

landslides; that is, essentially with slope stability. The 

other deals with characteristics of foundation conditions; 

that is, with foundation stability. Both measures can be 

adequately applied to maps to successively reduce areas for 

further study. 

Guidelines and Approach. The approach used to define the 

consideration of ground failure involves the use of both 

inclusionary and classifying guidelines. 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 inclusionary 

guideline may be used to obtain site localities. The areas 

remaining are classified by two sets of classifying 

guidelines: 

• 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) 
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B) shallow alluvial area ( 20 to 100 feet of 

unconsolidated material) 

C) deep alluvial area (more than 100 feet of 

unconsolidated material). 

The bases for the evaluation of the potential for landslides 

are the l i tholog i c de script ions of format ions 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 

potential for landslides (categories A through C abo ve ). 

The bases for evaluation for other types of potential ground 

failure include the litholog ic 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 

abo ve) . 

(categories A through C 

These two classifications are used in the preferential 

selection and evaluation of site localities. 

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 

est irna ted through a geologic e•.1alua t ion of the data on the 

site localities. 
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Similarly, the thickness of unconsolidated material can affect 

the safety and cost of repository facilities, in that under 

seismic stress the materials may be subject to liquefaction. 

Therefore, the thickness of such materials generally 

determines the ease and cost of excavations to reach a stable 

foundation. Experience has shown that the difficulty and cost 

of foundation preparation increase sharply when the thickness 

of unconsolidated material exceeds 100 feet and that 

thicknesses of 0 to 20 feet are more suitable since they 

approximate bedrock conditions. From this evaluation, areas 

more closely approximating bedrock conditions are delineated. 

Definition of Terms. 

"Landslide:" general terrr. for a variety of mass movement land 

forms and processes involving the moderately rapid to rapid 

(on the order of 1 foot per year or greater) downslope 

transport of soil and rock material en masse by means of 

gravitational body stresses. 

"Unconsolidated Material:" clay, silt, sand, gravel, or 

similar detr i tal 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 desirability of an area for 

containing a nuclear waste repository. 

Relevance to Si ting. The potential for erosion or denudation 

may af feet the safety of a repository site. Eros ion or 
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denudation during the isolation period could expose the 

repository to the biosphere either by 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 suitable repository sites. 

Measure. The measure selected to represent erosion or 

denudation is the location of potential repository sites with 

respect to areas of potential erosion or denudation. This 

measure can be depicted as a map di stance or can be judged 

subjectively. 

Guidelines. Two sets of guidelines are used to describe the 

potential for erosion/ denudation. The first set is an 

i nclu s i onary guideline used to obtain candidate site 

localities. It includes, for further study, areas greater 

than 0 . 5 mile from steep-wa lled canyons (slopes approx -

imately 40 %) . 

the classifying 

The second set of quidelines includes 

guidelines used in the preferential 

identificaton and evaluation of site localities. 

guidelines classify the study areas into the following: 

These 

• Those areas where the proposed repository level would be 

below mean sea level (base level for erosion). 

• Those areas where the proposed repository leve 1 would be 

above mean sea level (base level for erosion). 

Rationale: The inclusionary value of 0.5 mile from steep-

walled canyons for the consideration of erosion/denudation is 

based on an evaluation of regional denudation rates in the 

Pasco Basin area. Hunt (1974) and Judson and Ritter (1964) 

suggest regional rates of denudation (regional lowering) for 

the Columbia Plateau, that range from 0.6 inch/ 1,000 years 
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to 1.5 inches/1,000 years. Over a 10,000-year isolation 

period, the plateau would be lowered on a regional basis 6 to 

15 inches. However, erosion would proceed more rapidly in 

areas having 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. 

Because these values are averages representing regional 

lowering and because of the uncertainty in the data (such as 

the effects of mass wasting and increased rainfall), a 

o. 5-mile setback from steep-walled canyons is used as the 

inclusionary guideline. 

The classification guidelines, based on elevation above mean 

sea level (base level for erosion), were derived from an 

evaluation of long-term erosional/ denudation processes and 

were based on professional judgment. Although regional 

lowering of the Columbia Plateau is proceeding at a slow rate, 

it would be more desirabl e f or a repository to be locate d 

below the present base level for erosion 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 inclusionary guideline 

involves an examination of the detailed topographic maps of 

candidate zones. Steep-walled canyons and valleys (having 

slopes greater than approximately 40 %) are identified, 

and the areas within O. 5 mi le of the edge of the canyon are 

delineated and removed from further study. 

The approach used for the classifying guidelines also involves 

an examination of the detailed topographic maps of candidate 

zones and an evaluation of the surface elevations (with 

respect to mean sea level) of potential repositories. Those 

areas where the repositories lie below sea level would be 
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classed in the first group, and those above sea level would be 

in the second group. The classification of the areas would 

then be used to preferentially identify and evaluate site 

localities. 

Definition of Terms. 

"Eros ion:" the general process whereby the earth and 

dissolved, 

rock 

materials of the earth's crust are loosened, 

worn away and removed from one p lace to another. 

or 

"Denudation:" the 

wearing awa y or 

sur face through 

sum of the processes that result in the 

the progressive lowering of the earth's 

weathering, erosion, mass wasting, an d 

transportation. 

"Base Level:" 

·which ecosion 

but its base, 

limit the theoretical 

of the eart h 's surface 

ultimate the general 

surface, is sea level. 

A.2.1.11 Stratiyraphic Characteristics 

or lowest level toward 

c onstantly progresses, 

base level f or land 

The coc~ housing the nuclear waste re~ositoc y will probably be 

the maJo r containment barrier:-. The scudy ot t he stratigraphic 

characteristics of this rock is used to describe and evaluate 

host rock cnaracteristics and areas of relative desirability 

for a nuclear waste repository. 

Relevance to Siting. The physical dimensions, geometry, 

position 1 and internal characteristics and properties of the 

rock housing the repository are important stratigraphic 

characteristics which can determine the degree of the natural 

containment and, thus, safety of the repository. 
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Measure. Three measures are used to define the consideration 

of stratigraphic characteristics: 

• Bedrock dip 

• Presence of suitable stratigraphic characteristics 

• Thickness of underlying host rock-type material. 

Guidelines. The guidelines developed to describe these 

measures are both inclusionary and classifying: 

• Bedrock dip: This classifying guideline divides potential 

repository strata into three groups on the basis of dip; 

0 to 5 degrees, 5 to 10 degrees, and greater than 10 

deyrees. 

• Presence of 

essentially 

containment 

suitable stratigraphy: 

states that suitaule rock 

must exist at the proposed 

This yuideline 

for repository 

re pository depth 

and that it must have acceptable thickness, structure and 

internal strength, and mechanical properties. Areas are 

evaluated for these suitable characteristics to obtain 

site localities. 

• Thickness of underlying host rock-type material: This 

inclusionary guideline includes areas where the thickness 

of the host rock-type material underlying the proposed 

repository is at least 500 feet. 

Rationale. The guideline of bedrock dip afJpl ies primarily to 

the development, construction, and operating costs of the 

repository. The bracketed ranges in dip reflect the estimated 

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 the construction becomes. 
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The guidelines concerning the presence of 

stratigraphic characteristics are based on the need 

least one basalt flow that is greater than 100 feet 

suitable 

for at 

thick 

and should ideally occur at the proposed repository depth of 

2,000 to 4,000 feet. In addition, unless this flow meets the 

minimum or estimated minimum structural, strength, mechanical, 

density, porosity, extent, continuity, etc. requirements for 

the repository, it may not be suitable. This guideline 

becomes a classifying guideline if more than one suitable flow 

is present within the repository depth range. That is, more 

repository options are available at a site having more 

suitable flows; thus, such a site becomes more desirable. 

The inclusionary guideline for the thickness of underlyin9 

host rock-type material stems from the need to ensure that the 

repository is isolated in rock for which information exists 

and for which it will probably be designed. The 500-foot­

thick limit appears to be reasonable and fits the level of 

detail of the available data on basalt thickness. 

Approach. Geologic data concerning basalt thickness, flow 

thickness, geologic structure, internal flow characteristics, 

and stratigraphic characteristics are collected for the 

subareas and / or candidate zones. These data are used to 

develop overlays for the inclusionary guidelines of 

stratigraphic characteristics and thickness of underlying 

basalt, as well as for the evaluation of areas to identify and 

evaluate preferred site localities using the classifying 

guidelines of bedrock dip and suitable stratigraphic 

characteristics. 
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A.2.2 Man-Made Hazards 

A.2.2.1 Aircraft Impact 

Areas having 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 resulting from aircraft collision with such 

s t ru c t u r es . In addition, segregating airports and air traffic 

patterns from land uses having 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 or 

restricted airspace. This measure is a pro xy for probabi lity 

of impact, the assumption being that probabi 1 i t y of impact 

decreases with distance from high traffic areas. 

Guidelines. 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 traffic at 

airports will be considered and used to define a setback 

distance. For airports with more 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 0. 0 0 2 ( 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 0.001 (total 
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operations). The distance in miles from designated commerc i al 

jet lanes and designated military training routes is used as a 

classifying guideline. Areas within the limits of restricted 

airspace defining intense, airborne military training 

activities are not included for further study. 

Rationa l e. The NRC regulatory positions on accident ana ly s i s , 

aircraft cons ide r a t i ons, and nearby hazardous f ac il i t i es as 

they apply to nuclear power stations are considered to be 

rep resentat ive o f the d egre e o f c onserv a ti sm that ma y b e ap ­

p lied to a r epository siting safe t y rev iew. This position is 

stated in Re gu latory Gu i d es 1. 7 0 and 4 .7 . The following 

languag e i s taken f rom Re g u l a t ory Guid e 4 . 7 

" A special analysis of such fac t o r s a s f r equency a nd ty p e 

of a i rc r aft movement , fligh t patt e r ns, local me t eo r ology , 

and topog r-aph y sho uld he perfo r med fo r- ( l ) s i. te s l o c ate d 

within 5 i:1i les of any existing or pr-oJected commercia l o r 

military ai r por-t , (2) sites located between 5 and 10 niles 

from any existing o r p r oje c ted c ommercial o r mili t ary 

a i r por t with ~ore tha n approx imately 50 0 d 2 ( wher e d is in 

miles) ai r c r aft move men ts pe r y e a r, and (3) s ites lo c a t ed 

at distan c e s greate r t h an 10 mile s fr o m an ai r po r t with 

r.1ore than approximately 1 , 000 d 2 aircraft mov e me nts per 

yea r. The a na ly s is s hou ld demon s t rat e t h a t the 

proba bility of any p o tenti a l a ir c r aft affe c t ing th e plant 

1n suc h a wa y as to cause the re l ease of radioact ive 

materials i n excess of the guidel i nes of 10 CFR Part 10 0 

is less than about 10- 7 per y ear. If the probabil i ty i s 

on the order of 10- 7 per year or greater, aircraft impact 

should be considered in the design of the facility." 

The inclusionary guidelines given above for airports are 

direct translations or numerical conversions of these NRC 

review formulas. The guidelines a~e applied to minimize the 
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probability that aircraft could impact at a repository site 

and to avoid the requirement to perform multiple, detailed 

risk analyses for sites close to airports. 

The classifying guidelines to consider the distance to 

aesignated commercial jet lanes and designated military 

traininy routes recognize the generally low probability of an 

accident alony such routes when compared to fixed - point 

sources of traffic. 

The inclusionary guideline concerning restricted airspace 

recognizes that these areas are locations of concentrated, 

low-level, high - speed and/or low - speed, possibly armed 

military aircraft activity. They have been designated 

restricted because of the hazardous nature of their existing 

usage. Areas included for further study a re away from these 

restricted areas, thus minimizing the requirement to perform 

detailed risk analyses for aircraft impact and inadvertent 

weapons firing. 

Approach. The 5-mile setback from 

small-scale maps of the study area. 

airports is applied to 

Airports are identified 

on state airport plans, located on study area maps, ana 

circumscrioed 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 

FAA, and from direct contacts to airport traffic managers. 

The classifying guideline may be applied to subareas. All or 

portions of a subarea are described in terms of air miles to 

the ground locations of commercial and military routes. This 

information is used in the preferential selection and 

evaluation of site localities. 
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The inclusionary guideline for restricted airspace is applied 

to obtain subareas. It involves identifying the restricted 

airspace from FAA charts and removing such areas from further 

study through the overlay process. 

Definition of Terms. 

prepared descriptions 

St ate a i rp o rt 

of present and 

plans are 

projected 

officially 

aviati on 

facilities. A common categorization of airports is by gross 

weight of aircraft accommodated. Airports accommodating 

aircraft weighing less than 12,500 pounds generally have fe w 

or no facilities; FAA control is generally not provided for 

such airstri ps . 

A . 2 . 2 . 2 Hazardous Facilities 

Ar ea s currently 1n a land use that is interpreted as 

presenting a potent ial hazard to the sa fety of operation of a 

re;::,ository and its associated facilities and areas close t o 

and potenti ally affected by such hazardou s uses are not 

considered t o b e suitable fo r siting . 

Releva nce to Siting . The NRC review pr o cess for a p r oposed 

re po s i to ry i s l i k e l y to cons id er the e f f e ct s of accidents o r 

po tentiall y hazardous ope rations at facilities that contain 

explosive , corrosive, or flamma ble materials that coul d gen­

erate missiles , fi re, shock wave s, or v a por clouds. 

Measure. The location of potentially hazardous facilities and 

distance (in miles) to certain facilities are used as proxies 

for the potential hazard associated with such facilities. 

Guidelines. Large, potentially hazardous facilities rgreater 

than or equal to 18,000 acres in size) are identified and 

removed from further consideration. Such facilities may 

include bombing and gunnery ranges, major ordinance depots, 
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and large transportation or trans-shipment centers. 

Fae ili ties which are possible missile or noxious vapor cloud 

generators (of any size) are further limited by a 0.6-mile 

setback, if they have not been removed by application of the 

first guideline. The large area guideline is applied to 

obtain candidate areas, potential missile generators are 

considered at the subarea stage of screening, and vapor cloud 

sources are considered in the identification of site 

localities. A classifying guideline evaluates the area 

remaining, after the inclusionary guidelines are applied, 

based on proximity to hazardous facilities. 

Rationale: The NRC safety review procedures on nearby 

hazardous facilities as they appl y to nuclear power plants, 

reprocessing plants, and other fuel cycle installations are 

considered to be representative of the concerns and degree of 

conservatism that will be applied to a repository siting r e ­

view. The 1JRC position on hazardous and potential ac c i d e nts 

used in developing these guidelines is stated i n Requlatory 

Guides 1.70 and 4.7. An example of the language a p pearing in 

these guides is taken from Regulatory Guide 4.7: 

"Potentially hazardous 

5 miles of a proposed 

facilities 

site must 

and 

be 

activities 

identified. 

within 

If a 

prelirni nary evaluation of potential ace i den ts 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." 
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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 yenerally require detailed risk analysis, if the 

hazardous facilities in question are closer than a specified 

distance, ranging in most cases from 1,148 to 3,280 feet. The 

0. 6-mile setback proposed above bounds the range of these 

distances and would thereby alleviate the need for detailed 

study of most 1:)0tentially hazardous facilities. The 18,000-

acre minimum limit on large areas is chosen as a practical 

matte r related to the size of areas di scernible on small-scale 

maps . For most of tnese la r ge areas, additional setbacks will 

not be require d because the boundaries of many such areas are 

established to include a safety zo ne. Facilities capable of 

yeneratiny noxious vapor clouds are considered later 1n 

scree n 1ny tnan o t ner facil ities because vapo r-clouu sources 

( sucn as a fe rt ilizer plant o r a liqui ci p ropane gas storage 

fac i l ity ) can be ve r y small operations ana are not we ll known 

or easily discernible , except by field ob servation or on 

larye-scale maps. 

App r o ac h . Large, na zardo us fa cilities are iden tified and 

~lotted o n small-scale maps of the study area and remove d from 

further consideration . Potential sources of missiles and 

s ho c k waves are iden tified within candidate areas, and a 

0.6-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 

0. 6-mile setback. Site locality evaluations will employ the 

use of the classifying guideline to describe the hazardous 

facilities near the site localities. 
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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 significant 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 Si ting. Areas close to major transportation 

routes (other than airways) are considered to be subject to 

potential acc i dents that affect the safety of operation of a 

repository; in addition, some transportation routes (highways) 

are considered to be significant 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. 

Guidelines. Areas within 0.6 mile from U.S. highways, 

interstate highways, railroads, and navigable waterways are 

not included for further consideration. This inclusionary 

guideline is applied to subareas and is used to identify site 

localities. Site localities are evaluated using a classifying 

guideline on the basis of proximity to the major transpor­

tation routes as well as secondary transportation routes such 

as state and county highways. 

Rationale. The 0. 6-mi le setback from interstate highways, 

U.S. highways, railroads, and navigable waterways is 
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consistent with the guideline applied to potential generators 

of missiles and noxious vapor clouds (see Section A.2.2.2 

above). These guidelines would not apply to controlled access 

routes. The classifying guideline recognizes that secondary 

transportation routes may carry hazardous materials, al though 

the frequency and thus probability of accident i s considere d 

to b e low . 

A . 2 .2.4 Induced Seismicity 

Induced seismicity caused by man's acti v ities 

des cr ibe t he pote ntia l for sei sm i c shaking 

is stud ie d to 

in the study 

area . The level of pote nt ial ground motion is u s ed to define 

the r-elative desi rabil ity of an area for a nuclear waste 

repository . 

~elevance to Siting . Altho ugh the g r o un d motion poten tia l due 

to ear-thquakes associated with the r-elease of r-e gional 

tecto nic str-esses has been discussed in Secti on A.2.1 . 3 , 

induce d seismicity caus ed by ma n's activities should be 

consider-ed. This mechanism of gene ration of seismic events i s 

not as well understood as that of ear-thquakes gene ra ted ma inly 

fr-om r-elease of tectonic stress and r-epresents an additional 

safety consider-ation . 

Measu r e . The mea sure sel e cted to represent this consideration 

i s location with r-espect to existing an d f utur- e sources of 

induced seismicity. The location of the planned repos ito r y 

away from present and future areas of potent i al induced 

seismicity is important. 

Guidelines. Two guidelines are used to describe the potent i al 

effects of induced seismicity. 

used to define potential areas 

with ex is ting potential sources 

A-43 

An inclusionary guideline is 

of ground mot ion associated 

of induced seismici ty. The 



guideline is stated as the inclusion of those areas greater 

than 5 miles from the boundary of existing man-made reservoirs 

that are more than 100 feet deep. This recognizes that the 

primary source of induced seismicity is most likely from man­

made reservoirs. This inclusionary guideline is used to 

obtain subareas. 

The second guideline classifies areas on the basis of 

proximity to planned future reservoirs and interpreted sources 

of induced seismicity in the following manner: 

A) >5 miles 

B) 0 to 5 miles. 

This guideline is used to preferentially identify and evaluate 

site localities and evaluate candidate sites. 

Rationale. Locating the reposito r y site away fr om present 

reservoirs is an inclusionary guideline to be used at the 

subarea level because of the potential for moderate to large 

magnitude earthquake generation from reservoirs at least 

100 feet deep. 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 analysis, the setback distance from 

the boundary of present reservoirs has been selected as 

5 miles. 

The classifying guideline was selected because it recognizes 

both the need to consider future sources of induced seismicity 

and the uncertainty whether planned reservoirs wi 11 ever be 

constructed. Again, the limit at 5 miles is related to the 

minimum setback established for ground motion in 

Section A.2.1.3. 

A-44 



Approach. A map is prepared for candidate areas ind i cat i ng 

locations of existing and planned reservoirs. An overlay wi t h 

a setback of 5 miles is drawn for the boundary o f each 

existing reservoir greater than 100 feet deep. These areas 

are removed from further consideration. 

The data developed for planned or future r e servoirs are used to 

evaluate subareas for the purpose o f pre f erentia lly 

i denti fy ing and e valuating site localities. 

A.2.2.5 Subsurface Mineral Exploration and Extraction 

Su bsur f ac e mi neral e xplo r ation and e xtra c t ion a r e u s ed to 

de scri be the pote nt i a l fo r pos si ble bre ach o f t he r epo sitory 

through exi s ting a nd futur e mining a c tivit i e s. A site wit h a 

rel at ively lower pote nt ia l fo r explorat ion an d/ o r exp l oitation 

is co ns ide r ed mo r e suitable fo r a nuclear wa s t e repos i tory . 

Releva n e e to Si tino . Exi s ting d r ill holes and future 

explora to r y p r og rams could ca us e a bre ach of c o n t ainment in 

t h e r e pos i t or1 , result i ng in pat hwa y s t o the b i os phere . Ar eas 

whi c h are att r a ct ive to fu t ur e mi neral expl o r ation or are 

already being exploited are generally undesi r able for nuclear 

wast e repos itori e s. 

Me as ur e . The mea s ur e used to de sc ribe this c onsideration is 

l ocation wit h respect t o exi st i ng and pot e nt i al f ut ure are a s 

of mineral e xp loration and extraction. 

Guidelines and Approach. Both an inclusionary guideline and 

classifying guideline are used to describe the measure. The 

inclusionary guideline includes, for further study, those 

areas outside of the limits of existing subsur f ace mine r al 

extraction and / or exploration. The approach used to apply 

this guideline consists of identifying the areas of exist i ng 
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(and past) mining activities, identifying areas of extensive 

subsurface exploration, and preparing an overlay delineating 

these areas. Areas outside of the limits of these areas are 

considered for further study. 

The classifying guideline deals with the potential for future 

mineral exploration and extraction. It is based on an 

evaluation of the probability of future mineral resource 

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 

li}:elihood for future exploration and / or exploitation. This 

information is then used in the classification of areas. 

Rationale. Because of the need to avoid possible sources of 

repository breaching, it is reasonable 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. 

Definition of Terms. 

"Mineral resource:" in the context of this study, a mineral 

resource includes metallic and non-metallic ores, petroleum 

resources, and ground water. 

"Mining:" 

including 

in 

oil 

the 

and 

context of 

water-well 

this study, 

drilling 

those activities 

and surf ace and 

subsurface excavation and exploration for mineral resources. 
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A.2.2.6 National Defense and Security 

National defense and security are studied to evaluate the 

potential for the proposed repository either being affected by 

nearby defense and security risks or by becoming a ris k i n 

itself. Repository sites having relatively lower defense and 

secur i ty risks have a higher likelihood of containing suitable 

sites . 

Re l evance to S i ting. Th e repository facilities themsel ves 

will contain nuclear wast e products that may be attract i v e 

secur ity risk s. In addition, t hese wastes if released to t h e 

e nviro nmen t th r o ug h an act o f war, sabotage, etc. on a nea rby 

f ac il ity , coul d cre at e r ad iati on hazards. For these r easons , 

the g e neral d e fe ns e an d s ecur ity e n v ironment o f t he r epos itory 

are examined . 

Measu r e . The measur e selected to r ep r esent t he con s ideration 

of n a ti ona l d e fe ns e and s ecuri ty is pro xim i ty to f a c i litie s or 

a reas in terp r eted as being pote n t ia l def ens e or se cu~ity 

r i s k s. 

Guideline and Approach . The guideli ne us ed in applying 

national d e fe ns e a nd s ecur ity is a c lass ify ing g u ide li ne . It 

invo l ves an evalu a tion of po t e n t ia l s i ting areas on t he b a sis 

of the ir pr oximi ty t o fa c ilities or a r ea s (power p l a nts, darns , 

c i ties, etc. ) whi ch ar e i nterpreted to be attractive mi l i ta r y 

or terrorist targets. This guideline is used to 

preferentially identify and evaluate site localities. 

Rationale. Because of the uncertainty in what constitutes a 

defense or security risk, based on available data, a 

classifying guideline is considered reasonable to represent 

this consideration. Certain existing facilities (i.e., dams, 

power plants, etc.) can be considered to be potential military 

A-47 

- - - --- --- - ---- - --



and/or terrorist targets and, thus, locating areas away frc., 

these facilities may reduce the effects on the repository from 

potential attacks on such facilities. The repository itself 

may be considered an attractive target; however, this 

condition is considered equal to all potential sites and 

cannot be used to differentiate between areas. 

A.2.3 Repository-Induced Events 

A.2.3.l Thermo-mechanical Effects 

Thermo-mechanical effects are studied to evaluate the effect of 

repository operation on the stability of the host rock. 

Repository locations having desirable thermo-mechanical 

pr ope rt i es are considered to be suitable fo r nuclear waste 

repositories. 

Relev ance to Siting. The thermo - mechanical 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 as potential 

repositories can be assessed. 

Measure. Although the thermo-mechanical 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 siting study. In addition to the thermo-mechanical 

properties, general engineering properties are also examined. 

Guideline 

geology, 

and Approach. 

stratigraphy, 

Based 

rock 

on an examination of the 

properties, and available 

laboratory data, a subjective evaluation is made to identify 

site localities. This evaluation is based primarily on flow 

thickness and the assumption that, given equal and desirable 
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internal flow characteristics, the thicker the flow, the more 

suitable will be the thermo-mechanical properties. 

Rationale. Because of the lack of detailed data concerning 

thermo-mechanical rock properties over much of the study area, 

the use of flow thickness as a measure of the thermo-mechanical 

properties appears to be reasonable. In general, a thicker 

flow will perforrr. 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 Release 

Populated areas are not considered to be suitable for 

repository siting. Areas of cur rent and p r oj ected moderate or 

g re a t e r pop u 1 a t i on de n s i t y a n d u r b a n i z e d pl aces a re rem o v e d 

f rom considerati o n along wit h a setback distance based on 

potential concentrations of gaseous radioactive emissions that 

could result from operation of the repository and associated 

facilities . 

Re levance to Siting. The segregation of major industrial 

facilities from concentrated residential and commerci al areas 

1s a widely accepted principle of land -use 

addition , the popu lation d istribution 

management . In 

a round n uclea r 

fa cilities 1s 

characteristic 

considered 

by the NRC. 

as a 

Densely 

safety -rel ated 

populated areas 

generally considered to be unacceptable for siting. 

site 

are 

Measure. The measure used is distance from populated areas, 

based on calculated concentrations of gaseous radioactive 

emissions from a repository and its associated facilities. 

Guidelines. Areas within 3 miles of populated places having a 

present or projected population greater than 2,500 and areas 
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within l mile of populated places having a smaller population 

are removed from further consideration. s pe Ci f i C Cum u lat i Ve 

population distribution and density around candidate sites 

will be considered in ranking. 

Rationale. Regulatory limits' on volumes and concentrations of 

operational radiation releases and as soc ia ted doses to the 

public are set by the NRC in 10 CFR 20, 10 CFR 100, and 

40 CFR 190. Using concentrations calculated on the basis of 

gaseous emission estimates from a repository, the rr.inimum 

setback from emission sources at a repository site is 

tentatively calculated to be at least 0.6 mile. This is 

extended to l mile for conservatism. Sites within l mile of 

any urbanized area a re not considered to be suitable. The 

3-mile setback for places greater than 2,500 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 

5,600. If one town of 2,500 is located within 3 miles, it is 

reasonable 

living in 

the site. 

center of 

threshold 

to assume that an equivalent population could be 

a 11 other port i on s of a 3 - mi l e c i r cl e s u r round i n g 

The ref ore , s i t es w i th i n 3 mi l e s of a pop u l a t ion 

2,500 persons would be at or in excess of the 

densities generally considereo acceptable by the 

NRC. The 3-mile setback is commonly used in 

plant siting and is considered reasonable by 

first approximation population exclusion. 

nuclear power 

the NRC as a 

Approach. Using the latest U.S. census population estimates 

available, cities and towns with current populations of 2,500 

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 
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considered in subsequent screening steps as appropriate to 

their size, the scale of maps, 

photographs available. At the zone 

projected populations are considered. 

and available aerial 

stage of screening, 

Available projections, 

current population estimates, and historical population are 

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 uroan areas will 

also be estimated. The 3-mile setback will be applied to 

towns projected to be 2,500 or larger in the 60th year, 

measured from the projected limits of the urbanized area. The 

1-mile setback for smaller towns will be applied in a similar 

fashion. For conservatism, a projected decline in population 

below the 2,500 population limit will be treated as a static 

f u tu r e pop u 1 a t i on , a n d the 3 - mi 1 e s e t back w i 11 be a pp 1 i e d to 

the current urban limits. Populations projected in this 

manner will be used as the basis fo r cumulative population 

d istribution anc density considerations used in ranking . 

A.3 ENVIRO~~ENTAL IMPACTS 

The considerations and guidelines developed to meet the 

objective of minimizing adverse environmen tal impacts are 

concerned primarily with avoiding designated or legislated 

cultural and ecological areas and reducing impacts associate d 

with the preemption of use of a large tract of land, suc h as a 

repository. These considerations are primarily concerned with 

the surface facilities of the repository during the 

operational time period. 

A.3.1 Protected Ecological Areas 

Land areas that are of particular ecological value and for 

which binding land restrictions have been established are 

considered unsuitable for repository siting. Areas which are 
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considered ecologically important and sensitive, but for which 

there are no legally defined boundaries or statutory prohi­

bitions, 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 perfilit 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. 

Guidelines and AJ2proach. 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 

of restrictions, and the reason for 

areas, the types 

protection are 

described. 

appropriate 

These 

overlay 

areas are plotted 

map of the study 

and shade d 

area. The 

on 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 inclusionary guidelines 

considered in three screening steps, specifically: 
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Screening Steps 

Candidate Areas 

Subareas 

Site Localities 

Guideline 

Outside areas of greater 

than 18,000 acres 

Outside areas of 5,000 to 

18,000 acres 

Outside areas of less than 

5,000 acres 

kat1onale. MaJor developments, including repos i tory siting, 

within the boundaries of these areas are either proh1u1ted OL 

cestricted by statutory authority. The decision to examine 

aifferent size areas in subsequent scceen ing steps is bas ed on 

the map scale used at the particular step. 

Definition of Terms . "Protected ecological area s:" tho s e areas 

which are p r o tected by binding r estrictions on the basis oi a 

particular ecological attribute ; the y could include critical 

habitat or threatened or endangered spec ies. 

A.3.2 Culturally Important Areas 

Areas t hat are inte rpr eted as being impoctan t because of 

certain values that soc iety may have placed on them ( scen i c, 

hi storical, recreational, or cultural ) are considered to be 

unsuitable for repository s i tiny and are not retained for 

further consideration. 

Relevance to Siting. See nic, his tor 1cal, recreational, and 

cultural areas that have been formally designated by public 

ayencies and for which restrictions have been established to 

preserve or enhance the cultural va~ues are judged to have a 

high potential for delays in licensing. These areas are 

considered to be unsuitable for repository siting. 
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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 600-foot stack at a site. The 

distance is calculated on the basis of rationale presented 

below. 

Guidelines. 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 (5 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, Bureau of 

Land Management roadless areas, wilderness study areas, wild 

and 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 guidelines are employed for 

different types of culturally important areas. A zone of 

influence is circumscribed around certain areas using the 

following guidelines: 

• Inclusion of areas farther than a calculated distance 

(based on the height of repository facilities) from 

designated scenic areas, trails, wilderness areas, 

national parks, recreational areas, and designated and 

proposed wild and scenic rivers 
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• No consideration for 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 identifed in this step are restricted in 

use and are considered to be unsuitable for further 

consideration. The decision to examine areas of different 

size is based on the map seal e used in each step. The zones 

of influence drawn around scenic areas were selected to limit 

the 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 i n t er ve n i n g vegetation, and on 

level ground, a 600-foot stack would subtend an angle of 

l deg ree on the 

provide a "far 

compromise the 

appr oach and 

horizon. The 1-degree angle is judged to 

background" 

scenic values 

the 1-degree 

vi si ble effect which would not 

of the designated areas. This 

as an value are suggested 

ap propriate s creening technique for nuclear power plant sitin g 

by t he NRC staff (No rris, 1974) . 

Approach. 

plotted 

setbacks 

on 

are 

The designated culturally important 

maps of the 

applied to 

appropriate scale, and 

t he appropriate areas. 

areas are 

the visual 

All areas 

affected by application of these guidelines are removed from 

further consideration. 

A. 3 .3 Protected and 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 endangered 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. 
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Relevance to Siting. The potential for any major development, 

such as a repository, to jeopardize the survival of a 

threatened or endangered species wi 11 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. 

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 wi 11 be 

defined as precisely as possible on 1:24,000-scale topographic 

maps. No setback from the boundary is considered unless one 

has been speci f ically recommended by a recognized authority or 

agency of concern. 

Guideline. Areas will be identified on a 1:24, 000-scale 

topographic map in the site identification step, and these 

areas will not be include d for further consi d eration. 

Rationale. General range maps depicting historical or 

possible distribution of t h e species and/ or its i mportant 

habitats will not be used to identify the areas of concern. 

These range maps are not precise enough and would result 1n 

large areas being dropped from consideration even though the 

species never has occupied or wi 11 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. 
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Definition of Terms. "Protected or endangered spec ies:" those 

plants and animals officially listed in the Federal Re gister 

by the U.S. Fish and Wildlife Service. However, s pecies 

listed by the states as rare, threatened, or endangered are 

not included (unless they also are o n the federal li s t) be­

cause they are not of fi c i ally recognized by the NRC. 

A.3.4 Biologically Important Areas 

Portions of sub a reas/ zones that were interp rete d to be 

biologically important and highly sensitive to the s hor t - or 

long-term effects of r epos ito r y construction or operation are 

not considered s uitab l e for siting. 

from further consideration . 

These areas are removed 

Relevance to Siting . The potential effect of the constructi on 

o r operation of a repository on habitats of important spec ies 

1s considered in the NRC site review process. Suc h ha bitat s 

include breeding, nesting, spawning, nursery, feeding , 

r e sting, wi ntering, or seasonal concentration areas and 

migration r out es. Ot her areas may be con sidered biologically 

important beca use of their high biological p r oductivity or 

commercial value , and attempts to site in th e se area s could 

delay li censing. 

Measur e . 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. 

Guidelines and Approach. Biologically important areas are 

identified on 1:62,500- and 1:24,000-scale maps of subareas. 

Ecological features considered to be biologically important 
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include freshwater marshes and bogs, "potholes" and other 

small freshwater ponds, and lowland riparian communities. 

These areas are plotted on transparent overlay maps. These 

biologically important areas are used to classify subareas and 

site localities according to a subjective scale of relative 

importance. The scale will be determined after data on the 

subareas and site localities are reviewed and biologically 

important areas are identified. 

Rationale. The above areas are considered to be important for 

the following reasons: 

• 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 and quantity in streams and rivers, hence 

important to the maintenance of habitats for salmon ids 

and other important aquatic species. 

The NRC states: 

"Important habitats are those that are essential to main­

taining the reproductive capacity and vitality of popula­

tions 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 of economically important populations 
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must be maintained unless justification for proposed or 

probable changes can be provided. 

A.3.5 Existing Significant, Specialty, 
or Incompatible 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 t o 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 s pee i al ty or prime cropland, and the 

potential visual or physical impact of a site on established 

or p ros pective public amenity areas. 

Measure. The mapped or observed locations of certain land 

uses are considered . 

Guide 1 i nes. Based on an examination of large-scale maps and 

available county or regional land-use plans, the existing land 

uses in each subarea are evaluated . The evaluation considers 

the type, extent, and intensi ty of ~ajo r land u se s 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 

subareas and removed from further consideration. This 

guideline is used to identify site localities. 

Rat ion ale. The segregation of major i ndus trial f ac i li ties 

from incompatible land uses is an accepted principle of land­

use management. The evaluation of present land use will be 
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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 agriculture 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 ground-water 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 

s trearns. A special 

interaction with repository emission 

case of this 

nuclear power plant, for which a 

would be observed on the basis of 

limits. 

consideration is a nearby 

minimum setback d istance 

radiological concentration 

Approach. Land uses, such as those described above, wi 11 be 

identified from large-scale maps, aerial photographs, and field 

observation, will be plotted on maps of subareas, and will be 

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. 
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Guideline. 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: 

• Potentially irrigable lands 

• Arable soils 

• Marginal soils 

• Submarginal soils. 

Submarginal soils will be considered to be more suitable for 

repository siting, followed by marginal soils, arable soils, 

and potentia l ly irrigated lands (least suitable ) . The t hr ust 

of this classification system is to encourage sites to b e 

selected awa y fr om areas that mi gh t be de ve loped fo r 

a griculture i n the f u tur e . 

Rational e . See Sect io n A.3. 5 . The h i e rarc hy of l and a nd 

s o i l s types 1s used a s a c la ss ifying guide l ine ( r ather t han 

inc lu s iona ry ) b ec a us e i t 1s i na pprop r iate to p r ed i ct the 

p recise locations of a g r i cultural uses fa r i n t o t h e fu t u r e. 

The guideli ne p resents a r a nge of siting c hoi ces with 

emp hasis on areas least like l y t o underg o cult ivati on i n t he 

futu r e a nd th e reby lea s t likely t o be pen e t ra t ed by we 11 s 

d e ve l oped for i rri g ation purposes. 

Appro a ch . Th is guide l ine is app l ied on maps of s ub are as. 

Potentially irrigable lands will be identified from stat e 

univ ersity reports and from maps describing the irrigat i on an d 

ground-water development potential of the Pasco Basin. Soil 

classifications will be taken from maps and reports of the 

Soil Conservation Service and state university departments of 

aqronomy and soils. Land classifications will be mapped on 

overlays of subarea maps; the mapped limits and the proportion 

of a subarea occupied by a land classification will be used in 

the identification of site localities. 
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A.4 SYSTEM COSTS 

The considerations and guidelines 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 (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 s i t e can ma t er i a 11 y a f f e c t the cos t of s i t e d eve 1 op men t . 

Areas having 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 

a cc es s to the s i t e , and re 1 a t i v e 1 y h i g he r potent i a 1 for poor 

meteorological dispersion characteristics. High slope, high 

relief, and a high degree of dissect ion are considered to 

limit flexibity in choosing facility configurations. 

Measure. The measure is a subjective asses srnen t of terr a in 

ruggedness as judged from topographic maps of candidate 
areas. 
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Guideline. The topography of candidate areas is examined 

subjectively on topographic and 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) wi 11 be judged to have a low 

potential of containing acceptable repository sites and will 

not be retained for further study. To guide the subjective 

evaluation, terrain ruggedness is generally defined as those 

slopes qreater than 15% grade occurring over relatively 

large areas (more than several hundred acres) or deeply eroded 

topography. 

Rat ion ale. The iden ti f ica tion 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 o f 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 from further con­

sideration. 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 

Subareas 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 guidelines described in Section A.4.1.1. 

Relevance to Siting. Development of a repository is a major 

construction project, the economics and environmental impacts 
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of which are sensitive to the amount and nature of earthwork 

required to prepare the site for excavation activities and 

facilities placement. To the extent that it is practical to 

identify areas that require a minimum of complicated 

preparation while possessing other generally desirable surface 

and subsurface characteristics, such areas should be preferred 

in evaluating subareas and site localities. 

Measure. The measure is a subjective assessment of 

topography as judged from maps and direct field observation. 

Guidelines and Approach. Usable area 

guideline used to identify site localities. 

is a classifying 

Maps of subareas 

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 distances to water supply and 

power, access, and the relative amount of excavation and fill 

that would be necessary to fit 2,000 acres of surface 

facilities on the landscape. From an examination of maps, 

portions of subareas that appear to be highly favorable from 

the standpoint of these considerations will be delineated on 

overlay maps. These areas will be evaluated and entered into 

the identification of specific site localities and proposed 

configurations for surf ace f ac i l i ties. 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. 
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A.4.2 Site Preparation (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 p roposed --------------=--
repository ma y significantly af f ect the overall cost of the 

repository. It is preferable to identify sites that tend to 

reduce t h e mining and excavation costs. 

Measure. The measure selected to represent subs u r f ac e sit e 

preparation lS a subJective evaluation of mining and 

excavation cost s . 

Guidelines and Appr oach . 

basis of thickness of 

Site loc alities are examined on the 

overbur den, depth of 

configuration an d l~ ngt h of tunnels , ex c a vat e d vol u me , 

subjective e valuation o r class ification 1s ma de of 

localiti es in te r ms of these pa r ameters . 

shafts, 

etc . A 

the si te 

Ratio nale. Because the da ta are ge n eral an d the uncertainties 

1n the data are h igh , a rigorous comparison of areas is not 

feasible . The subJective evaluation of su bsurface site 

p reparation cost s, based on professional judgment, appears to 

be r easonabl e in light of the ava ilable da t a . 
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SUMMARY 

Data compilation and cataloging for the candidate site 

locality identification study were conducted in order t o 

provide a retrievable data cataloging system for the present 

siting study and future site evaluation and 1 i cens i ng 

processes. This task occurred concurrently with anc: also 

i ndepe nden tly of other tasks of the candidate site lo ca l i t v 

identification study. Work in this task provided the dat a 

utilized 

screening 

orimarilv in . -
and ranking 

the development and 

processes to i dentify 

localities on the nanford Site. 

application of 
candida t 2 s ite 

The cve~a l : approach i ncluded two ste~s: l ) d a ta a cq u ~ .3 i ::: i on 

and sc:-eening; and 2 ) data compilat ic n and cataloging. Da ta 

a cq u i s i t i on 

review of 

and 

data 

screening 

sources 

formed 

with 

t he basis 

respect to 

for pre li ::i.i nary 
their probabl e 

utilization in the candidate site loca l ity ident i f icat io n 
study and review with respect to the leve l of completeness an d 

detail of ~he data. The important worti ng assumption was t hat 

the da1:a to be used 1n the st udy be based on existi:--.s and 

available published and unpublished literature. 

The data compilation and cataloging provided the basic ?roc uc t 

of 1:he Task: a retr i evable data cataloging system i~ t~e : o r m 

of an annotated reference list and key word index and an inde x 

of compiled data. The annotated reference list and key wor d 

index are cross referenced and can be used to trace an d 

retrieve the data sources utilized in the candidate si t e 

locality identification study. 
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I. INTRODUCTION 

l. GENERAL 

The task of data compilation and cataloging was performed as a 

concurrent but relatively independent t:.ask within the overall 

site identification study. The obJec: ive of this task was to 

provide a retrievable data cataloging s yst em for the candidate 

site locality identification stud y and for futu re site 

evaluation and licensing processes. In particular, this 

ccnsiscec of che collection, review, anc cataloging of existing 

caca sour~es dealing with geology, seismology, tectcr.ics, 

geotechnical engi neering, ecology, l a nd use, socioeconomics, 

and r<?gula:.i.ons for siting of nuclear :::. cilic.ies l.n t:ce ::1asc o 

::3asin ar:-~a and sur:::-ounding region. These existing c:ata 

sour c e s .,,.,. e r:- e u t i l i z e d i n par t o r e n : :. re 1 y i n the ca n d i ci a t e 

site locality identification study, and the collection and 

review of ~he data were gear:-ed to the caca 's usefulness to the 

siting study . This r:-eport includes the approach and method of 

study used to compile and catalog the jata sources as well as 

t h e resul:s of the cataloging s y stem. 

2. KEY ASSUMPTIONS 

Three key assumptions that were used=~ di rect the effor~s in 

th is task anci dealt with data ava i la :J i l i ty, utiliza tio~, and 

detail. 

• The data to be collected, rev:.ewed, and c~ taloged in 

th is task consist of readily available published and 

unpublished literature generated to the present date-

I-1 
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• The comp i l a t i on 

primarily from 

and 

the 

cataloging of the data wi 11 be 

standpoint of their probable 

utilization in the siting process with the application 

of present-day technology. 

• 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 t hose used for assessing smaller areas 

such as candi date site localities . 

3. OVERALL APPROACH 

The overall apr:,roac~ to data compilation consisted of two 

:Jasic steps; 1 ) 

como i l ation and 

da t2. ac~uisition and 

cata.logi ng. However, 

screening, 

prior to 

and 2) 

these 

dat:2a 

basic 

steps, the 

cataloging 

examination 

basis =o r data acquisi t ion, 

was for:nulated. It involved 

of the amount, type, and detail 

compila: i on, and 

a ;:,relimi nary 

of the available 

data and provided info r.na ti on needed to scooe th e work in 

fur<:her steps in :his task. The overall approach 1 s 

illustrated in figure I - 1 . 

In the first step, existing bibliographies were examined to 

locate data sources considei:-ed use ful to the si te 

identification study. These sources were col l ect ed and t h en 

screened to extract the data considered s igni f i cant to the 

siting process. In addition, data not readily available from 

the literature were developed through special studies 

involving limited analyses and literature evaluat i on for use 

in the site identification study. 

In the second step, the data sources were compiled and 

cataloged in a retrievable cataloging system. Data 
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compilations included data summaries and data map 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 THE REPORT 

This volume presents 

cataloging, beginning 

the 

with 

results 

Section 

of data 

I which 

compilation 

includes the 

and 

key 

assumptions, general approach, and relationship of this task to 

other tasks of the candidate site locality identification 

study. The apf?roach and method of study for data acquisition 

and screening are discussed in Section I I. Sect ion II I 

includes a description of the data compilation and cataloging 

systems used for data storage and retrieval. Ap9endices A, 3, 

C, and D include the annotated references, key word i nee x, 

index of compiled data, and a discussion of special studies, 

respectively. 
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II. DATA ACQUISITION AND sc~~ENING 

l. GENERAL 

The first step 1n the task was data acq ui sition a nd screen-

1ny . Using the ke y ass ump tions stated previously ( Sect i on I } , 

t he ob jectives of this step were to locate, acquire, and 

screen those sources of data concerning geology, tecton ics , 

engineering, soc i oeconomics, enviromental science, and nuclea~ 

facilities s iting, based on the data 's probable utilization in 

the siting process and also base d on readil y available 

published and unpublished literature. To achieve this 

pur?o se, o i.bl iogra [?h ie s of available l i ;:era ture we re scanned 

: o r ? CJ m i s i n g a r t. i c l e s ·,.; r. i c h we re co 11 e c : e d . L i t e r a t u re w a s 

screened fo r its signi: i cance to the site id e ntifica tion st udy 

3n d 9er~ i ne n t art i c l es ~e re o btai ne d or C~?ie d Eor the prc jec: 

l i :Jracy . : itecacure s creening fo r ms ~ere filed in a notebook 

fo r _ater use 1n id enti~ y i.ng c a ndida :e rerository s 1;:e 

local ities and in deve!oping a key word i ~dex and an annotated 

reference l ist . 

2 . AP~~OACH AND ~ETH OD OF STUDY ~OR DA~A ACQUISITION 

.\ND SCREE:-JI0IG 

Three subs teps we re ut i liz ed in the a~;Jroac h and method o E 

s;:udy fo e d a t a acquisit i o n and screen1ns for th e Pasco 9asin 

and surrounding region: 

• Initial review of bibliographies to identify promising 

sources of data fo r utilizatio n 1n the site 

ident ification study 

• Secondary review of bibliographies and data sources to 

locate and obtain promising literature sources fo r 

utilization in the siting process 

II-1 
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• 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 

examination of several b ibl iograph ies dealing with 

of an 

geology, 

geophysics, tectonics, and other topics of the Pasco Basin and 

surrounding region of the Columbia ?lateau 

Sc:1wab, 1978; 

and Others, 

Tucker and Rigby, 1978; Rober:.s, 

l 9 7 3 ; Tu c k e r , 1 9 7 8 ; Re i ch er t , 

( Sum me rs and 

1970; 

1969). 

Roberts 

These 

bib l iographies, some of which contain map indexes, were 

sca~ned to compile an init i al list of articles and maos to be 

yat::1ered and reviewed (i:igure II-1 ) . Reference lists from 

per~:nent l i terature ~ere also chec ~ed. Us:.:-ig titles as the 

ina:c:- g uide, literature that appearec signi:icant was orde?:"ed 

or ~arrowed from libraries. 

The secondary review of the literature consisted of a visual 

examination of the data sources identi:ied i~ the initial step 

to determine whether the information contained within was 

applicable to the site identificat:.on stJdy or could be 

u t il 1 zed 1n the various tasks of the siting study. Those 

lite?:"ature sources which appeared to be promising were 

ret:ained for further use and placed in the ?roject files. In 

boch the initial and secondary revlew of the literature, 

extensive use was made of the libraries and associated reports 

available from Rockwel 1 Hanford Operations, ?ac if ic Northwest 

Laboratory, and Washington Public Power Supply System, Inc. 

Screening of the data sources involved the development of a 

literature screening form for use in reviewing the significant 

data s o urces and summarizing the pertinent data. Two general 

forms were developed: 1) one for geologic/tectonic and 
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geotechnical purposes; and 2) one for environmental science 

pur?ose s. The forms contain spaces to f i 11 in the reference 

infonnation, location of the study being described, relevance 

to the project, key words, and a s urnrna ry of the article. In 

addition, the fonns 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 II-2. The purposes of the forms were to 

summarize the type of data available, describe the amount of 

detail in each article or map, and provide a mechanism to 

trace data sources used in the site identification study. The 

li~erature screening forms are maintained in the project files 

a~d are continuousl y updated as data are acquired. 
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III. DATA COMPILATION AND CATALOGING 

l . GENERAL 

The data compilation and cataloging step provided the primary 

product of the task work in the site identification study: a 

retrievable cataloging system usable during the siting stud y 

as well as through subsequent phases of the siting process. 

The data sources ut il ized in the site locality identification 

st udy included pub li shed and unpublished literature and 

compiled data sum mar 1es and data maps. To accomrnoda te the 

available published and unpublished ~iterature and catalog it 

u1 a retrievable ma:1ner , two syste!'Tls we:::-e utilized: 1 ) an 

annotated list of re:erences; and 2 ) and a key word index. 

The annotated i::-e: ei::-er.ces ( .;ppencix ..... ; i:1 c lude all ?ublish ec: 

anci u npublished literature sc:::-eene c: Eor use 1n the siting 

study . The key ,,..,oi::-c: index ( Appe nc:ix 8 ) was de 11eloped t o 

?r-ovide a cross reference to t~e an notated reference list and 

to ?rov id e an addit io na l method :o enter the data catalogi ng 

system. 

Data summaries anc data compilation maps evol ved f r om t h e 

review and evaluat i on of the avai l able data sources. This 

information was used directly or indi rectly 1n the va r ious 

tasks of the candidate site localiti identification study . I n 

addition, where spec ific information could not be compiled 

from the existing data sources, special studies were 

undertaken to d e velop data that could be utilized in the 

siting study. Appendix C includes an index of compiled data 

and Append ix D prov ide s a discuss ion of two special studies 

used to develop data. 
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2. DATA CATALOGING 

2.1 Annotated References 

The annotated reference list present in Appendix A evolved as 

the need for data developed in each of the other tasks of the 

s i t e id en ti f i cation s t ud y . As such , the reference 1 i s t was 

being continuously updated throughout the site identification 

study. The annotations for each reference are based on the 

information extracted from the data screening forms dis cussed 

in Section II and are generally limited to the 9ertinent data 

utilized in the site identification study. Thus, it is likely 

::::at ot:ier information may also be ?resent 1n a g1•1en source 

of data, but it was not considered to be significant to the 

?resent siting stud y . The numbers assigned to each reference 
i~ ~99endix A were developed for cross reference with the key 

word index and ?rovide for reference list expansion oy the use 

of decimal number~ng. 

The annotated reference list was designed to ?rovide a system 

to tr-ace the use of avai_able :Jublished and unpub_ished data 

1n the site identi:ication study and to retrieve a summary of 

the pertinent information. In addition, when used in 

conjunction with the filed literature sc'!:'eening forrr.s, more 

detailed data can be retrieved. 

2.2 Key Word Index 

A l l ..__ the key words listed on the 

compiled into a master list. 

literature screening forms 

The list was organized by 

topic into a preliminary key word list which was reviewed and 

evaluated for completeness and to eliminate possible 

redundancies. The preliminary key word index was finalized 

and is presented in Appendix s. All available published and 

unpublished data sources (Appendix A) are listed by number 
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undec each key wocd ( .\ppendix B ) used on the data scceening 

focm oc an equivalent ~ey wocd. 

The key wo cd index was designed to pcov ide an additional 

source of en try in to the annotated reference 1 is t and thus 

provide an additional method of tcacing and retrieving sources 

of data. Using the key word index, a general topic and / or a 

known key wocd can be located and the appropriate oc pertinent 

data sources can be t::-aced. An examp le of how the key word 

index can be used is s~own in fi~ure III-1. 

2.3 Data Summaries =nd Compilat io ns 

Data fcom available lite cature that could be mapped and used 

1n ;:he 

of che 

sucface 

scceening of 

study area. 

mapping had 

~je Pasco Bas in was compiled o n ove::-lays 

Ot h e c maps we re compiled to show where 

been done and where subsurface data 

existed. In addition, whece information was needed, although 

not necessarily mapped information ( e.g., lithology, stcati­

gcaphic descriptions ) , notebooks and small-scale maps were 

developed to organize and summarize the pectinent data on the 

Pasco Basin and the surrounding region of the Columbia 

Plateau. The data compilations have been filed and are accorn­

?anied by references to sources, data summaries, working 

drafts, and so on. Appendix C contains an index of the 

compiled data placed o n file and used ( ;:o date) in the screen­

ing 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 o f 

the siting study, special studies involving analyses and 

evaluations of the data were undertaken to obtain such 
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1. SAMPLE TOPIC 
lnternill structL11es of l.Jiisall llows 

2. LOCATE THE MOST APPROPRIATE KEY WORD 
Key worus arc arranycd in uu1li11c lu1111a1 
under major sul.Jject hei1lli11ys 

3. ENTRY IN KEY WORD INDl: X 

lot,obm I \::'";:~r::, lOI :~ 

44
, J 

4. TUAN TO APPENDIX A - ANNOTATED REFERENCES 
AND LOCATE TIIE REFERENCES Willi TIIE NUMBERS 
ON THE KEY WOAD INDEX 

Example fro ir1 references 

14 3 . lluJye,, ( . A., 1978 , b• so ltlc riog structures of the Columu la Pl,teou : 

LcvluylLol !>ucltly of ,.,.,rico tiulltLin, v. tiY, p. 1281 - 1289 . 

lhe rl1 ,y structure found in the Hou lli.111ber neu 0deHo h described 

, nJ t eolurts &re r eloled t o rising yround "'oter u thi ck flows coo led 

owtr • 1<,1,09roµl.l c low . 

150 . lluyt, ( . L., 1961 , l11e ll0111nond Sill -An Intrusion In the Yiki••• Bo so lt 

ll<H Wc nolchce, Wo>hinytun : Northwest Science, v . 35, no . 2, p. 58-64 . 

ll,c liosolt H ruclures in western Douglas County ue discussed . H,e 

t10 11u,u11d )i ll Is • n lnw1siwe sll I "'Ith suLsldiory dikes withi n the Rock 

i , lo nJ i1,ltrl>ed . 

lti4 . luny , I' . L . , 19/ll, ChoroLltrlldllon &nd recognition of lntroflow s truc ­

tu rt,>, GronJe ko, ,de tios o lt : Ro ckwell lnlernalionol, lnfonnol Report 

klllJ - bWl · IIJ - 10, v•evore<l t or Liu: U.S. Dcvon.mt:nl of Ene rgy, Coutroct EV · 

71 - l - Ub - 1030. 

lllis reµ a, t describes vorious l n tr•flow struc tures in the Grande Honde 

tluw; onJ lhelr usefulness in corrd 1t i119 drill hole daU . 

201. Hc~ce, 6 . , 1nd Strodliny, 0 . , 1970, The S49 flowout : a newly descriLed 

vol co11 i c structure: Geological Society of Ame rica Bulletin, v. 81, 

283 . 

447 . 

µ . 20J5 - l044 . 

lili s orl icle describes ll ,e ring structures occurring In l11e Roza Hc,nber 

ucor 0Jcsso, Wosliington . T11ey were fonu,:d by fluid lava escoping alony 

co11ce11tric di~•• in the vutly solidified fluw . 

Hyon, H. P. , and Sonanits, C. G. , 1978, Cyclic fracture •iechon l sms In 

cooling bastlt: Geologi cal Soc iety of America Bulletin, v. 89, p. 1295-

1308 . 

lllls p•µer addre sses th e question of how hexagonal polyhedra are found 

and l1uw vcrtleol Joint , grow l0119er (croc~ tip defon11illion ) In cooli11y 

uo,alt, . 

Woten. A. C. , 1~60o, Pde1111i11ln9 direction of flow In basolls : ,.nerlco n 

Juuruol ol 5dcuce , v. 2~11 -A, I' • 350- 366 . 

A detcni,in•tlon of flow Jlr·ectlon usloy columnar Joints , splrocles, pij>t 

we slcl<S ond cylinders, ond primary foresel bedding In palagonlte . 

FIGURE 111-1 

EXAMPLE OF USE OF KEY WORD INDEX AND ANNOTATED REFERENCES 



information. These studies generally involved a review oi 

existing literature plus the development of assumptions and 

subsequent analyses to reach conclusions necessaDJ to provi de 

the required information. Two such special studies undertaken 

were to: 1) characterize estimated operational radiation 

releases from nuclear waste repositories; and 2 ) character ize 

underground earthquake ground motion. Adequa t e informa tion 

does not exist to characterize either of t hese sub j ec ts, 

although 

in terms 

they are of particular interest to the s iting st udy 

of screening and ra nking of the de velopmen t 

guidelines. Appendix D i :1cludes de':ailed discussions of t:1e 

approaches and met hods of st udy for the par ti cul a r s t=iec i al 

studies of repository operational releases and underground 

earthquake ground mot io n. 

' 
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APPENDIX _;_ 

ANNOTATED REFERENCES 

The following list of annotated references is the primary 

product of data cataloging. The type and varie ty of the list 

reflect the data needs for the various ta s ks of the site 

lo cality identifica ti o n study :or the Pasco aasir. and 

surrounding region. The annotations fo r each re fe rence are 

based on 

screening 

geared to 

the i n £ o r:na t i o n ext ra cted from the 

:arms (di scussed in Section III ) and, as 

presen t a summary of the infor:na tion 

l~tera': ure 

such, are 

considered 

::,ertinent to t'..e ;,resent sitir.s study . Ap~encix A a nd 

cross- referenced ,;.ppend ix a ( Ke y Word Index: ) 9r-ovid e a 

cataloging system for t!le availab:e ?ublished and unpubl:s he d 

literatur e used o r considered for use in the site localit y 

ident ification . 

1 
.J.. . 

2. 

Ad am, J . A . and cl.agers, V .'"....., 19 78 , A classifica;:ion 

s y stem for radioactive was ;:e dispos al --vlhat '"as t e goes 

where?: U.S. Nuclear 

NUREG-0456. 

that 

class i f i ca ti on s y s t em 

characteristics of 

Regulatory Commiss ion, 

is ::)ased on t!le 

r-adioactive wa ste 

cr-e!'TI i se 

should 

d etermine the waste disposal method employed. 

The Aerospace Co r poration, 1973a, Was hingto n State 

for the Was hington Airport Sys tern Plan: prepared 

State Aeronautics Commission and the Federa l Avia tion 

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

This plan describes aviat i on facility needs in the 

State of Washington for the n~xt 20 years. An inven-
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3. 

4 . 

The 

tor:y of aviation faci l ities identifies land-use 

patterns in the vicinity of the state's airports. 

Aerospace Corporation, 1973b, Washington State 

Airport Sys tern Plan: Technical Supplement: prepared 

for the Washington State Aeronautics Commission and 

the Federal Aviation Administration, ATR-73(7273)-1, 

v. 2, Part l. 

This report presents the planning study information 

developed during the pr29aration of the Washington 

State Air?ort System Pla::. It identifies the ;?roce­

dures followed during de •,- elopmen t of information and 

presents da t a, ;ila.r.s, and ~·.1 idelines directed to countv 

and local 9lanners. 

The Aerospace Corporation, 1973c, Washington State 

Air;?ort System Plan: Technical Supplement: prepared 

for the lilashington State Aeronautics Commission and 

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

This report presents 

developed during the 

the planning study information 

pre9aration of the Washington 

State Airport Syste!!l Plar:. It identifies t h e 9roce-

d ures followed during de '1elopmen t of i n for:i1a t ion and 

presents data, plans, and guidelines directed to county 

and local planners. 

S. Agapito, J.F., Hardy, M.P., and St. Laurent, D.R., 1977, 

Geo-engineering review and proposed program outline 

for the structurai design of a radioactive waste 

repository in Columbia River basalts: Rockwell 

Hanford Operations, Report RHO-ST-6, Richland 

Washington. 
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This geological engineering review program is for a 

9roposed radioactive waste repository in Columbia 

Plateau basalts. 

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

Nuclear News, v. 21, no. 11, p. 119-130. 

A news article summarizing a public hearing on 

radioactive waste by an interagency task force. 

Federal proposals are briefly explained by 

legislators. 

7 . Ancerson, J. V., 3ush, J.H., Crobsy, J.W., Kiesler, J . P., 

C:.nd Siems, 8 . .c' . • , 1973 , Co r:-e lation of Columbia ~iver 

':Ja salt by geophysical techniques ( abs. ) : Geolos i cal 

Society of A:::erica , Ab s ti::-acts -,..,it:-1 ?rograms, ,, . ~, 

no. 1, p. 3. 

8. 

St:::-atigraphic correlations, based on Ti0 2 anal y sis, 

gamma and neut:::-on log s, and driller's logs, were per­

:or.ned on the up pe:- 500 :eet of ':::iasalt in the Horse 

Heaven Hills. Correlations were made for the Wanapum 

and Saddle Mcuntains Formations. 

.:\r:ns trong, 3. E. , 19 6 9, t\coustic '=miss io ns ::,rior to 

rockburs ts and earthquakes: Bul l e t1 n of the 

Se i s mo log i cal Soc i e t y of Arner i ca , v . 5 9 , no . 3 , 

fl. 1259-1279. 

The acoustic emissions 

rockbursts 

the effect 

considered. 

were examined. 

of anelastic 

Indications 
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9. 

areas of mine workings may be identified through the 

monitoring of acoustics and earthquakes of the mined 

area. 

Armstrong, R.L., Taubeneck, W.H., 

Rb-Sr and K-Ar geochronome try 

and Hales, P.A., 1977, 

of Mesozoic granitic 

rocks and their Sr isotopic composi tio n, Oregon, 

Washington, and Idaho: Geological Society of America 

Bulletin, v. 88, p. 397-411. 

Orogenic events occurred in the basement complex 

during Late T-::-iassic to Early Jurassic ( 200 

m.y.a.) 1n western Idaho; Late Jurass:c ( 140 

to 217 

to 160 

m.y.a. ) ::.n Oregon; ar.c: Late C-::-e tacecu.s ( 7 0 to 100 

m.y.a. ) i~ the Idaho ~atholith. 

10. Atlantic Richfield Hanford Company, 1972, 3ioliography of 

reports related to ear:~quake studies at Hanford, with 

synopses of individual reports: Atla::tic Richfield 

nanforc Co mpany, 77 p. 

An annotated bibliography to earthquake studies 

performed at Hanford. 

11. ;;.tlantic 2ichfield Hanfcr::-c Company, 1976, ?reli;ninary 

feasibility study on storage of radioac~ive wastes in 

Columbia River basalts: ARH-ST-137, v . l and v. 2, 

Richland, Washington. 

The geologic, hydrologi c, heat trans fer, and rock-

waste compatability studies that were used in 

evaluating radioactive waste disposal sites in 

Columbia River basalt are discussed. Stratigraphic 

correlations, degree of aquifer isolation, assessment 
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of tectoni sm, heat transfer from radwa s tes, and geo­

chemistry were studied. 

Atomic Industrial Forum's 

Management, 1978, Spent 

Study Group on Waste 

fuel and nuc lear waste: 

Atomic Industrial Fo rum, Inc., Washi ngto n, D. C. 

This policy statement discusses stor ing s pent nuclear 

fuels on a shor t -ter.n basis. 

13. 3aker, V. R., _978 , '::'he Spokane flood controvers•, and :he 

~artian outflow channels: Science, v . 202, 

".) . 1249 - 1:56. 

'::'he hypo thesis reg a ::-ding the S£)okane Flood and c:-ie 

deve lopmen t o f the scablands topography of the Colum­

bia Plateau is presented, and the development of the 

3cablands i s compared to the Martian outflow channe ls 

~orp holog ic de veloome n t. 

14. Baker, V.R., and Nuffimedal, D., eds., 1978 , The Channele d 

Scablands: Gu id e prepared by the National Aeronaut ics 

and Space Admini stra tion for the Comparat ive ? _ane cary 

Ge ology fie ld Co nfere nc e , June S- 8 , 1978 . 

15. 

This is a compilation of papers on the Channe led Scab­

lands phy s iograph ic region of eastern Was hington. '::'he 

geomorpho logy is thoroughly described and its inferre d 

origin, including the hydrodynamics of high-veloci ty 

flood erosion, is ~iscussed. 

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

rates: Comparison of oceanic ridges, islands, and the 
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16. 

Columbia Plateau basalts: 

p. 493-496. 

Volcanic 

basalt 

production rates 

may have been two 

for 

to 

Science, v. 180, 

the 

three 

Colulmbia River 

t i mes th a t o f 

volcanic island (oceanic) basalts. Lithospheric plate 

motions elsewhere a l ong the North American Pacific 

plate margin are suggested to have triggered the 

event. 

Baldwin, E. M. , 1966, Geology of t he Columbia River 

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

Th i s article discusses the Tertiary s t rat i graphy 1n 

t he Columbia River gorge, specifica l : y ~h e Gob l e and 

Skamania Volcanics, Eagle Creek formation, the 

Columbia River basa lt s, Troutdale ?ormat i on, Sandy 

River ~udstone and ~~e Dalles Formation. 

1 7 . 9at~el l e, Paci f ic Nor-: :1 west Laborator1, 1967, Nuc.:.ear 

f?Ower t?lant siting i n the Pacific Nort hwest: Report 

for the Bonneville Power Administracion, Conc~act 

No. _4-03-67868, Richland, Washington, 5 0 p. 

The general characteristics of Pacific ~ort hwest areas 

selected as f?O ten ti al nuclear power ;:ilan t sites a re 

£)resented. 

18. Battelle, Pacific Nort:1west Laboratory, 1971, Bibliog­

ra!:)hy of geoloiical publications sup!:)orted by the AEC, 

related to the Columbia River Thermal Effects 

Studies: BNWL-1543, Richland, Washington. 

These papers and publications deal almost exclusively 
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with salmonids, ina i nly regarding 

related topics. Most entries are 

but the bibliography covers the 

1970. 

thermal ef fe c ts and 

from 1966 to 1970, 

period of 1950 to 

19. Battelle, Pac if ic Northwest Laboratory, 1977, The Hanford 

6-7 series, a volume of atmospheric field diffusion 

measurements: ?NL-2433, Richland, Washington. 

Meteorolog ical data obtained by taking atmosp her ic 

di E fu sion :neasur2men ts in the Hanford Si te a.::-ea a re 

are presented. 

20. Bat':elle, Pac ific :Jorthwest Laborato ry , 1979, Def2nse 

flt"Ogrammatic en 11i::-anmental impact s tatemen t for h .:. gh ­

level waste: ~elease Scenario Analysis ( Dr af t) : 

9repared for Rock ,,..,ell Hanford Oper-ations, Rich l an d , 

Was hi ngton. 

This draft r~oor-t analyzes ~ock.we ll Han:: o r d 

Operations' disruptive release scenarios for high­

level waste, as well as presenting additiona l 

scenarios. 

21. Battelle, Seattl e ~esearch Center, 19 78 , Tectonics and 

seismicity of the Columbia Plateau workshop: Bat telle 

Tectonics Sympos ium, February 14-16, 1978 , Basalt 

Waste Isolation ?rogram - Rockwell Hanford Operat ions, 

Seattle, Washington. 

This report summarizes the present knowledge on the 

Columbia River 0asalts and their tectonic sett ing , 

past and present. 
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22. Beaulieu, J.D., ed., 1972, Geologic formations of eastern 

Oregon: Oregon State Department of Geology and Mineral 

Industries Bulletin 73, 80 p. 

A descriptive index of lithologies 

formations in eastern Oregon is 

geologic map is included. ) 

and mapping 

provided. 

of 

(No 

23. Beaulieu, J.D., ed., 1973, Geologic field trips in 

nor:hern Oregon and sout~ern Washington: Oregon State 

Department of Geology and Mineral Industries 

Bul l etin 77, 206 p. 

Pre-Columbia River jasalt formations 1n Oregon are 

disc:..issed, includ i ng limited stracigraphic 

information, on the Columbia River Plateau. 

24. Beaul:eu, J.D., 1978, Surficial geologic h·azar"d concepts 

for Orego~: The Ore Bin, v . 40, no. 3, p. 4 1-56. 

Various types of surfical geologic hazards are dis­

cussed with (non-referenced ) examples. 

25. Seek, Y!.E., Jr., 1978, Summary of tectonic models for the 

origin of the Columbia Ri ver 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. 

26. 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, 

A-8 



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 correlation of flows is given. 

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

deposits of the Turtle Lake quadrangle, Was hington: 

U.S. Geological Survey Bulletin 1131, 73 p. 

This bulletin describes the structure, st:::-at i gra!;)hy , 

and rr.ineral depo s its in Lincoln and Stevens Counties 

on t:-ie nort::ec:1 ecige of the Columbia Platea u . ':'he!'."e 

are sparse exposures of the Columbia River basalt an d 

no direct correlations of che flow s are ~ade; h owe ver, 

therearedata on basement and surficial deposits. 

28. Beeson, M.H., Bentley, R.O., and Moran, M. R., 19 7 6, 

?rel iminar-1 C'.)rrelation of Lower Yakima 3asalt fl ows 

1n wester:1 S regon with the ty9e area in central 

Washington (abs.): Geological Society of America, 

Abstracts with Programs, v. 8, no. 3, ?· 353-354. 

This abst:-act disc\.lsses the 9ossible correlati o n of 

some Grande Ronde 3asal t flows between centra l 

Washington and the Portland area. 

29. Benson, L.V., 1978, Secondary minerals, oxidation 

potentials, 9ressure, and temperature gradients in the 

Pasco Basin of Washington State: Topical Report 

No. 1: RHO-BWI-C-3 4, Lawrence Berkeley Laboratory, 

University of California at Berkeley, for Rock.well 

Hanford Operations, Richland, Washington. 
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This report presents the lithostatic pressure-tempera­

ture versus depth gradients, oxidation potential mea­

surements and interpretations, and a review of secon­

dary mineralization phases present at depth in the 

Pasco Basin. 

30. Bentley, R. D., 1977a, Stratigraphy of the Yakima Basalts 

and structural evolution of the Yakima ridges in the 

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

Geological ::xcurs io ns 1n the Pacific Northwest; 

Geological Society of J\rnerica 1977 Annual Meeting, 

Seattle, Washington, p. 339-389. 

Stratigraphic and structural cross sections, field 

locations with descriptions, photographs, and geologic 

maps of the western Columbia Plateau are provided. 

31. aentley, R.D., 1977b, Western Columbia ?lateau margin 

studies Tieton River to Yakima River: Washington 

Public Power Supply System, Amendmeni:. 23 , :-;ppss 
Nuclear Projects land 4, Appendix 2RD, Chapter 6.0. 

~his report describes the nature and character cf the 

con tact between the Co 1 1..imb i a River :Ja salt and under­

lying units, documents, structures intersecting this 

contact and presents the results of the evaluation of 

the age of deformation of geologic structures in the 

western Columbia Plateau. 

32. 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. 
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This document contains a l i sti ng of of f ic i al a ir 

quality standards as of 1973 for Benton, Frankl i n, and 

Walla Walla Counties, Washington. 

33. Bierschenk, W.H., 1957, Hydraulic character i stics of 

Hanford aquifers: Hanford Atomic Products Operat ion , 

General Electr i c, Hvl-489 1 6, Richland, Was h i ngton . 

Three analytical techniques are applied to aqu ife r 

test data at t he Han f ord Site: ( 1 ) non- equ ilib r ium 

" type-curve" me thod; (2) non-ec ui li:::rium "s t r aight ­

l ine" method; ( 3 ) " i mage wel l " technique. Thes e 

t e chni q ues ar::- e descr ibe d and di sc :.i ssed as thev a pply 

to the Hanfor d Si te area aqui f ers. 

34. Bi ngham, J.W. and Grolier, M.J., 1966, The Yakima Basalt 

and Ellensburg Forma t ion o f sou t h-centra l Wa s hing­

t on: U.S. Geologica_ Sur vey Bul l et i n 12 24-G, 1 5 o. 

~y pe locat io ns and a b ib l iography of ~eas ure ci st r ati ­

graphic sections are given for Saddle Mounta ins 

Basalt, Roza Member, Sentinel Gap fl ow, and Fr e nc hma n 

Springs :'!ember. 

35. Bi ngham, J.W., Landquist, C.J., and Baltz, E. H., 1970 , 

Geo l ogic investigation of faulting in t he Han ford 

region, Washington: U.S. Geo l ogica l Sur ve y Open- File 

Report , 1 0 3 p . 

The report stat~s - that the block gliding on the Smyr na 

bench last occurred at least 12,000 years ago. Gable 

Mountain fault has not moved in at least 40,000 years 

and probably not for more than 100,000 years, and the 

Wallula Gap fault is probably active. 
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3 6. Bingham, J.W. 

the upper 

and Walters, K.L., 1965, 

part of the Yakima Basalt 

Stratigraphy of 

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 Subgroup and contains eras s sect ions, tables, 

and ma?S corr2_ating flows. 

37. Bisho9, W.P., Frazier, D.H., McGrath, P.E:., :--tetlay, D.S., 

Stoneman, w.c., and Wa t son, R.A., 197 8 , ?r~9osed goals 

for radioactive waste ~anagement: 

latory Commiss:on, NURSG-0300. 

U.S. Nuclear ~egu-

For policy develo9ment, the 

waste management are set forth 

nuclear use, management and 

goals for radioactive 

to time of with r-espect 

government organizations, 

health and safety. 

cos ts, 

pe:r-:nanent 

tec:-i.n ic a_ 

isolation, 

;;iroblems, 

38. aishc9, W.i?., Hoos, I.R., :iilberry, N., .'1etlay , D.S., anu 

Watson, ~.A., 197 8 , Essays on issues re l e vant to the 

regulation of radioactive waste management: U.S. 

Nuclear Regulator1 Commission, NUREG-0412. 

Essays discuss the history of 

rnanagemen t, credulity, methods, 

public participation, problems, 

active waste management. 

radioactive waste 

managerial errors, 

and goals of radio-

39. Blume, John A. and Associates, 1971a, A summary report, 

seismic evaluation and development of ground accel-
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eration and 

prepared 

Washington. 

response spectra for FFTF site: Report 

for WADCO, JABE-WADCO-0 3, Richland, 

This summary report indicates a maximum credible 

earthquake on the Rattlesnake-Wal lula fault of M 6. 8 

and acceleration of 0.25 g at the FFTF site. 

40. Blume, John A. and Associates, 1971b, Supplementary 

geologic investigations for seismic evaluation of the 

2FTF site near .Kichland, Washington: Report ;?repared 

for WADCO, JABE-WADCO-04, Richland, Washington. 

This summary geologic investigation re9ort ;:or :.he 

i-ianford Site 

the Fast Flux Test 

surface faulting. 

evaluates seismicitv hazards o f 

E'acilit.y ( FFTF ) site, geology, and 

41. 3oar:::1, :-1 .P., 1978, Rock mechanics met:iocs and in situ 

heater tests for de s ign of a nuclear waste reposi to r y 

in basalt: RHO-aWI- LD- 2 , Rockwell Hanford Operations, 

~ichland, Washi~gton , 49 9. 

A discussion on how 1n si tu data from the near-sur face 

test facility ·..;ill be integrated into the overall 

waste isolation program. The rock mechanics program 

is discussed. 

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

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

Seattle, Washington, 193 p. 

The tectonic development of the area is discussed, and 

stratigraphic information for the eastern Columbia 
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43. 

44. 

Plateau and pre-basalt flow geology and topography are 

provided. 

Bonilla, M. G., 1967, 

continental United 

Historic 

States and 

surface faulting 

adjacent parts 

in 

of 

Mexico: A factor in nuclear facility si ti ng and 

de s ign : USGS National Center for Earthquake Research, 

~repared for USAEC as TI D-241 24 , Reactor Technology. 

~:1is report summarizes and evaluates basic data on the 

amounts and kinds of hi storic surface fa ulting in the 

united States and adJacent parts of Me xico . 

:ault displaceme nt value s are given . 

Bon i :ci, W. E., Hughes, Q. '.v., and Danes, 

C8mp lete Bouguer grav ity anomaly map of 

:-i'ashington State Di vi s io n of Geology 

~esou r ces ~ap · GM-_ l . 

Indicated 

1974 , 

Washington: 

and Ea rt h 

':':1is gravity mac has a 10-mi lliga l -contour interval 

s howing api?rox ima te ly 5 0-mil l igal readings near the 

:1anfo r d area. 

45. Boore, o. M., 1977, Strong-motion recording of the Cali -

:ornia earthquake of ,:;pr il 1906: Bulletin of the 

Seismological 

D. 561-577. 

Society of America, V . 6 7, no. 3, 

~he 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. 
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46. Brekke, T.L. a:-1.d Glass, C.E., 19 7 3, Some cons ic:e rat ions 

related to underground siting of nuc l ear powe r pl a nt s 

in rock. Dei;:artment of Civil Engineering, Un i vers ity 

of California, Berkeley . 

The importance of expansive coupling of s y s tem 

structures to floor, walls, or roof of rock c avities 

are examined. 

47. Bretz, J.H., 193 3 , The Channeled Scabland: Gui deoook 22, 

Excurs i on C- 2 , Internationa l Geologi c a l Co ng r e ss, loch 

Sess io n, U. S . Go vernme n t Pr i nt ing Office , 16 ~ -

48 . 

49 . 

':'his 1s a : :. 2.:.. d guide t o t he gl ac ial :lood :eat~rc::s 

and depos it s ~f t he sc a ul ands o f t he Columbia ?laceau . 

3re tz, J. H. ' .:_ 9 59, Was h i ngton's Channe l ed Sc ab land: 

~vas hingto n S-:at e Di vi s i on of :-1 inera l ogy a nd ·'.:;eolog:_; , 

Bullet i n :Jo. -Vi, 3 7 p. 

This ~u llec :.~ descr i bes t he var ious gl a c:al :load 

f eatures, di scharge routes, and rates of di s c~arge of 

t he Channeled Scabland physiographic area. 

3recz, J.n., 
Channeled 

S;:ni th, 

Scabland 

interpretat i ons: 

Bul l etin, v. 57, p. 

:LT. U. I and Ne ff , G . :::. ' 

of Washington: New :::a t a 

1936, 

and 

Geological 

957-1049. 

Society of Ame!:' :ca 

This bulleti n discusses several geomorphic feat ur e s 

relating to the Pasco and Quincy Basins and the 

overall Scabland physiographic area. Many :naps a nd 

photographs that show outcrops in support of the 

catastrophic flooding theory are provided. 
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SO. Brock, M.R. and Grolier, ~.J., 1973, Chemical analysis 

of 305 basalt samples from the Columbia River Plateau, 

Washington, Oregon, and Idaho: U.S. Geological 

Survey Open-File Report No. 1889. 

A computer printout of geochemical data on Columbia 

River basalt samples. Sample location listings are 

provided. 

51. Brooks, W.E., Jr . , 1974, St=atigraphy and structure of 

the Columbia River basalt in the vicinity of Gable 

Mountain, Benton County, Washington: M. S. thesis 

University of Washington, Seattle, Washington. 

Data on the stratigraphy and structural geology of 

the Columbia Eh·.rer basalt. in the vici:-iity of Gable 

Mountain are ?resented. 

52. Brown, C.E. and ':'hayer, '!'. ?. , 1966, Geologic map of the 

Canyon City quadrangle, northeastern Oregon: U.S. 

Geological Survey Miscellaneous Geologic 

Investigations ~ap I-447. 

This map shows Columbia River basalt geology and 

general basement geology. A description of map units 

and a tectonic map of the area are also presented. 

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

Columbia River · basalt in southeastern Washington 

(abs.): Geological Society of America, Special Paper 

No. 82, p. 321. 
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This abstract discusses Late Tertiary and Qua t erna ry 

s e d i men tat ion . 

54. Brown, J.C., 1978, Discussion of geology and ground-water 

hydrology of the Columbia Plateau, with specific 

analysis of t~e Horse Heaven, Sagebrush Flat, and 

Odessa-Lind a::-eas, Washington: Washington State 

University, College of Engineering, Research ~epor t 

No. 78 / 15-23. 

This report mainly discusses relationships of geologic 

units and str ucc.ures t 0 hydrology of the areas. 

:):). Srcwn, ~.c::., .:.96 C, The :..:se Ci: geophysics anc: geocheiilis try 

to confi::-:n geo l ogical inter:-pretations of t:1e :-!an foc:: 

works of the r.'c.omic Ener:-gy Commission, U.S.A.: 21s t 

Inter-national Geological Congress, Copenhagen, ?ar t 2 , 

?• 75-82. 

A study of ;eohydrology at the Sanfor:-d S i te i s 

provided for use in planning waste disposa l . 

56. Brown, R.E., 1965, Problems associated with t he extens ion 

of the strat~graphic units of south-central Was h­

ington, Part l: The late basalt flows, 2llensburg and 

Lower Ringold Formations: Presentation at Annua l 

Meeting of tie Northwest Scientific Association, 

Portland, Oregon, 11 p. 

This geologic_ . report provides information on 

stratigraphy of the Saddle Mountains Basalt, the 

Ellensburg Formation, and the lowest part of the 

Ringold Formation. 
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57. Brown, R.E., 1966, The stratigraphy of the uppermost part 

of the basalt sequence and its implications: 

BNWL-235, Battelle, Pacific Northwest Laboratory, 

Richland, Washington, v. 3, p. 1-4. 

This report provides some information on the near­

surface hydrology in the Beverly Member of the Ellens­

burg Formation and the sequence of Tertiary-Quaternary 

folds in the Hanford Site area. 

58. Brown, R.E., 1968a, The incidence of earthquakes at 

Hanford as deduced from geological features: Battelle 

Pacific Northwest Laboratory, BNWL-481, v . 3, o. 3-5. 

Richland, Washington. 

This re~ort discusses earthquakes, l andsl i des, and 

faulting. It is noted that major faulting occurs, and 

lands l ides are ~robab l y ~oc triggered by earthquakes. 

59. Brown, R.:::., 1968b, The Yakima Basalt For.nation and its 

6 0. 

to the Columbia River 1n aquifer relationships 

development: BNWL-SA-481, Battelle, Pacific Northwest 

Laboratory, ~ichland, Washington, v. 3, ;,. 1-2. 

The influence of basalt 

regime of the Columbia 

flow advancement on 

~i ver is discussed. 

the flow 

Due to 

basining, the former river course would return to the 

east, having been s,revi ou sly diverted to the west by 

advancing basalt flows. 

Brown, R.E., 1968c, Reported faulting in 

Basin: BNWL-SA-1704, Battelle, Pacific 

Laboratory, Richland, Washington, 14 p. 
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This summary report emphasizes the role of active 

faulting and the role of folding of basalt in the 

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. 

61. arown, R.E., 1968d, A study of reported faulting in the 

Pasco Basin: 3NWL-66 2, Battelle, Pacific No rthwes t 

LaboratODJ, ~ichland, Washington. 

faulting is secondary to folding, wit:-l maximum 500-

foot offsets. Evidence for the Olympic-Wallowa 

Lineament or Jf very recent faulting were ~ot found. 

62. 3rown, R.E., 1969, Hydrologic inter-area relations hi9s as 

indicated by ~ising heads in confined acqui:ers, Pasco 

Basin, Washi.ng.ton: 3NWL-SA-686, Battelle, Pacific 

Northwest Laboratory, Richland, Washington. 

This report ::ontains diagrarr.s of the complex hydro­

logic flow system with cross sections showing changes 

1n the configuration of anticlines and sync lines 

during the ?eriod of deposition of the Saddle :1oun­

ta ins ·Basalt. 

63. 3rown, R.2., 1970a, Interrelationships of geologic forma­

tions and processess affecting ecology as exposed at 

Rattlesnake Springs, Hanford Project: BNWL-B- 29, 

Battelle, Pacific Northwest Laboratory, Richland, 

Washington, 39 p. 

This report disagrees 

previously hypothesized 
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6 4. 

description of drainage patterns, faults, and other 

structural features. 

Brown, R.E., 1970b, Some effects 

Pasco Basin, Washington (abs.): 

of irrigation in the 

Geological Society of 

America, Abstracts with Programs, V • 2 1 no. 5, 

p. 326-327. 

This abstract discusses sdme geologic hazards (land­

slides, local flooding) resulting from irrigation in 

the Pasco Basin. 

65. Brown, R.E. and ~cConiga, M.W., 1960, Some c8ntr:-ibutions 

to the stratigraphy and indicated de fo r:na t ion of the 

Ringold formation: Northwest Science, v . 34, no. 2, 

p. 43-54. 

66. 

The strQtigraphy and structure of the Ringold forma­

tion indicate gentle Quaternary folding toward the 

?asco syncline and ?Ost-depositional -,.,arp1ng of the 

Ringold and underlying basalt. Possible continuation 

of warping is suggested. 

and Raymond, Brown, R. E. 

seismic evaluation study 

Washington: HW-SA-3280, 

J.R., 1963, A geo9hysical 

of the Hanfor:d Works, 

General Electric Company, 

Hanford Atomic Products Operations, Richland, 

Washington, 17 p. 

This feasibility study tested the value of seismic 

methods for data compilation and correlation pur­

poses. Results show the surface of the basalt and the 

Ringold Formation. 
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67. Brunton, G.D. and McCla i:1 , w.c., 1977, Geological 

criteria for ::-adioactive waste repositories: Office 

of Waste Iso lat ion, Union Carbide Corpora tio n-Nuc lear 

Division, Oak Ridge, Tennessee. 

This is a listing of geologic criteria and factors 

that can 

applicat i on 

process. 

be 

: o 

used 

each 

to derive 

st:? of a 

specifications for 

geologic evaluatio n 

68. Bush, J.H. and .S i ems, 8.A., 1973, Basalt strat igraphy of 

the Jamesor. Lake area., Jouglas County, Was hington 

( abs. ) : Geo:ogical Soc iety of America, Abstra c ts wit~ 

Progr a ms, v . 3 , no . l , ?· : 9 . 

6 9. 

The strat ig =a.~ hy of se ve :1 Columbia River basal: flows 

(7 5 7 feet : ot a l thickness ) is di scussed in this 

abs tract. 

Bush, J .H., Jr., 

3. A. , 1972, 

Anderson, :.v., Crosby , J.W., 

Test-obser ?ation wel l near 

and Siems, 

Mansfielc:, 

Washington, :::escr-iption, 

and prel iminary resul t s: 

College of ~ngineer ing 

stratigraphic relationsh i?s 

Washington State Un iversity, 

Research Divi s ion , Researc~ 

Report No. 72 / 11-128, ProJect No. 3811-11 84 . 

Aquifer and stratigraph ic data obtained in Douglas 

County are ~resented. 

70. Bush, J.H., Jr., . Morton, J.A., Anderson, J.V., Cr osby, 

J.W., and Siems, B.A., 1973, Test-observation well 

near Walla tialla, Washington: Descript i on, strat i ­

graphic relationships and preliminary results: Wash­

ington State University, College of Engineering Re-
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71. 

search Division, Research Report No. 73/15-66, Project 

No. 3811-1184. 

This is a report describing aquifer data obtained in 

S 18 , T 6 N , R3 5 E • 

Byerly, 

River 

the 

G. and 

basalt 

Columbia 

Swanson, D., 1978, Invasive Columbia 

flows along the northwestern margin of 

Plateau, north-central Washington 

(abs.): Geological Society of America, Abstracts with 

Programs, v. 10, p. 98. 

This abstract indicates that invasive sills can be 

traced, showing gradational changes to surface flows. 

72. Camp, V.E., 1976, Petrochemical stratigraphy and struc­

ture of the Columbia River basalt, Lewiston Basin 

area, Idaho-Washington: ?h.D. thesis, Washington 

State University, Pullman, 201 p. 

Data on the stratigraphy and petrochemical correlation 

of Columbia River basalt in the Lewiston Basin are 

presented. A generalized geologic map and discuss ion 

of the tectonic development of the area are also 

provided. 

73. Campbell, N.P., 1975, A geologic road log over Chinook, 

White Pass and Ellensburg to Yakima highways: 

Washington State Division of Geology and Earth 

Resources, Information Circular 54, 79 p. 

This road log contains photographs and drawings of the 

western edge of the Columbia Plateau showing basalt 

and underlying formations. 
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74. Campbell, N. P., 1976, Geologic map of the Yakima area : 

Washington State Department of Natural Resources, 

Division of Geology and Earth Resources Open­

File Report 76.ll. 

This large-scale geologic ~ap of the Yak ima are a 

portrays geologic structures and stratigraphic units 

from the Grande ~onde Basalt to deposits of Quaterna~! 

age. 

75. Car~ell , O.J. ar.c Jone s, G.L., ~978, Proposed forwat and 

content of environmental report for deep geologic 

7 6. 

1:errninal repositories radioactive materia l : 

:::IBO-BWI-CD-18, ~ockwell Han.::ord Operations, Richland, 

:'iashington. 

This document :s Rockwell's ?roposed guide for ?repar­

ation of envircnmental reports and is to be used as a 

jasis for disc~ssions with ~he NRC to develop a 4.2-

~ype document :er repositcries. 

Ca rte r , L. J . , 19 -:- 8 , Nu c le a r ,,.. a s t es : 

geologic disposal seen as weak: 

?• 1135-1 137. 

The science of 

Sc i e n c e , '' • 2 0 0 , 

This article questions the scientific feasibility of 

d isposing i::-adicactive was;:e in geologic formations, 

especially salt formations. 

77. Clayton, O.N., 1977, Western Columbia Plateau margin 

studies, Wenatchee to Alameda Flat: Washington Public 

Power Supply System, Amendment 23, WPPSS Nuclear 

Projects land 4, Appendix 2RD, Chapter 8.0. 
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The report presents results of literature review and 

reconnaissance level mapping to define the nature of 

the contact between the Columbia River basalt and 

underlying rocks, to document structures in the basalt 

and evaluate their age of deformation, and to evaluate 

any evidence of deformation of Quaternary deposits 

along the Columbia River. 

78. Cline, D.R., 1969, Ground-water resources and related 

geology of north-central Spokane and southeastern 

Stevens Counties: Washington State Department of 

Water ~esources Bulletin No. 27. 

The ground-wac:er resources, ;?rimarily in unccrn sol i ­

dated Qua ternary deposits in parts of Spokane and 

Stevens Counties, are discussed. 

79. Cline, o.~., 1976, Reconnaissance of the water resources 

of the upper Klickitat River Basin, Yakima Indian 

8 0. 

Reservation, Washington: U.S. Geological Survey 

Open-? ile Report. 

Well water data and general water resource information 

for the area are presented. 

Coe, R.S., Bogue, S., and Myers, c.w., 
netism of the Grande Ronde (Lower 

exposed at Sentinel Gap: Potential 

graphic correlation: RHO-aWI-ST-2, 

Operations, Richland, Washington. 

19 7 8, Paleomag­

Yak ima) Basal t 

use for strati­

Rockwel 1 Han ford 

This report describes the potential for age dating of 

basalt flows in the Columbia Plateau by paleomagnetic 

correlation. 
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81. Cohen, B.L., 1977, The disposal of radioactive wastes 

from fission reactors: 

no. 6, p. 21-31. 

Sc i en t i f i c A me r i can , v • 2 3 6 , 

This article describes the nature of radioactive 

wastes produced by reactors, evaluates their environ­

mental impact , and outlines current plans for disposal 

in subsur:ace repositories. 

82 . Columbia Basin Interagency Committee , 1965, 3ibliography 

of ?Ublisr.ed climatolog:cal data, ColL,moia Basin 

states: Columbia Bas::.n In teragency Committee, 

This bib_::.ography liS"C3 sources of ;_:,ublisheci 

climatalogical data for ':he states of '.vashington, 

Idaho, and Oregon. 

33. Columbia-Nor t:1 Pacific Technical Staff, 1970a , Ap~encix: 

8 4. 

IV: Land and mineral resources, comprehensi ve :rame­

work study: Submitted '-:Jy Pacific Northwest Ri•1er 

Basins Commission, Vancouver , Washington, 2 vo lumes. 

In this re9ort, climate, ground wa-cer, anci sur::ace 

water in t~e Columbia Plateau area are discussed. 

Columbia-Nor t:1 Pacific :'~chnical Staf::, _9 70b, 

Appendix V: Water resources, comprehensi ve framework 

study: Submitted by Pacific Northwest River 3asins 

Commission, Vancouver, Washington, 2 volumes. 

This report contains maps, charts, and tables 

describing land and mineral resources of the Columbia 

Plateau reg ion. 
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85. Columbia-North Pacific Technical Staff, 1971a, Appendix 

86. 

IX: Irrigation, comprehensive 

Submitted by Pacific Northwest 

Commission, Vancouver, Washington. 

framework 

River 

study: 

Basins 

This report summar izes the present status of, and 

future needs 

area. It 

for, irrigation in the Columbia drainage 

includes detailed information regarding 

present and proJected available water 

acreages under irrigation , and crop yields. 

Co_umb~a - North Technical Staff, 1971b, 

supplies, 

,l.p9er.dix 

XII: Water quality and pollution control, compre-

hensive framework 

Northwest 

Washington. 

~iver 

study: Submitted by Paci;:ic 

Basins Commission, Vancouver, 

This document describes existing water quality in the 

Columbia River-North Pacific area, the means :or 

satisfying future water needs, flow requirements, 

treatment costs, and management practices. 

87. Columbia-North ?acific Technical Staff, 1971c, Ap9e:'idi:< 

Fish and wildlife comprehensive framewor k XIV : 

study: Submitted by Pacific Northwest River Basins 

Commission, Vancouver, Washington. 

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. 
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88. Committee on 

Geological 

Radioactive 

criteria for 

Waste Management, 197 8a, 

repositories for high - level 

radioactive wastes: Panel on Geologica l Si t e Criteria 

f rorn the Commit tee on Radioactive Waste Manageme nt , 

National Academy of Sciences, Washington, o.c., 19 ?· 

This report summarizes geo l ogic, tectonic, hyd r olog:c, 

geochemical, and economic criteria fo r assessing the 

suitab ility of sites for s to rage o r disposa l of high ­

level radioactive wastes. 

89 . Committee on ~adioact ive Wa s:e Manag eme nt , 1978b , ~ac:.o­

active was te s at the Hanford Reservation: A technical 

Nat io nal Academy of Sciences, Was hing~~n, 

o. c ., 269 ?• 

This d ocu me nt 1s a review of technological asoects of 

radioactive was te management a t Han fo r d . 

90 . Co ok, N . G., 1977 , An apsiraisal o f hard ro ck for 9q-tent.:.al 

undergro unc re9os itories of ~3dioactive wa stes: 

prepared :or t h e U. s. De9artment of Energy, Co n tract 

W-7405-ENG-48, by Un ivers ity of Cal ifo rn ia , Lawr ence 

Berkeley Saooratory. 

Potential engineering stress and stab ility fa ctors, 

interaction between adjacent excavations, and : he 

consequences of thermal loading are examined ·,1::h 

respect to underground rad i oact ive waste disposal 1n 

hard rock. 

91. Coombs, H.A., Milne, W.G., Nuttli, o.w., and Slemmo ns, 

D. B. , 19 7 7 , Re port of the review panel on the 

December 14, 1872 earthquake: Washington Public Power 
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Supply System, Amendment 23, WPPSS Nuclear Projects l 

and 4, Appendix 2RA. 

This 

panel: 

report pres en ts conclusions of the review 

l) the epicenter was in the reg ion bounded by 

isoseismal (the area including and not"th of MM VI II 

Lake Chelan), 2) the highest intensity was MM VIII , 3 ) 

the focal c:epth was likely deeper than 10 km , 

4) earthquakes ?robably had low stress drop, and 

S ) lands lides outside the epicentt"al region pr o bab ly 

were due to 5econdary ef:ects. 

92 . Cornwall , r: . R ., _ 966 , '.'JicJ.:el cer,osits of :--l ot"th A..r.er-ics. : 

9 3 • 

U.S. Geolog~cal Survev Bulletin 1223 . 

This report contains descr iptio ns of two small nickel 

d e posits nea!:" Cle C:l_un1 and Winesap at the western edge 

of the Columoia Plateau. 

Crosby , J . W. 

teristics 

and Me llo t t , J . C ., 

of basalt aquifers: 

OWRR pro Ject No. A-C2l-wASH, 

1973 , Physical c:1arac ­

Completion report for 

Washington State Uni -

~ers1ty Water Re search Ce nter, Pullman, Was hington 

This repor t sumrr,ar i zes a research 9roject which was 

co nducted to ascer t a in the ?hysical characteristics of 

:Jasalts whic:1 influence transmission and storage of 

ground water. 

94. Culver, H.E. and Lupher, R.L., 1937, The bearing of 

post-Paleozoic sedimentary record on the occurrence of 

gas in the Rattlesnake gas field, Washington: North­

we s t Sc i enc e , v • 11 , no • 3 , p • 7 1-7 4 • 
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This report discusses the o ccurrence and so u rc e of oil 

and gas in porous basalt near Wenatchee, Washingto~. 

95. Cushing, C.E. and Watson, D.G., 1973, Aquatic s tudies of 

Gable Mountain Pond: BNWL-1884, Battelle, Pac:fic 

Nor thwes t Labo r ato ~J , Richland , Was hington . 

Radiation leve ls wer e meas ured in fish, ducks, a nd 

other organisms at a Hanford Site cooling ;:ond 

to assess ecosystem •.1pc.a~e of rac:ioact ive mate!:"ia.:.3. 

96 . Danehy, E: . A ., Swanson, O.E. , and Hitchcock, O. t"!., .l.9"76 , 

97 . 

St::- uct ·,1 ::- a .:.. eleme,.ts of t::1:: Pasc o 3as i :1, s ouc. :, - se ,. -:::::- a .:. 

Was hington ( a:Os. ) : Geo~ogical So c iety of Ame!:": ~a , 

Ab s tracts ~ic.h ?rograffis, ? . a , no . 3, ? · 366 - 367 . 

In the geologic structures 1n the ?asco Bas i n, :-:1: :1o r 

faults were found, out no evidence of the rei;;or:ed 

Ol ymp i c -Wa llowa Lineament ~as cited. 

Davis, G . I 19 7 7 , Tectonic evolution of the Pac:: i c 

Nort hwes t - Precambr ian to ;?resent: Washington Pub li c 

Powec Supply System, Ar.:e nd men c 2 3 , WP PSS Nuc.:.. e ar 

This repor t summar i zes the tecto n ic evolution of : :i e 

Pacific ~orthwest based on a revi ew of the a v a il a :::.l e 

data. It briefly treats ;?re-Mesozoic history. ::'h e 

later hi s tory is developed with emphasis on converge n t 

and transcurren t deformation in North Cascades and 

evolution and migration of arc volcanism. The 

discussion of Quaternary deformation deals with 

evidence for Pleistocene and Holocene subduc tion of 

the Juan de Fuca plate. 
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98. Davis, N.F., 1947, Relief features of southern British 

Columbia, in Freeman, o.w. and Martin, H.P.., eds., 

The Pacific Northwest: John Wiley and Sons, Inc., New 

York, p. 97-103. 

A mar; and descriptions of pr.ysiographic features in 

southern Br itish Columbia and a summary of the 

geologic history of the region are presented. 

99. DeBuchananne , G. D., 1974 , Geohydr~logic consider3tions in 

100 . 

the management of i::-adioact i v e waste: Nuc lear Tech-

nology , v . 24, ~ - 356-361. 

This article a1scus ses geor::_;drologic consic:erations 

for manag i ;-,.g radioactive 

·;1a ter 

waste, incl uding the 

importance 

matei::-ials, 

dis '?<)sal, 

of :rans'?<)rting radioactive 

considerations :or- near-surface and 

and uni Eanni tar::.anism as a me t::od 

ceep 

:or 

evaluating the geohydrologic su::.tability of ~asce 

disposal sites. 

~e~u, R.A., 1976 , Feasibilitv of storing racioac:ive 

·;1aste in 

At_antic 

Washington. 

Columbia 

~hchfield 

~iver ::iasalts: A-K:: -s,;- 2.31, 

Hanford Company, ~ichland, 

This paper summarizes the results of an incomp lete 

study that was conducted by the Atlantic ~ichf ield 

Hanford Company to assess the feasibility of storing 

radioactive wastes in deep caverns constructed in the 

Columbia River basalt. 

A-30 



101. 

l C 2. 

l O 3. 

- -

Deju, R.A., 1978, Evaluation of basalt flows as a waste 

isolation medium: RHO-BWI-SA-16-A, Rockwell Hanford 

Operations, Richland, Washington. 

This paper briefly describes the Basalt Waste Iso la ­

tion Program within Rock ·..,ell Hanford Operations and 

includes studies of geology, hydrology, systems inte­

gration, engineered barriers, engineering testing, 

and the construction of a near-surface test facility. 

Deju , ~.A., Eddy, P.A., Grutzeck, :-1.W., and ~yers, C. W., 

1977 , En11ironmental factors needed to est,;=,blis h the 

seotechnical feasibility of sto ri ng radioact i ve ~aste 

in Columbia ~iver basalt: ~HO-ST-8, Rockwe l: Han:ord 

Operati o ns, ~ichland, Was hi ~ston. 

The geo logic and hyd r ologic =actors that must oe cQn ­

sider-ed to assess the :easibility of storing !'.'ad io-

active waste Columbia River are 

discussed . An extensi ve biol i ography with seve -cal 

hundred entries is provided. 

iJeJU, R. A., Board, M.P., Ge ;; hart, R.E., 

19 78 , St!'.' uct ural consider-a;::ons 1n 

repository to store ~adioactive 

and 

the 

waste 

:'lye CS I 

desig n 

in 

._. ,,, . , 
~- a 

'.::lasalt 

formations: RHO-SA-10, Rockwell Hanfo r d Operations, 

Richland, Washington. 

Structural design cons ide rat ions for radioac<: ive 

waste repositories in basalt are dis cussed, and the 

structural and thermomechanical properties of basalt 

are summarized. 

A-31 



104. 

2. 0 6. 

107. 

deLaguna, w., 1962, Engineering geology of radioactive 

waste disposal: Reviews in E~gineering 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 • . ..;as 

implied, and a case was made for storage in sa l t 

formations, supposedly a ttwater-tighttt media. 

Dier--::{, H.P. 2. n d Yr cf: e e , 8 . , 1 9 6 9 , S t ~ :1 t i g rap h y o f : :1 e 

Yak i ma a as a 1 t i n the type are a : 

.,. 4 3, no. 2, o. ,1 -, 
-, I • 

Northwest Science: 

The seologic ~ar, and stratigra~:1ic sections, cover:~g 

the Ellensourg-Roza area, cor~elate many of 

Columbia ~iver basalt flews on the oasis o f 

lithologic and ~etrographic feacures. 

Durrani, s.;..., 1975, Nuclear reactor 1n the :ung~e: 

Nature, v. 256, no. 5515, p. 264. 

The geolcgic environment, ·,..;h i ch concent:~ated a 

natural reactor fuel and caused a nacurally ~cdera:ed 

nuclear reactor to function, ·,1as briefly described. 

A change in concentration of nuclides in the Ok.lo 

mine led to the discovery of the r-eactor. 3ecause 

most fission products remained in place for over :.s 
to S billion years, the phenomena has relevance to 

waste disposal pro'blems; the plutonium gener-ated by 

the reactor has hardly moved. 

Easterbrook, D.J., Baker, V.R., and Waite, R., 1977, 

Glaciation and catastrophic flooding of the Columbia 
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109 . 

110 . 

Plateau Washington, 

Geologica l Excursions 

Geological Soc iety of 

Seat tle , p . 390-414. 

( Field 

in the 

Arner ica, 

Trip No . 13 ) , in 

Pacific Northwest: 

1977 Annual Meeting, 

This is a field guide to loca tions and descr:;:tions 

of glacial and glaciofluvial feature s on the co:umbia 

Plateau . 

Eddy , P . A., : 970 , Geology and ground - water availab~:ity , 

Selah area, Washington: Washington State Oeoa ::- ::nent 

of Ecology, Olympia, Was hington . 

The Slle~sturs cormation 1s shown to ?rov1d'2 the 

~ajar ?c::-:ion ot the g rou nd ~a~er :o the Selah ~:- ea . 

Eddy, P . A., 1916 , Description, ;:reli.:-.inary resul::.s, and 

te scs of 

George, ~-iashington: 

te st:-observation we ll *13 near 

Wa shington State Des:;art::ne:--.- o: 

~cology, 0lympia , Wash ington , 13 -· 

Th e hycrologic, strat ig raphic, and struct:ura l 

relations ob tained from ::-2st ·,.e 11 results are 

;:resented . 

Farkas , S.E., 1971 , Stratigraphic and structural ana~ ysi s 

of Columbia River jasalt :l ows, Umtanum ~i dge , ~~kima 

and Benton Co un tie s, Wash ington (abs. ) : Geological 

Society of Amer ica, Abstracts with Programs, ''• 3, 

no. 6, p. 380; 

The Umtanum flow is assessed to be greater than 400 

f eet near the base of Umtanum Ridge, and nortiward­

thrusting irnbricate sheets are indicated on the 

ridge. 
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111. Farkas, S.E., 1972, Structural relationships of folds and 

faults 1n Yakima Basalt and Ellensburg formation, 

central Washington (abs. ) : 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 :-1ember over the plateau area is discussed. 

From one to nine flows exist: 1n various loca:i:ies 

over the area . Normal faulting is shown in fold and 

thrust ~elts of the Wanapum Basalt and in the 

2llensbur~ rormation . 

:..:..2. :'arooqui, s.:'!., 1977a , Geologic st'.ldies of t:-ce wa:lula 

Gap fault as exposed in the trench: Washi~gton 

Public ?ower Supr;,ly System, Amendment 23, ·;-iP?SS 

Nuclear ?rojects land 4, Appendix 2RH, Chapter 4.0. 

, , -, 
- - ...J . 

This re-sort presents ::-esults of geologic trer.c:1L1g 

and areal mapping in the vicinity of the Wallula Gap 

fault. These studies were to describe the character 

of the fault terms of uni ts 

i nvo 1 vec:, arnoun ts anc: sense of :not ion, ar.c :o 

de te rrni ne the age of movement. 

Fa rooq u i , S. :1 . , 19 7 7b , 

Badger Coulee : 

Geologic studies - Wallula Gap to 

Washington Public Power Supply 

System, Amendment 23, WPPSS Nuclear Projects 1 and 4, 

Appendix 2RH, Chapter 50. 

The report presents results of detailed stratigraphic 

and tectonic studies to develop data on extent, asso­

ciation, and nature of faulting, to document the 

A-34 



114. 

l 15 . 

116 . 

character of the Rattlesnake Hills Wallula 

lineament and to evaluate minimum ages of faulting 

based on overlying Quaternary formations. 

Farooqui, S.M. and Kienle, C. C. I 1976, Structural 

of the Yakima Basalt in nort h central implications 

Oregon and 

Geological 

Programs, v. 

south central Washington ( abs.): 

Society of America , Abstracts with 

8, no. 3, p. 372-373. 

This abstract indicates t~e ?redominance of east-west 

and northwes t structural trends, minor ?re-Roza 

member deformation, me mbe r 

defor:nat ion, and major ;,cst-::lephant Mountai'.'1 :nember 

deforma ;:ion. 

?ederal Aviation Adminiscrat:on , 1978, Airport S;:a~isc i cs 

Handbook for 1977 , Tower-Operated Airports: Advanced 

Technology, Inc. , Report 10. ?AA-A V?-78-_ 0 . 

A handbook of computerized listings of speci:ic air 

t r a f f i c s ta t i s t i cs i n c l u d i n g me ans , s tan d a rd d e v i a -

tions, and s,eak occurrences computed for i:1di 11idual 

and :nultiple air?ort grou?i ngs. Histograms 2.:-: c: time 

curves are presented for ?AA-towered airports. 

E'enix and Scisson, Inc., 1973, Hole '."listory for rotar1 

hole DC-5, Hanford, Washington: RHO - i3WI-C-7, 

Rockwell Hanford Operations, Richland, Wash ington. 

This drilling and test boring report summar izes the 

s tra tigraph ic sect ion intersected by the boring of 

hole DC-S. The top of the basalt is at approximately 

600 feet. The Vantage Member is at approximately 
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117. 

:..1 8 . 

.'.. ..:.9 • 

120. 

2,600 feet. The total depth is 3,990 feet in the 

Grande Ronde Basalt. 

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 ~ i ver 

basalt are presented in a structural framework. 

?itzner, R.E, and · ?rice, K. ,Zl..., 19 7 3, The use of Har. : o rd 

waste ponds by waterfowl and other birds: 8 NW L - l. , 3 8 , 

3ac:.te l l.e, 

Washington. 

?aci~i c Northwes t La bcra to r y , 

Graphs anc charts showing weekl y and seasonal species 

counts a:-~ pro v ided with summaries, lists, and 

references of species. 

Forrester, J. J., 

F'reeman, o.w. 
Northwest: 

o. 80-96. 

1947, Rock y 

and Martin, 

John Wiley and 

~ountain Province, l n 

H.H., eds., The Paci f ic 

Sons, Inc., New 'fork., 

This outline summary of physiographic groupings o r 

subprovinces within the Rocky Mountains Physio~ra9h i c 

Province i ncludes the Okanogan Highlands. 

Foster, R.J., 

Washington: 

p. 644-653. 

1958, The Teanaway 

American Journal 

Dike swarm of central 

of Sciences, v. 256, 

Data on the pre-Columbia River basalt tectonic 

setting of the western edge of the Columbia Plateau 

are provided. 
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121. 

122. 

123. 

124. 

Foxworthy, B.L., 1962, Geology and ground-water resources 

of the Ahtanurn Valley, Yakima County, Washington: 

U.S. Geological Survey Water-Supply Paper 1598. 

This hydrogeologic report discusses aquifers in the 

Ahtanum Valley. 

Foxworthy, B.L. and Washburn, R.L., 1963, Ground water 

1n the Pullman area, Whit~an County, Nash:~gton: 

U.S. Geological Survey Water-Supply Paper 16 55. 

Maps a~d cross sections of the Pullman area of 

Whitman County, Washington are ?rovided. 

Franklin, J.F., Hall, F.C., Dyrness, C.T., and Maser, C., 

1972, ~attlesnake Hills Research Natural Area , sep­

arate from Federal ~esearch :1atura l Areas in J regon 

and Washington A guidebook for scient is~ s and 

Educators: Pacific Nort hwest Forest and Range 

Experiment Station, Portland, Oregon, 18 p. 

The Rattlesnake Hills aesearch Natural Area ~as 

established for -cesearch anc educationa l ;,ur-;:oses. 

This area is ecologically significant because it is 

the last piece of natural shrubs teppe vese ta :.ion of 

this size in the Pacific Northwest. 

Freeman, o.w., 1947, Columbia lava basins and plateaus, 

in Freeman, o:w. 
Northwest: John 

p. 59-79. 

and Martin, 

Wiley and 
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125. 

.:.. 2 6 . 

This is a simplified source reference for physio­

graphic and geomorphological provinces, with a short 

geologic history and a summati on of regional geology. 

Frutchter, J.S. and Baldwin, S.F., 1975, Correlations 

between dikes of the Monument Swarm, central Oregon, 

and ?icture Gorge basalt flows: Geological Soc i ety 

of America Bulletin, v . 86, p. 514-416. 

A chemical analysis of dike swarms, many having com­

?Os itior. sim ila r to the Picture Gorge Basalt flows is 

presenced. Tables and che~ical d ata are also 

in c lude-::. 

f' r yxell , K. I 1962 , 

Scabland flooding: 

?• _lJ-:_9. 

A radiocarjcn limiting date for 

Nort:1west Science, v . 36, no . 4, 

A date of 31,600 + 900 y ears before presenc was 

o ctainec ::rom ;,eat ceposics :.:1 glacia_ debris :1ear 

Vantage . This debris was not from the most recent 

glacial :lood. 

Ga r d , w.M . a.nd Wa ld ron, 

Starbuck Quadrangle, 

Survey ~ap GQ-38. 

H.n . , 1954, Geolosic map o : t:he 

Washing con : U.S. Geolog~cal 

This map shows Palouse soi_ and Colum b ia ~1ver 

basalt. 

128 . Geological Society of America, 1977, Geological 

excursions in the Pacific Northwest: 1977 GSA Annual 

Meeting, Seattle, Field Trips No. 12 anc. 13. 
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This is a geologic field trip guidebook for no rthern 

Oregon and southern Washington. 

129. Gibson, LL. 1966a, Crusta l flexures and flood 

_ JO. 

basalts: Tectonophysics, v. 3, no. 5, p. 447 - 456 . 

The tectonics of the Col umb ia River basalt in 

southwest Idaho are di scussed, and cross sec: io ns of 

flexu res associated with volcanism and faulting are 

;H:· esented . 

Gibso n, I. L ., 1966b, Grande Ronde dike swarm and l . ... -
'-::, 

r-==lation to the Co_ '...lffiD i a ~i ve r ::iasa::. ts 

Geo logical Society of Amer ica 

p . 20 4 . 

swa :-:n or: 40 ' . \,-a 1.~es, eac:1 aooroxLna te_v 
L - -

(abs. ) : 

33 :ee: 

thick , that: cut t:-ie Co lumbia ~i•1er basa_c :nay ::Je 

feeder dikes to some lava :_ows. 

131 . Gilmour, E.H. and Stradling, D., eds., 1969 , ?roceedings 

13 2. 

of the Second Columbia River basalt Sy~?os ium : 

Eastern Was hington State College , Cheney , ~as~ington, 

EWSC ?ress, 333 p. 

This compilation of papers covers pet:-olosy, min-

eralogy, geo chemisti::-y, r a-ynology and tectonics 

relating to the Columbia ~iver basalt. 

Glass, C.E., 1977 , · 

Columbia Plateau: 

Remote sensing analys i s of the 

Washington Pub li c Power Supply 

System, Amendment 23, WPPSS Nuclear Projects land 4, 

Appendix 2RK. 
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133 . 
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135. 

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. 

Glass, C.E. and Slemmons, D. 8., 1977, Imagery and 

topographic interpretation of geologic structures in 

central Washington: Washington Public Power Supf?ly 

System, Amendment 23, WPPSS Nuclear Projects 1 and 4, 

.:\?pend i :< 2RF . 

The report £)resents results of a remote sensing 

imagery analysis to identify str~ctures that cocld be 

related to the 1872 earthquake. The area studi~d was 

nor t. h - c en tr a l '.•i ash in gt on a r. d sou t :1 e r n 3 r i t is h 

Columbia. Identified lineaments are ?lotted on maos 

and discu ssed. 

Goldstein, ?. , Hultgren, G.O., anc ~Telson, R . W., 1978, A 

i,1odel o:: co ntami nant diffusior. :rom a. finite line 

source 1n a dense basalt strar.wn to an ovei:- _y1ng 

permeable interbed: RHO-awr-c-3, BCS ~ichland, Inc., 

Eor ~ocb;e 11 Hanford Op e r a t: ions , Ric:-:J..and , 

~Jashingcon. 

This report £)resents a mathematical mode l "'"or the 

diffusion of radioactive wastes located in dense rock 

stratum bounded above and below by per::ieable 

interbeds. 

Gray, D.A., Greenwood, P.8., Bisson, G., Cratchley, C.R., 

Harrison, R.K., Mather, J.D., Ostle, D., 

Taylor, B.J., and Willmore, P.L., 1976, 

highly active, solid radioactive 
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136. 

geological fo rma tions--relevant geological criteria 

for t h e United Kin gdom: Republic In s titut e 

Geological Science, v. 76, no. 12, 4 p. 

This series of a pr iori criteria appl ies to t h e 

se lection of areas containing format io ns suitab l e f or 

the di sposal of high-level wastes within the Uni t ed 

Kingdom. 

Gray, J. 

t h e 

and Kittleman, .C... R., 1967, Ge oc h ronome try 

Columbia Ri v er basalt and assoc i ated : lo ras 

of 

of 

eascern Washington and western Idaho: Ameri c an 

Jou r nal of Science, v . 265 , p. 257- 291. 

Age d a ting and stratig!'.'aphic relations of the La t ah 

?or:na tion , Picture Geo t:"ge 3asalc, Col umoia ~i. v er 

basalt, and Ellensburg fo r~atio n 1n the Columb i a 

Plateau are discu sse d . 

137 . Greensfelder, R. W., 19 76, ~aximum ?robable eart hq u a ke 

acce l eration on bedroc~ 1n t h e State o f Idah o: Id a ho 

State Division of Highways Researc h Project No . 79 . 

This summary reoort of !:..ace Quaternary faul ti ng in 

Id a to 9rovides d i scuss~ o n ~f reg i ona l se i srn i c i cy and 

l e vels of maximum p r obaole accelerations. 

138 . Gregg , o. o . and La ird , L.3., 19 75, A general out line of 

the water resources of the Toppenish Creek 3as i n, 

Yakima Indian Reservation: U.S. Geological Survey 

Open File Report 75-19. 

Th is report broadly sumrnar i ZP.S the water resources 

and includes a water budget scheme and summary of the 

geology of the area. 
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: ..; o. 

Gregg, D.O. and Lum, W . E . , I I , 19 7 3 , Dry Creek 

exploration test well: 

File rteport, prepared 

Confederated Tribes and 

Nation, ') p. 

U.S. Geological Survey Open 

in cooperation wit:1 the 

Bands of the Yakima Indian 

This hydrogeologic report of t:1e Dry Creek Basin is 

based on test well data. The drilling of the 700-

f oot test we 11 revealed dense ::iasal t flows and less 

dense interflow aquife r layers. 

Griggs , .; . 3., 19 7 J, Geologic t :-le 

Quad ra ngle : U.S. Geo logical Survey Misc el:ane ou s 

Geologic Inves tigatio ns Map I-768. 

T:1is ma9 reQresents the geo logy of che Spokane area . 

141. Griggs, A.3., 1976, The Columbia ~iv er 3asalt Grcu9 in 

t:1e .3~okane Quadrangle, Was ;-:ington, Ida hc , and 

~ontana: U.S. Geological Survey Bulletin 1413, 

39 p. 

142. 

T:1is ~eport contains a series of c~oss sections 

showi ng basalt thickness and under lying formacions. 

It also presents well log data and outcrop data fo r 

the area. Petrographic and geochemical analyses may 

be useful for flow correlations. 

Grolier, ~.J. and Bingham, J.W., 1969, Geology and 

ground-water conditions in parts of Grant, Adams and 

Franklin Counties, Washington: U.S. Geological 

Survey Professional Paper, with a section on 

chemical quality of the ground water by A. S. 

VanDenburgh. 

A-42 



143. 

144 . 

14 5. 

The authors d iscuss the geology and hyd ro logy of the 

Ellensburg Format ion, Wanapum Basal t , 

Mountains Basalt, and the Ringold Formation. 

Saddle 

Grolier, M.J. and Bingham, 

sect io ns of parts of 

count i es, Washington: 

J.W., 1 971, Geolog ic map and 

Grant, Adams, and Franklin 

U.S. Geological Survey 

Miscellaneous Geo l ogic Investigations Ma p I -5 89 . 

Hyd r ologic , structural, and g eo logic data on the 

Columbia River basalt, and th e Ringold and ~llensburg 

Formations are shown on this map. 

Grol ier, ~.J. and Bingham, J . W. , 1978 , Geology of parts 

of Grant , t\da ms, and E'ranklin Countie s, eas;:-central 

Was hington: Washingt o n State Division of Geology and 

Earth ~esources Bulletin ~o . 71, 91 p. 

This repor t is the text to accompany Grolier and 

Bingham's 1971 , U.S. Geo logical Survey Map ~-539. It 

contains descriptions of strat ig raphic unit s and 

struct ures and presents stratigraphic data fro m well 

logs. 

Grolier , ."1 .J. and E'oxwortny, r.L., 1961 , Geology of t he 

Moses Lake north quadrangle, Wash i ngton: U.S. 

Geological Survey 

tions Map I-330. 

Miscellaneous Geolog ic Investiga -

This geohydrolog•ic map shows Quaternary stratigraphy, 

ground-water development data, and struct ure of the 

area. 

A-43 



146. 

.:.-n . 

1 4 8 . 

149. 

Hamilton, W., 1962, Late Cenozoic 

central Idaho: Geological 

Bulletin, v. 73, p. 511-516. 

structure 

Society of 

of west­

_Z';.merica 

Possible tectonic creep on faults near Seven Devils 

Mountains ( southeast border of the Columbia Plateau) 

i s inventorie d . In the Columbia Plateau province, 

normal faults strike west to no rt hwest and some may 

indicate movement in the Quater :1a ry period . 

8ami lton, W. and '.v!yet"s , W.B., 1966, Cenozoic tecton~.cs 

of the Western Un ited States: ~eviews of Geop hysi cs, 

'I • • , :1 0 • 4 , ? . S O 9 - 5 4 9 . 

With respect to the Columbia ?lateau, the :ut::-.ors 

suggest that the western par: of the plateau 1s 

under l ain by oceani c crust. 

Har dy , :"t. R . , 1977 , Some cur re :1 t a pp l i. ca t ions o f 

iTl i Crose l S;7l i C technique s: Pr~ceed ir.gs of :yr.a~ic 

Methods in Soil and Roe.< Mechanics (DMSR ) 

77/Kar l sruhe, Se:_Jtember 5-16 , 1?77 , v. 3, p. 173 - 199 . 

3o me t e c h n i q u e s and a p 9 1 i ca t i. c :-: s o f a co us t ::. c e :.11 s -

sion/ microseismic activity to seomech anics for mining 

and other underground cavi:y excavations are 

presented 1n thi s article. 

Hardy, M.P., St. John, C.M., anc Hocking, G., 1978, 

Numerical modelling of rock stresses wi thin a 

basaltic nuclear waste repos itory: RH0-BWI-C-32, 

University of Minnesota for Rockwell Hanford 

Operations, Richland, Washington. 
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l S l. 

153. 

This repor t summarizes the numerical modelling of rock 

stresses within a basalt rock nuclear repository for 

Rockwe ll Hanford Operations. The types of thermo-

mechanical problems analyzed u sing numer ical models 

are ident ified and di sc u ssed . 

Hedlund, J . O. and Rogers, L . E ., 1976, Cha r acterization 

of small mamma l po9ulation inhabiting t h e B- C cribs 

environs: a Ni✓ L - 2 2. 81, 3atte lle, ?ac i ::ic 

Nor thwest Laborato r y , Richland, Wa s hington . 

Th i s 1s a b ibli ograf.)hy of 3;-;aall mamma _ ?C-SJU _ation 

studie s on the Hanford S~~e . 

Hill, O.?., 1972 , Cru s tal and u;:9er mantle st!:' ucture of 

the Col wnb ia ?latea u lo ng - range selSI7',lC-

refraction mea s uremencs: Geological Soc i-2 r:. 1 of 

America 3 ulletin , ,; . 33 , :J. 2.639 - 1648 . 

?revious seismic studies of t:he Columbia ?lateau are 

compared to ~resent study data . 

Hind s, w.~. and ~hor?, J . M., 2.971, Annual summaries o f 

microclimatological data from the Arid Lands ~co logy 

Reserve, 1968-1970: BNWL-1629, Battelle, ?aci fic 

~orthwest Laborato r y , ~ichla~d, Washington . 

Air quality data tabulation of f.)recipitation and 

temperature ranges on the Hanford Site are p resented. 

Hodges, C.A., 1978, Basaltic ring structures of the 

Columbia Plateau: Geologica l Society of America 

Bulletin, v. 89, p. 1281-1289. 
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157. 

The ring s true tu res found in the Roza Member near 

Odessa are des er ibe d, and f ea tu res are related to 

rising ground water as thick flows cooled over 

topographic lows. 

Hoffer, J.~., 1967, The Rock Creek Flow of the Columbia 

River basalt: 

p. 23-31. 

detailed 

Northwest Science, 

report covers the 

v. 41, no. 1, 

9hysical :ind 

pet rographic properties of the Rock Creek Member of 

the Imnaha Basalt. 

Hogenson, G.M., 1964, Geology and ground-watei::- of the 

Umatilla ~iver Basin, Oregon: U.S. Geolog.:.cal 

Survey Water-Supply Paper No. 1620. 

Basic we 11 log and geologic data are 9rov ided, and 

structural relations of the basa_t a re d escribed. 

Holden, G.S. and Hooper, P.R., 1976, Petrology and 

chemistry of a Columbia River basalt section, Rocky 

Canyon, wes t-cen ti.-al Idaho: Geologica l Society of 

Anerica Bulletin, v. 87, p. 2_3-225. 

The geochemistry and petrography of the Imnaha Basalt 

and Columbia River basalt are described. 

Holmgren, D.A., 1969a, Columbia River basalt patterns 

from central Washington to northern Oregon: Ph.D. 

thesis, University of Washington, Seattle, Washington. 

A multiple-criteria 

basalt near Yakima, 

comparison of Columbia River 

central Washington and The 

A-46 



158. 

.:. :: 9 . 

l 6 0 • 

Dalles, northern Oregon is provided, 

successional identity is demonstrated. 

and their 

Holmgren, D.A., 1969b, Columbia River basa_c strati-

graphic 9attern near Yakima and Columbia Gorge areas, 

Washington and Oregon (abs. ) : Geological Society of 

America, Abstracts with Programs, v. 2, no. 3, ?· 26. 

The flow succession and magnetism near Yak i ma a nd ~he 

Dalles 1.s summarized. ':'hickness was meas-.lrec ': o be 

between 2,000 and 2,750 :eet . 

r!oope r, D :;, 
- • - ~ • I Camp, 'l . E . , 2\ l e ck , :-J • iJ • , ~e idel, S.?., 3.nd 

Sundst:-cm, C . E., 1976, '.'!agnetic 9olarity and s::-at .:. ­

graphy o~ the southeastern ~ar: o ~ the Col~mb ia ~i ve~ 

3asalt ?lateau ( abs. ) : Geological Society of .:\me r~ca , 

~bstrac-: with ?rograr.1s, ,, . 3, :10. 3, 9 . 383. 

Paleomagnetic and st:-at ig raphic data on tje Columb i a 

River :::asalt oE sout heas':ei:-n :-Iashingc.on showe -:: rune 

polarity 

4,500 feet 

Snake 

intervals. Thicknesses great.er 

of exposed 6asalt were indicaced :n 

Canyon anc Sal.:non EU •1er Ca:1yon, 

g reater ':han 1 ,3 00 Eeet 8f ~mnaha 3asalt. 

chan 

the 

wit:-i 

Hoye., C.L. l9Gl, The Hammond Sill: An intrusion in the 

Yakima 3asalt near Wenatchee , :'1ash i ngton: Ncc:hwest 

Science, v . 35, no. 2, p. 58-64. 

The basalt structures 1n western Douglas County are 

discussed. The Hammond Sill is an invasive sill with 

subsidiary dikes within the Rock Island interbed. 
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162 . 

163 . 

Hu n t , C . B . , l 9 7 4 , Na tu r al Reg ions of the u n i t e d S t a t es 

and Canada: W.H. Freeman and Company, San Francisco, 

725 p. 

The physiography, geology, stratigraphy, tectonics, 

and Quaternary geologic processes of the Columbia 

Plateau a re summar ized and the Spokane floods and 

regional erosion rates are discusse d . 

Huntting , M.T., 1949 , Perli te anc: other volcanic ~lass 

occurrences in ~ashington: 

ment of Conservation and 

Inve s t i gations No . 17. 

:Nashingtcn State De?art ­

Developrnent, Repor: of 

This i s a report on per li :e and othe r vo:canic 

glasses o ccurr ing on the Columbia River Plateau. 

Hunt ting, :1 . T . , 19 5 6 , In ve n to r y 

Part I: :1e tallic minerals : 

of Was hington mine= ~ls , 

Wa sh ington State De ~art-

;nent of Con s ervation and Develo9rnen t, Divisic:: of 

:-1 ines and Geology Bul letin ~o. 37, v . 1 -Te xt , ·, . 2 -

Maps. 

This report s h ows a depos it of g o ld and silver ::ear 

Prosser. No other metallic minerals are shown on the 

plateau . 

Huntting, M.T., Bennett, W.A.G., Livingston, V. E., and 

Moen, w.s., 1961, Geologic ma!? of Washington (scale 

1:500,000): Washington Department of Conservation, 

Division of Mines and Geology, 2 sheets. 

Th is map depicts and describes the geologic 

formations of the State of Washington. 
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167 . 

16 a. 

169. 

Idaho State Department of Highways, 1974, Official High­

way Map. 

This is the official Idaho state road map . 

Idaho State Department of Parks and Recr-eation, undace d . 

This map shows the locations of Idaho State parks and 

provides info r matio n on specific parks. 

Jackson, J . 3 . ' 1975 , Description of the geoe l ectri c 

sec t i o :'. , ~a t r: 2. e s n a k e n i l l s C n i t l we l l. , W a s h i :: s t o n : 

J ourna.2. of Research, U.S. Geological Sur ve y , '' · 3 , 

no . 6, ?· 665 - 669 . 

The interpretiv e discussion of basalt stratigraphy is 

derived from electr-ic log data . A major change i n 

roc k type occurs between 4,000 and 7 , 000 feet in the 

Rattlesnake nill s '.ve 11 . 

Jahns, R.n., 1967, Geologic factors relat i ~g co 

eng1neer1ng seismology in the Hanford a rea , 

\-iashing ton: JUN- 13 0 0 , ;:,repa red :c r Doug l as :.::: i ':e d 

Nuc lea r-, Inc., Richla nd, Was hington . 

The recent seismicity in the Saddle Mounta in s a nd 

Wa l lula Gap area is discussed. Evidence of rece nt 

fa ul ting was examined. The report is essent i a ll y a 

rebuttal to Jones and Deacon, 1966. 

Jones, F . O. and Deacon, R.J., 1966, Geology and tectonic 

histor-y of the Hanford area and its relation to the 

geology and tectonic history of the State of 
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1 71. 

1 72. 

Washington and the active seismic zones of western 

Washington and western Montana: Doug las United 

Nuclear, Inc., Richland , Washington. 

This literature review summarizes the geologic :ii s­

tory, tectonics, and seismic ity of the Han fo r d Site 

area and provides structural cross sections and ~ater 

and gas well data. 

Jones, M. G. and Landon , R.D., 1978 , Geology of the :-line 

Canyon ~ap area : RHo-a w_- L8- 6, Rockwel~ Han~or d 

Op~ rat io ns, Richland , Washi ngton . 

T:1is is a detailed st udy of oart of the sou~:-1ern 

Pasco Basin. Stratigraphy and structural geology of 

the Prie s t Rapids Member, Saddle Mountain Basalt, 

Ellensb u r g Formation, and Quaternar1 d e 9osits, as 

'N'ell as the Rat tlesnake Hills - Wallula Ga p lineame nt 

and other folds and faults i n the vicinitv are 

cisc:..is sec. 

Jones, ~- \'l . and Ross, S.H., 1972 , :'loscow Bas in g r o un d 

water st udies (abs.): Idaho State aureau of hnes 

and Geology Pamphlet No. 153 . 

This is a summary article on pas t water use 1n ~oscow 

Basin, anc on present st udies of t:1e amounts of 

pumpage and recharge and the qu a lity of the g r ound­

water supply. 

Judson, S. and 

denudation 

Geophysical 

Ritter, D.F., 1964, Rates of regional 

in the United States: Journa l of 

Research, v. 69, no. 16, p. 3395-34 01. 
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174 . 

175. 

This 

of 

is a summary ai::-ticle of v arious regiona l ra te s 

erosion t h roug hout t h e Un ited 

Included is the rate ca l culated fo r t he 

or denudation 

States. 

Colwabia Plateau, based on stream s ed i me nt 

calc ulations. 

Kanai, K., Tanaka, T., and Yo shizawa, S., 1959, 

Comparati v e studies of earths uake motions o n the 

ground and underground ( iTI Ul t i yle r ef l e e c. ion 

? r o b lem ) a ulletin o: th e Ea rthqua ke 

I n s titu c. e , v . 3 7 , p . 5 3- 87 . 

S~e ctral an a ly ses we-c e car-r ied o ut o n s ei s mos-c3.ms of 

e at:"c. hsuak es record e d u nderg r ound a nd a t c.he su r .;:ace 

of c:;;o mine s. These ana l y s e s incicated :.:-.at: the 

a mp l i c. u de o n t he g r o und i n c re as e d re l a t i v e t::; d e p t h 

d ue c.o mu l c. iyl e re f lect.ion i n c. ~e s u r f ac e l a ye-c . 

r~anai, i< ., Tanak a, T ., '!o s ni zawa, S., Mor i sh i :.a, T . , 

Os c:1cia, K .' a nci Su z UK i , 'TI 

- • I 1966 , Compara t ive s :. uai e s 

o f earthquake motions on t h e g round and u nder g r o und , 

I I: 3ullec.in of t h e C:at:"c.nqua::. e Researc h Instit;..ite, 

v . 4-+ , p. GU9-64 3 . 

Emp i rica l re l ac.ions f o r sc.rony ;-;1ot io ns i n o e crock ar e 

co mt-la red to empirical data f r e m r ecord ed mo c. io ns of 

22 earthquakes. Ve loc u :y anc ac c e l erat io n spectra 

are shown for recordings :rom :our stat i ons. 

Kaufman, S.K., Reuben, P.A., and Wyss, M., 19 78 , Focal 

mechanism and stress drops for mining-induced mic r o­

earthquakes in Idaho (abs.): 7 4th Annual Meec.ing o f 

the Seismological Society of America, October­

December, 1978, v. 49, no. 4. 
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l 77 . 

178 . 

Focal mechanisms and stress drops have been 

determined for earthquakes occurring in an Idaho 

mine. Stress fields around the mine are co~par-ea to 

the regional field. 

Kee ney, R.L. and t\J a i r, r~., 1977, Evaluating poten tia l 

nuclear power ;,lant s ites in the Pacific No r:. hwest 

using decision analysis: Energy Policy, v . 5 , no . l . 

'i'hE: use of deci sion analysis 1n the se lecticn. and 

rankiny of sui::able future s1ces :or:- n.uc2.-:=ar ?ower 

g~ne ratiny facilitie s in the Pacific Nor tjwest is 

c:: esc !:" 1~e ci . 

,(1enl-2 , C.2., Jr., 1972 , Th e Yakima 3asalt 1n · . .;-::stern 

Or eg on ana Wasn i ng ton (abs. ) : Geo loyic a l Socie~y of 

America , Abs tracts w i t:1 ?rograms, V • 4 , :-:o . 7 , 

":.) . 56.i-562. 

·:::is pa::Jer u 1.scusses 9ai.eomagnet:..3in , y e oc:.er:-.:...;tr y , 

;,etrog ra9hy, and g eomor?ho loyy as methods of 

stratigraphic correlation of the Columbia ~iver 

basalt . 

Kienle , C.2., Jr., 1977a, Detai l ed ma!?!? ing of the bend of 

the Ratt:.lesnake Hil l s structure: ',-iashington ?ublic 

?ower Supply System, Amendment 2J , WPPSS ~~clear 

ProJects l and 4, Appendix 2RH, Chapter 6.0. 

This report presents the results of detailed geologic 

mapping in the area of the bend i n the Ratt l esnake 

Hills structure in order to provide data on how the 

bend area relates to other segments of the structure, 

to determine the relationship oetween the bend area 
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l oO. 

181. 

and the Yakima Ridge ant icline and to eva_ uate t he 

extent, nature, and age of faulting in the a:-ea. 

Kienle, C.F ., Jr., 1977b, Reconnaissance mal?ying of the 

Rat tle snake Wa l lula l ineamen c., eas c.ern Rat tl.esnake 

Hills and Yakima Ridge: Washington Pub l ic Power 

Supl?l Y System, Amendment 23 , WPPSS Nuc lear ?roJects l 

and~, Appendix 2RH, Chapter 7 . 0 . 

The report presents results or map9ing to delineate 

i:laJoc stc'...lcc.ures, de::.ecnine t::el. :- a g es of ::1o ve ::.,en c., 

a nd c.o e va l uate the 9oss1b l e celat 1onshi? be ::. wee n th e 

Yakima Riaye anc Rattle snake Hills anticlines . 

r~1enle, C . F ., J r., Bentley, ~.a ., and 

19 7,, Geo l ogic reconnaissance of c. he 

Lineame nt and !'." elac.ed s t:-uct '...! ::-es: 

Andecso n , - r 
0 • J.., • I 

Cle El. __ :.m - vla .'..l'...ll.a 

Shannon and 

Wi l son, Inc ., ?ortland, Or egon, ~e9ort no . WN P- .:.. / 4 , 

] ] ? · 

Each stcuctural feat'...lr e along c.~e C~2W is de scr ib e d , 

and deta iled mapping of sevecal aceas in c.he Ya kim a 

Riag e area is ?rovided. A i:lO a el for s c. r u cc. u cal 

defoc~ation is discusse d . 

Kie nle , C . F ., Jr., Newcome, R.C., Deacon, R.J., Faroo4u i , 

S.M., Bentley, R.O., Anderson, J . L., and Thoms, ~ . E., 

1978, 1l'iestecn Columbia Platea us; tectonic s t r uc:: u c e s 

and t heir age of deformat io n: Pape r p r esented at 

Battell e Tectonics Symposium, E'ebruary 14 - 16 , 1978, 

Seate.le, Washington. 

Tectonic features of the plateau are described and 

the ages of deformation are approximated using dated 

volcanics and sedimentary deposits. 
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184 . 

185. 

Kohler , J.E., 

Population 

Kennecke, A.P., and Grimes , 

discribution conside rations 

B.K., 1974, 

in nuc lear 

plant siting: American Nuclear Society Conferer.ce, 

Auyusc 1974. 

A method for calculating a sit:.e population fac-:or, 

which measures cumulative po9ulation distribu-:ion 

around nuc lear power plant sites, is pre se nted . A 

distance deca y function that simulates average at~os­

pheric diffusion of radionuc lides released from pcwer 

reactors is used 1n this method . 

:~uno, ri.. , .'.. 9 69, ?lateau 3asalts, 1n Hart:. , ?. J . ' ::=- , .. 
- - • I 

Sart~'s Crust and Upper Mane.le: . .\merican Gco~hys:.cal 

Union , Washington, O. C. , ?· 495 - SOl . 

The tectonics of 9lateau oasalcs are discussed a.'..ong 

w1ch a _?repos ed mechanism for slow and cont1.-::.;ous 

mas~a genesis of the Columbia ~iver basalt . 

Laval, W. N., 1956, Stratigraphy and structural geolo~~ of 

!:)O r tio ns of south-centra l friashinyton : Ph.D. thesis , 

University of ~ashington, Seatt le , Washington, 2 0 3 ~ -

Map~ing , measured sections, 

middle and upper basalt in 

area a re ~resented. 

and coi:-relac ion s of 

the Hors e Heaven ~:.lls 

Laval, W.N., 1957, Primary structures of the Colt.:.r.,bia 

River basalt flows, south-central Washing con 

( abs.): Geological Soc iety of America Bullet.in, 

v. 68, p. 1867. 
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188 . 

189. 

The flow structures in Wanapum and Saddle Mo untai n s 

Basal~s are discussed . 

Laval, W. N., 1958, Anticline s of the southwestern 

Columbia Basin (abs .): Geological Society of ~uerica 

Bullet.in, v . 69 , no. 12 , pt . 2, ?· 1734 . 

The structural geology and history c.:: t h e 

southwe s tern Columbia Basin a r e d i scussed. 

Lecigerwooc , R . i<. anci DeJu , R . A ., .'.. 97 b, Rydro gec .:.. ogy of 

t.'.1e u s:i~er:nost con f i nea a q u i :er-s u ncier-l y ::.. :1s c.ne 

Hanfor-d Reservation: A~H - SA- 25:, Atlantic R.:. cn .f ield 

Ha n .:: a r-d CoQran y , .K ic n l and, Was h ::1~t.o n. 

:'hi s co mf?r-e hensi 11e :1 yarogeo lc~y re~ort co n tain s 

tables of transmissivity and conduct ivity and we ll 

l og c at.a and st.r uctural 

co n fi:11ng aquifers 

Site. 

i nc.er?ret.ac.ions on 

under- l f i ng the 

c.:-.e upsie r 

nanfo r o 

Ledgerwood, R . K ., Myers, c .w., and Cross, R . W., 1 9 78 , 

Pasco Basin st.ratigr-apnic nomenc l at u re: 

RH0- 3-~·iI - L D- 1 , Rock we 11 na nf o r- d J;, era t i ons, R: c :1 l a nd , 

r,1/ash 1 :1g t.o n . 

This chart and di scuss io n of the sc.rat.igraph i c nomen­

cla t~re and age dating pararne te r-s of the :::o l umb ia 

River basalt and young er units i n the Pasco aas i n 

uses the most current data available. 

Lillie, J .T. and Richard, B.H., 1977 , An analy sis of 

selected gravity profiles on the Hanford Reservation, 

Richland, Washington: RHO-BWI-C-6, Rockwell Han ford 

Operations, Richland, Washington. 
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19 l. 

.i. 9 2 . 

193. 

~No-dimensional models were constructec using gravity 

values. Indications of buried valleys cut into bed-

rock were found; however, distinyuishing :hese 

valleys from sedimentary contacts would be diffic~lt . 

Lillie , J.T., Tallman, A.M., and 

Preliminary yeologic map of 

sediments of the western half 

Caggiano, J.A., .:..978, 

the Sate Cenozoic 

of ti:e Pasco 3asin : 

~HO-BWI-LD-8, Rockwell Hanford Operations, Rich.:..and, 

;-:ash ins ton. 

This lS a detailed (l mile to l inch) ma::: o t 
:uate r~ary de~csits 1n :~e Pasco 3as1~. 

L1:-..:..:sley , D. H., l96J , Geology of t:1e S~r-ay Quadra:--.':!le, 

Creyon: ?h.D. :hesis, The Johns EoS)kins University , 

jaltimore, Maryland, 235 . p. 

':'his t:hesis 9 ri: .. arily disc.1sses the s:rat:1gra;;r.~1 and 

::;ec.rography or cne Pict:ur-~ Go r ;e 3asalc. ar.c its 

~aynet1c ~roperties and the strati y ra~h y of the ~arl y 

Tertiary Clarno and John Day ?ormations. 

'Tl .. . ' 1973 , Oriyin of c~e Granc :oulee ar.~ ur y 

?alls: Washingc.on Geologic Newslec.ter, v . 6, nc . 3 . 

The geology and geomorphic processes relating:::: the 

development of some of the structures in the Co:. ·.imbia 

~lateau are disc~ssed. 

Long, P. E. , 

intraflow 

1978, Characterization 

structures, Grande 
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.:. 9 5. 

196. 

RHO-BWI-LD-10, KOckwel l Hanford Operat.1ons, Richland, 

Washinyton. 

This report describes various intraflow structures in 

the Grande Ronde flows and their 'J.sefulness 1n 

correlating drill hole data. 

Lowry , v,i. D . and Bal dwin, E. M., 19 5 2, ::..ate Cenozoic 

':l eo logy of the Columbia ~iver Valley, Or eg on and 

~·iashinyton: Geo loyical Society of Amer:..ca aulle:1n, 

'I • 6 3 , ;_J • 1 - '.:. 4 . 

t~e Columoia ?lateau and summar:..:es 

:enozoic yeoloyic history or t~e area . 

L.U z :..er , J . 2., 1969, Gcoundwacec occu::.-:-:;:nce 

Goldendale area, Klickitat Co unty, Wa s~inycon : ...- . s. 
~eolog ical Surve y , Hydrologic Invesc.:.~ations Acias 

:iA- 313. 

?his 1s a ge nera l g eo logic map and :1 wat.er :.evel 

co nt.our ma p . 

.:.ncluded . 

Luzier, J .E. ' 

1iie ll logs or the Gvlde::::::ale area are 

Bingham, and aur-c, R . J . ' 1969, 

Gr ou nd-water surv e y , 8d essa-Lind area, Washin~ ~on : 

~asn ing t.o n St a te Depart~enc of Water ~esou rc es , W~t.er 

Supply Bulletin No. 36. 

This bulletin presents generalized hydrogeologic aata 

f rom the Oaessa-Lind area, Washington. 
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198 . 

1 99. 

Luz i er, J. E . and Burt, R.J., 19 7 4, Hydrolog y o f basalt 

aquifers and depletion of ground water in east­

central Washington: U.S. Geological Surve y , Water 

Supply Bulletin No. 33. 

This bulletin presents hydrologic character i stics of 

the basalt aquifers in east-central Washing t on, the 

var i abili ty of heads 1n dif f erent a qu i f ers, an d 

recharge-discharge rates. Ground-wate~ bar~ i ers ma y 

be related to tectonic structures. 

Ma c ~i n , J . H., 19 6 1 , A s t rat i grap hic se ct1o n in t h ~ Ya kim a 

3asalt and the Ellensburg formation 1n sout~-central 

:ia shing :.o n: Was hing t o n Ji ? i s io n and 

: e ol o gy rte?ort o f Invest ig a tio ns ~o. 19 , 43 ~-

A. stratigraphic history is ;,resented :if t he Wanapum 

3asal t and El lensburg :or~ation w1 :. n1n t he area 

:Jounded at corners by Yaki~a, El l ensourg, ·1antage, 

and ?riest ~apics. 

:-lac dox, George, and Associates, I nc., 1 9 78 , Ground-water 

hydrology and proposed water manage~ent 9olicy--

Qu i ncy and Odessa subareas: ~eport (Joo no. 77 -

08101 ) 9r e pared b y George ~addo x a~ d As soci ates, 

Inc. , Yakima, Washington, for Eastern 3ig aend 

:(esources. 

The discovery that what was thought to be a large 

ground-water p~ovince was actually four hydraulically 

discontinuous provinces indicates that present water 

management policies need to be reevaluated. 

200. Maddox, G.E., and Fox, F.M., and Associates, Inc., 1976, 

A proposed structural control of surface and grounc 
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2 0 2 . 

lOJ . 

water 1.n the eastern l?OJ:t ion of the Cc l umb i a Ri ,,er 

::iasal t (abs . ) : Geological Society of America , 

Abstracts with Programs, v. 8, no. 3. 

Mai: ked ly d if f eren t transmiss ib il icy values on eac h 

side of a hypothesized lineament may be indicati ve of 

structurally controlled ground-wa ter f low. 

~a lde , n .E., 1968 , The cacast r ophic Lace Pleistocene 

:-.3onnc: v 1l ~c: f l ood 1n t:1e Sna k e ~i ver ?lai:1, h :a ho : 

J . S . Geoiogica l Surve y Pro fessional Pa?er 59 6 , - .., 
)_ :). 

~~ e yl a c ial =lood de9os it s and ~ac :1 s a: o ng c he ~~a ke 

~i ver in Idaho are d isc ussed. 

:,tac: 1 n, J • 2 • / 1977, Western Columoia ?lateau mary 1n 

scud ies, 

Public 

Yakima Ri ver co Wencitchee: Was h1 ~s t on 

?ower System, .;me nC: ;:-.en t:. 2 3 , .i??S S 

~uclear .?roJects land~, Appendix 2R G, Cha ~ ce r 7 . 0 . 

The ref?or-t p r e sents 

and dee.ailed and 

cesul ts of a l i -:era cure i::-e v 1e w 

map91ng 

.? l ateau. 

of 

interp r-et ing 

ceconnaissance-:eve l 

stcuccures or 

em!:)hasis 

che 

or The 

the relationshif) 

study 

bec·..;een 

g e o : og1c 

Co l ..:mb ia 

wa s o n 

base me nt. 

scructures of th e Casc ad es to those 1n the over lyi ng 

oa salt and evaluacing the age o f ~eformat ior. of 

structures in the basa lt . 

Matsuda, -r., 1976, Ernpicical cules on sense and rate of 

cecent crustal movements; Joucnal of the Geoc.ie tic 

Society of Jaf?an, v . 22 , no. 4, p. 252 - 263 . 

This article compares geologic evidence of Quater-nary 
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rates of uplift, folding, and horizontal strain with 

geodetic data of recent crustal movements in Japan. 

Sample calculations 

anticlinal folding. 

are made for the rate cf 

Mattinson, J.M., 1972, Ages of zircons from the northern 

Cascade ~ountains, Washington: Geologica_ Society of 

~~erica 3ulletin, v. 83, ?• 3769-3784. 

:~o metaDorphic events that occurred 1n the nortiern 

:.;;.sea.des during the :-1.idc.::..2 ?aleozoic ( =-?Proxir.1a:ely 

.;_s m.y.a.) and 1n the Late Cretaceous period are 

-= :<am i n e c . 
Eocene epoch anc some ,i'lay be as o_d as 

::;.llion fears. 

-, 
'-

Mayna~d , W.S., and othe rs, !976, ~ublic value s associated 

~~ch nuclear waste disposal: 3atte l:e ~emorial 

::::'.stitut.e, Human Affai rs ~esearc:: Cent'? ~s, Seat:le, 

;iashingc:::,n , Document Ne . 9 NHL-_ 997 . 

':':: is swnmarizes public res;:cnse to a 

~~esticnraire on nuclear ~aste dis?osal issues, such 

as long - and short - ter:n safecy , accident 

cetection/ recovery, and cost factors. 

l'1cCar:.hy, G.J. and Grutzeck, M.W., 1978, Preliminary 

e 11 a l u a t ion o f the c ha r a c t er i s t i c s o f n u c l ea r was t e s 

relevant to ge~logic isolation in basalt: RHO-C-12, 

The Pennsylvania State University for Rockwell 

Hanford Operations, Richland, Washington. 

This report reviews and discusses ?hysical 

chemical characteristics of radioactive waste. 

A-60 

and 

This 



207 . 

208. 
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1nfocrnation has bearing on the concesic: of yeologic 

sc:o rag e 1n basalt. 

McCarthy, G.J., Komarnen i , s., Scheetz, B.E., Freeborn, 

W.P ., White, W.B., and Smith , D . :( • , l 9 7 8 , 

t-iydrother:nal stability of spent fu e l and high- level 

waste ceramics the geologic res,ository and 

environment: RHO-B WI -S A- 12 A, The ?enns ylvania State 

Univer s ity fo r Rockwell Hanford Operations, Richland, 

,) as ;-i i ng t :in . 

fo cuses on was te-::- ock :1ydroc:ne :-:na l 

1:1tecact1on a:1a closed syscem waste - wac:e::- =~acti o n i ~ 

8asalts and s hales. 

Mc Dousall , I. , 1976 , Geochem1 sc.r y and or1y1n :.::: basal;:. of 

c:.-1e Columo ia Ri ver Gro u9, Oregon anc..: >iasninyco n : 

Ge o lo y i ca l 3 o c 1 e t y o f Ame r i ca 3 u l .:. e : :. n , 11 . d 7 , 

?· 777 - 792 . 

The strontium ratios of coeval coa s tai. '.Ja sa lts and 

Columbia Plateau oasa lts are the same; diffe:-ent 

~arenc: magmas gave rise co che Picture Gorge and =~e 

G:c::.nde Ro:::de anc. Wana;;l.U':l 3asa l t:s. 

McGarr, A., 1971 , Violent defo rmation of roe~ near ciee9-

level: ~abular excavations -seismic events, au lle : in 

of the Seismological Society of Amer 1ca , 

no . 5, p. 1 453-1466. 

V , 61, 

Modeling that uses two-edge aislocations are 

pt:'esented fot:' elastic defot:"mation of the rock near 

the edyes of thin, tabular excavations ( stof)eS ) of 
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deep-level mines. The results comf:)are favorabl y to 

energie s released during observed tremors. 

McGarr, A. M. and Wiebols, G.A., 1977, Influence of mine 

geoQet r y and closure volume on seismic ity in a deep-

1 eve l mine ( a b s . ) : Int e: r n at ion al Journal o f ~o ck 

riecnanics, Mineral Sciences and Geomechanic s, v . 14, 

p. 139 - 14 3. 

Sc:=:..s;:11citf anc volu.r.1E: of closure relai:ionsni;:;s are 

st~c1eu 1~ i:hree mines . Indica.i:ions are that: by 

?lann1ns :,nne geomet.r1cs, ;n-oolE:ms assoc1atea '..Jlt.h 

.!. a r :: e t ::- e ! :i o r s ca n tJ e :<. e p t ::: o a ? red i c i: a o l e l e ' I e :.. by 

con:roll1~g the convergence . 

!'lcGarr, A . i1, Green, F<..H ., anci Ss;ott.iswooc:iie, s . . '1 , l978 , 

.:itr-8ng grou nd ;noc.1on of t.refilors recor-c:ec: J.n a dee? 

(a::.is. ) : Annual 

SE: :..,:;molos ical Sociec.y of 

.:. 9 7:., v. -f9, no . -L 

Ac c<::: le r-os ::-am 

loca :::ion, f:.>eak 

;;-ias.-:1tude . 

we r-e 

accelerac.ion , 

·:,1eec. .:.ns of the 

Octobe::- - Dece~:)et:" , 

analyzed 

stress 

-= •1 e n c. 

::..::-o t:), and 

/ltcGhan, V . L . 

t-ian.::ord 

Mye rs, D.A., ar.d Oamsc hen , D. ',-.i ., '-976, 

-,,,.ells: 3NWL-l'::J8 l , aattelle, Pacific 

l'-l o ri:n we s c. Labor a tor 1es tor c.he U.S. Energy Research 

and Development Adminisi:ration. 

General information on we ll s drilled on i:ne Hanford 

Site 1s provided; however, data from wells 

such as depth to basalt or purpose of we ll are not 

i nc luded. 
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flowcuc : A McKee, 3. and Str:-adliny, o., 1970, The sag 

newly descr:-ice d volcanic str:- uctu r:-e: Geological 

2035 - 204 -L Soc iety of AQer:-ica Bulletin, v . 81 , p. 

Thi s ar:-cicle describes the ring struc;:ures occurriny 

1n the Roza Memoer near Odessa, Was hinyt:on . They 

we -ce tanned by flu id lava es caping along c::rnce.: tr i c 

dikes f r om the parc ly solidified ~low. 

:•1ercer, J . ~'i . and Or r, 3. R., 1977, Re view and a~a lys ~s of 

hyu rogeologic co nditions near- the s it e of a 9oce:-:cial 

i'.uc.:.. ea-c - •.-;a s te 

u. s . 
r-e9os 1 co -C::!, ::cay and 

Geological Survey 

~e2. Ccc.::-: c:.1.es , J e w 

77 - i23, JS f). 

This -ce~o-ct fo c use s on hyd rol ogy , sal;: jecs, and 

Lacioacc ive waste management 

."1ex1.co . 

in soucheascer :-: ~ew 

iv\ i l l e r , f . K • and Engels, J . C ., 1975 , Distr1::iution and 

tre:1ds or dis cordant age s of ;:he ;il ucon ic roc::.s of 

nor:.:1eascern 

Gee .:.og ical 

:?· 517 -5 28 . 

Was ninyt:o n 

Socie cy of 

ana noi::-t:her:-: 

Bu..!.leti:-:, 

_.:::ano: 

',' • 8 6 / 

This r eport contains information on four ea1soces of 

in t:::-us iun du r iny the Mid - ,1esozo ic and Ce:--,ozo i c 

eras. The maJor events occurred dur::-ing the 21id­

Cretaceous ana Ear ly Eocene. Useful i nf or::-ma tion 1s 

provided regar:-ding the pre-basalt tectonic sett ing. 

Milne, P.C. and Walker, C. W. , 

Washington mining operations 
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Washington Department of Natural Resources, Division 

of Geology and Earth Resources, Information Circula r 

No. 63. 

This di rectory summarizes and identifies metallic and 

non-meta llic mining operations in the State of Wash-

i ny ton oy name of O&Jerato r, p rod uct, anc property 

(mine) locat ion . 

Yli l.ne , c . :3.nci Vo nheede r, :: . R . ' 1979 , :1eca llic and 

nor.1 :t E: ta l :.. ic . l minera_ e x;?lo r- ation anc 

1igr.liyn:::.s, 1978: Washington, State De~a-:-:::.:nenc ot 

Di vi s ion of Geolosy ~~ a ~~r-c h 

~esou c ces , \,-.Jas ningco n Geoloyic .>Iews lec :::.ec, ·,. , , no . 

l . 

This ar :::. icle summarizes metallic and ~cn~eca_lic 

mineral explorac.ion, i ncluding a discussion OI enecgy 

ex!:"'.!.o r-ac1on, in che Stace of Was hington. 

i'1oen, w.s., 1978 , t'1ineral r-esource map s of Wasningc.on: 

Wash ing con State Def:)artJaent of Natu r-a l ~esources, 

Di visio n of Geo logy and Ea r:::.h ~esour-c e s Ma~ GYl- 22 . 

This f:)u o licacion concains severa l locac ion mars anc..i 

provides up-to-aate infor-mation. Few ecc:.omic 

m1ne::-al .:::ef?osits are on c.ne Colwnoia ?lat.:::au e :<Cef:)t 

sand, y rave l , rock, and d~atomite. 

Mo lenaar, D. , 19 68, A geohyd rolog ic reconna 1ssance of 

northwestern Walla Walla County, Was hing con: 

Washing con State Oepartmen t of Water ~e sources 

Monograph No. 1. 
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222. 

223. 

A i:-econnaissance map of :::ui:-eka Flats and vicinity, 

Washinyton, 

da c.a. 

showing well locations and hyd i:-ologic 

Molenaai:-, D., 1977, Out.line of the watei:- i:-esources of the 

Satus Cc-eek Basin, Yakima Indian Reservation, Wash-

1ngton: 

76-808. 

U.S. Geological Su i:-vey Open File Report 

~n~ general hyd i:-oloyy and a watei:- buaget a na : y s1s of 

the area are ~resentea. 

'.'lo nanan, C. J . , l 9 6 2 , John Da • . .- loc:<: and dam : : :rnr:d a t ion 

inv estigations: Journal a: che ?owei:- Division, Pro-

ce~c1ngs of the Sociec.y c: Ci v il Eng ineei:-s, 

no. 4, ;;-i. 29-45. 

I • 334-!, 

E:ngineei:-~ny and y eo lo~ ic: studies of : o undac.ion 

concic.1ons ace aesccioed :oi:- a 5-mile seccion of t he 

lcwei:- C:olwnuia .:<.ivei:­

Colwnbia Plateau. 

near- the '"estei:-:-1. ecse o;: c. he 

,'lonanan, C .J., 1969, aesei:-voirs 1n voicanic :eci:-a1 n: 

Assoc1at1on of Engineering Geologists 3ullecin, v . 

no. l, ~- SJ-6 0 . 

r 
0 , 

~e qui rements of and yuidelines 

ceservo i rs, including lava flow 

c.heir effects on s tr~ctural 

discussed. 

foe investiyati ng 

chacacterisc.ics and 

~ermeabiiity, are 

Myers, c.w., 1973, Yakima Basalt flows neac Vantage and 

from core holes in the Pasco Basin, Washington: 

Ph.D. thesis, Univecsity of California, Santa Cruz. 

A-65 



224. 

225. 

226. 

This thesis provides detailed stratigraphic, 

petrographic, and chemical information on the Grande 

Ronde and Wanapurn Basalts, including the Museum, 

Frenchman Springs, and Roza Members. Drill hole 

correlations were described for the Grande Ronde, 

Wanai:-'um, and Saddle Mountains ?ormations. 

Myers, D.A., 1972, Test-observation well near Davenport, 

r,vash 1nsto n, description and preliminary results: 

u.~. Geological Survey O~en-21le ~e~or:, 23 ~-

~his Aell description identities several aquifers. 

Na i r-, ,, . , 3 r o s an , G • E • , Cl u f f , L • S • , Id r l. s s , I . ,vi • , a n d 

Mac, ~-~-, 1975, An ap~roach to cne si:iny o f nuclear 

facilities: A by 

-,-iooli1,;a.r::-Clyde Consulc.ants for Incecnational ,:\tomic 

En e c~:_; .-1.g ency. 

~his =~~oct descriues a regional ap?r~ach co nuclear 

,?ower 

( i. e • I 

::,lant siting by 

faults, 

using exclusionary criteria 

po9ulation center:-s ) to 

el i~1:-1ac.e 

active 

areas fro1il consideration anc identify 

l:.kel.~· candidate areas. Candiuace 31.r.es are c:-ien 

ranked oy decision analysis methods. 

National ~cademy of Sciences, 1978, Ra~ioactive wastes at 

the ~anford Reservation; A technical review: 

DOClliilent No. ISBN 0-309-02745-3, Wash1nyton, o.c., 
269 2· 

The radioactive wastes at Hanford are oriefly 

characterized, and s to ray e f ac il i ties, equiprnen t, and 

methods are summarized. This report suggests that a 
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- -

deesi repos i toi:-y 1n oasal t. may be sire f e rab le to the 

present methods of surface storage. 

National Geographic Society, 1977, Wild ana Scenic Rivers 

Mo.!? ot the United States: Supplement to Nationa l 

Geographic, Ju ly 1977 , v . 152, no. 1--Wild and 

Sce!1ic Rivers of the Ln i ted States, p. 2a. 

This 1s a series of schematic location ~ap s of 

national an d state wild and scenic river s (designated 

and ? r oposed ) . 

_,Jat. iona.:.. Ccean ic and Ac.:.,o s~ he r ic Admini s trat.ior., 1979, 

Seac.::12 Sectional ,\eronaut.ical Chart, l : 300,00 0 

sca~e: U.S. De!:)ar-t.me:11: o f Co mmer ce . 

AJ.t";?Ort.s, jet routes, and r:esc.r ic c.ed airs9ace of the 

?aci[ic Northwest. are shown on this ~asi . 

Nac. 1o na~ ~esearch Counci2. , 2. 978 , Geo logic c r:ic. -2ria for-

re9ositocies for 

National Academy 

J. C . 

high- l evel 

of ~c iences 

radioacti ve ·,.;as t.es: 

pamph le t, Was:1 inst.on, 

Cr:1c.er i a for hiyn- leve l cadioacti ve wast.e cisposal 

sites are presented. The factors cons~ de r ed were 

relac:ed to host-cock g eometry, long- term st.ab ility, 

hydro i ogy, geochemistry, and economics. 

Newcomb, R.C., 1951, Preliminary report on the ground­

water resources of the Walla Walla Basin, Washington­

Oregon: U.S. Geological Survey Open-File Re9ort. 
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234. 

This re9ort contains basic well inventory, well log, 

and water level data from the Walla Walla Basin. 

Newcomb, R.C., 1958, Ringold Formation of Pleistocene age 

in type locality, the White Bluffs, Washington: 

Washington Division of Mineralogy and Geology, 

reprint no. l (f rom American Journal of Science, 

v . 256, :?· 328-340). 

T~1 s re~ort de scr ibe s the Quaternary sc.ratigra9ny and 

~~ology cf the ~ingold Fo r~ation. 

groun c ,1acer 1n the Columbia ~ive.::- :Jasalt : J . s . 
G2o log.:.c a l Surve'.! Prott:'!ssi.onal ?aper:-

~ - 32.l. 3-3213. 

3 c. .::-uc t .1ral g round-wa te c oa rr 1ers 1 n c.he uppe ::- Cold 

Cc eek · 1 e l le y and the W a l 1 a W a l l a 1/ e l le y a t Co .!. l e g e 

?lace ace di scussed. 

L\/ewcomb, R .C., l9 6lb, Age of che Palouse ?ocmacion .:.n the 

·,valla ;ialla and Umati lla ~iver Bas.:.ns, Or egcn and 

';iash1ns :.o n: 

o . 122 -.:. 27. 

Nol:'r:hwe sc. Sc ie rice, ' I . 3 5 , :cc . •, 

Th e Pa:ouse Formation is differentiated from younger 

loess. It is of Middle to Late Pleistocene age, and 

closely follows the Ringold deposition and fll:"e­

Wi sconsin glacial ~tage. 

Newcomb, ct..C., 

subsurface 

1961c, 

dams in 

Storage 

the 
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237. 

Washington, Oregon, and Idaho: U.S. Gcvlogical 

Survey, Professional Pa~er 383 - A, 15 9. 

This is a good, general paper on the permea81 li ty of 

faults, structural ground- water reservoirs, a~ d fault 

barriers 1n synclinal oas ins of the Co lumo :.. ,:;. River 

hasal t. 

Newcomb, ~.c., 1965 , Geology and ground- water i:.--2sou rce s 

of t:.ne v~alla Wa lla R1vei:.- Basin, W~s ningtor. - ·Jre<:;on: 

~-Jas nL1gcon State Divis:.on of Water .:\esour-ces , 'l'i at: er­

Suppl y Bu lletin No. 21 . 

'I'nis i s a hyd r ogeolog.:. ·,: bulletin of : he ;,,;a .:..:..:: ',-ialla 

.:{1 11er aasin. we ll inve~co ries and sc.racigr:: 7 :-:ic de -

scr .!.;)t:.ions of the Colunb ia River basalt, Pl-2:..sc.oce ne 

clay s ana g ra vel s, and ~ingo ld and Pa o use : c ~~ati ons 

are :_Jcovided. 

Newcome, :LC., 1966, :.ic.holoyy anci easc·,1ar-d exc.-2:-:s1on of 

The Dalles Forraat.ion, Oregon and t.ias hinyc~n, U.S. 

Ge o l ogical 

G. 59 - 63 . 

Survey ?ro fe ssional Paper- 55 0 - 0 , 

Th is paper- correla ces ':1:-ie Dalles Fo c:na t ion : o pa n:.s 

of the Ar lington La.ke 3eds, Shu tier i:or:na -::.:.. ::rn, an d 

Pliocene fanylomecat e s, suggesting an ~arly : c Mid d le 

( ? ) Pliocene age for The Dal le s Format i on. 

Newc omb, R. C. , 1967 , The Dalles- Umatilla s ync line , Or egon 

and washington : U. S . Geological Survey Professiona l 

Paper 575 - B. 

A- 69 



238. 

2 .3 9 . 

240. 

Th is paper describes the s true ture of The Dalles ­

Umatilla syncline and the stratigraphy of the area. 

Newcomb, K.C., 1969, Effect of tectonic structure on c.he 

occurrence of ground-water 1n the basalt of the 

Columbia River Group of The Dalles area, Ores on and 

Washingt.on : U.S. Geological Survey Professional 

Pa~er 383-C, 33 p. 

The geohydrology of the Columbia River basa.:.c. and 

general c.ectonics wn1ch inf~uence grounc: -wac.er 

~aramec.ers 1r1 the Dali.es area are desci:-iuec.:. The 

mdpped area incluaes parts of tne ~h1te ~almc ~, The 

Jal_es, and Wishram quacr~nyl~s . 

secc.ions are ?rov1ued. 

:v\ an. ·1 :.1a9s a,.:.: .::::-oss 

Newc..: o mu, ~.C ., 1970, Tec::.on1 c st.r u cc.Jr::: oc t :1e ,:.a:..:'. ~art 

0[ basalt of Cle Columbia 

:-iash1ngton, Oregor,, ar.c Idaho: 

~urvey ~isceilaneous Geolos1cai 

~coup, 

U. S . Ge c _c~1cal 

Invesc.:. ·~ac.ions 

This 1s a tectonic ma9 showing fold axes, ::aults, 

Quatei:-:1ary basins of de9osition 

ColuQbia River basalt. 

and 

Newcomb , R. C., 1971, Geologic mal? of 

extent. the 

the ::::roposed 

Paterson Ridge pumped-s to rage rese rvo 1 r, sou th-

central Washington: U.S. Geological Survey 

Miscellaneous Geological Investigations Map I -633. 

Th is geologic map of the reservoir area prov 1ues a 

general aescription of the geology and a discussion 

A-70 



241. 

242. 

243 . 

of the stratigraphic and petrographic characteristics 

of the oedroc k . 

Newc omb, R. C. , 1972, Quality of the gr:ound water of the 

Columbia River: group, Washington , Oregon and Idaho: 

U. S . Geological Survey 

!?· Nl - :'171. 

Water Suppl y Pa~er 1999-N, 

This regional ground - water quality investigac.ion has 

1mp1ic2. :. 1ons on transit : ime, transic. _?at:.:1, 2..8ca.tion , 

anJ m-2c:1an1sm of r-echar-ge for the Columbia Ri ve r­

aasalc. :=;roup . 

:~ewcoinb , - ,--, 
:( . '- . ' 

and 

Sti:-and, J.:{ . , ana E'ran~, ?.J . , l::!72, 

':J l:"Ound- war.er::- char-accer-1sr..:.cs '.) [ t:1e Geo lo<:~· 

Hanf or--::: R.e s er v a t io n 0;: t:1e 

U. S. 

u. s. Atomic 2:nei::-gy 

Comm1ss ion, Washington : Geological Surve y 

Profess1onal Paper 717, 73 ~-

7his ~a~er- aescr1oes :.~e yeolog1c anc , ycroloy ic 

charac:ei::-isc.ic s of t:1e rtanfo r d Site. Geologic str-uc-

tu res an d s tr-at iy raphy a r-e ca r- re l a c.ed w i ch s round-

wac.er c:1aractei::-istics. ~a9s and cross sec~.:. on s ace 

~rovic:es . 

>lewc omb, :{ . c. and och e r:s, l.953 , Se ismic cross sections 

ac r oss ~:1e Spokane River Valley and ni_lyar:c Trough, 

Id a ho and Wa shington: J . S . Geological ~urvey, Water: 

8.es ear:cn Divisio n, Tacoma, Was hing c.o n, Open-rile 

l{epo r,: . 

Bas ic se i sm ic data, show ing p r ofiles and velocities 

of valley fill , La tah Fo r ma tion, glaciofluvial 
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247. 

de!:)OSits, 

presented. 

and basement rock of the a re:a are 

Norris, J.A., 1974, Selected environmental considerations 

Oak 

and tne ir measuring parameters: Paper ~resented to 

the American Nuclear Society, Portlana, Oregon. 

This pa9er provides a general discussion of selected 

environmental considerations, (e cology, lane iJ Se, 

aesthetics, water su~ply, meteorology) with rega~~ to 

nucle~c ?Owec plant siting . 

?olic1 ?ro_ject, .i. 9 t 3 t 
- . - ·.-o -- ..... '- - -- ::, 

sponsoced uy ?aciric i:~occ.nwe s t 

Comrn1ss1on, Vancouver , Washington. 

An ove.r:-llew of enecgy policy options availaol-2 t:> 

c.he ?:::.c.!.f 1c Northwest st.aces 

~ut.Jce Jae.teens of energy 9coduction ~nc consus~~~on 

1 n the ceg ion. 

Riese :-lac.1onal !:..aoo i::-a tory, 1972, ?edecal ·.,; c.s t:.e 

res:,os1cocy, site selection facc.ocs and c~~ ~-=~~a: 

Intecnal Report, central rile nurnbec 72-3-4. Oak 

Ridge ~at1onal Labocatory, Oak Ridge, 7ennessee. 

Problems conce cn1ng "c rite c ia" fo c cons true t 1c:-. of 

radioactive waste repositories in salt are disc~ssed 

i n c. h is ::- e l?O r t . 

Office of Waste Isolation, Union Carbide Corporacion, 

1976, National waste terminal storage 9rog ram 

inforraation meeting: Y/OWI/TM-11/1 Union Caroide 

A-72 



248 . 

24<J . 

Corp., Office of Waste Isolation, Oak Ridge, 

Tennessee, v. I, . 

Th is booklet con ta ins a short dis cuss ion of Un ion 

Carbide Cor!?ora tion' s ( UCC) !?roj ec t to find repos i-

tories 1n various rock fo rmations. It a lso contains 

s lide s relac.iny to abstracts or copies of viewgraph 

early in-house and 3 ub contracted investiyations 

administered by OWI (a ::,ranch of UCC). Mu c h of the 

emphas :.s lS o n cek,lOSlC.Ot:"leS lr1 salt or sha le 

ton:iations . 

Of::ice or: >laste Isoldtion, 

1977, C::in cel?tual d es iyn 

yeolog1c ai sposa l of 

fo t:"~at io ns: Y/ OWI / TM- 9 , 

union Car:::,ide Cor~orat1on, 

criteria for facilities for 

::-aciioacc. iv e ,,.,as c.e salt 

un ion Carb ide 

L-J P Sn g 1neer ing , 

x - or::- 1 7. 

Oa k Riase , Tennes se e , 

Coc90 rat ion, 

Docwnenc. No . 

Th is c..iO C'..lffienc. 

criter i a for 

contains boc.h 

the f ac ilit.ie s 

reI?o s ito r y ouilt in salt. 

gene::-a.l. and 

and systems 

s~ec1fic 

for a 

Olson, -~- -~ -, 

p are. of 

basins: 

1975 , Geology 3nd ground- water resour=es of 

narryman and Marsha ll CreeK urainaye 

M.S. thesis, E:astern Washingc.on State 

Colleye, Che ney, Wash ingto n. 

A~proximately 1 ,000 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. 
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250. 

251. 

2 52. 

2 5 3 . 

254. 

Oregon Department of Transportation, 1974a, Oregon Park s 

Map: Travel Information Section, Oregon Stace 

Department of Transportation, Salem, Oregon. 

This map shows the general locations of federal, 

state, and county parks and land areas of i n herenc:. 

scenic, historic, recreational, and economic quali ty . 

Oregon Depar~~ent of Transportation, 1 97 4b, Officia ~ 

Hignway ~ap of Oregon, State Highway Di v ision, Orego n 

S t at e :epart~ ent o f Transportati o n, Sa lem , Or e~on . 

This n 1g hwa y map shows culturall y important a nd l a ne 

u se a r e as suc h as h i g hways, ai ~~cr t s, a nc s tac~ 

par ks . 

Oreyon DeS)artment of Transportation, 1974c, Sum IT'.ary o: 
Oregon aviation s y stem ~ l an: Oregon State De oarc:. ~ e ~ ~ 

of Tra.nsf?orc.ac.1on and Or:E:yon Aeronautics D1·1 l.s1 o r. , 

Sa i e ~ , OrE:g on. 

This 1s a l i sting oi s~ecific air traf f ic stac:. 1sc:. 1c s 

fo r al~?Orts 1n Oregon. 

Pac .Ke r, :J . ~ ., 197 8, Re view of f:) a l eomas net i c s tudi es c : 

c. :1e Co l umbia Plateau basalts: ?aper f) resenced -~ 

Battel l e Tectonics Symposium, Febr uary 14- l o, 197 8 , 

Seac.tle, Washington. 

Various 

conducted 

paleomagnetic studies that have bee n 

on the Columbia River basalt are discussed 

and reviewed. 

Patton, P.C. and Baker, V.R., 1978, New evidence for 

pre-Wis con~ in f loading in the channeled scab land of 
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eastern Washington: Geology, v . 6, p. 567-571. 

Th is paper pres en ts s tra t ig raph i c evidence for the 

pre-Wisconsin flood history of the chanelled scabland 

in the eastern portion of the State of Washington. 

251a. Patwardhan, A.S., Tocher, D., and Savage, E.D., 1975, 

Relationships between earthquake magnitude and length 

0f fault r upture surface based on a fte rs ho c k zones 

(a bs. ) : Geological Society of America, Abstracts 

wi~n ?rosrams, v . 7 , no. 3, ~ - 419 . 

This paper 9 resent.s emp1rical ci ata r:rom aftei:-shoc :< 

zones , relating fault rupture length and rupture 

surface to earthquake magnituce. 

252a. Pearson, H.E., 1973 , Test-observation well near ?aterson, 

Wash1nyton, a escrif)t. ion anc: ?relim1nary i::-esults: 

253a . 

U . S • Geo log i cal Su t:" 1/ e y Wa t er :\e sour ct: s 

Invesciyations 9-73, 23 ~. 

Information ?resented includes data on aquifei::- chai::-­

acteristics and watei::- qua_i~ y ob ta ined from a test.­

observation wel l in 3encon County , Wash ington . 

i?eai::-so n, R.C. and Ob rado vich , J.D., 1977 , Eocene roc.~s 

radiometric ages and 

Survey Bulletin 1433, 

in northeastern Wash iny ton 

coi::-relat.ion: U.S. Geological 

41 ?· 

Th is 

the 

article describes the 

Okanogan Highlands 

Washington. 
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254a. Peck, O.L., 1961, Geologic mah) of Oreyon west of the 

121st meridian: U.S. Geological Survey 

Miscellaneous Geologic Investiyat1ons Map I-325. 

This is a regional geologic maf? of Oregon, west o f 

the 121st meridian, and includes cross sections. 

255. Pitt, A.M., 1972, Seismic activity in the Hanford region, 

Washinyton, March 23, 1969 to June 30, 1971: u. s. 

Geoloyical Survey Open-File Ref.)ort 72-298. 

T~is :-e;?Ot"t contains the preliminar-:,, results fi:-om the 

U.S. Geological Survey se ismog ra!?h ne t·,vork. f o i:- the 

-: o Jur.e 30, 

~:::-ea during 

19 7 l. 

time pe r ice 

Disti:-ibution, number, 

l 9 6 :1 

and 

:.,a~n1:uae of :::ar-t:-iquakes ace discusses, and evenc.s 

ai:-e l1 sc.ea. 

2Sti. Poi:-c.lanc Genei:-a l Electi:-ic ComE)any, 1974, ?eoole ::is;ir-ings 

nucleai:- ?lane: 

\/ 2 . 

Preliminary Safety Analysis r<.e S)O t"t, 

This volume contains detailed ma~s and geoloyic 

1nfoi:-r;-,atio[1 on the study ai:-ea for- t:1e ?eoble Sf.Ji:-1nys 

~uci~d t" Plant in Oregon. 

257. Pratt, H.R., Hustrulid, W.A., and Stef)henson, D.E., 1978, 

Sartnquake damage to undei:-ground facilities: AT(07-

2 )-1, ?repared by DuPont-Savannah .:li ve r- Labor-a tory , 

Aiken, South Carolina for U.S. Department of Energy. 

The use of ground motion measurements of nuclear 

explosions are discussed to provide constraints on 

parameters important for siting an underground 

nuclear- waste repository. Seismological data 
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258. 

- -- -- -- . . . --- ---- - - ----

(primarily from Japan) on yround motions (underground 

relative to aboveground) are examined. 

Price, C.E., 

tapping 

1961, 

basalt 

Artificial recharge 

Walla 

VJashing ton: u. s. 
aquifers, 

Geological Survey 

Paper 1594-A. 

This paper provides a general 

throuyh 

Walla 

Water 

a well 

area, 

Supply 

s tra c ig raph ic 

descri?tion of the Walla ~'ial.:.a valley 1n 

Washinyton. Transmissivity and the effeccs of 

artificial rec:1arge on the Columbia River basalt are 

discussed . 

250 . Price, o.' -ia r c, D. H., and fo xwo r-: :1y , - r 
;j • .l....l. ' lJ 6 2, 

A.rt if 1cial rec:1arse in Oregon and Washington: u. s. 
Geological Survey Wat.er Supply Paper 1594 - C . 

This art i cl e 9 r o v 1 des a b r i e r 
art1£1cial rec~a.rge operations 

tlashington. 

260. Price, S. A. , 1977 , An evaluation 

desc.ri;;,tion 

ln Ores on 

or 

anc:i 

of d.:.~e-flow 

correlations .:.~dicated by yeochemist=y , Chie: Joseph 

Swarm, Columc_;_a .Kiver basalt: Ph.D. ::hes 1s, 

University of Idaho, Moscow, Idaho. 

This thesis presents the results of a detailed scud y 

of geochemical correlation of basalt flows ana dikes 

1n the east.ern Colwnbia Plateau, Oregon. 

Stratigra~hic information on basalt flows wit.hin the 

formations and information on tectonic development of 

the area are provided. 
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261. Price, W.H. 

241-AX 

and fecht, K.R., 1976a, Geology of t h e 

Tank Farm: ARH-LD-128, Atlantic Richfield 

Hanford Company, Richland, Washington. 

This is an informal geologic report with accompanying 

maf)s of the 241-AX Tank Farm on the Hanford Site, 

Washington. 

262. Price, W.H. and Fecht, K.R., 1976b, Geoloyy of the 241-B 

Tank Farm: A.RH-LD-129, Atlantic Richfield Hanford 

Co m~any, Richland, Washinyton. 

This is an informal geologic report wit h accompanying 

mat?s oc c.he 2.J,l -B Tani< c'a:::-m on t:1e Hanfoc::: Site, 

iJashington. 

2 6 J • Pr i c e , r.v . H . and F'echt, K.R., 1976c, Geology of the 

241-ax Tank farm: ARH-LD-130, Atlantic Richfiela 

Hanfoca Company, Richland, Washington. 

This i s an informal geologic report ~it h accompanyins 

maf)s of the 241-aX Tank Farm on the Hanfocd Sic.e, 

':iasnin~ ton. 

2G4. Pc ice, ',i.H . and 2echt, :::. R., 1976a , Geoioyy o f t h e 

241-BY Tank Farm: ARH-LD-131, Atlantic Richfield 

Hanford Company, Richland, Washington. 

This is an informal yeologic repor~ with a~companying 

raaps of the 241-BY Tank Farm on the Hanford Site, 

Washington. 

265. Raiffa, H., 

Lectures 

Wesley 

1968, Decision 

on Choices Under 

Publishing Co., 
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Th is is a textbook on dee is ion analysis methods and 

applications. 

266. Raisz, E., 1945, The Olympic-Wallowa Lineament: American 

Journal of Science, v. 243A, p. 479-485. 

After drawing a landform map of the northwestern 

sc.ac.es, the author noted a topographic lineament 

stretching from Cape Flattery co the Wallowa 

:•!ountains. He 

and describes 

arc.icle . 

named 

its 

it the Olympic- Wallowa Li neame nt 

topographic features 1n t hi s 

267 . Ka ymona, J . R., 195 7 , A J?UIDE=Jlny syste!TI for yr o und-wa te r 

e v a luac.ion c.ests: 

Lauoratories Operation, General 

Kicnland, Wasn1nyc.on . 

:i \·i-5 l.L 7 .!.. , 

:: lectric 

ianf o r a 

Compan y , 

This report describes pum;?ing and r--:=: l ac.e d e~ u1pmen c. 

c hosen tor quic:< and accurate per-;:ormance tests :: o r 

determining aqui.ter characc.eristics ac. the Hanfor- o 

Si'::e. 

26 3 . ~a y~ond, J . R., 1 97 8 , Hydrologic supper~ to De ~ar~rn enc. oi 

;/'Jasc.e Isola.c.ion, RHO-completion repor:: fo r 

s uo c.ask 2: 3a c. tel le, l?ac if ic No rc.hwes t Laboratory , 

~eac.tle, Washington. 

This report contains hydrologic and stratigraphic 

aa ta fr om wells near the Yakima River and in Quincy 

aas in. Landsat imagery is included fo r s c.ruc tural 

interpretations. 
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269. Raymond, J.R. and Tillson, o.o., 1968, Evaluation of a 

thick basalt sequence in soutLJ-central 

Washing ton--geophys ical and hydrological ex?lora tion 

of the Rattlesnake Hills deep stratigraphic test 

well: BNWL-776, Battelle, Pacific Northwest 

Laooratory, Seattle, Washington. 

This presents 

inter9retations of a 

hydrological ex?loratory 

Hills deep stratigraf:)hic 

Washington. 

the data, findings, anci 

detailed geophysical and 

study or the Ra~tlesnake 

test well in sout:1-central 

270 . Reic:1er-t 1 S.O. and :'2nimoce, J . W., 1964 , Lit:-:c.'..oyy and 

:1ydrology of r3u1oactive waste-dis~osa: sites, 

;:)avannah .River:- Plant, South Carolina , 1n E.::.1::ineering 

GE::oloyy Case H1scories l-5, Geological Scciety of. 

Amecica , 9. 295-Jl6 . 

T:1 is article 

determine and 

a 1scusses the techniques il sed co 

map the lithology, struct.~re, and 

nyd roloyy of tne areas chosen for rad ioac t,.. ve waste 

uisposal 

Carolina . 

at the Savannah River ? lan::., Sou t.h 

Results OLl tained from using the ~echniques 

and conclusions reyarding the radiological safety are 

also included. 

271. Reichert, W.H., 1969, Compilation of geologic mapping in 

11'/ashington throuyn 1968: Open-file rel:)ort prepared 

by the Washing ton State Department of Natural 

Resources, Div is ion of Geology and Earth Sciences, 

Olympia, Washington. 
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Th is is an index to geologic maps for the St ate of 

Washington (through 1968). 

272. Reidel, S.P., 1978a, Geology of the Saddle Mountains 

between Sentinel Gap and 119 ° 

BWI-LD-4, Rockwell Hanford 

Washington. 

3 0' Longitude: RHO-

Operations, Richland, 

This report presents the results of a detailed study 

of the structure, stratigraphy, and geochemistry of 

the Saddle Mountain s area. 

273 . Reidel , S.P ., 197 8b , 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, Washington 

This thesis deals primarily with the petrology, 

petrochemistry, and petrogenesis of Grande Ronde 

Basalt. Data on stratigraphy and flow co rre lations 

are prepared. 

274. Richa rd, B.H. and Deju, R.A., 1977, Three- dimensional 

grav-i t y investigation of the Hanford Site. RHO-BWI -

C-5, Rockwell Hanford Operations, Richland, 

Washington. 

This report presents the results of a gravity study 

conducted at the Hanford Site and provides 

mapped locations of anticlines and synclines in the 

area. 

275. Richard, B.H., Lillie, J.T., and Deju, R.A., 1977, 

Gravity studies of the Hanford Reservation, Richland, 
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Washington: RHO-BWI-C-4, Rockwell Hanford 

Operations, Richland, Washington. 

In th is report, the Cold Cr eek s nyc 1 i ne is remapped 

to the west of a previously mapped location at the 

south end of the Hanford Site. The Umtanum anticline 

is mapped as being continuous to Richland. 

syncline is not s hown . 

The Pasco 

2 7 6 . Rig by , J . and Tucker, G., 1978, Basalt (nuclear) waste 

isolation program: Washington State Department of 

Natu ral Resources, Division of Geology and Earth 

Resource s, 

no. 2. 

Washington Geologic Newsle tter, v. 6, 

This article provides a brief summary of the projects 

being do ne for the U.S. Department of Energy's Basalt 

Nuclear Wa ste Iso l ation Program.· 

277 . Rigg, G. B., 1958 , Peac resources of Washington : State of 

Washington, Stat e Department of Co nservation, 

Division of Mines and Geology Bulletin No . 44. 

This article discusse s peat resources in Grant, 

Lincoln , and Spokane Co unt i es, Wa shington that exist 

as deposits found in former scabland lake beds. 

278. Ringe, D., 1970, Sub-loess basalt topography in the 

Palouse Hills, sou the as tern Washing ton: Geo logical 

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. 
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279. Roberts, M., 1970, Bibliography 

mineral resources of Oregon 

Oregon State Department of 

Industries Bulletin No. 67. 

of the 

(fourth 

Geology 

geology and 

supplement) : 

and Mineral 

'l'h is bibl iog raph ical index of publications, theses, 

open-tile reports, and unpublished materials focuses 

on the geology and mineral resources of Oregon for 

yea rs 1956-1960. 

280. Roberts, M.S., Steere, M.L., and Brookhyser, C.S., 1973, 

Bibliography of the geology and mineral resources of 

Or egon (fifth supplement): Oregon State Department 

of Geology and Mineral Resources Bulletin No . 78 . 

Th is bibliographical index of publications, theses, 

open-file reports focuses on the geology and mineral 

r esources of O~egon for years 1961 - 1970 . 

2~1 . Rooinson, C . F. , 1966, Stratigraphy and structural geology 

of AhtanWil Ridge , Yakima, Washington: M. S . thesis, 

University of Washington, Seattle, Washington . 

This -thesis discusse s the stratigraphy and structure 

of the Ahtanum Ridge, which is on the western portion 

of the Colwnbia Plateau. General descriptions of 

units and structure and nomenclature of flows are 

included. 

282. Robison, J.H., 1971, Hydrology of basalt aquifers in the 

Hermiston-Ordnance area, Umatilla and Morrow 

Counties, Oregon: U.S. Geological Survey Atlas HA-

387 (2 sheets). 
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Hydrological data on the basalt aqui fe rs 1n t he 

Hermiston-Ordnance area of Oregon are p rovi ded . Data 

on transmissivity , specific capaciti es and yields, 

and water quality are also included. 

283 . Rochlin, G.I., 1977, Nucl e ar waste disposal, two social 

criteria: Science, Jan. 7, 1977, v. 195, p . 23 - 29 . 

Rochl in poi nts o ut that a zero defect repository 1s 

impossiole, so decis ions should be based on 

a cc e p table o r a e f i n e d r i s ks . 'i' h e re i s no g u a ran tee 

t hat the repository c o uld or would be r epaired if it 

is b re ached 1n the future , so it s hould be 1n a 

geoloyical ly unin t e r es tin g area to m1n1m1ze the 

likelihood of an acciden tal oreach by future 

investigators. A second criterion would be ho nesty in 

our approach t o lo cating a repository; all poss1ule 

adverse impacts on future ge nerat ion s should be 

declared . 

284 . Rock wel l Hanford Operations (R .A. DeJu), 

of sitiny criter ia fo r geoloyical 

nuclear waste: Draft re po rt, 5 p. 

1977a, Sumrilary 

repositories of 

This paper provide s criteria for the siting of 

nuclear waste re positories in geologic sett i ngs. 

2 8 5. Rock we 11 Hanford Operations (Staff, Department of Wast e 

I sol a tion) , 19 7 7b, 'rhe basalt storage program: 

RHO-SA-11, Richla~d, Washington, 34 p. 

This report provides a 

Rockwell's basalt storage 

wastes at Hanford. 
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286. Rockwell Hanford Operations (Staff, Basalt Waste 

Isolation Program), 1978, annual report--Fiscal year 

1978: RHO-BWI-78-100, Richland, Washington. 

This report summarizes the status of the basalt wast e 

isolation progr am for fiscal year 1978. 

287. Royers, L.E. and Rickard, W.H., 1977, Ecolog y of the 200 

Area s plate a u wa ste ma nag eme n t env 1 r o ns. A status 

report: PNL- 225 3 , Battelle, Paci fi c Northwe s t 

Laboratory , Ri c hl and, Was h ington. 

Th is re po r t p r ovid es de scr ip tions of the b i ological 

commu nitie s occurring in t.e 200 Areas of the Hanfo r d 

Site. A pa rti al bibliog ral:Jh Y ( fo r year s 194 3- 1977) 

o f b io l og i c a l field studie s o n r adi oa c t ivity in biota 

of the Ha n f ord Si te ar e a 1 s a lso i ncluded . 

288 . i~os enme ie r, F.J., 1968 , St r dtig r aphy and st ruct u r e of the 

Table Mountain-Mission Peak area in t h e Wenatchee 

Mount a ins , cen t:ra l Wa sh ingto n; r-1. S . the s i s, 

Universit y o f Wash inyton, Se a ttle, Was hiny to n . 

Thi s t he sis p r es e n ts t h e resul ts of mo d a l anal y ses of 

an 85-square-mile study area located at the 

northwestern edg e o f t h e Columbia Plateau. 

of the Grande Ronde Basalt are named. 

Me mbe r s 

289. Ross, M.E., 1975, The structure of Yakima Basalts in a 

portion of the Grande Ronde River reg ion of 

northeastern Oregon and southeastern Washington 

(abs. ) : Geological Society of Arner ica, Abs tracts 

with Programs, v. i, no. 5, p. 638-639. 
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St rue tural f ea tu res of the Grande Ronde Basalt a r-e 

discussed. 

290. Rothe, G.H., 1978, Ear-thquake swarms in the Columbia 

River basalts: Addendum to Annual Technical Report 

1968, Earthquake monitoring of the Hanford region: 

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

Was h ington, 181 p. 

This thesis discusses 

Columbia River- basal ts 

ear-thquake swarms 

and attempts to 

in the 

cor-r-elate 

ear-tnquake activity with geologic structures in the 

ar-ea of Wooded Island. 

291. 8.ya n, l:LD., 1977, Fault studies in southern British 

Col urnbi a. 

Li ter-atur-e 

wer-e done 

r-ev1ew, geologic map~1 n g , and 

on se ve r-al faults in souther-n 

tr-enching 

British 

Columbia to evaluate the age of fault movement as 

input to studies of the 1872 earthquake. Only two 

faults were consi d ered to be active; Hell Creek and 

Jackson Mountain faults. 

292. Rya n, M.P and Sammies, C.G., 1978, Cycli c fr-acture 

rnechani sms in coo1 ing basalt: Geological Society of 

Amer-ica Bulletin, v. 89, p. 1295-1308. 

This paper addresses the question of how hexagonal 

polyhedra are found and how vertical joints gr-ow 

longer (crack tip deformation) in cooling basalts. 

293. Sandia Laboratories, 1978, Environmental impact statement 

for the Waste Isolation Pilot Plant: Working draft 

for review. 
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This report 

environmental 

a ddresses short- and 

i mpacts of operating a 

l o ng- te r m 

high-l e ve l 

radioactive waste repository at the WIPP site. 

Environmental considerations include hea l t h an d 

safety, wi l dli fe , land use, and p re-empt ion o f 

r e sources. 

2 94. Schlumberger Well Surveyi ng Corporation, 195 8 , Wel l logs 

fo r Rattlesnake Hi 1 1 s Unit # l , Ben t o n, Wash i ng to n: 

S tand ard Oi l Comp a ny of Cal ifor ni a: Re produ c ed by 

Rocky Mountain Wel l Log Serv ice. 

The s e we l !. l o g s (g amma, neut ro n, S- P , r e s is t ivity) 

cover t he inte r val f rom 600 t o 10 , 600 fee t d e p t h in 

t he Ratt l esnake Hills . 

295 . Sc hlumbe rger We ll Surveying Co r po rat io n, 1960 , Well logs 

fo r Basa lt Exp l o r e r # l , Lincol n , Was h i ny ton : 

De ve lopment As socia t es : Re p r od uc ed by Ro cky Mountain 

Well Log Se r vice , Denver , Colo rado. 

These elec tri c well log s ( S-P , r e s i st ivi t y) a r e for 

t he Ex~lorer # 1 bo r ing i n eastern Washington. 

29 6. Sc hmi ncke , H. U., 1967 , Str atigraphy and pe t r ografJhY of 

f our Upper Ya kima Basal t fl ows 1n south-ce n tral 

Washington: Ge olog ical Society o f Amer i ca Bulletin , 

v. 78, p. 1385-14 22. 

This article pr e sents 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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297. Schuster, J.E., 1973, Directory of Washington mininy 

operations, 1971-19 72 : Washinyton State Department 

of Natural Resources Information Circular No. 4U. 

Directory of the State 

operations (years 1971-1972) 

of Washington mining 

covers metallic and non-

metallic minerals and con ta ins maps and information 

on mining company holdinys and operations. 

298. Science Applications , Inc ., 1978, Hydr o logic testing in 

borehole DC- 2: RHO-BWI-C- 3 6, for Rock we 11 Hanford 

O~erations , Richland, Wa s hington . 

Th is 1 s a summary report on packer ( hydraulic 

conauctivity) testing at Borehole DC - 2 on the Hanf o r d 

Site, as conducted by Science A~plications, 

Inc . The data are used to evaluate flow systems and 

ground-water ay_u1£ers for radionuclide movement in 

the b iosphere. 

299. Seat.tle, Walla Walla and Portland Districts; U.S. Army 

Corps of 2ngineers, and 

Department of Ecoloyy, 1974, 

State of Wa s hing t.on 

Flood-plain information 

reports and special flood hazards information reports 

for Washington State. 

Annotated index to informational reports concerning 

locations and characteristics of floodplains in the 

State of Washington. Also contains an index map of 

flood control zones in the State of Washington. 

3 0 0. Shannon & Wilson, Inc. , 19 7 3a, Regional geologic and 

seismic investigations, Boardman Nuclear ProJect: 

0-618D, prepared for Portland General Electric 

Company, Portland, Oregon, 43 p. 
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Th is report pre sen ts the results of detailed f ault 

and earthquake studies conducted for the Boardman 

Nuclear Project. 

301. Shannon & Wilson, Inc., 1973b, Geologic studies of 

Columbia River basalt structures and age o f 

deformation, The Dalles-Umatilla Region, Washington 

and Oregon, Boardman Nuclear Project: 0-618E, 

prepared for Portland General Electric Company, 

Portland, Oregon, 52 p. 

This report contains information on faulting, f old ing , 

and volcanism in The Dalles-Umatilla r eg ion o f 

Washing t o n and Oregon. Information is presented on 

ages of def o r mation as determine d from studies o f 

past fault mover.1ent and stratigraphic relationships. 

3.02. Shannon & Wilson, 1976, Volcanic hazard st udy pote n tia l 

for volcanic ashfall, Pebble Springs nuclear p lant 

site, Gilliam County , Oregon: prepare d for Portlan d 

General Electric Co1t1pdny, Portland, Oregon. 

This report provides a summary of world-wid e 

thickness, geochemistry, rates of accumulation, and 

physical properties of volcanic ashfdl l. O f 

particular importance are the data on cascade 

volcanoes, which show downwind ashfall thickness, 

grain size, water acidity, and dissolved solids 

content. 

303. Shannon & Wilson, 1977a, Geologic studies in the 1872 

earthquake epicenter region: Washington Public Power 

Supply System, Ammendment 23, WPPSS Nuclear Projects 

land 4, Appendix 2RD 
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This report presents results of literature review and 

detailed and reconnaissance - level geologic mapping t o 

evaluate the geo l og ic and tectonic conditions in t he 

rey ion of the 18 7 2 earthquake and surrounding areas 

in the Cascades 

304. Shannon & Wilson, 1977b , Geologic evaluations of 

structures in the Co lumbia Plateau: Washington 

Public Power Su pply Sy stem, Ammendment 23 , WPPSS 

Nuclear Projects land 4 , Appendix 2RH. 

The report presents t ne results of r econnais sanc e anc 

detailed geoloyic ~app 1ng of stratigraphy and 

structure of Yakima ~1dge structures in south-cent r a l 

Washington . These s~ ud ies are used in evaluation of 

po tential earthquake so urces. 

305 . Shaw , H. R. ano Swanson, D. A ., 1969 , Eruption anu flow 

rates of f l ood basa l ts : Proceedings of the Seconu 

Columb ia Rive r Basalt Symposium, March 1969 , Eastern 

Was hing ton State Col eye , Ch eney, Was hing ton, p . 271 -

299 . 

This r eport d iscuss es basalt eruption, flow rates and 

gradie nts, and feeder dike characteristics of the 

flood basalts. 

306. Sheppard, R . A., 1964, Geologic map of the Husurn 

Quadrangle , Washing ton : U.S. Geological Surve y 

Mineral Investigation Field Study Map MF-280. 

This is a basic geo logi c map with cross sections of 

the Husum quadrangle. 
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307. Siems, B.A., 1973, Surface to subsurface correlation of 

Columbia River basalt using geophysical data in 

parts of Adams and Frankl in Counties, Washing ton: 

Washington State University, College of Engineering, 

Bulletin 331, 63 p., Pullman, Washington. 

Stratigraphic and geophysical data on the portion of 

the Columbia Plateau north of the Hanford Site are 

provided. 

308. Siems, B.A., 1974, Stratigraphic identification and 

correlation of basalt aquifers using geophysical and 

chemical techniques: Washing ton State University, 

Colleye of Engineering, Research Report No . 74 / 15-90, 

33 p ., Pullman, Washington. 

Th is rE:port presents the results of a p reliminary 

study relating stratigraphic units to physical 

features through the use of geophysical logs and 

geochemical (MqO, Tio2 , K2o percentages) techniques. 

309. Siems, B.A. Bush, J.H., and Crosby, J.W., 1974, TiO 2 and 

geophysical logging criteria for Yakima Basalt 

correlation, Columbia Plateau: Geological Society of 

American Bulletin, v . 85, p . 1061-1068. 

Th is article addresses geochemical me thods of 

correlation for identifying basalt flow sequences 

from borehole data. 

310. Siems, B.A., Crosby, J.W., and Anderson, J.V., 1974, 

Geophysical investigation of Washington's ground­

water resources: Washington State Department of 

Ecology Technical Report No. 73-034, 45 p. 
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Th is re port p r e s en ts the r e sult s o f a g e opby s ical 

invest i y a tion of selec t e d g round-water re sourc e s in 

t he State o f Washi ngto n. 

31 1. Silar, J., 1969, Ground-w a t e r structures a n d a ge s i n t h e 

eastern Columbia River Ba sin, Washing to n: Was h ington 

State Uni versity , Co l leg e o f Eng ine ering Researc h 

Div isio n, Bulletin 31S , P r oject No. 1 41 - 01 - llB- 3998 -

22 01, Pullman , Washi n g ton . 

The hyd r ologic 

s t ru c tures in t he 

s ig nif icanc e of ground-wat e r 

easter n Columbia Ri v er Ba s in are 

disc us sed . Av a ilable d ata ( th r ouyh 1969 ) reyarding 

age of wa t er in s hall ow aqui f ers ar e summari z e d . 

312 . Skeha n, J . W., 1965 , The Ol ymp ic-V,Jallowa Lineament : A 

maJ o r a eep- seated te c co nic f ea t ure of t h e Paci f ic 

Northwest ( a b s . ) : EOS ( Amer i ca n Ge ot-lhy sical Union 

Tra ns a c tio n s ) v . 4 6 , no . l , p . 71 . 

The Olymp i c - Wallowa Li:1eament is hypo t hesized to be a 

t rans ition betwe e n t he c o n ti nen t al a nd o c e a n ic crusts 

a nd ma y be a ta u1t . 

313 . Slemmons, O. B., Carver , G. a nd Tr ex l e r , u . T ., 19 7 7 , 

Re raote sensing ana l y si s of the 1 872 e art hquake 

epicen t r al r eg i o n: Was h ing ton Publ ic Power Suppl y 

Sy stem, Arnmendmen t 2 3, WP PSS Nuclear Pr oJ e c ts 1 an d 

4, Ap pendix 2RG. 

This study completes th e remote sensing analy sis 1n 

the 1872 earthquake e p icentral region be g un by Glass 

and Slemmons ( 19 77) . The purpose of study was to 

identi fy evidence for fault activity and search for 
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faults that may have had surface rupture f rom the 

earthy:uake. 

314. Smith, W.D., 1947, Physical 

Northwest, in The Pacific 

framework of the Pacific 

Northwest: John Wiley & 

Sons, Inc., New York, p. 44-58. 

This is a re fe renc e to the ph y siographic p rovinces of 

the Pacific Northwest. 

315. Smith, R.8., Winkler, P .L., Anderson, J.G., and Scholz, 

C. H., 1 974 , Source me c hanisms of microearthq uakes 

asscciated with underyround mines 1n eastern Utah: 

bullet i n of t l1e Se 1smolog ical Society of America, 

v . 64 , no . 4, p . 1295-1317. 

The relationship between ea rthq uak es and coal mining , 

ba sed on information o btaine d fro m a microseismic 

survey, is dis cussed. Data on t he f req uency of 

even ts a nd re su l ts ot spectral analy sis an d sourc e 

mech anism dete r mi nat io n are presented. 

316. Snavely, P.D., MacLeod, N.S., and Wagner, H.C., 1973, 

Miocene tho le iitic basalts of coastal Oreg on and 

Washing ton a nd their r elations to coe va l basal ts of 

the Columbia Plateau: Geological Society o f America 

Bulletin, v. 84, p. 387-424. 

Three theor ie s 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 data and other 

information regarding the basalts are provided. 
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317. Staatz, M.H. 

regional 

Washington: 

and Morris, R.H., 1976, Resume of the 

geolo9y of the Grand Coulee area, 

U.S. Geological Survey CJpen-File 

Report 76-7 8 2. 

Tnis report describes the 

features of lower rock uni ts 

area. 

structural geologic 

of the Grand Coulee 

318. Starr, W.A., Thompson, G.T., Jensen, M.C., and Butcher, 

W.R ., 1971, Study A: Potential rate of development 

of irrigation in eastern Washington: Washington 

State ~v' a te r Research Center, Washing ton State 

University and the Uni ve rs i ty of Washing ton, Report 

No. JA, 80 p. 

31~. 

320. 

Tnis report presents a gross examination of the 

distribution of irrigable lands in eastern Washington 

and analyzes different me thods of irrigation 

development. 

Stevens, p. R. ' 1977, A review of 

earthquakes on underground mines, 

Survey Open-File Report 77-313. 

the 

U.S. 

ef tects of 

Geological 

This report. summarizes a literature search performed 

to assess subsurface damage from earthquakes. Mines 

in the epicentral region of large earthquakes can be 

dmnaged ~y transecting activated faults. Underground 

damage is generally less than aboveground damage 

from earthquakes. 

Stone, W.A., Jenne, 

Climatography of 

D.E., and Thorp, 

the Hanford Area: 
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Battelle, Pacific Northwest Laboratory, Richland, 

Washington. 

A wide variety of meteorological and climatological 

data on the Hanford Site is provided. 

321. Summers, W.K. and Schawb, G.E., 1978, Bibliography of 

the geology and groundwater of the basal ts of the 

Pasco Basin, Washington: RHO-BWI -C-15, W.K. Summers 

and Associates for Rockwell Hanford Operations, 

Richland,Was hinyton. 

This 1s an annotated bibliographic index t o 

publicatio~s dealing with the geologic and hydrologic 

characteristics ot the basalts in the Pasco Basin. 

322. Summers, W.K. and Weber, P.A., 1978, Data for wells 

penetrating basalt 1n the Pasco Bas in area, 

Washington: RHO- BWI-C-19, W.K . Summers anci 

Associates for Rockwell Hanford Ope rat ions. Richland, 

Washington, 6 vol. 

Hydrologic data, most of which are from dri lle r's 

logs, are presented on the Pasco Basin. 

323 . Swanyer, H.J. and Boor e , 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. 

In this paper, a surface-wave modeling technique 

indicates that displacements of surface waves in 

sedimentary basins can be dominant 

focal depths. Both point sources 

sources are used in the analysis. 

A-95 

for only a few 

and propagating 



324. 

----- • · ·--- ----

Swanson, D.A., 1967, Yakima Basalt of th e Tieton River 

area, south-central Washing ton: Geological Society 

of America Bulletin, v. 78, p. 1077-1110. 

This article discusses the geologic history, 

s true ture, stratigraphy, pe trography, and hydrology 

of the northwest sectio n of the Columoia Basin, 

Washington. 

325. Swanson, D.A., 1969, Reconnaissance geolo<::1ic map of the 

east half of the Bend q uad rang le , Crook, Wheeler, 

Jefferson, Wasco, and De schutes Counties, Oreyon: 

U.S. Geological Surve y Miscellaneous Geologic 

Investigations Map I-5b 8 . 

Th is detailed geologic map shows the s true tu re and 

stratig raphy of a reas in Oregon. 

326. Swanson, D.A. and Wright , T . L., 1973, Extent, source, and 

structure of the Roza Membe r of the Yakima Basalt in 

sou the as t Washing ton ( aos. ) : Geological Society of 

America, Abstracts wit h Proyrams, V . 5, no. l, 

p. 113 -114. 

This abstract describes the location of source vents, 

flow thicknesses, and the number of flows of the Ro za 

Member in southeastern Washington. 

327. Swanson, D.A. and Wright, T.L., 1978, Some important 

facts and inferences concerning the Columbia River 

Basalt Group: Paper presented at Battelle Tectonics 

Symposiwn, February 14-16, 1978, Seattle, Washington. 
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The authors 

basalt types 

stratigraphy. 

compare the 

in terms of 

different Columbia River 

formation, structure, and 

328. Swanson, D.A., Wright, T.L., and Helz, R.T., 1975, Linear 

vent systems and estimated rates of magma production 

and eruption for the Ya k ima Basalt of the Columbia 

Plateau: American Journal of Science, v. 275, 

p. 877-905. 

This paper de scr i bes the north-northwest-trending 

vent systems and outcrops of Roza, Ice Harbor, Dodge 

and Uniontown flows. 

329. Swanson, D.A., Wright, T.L., and Zietz, I., 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. 

330. Swanson, D.-A., Wright, T. L., Hooper, P.R., and Bentley, 

R . D . , l 9 7 8 , Rev is ions i n s t rat i g rap h i c no men c la tu re 

of the Columbia River Basalt Group: U.S. Geological 

Survey Bulletin 1457. 

Revised strat igraphic nomenclature and descriptions of 

formations, members, and flows for the Columbia River 

Basalt Group are provided. 

331. Swanson, D.A., Wright, T.L., Camp, V.E., Gardner, 

Helz, R.T., Price, S.A., and Ross, M.E., 

Geologic reconnaissance map of the Columbia 
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Basalt Group, Pullman and Walla Walla quadrangles, 

southeast Washington and adjacent Idaho: U.S. 

Geological Survey Open-File Report No. 77-100. 

This map shows the extent of individual flows in the 

Grande Ronde, Wanapum, and Saddle Mountains Basalts, 

and folds and faults not previously mapped. 

332. Sylvester, K.J., 1978, Geophysical investigations of the 

hydrogeology of the Gol dendale-Centerville areas, 

Washington: M.S. thesis, College of Engineering, 

Washington State Univers i t y , Pullman, Washington. 

This thesis provides strat i graphic and hydrogeologic 

data for an area 1n the western portion of the 

Columbia Plateau. Loe at ions of s true tural features 

and age of deformation are also provided. 

333. Tabor, R.W., 

Swanson, 

map of 

Waitt, R.B., Jr., Frizzell, 

D.A., and Byerly, G.R., 1977, 

the Wenatchee 1:100,000 

Washington: U.S. Geological Survey 

Map 77-531. 

V.A., Jr., 

Preliminary 

quadrangle, 

Open File 

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. 

334. Tanaka, H. and Wildrick, L., 

bibliography of the Col urnbia 

Washington: RHO-BWI-C-14, 

Department of Ecology for 

Operations, Richland, Washington. 
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This bibliography contains some articles not i ncluded 

in other b ibl iograph ies. The majority of articles 

are from the late 1940, 1950, and 1960 decades. Very 

few articles are more recent than 1973. 

335. T.A.P., Inc., 1974, Summary to the Idaho State airport 

system plan: Submitted to Idaho Department of 

Aeronautics , Boise, Idaho. 

This document provides a summary of the Idaho airport 

system plan. Included are airport locations, airpor t 

categories, and projected airpoct usage. 

336. Taubeneck, W.H., 1966, An evaluation of tectonic rotation 

in the Pacific Northwest: Journal of Geophysical 

Research , v . 7 l , no . 8 , p . 113 - 21 2 . 

The Nevadan Oroyeny and the Olympic-Wallowa Lineament 

as a non-hazardous tee tonic feature are discus se d . 

The Columbia River basalt feeder dikes 1n eastern 

Oregon and Washington are ve ry well described. 

337. Taylor, G.C., 1948, Ground water in 

Wahluke Slope, and Pasco Slope 

Colwubia Basin ProJect, Washington. 

Survey Open-File Report, 182 p. 

the Quincy Basin, 

subareas of the 

U.S. Geological 

This is a description of geologic units and ground­

water aquifers, well logs, and spring data. 

338. Tera Corporation, 1978, High-level waste repository site 

suitability criteria: Draft Environmental Impact 

Statement submitted to Lawrence Livermore Laboratory, 

Livermore, California. 
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This is 

associated 

an evaluation of 

with the issuance 

environmental impacts 

of prospective roles 

regarding the siting of nuclear waste repositories. 

It contains a discussion of alternative actions as 

well as an overall assessment of costs and benefits 

of the licensing procedure. 

339. Thayer, T.P. and Brown, C.E., 1964, Pre-Tertiary 

orogenic and plutonic intrusive activity in central 

and northeastern Oregon : Geological Society of 

America Bulletin, v. 75, p. 1255-1262. 

The p re-basalt tectonic s 1n the Blue Mountains and 

the Mesozoic intrusives 1n northeast Oregon are 

discussed. 

340 . 'l'noms, R.E., Anderson, J.L., and Bentley, R.D., 1977 , 

Geologic studies of the Saddle Mountains - Manastash 

Ridge and Umtanum Ridge structures: Was hi ngton 

Public Power Supply System, Ammendment 23, WPPSS 

Nuclear Projects land 4, Appendix 2RH, Chap ter 80. 

This report p resents the results of geologic mapping 

to describe the structures of Saddle Mountains, 

Manastash Ridge, Umtanum rL.dge , and Selah Butte. The 

results provide information on the geometry of the 

folds, extent of faulting, and age of deformation of 

the structures. 

341. Tillson, D.D., 1970, Analysis of crustal changes in the 

Columbia Plateau area from contemporary triangulation 

and leveling measurements: Bat tel le, Pacific 

Northwest Laboratory, Richland, Washington. 

A-100 



- --- - - -- -·-----·--- ---- - --- --- - - --- ---

This is an analysis of geodetic data on the Columbia 

Plateau as part of an effort to determine seismicity 

of the Hanford Site. 

342. 'rillson, D.D., Brown, D.J., and Raymond, 

River-water/ground-water relationships 

section of the Columbia River valley: 

J.R., 1969, 

along a 

ASCE Annual 

Meeting and National Meeting on Water Resources 

Engineering, New Orleans, Louisia~a, February 3-7, 

1969, Meeting Preprint 823 . 

Information on bank storage, ground-water levels, and 

areas influenced by change s in river water level in 

the Hanford Site area is provided along with hydro­

graphs and a summary chart. 

343. Tocher, D. and Patwardhan , A.S., 1975, Attenuation of 

peak acceleration in earthquakes (abs . ) : Geoloy ical 

Society of America, Abstracts with Proyrams, v . 7, 

no. 3, lJ • 426. 

This paper presents compiled world-wide data on 

earthyuake acceleration attenuation versus distance, 

and estimated peak acceleration versus distance. 

344. Tucker, G.B., 1978, Compilat ion of columnar, cross, and 

type sections in the Columbia Basin and surrounding 

areas of Washington: Washington State Department of 

Natural Resources, Division of Geology and Earth 

Resources Open-File Report 78-3. 

This is a tabular compilation of maps, cross sections, 

and references on geology, hydrology, and petrology of 

the Columbia Plateau in Washington. 
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345. Tucker, G.B. and Rigby, J.G., 1978, Bibliography of the 

geology of the Columbia Bas in and surrounding areas 

of Washington with selected · references to Columbia 

Basin geology of Idaho and Oregon: RHO-BWI-C-10, 

Washington State Department of Natural Resources, 

Division of Geology and Earth Resources for Rockwell 

Hanford Operations, Richland, Washington. 

Published and unpublished references on the geology 

and geophysics of the Columbia Basin are contained in 

this extensive bibliography. 

346. U.S. Army Corps of Engineers, 1 975a, Report of the Chier 

Eny inee r on the national prog ram of inspect ion o f 

darns. 

347. U.S. 

This listing of dams provides data on the dam height, 

reservoir capacity, and other specifications. 

Army Corps 

J:;nvironmental 

NTST 1105-1-1. 

of 

Atlas, 

Th is atlas contains 

habitat in Washington 

Engineers, 1975b, 

second edition: 

Washinyton 

Document No. 

maps showing critical wildlif e 

State and descriptions of the 

types of habitats ctnd s~ecies in each area. 

348. U.S. Ato1nic Energy Commission, 

boundary map. (EG-164-35). 

1970, Hanford works 

Th is map is more recent than the USGS topographic 

maps and shows the location of State Highway 240 and 

changes in the Hanford Site boundary, as well as the 

locations and facilities on the Hanford Site. 
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349. U.S. Atomic Energy Commission, 1974a, 

around nuclear power plant sites: 

Populati o n density 

Report T-16 0 . 

Rules and regulations regarding the population 

density around nuclear power plants are discussed. 

350. U.S. Atomic Energy Commission, 1974b, Draft Environmenta l 

Statement, Waste Manayement Operations, Ha ~f or d 

Reservation, Richland, Washinyton: Report Wash- 1 5 38 , 

V. l. 

Th is volume con ta ins descriptions, charts, ma ps, and 

photographs of fac il i t. i es at the Hanford Site , an d 

d iscuss ion o f t he waste management o perat ions, 

environmental impacts, and studies of the effects o f 

radioacti v e wastes on local animal and p lant 

populations. Descript i ons of geology, hydro l ogy , 

ecology, demography, seismicity, climate, and 

archaeological sites are included. 

351. U.S. Atomic Energy Commission, 1974c, Draft environmenta l 

statement, waste management operations, Hanfor d 

rteservation, Richland, Washington: Report Wasn-15 38 , 

v. 2 , appendices. 

These appendices contain data on Hanford Site 

facilities, demography and archaeology, geology, 

seismology, hydrology, meteorology, ecology, and 

environmental radiation doses. 

352. U.S. Atomic 

statement 

Barnwell 

Energy 

related 

Nuclear 

Commission, 1974d, Environmental 

to construction and operation of 

Fuel Plant, Document No. 50-332. 
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This is an environmental statement for a nuclear fuel 

processing plant. Information on the rad i oactive 

releases from such a processing plant is provided. 

353 . 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 o n geologic structure of t he northern 

Columbia Plateau area and on the a~e of faulting are 

aiscussed . Maximum ~robaole ea rt hy uakes and possible 

yro und motions are estimatea . 

354. U.S. Committee, Inter-national Commission on Large Dams, 

1958, l9b3, 1968, World Reyiste r of Dams. 

This listing of dams provides data such as dam heiynt, 

reservoir capacit y , and discharge rates. 

355. U.S. Deparbnent of Ayricultu re, 1964, Soils of the 

we s t e r n Un i t e d St a t e s : A Jo i n t Reg ion a l Pub l i ca t ion 

by Agricultural Experiment Stations of Weste rn States 

Land-Grant Universities and College s and by the Soil 

Conservation Service of U.S . Department of 

Agriculture, 69 p. 

Soils, climate and vegetation, and possible land uses 

for the western United States are described. 

356. U.S. Department of Commerce, Bureau of the Census, 1977 , 

Population estimates and projections: Current 

Population Reports Series P-25, no. 6b0, 680, 695 . 

A-104 



These reports contain demog raphic data for the States 

of Idaho, Oregon, and Washing ton for the yea rs 19 7 0, 

19 7 3, and 19 7 5. 

357. U.S. Department of Commerce, 

Bibliography Directory 

Local Areas, Washington . 

Bureau of the Census, 1978, 

of Federal Statistics of 

This is a bib liography of federal statistics on 

socioeconomic land uses anci demographic impacts for 

Wa shington State. 

358. U.S. Department of Commerce, 1979 , Seattle sectional 

aeronautical chart : 1:500,0 00 scale. 

All airports, low-altitude airways, navigational aids, 

controlled airspace, topography, and geography are 

depicted on this map covering t he Columbia Plateau 

area. 

359. U.S. Department of Defense, Mapping Agency, 1979a, Area 

planning AP / 18 

western routes: 

chart, milita ry training routes, 

U.S. Defense Mappi ng Agency Aerospace 

Center, St. Louis , Missou r i . 

Th e map ( scal e of l i n ch = 3 0 n au t i cal miles ) sh ow s 

military VFR and IFR training routes for the western 

U.S., including the Columbia River area. 

360. U.S. Department of Defense, Mapping Agency, 1979b, Area 

planning training routes, North and South America: 

Department of Defense, Flight Information Publication 

AP/1B. 
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Flight information on military training routes in 

North and South America are presented. 

361. U.S. Department of Energy, 1978a, Report of task force 

for review of nuclear waste management: Draft report, 

DOE/ER-0004/D, 165 p. 

This is an assessment of current nuclear waste 

managment programs, issues, and courses of action for 

fo rmulating an administrative policy. 

362 . U.S. Department of Energy, 1978b, Environmental 

assessment - National Waste Terminal Storage Program -

Near-Surface Test Facili t y , Hanford Reservation: 

Repo rt DOE/ EA-0052. 

This is a compilation of test data ob tained f rom 

conducting electrical heater tests and spent fuel 

tests for d8terrninin9 the suitability of basalt as a 

repository medium. The Near- Surface Test Facility at 

Gable Mountain is described. 

363. U.S. Department of Energy, 1978c, Proposed format and 

content of license applications for deep 9 eologic 

terminal repositories fo r radioactive material: 

Rockwell Hanford Operations, Richland, Washington. 

This report 

applications 

repositories. 

provides 

for 

364. U.S. Department of 

basic guidelines for 

geologic radioactive 

license 

waste 

Energy, 1978d, Environmental 

assessment--National Waste Terminal Storage Program 

(NWTSP)--Exploratory Borehole Drilling Program, wells 

A-106 



ARH-DC-4,-5,-6,-7,-8, DOE/ EA-2048: ERDA doc um en t 

control no. EIA/ WPR/ 77-3, Appendix of ARH-DC- 2 . 

The drilling procedures 

hydrologic data for 

used to obtain geologic and 

assessing the env ironrnen tal 

feasibility of a nuclear waste repository in t he 

Columbia River basdl t are provided. 

365. U.S. Departme nt of Eneryy, l978e, Technical support f or 

GEIS: Radioactive wast e isolation i n yeolog i c 

formations; Volume l - Executive Summary : Prepared by 

Science Applications, Inc., Contract W- 7 405 eng 2 6 , 

Re port No. Y/ OW I / TM-36/ 1. 

This volume brie fly pres e nts t h e al ternate r eposi to r y 

p reconceptual desig n stud i es that led to the generic 

repository designs, and th e determination of r e source 

requirements for repositor i es. 

366 . U.S. Department of Energy, l978 f, Commercial waste for ms, 

packaging, and projections for preconceptual design 

studi e s: Technical support for GEIS - rad ioact ive 

waste isolation in geologic formations, V. 2 . 

9 r epared by Sci e nce A9plications, Inc. , Re port 

No. Y/ OWI / TM-36 / 2. 

Th i s volwne contains data bases for waste f orms, 

packagi ng, and projections for commercial waste as 

defined by the Office of Waste Isolation and Battelle 

Pacific Northwest·Laboratories. 

367. U.S. Department of Ener~y, 1978g, Stratigraphies of salt, 

granite, shale, and basalt: Technical support for 

GEIS Radioactive waste isolation in geologic 
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formations, v. 3. Prepared by Dames and Moore, Report 

No. Y/OWI/TM36/3. 

This volwue contains general strati~raphic information 

on salt, granite, shale, basalt geologic 

formations 

repositories. 

for evaluating 

ana 

t heir suitability as 

368 . U.S. Department of Energy, 1978h, Baseline r o c k 

properties - granite: Technica l support for GEIS -

radioa.:::tive waste isolation i n geologic formations, 

v. 5. Prepared by Dames and Moo re, Report 

No . Y/OW I /TM-36/ 5. 

This volume discusses the geolog y , hydroloyy , and r o ck 

p r o~erties of granite as a possible medium for 

locatiny a radioac tive waste r eposito ry. 

J6'J . U.S. De par tmen t 

properties 

of 

shale: 

Energy, l9 78i , Baseline r oc k 

Technical SU!:)f)Ort fo r GEIS 

radioactive waste isolation 1n seologic formations, 

V. 6. Prepared by Dames and Moore, Report 

No. Y/OW I / TM- JG/6 . 

This vol ume reviews the pro):.Jeri:ies of shale and 

discusses ln detail the shales from four difr:erent 
parts of the U.S. These four shales were considered 

to be most suitable as host roc k for a nuclear waste 

repository. 

Energy, l978j, Baseline 370. U.S. Department of 

properties - basalt: Technical support for 

rock 

GEIS 

radioactive waste isolation 1n yeologic formations, 

V. 7. Prepared by Dames and Moore, Report 

No. Y/OWI / TM-36/7. 
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ARH-DC-4,-5,-6,-7,-8, DOE/ EA-204 8 : ERDA document 

control no. EI A/WP R/77 -3, Appendix of ARH-DC-2. 

The drilling p rocedu res used to obtain geologic and 

hydrologic data for assessing the environmental 

fea sibility of a nuc lear waste repository 1n the 

Columb ia River basalt are provided. 

36 5. U.S. Department of Eneryy, l978e, Technical support for 

GEIS: Rad ioactive waste isolation in geologic 

formations ; Volume l - Executive Summary : Prepared by 

Science Applicat ions, Inc., Co ntract W- 7405 eng 26, 

Repo rt No . Y/OW I / TM-36 / 1 . 

This volume briefly presents t he alternate re µo s itory 

preconceptual design studies that led to the generic 

r epository desig ns, and the determination of resource 

r equi remen ts fo r repositories. 

366 . U.S. Depa rtme nt of Energy, l978f , Commercial waste forms, 

packaging , and projections f or preconceptual de sign 

studies: Technical support fo r GE IS - radioacti ve 

waste isolat ion 1n 

prepa red by Sc ie nc e 

No . Y/ OWI / TM- 36 / 2. 

geologic fo r mations, v . 2. 

Applications, Inc ., Report 

This volume contains data bases for waste forms, 

p ackaging , and proJections fo r commercial waste as 

defined by the Office of Wast e Isolation and Battel le 

Pacific Northwest · Laboratories. 

367 . U.S. Department of Energy, 1978g, Stratigraphies of salt, 

granite , shale, and basalt: Technical support for 

GEIS Radioactive waste isolation in geologic 
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formations, v. 3. Prepared by Dames and Moore, Report 

No. Y/OWI / TM36/3. 

This volw~e contains general stratigraphic information 

on salt, granite, shale, anci basalt geologic 

formations for evaluating their suitability as 

repositories. 

368. U.S. Department of Energy, 1978h, Baseline rock 

properties - g ranite: Technical support for GE IS -

radioactive waste isolation in geologic fo r matio ns, 

v . 5. Prepared by Dames and Moore , Report 

No . Y/OWI / TM-36 / 5. 

This volume di scusses the geology , hydroloyy , and r o ck 

f?rOf?erties of g ranit e as a pos s ible medium for 

locatiny a radioactive waste repository. 

369 . U.S. Depar tmen t Ener gy , 1978i, Baseline 

p ro pe rti es 

of 

shale: Technical support for 

roc k 

GEIS 

radioactive waste isolation 1n yeolog ic fo r mations, 

v . 6. Prepared by 

No . Y/OWI / TM-3G / 6. 

Th is volume r ev iews the 

the 

These 

discusses 1n detail 

parts of the U.S. 

Dames and 

prof:)er ti es 

shales from 

Moor e , Report 

of shale and 

four di fre rent 

four shales were considered 

to be most suitable as host rock for a nuclear waste 

repository . 

370. U.S. Department of Energy, 1978j, Baseline rock 

properties - basalt: Technical support for GEIS 

radioactive waste isolation in geologic format ions, 

v. 7. Prepared by Dames and Moore, Report 

No. Y/OWI / TM-36/7. 
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This volume discusses properties of basalt as a 

possible medium for the location of a nuclear waste 

repository. 

371. U.S. Department of Energy, 

preconceptual desiyn studies 

1978k, 

salt: 

Repository 

Technical 

s uppor-t for- GE IS 

yeologic formations, 

Brincker-hoff, Quade, 

No. Y/ OWI / TM-36 /U . 

radioactive waste isolation in 

v. 8. 

and 

Prepared by Par-sons, 

Douglas, Inc. , ReJ?ort 

This volume pr-esents a preconceptual design for a 

nuclear wast e sto rage facility in salt. 

372. U.S. Depar-tment of Ener-gy, 

preconceptual design studies 

1978-1, 

g r-anite: 

Re pos i tor-y 

Technical 

support for- GEIS radioactive waste isolation in 

geoloyic formations, v. 10. Prepared by Parsons, 

Brincker-hoff, Quade, and Douy las, Inc. , Report 

No. Y/ OWI-/ TM-36 / 10. 

This volume pr-esents a pr-econceptual design for a 

nuclear- waste storage facility in granite. 

373. U.S. Depar-tment of 

preconceptual desi0n 

support for- GEIS 

yeologic formations, 

Brincker-hoff, Quade, 

No. Y/OWI/TM-36/12. 

Ener-gy, 1978m, 

studies shale: 

radioactive waste 

v. 12. Prepared 

and Doug las, 

Repository 

Technical 

isolation 1n 

by Parsons, 

Inc. , Report 

This volume presents a preconceptual design tor- a 

nuclear waste storage facility in shale. 
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374. u. s. De_k)artment o f Energy, 1978 n, Repository 

preconceptual design studies - BNPL waste forms in 

salt: Technical support for GEIS - radioactiv e waste 

isolation in geologic formations, v. 16. Pre~ared by 

Parsons , Brinckerhoff, Quade, 

Report No. Y/ OWI / TM-36 / 16. 

a nd Doug l as , Inc. , 

'I'h is volume describes 

nuclear wast e storage 

a pre concep t ua l 

facility in s a l t 

d e s ign for a 

for various 

fo r ms of radioacti ve wa ste . 

37 5. U.S. De p artment o f 

Technical s uppo rt 

En e r gy , 

fo r 

197 8 0, 

GEI S 

Th ermal analy sis: 

::-adioac tive was te 

i s o lation in g eolog i c fo r mations, v . 19 . Pre p ared b y 

Scienc e Apl:) l icat ions, In c., Re po rt No . Y/ OWI / TM- 3 6/ 19 . 

Th is vo lume d iscuss e s t he ef f ects of t hermo- n uc lea r 

was te h e a t 9e ner a t io n o n t h e was t e ma tri x , t he 

~ r o t ec ti ve c anist e rs, a nd t h e y eo logic fo r mation. 

37 6. U.S. De p artment of Energy , 1 9 78p, Gr ou nd- wat e r moveraent 

a n d n uc l i d e trans port: Techn i ca l suppo r t fo r GEI S -

r a o ioact ive wast e isola t io n 1n geologic fo r mati o ns, 

v . 21 . Pre pa r ed by Da me s a n d ~oo r e , Repo r t No. 

Y/ OWI / TM- 3 6/ 21 . 

Th is vo l ume d isc uss e s t h e e ffe c ts of r eposito r y 

cons true t ion and c o nsequent heat ge ner a tion ( thermal 

loading) on t h e movement of ground wat e r in granite, 

shale, and basalt. 

377. U.S. Department of Energy, 1978q, Nuc l ear considerations 

for repository design: Technical support for GEIS -

radioactive waste isolation 1n geologic format ions, 
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This volume discusses properties of basalt as a 

possible medium for the location of a nuclear waste 

repository. 

371. U.S. Department oi Energy, 1978k, Repository 

preconceptual desiyn studies salt: Technica l 

support for GEIS radioactive waste isolation in 

yeologic formations, 

Brinckerhoff, Quade, 

No. Y/ OWI / TM-36 / 8 . 

V. 8. 

and 

Prepared by Parsons, 

Doug las, Inc. , Report 

Th is volume p res en ts a preconceptual design for o. 

n uclear wast e sto rage facilit y in salt. 

372. u. s. Department of 

J?reconce p tual d esign 

SUpl,)Ort for GEIS 

Energy, 

studies 

1978-1, 

g ranite: 

Re posito r y 

Technica l 

radioactive waste isolation 1n 

geoloyic for mations, v. 10. Prepare d by Parsons, 

Brinckerho ff, Quade, and Douy las, Inc. , Repor t 

No. Y/ OWI-/ TM- 36/ 10. 

Th is volume E:,,resents a preconceptual design for a 

nuclear waste storage facility in granite. 

373. u. s. Department of 

preconceptual desiyn 

support for GEIS 

yeologic formations, 

Brinckerhoff, Quade, 

No. Y/ OWI/TM- 36 / 12. 

Energy, 19 7 8m, 

studies shale: 

radioactive waste 

v. 12. Prepared 

and Doug las, 

Repositor y 

Technica l 

isolation l n 

by Parsons, 

Inc. , Report 

This volume presents a preconceptual design tor a 

nuclear waste storage facility in shale. 
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374. U.S. Department of Energy, 1978n, Repository 

preconceptual design studies - BNPL waste forms in 

salt: Technical support for GEIS - radioactive waste 

isolation in geologic format ions, v. 16. Preh)ared by 

Parsons, Brinckerhoff, Quade, and Doug las, Inc. , 

Report No. Y/OWI/TM-3 6/ 16. 

'I'h is volume describes 

nuclear waste storage 

a preconceptual design for a 

facility in salt for various 

fo rms of radioactive waste. 

375 . U.S. Department of Energy, 19780, 

for GEIS 

Thermal analysis: 

Technical support radioactive was c.e 

isolation in geologic fo rmations, v. 19 . Prepare d b y 

Scie nce Applications, Inc ., Report No . Y/ OWI / TM-36 / 19. 

This volwne aiscusses the effects of thermo-nuclear 

waste neat 0 eneration on the waste matrix, the 

~rot.ective canisters, and the yeologic formation. 

376 . U.S. Department of Energy, l978p, Ground- water movement 

and nuclide transport: Technical support 

raoioactive waste isolation 1n geologic 

v . 21 . Prepared by Dames and Moore , 

Y/OWI / TM- 36/ 21. 

for GEIS -

formations, 

Report No . 

This volume dis cusses the eftects of repository 

construction and consequent heat generation (thermal 

loading) on the movement of ground water in granite, 

shale, and basalt. 

377 . U.S. Department of Energy, 1978q, Nuclear considerations 

for repository design: Technical support for GEIS -

radioactive waste isolation in geologic f orrna t ions, 
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v. 22. Prepared by Science Applications, Inc., Report 

No. Y/OWI/TM-36 / 22. 

This volume presents baseline design considerations, 

such as decay levels, character is tics of containers, 

shielding, and health and safety. 

37 6 . U.S. Department of Energy, 1978r, Environmental effluent 

analysis: Technical support for GEIS radioactive 

waste isolation 1n geologic formations, v. 23. 

Prepa red by Science Applications, Inc. , Report 

No. Y/OWI / TM-36 / 23. 

This volume discusses potential releases of 

the 

and 

radioactive and non-rad ioactive 

e nvironment during construction, 

operational accidents. 

379. U.S. Deparbnent of the Interior, 

industry of Washington : Bureau 

Yearbook. 

materials to 

waste handling, 

1972, The 

of Mines 

mineral 

Minerals 

This description of ~ inerals in Washington State 

prov ides information on 

quarries, and diatomite, 

the Columbia Plateau. 

numerous sand, grave 1, roe k 

clay, and lime deposits on 

380 . U. S. Eneryy Research and Development Administration, 

1976a, Evaluation and impact of potential flooding 

c r i ter 1a on the Hanford ProJ ect: prepared by U.S. 

Energy Research and Development Administration, 

Richlands Operation Office, Richland, Washington. 
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A brief discussion prepared with a series of maps and 

data describes the historical, geographic, 

hydrographic, and programmatic relat.ionships of 

hypothetical floods on the Col umbia River, 

particularly as these floods would affect the Hanford 

Site. 

381. U.S. Energy Research and Development Aam inistration, 

1976b, Alternatives f o r managing wastes f rom reactors 

and post-fission operations 1n the L\~2 fuel cycle, 

ERDA-76-43. 

Alter-na t ive s are examined in consicer-able 

Information on the 3H and 85 Kr content 

assemblies after S years' d ecay is provi c ed. 

detai l. 

of fuel 

382. U.S. ~nvironmental Protection Aye nc y , 1977, 2PA radiation 

p r o tection programs; e n v ironmenta l radiation 

~ r o t e ction stanciara s for nuclear power ope rati o ns: 

Fede ral Regist. e r, v . 4 3 , no . 195 . 

This do cument sets fo rth environmental radiation 

s t.andar d s for nuclear ?O wer plant operac 1ons. 

383. U.S. Environmental Protection Agency, 1978 a, State 

ha zard ous waste programs; proposed g uidelines: 

Federal Reyister, 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. 
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v. 22. Prepared by Science Applications, Inc., Re port 

No. Y/ OWI / TM-36 / 22. 

Th is volume presents baseline design considerations, 

such as decay levels, characteristics of containers, 

shielding, and health and safety. 

37 b . U.S. Department o f Energy , 1978r, Environmental e f f luent 

analysis: Technical support for GEIS radioactiv e 

wast e isolation geologic formations, V. 2 J . 

Re por t Prepar ed by Sc ie nc e Ap p lications, In c ., 

No. Y/ OWI / TM-36 / 2 3 . 

This volume discusses potential r ele as e s of 

radioacti v e and non-radioactive mate ri al s to t he 

e nvironment d uring construction, wast e handling , an d 

o perational accidents. 

37 9. U.S. Department of t h e Interior, 1972, The mi ne r al 

industry of Was h ington: Bureau of Mines Mi ne r a ls 

Yearbook. 

This description of ~inerals in Washingto n St a t e 

p rov ides information on 

quarries, and diatomite, 

the Columbia Plateau. 

numerous sand, g ravel , r oe k 

clay, and lime deposits o n 

3 80. U. S. Ener<:3y Research and Development Administrat i on, 

1976a, Evaluation and impact of potential f looding 

c r i ter 1a on the Hanford ProJ ect : prepared by U.S. 

Energy Research and Development Administration, 

Richland s Operation Office, Richland , Washington . 
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A brief discussion p r epared with a series of maps and 

data describes the historical, geographic, 

hyd rog raph ic, and pros rarnmatic relationships of 

hypothetical floods on the Columbia River, 

particularly as t hese floods woul d affect the Hanford 

Site. 

381 . U.S. Energy Research and Development Administra tion, 

1976b, Al ternati ves fo r managing wast e s fr om reactors 

and post- fission operations in the LWR fuel cycle, 

ERDA- 76 - 43 . 

Alt e rnati v es are e xamined 1n consi0erable detail . 

Information on the 3H and 85 Kr content of fuel 

assemblies after S years ' decay is p rov ided . 

3U 2 . U. S . environmental Pro tection Ayency , 1977 , EPA radiation 

protection programs ; environmental radiation 

~rotection standaras for nuclear power operations: 

Federal Register , v . 43 , no . 195 . 

This document sets f o rth environmental radiation 

standards for nuc lear power plant operati o ns . 

383 . U.S. Environmental 

hazardous waste 

Protectio n 

proyrarns ; 

Agency , 

p r oposed 

1978a , State 

yuidelines : 

Federal Reyiste r, v . 43 , no . 22 . 

These guidelines prescribe procedures by which states 

may apply for authorization and procedures by whic h 

such authorization may be withdrawn from hazardous 

waste management programs. 

radioactive waste. 
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384. U.S. Environmental Protection Agency, 1978b, Criteria for 

radioactive wastes--Recommendations for federal 

radiation ~uidance: Fe d eral Register, v . 43, no. 221. 

These r e commended criteria for federal radiation 

guidance include basic management p rinci p les and 

guidelines for d evelopment of generally a pplicabl e 

standards for radioactive wast e sources. 

385 . U. S . Fi s h and Wildlife Servic e , l9b5, Map of McNar y 

National Wildlife Refuge. 

This d e tailed ma~ shows the location ana bo unuaries of 

Mc Nary National Wildlife Refuge. 

386 . u. ::i . Fis h a nd Wildlife Service, 1974, ,\,lap of Columbia 

National Wi ldlife Refuge . 

Th is detailed map shows loca tio n and bou nd ar i es of 

Co l umb i a Natio nal Wildlife Refuge . Seven a ccompanying 

rn a~s show land owners hip with in the Col wnb ia Nat ional 

Wildlife Re fuge . 

387 . U. S . Fi sh and Wi ldlife Se r vice , 1976a , Ma p of Saddle 

Mountain s Natio nal Wildlife Refuge . 

This detailed map shows location and t he boundaries of 

Saddl e Mountains National Wildlife Refuge . 

38U. U.S. Fish and Wildlife Service, 1976b, Map of Turnbull 

National Wildlife Refuge. 

Th is detailed map show!: location and boundaries of 

Turnoull National Wildlife Refuge. 
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389. U.S. Fish and Wildlife Service, 1976c, National Fish 

Hatcheries and vJildlife Refuges - Washington. 

This small-scale, schematic map shows g eneral 

locations and uoundaries of national wildlife refuges. 

390. U. s . Fish and Wildlife Service, 1978a, Nal:io nal Fish 

Hatcheries and Wildlife Refuges - Idaho. 

Th is map shows general locations of national ~ildlife 

re f uyes and hatcheries . 

3 91. U.S. Fi sh and Wildlife Service, 1978b, Nati onal Fish 

Hatcheries and Wildliie Kefuges - Oregon . 

This is a general location reference maµ for national 

f ish hatcheries and wildlife refuges in Oregon . 

J 9 2 • U . S • F o c es t Se r v i c e , l 9 G 6 , Na t ion al F o res ts an a :~ a t ion a l 

Grasslands - Region l Map . 

Tnis 

and 

is a small-scale map showing general 

boundaries of national forests ana 

grasslands. 

locations 

national 

393. U.S. Forest Service, 1976a, National Forest Wil a ernesses 

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. 
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384. U.S. Environmental Protection Agency, 1978b, Criteri a for 

radioactive wastes--Recommendations for federal 

radiation guidance: Fe de ral Register, v. 43, no. 221. 

These recommended criteria for federal radiation 

guidance include basic management principles and 

guidelines for development of generally applicab le 

standards for radioacti v e waste sources. 

JBS. U.S. Fish and Wildlife Service, l9b5, Map of McNary 

National Wildlife Refuge. 

This detailed ma p shows the location ana bounuaries of 

McNar y National Wildlife Refuge. 

386. u. s. Fish and Wildlife Service, 1974, t'vlap of Colurabia 

National Wildlife Refuge . 

Th is detailed map shows location and boundaries of 

Columbia National Wildlife Refuge. Seven accompanying 

1,1aps show land ownership within the Columbia National 

Wildlife Refuge. 

387. U.S. Fish and Wildlife Service, 1976a, Map of Saddle 

Mountains National Wildlife Refuge. 

This detailed raap shows location and the boundari es of 

Saddle Mountains National Wildlife Refuge. 

388. U.S. Fish and Wildlife Service, 1976b, Map of 'rurnbull 

National Wildlife Refuge. 

Th is detailed map show~ location and boundaries of 

Turnoull National Wildlife Refuge. 
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389. U.S. Fish and Wildlife Service, 1976c, National Fish 

Hatcheries and Wildlife Refuges - Washington. 

This small-scale, schematic map shows general 

locations and uoundaries of national wildlife refuges. 

390. U.S. Fish and Wild life Ser-vice, 1978a, Nac.ional Fish 

Hatcheries and Wildlife Refuges - Idaho. 

This map shows ge neral locations of na tional wildlife 

r efuyes and hatcheries. 

3 91. U. S . Fish and Wildlife Service , 1978b, National Fish 

Hatcheries and Wildliie Kefuge s - Oregon. 

This is a general locac. i on reference map fo r national 

fish hatcheries and wil d life refuges in Oregon. 

392. U.S. For-est Service, 19G6, National Forests and Na tional 

Grasslands - Regi on l Map . 

Tn is is a small-scale map showing g eneral 

and boundaries of nac.ional forests ana 

grasslands. 

locations 

national 

393. U.S. Forest Service, 197cia, 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 arid wilderness areas. 
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394. U.S. Forest Service, 197Gb, National Forests of Region 6. 

This map shows the locations and boundaries of 

nationctl forests, national parks, national monuments, 

and national grasslands. 

395. U.S. Forest Service, 1977a, Ro adless and Undeveloped Area 

Evaluation II Map - Oregon. 

Locat i ons and boundaries are shown on a detailed map 

of the Rare II areas, new wilderness study areas, and 

naLional forests. 

J~6 . U. S . Forest Service, 1977b, Roadless and Undeveloped Area 

Svaluation II Map - Idaho. 

Locations and boundaries for Rare II areas, new wil­

derness study areas, and national forests are shown. 

397. U.S. Geoloyical Survey, 1959 (revised 1963), Topographic 

Map of the Canyon City 1° x 2° Quadrangle: 1:250 ,000 

scale. 

Th is topographic map cove rs 4 4 ° to 4 5 ° latitude and 

118° to 120° longitude. 

398. U.S. Geological Survey, 1953 (revised 1971) , Topographic 

Map of The Dalles: 1:250,000 scale. 

This topographic map covers 45° to 46° latitude and 

120° to 122° longitude. 
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399. U.S. Geological Survey, 1955 (revised 1963), Topographic 

Map of Grangeville: 1:250,000 scale. 

This topographic map covers 45° to 46° latitude and 

116° to 118° longitude. 

400. U.S. Geoloy1cal Survey, 1953 (revised 1964), Toposraph1c 

Map of Pendleton: 1:250,000 scale. 

This t opog ra phic map covers 45° to 46° lat1tuae and 

118° to 120° longitude. 

401. U. S . Geolo~ical Survey , 1955 ( revise d 1963), Toposraph1c 

Mal! of Pullman : 1 : 250 ,00 0 scale. 

This topographic map covers 46° to 47° latituce and 

116° to 118° longitude . 

402. U.S. Geological Survey, 1955 (revised 1964), Topoyraphic 

Map of Ritzville : 1 : 250,000 scale. 

This topographic map covers 47° to 48° latituc:e and 

118° to 120 lonyitude. 

403. U.S. Geoloyical Survey, 1953 (revised 1964), Topoyraph1c 

Map of Spokane: 1:250,000 scale. 

This topographic map covers 47° to 48° latituce and 

116° to 118° longitude. 

404. U.S. Geological Survey, 1953 (revised 1963), Topographic 

Map of Walla Walla: 1:250,000 scale. 
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394. U.S. Forest Service, 1976b, National Forests of Region 6. 

This map shows 

nationctl forests, 

the locations and boundaries of 

national parks, national monuments, 

and national grasslands. 

395. U.S . Forest Service, 1977a, Roadless and Undeveloped Area 

Evaluation II Map - Oregon . 

Locations and boundaries are shown on a detailed map 

of the Rare II areas, new wilderness study areas, an d 

na~iondl forests. 

3 ~6. U.S. Forest Service, 1977b, Ro adless and Undeveloped A~e a 

Svaluation II Map - Idaho. 

Locations and boundaries for Rare II areas, new wil­

derness study areas, and national forests are shown. 

397. U.S. Geoloyical Survey, 1959 (revised 1963), Topographic 

Map of the Canyon City 1° x 2° Quadrangle: 1:25 0 , 000 

scale. 

'rhis topographic map covers 44° to 45° latitude and 

118° to 120° longitude. 

398. U.S . Geological Survey, 1953 (revised 1971), Topographic 

Map of The Dalles: 1:250,000 scale. 

This topographic map covers 45° to 46° latitude and 

120° to 122° longitude. 
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399. U.S. Geological Survey, 1955 (revised 1963), Topographic 

Map of Grangeville: 1:250,000 scale. 

This topographic map covers 45° to 46° latitude and 

116° to 118° longitude. 

400. U.S. Geological Survey, 1953 ( revised 1964), Topoyraphic 

Map of Pendleton: 1:250,000 scale. 

This topographic map covers 45° to 46° latitude and 

118° to 120° longitude. 

401. U.S. Geoloyical Survey, 1955 ( revised 1963), Topographic 

Mal! of Pullman: 1:250,000 scale. 

This topographic map covers 46° to 47° latitude and 

116° to 118° longitude. 

402. U.S. Geological Survey, 1955 ( revised 1964), Topographic 

Maf? of Ritzville: 1:250, 000 sca le . 

This topogr-aphic map cover-s 47° to 48° latitude and 

llo 0 to 120 lonyitude. 

403. U.S. Geological Sur-vey, 1953 (revised 1964), Topographic 

Map of Spokane: l:250,000 scale. 

This topographic map covers 47° to 48° latitude and 

116° to 118° longitude. 

404. U.S. Geological Survey, 1953 (revised 1963), Topographic 

Map of Walla Walla: 1:250,000 scale. 
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This topographic map covers 46° to 47° latitude and 

118° to 120° lonqitude. 

405. U.S. Geological Survey, 1957 (revised 1971), Topographic 

Map of We natchee: 1:250,000 scale . 

Th is to pographic map covers 4 7 ° to 4 8 ° latitude and 

120° to 122 ° longitude. 

406. U.S. Geological Survey, 1957 (revi sed 1971), Topographic 

l•lap of Yakima : 1:250,000 scale. 

Th is t opographic map covers 4G 0 to 47° latitude and 

120 ° to 122° longitude. 

407. U.S. Geological Survey, 1951, Topoyraphic Map o f tlle 

Corral Canyon 15° Quadrangle: 1:62,500 scale. 

408. u. s. Geological Survey, 1965, Topographic 

Coyote Rapids 15° Quadrangle: 1:62,500 scale. 

409. u. s. Geological Survey, 

Eltopia 15 ° vuadrangle: 

410. U.S. Geological Survey, 

Hanford 15° Quadrangle: 

1965 , Topographic 

1:62,500 scale. 

1965, Topogra~hic 

1:62,500 scale. 

Map of the 

Map of the 

Map of the 

411. U.S. Geological Survey, l9b5, Topographic Map of the Mesa 

15° Quadrangle: 1:62,500 scale. 

412. U.S. Geological Survey, 19 6 5, Topographic Map of the 

Priest Rapids 15° Quadrangle: 1:62,500 scale. 

413. U.S. Geological Survey, 1951, Topographic Map of the 
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Richland 15° Quadranyle: 1:62,500 3cale. 

414. U.S. Geological Surve y , 1969, 

John Day country: USGS 

(R.-4). 

The geologic setting of the 

Informational Pamphlet 69-10 

The basic geology of the John Day and Monument, Oregon 

vicinity 

faulting 

are presented with structural views 

and folding. General description 

units includes road logs of the area. 

show ing 

of rock 

415. U.S. Geological Survey, 1972, 

in Wa shing ton: 

Water resources 

in vestigations Map A-30, 

Resou rces Divis ion. 

These mctps, references, and hydroloyic data inci ude 

~re cipi tati on , runotf, and river discharge in ~he 

Sta t e of ',vashirigto n. 

416 . U.S. Geoloyical Survey, 1974, The Channeled Scablanas of 

Eastern Washington: USGS Informational Pamptlet 

72-2(R-l). 

Th is 2amphlet describes the 

formation of the Channeled 

Spokane f load 

Scablands in 

and the 

eastern 

Wa shington, including present drainage 1n areas of 

deep scour. 

417. U.S. Nuclear Regulat:.ory 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, 
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This topographic map covers 46° to 47° latitude and 

118° to 120° lonqitude. 

405. U.S. Geological Survey, 1957 (revised 1971), Topographic 

Map of Wenatchee: 1:250,000 scale. 

Th is topographic map covers 4 7 ° to 4 8 ° latitude and 

120° to 122° longitude. 

406. U.S. Geological Survey, 1957 (rev ised 1971), Topographic 

i>l a p o f Yak i ma : l : 2 5 0 , 0 0 0 s cal e . 

This topographic map covers 46° to 47° latitude a nd 

120 ° t o 122° longitude. 

407. U.S. Geological Survey, 1951, Topograph ic Map of t ll e 

Corral Canyon 15° Qua drangle : 1:62,500 scale. 

408. U.S. Geological Survey, 1965, Topoyraphic Map of t he 

Coyo te Rapids 15° Quadrangle: 1:62 ,500 scale. 

409. u. s. Geological Survey, 1965, Topographic Map of the 

Eltopia 15 ° i,Juadranyle: 1:62,500 scale. 

410. u. s. Geological Survey, 1965, Topogral:,lhic Map of the 

Hanford 15° Quadrangle: 1:62,500 scale. 

411. U.S. Geological Survey, 1965, Topographic Map of the Mesa 

15° Quadrangle: 1:62,500 scale. 

412. U.S. Geological Survey, 1965, 

Priest Rapids 15° Quadrangle: 

Topographic Map 

1:62,500 scale. 

of the 

413. U.S. Geological Survey, 1951, Topographic Map of the 
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Richland 15° Quadranyle: 1:62,500 3cale. 

414. U.S. Geological Survey, 1969, The geologic setting of the 

John Day country: USGS Informational Parnphle t 6 9-10 

(R.-4). 

415 . 

The basic geology of the Jo hn Day and Monument, Oregon 

v icinity 

faulting 

a re presented with structural views 

and folding. General description 

units includes road logs of the area. 

showing 

of rock 

u. s. Geological Survey, 1972 , 

in Wa shing ton: 

Water resources 

investigations Map A-30, Water 

Resource s Division. 

These mctps, references, a nd hyd roloyic data include 

precipitation , runotf, and river discharge 1n the 

State of 'da shington . 

4lb. U.S. Geoloyical Survey, 1974, The Cha nneled Scablands of 

Eastern Washington: USGS Informational Pamphlet 

72 -2 (R-l ) . 

Th is pamphlet describes the Spokane flood and the 

formation of the Channeled Scablands in eastern 

Washington, including present drainage 1n areas of 

deep scour. 

417. U.S. Nuclear Regulatory Commission, 1975a, Standard 

format and content of safety analysis reports for fuel 

reprocessing plants: USNRC Reyulatory Guide 3.26, 

110 p. 

Th is report discusses the geography, hydrology, 
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meteorology, geology, and seismology in describing site 

characteristics for Safety Analysis Reports (SARs). 

This standard format and content are identified. 

418. U.S. Nuclear Regulatory Commission, 1975b, Environmental 

statement related to operation of Davis-Besse Nuclear 

Power Stat ion Unit l, proposed by Toledo Edison 

Company: Offi ce ot Nuclear Reactor Regulation, Docket 

No. 50-34b, NUREG-75/097. 

This 1s a summary environmental 

J resent ing an evaluation and the 

impact statement 

NRC position on 

licensing of the Davis- Besse Nu clear Power Station 

Unit l of the Toledo Edison Company , Ohio. 

419. U.S. Nuclear Regula tory Commission , 1976a, Pr eparation of 

environmental reports for nuclear power stations: 

Regulatory Guide 4.2, Revision 2, NUREG-0099. 

This USNRC yuide to the 

nuclear 

p reparation of environmental 

power stations delineates reports 

techniques 

for 

and p rovides guid ance on regulatory 

standards developme nt. 

420. U.S. Nuclear Regulatory Commission, 1976b, Rules and 

reyulations; Part 20 Standards for protection 

against rctdiation: Title 10, Chap. 1, Code of Federal 

~eg ulations - Energy, p. 20.1-20.18. 

These rules and regulations cover the areas of 

permissible doses, precautionary procedures, waste 

disposal, not if ica t ion requirements, and enforcement 

policies regarding health and safety aspects of 

radiation. 
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421. 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. 

Th is is a preliminary, generic environmental 

uiscussion of waste management. Some of the various 

problems and possible means of finding solutions are 

discussed . 

4 22 . U.S. Nuclear .Re gulator::-y Commission , 1976d, Final gene ric 

423 . 

environmental sc.atement on the use of recycled 

f:.)lu tonium in mixed oxide fuel in liyht water-coolea 

reacto r::-s (GESMO) : NUREG-0 0 2. 

Th is ge.ne r ic en v i ronr,1en tal s ta temen t incluaes a 

com~rehensive tr::-eatment of many aspects of the nuclear 

tuel cycle. It contains e st imates of annual releases 

from nuclear power reactors and the surface facilities 

associated with nuclear waste r epositor ies. 

u. s. Nuclear Regulatory Commission, 1'9 77 , Safety 

evaluation report, Pebble Sµrings Nuclear Plant 

Unit s l ana 2: NURE G-001 3 , Supplement No . 3 I 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 

Co 1 umb i a Rive r . 
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meteorology, geology, and s ei s mology in describing site 

characteristics for Safet y Analysis Reper ts ( SA Rs) . 

This standard format and content are identified. 

418. U.S. Nuclear Regulatory Commission, 1975b, Environmental 

statement related to operation of Davis-Besse Nuc l ear 

Power Station Unit 1, propose d by Tol edo Edison 

Company : Office of Nu clear Reactor Regulation , Docket 

No . 50-34b, NUREG-75 / 097. 

This 1s a sumli1ary environmental 

~ r e sent ing an evaluat ion and t he 

ili1pact statement 

NRC position on 

licensing of the Davis - Besse Nuc l ear Power Station 

Unit l of th e Toledo Edison Compan y , Oh io. 

419 . U.S. Nuclear Regulatory Commission, 1976a, Pr e paration o f 

envi ronmenta l reports fo r nu clear power stations: 

Regulatory Guid e 4.2, Revision 2 , NUREG-0 099 . 

This USNRC yuide t o the p reparation of environmenta l 

reports for nuclear power stations delineates 

t e chniques a nd p r ov i des 

standards development . 

guid ance on regulator y 

420. U. S . Nuclear Regulatory Commission, 1976b, Rules and 

re gulations; Part 2 0 Standards for protect 1On 

against radiation: Title 10 , Chap . l, Code or Federal 

~e gul ations - Energy , p. 20 .1- 20 .1 8 . 

These rules and r eg ulations cover the are as of 

permissible doses, precautionary procedures, wast e 

disposal, not if ica t ion r equire ments, and enforcement 

policies regarding health and safety aspects of 

radiation. 

A-119 



4 21. U.S. Nuclear Regulatory Commission, 1976c, Environmental 

survey of the reprocessing and waste management 

portions of the LWR fu e l c y cle. A tas k force 

report: National Technical Information Service 

Publication No. PB-258-316. 

Thi s i s a p reliminary , generi c e nviro nmental 

u is c ussion of wast e manage ment. So me o f t h e v arious 

p r oblems an d poss ib l e mean s of finding s olu tions are 

di scuss ed . 

422 . U. S . Nuclea r Re g ulat o r y Commis s io n, 1976d , F ina l ge neri c 

of re c y cle d 

423 . 

e n vironmental s t atement on t he use 

f->lutoniwn 1n mixed ox i de fuel in liyht water-co o lea 

reacto r s (GESMO) : NUREG- 00 2 . 

Th is gene ri c env i r onr,1en t al statement includes. a 

com~ r ehensive tr e atme nt of man y aspects of t he n uc l e ar 

tuei cyc le . I t c o n ta ins es t imates of annu a l rele a se s 

from n uclea r p ower r e acto r s an d t he s ur fa c e fa ci li t i e s 

associa t ed wi t h nuc lea r was te r epo s itories. 

U. S . Nuc lear Re g u l ato r y Commiss ion , 1977 , Sa fe t y 

evalua t io n r epo r t , Pebble Sµrings Nucle ar Pl an t 

Uni t s l a n ci 2 : NU REG-001 3 , Supp l ement No . 3 I Docket 

No s. 50 -5 14 , 50-515, p. 2- 1 to 2 - 3 . 

Sectio n 2 .5 of the Safety Evaluat ion Report S upp lement 

provides for the Nuclear Regulatory Commission policy 

d ee is ion of the ashf all model to b e used at Pebbl e 

Springs Nuclear Plant, near Arlington, Oregon, on the 

Col umb i a Rive r- • 
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424. U.S. Nuclear Regulatory Commission, 1978a, Workshops for 

state review of site suitability criteria for high-

1 evel radioactive waste repositories, analysis, and 

recommendations: NUREG-0354, v. l. 

This volwne presents the views and recommendations of 

state officials regarding the preliminary site 

suitauility criteria for high-level radioactive waste 

repositories. 

425. u.s. • Nuclear Regulatory Commission, 1978b, Rules and 

regulations--reacto r site criteria: Title 10, Code of 

Federal Reyulations, Energy, Part 100. 

This description of reactor site 

evaluating the suitability of 

criteria is used 1n 

stationary reactor 

sites. Seismic and geologic criteria for nuclear 

power plants are provided. 

426. U.S. Nuclear Regulatory Commission, 1978c, Licensing and 

reyulatory policy and procedures for environmental 

pro tection: Title 10, Chapter 1, Code of Federal 

Regula tions, Energy. 

Th is code es tabl is hes the pol icy and proceoures for 

~rocessiny environmental impact statements and related 

documents in connection with the NRC' s licensing and 

regulatory activities. 

427. U.S. Nuclear Regulatory Commission, 

spent fuel in an independent 

installation (I SFSI)--Proposed 

men ts: Federal Register, 

10 CFR, Part 72. 

A-121 

1978d, Storage of 

spent fuel storage 

licensing 

V • 4 J, 

require­

no. 195 



These regulations specify procedures and requirements 

for issuance of licenses to store spent fuel in an 

independent spent fuel stora9e installation ( ISFSI). 

Requirements for siting, general design criteria, and 

certain operational a spec ts of such an activity are 

p resented. 

423. U.S. Nuclear Regulatory Commission, 1978e, Workshops for 

state review of site suitability criteria for hiyb­

level raoioacti ve waste repositories, analysis, and 

recommendations : NUREG-035 4 , v . 2. 

A series of seminars on repositories was held with 

state and local government re presentatives to dis cuss 

the division of r eSiJonsibility between federal and 

state agencies. The reactions of participants to 

va rious geologic , engineering, ope rationa l , and 

adminis tra ti ve p r oblems were dis cussed. Comparisons 

were made concerning react ions in various geographic 

areas. 

429. U. S . Nuclear Regulatory Commission, 1978, Licensing 

l-) rocedure s for y eoloy i c repos i tor ie s for his h-leve l 

radioactive wastes: Federal Regis ter, v. 43, no . 223 , 

p. 53869-53872, ~lus audendum. 

The responsibilities and interaction among va rious 

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 a decision-making /d ecision-

approving capacity for any radioactive repository 

constructed or operated by or for the U.S. Department 

of Energy. 
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424. 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. l. 

This volwne presents the views and recommendations of 

state officials regarding the preliminary site 

suitability criteria for high-level radioactive waste 

repositories. 

425. U.S. Nuclear Regulatory Commission, 1978b, Rules and 

regulations--reactor site criteria: Title 10, Code of 

rederal Regulations, Energy, Part 1 00. 

This description of reactor site 

evaluating the suitability of 

criteria 1s use d in 

stationary r e actor 

sites. Seismic and geologic criteria f_or nuclear 

power plants are provided. 

426. U.S. Nuclear Regulatory Commission, 1978c, Licensing and 

regulatory policy and procedures for environmental 

protection: Title 10, Chapter l, Code of Federal 

Regulations, Energy. 

Th is code establishes the pol icy and proceaures for 

processing environmental impact statements and related 

documents in connection with the NRC's licensing and 

regulatory activities. 

427. U.S. Nuclear Regulatory Commission, 

spent fuel in an independent 

installation (ISFSI)--Proposed 

men ts: Federal Reg is te r, 

10 CFR, Part 72. 

A-121 

1978d, Storage of 

spent fuel storage 

licensing 

V. 4 J, 

require­
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These regulations specify procedures and requirements 

for issuance of licenses to store spent fuel in an 

independent spent fuel s tora1:1e ins tal lat ion ( I SFS I) . 

Requirements for siting, general design criteria, and 

certain operational aspects of such an activity are 

presented. 

428. u.~. Nuclear Regulatory Commission, 1978e, Workshops for 

state review of site suitability criteria for high­

level raa ioact ive was t.e repositories, analysis, and 

recommendations: NUREG-0354, v. 2. 

A seri e s o f seminars on re positories was held with 

state and l o cal government representatives to discuss 

the d ivision of responsibility between federal and 

state agencies. The reactions of participants to 

v arious g eol ogic, engineering, operational, and 

a dministrative problems were discussed. Comparisons 

were made c o ncerning reactions in various geographic 

areas. 

429. U. S . Nuclear Regulatory Commission, 1978, Licensing 

l:) r o cecJures for yeoloy ic repositories for high-level 

radioactive wastes: Federal Register, v . 43, no. 223, 

p. 538G9-53872, plus audendum. 

The responsibilities and interaction among various 

governraen t 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 

constructed or operated by or for the U.S. Department 

of Energy. 
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430. University of Washington, 1978, Earthquake monitoring of 

the Hanford region, eastern Washington: University of 

Washington, Geophy sics Program, Annual 

Report 1968, including Quarterly 

Report 7 8-B. 

Technical 

Technical 

This report lists s ei smograph stations and earthquakes 

recorded during the periods from January to June 1975 

and Ap ril to June 1978. Theses by Sheng-Shang Bor and 

George Rothe are included. 

431. Valentine , G.M., 1960a, InventoLy of Washington Minerals, 

Part 1--Nonmetall ic mine rals: ( Second Edition) , State 

of Washinyto n, Department of Conservation, Division ot 

Mines and Geology , v . l - Text. 

This report summarizes nonmetallic mineral resources 

and mining operations in the State of Washington, as 

of 1960. 

432. Valentine, G.M., 1960b, Inventory of Washington Minerals, 

Part 1--Nonmetallic minerals: (Se cond Edition), 

Washingto n State Department of Conservation, Division 

of Mines and Geology, v. 2--Maps. 

The economic minerals in the Columbia Plateau are 

clays, shales, minor c oal, peat, diatomite, some 

common gemstones and fire opal, soda compounds, 

grinding peboles, rock, sand, gravel, and poor-quality 

silica sand. 

433. Vance, J.A., 1977, Fault studies in the North Cascades: 

Washington Public Power Supply System, Ammendment 23, 

A-123 



WPPSS Nuclear Projects 1 and 4, Appendix 2RD, Cha~ter 

so. 

Studies concentrated on reconnaissance mapping of 

Straight Creek fault, Chiwaukum graben, Methow graben 

and the Ross Pan collapse zone. Conclusions are that 

ttle last major movement on the Straight Creek fault 

was in Oligocene time, that the Chiwaukum graben was 

active to Middle Miocene time and that the Methow 

~raben was active to Late Cretaceous. 

434. Vance, J .A., 197 8 , The Pre-Yakima basement of the 

Vias hiny ton Cascades: Paper presented at Battelle 

Seattle, Washington, February Tectonic s Symposium, 

14-16, 1978. 

The kn own events and deposits, p re-Columbia River 

basa l t located northwest of the plateau, including 

p re-Miocene faulting, subduction, and volcanism, are 

s ur,una r i zed . 

435. Van Denuurgh, A.S. 

in ~-.Jashing ton: 

and Santos, J.F., 1965, Ground water 

Its chemical and physical quality: 

Washington State Department of Co nservation, Division 

of Water Resources, Water Supply Bulletin No. 24. 

The chemical characteristics of Washington's ground 

water are described. Charts and maps are included. 

436. Van Houten, F.B., 1961, Maps of Cenozoic depositional 

provinces, western United States: American Journal of 

Science, v. 259, p. 612-621. 

This article gives general descriptions 

A-124 



·- --•- -- ---- -

430. University of Washington, 1978, Earthquake monitoring of 

the Hanford region, eastern Washington: University of 

Washington, Geophysics Program, Annual 

Report 1968, including Quarterly 

Re po r t 7 8 - B • 

Technical 

Technical 

Thi s report lists seismograph stations and earthq uakes 

recorded during the periods from January to June 1975 

and April to June 19 78. Theses by Sheng-Sh ang Bor and 

George Rothe are included. 

4 31. Va le ntine, G.M., 1960d, In ve ntOLY of Washi ngto n Min e rals, 

Part 1--Nonmetallic minerals: ( Second Edi tion ) , Stat e 

o r Wash i nyton, De partme n t of Conservatio n , Divis i on of 

Mines and Geology, v. l - Text. 

Th is report summarizes 

and min iny operations 

o f 1 960. 

nonmetallic mineral resources 

in the State of Washington, as 

432. Valentine, G.M., 1960b, Inventory of Washington Minerals, 

Part 1--Nonmetallic minerals: ( Second Edition), 

i i as h ing ton State De partment of Conservat io n, Div is ion 

of Mines and Geology, v. 2--Maps. 

Th e economic minerals i n the Columbia Plateau are 

clays, shales, minor c oal, peat, diatomite, some 

common gems tones and fire opal, soda compounds, 

grinding peubles, rock, sand, gravel, and poor-quality 

silica sand. 

433. Vance, J.A., 1977, Fault studies in the North Cascades: 

Washington Public Power Supply System, Amrnendment 23, 
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WPPSS Nuclear Projects l and 4, Appendix 2RD, Cha~ter 

50. 

Studies concentrated on reconnaissance mapping of 

Straight Creek fault, Chiwaukurn graben, Methow graben 

and the Ross Pan collapse zone. Conclusi o ns are that 

t h e last fi\aJor movement on the Straight Creek fault 

wa s 1n Oligocene time, that the Chiwaukum g raben was 

active to Middle Miocene time and that the Methow 

~rabe n was active to Late Cretaceous. 

434. Vance, J. A . ' 1978, The Pre-Yakima basement of the 

··,i"a s h 1 ny t on Ca scades : Paper p r esented at Batte lle 

Tec tonics Symposium, 

l -! - 16 , 1978. 

Seattl e , Washingto n , Februar y 

Th ~ k nown events and depo s its , p r e - Co lumbia Ri ve r 

basal t located northwest of the p lateau , including 

p r e - Mi ace ne faulting , subdue t ion , and vo l canism , are 

s ur.una r ized. 

4 3 5 . Van Denu urgh , A.S. 

in Washington: 

and Santos, J . F ., 1965 , Gr o und water 

I ts chemical and physical qua lity: 

Washingto n State Department of Conse r v at i o n, Division 

a £ Water Resources, Water Suppl y Bulletin No . 24. 

The chemical characteristics of Washington's ground 

water are describe d . Charts and maps are inc luded. 

436. Van Houten, F.B., 1961, Maps of 

provinces, western United States: 

Science, v. 259, p. 612-621. 

Cenozoic depositional 

American Journal of 

This article gives general descriptions of 
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437. 

depositional basins at various 

Cenozoic. 

times during the 

Von Neumann, 

Garnes and 

J. and 

Economic 

Morgenstern, 

Behavior: 

Press, Princeton, New Jersey. 

o., 1947, 

Princeton 

Theory of 

University 

This is a textbook on game theory and its applications 

to economic behavior. 

438. Wagner , N.S ., 1954, Preliminary report on the geology of 

the southern half of Umatilla County, Oregon: The 

Ore-Bin, v. 16, no. 3, p . 13-1 7. 

The pre-Tertiary Dasement of northeastern Oregon is 

discussed. 

439. Hagner, N.S., 1955, Summa r y of 

geoloyy: The Or8-Bi n , v . 17, no. 

Wallowa Moun ta ins 

5, p. 31-35. 

440. 

The pre-Tertiary basement of Wallowa Mountains is 

discussed. The Columbia River basalt in Minarn Canyon 

has a maximum thickness of 3,000 to 4,000 feet. 

Waite, D.A. 1979, Integrated 

yeological 

and 

and 

Newcomb, W.E., 

environmental site-qualification 

criteria: Prepared by Battelle Memorial Institute, 

Columbus, Ohio, for the U.S. Department of Energy, 

Contract No. EY-76-C-06-1830. 

This draft report was prepared to 

qualification investigations until 

Regulatory Commission establish~s its 

guide site 

the Nuclear 

er i ter ia for 

radioactive waste repositories. Siting criteria for 
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health/safety, environmental/socioeconomic, and 

engineering/economic considerations are listed and 

discussed. 

441. Waitt, R.B., Jr., 1977, Guidebook to Quaternary geology 

of the Columbia, Wenatchee, Peshastin, and 

Yakim a Valleys, west-central Washington: 

Geological Survey Open-File Report 77-753, 25 p. 

upper 

U.S. 

G lac i al de po s i ts in the r 1 v er 

and a road guide 1 s provided. 

valleys are discussed 

Table of Qua t e rnary 

de po s i ts 1 n th is v i c in i t y and their ages is 

prese nte d . 

4 4 2 . Wait t, R. 8. Jr., 1978, Post-Miocene stratigraphy and 

tectonism of parts of the Great Columbia Plain and 

adJacent Cascades, Washington: Paper presented at 

Battelle Tectonics Symposium, Seattle, Washington, 

February 14-16, 1978. 

Post-Miocene tectonic and depositional events are 

summarized, beginning with a discussion of glacial, 

Rin':lold , and pre-R1n9old str:-uctures. The development 

of p resent drainage with respect to rising structures 

is analyzed. 

443. Waitt, R.B., Jr., 1979, Late Cenozoic deposits, land 

forms, stratig raphy, 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 basalt and the Qua ternary deposits 1.n the 
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depositional basins 

Cenozoic. 

437. Von Neumann, 

Games and 

J. and 

Economic 

at various 

Morgenstern, 

Behavior: 

Press, Princeton, New Jersey. 

times during the 

o., 1947, 

Princeton 

Theory of 

University 

This is a textbook on game theory and its applications 

to economic behavior. 

438 . Wagner , N. S ., 1954, Preliminary report on t h e geoiogy of 

t he southern half of Umatilla County, Oregon: The 

Ore- Bi n , v . 16, no . 3, p . 13 - 17 . 

The pre-Tertiary oasement of northeastern Oregon is 

discussed. 

439. Hagne r, N . S. , 1955, Summary of 

geoloyy: The Or 8 -Bin, v. 17, no . 

Wallowa Mountains 

5, p. 31 - 35 . 

The p r e-Tertiary basement of Wallowa Mountains is 

discussed. The Columbia r<iver basalt in Min am Canyon 

has a maximum thickness of 3,000 to 4,000 feet. 

and Newcomb, W.E., 1979, Integrated 440. Waite, D. A . 

geological and environmental sit e-quali fication 

criteria: Prepared by Battelle Memorial Institute, 

Col um bus, Ohio, for the U.S. Department of Energy, 

Contract No. EY-76-C-06-1830. 

This draft report was prepared to 

qualification investigations until 

Regulatory Commission establish~s its 

radioactive waste repositories. Siting 

A-125 

guide site 

the Nuclear 

criteria for 

criteria for 



health/safety, environmental/socioeconomic, and 

engineering/economic considerations are listed and 

discussed. 

441. Waitt, R.B., Jr., 1977, Guidebook to Quaternary geology 

of the Columbia, Wenatchee, Peshastin, and upper 

Yakima Valleys, west-central Washington: U.S. 

Geological Survey Open-File Report 77-753, 25 p. 

Glacial deposits in the river 

and a roac..1 guide 

d e po s i ts i n th is 

i?t"esen te d . 

is provided. 

vicinity 

valleys are 

Table of 

and their 

discussed 

Quater-nary 

ages is 

442. v-Jaitt, R.B . . Jr., 1978, Post-Miocene str-atigraphy and 

tectonism of par-ts of the Great Columbia Plain and 

adJacent Cascades, Washington: Paper- pr-esented at 

Battelle Tectonics Symposium, Seattle, Washington, 

Febr-uary 14-16, 1978. 

Post-Miocene tectonic and depositional events are 

summarized, beginning with a discussion of glacial, 

Ri nyold, and pr-e-Ri ngold s tr-uc tu res. The develo;:::ime n t 

of present drainage with r-espect to rising structur-es 

is analyzed. 

443. Waitt, R.B., Jr., 1979, Late Cenozoic deposits, land 

forms, stratigraphy, and tectonism in Kittitas Valley, 

Washington: U.S. Geological Survey Professional 

Pai:)er No. 1127, 18 p. 

This paper discusses the stratigraphy of the Columbia 

River basalt and the Qua ternary deposits in the 
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Kittitas Valley. Evidence for recent tectonic 

deformation of this area is also presented. 

444. Walker, G.W., 1973a, Contrasting compositions of the 

youngest Columbia River basalt flows in Union and 

Wallowa Counties, northeastern Oreyon: Geological 

Soc i e t y of Ame r i ca Bu 11 et i n , v . 8 4 , p • 4 2 5- 4 3 0 . 

A 9 0 0-me ter- thick sect ion correlative to the Wamapum 

and Saddle Moun ta ins Basal t s and Ellensburg Formation 

is described. 

445 . Walker, G.W., 1973b, Reconnaissance geologic map o f the 

Penc.ileton Quadrangle, Oregon and Washington: U.S. 

Geological Survey Miscellaneou s Geologic 

Investigation Map I-727, 1:150,000 scale. 

This geologic reconnaissance map of 

Quad rangle also contains c.Jescriptions 

the Pendleton 

of mineral and 

water resources, geology, and eny ineerin~ features of 

some lithologic units. There is a tectonic map 

insert. 

446 . WalKer, G.W., 1973c, Preliminary tectonic map of Oregon 

east of the 121st meridian: U.S. Geological Survey 

Miscellaneous Field Studies Map MF-495, 1:500,000 

scale. 

This is a preliminary tectonic map of eastern Oregon. 

447. Walker, G.W., 1977, Geologic map of Oregon east of the 

121st meridian: U.S. Geological Survey Miscellaneous 

Investigations Map I-902, 1:500,000 scale. 
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This yeologic map of eastern Oregon has separate 

tectonic and geomorphic map inserts. 

448. Walker, G.W., 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 inaex ma p showing locations and K- Ar ages 

of rhyol i tic, int e rmediate, and basaltic Cenozoic 

volcanic domes, si lls , an d other intrus ive bodies and 

some associated sediments. 

449 . ~-ialt.ers , ~.L., 1972 , 1'e st-observ a tion well near Almi ra, 

Washing t o n: Descriptio n and p reliminary r e sults: 

U. S . Ge o l ogi cal Survey Ope n-Fi le Repo rt, 20 p . 

~ test well in o asalt approximately 10 ~iles south of 

Almira , Washington showed a specific capac ity of 92 

spm per foo t to a 5 4 6-f oot dep t h and 9 G gpm pe r foot 

to a 750-foot aep t h . 

450. Ha lte rs, K.L. and Glancy, P.A., 1969, Reconnaissance of 

geology and y r ound- wate r o ccurre n ce 1n Wh itman Coun t y , 

1-ia sh 1ng t on : U.S. Geolog ical Su r vey Water Su pply 

B u 11 e t i n t-J o . 2 6 . 

These geologic maps identify the Roza flow and y ross 

areal geology. The regional dip is evi dent, bu t ve ry 

little tectonic structure is shown. 

451. Walters, K.L., Cline, D.rt., and Luzier, J.E., 1972, Test­

observation well near Odessa, Washington: Description 

and preliminary results: U.S. Geological Survey 

Open-File Report, 25 p. 
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Kittitas Valley. Evidence for recent tectonic 

deformation of this area is also presented. 

444. Walker, G.W., 1973a, Contrasting compositions of the 

youngest Columbia River basalt flows in Union and 

Wal low a Counties, nor the as tern Orey on: Geological 

Soc i e t y o f Ame r i c a 8 u 11 e t i n , v . 8 4 , p . 4 2 5 - 4 3 0 . 

A 9 0 0-me ter-th ick sect ion correlative to the Wamapum 

and Saddle Mountains Basalts and Ellensburg Formation 

is described . 

445. Walker , G. W., 19730, Reconnaissance geologic map of the 

Penc..ileton Quadrangle , Oregon and Washing ton: U.S. 

Geological Survey Miscellaneous Geologic 

Inv~stigation Map I-727, 1:150,000 scale. 

This geologic reconnaissance map of the Pendleton 

Quadrangle also contains descriptions of mineral and 

water resources, yeoloyy, and enyineeriny features of 

some l i tholoy ic uni ts. The re is a tee tonic raap 

insert. 

446 . WalKe r, G. W., 1973c, Preliminary tectonic map of Oreson 

east of the 121st meridian : U.S. Geological Surve y 

Miscellaneous Field Studies Map MF-495, 1:500,000 

scale. 

This is a preliminary tectonic map of eastern Oregon. 

4 4 7 . Walker, G. W . , 19 7 7 , 

121st meridian: 

Investigations 

Geoloy ic map of Oregon east of the 

U.S. Geological Survey Miscellaneous 

Map I-902, 1:500,000 scale. 
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This geologic map of eastern Oregon has separate 

tectonic and geomorphic map inserts. 

448. Walker, G.W., 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 inaex ma~ showing locations and K-Ar ages 

of rhyolitic, intermediate, and basaltic Cenozoic 

volcanic domes, sills, and other intrusi ve bodies and 

sone associated sedimen t s . 

449 . ~ia1te rs, K.L., 1972, ri'est-o bservat1on well near Almi ra, 

Wa s hing ton: Description and preliminary results: 

U. S . Geological Survey Open-File Report, 20 p . 

A test well in c asalt approximately 10 miles south of 

Al r..i ra, Wa shington showed a specific capacity of 92 

gpm per foot to a 5 46-f oot depth and 9 G gpm per foot 

to a 750-foot aept h . 

450. Halters, K.L. and Glan c y , P.A., 1969, Reconnaissance of 

geology and yrounc-water occu rrence 1n Whitman Co unty , 

Washing ton: U.S. Geological Surv ey Water Supply 

Bulletin No. 2G. 

These geologic map s identi fy the Roza flow and y ross 

areal geology. The regional dip 1s evident, but ve ry 

little tectonic structure is shown. 

451. Walters, K.L., Cline, D.~., and Luzier, J.E., 1972, Test­

observation well near Odessa, Washington: Description 

and preliminary results: U.S. Geological Survey 

Open-File Report, 25 p. 
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Piezometer data from wells in se ve n individual 

aqui fers are discussed. 

452. Walters, K.L. and Grolier, M.J., 1960, Geology and 

g round-water resources of the Columbia Bas in Project 

Area, Washington: State of Washington, Department of 

Conservation, Division of Wa ter Resources, Water 

Supply Bulletin ~o . 8, v. l. 

This report consists of well records, driller's logs, 

and hydrographs, with brief descriptions of the 

Ringold Fo r mation , Palouse Formation, and Columbia 

Riv er basalt . 

'¼5 3 . Warn1c , C . C., Brockway, C.E ., Doerkson, H. R., Gladwell, 

J .S., and Trihey, E.W., 1973, Regional probler.1 

analysis in the Pacific Northwest; Part 8: Basalt 

grou ndwater aquifers: Wa shington State Water Research 

Center, Office of Water Research anci Technoloyy, 

Pullman, Washington . 

Differences (confined v ersus uncon fi ned) J. n the 

Columbia Plateau and Snake River Plain basalt aquifers 

are compared. The Snake River Plain is more permeaole 

and of higher transmissi vi t y . 

454. Washington State Department of Natural Resources, 1973, 

Washinyton's Major Public Lands. 

This is a map showing public land ownership in 

Washington State. 

455. Washington State Department of Natural Resources, Geology 

and Earth Resources Division, 1969, Placer gold. 
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Placer yold has been found on sandbars along the 

Col wnb ia and Snake Rivers. 

456. Washington State Deparbnent 

1977, Washinyton State 

of Parks and Recreation, 

Outdoor Recreation Guide: 

Northwest Experience, Moscow , Idaho. 

This list of maps of Washington State Parks shows 

culturally important areas. 

457 . Washin<:; ton Public Inter e st Research Group , 1978, Nuclear 

waste, a national waste repository at Hanford~ 

Conside rations for 1,ia shinyton State: University of 

Wash in g ton , En e r y y Re search Group , Se at t le , 

Wa shington, 50 p . 

This stuay draws negative conclusions about the 

feasibility of safely tran s port1ny and di sposing of 

nuclear wastes at the Hanford Site. Recommended 

act:1ons 

v arious 

include d fea sibility 

legi slation fo r safety, 

studies on basalt, 

and a moratorium on 

2lant licensing. Costs for decommissioning and 

a1sposal of wast:es s hould be included in µo wer company 

cost: estimates . 

458. h'ashingto n Public Power Supply System, 1974, Preliminary 

safety analysis report, Amendment 9, for i'lPPSS Nuclear 

Project s No . land 4. 

This PSAR contains regional and site-specific geologic 

information for the Hanford Site area, includes 

detailed borehole logs, basalt flow correlations, 

geophysical investigations, and data on hydrology, 

seisrnicity, and meteorology. 
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Piezometer data from wells in seven individual 

aquifers are discussed. 

452. Walters, K.L. and Grolier, M.J., 1960, Geology and 

ground-water resources of the Columbia Bas in Project 

Area, Washington: State of Washington, De pa rtme nt of 

Conservation, Di v is ion of Water Resources, Water 

Supply Bulletin Po . 8 , v . l . 

This report consists of well records, driller's log s, 

and hyd r ographs, with brief de scr iptions of t he 

Ringold For mat ion , 

River basalt. 

Palouse Fo r ma c ion, and Columbia 

45 3 . Warnic, C . C., Br ock wa y, C . E., Doerkson , H. R., Glad well , 

J.S., and Trihe y , E . W., 197 3 , Regional p ro bler.1 

analysis 1n the Pacific Northwest ; Par-t B : Basalt 

groundwat e r- a qui f ers: 

Center, Office o f 

Pullman, Wash ington. 

Washington State Water Research 

Water Research and Tec h noloy y , 

Differences (confined ve rsus unconfined) in t he 

Columbia Plateau and Snake Riv er Plain basalt aquifers 

are compared. The Snake Ri ve r- Plain is more pe r rneaole 

an d of h i gh er transmiss ivi t y . 

454. Washington Stace Departme nt of Natural Resources, 1973, 

Washinyton's Major Public Lands. 

This is a map showing public land ownership in 

Washington State. 

455. Washington State Department of Natural Resources, Geology 

and Earth Resources Division, 1969, Placer gold. 
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Placer yold has been found on sandbars along the 

Columbia and Snake Rivers. 

456. Washington 

1977, 

State Deparbnent 

Washinyton State 

of Parks and Recreation, 

Outdoor Recreation Guide: 

Northwest Experience, Moscow, Idaho. 

This list of maps of Washington State Parks shows 

culturally important areas. 

457. Wa shin~ton Public Interest Research Group, 1978, Nuclear 

waste, a national 

Consideratio ns for 

waste repository 

1'i ash in y ton St ate : 

at Hanford: 

University of 

v;ashington, Eneryy Re search Group, Seattle, 

Wa shington, 50 p . 

This study 

fea sibility 

draws negative conclusions about t.he 

of 

nuclear 

act.ions 

va rio us 

of 

wastes 

sa fely t:::-ansportiny and 

at the Hanford Site. 

studies 

disposing 

Recommended 

on basalt, include d fea sibili t y 

legislation for safety, and a moratorium on 

2la nt licensing. Costs fo~ decommissioning and 

di sposal of wastes should be included in power company 

cos t. estimates. 

458. Washington Public Power Supply System, 1974, Preliminary 

safety analysis report, Amendment 9, for WPPSS Nuclear 

Projects No. land 4. 

This PSAR contains regional and site-specific geoloyic 

information for the Hanford Site area, includes 

detailed borehole logs, basalt flow correlations, 

geophysical investigations, and data on hydrology, 

seismicity, and meteorology. 
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459. Washington Public Power Supply System, 1977, 

safety analysis report, Amendment 23, 

Nuclear Project No. land 4, v. 2A and 2B. 

Preliminary 

WPPSS 

This amendment contains studies of local (Hanford Site 

area) and regional tectonics, the 1872 earthquake, 

remote sensing, structural geology, and microearthquake 

surveys . 

460 . Washinyton, State of, 1975, Water quality assessment 

r eport: Report 75-8, Was h ington State Department of 

Ecology , 2 volumes. 

Vo lume l assesses present water quality and outlines 

t n e programs and goals of water quality management. 

Vo lur.ie 2 contains maps (scale of 1 : 7 50,000) o f 

Was h ington showing bacterial densicies, water 

t e mperatures, turbidity levels, ana dissolved 

o xygen . Classification and monitoriny sites for all 

r iv ers in Washington are included . 

461. Washington State Game Department, 1975, Columbia Basin 

r e creation areas: Prepared in conj unc c ion with the 

U. S . Bureau of Reclamation . 

'rh is parilphlet contains 

wildlife recreation areas, 

and state parks in the 

eastern Washington. 

a schematic map showing 

national wildlife refuges, 

Columbia Basin region of 

462. Washington State Game Departrnen t, 1976, Wildlife 

recreation areas. 
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These maps, at various scales, show the boundaries of 

all the wildlife recreation areas in the State of 

Washinyton. 

463. Washington State Game Department, (undated), Wildlife 

recreation areas. 

This schematic map of wildlife recreation areas in the 

State of Washing ton p r ov ides short descriptions of 

each area, and includes Crab Creek, Priest Rapids, 

McNary , Ra ttlesnake Slope, and Wahluke Slope areas. 

464. Washington State Highway Commission , 197 3 , Washington 

State Highways Road Ma p . 

This is a highway map with a schematic format showing 

hi~h wa ys , na tional parks, and state parks. 

465 . Was hin~ ton State Uni ve rsity, 19 72 , Irri~ation developmen t 

potential and economic impacts relate d to wat e r use 

fo r t h e YaKima River Basin: Report submitted to t. h e 

Yak ima Valley Natural Resources Development 

Association , Washington State University, Agr icultural 

Re searc n Cen ter, Pullman , Washington. 

Land use, soils, hydrology , and ecoloyy of t h e Yakima 

River Basin are addressed in this report. 

466 . Waters, A. C., 1955, Volcanic rocks and the tectonic 

cycle: Geological Society of America Special 

Paper 62, p. 703-722. 

This is a discussion of the petrogenesis of va rious 

types of volcanic rocks in the western U.S. With 

respect to the Columbia River basalt, the author 
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4 59. Washington Public Power Supply System, 1977, 

safety analysis report, Arnendmen t 2 3, 

Nuclear ProJect No. land 4, v . 2A and 2B. 

Preliminary 

WPPSS 

This amendment contains studies of local (Hanford Site 

area) and regional tectonics, the 1872 earthquake, 

remote sensing, structural geology , and microearthquake 

surveys. 

460. Washington, State of, 1975 , Water q uality assessment 

repo rt: Report 75 - 8 , Wa s hington State Department of 

Ecology, 2 volumes. 

Volume l assesses present water quality and outlines 

the programs and goals of water quality management. 

Volume 2 contains ma ps (scale of 1: 7 5 0 ,0 00) o f 

Washingto n showing bacte rial densities, wate r 

temperatures, turbidity levels, and di ssolved 

oxyg en. Cl assi f icat ion and monitoring sites for all 

rivers in Was hi ngton are included. 

461. Washington State Game Department, 1975, Columbia Basi n 

re creation are as: Prepared in conjunction with t he 

U.S. Bureau of Reclamation. 

Th is pa1.1phlet contains 

wildlife recreation areas, 

and state parks in the 

eastern Wa shington. 

a schematic map showing 

national wildlife refuges, 

Columbia Basin region o f 

462. Washington State Game Department, 1976, Wildlife 

recreation areas. 
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These maps, at various scales, show the boundaries of 

all the wildlife recreation areas in the State of 

Washing ton. 

463. Washington State Game Department, (undated), Wildlife 

recreation areas. 

This schematic map of wi ldl ife r e creation areas in the 

State of Washington provide s short descriptions of 

each area, and includes Cr ab Creek, Priest Rap ids, 

McNary, Rattlesnake Slope, and Wahluke Slope areas. 

4 64 . Wa shington State Highway Commission, 1973, Washington 

State Highways Road Map . 

This is a high way map witn a schematic format showiny 

hishways, na tional parks , and state parks. 

4 6 5. Washiny ton State Unive rsity , 1972 , Irr iya ti o n d evelopment 

potential and economic iinpacts relatea to water use 

for t he YaKima River Ba s:..n : Report submitted tot. he 

Yakima Valley Natura l Re sources Development 

Association, Washington St.a te University , Agricultural 

Research Cen ter, Pullman, \·/as h ington. 

Land use, soils, hydrology , and ecology of the Yakima 

Rive r Basin are addresse d in t his report.. 

466 . Waters, A.C., 1955, Volcanic rocks and the tectonic 

cycle: Geological Society of America Special 

Paper 62, p. 703-722. 

This is a discussion of the petrogenesis of various 

tyl:)eS of volcanic rocks in the western U.S. With 

respect to the Columbia River basalt, the author 
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states that there was little or no differentiation of 

the magma and that flows erupted rapidly but with long 

periods of time between flows. 

467. Waters, A.C., 

basalts: 

p. 350-366. 

19 6 0a, De terrnining direct ion of flow in 

American Journal of Science, v. 258-A, 

Flow direction is determined by using columnar Joints, 

spiracl e s, pi}?e vesicles and cylinders, and p rimar y 

foreset bedding in palayonite . 

468. Waters, A. C., 1960b, Two-fold divi sion of the Columb ia 

River basa lt (abs. ) : Geoloyical Socii2ty of hffierica 

Bulletin, v . 71, p . 2082 . 

Petrographi c and stratigraphic correlations were made 

on 28 stratigraphic sections of the Columbia River 

Basalt. The basalts are products of separate @agmatic 

hearth s and are not differentiates of a hypothetical 

uniform parent magma . 

469. Waters, A . C. , 1961a, I~eeche l us problem, Ca scade 

Mountains, Was h ington: 

no. 2, p . 3 9- 5 7. 

Northwest Science, v . 35, 

The pre- Columbia River basalt geology near Mount 

Rainier 1s discu sse d . The Fife's Peak and Steven's 

Ridge Formations are differentiated. 

470. Waters, A. C. , 1961 b, Stratigraphic and 

variations 1n the Columbia River basalt: 

Journal of Science, v. 259, p. 583-611. 
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This article notes the distinct chemical differences 

between the Picture Gorge Basalt and the Yakima Basalt 

Subgroup. Tables and variation diagrams are 

included. 

4 71. Waters, A. C. , 19 7 3, Problems of basalt correlation 

(abs.): Geological Society of America, Abstracts with 

Proyrams, v. 5, no . l, p. 120. 

An important correlation problem is the recognition of 

a sequence or flows in stratigraphic order. 

Especially helpful is Kuno 's solidification index in 

petrography. 

472 . Hatkins , N.D., 

paleomayne tism 

1964 , 

in 

Structural 

Mio c ene lavas 

implications of 

of northeastern 

Orey on, sou the as tern Washington, and 

Idaho: Nature, v . 203, p. 830-832. 

west-central 

Inconclusive results show evidence of orocl1nal 

rotation of Miocene lavas or crustal spreading during 

tne Miocene. 

473 . Watkins , N.D., 1965, Paleomagnetism ot the Columbia 

Pl ateaus: Journal of Geophysical Research , v . 70 , 

no. 6, p . 1379-1406. 

Ev iuence of tee tonic rotation of the Columbia River 

basal ts is shown to be compatible with the "orocl ine" 

hypothesis for the Pacific Northwest. 

474. Watkins, N.D. and Baksi, A.K., 1974, Magnetostratigraphy 

and oroclinal folding of the Columbia River, Steens, 

and Owyhee Basal ts 

American Journal 

in Oregon, Washington, and Idaho: 

of Science, v. 274, p. 148-189. 

A-134 



states that there was little or no differentiation of 

the magma and that flows erupted rapidly but with long 

periods of time between flows. 

467. Waters, A.C., 

basalts: 

1960a, Determining direction of flow in 

American Journal of Science, v. 258-A, 

p. 350-366. 

Flow direction is determined by using columnar Joints, 

spiracles, pil)e vesicles and cylinders, and p r imary 

foreset bedding in palayonite. 

468 . Waters, A. C ., 1960b, Two- fold divi sion o f the Colu1i1bia 

River basalt (abs.); Geoloyical 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 maymatic 

hearths and are not differentiates of a hypothetical 

unifo rm parent magma . 

469 . Waters, A.C ., 1961a, I~eechelus problem, Cascade 

Mountains, Was h ington: Northwest Science, v . 35, 

no . 2, p . 3 9- 5 7 . 

The pre- Columbia River basalt geology near Mou nt 

Rainier is discussed. The Fife 's Peak and Steven's 

Ridge Formations are differentiated. 

470. Waters, A. C. , 1961b, Stratigraphic and 

variations in the Columbia River basalL 

Journal of Science, v. 259, p. 583-611. 
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This article notes the distinct chemical differences 

between the Picture Gorge Basalt and the Yakima Basalt 

Subgroup. 

included. 

Tables and variation diagrams are 

471. Waters , A.C., 1973, Problems of basalt correlation 

(abs. ) : Geological Society of America , Abstracts with 

Pr oy rams , v . 5 , no . l , p. 12 0 • 

An important correlation problem is the recognition of 

a sequence of flows 1n stratigraphic order. 

Especially helpful 1s Kuno's so l idification index in 

petrography. 

4 7 2 . W a tk i n s , N . D . , 

p aleornagnetisrn 

1964, 

1n 

Structural 

Miocene lav as 

implications of 

of northeastern 

Orey on, sou the as tern Washington, and 

Idaho: Nature , v. 203, p . 830 - 832. 

west-central 

Inconclusive results show e v idence of orocl1nal 

rotation of Miocene lavas or crustal spreading during 

the Miocene. 

4 73 . Watkins, N. D., 1965, Paleornagnecism of the Columbia 

Plateaus : Journal of Geophysical Research, v. 70 , 

no . 6 , p . 13 7 9-14 0 6. 

Ev icJence of tectonic rota t 10n cf the Columbia River 

basal ts is shown to be cornpa t ibl e with the "orocl ine" 

hypothesis for the Pacific Northwest. 

474. Watkins, N.D. and Baksi, A.K., 1974, Magnetostratigraphy 

and orocl inal folding of the Columbia River, Steens, 

and Owyhee Basalts 1n Oregon, Washington, and Idaho: 

Arne r i can Jo urn al o f Sc i enc e , v . 2 7 4 , p . 14 8 -1 8 9 . 
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475. 

This review of previous literature on 

contains considerable paleomaynetic work, 

maps, and correlations with K/Ar dates. 

rotation 

charts, 

Weis, P. L. ' 1968, GeolO<jiC 

Quadrangle, Washing ton and 

Survey Map GQ-734. 

map of 

Idaho: 

the 

U.S. 

Greenacres 

Geological 

Th is geologic map depicts basic bedrock yeology an ci 

describes information on the clay and glacial deposits 

and related fea tures of the area. 

476 . \.Jeis, P. L . and Ri chmona, G.M ., 1965, Maximum extent of 

477. 

Ldte Pleistocene Corailleran glaciation i n 

northeastern Wa shington: U. S . Geological Su rve y 

Professional Paper 525-C, p . Cl2b-Cl32. 

Maximum southern ice extension is placed farther nortn 

than by previous authors. 

Weissenoorn, A. E., 1969, Geologic map of 

U.S. Geological Survey 

Investiyations Map I-583. 

Miscellaneous 

Washington: 

Geologic 

This is a basic, large-scale geoloyic map of the State 

of Washi ngton 

478. Weston Geophysical Research , Inc., 1977a, Geophysical and 

seismological studies in the 1872 earthquak e 

epicentral reg ion.: Washin<:J ton Public Power Supply 

System, Ammendment 23, WPPSS Nuclear Projects land 4, 

Appendix 2RE. 

This report presents results of a regional evaluation 

of seismic, yravity,and aeromagnetic data to determine 
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whether any correlation exists between data types with 

regard to trends or anomalies such as geophysical 

lineaments that could be associated with structures. 

479. Weston Geophysical Research, Inc., 1977b, Geophysical 

evaluation of structures in the Columbia Plateau: 

Washinyton Public Power Supply System, Amendment 23, 

WPPSS Nuclear ProJects land 4, Appendix 2RL. 

This report 1s of a geophysical study in which 

aeromaynetic and gravity data of the Rattlesnake 

Hi 11 s- vial l ul a-Saddl e Yl.oun ta ins trend and the Ch iwaukum 

graben were used. The results provide support data on 

the location and tren d of subsurface structures. 

480. Weston Geophysical Research, Inc., 1977c, Evaluation of 

microearthquake activity in eastern Washington: 

Washington Public Power Supply Syst em , Amendment 23, 

WPPSS Nuclear ProJect land 4, Appendix 2RJ. 

The r eport presents results and conclusions of an 

evaluation of microearthquake distribution in the 

Pasco Basin and eastern Washington. Microearthquakes 

a~f-ear to be of snallow focus dna random, deeper 

focus. The shallow earthquakes apf-ear as swarms and 

may reflect movement or shear planes and not throuyh­

yoing faults. 

4Ml. Wiggins, R.A., Frazier, G.A., Sweet, J., and Apsel, R.J., 

1978, Simulations of earthquake ground motions: 

Proceedings, Seminar-Workshop on Strong Ground 

Motions, Rancho Santa Fe, New Mexico. 

Computer codes have been developed to simulate ground 

motions near a strike-slip fault for frequencies in 
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This review of previous literature on 

contains considerable paleomaynetic work, 

maps, and correlations with K/Ar dates. 

rotation 

charts, 

475. Weis , P.L., 1968, Geoloyic 

Quad rang le, Washing ton and 

Survey Map GQ-734. 

map of 

Idaho: 

the 

u. s. 
Greenacres 

Geological 

Th is geologic map depicts basic bedrock yeology and 

describes information on t he clay and glacial deposits 

and related features of tne area. 

476. vJeis , P.L. and Richmona , G. M., 1965, Maximum extent of 

477 . 

Late Pleistocene Co r a illeran glaciation in 

northeastern Washington : U. S. Geoloy1cal Su rve y 

Professional Paper 525-C, p . Cl26 - Cl32 . 

Maximum southern ice extension is placed farther north 

than Dy previous authors. 

Weissenborn , A.E., 1969, Geologic map of Wa s hi ng ton: 

U.S. Geological Surv e y Miscellaneous Geologic 

Investiyations Map I-583. 

This is a basic, large-scale geologic map of the State 

of Washington 

478. Weston Geophysical Researcl1, Inc., 1977a, Geophysical and 

seismoloyical studies 1n the 1872 earthquake 

epicen tral reg ion: Wash ins, ton Public Power Supply 

System, Amrnendment 23, WPPSS Nuclear Projects land 4, 

Appendix 2RE. 

This report presents results of a regional evaluation 

of seismic, yravity,and aeromagnetic data to determine 
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whether any correlation exists between d ata types with 

regard to trends or anomalies such as geophysical 

lineaments that could be associated with structures. 

479. Weston Geophysical Research, Inc., 1977b, Geophysical 

evaluation of s true tu res in the Columbia Plateau: 

Washin<:Jton Public Power Supply System, Amendment 23, 

WPPSS Nuclear ProJects land 4, Appendix 2RL. 

This report is of a geophysical study in which 

aeromaynetic and g ravity data of the Rattlesnake 

Hills - Wallula-Saddle Mountains trend and the Chiwaukum 

graben were used. The results provide suppo rt data on 

the location and trend of subsurface structures. 

<l80. Westo n Geophysical Research, Inc., 1977c, Evaluation of 

microearthquake activity 1n eastern Washington : 

Washington Public Power Supply System, Amendment 23 , 

WPPSS Nuclea r ProJect land 4, Appendix 2RJ. 

The repor:-t pr:-esents r:-esults ana conclusions of an 

evaluation of rnicroearthquake distribution in the 

Pasco Basin and eas tern Washington. Mic roearthquakes 

ap£.,ear:- to be of shall ow focus and random, deeper 

focus . The shed low ear:-thq uakes ap£.,ear- as swarms and 

may reflect movement or shear planes and not throuyh­

yoing faults. 

4~1. Wiggins, R.A., Frazier, G.A., Sweet, J~, and Apsel, R.J., 

1978, Simulations _ of earthquake ground motions: 

Proceedings, Seminar-Workshop on Strong Ground 

Motions, Rancho Santa Fe, New Mexico. 

Computer codes have been developed to simulate ground 

motions near a strike-slip fault for frequencies in 
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the range of l to 20 Hz. This is useful for 

engineering design of response spectra for structures. 

482. Williams, J.F., 1960(?), Well report--Basalt explorer, 

Number l: Development Associates, Inc., Spokane, Wash. 

The base of the Columbia River basalt near Odessa is 

about 4,300 feet below surface. Beneath it are 300 

sediments named the "Irby shale" and "Odessa sand." 

Descriptions of rotary samples and cores are 

included. The well bottomed in granitic bedrock. 

483. Withers, R., Turcotte, T., an d Tocher, D., 1978, 1872 

earthquak e studies, Washi ngton Public Power Supply 

System Nuclear Projects No. l and 4: Con tract No . 

H.O. 52028, prepared by Woodward-Cl yde Consultants for 

United Engineers and Construction, Inc. 

xeport presents results of microearthquake studies at 

six networks in central Washing ton. Studies 

concentrated on inves tigating microearthquake 

occurrences and regional stress orientation. The 

results provide understanding of regional tectonic 

stress fields which can be related to local and 

regional geologic structures. 

4 8 4. Woodward-Clyde Consul tan ts ( San Francisco) , 19 7 5, 

Si ting Report: Prepared for the Washington 

Power Supply System, Washington, v. land 2. 

Final 

Public 

This report summarizes an investigative approach and 

f indinys identifying and recommending sites suitable 

for nuclear or fossil fuel electric-generating 

stations in the Pacific Northwest. 
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485. Woodward-Clyde Consultants (San Francisco), 1976, 

Preliminary draft report of seismicity listing for the 

Pacific Northwest: Prepared for Washing ton Public 

Power Supply System. 

'rh is is a catalogue of earthquakes that have occurred 

between latitudes 44' and 54' north and longitude 110' 

and 128' west. Tables list earthquakes 

chronologically and by location. 

'¼81:.>. Woodwara-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 

R8search and Development Administration, 32 p. 

Site selection factors, such as geologic events, 

repository-induced processes, impact of cons true t ion, 

and location are listed and described with reference 

to possible effects on a repository site. 

487. Woodward-Clyde Consultants 

Preliminary yeologic site 

NWTS program: Published 

(San Francisco), 1977b, 

selection factors for the 

report prepared for Uni on 

Carbide Corporation (Nuclear Di vi s ion) under contract 

to the U.S. Energy Research and Development 

Administration, 59 p. 

This report contains a description of geologic 

considerations pertinent to repository sites and a 

general approach to application and integration of the 

geologic factors in assessiny the acceptability of 

candidate sites. 
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the range of l to 20 Hz. This is usefu l for 

engineering design of response spectra for structu r es. 

482. Williams, J.F ., 1960(?), Well report--Basalt explorer, 

Number l: Development Associates, Inc., Spokane, Wash. 

The base of the Columbia River basalt near Odessa is 

about 4, J OO feet below surface. Beneath it are 300 

sediments named the "Ir by shale" and "Od e ss a sa nd ." 

Descriptions of rotary samples and core s are 

included. The well bottomed in granitic bedrock . 

483. Withers, R., Turcotte, T., and Tocher, D., 1978, 1872 

e arthq ua ke studies, Washington Pu blic Power Supply 

System Nuclear ProJects No .land 4: Contract No . 

H.O . 520 28 , p repared by Woodward-Cl yde Cons ultan t s for 

United Engi neers and Construction, Inc. 

Report presents r esults of microearthquake studies at 

six networks in central Washing ton. Studies 

concentra ted on inv e stigating microea r thquak e 

occurrences and regional stress orientation. The 

results provide understanding of r egional tectonic 

stress fields which can be related to local and 

r e gional geologic structures. 

4 8 4. Woodward-Clyde Consul tan ts ( San Francisco) , 19 7 5, Final 

Siting Report: Prepared for the Washington Pub li c 

Power Supply System, Washington, v. land 2. 

This report summarizes an investigative approach and 

findings identifying and recommending sites suitable 

for nuclear or fossil fuel electric-generating 

stations in the Pacific Northwest. 
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485. Woodward-Clyde Consultants (San Francisco), 1976, 

Preliminary draft report of seismicity listing for the 

Pacific Northwest: Prepared for Washing ton Public 

Power Supply System. 

This is a catalogue of earthquakes that have occurred 

between latitudes 44' and 54' north and longitude 110' 

and l ~8' west. Tables list earthquakes 

c h ronologically and by location. 

~86 . 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, 

ret?OS i tory - induced processes, impact of cons true t ion, 

and location are listed and described with reference 

to possible effec ts on a repository site. 

487. Woodward-Clyde Consultants (San Francisco), 1977b, 

Preliminary yeolog ic site selection factors f or the 

NWTS program: Published report prepared for Unio n 

Carbide Corporation (Nuclear Di vis ion) under contract 

to the U.S. Energy Research and Development 

Administration, 59 p. 

This report contains a description of geologic 

considerations pertinent to repository sites and a 

general approach to application and integration of the 

geologic factors in assessin~ the acceptability of 

candidate sites. 
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488. Wooaward-Clyde Consultants (San Francisco), 1977c, 1872 

earthquake studies: Microearthquake Study: 

Washington Public Power Supply System Nuclear Projects 

land 4. 

The microearthquake study 

obtained from a microseismic 

presents 

network 

An evaluation of the data is included. 

the results 

in Washington. 

489. Woodward-Clyde Consultants (San Francisco), 1977d, Review 

of the North Cascade earthquake of 14 December 1 872 : 

Washinyton Public Power Supply System, Arnmendment 23, 

WPPSS Nuclear ProJects land 4, Appendix 2RB. 

This report discusses results of efforts to locate the 

epicen tra l region of the 1872 earthquake based on felt 

reports. The objective is to discuss factors which 

c r l. tic a 11 y a f f e ct e val u at ion of the felt reports l. n 

terms of location of the epicenter, magnitude, and 

focal depth, and comparison of data to modern values 

of these parameters. 

490. Woodward-Clyde Consultants (San Francisco), 1977e , Micro­

earthquake surve y and evaluation of stress o r ientation 

in central Washington. Washington Public Power Supp l y 

System, Amendment 23, WPPSS Nuclear Projects 1 and 4 

Appendix 2RL. 

This report presents the results of the evaluation o f 

fault plane solution to determine principal tectonic 

stress axes of the Columbia Plateau. Microearthquake 

locations and network operations are also presented 

for networks from Ross Lake, Washington to Milton­

Freewater, Oregon. 
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4SJl. Woodward -Clyd e Consultants (San Francisco), 1978a, 1 872 

earthquake studies : Straight Creek fault zone 

study: Washiny t on Public Power Supply Sy st em Nuclea r 

ProJects No . land 4 . 

The Straiyht Creek fault zone study presents maps and 

a detailed examination of Quaternary faulting along 

t he Mesozoic Straiyht Cree k fault zone in th e northern 

Cascade s, Washington . 

492 . Woodwaru- Clyde Consultan ts (San Francisco) , 197 8b , 

Evalua tion of residual ris k for ea rthquake risk 

manageme nt and mi tiyation oy fJUl:Jlic ana ,?i::-ivate 

o r yaniza t ions : Resea rch p r Ol:JOSal submitted t o the 

Na tional Scienc e Founda tion , Divis ion of Problem­

Focused Res earch A;:,91 ications . 

This report co1 tains a proyi::-arn p ropo sal fo r 

ueve lopmen t and ve i::- if ica t ion of methodology fo r the 

evaluatio n of resi cu al risks from ear t hquakes . 

493 . Woodward - Clyde 

Cultu rall y 

Co ns ulta nts ( San Francisc o) , 

imr-,ortant areas 

Woodwara - Clycie 

WPPSS , JD- lC. 

Con sul tan ts 

compo s ite da ta 

woi::-kiny proJect 

1978c , 

map : 

file , 

Th is map shows locations and boundaries or cultu r ally 

i mportant areas of the Pacific Northwest, including 

wild and scenic ri v e rs, wilderness areas, J? r im i t i ve 

areas , and scenic a r eas . 

494. Woodward-Clyde Cons ulta nts (San Francisco ) , 1978d, 

Earth4uak8 epicenter plot map of the Columbia Plateau 

area. 
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488. Wooaward-Clyde Consultants (San Francisco), 1977c, 187 2 

earthquake studies: Microearthquake Study: 

Washington Public Power Supply System Nuclea r Projects 

1 and 4. 

The microearthquake study presents the results 

obtained from a microseismic network in Washington. 

An evaluation of the data is included. 

489. Woodward-Clyde Consultants (San Francisco), 1977d, Review 

of the North Ca scade earthquake of 14 December 1872: 

Wa shington Public Power Supply System, Ammendment 23, 

WPPSS Nuclear ProJects land 4, Appendix 2RB. 

This re port discusses results of efforts to locate the 

epice ntral region of the 1872 earthquake based on felt 

reports. The obJ ec ti ve 1s to discuss factors which 

cri tically affect evaluation of the felt reports 1n 

terms of location of the epicenter, magnitude, and 

focal depth, and comparison of data to modern values 

of these parameters. 

490. Woodward-Clyde Consultants (San Francisco ) , 1977e, Micro­

earthquake surve y and evaluation of stress orientation 

in central Washington. Washington Public Power Supply 

Sy stem, Amendment 23, WPPSS Nuclear Projects 1 and 4 

Appendix 2RL. 

This report presents the results of the evaluation of 

fault plane solution to determine principal tectonic 

stress axes of the Columbia Plateau. Microearthquake 

locations and network operations are also presented 

for networks from Ross Lake, Washington to Milton­

Freewater, Oregon. 
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491. Woodward -Clyde Consultants (San Francisco), 1978a, 1872 

earthquake studies: Straight Creek fault zone 

study: Washinyton Public Power Supply System Nuclear 

ProJects No. land 4. 

The Straiyht Creek fault zone stud y p r ese nts maps and 

a d etailed examinati on of Quaternary faul ting along 

the Meso zoic Straiyht Cree k fault zone in the northern 

Cascades , Washingto n. 

4 92 . Woodward- Clyde Consul t ants 

Evalua tion of resi dual 

( San Francisco) , 

risk fo r earthquake 

1978b, 

risk 

manag e ment an d mitiy ation by puL iic and 

organizations: Research pro l:Josal s ubmitte d 

National Science Foundation , Divis i on of 

Focused Re sea r ch Applications . 

p r ivat e 

to the 

Problem-

Th 1s report contains a p royram proposal for 

uevelopment and verification of met hodology £o r the 

evaluation of residual risks fr o m eart hquakes . 

4 9 3 . \Joodwar d - Clyde Co nsul t a n ts ( San 

Culturally important areas 

Fran c is co) , 

composite data 

wor k in y proJect Woodwara - Cl yde Co ns ultants 

WPPSS, 31J- lC . 

197 8c, 

ma p : 

£ ile, 

This map shows loca ti o ns and boundaries of cu l turally 

iml:Jortan t areas of the Pacific No rt hwe st, includ ing 

wild and scenic rivers, wilderness areas, J? rimitive 

areas, and scenic areas. 

494. Woodward-Clyde Consultants (San Francisco), 1978d, 

Earthquake epicenter plot map of the Columbia Plateau 

area. 
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This map shows historical earth4uake epicenters, both 

instrumentally recorded and located using Richter 

scale and non-instrumentally recorded earthquakes 

us1ny the Modified-Mercalli scale. 

495. Woodward-Clyde Consultants (San Francisco), 1978e, 

Annotated wild and scenic rivers under study data 

map: Woodward-Clyde Consultants working proJect file 

WPPSS, 3E-3a. 

Th is map shows locations of wild and scenic r 1 vers. 

The coverage is incomplete. 

496. Woodward-C lyde Consultants ( San Francisco), l978 f , 

Culturally important areas data and interpretive 

map(s): Woodward-C lyde Consultants workiny proJect 

file WPPSS, 3F-4, (l : 250,000 scale). 

These maps show locations and boundaries of state 

parks, state wild and scenic rivers, and federally 

desiynated culturally important areas (>5,000 acres) 

1n the Pacific Northwest. Coverage of the study area 

is incomplete. 

497. Woodward-Clyde Consul tan ts ( San Francisco), 1978g, 

Protected ecological areas data map ( s) : Woodward­

Clyde Consul tan ts working project file WP PSS, 3F-3, 

(1:250,000 scale). 

These maps show locations and boundaries of national 

and state wildlife refuges and w ildl if e recreation 

areas. Coverage 1s incomplete and graphically 

schematic for some areas. 
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498. Woodward-Clyde Consultants (San Francisco), 1978h, 

Project quality assurance manual: Repository site 

selection study: Prepared for 

Operations, Richland, Washington. 

Rockwell Hanford 

This document describes the proJect quality assurance 

program, including proJect organization, audit 

procedures, project documentation, and control and 

firOJect procedures. 

499. Woodward-Clyde Consultants ( San Francisco), 1979, Siting 

study technical report: Candidate sites for coal­

f ired i:,ower plants: Prepared for Washington Public 

Power Supply System, Richland, Washington. 

The subJects of this study are yeology, hydrology, 

topoyraphy, demograph y , land use, ecologically 

imf:)ortan t areas, culturally important areas, air 

quality, and potentially hazardous areas. This report 

presents the investigative approach and findings of a 

study conducted to identify candidate sites for coal­

f ired power p lants 1n the Pacific Northwest. The 

report describes the methodology used in the screening 

process, and graphical l y portrays the results of 

applying various criteria to the study area. Specific 

aata are not included. 

SOU. Yates, R.G., Becraft, G.E., Campbell, A.B., and Pearson, 

R.C., 1966, Tectonic framework of northeastern 

Washington, northern Idaho, and northwestern 

Montana: Canadian Ins ti tu te of Mining & Metallurgy 

Special, v. 8. 

Rock types and provinces north of the Columbia Plateau 

are described. Several small-scale geologic maps are 

included. 
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This map shows historical earthyuake epicenters, both 

instrumentally recorded and located using Richter 

scale and non-instrumentally recorded earthquakes 

usiny the Modified-Mercalli scale. 

495. Woodward-Clyde Consultants 

Annotated wild and scenic 

(San Francisco), 1978e, 

rivers under study data 

map: Woodward-Clyde Consultants working proJect file 

WPPSS, 3E-3a. 

This map shows locations of wild and scenic ri v ers. 

The coverage is incomplete. 

496. Woodward-Clyde Consul tan ts ( San Francisco), 197 8f , 

Culturally important areas data and interpretiv e 

map ( s) : Woodward-Clyde Consul tan ts wor k iny proJ ec t 

file WPPSS, 3F-4, (1:250,000 scale). 

These maps show locations and boundaries of state 

parks, state wild and scenic rivers, ana federal ly 

desiynated culturally important areas (> 5,000 acres ) 

in the Pacific Northwest. 

is incomplete. 

497. Woodward-Clyde Consultants 

Coverage of the study area 

(San Francisco), 19 7 8g, 

Protected ecological areas data map ( s) : Woodward­

Clyde Consul tan ts working project file WP PSS, 3 F-3, 

(l:250,000 scale). 

These maps show locations and boundaries of national 

and state wildlife refuges and wildlife recreation 

areas. Coverage is incomplete and graphically 

schematic for some areas. 
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498. Woodward-Clyde Consultants (San Francisco), 1978h, 

Project quality assurance manual: Repository site 

selection study: Prepared for Rockwell Hanford 

Operations, Richland, Washington. 

This document describes the project quality assurance 

program, including project organization, audit 

procedures, project documentation, and control and 

F?rOJect procedures. 

499. Woodward-Clyde Consultants (San Francisco), 1979, Siting 

study technical report: Candidate sites for coal­

f ired f?Ower plants: Prepared for Washington Public 

Power Supply System, Richland, Washington. 

Tne subjects of this study are yeology, hydrology, 

topoyraphy, demography, land use, 

i r.1portant areas, culturally important 

4uality , and potentially hazardous areas. 

ecologically 

areas, air 

This report 

presents the investigative approach and findings of a 

study conducted to identify candidate sites for coal­

fire d power plants in the Pacific Northwest. The 

report describes the methodology used in the screening 

process, and graphically portrays the results of 

app ly ing various criteria to the study area. Specific 

aata are not included. 

SOU. Yates, R.G., Becraft, G.E., Campbell, A.B., and Pearson, 

R.C., 1966, Tectonic framework of northeastern 

Was h ington, northern Idaho, and northwestern 

Mon tan a: Canadian Institute of Mining & Metallurgy 

Special, v. 8. 

Rock types and provinces north of the Columbia Plateau 

are described. Several small-scale geologic maps are 

included. 
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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 ref er to the 

numerical listing of the annotated references in Appendix A. 

Thus, by referring to those numbered references under a 

particular key word of interest 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 the site identification study and, in general, reflect the 

d ata needs, concerns, and consideration s of the study. 

Dibli 00raphies 

1r. 1 8 8 1 101 274 279 282 283 32.1 337 347 348 3 (; () 

502 

Colunbia Rive r basal t 

7 11 1:. lG 21 23 2E 28 29 3 () 31 33 34 35 36 39 

40 42 40 5n 51 53 55 56 '- () 6 () 61 67 60 G9 7 0 . · ., 

71 72 73 7 (, 7 8 79 ~5 l n 4 107 109 11() 1 11 11 2 113 

11 G 12(' 123 1 24 12~ 1 3 r, 132 135 139 140 141 14 2 

143 144 1:,2 153 155 15f 1 59 167 168 169 170 17 6 

177 178 179 l 8 O 182 183 l f3 4 1 8 5 l f:7 l 90 192 193 
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295 299 300 306 307 30 C 311 312 315 319 32 6 329 
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Age-c'la ting 

7'.1 187 333 451 477 

"' 
Flow direction 

\ 

56 470 

flm, rates 

15 3 (' r. 330 

Ccoche~istr~, 

20 49 71 124 140 155 2..., ') ,_~ 275 276 299 319 47] 

Petroc_1rarhy 

140 153 155 1S6 190 7. 22 7. 9 9 327 330 473 

Petrolo<Jy 

1 r. :'. 2C7 2 7 G 319 4G9 
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Sourr.c,, 

sr. 123 129 2C7 2G3 3CB 329 330 331 

S tr at i0r ar,hy 
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Innaha Dasalt 
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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 of interest and then referring to Appendix 

A, one can locate the significant literature pertinent to the 

key word and al so a summary of the article. The key words 

listed were developed from the literature screening forms used 

in the site identification study and, in general, reflect the 

data needs, concerns, and considerations of the study. 

Diblioqrapr:ies 

lC 1 8 81 lC: l 274 279 282 283 32.1 337 347 34C 3GO 

5n 2 

Colunbia Iziver basal+-. 

7 11 l c: l G 21 23 2E 28 29 J() 31 33 34 35 36 39 _, 

40 42 49 5n 51 SJ 55 5G 59 GO 61 6 7 68 G9 70 

71 72 73 7 (, 78 7 CJ 95 104 1 C' 7 109 11 O 111 112 113 

11 (: l 2C' 1 ') " ,{. .) 124 12~ 1 3 r, 132 135 139 140 141 142 

143 144 l :,2 153 155 15G 159 16 7 168 169 170 176 

177 1 78 179 180 182 183 Hl4 18S 187 190 192 193 

197 198 199 201 207 212 222 225 229 236 237 238 

239 241 248 261 263 269 271 275 27G 277 284 291 

295 299 300 306 307 308 311 312 315 319 3 26 329 

330 331 333 334 336 339 340 343 442 446 447 4 4 8 

450 4:il 453 461 462 4 (, 9 470 471 473 474 477 4 7 P. 

B- 1 



Age-0ating 

7~ 187 333 451 477 

I'-. Flow direction 
."\ 

56 470 

Flm, rates 

15 308 330 

Ccocher.i is tr~' 

2~ 49 71 124 140. 155 2 ") ') 
L- ~ 275 276 299 319 473 

Pctroc_1raphy 

1'10 153 155 1S6 190 2 22 2 9 9 327 330 473 

Pe trolosy 

18: 2C7 27(, 319 4C9 

Re<J ional correlation 

7 28 33 42 71 79 104 143 1 7(, 183 187 192 207 

311 312 31S 333 474 

Sourr.c,. 

5(, 123 129 207 2G3 30B 329 330 331 

S trot ic:-rr nr,hy 

lG 21 30 31 3(; 50 67 68 (,0 71 72 73 76 112 

124 141 142 143 l 5f> 183 187 193 197 201 222 

263 2 7 :i 284 307 333 447 462 471 473 

Innaha Dasalt 

42 71 153 155 276 

Picture Cor<Je r.asalt 
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Crancle P.onclc Dasalt 

28 30 31 42 6 fl 71 

15(, 159 l fl 3 192 197 

Wanc1pun Dasalt 

34 36 42 53 104 109 

327 329 331 447 453 

Saclole nountains nasalt 

34 53 55 61 170 209 

Latah rornation 

42 135 140 24 r, 

r.llensburg rornation 

23 31 34 55 5G 1 r. 4 

Structural features 

72 177 3G7 3 t. 3 

Ah t,rnul7\ P.id<Je 

2 r. 4 

Cle r.1 ur.1- vTal l ul cl Linec1·nent 

1G9 178 170 18 r 

Dalles-Cnatilla Syncline 

'.:] E 

4G2 

Olynpic-vlc1llm 1a Linear.1ent 

60 ~s 26~ 31s 339 

C!'i1tanurn Ricige 

so 109 343 

Ya}:ina Rid<JCS 

30 179 
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27G 2~1 327 

110 113 15S 170 197 

331 447 
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Structure 

lG 21 2 f, 3(' 31 42 51 71 76 111 112 l.l 3 132 

139 140 14 2 143 154 168 169 177 178 183 201 

225 237 238 239 241 271 275 277 284 291 JOG 

307 327 334 33G 343 450 4Gl 4 7 r, 

nasins 

Gl 71 78 95 120 154 19P. 229 261 340 

raults 

31 35 39 40 Ei 0 10~ 110 111 112 132 177 

178 179 201 3 (' (. 307 3 3 6 34 3 450 

Fol els 

31 5(' 50 60 100 11 r. 177 17e 18'.": 2 ..,.., 
I I JrG 

JG7 33G 34 3 4SO 

Fr ac:t ur e zones 

139 l ~ r. 199 

In trabc1sal t structures 

152 1S9 184 192 212 295 4 7 () 

Lincanents 

7G 112 132 179 l 9fl 

r.ate of folcJ ing 

180 Jar 

Recent faultinCJ 
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Viscosity 
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Grancle Eonclc Dasalt 

28 30 31 42 68 

15 (, 159 103 192 

Wan2.pun Dasalt 

34 JG 42 53 10.4 

327 329 331 447 
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34 53 55 61 170 

Latah rornation 

42 135 140 24!; 
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307 327 334 33G 343 450 4Gl 4 7 r, 

Dasins 

Gl 71 78 95 120 154 19P. 229 261 340 

raults 

31 3'.:i 39 40 6 (' 109 110 111 112 132 177 

178 17() 201 3 (' (, 307 33 r; 34 3 450 

Folds 

31 5 (' 50 f; 0 100 11r. 177 17£: 1 8 :i 277 30G 

JG7 336 343 4SO 

Fracture zones 

139 l~O 199 

Intrabasalt structures 

152 159 184 192 212 295 470 

Lincancnts 

7G 112 132 179 1911 

r.atc of folding 

180 ]Or 

ncccnt faultin9 

35 37 39 167 34 :, 44G 

Viscosity 

308 
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Econor1 ic geology 

27 82 93 lGl 162 215 216 217 280 30C 382 434 435 

458 

Geologic haz ards 

24 S7 63 136 302 305 426 491 494 495 

Car t hq ua}:e s 
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Flcociing 

63 302 383 

\
1olcat'1 ic 
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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 Site. It includes primarily data maps, compiled data 

maps, and screening overlays developed to date for the 

screening process in the Pasco Basin and Hanford Site. 

4310 Geology 

4311 

4313 

Structure - compiled notes 

4311.1 Structure overlays of regional 

1:500,000-scale map 

4311.5 Structure overlay of Hanford, 

1:62,500-scale map 

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 

4313.4 

4313.5 

Subsurface data overlay of regional 

1:500,000-scale map 

4313.3.1 Hanford deep well logs, 

compiled notes 

Quaternary stratigraphy, compiled 

notes 

4313.4.1 

4313.4.2 

Regional Quaternary 

stratigraphy overlay 

1:500,000 scale 

Hanford Quaternary 

stratigraphy 1:62,500-

scale overlay 

Surficial deposit thickness, compiled 

notes 

4313.5.1 

C-1 

Regional surficial deposit 

thickness 1:500,000-scale 

overlay 



4340 

5510 

4316 

4313.6 

4313.7 

Total basalt thickness, regional 

1:600,000-scale overlay and compiled 

notes 

Cross sections 1:250,000-scale and 

compiled notes 

Geologic history - tectonics, pre-mid Miocene, 

Columbia Plateau region set of overlays at 

1:1,000,000-scale and compiled notes 

Environment 
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4341.1 Population data map, regional 1:500,000-

scale 
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scale 
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1,62,500-scale overlay 
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1:500,000-scale overlay 

Hanford area 1:250,000-scale base map and compiled notes 

for selection of candidate areas 

5510.l 

5510.2 

5510.3 

5510.4 

5510.5 

5510.6 

5510.9 

Generation of new faults and fault 

rupture screen 

Terrain ruggedness screen 

Transportation screen 

Aircraft impact screen 

Operational radiation release screen 

Protected ecological areas screen 

Ground motion screen; compilation of 

candidate area screens 
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Quaternary stratigraphy, comp iled 

notes 

4313.4.1 

4313.4.2 

Regional Quaternary 

stratigraphy overlay 

1:500,000 scale 

Hanford Quaternary 

stratigraphy 1:62,500-

scale overlay 

Surficial deposit thickness, compiled 

notes 

4313.5.1 

C-1 

Regional surficial deposit 

thickness 1:500,000-scale 

overlay 



4340 

5510 

4316 

4313.6 

4313.7 

Total basalt thickness, regional 

1:600,000-scale overlay and compiled 

notes 

Cross sections 1:250,000-scale and 

compiled notes 

Geologic history - tectonics, pre-mid Miocene, 

Columbia Plateau region set of overlays at 

1:1,000,000-scale and compiled notes 

Environment 

4341 

4342 

Demography and airports - compiled notes 

4341.1 Population data map, regional 1:500,000-

scale 

4341. 2 

4341. 3 

Population data overlay, Hanford 

1:62,500 scale 

Airports data map, regional 1:500,000 

scale 

Biology/ ecology - compiled notes 

4342.1 Protected ecological areas, regional 

1:500,000-scale overlay 

4342.2 

4342.3 

Protected ecological areas, . Hanford 

1,62,500-scale overlay 

Culturally important areas, regional 

1:500,000-scale overlay 

Hanford area 1:250,000-scale base map and compiled notes 

for selection of candidate areas 

5510.1 

5510.2 

5510.3 

5510.4 

5510.5 

5510.6 

5510.9 

Generation of new faults and fault 

rupture screen 

Terrain ruggedness screen 

Transportation screen 

Aircraft impact screen 

Operational radiation release screen 

Protected ecological areas screen 

Ground motion screen; compilation of 

candidate area screens 
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5520 Hanford area 1:62,500-scale maps and compiled notes for 

screening of subareas 

5520.1 Priest Rapids 15' quadrangle 

5520.1.1 Flooding 

5520.2 

5520.3 

5520.4 

5520.5 

5520.6 

5520.1.2 Terrain 

5520.1.3 Erosion/denudation 

5520.1.4 Fault rupture 

5520.1.9 Compilation of subarea screens 

Coyote Rapids 15' 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 

Hanford 15' quadrangle 

5520.3.1 Landslides 

5520.3.2 

5520.3.3 

5520.3.4 

5520.3.5 

Flooding 

Terrain ruggedness 

Erosion/ denudation 

Fault rupture 

5520.3.9 Compilation of subarea screens 

Mesa 15' quadrangle 

5520.4.1 Terrain ruggedness 

5520.4.2 Erosion/ denudation 

5520.4.9 Compilation of subarea screens 

Corral Canyon 15' quadrangle 

5520.5.9 Compilation of subarea screens 

(on same sheet as base) 

Richland 15' quadrangle 

5520.6.1 Hazardous facilities 

5520.6.2 Flooding 

5520.6.3 

5520.6.4 

5520.6.5 

5520.6.9 

C-3 

Terrain ruggedness 

Erosion/denudation 

Induced seismicity 

Compilation of subarea screens 



5530 

5520.7 Eltopia 15' quadrangle 

5520.7.1 

5520.7.2 

5520.7.3 

Terrain ruggedness 

Erosion/denudation 

Induced seismicity 

5520.7.9 Compilation of subarea screens 

Hanford Site locality and candidate site identification 

5530.1 Overlays of topographic base map 

(1:62,500 scale) showing site localities 

on Hanford 

5530.2 

5530.3 

5530.4 

Notes, forms, files, etc. used in 

selection of site localities 

Notes on ranges of conditions at site 

localities 

Overlays and cross sections depicting 

ranges of conditions at site localities 
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5520 Hanford area 1:62,500-scale maps and compiled notes f or 

screening of subareas 

5520.1 

5520.2 

5520.3 

5520.4 

5520.5 

5520.6 

Priest Rapids 15' quadrangle 

5520.1.1 

5520.1.2 

5520.1.3 

5520.1.4 

Flooding 

Terrain 

Erosion/denudation 

Fault rupture 

5520.1.9 Compilation of subarea screens 

Coyote Rapids 15' quadrangle 

5520.2.1 Hazardous facilities 

5520.2.2 Flooding 

Terrain r uggedness 

Fault rupture 

5520.2.3 

5520.2.4 

5520.2.9 Compilation of subarea screens 

Hanford 15' quadrangle 

Landslides 

Flooding 

Terrain ruggedness 

Erosion/ denudation 

Fault rupture 

5520.3.1 

5520.3.2 

5520.3.3 

5520.3.4 

5520.3.5 

5520.3.9 Compilation of subarea scre ens 

Mesa 15' quadrangle 

5520.4.1 

5520.4.2 

Terrain ruggedness 

Erosion/ denudation 

5520.4.9 Compilation of subarea screens 

Corral Canyon 15' quadrangle 

5520.5.9 Compilation of subarea screens 

(on same sheet as base) 

Richland 15' quadrangle 

5520.6.1 Hazardous facilities 

5520.6.2 Flooding 

5520.6.3 Terrain ruggedness 

5520.6.4 Erosion/denudation 

5520.6.5 Induced seismicity 

5520.6.9 Compilation of subarea screens 
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5530 

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 

Hanford Site locality and candidate site identification 

5530.l Overlays of topographic base map 

(1:62,500 scale) showing site localities 

5530.2 

5530.3 

5530.4 

on Hanford 

Notes, forms, files, etc. used in 

selection of site localities 

Notes on ranges of conditions at site 

localities 

Overlays and cross sections depicting 

ranges of conditions at site localities 
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APPENDIX D 

SUPPLEMENTAL STUDIES 

Supplemental studies for developing inf orrna ti on needed for 

the various tasks of the site locality identification study 

were undertaken when the existing available literature lacked 

the necessary specific data. These studies generally involved 

a review of the existing literature to extract the needed 

data. They also involved the development of assumptions and 

subs eq ue n t data analyses to reach conclusions to provide the 

speci f ic information needed for use in the siting study. The 

f ollowing two examples of such special stud ies deal with an 

evaluation of operational radiation releases from a repository 

an d a preliminary evaluation of earthquake g roun d motion in 

the subsurface. 

D.l £VALUATION OF OPErt.ATIONAL RADIA~ION RELEASES 

Safety -related radiological studies figure p rominently in the 

lice nsing of all nuclear facilities. Accordingly, 

radiological considerat io ns typical ly appear in methodologies 

for 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-leve l radioactive wastes in 

basalt, 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 a 

candidate repository site. 
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D.1.1 Structuring the Problem 

The objective 

guideline for 

human exposure 

repository. 

of the radiological study was to 

site identification that considered 

develop a 

potential 

to operational releases of 

A comparable and analogous 

radiation from a 

model for such 

guidelines is available from nuclear power plant 

identification studies. In these studies, a minimum distance 

from population concentrations 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 U.S. 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. Because these features are the same for reactors, 

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: 

• Estimate the maximum annual emissions expected from a 

repository during its operating phase 
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• Based on ca lcu lated diffusion o f expected em i ss i ons, 

estimate t he distance from a 

radionucl i de concentrations 

established standards, both 

radiation and population dose 

• Compare these results with 

repository a t whi ch 

woul d fall withi n 

for environmenta l 

NRC guidelines fo r 

population d i stribution around reactors (generally , a 

low popula tio n zone of about a 3-mile rad i us is 

accep t a bl e ) 

• Select a conserva tiv e population setb ack di stan c e for 

us e in scre e ning . 

The g r e a te s t unc er t a i~ ty i n t hi s appr o ach o ccurs in th e firs t 

st ep ; esti mat i ng the opera t ional releases at a repos itory 

site . At t he t ime t :--1i s evaluati o n was i nitia ted , th e si ze of 

the repository (i ts radi oact ive inventory) , and th e en g i nee ring 

characteristi c s o f th e repository were large ly unknown; in 

ad d ition, a s pen t fue l re processing f acil i t y is no t c on s ider e d 

i n the site i d entificati on stud y . 

The estimate of t h e e missions from a repository was based on 

assumptions regardi ng spent fuel pin and was te ca n ister 

l eak age rates a pplied t o a total canist e r invento r y e st i ma t e 

b as e d on Rock we 11 Hanfo r d Op erati o ns I preco ncep t ua l d e si gn 

ad justed fo r thermal loading c o ns ider ations. The 

logic of this approach is shown sc h ematically in Figure D- 1 . 

The method of comp u t i ng the radioacti ve inventory of t he 

repository was adapted conservatively f rom Gener ic 

Environmental Statement - Mixed Oxide (GESMO) (USNRC, 1976d ) 

and USERDA (1976b ) . The estimate of radionuclide emissions 

from a reprocessing plant was taken from the environmental 

statement prepared for the Barnwell Reprocessing Plant in 

South Carolina ( USAEC, 19 7 4d). The analysis 

D-3 



'· 

' TOTAL RADIOACTIVE PERCENT OF 
INVENTORY OF TOTAL REPOSITORY 
REPOSITORY 
curies/yaar 

I 

INVENTORY ASSUMED 
TO LEAK 

l 

QUANTITY OF RADIOACTIVITY 
ASSUMED TO LEAK IN 
MAXIMUM YEAR 

I 
' ' ' 

' 
QUANTI T Y OF RADIOACTIVITY 
RELEASED TO ATMOSPHERE 

DISPERSION 
ASSUMPTIONS 

CONCENTRATIONS OF 
RADIOACTIVE RELEASES 
AT DISTANCE= x, .... Xn 

SETBACK DISTANCE 
IN MILES 

FIGURE D-1 

~ 

-

~ 

PERCENT OF SPENT 
FUEL PINS LEAKING 

PERCENT OF RADIOACTIVE 
LEAKING INVENTORY 

FROM EACH 

PERCENT 0 
CANISTERS 

PIN 

F SPENT FUEL 
LEAKING 

ASSUMED FIL TEA OR 
TRAP EFFICIENCY 

FEDERAL RADIATION 
CONCENTRA Tl ON 
STANDARDS 

APPROACH TO EVALUATION OF OPERATIONAL 
RADIATION RELEASE FROM A REPOSITORY 

D-4 



focused mainly on two gaseous radionuclides, 
85 3 

Kr and H-, 
129 131 . 

iodine ( I and I ) was also considered. 

D.1.2 Results 

Estimates of maximum annual release of radioactive e ff luents 

from a repository , a reprocessing plant, and a l,UOO - megawatt 

electric power reactor are presented in Table D-1. The 
8 5 3 

significant releases concern Kr and H. The expected 

releases of these rad i onu cli des are two to three orders of 

magnitude greater for a repository than for a reactor. 

Dispersion calcu lations incorporating these values were 

performed for various dispe rsi on scenarios, so lving for the 

amount of release that would be necessary to yield the maximum 

permissible concentratio ns ( MPC ' s ) allowed by Eederal 

regula tions. 

Tabl e D-2. 

The r esults of these calculations are shown in 

Under all dispersion scenarios examined, the expected release 

be insufficient to yield from the repository would 

concentrations 

mile ( l km) 

in excess of 

from the point 

population setback around 

distance typically used in 

the MPC' s at 

of release. 

a dista nc e 

If a 3 - mile 

of O. 6 

( 5 - km) 

a repository we re applied 

reactor siting ) , the a mount 

( a 

of 

radionuclides released woul d h ave to increase by several 

orders of magnitude before radi onucl ide concentrations at the 

site boundary could exceed the standards. There fo re, a 3-rni le 

(5-km) setback is a conservative guideline fo r use in 

screening. 

Table D-3 

estimate 

contains assumptions and 

releases from a repository. 

used to calculations 

Table D-4 presents 

( 
8 5

Kr and 3 H) estimates of the inventory of two radionuclides 

during 25 years of repository operation. Table D-5 presents 

decay factors used in computing radi oact i vi ty in the 
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TABLE D-1 

ANNUAL RELEA SE OF SIGNIFICANT RAD IO NU CLI DES IN GASEOUS EFFLUENTS 

CURIES/YE AR 

Nuclide 1 2 000 MWe Re actor 

3H 43 - 1100 

a Re positoryb 

1. 3 X 10 4 

Surface Facilitiesc 

Ne g lig ible 

Reprocessing Plantd 

7 X 10 5 

14c 

esKr 

e 7Kr 

aaKr 

33Xe 

3 5 mxe 

3sxe 

3eXe 

2 9 I 

31I 

33I 

8 - 9.5 

290 470 

3 - 200 

23 - 240 

3200 - 12000 

1 - 740 

86 1100 

1 - 1400 

0.03 - 0.3 

0.02 - 1.1 

5 X 10 4 = 1.4 X 10 5 Ne g ligible 

1360e 

1.4 X 10 7 

0.05 

0.5 

,- . 

a) U.S. Nuclear Regulatory Commissi on, "Final Gen e ri c Environme ntal Statement on the Use of Recycle 
Plutonium in Mixed Oxide Fuel in Light Water Cooled Re actors (GESMO)", NUREG-002, 1976. Tables 
IV C-17 & IV C-19. 

b) Woodward-Clyde Estim~tes, conservatively based on GE SMO; ERDA-76-43. 
c) GESMO, TABLE IV H-14. 
d) U.S. Atomic Energy Commission, "Environmental Statement Related to Construction and Operation 

of Barnwell Nuclear Fuel Plant," Docke t No. 50-33 2 , 1974. 
e) GESMO, TABLE IV E-8. 



TABLE D- 2 

10 CFR 20 MAXIMUM PERMI SSIBLE CONCENTRATIONS 

µCi/ml 

Kras 3 X 10- 7 T 
1
/ 2 = 10 . 76y S- 0 . 67 µev y0.514 C0 .41 %) 

H3 2 X 10- 7 T l/ 2 = 12.26y S- 0 . 0185 µev y none 

If we take various x/Qls from Table IV JCA) - 2 of GESMO , we can calculate 
releases that will equal 10 CFR 20 MPC ' s . 

330 feet Cl00m ) from ground - level release C6 . 4E - 5 ) 1. 48 Xl0 5 ci / yr 

1000 feet C300m) II II 11 11 C 1. 4E-5 ) 6 . 75 Xl 0 5 ci/yr 

1600 feet C500m ) 11 rr II 11 C5.4E - 6) 1. 75 Xl0 6 ci/yr 

3300 feet Cl000m)* 11 rr II II C 1. 5E- 6) 6.30 Xl0 6 ci/yr 

3300 feet Cl000m)* 11 330 feet Cl00m ) stack C 1. 6E - 8) 5, 63 Xl0 8 ci/yr 

* This may be interpreted to say that a 0.6 - mile Cl - kilome ter) setback 
will bring all expected releases from a repository within the MPC 
levels expre ssed in 10 CFR 20 . A 3-~ile CS- kilometer ) se tback typi ­
cally appli~d t o power reactors is, therefore, a guideline to use in 
screening. 
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TABLE D- 3 

RADIOACTIVE RELEASE CALCULATIONS 

2010 Inventory X fl ' f2 f3 f4 f5 = 2010 Release 

fl - fuel pins leaking = . 1 

f2 - fra c tion of r adionuclide escaping cladding 

f3 - canisters leaking = . 1 

f4 - fraction of radionuclide escaping canister 

f5 - fraction of sealed boreholes leaking = . 1 

2010 Release ( a s K ) = 5 . 5 X 10 8 X . 1 X 5 :< 10- 1 

= 1. 4 X 10 5 Ci / yr 

2010 Release ( 3 H ) = 5.0 X 10 7 X . 1 X 0 . 5 X . 1 

= 1.3 X 10 4 Ci / yr 
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TABLE D- 4 

3H AND 
85

Kr I NVENTORIES I N A REPOSITORY 

Based on number of as semblies and activity per as s embly and 5- year 
delay to emp l acement . 

Time 
3H 85 

Kr 

Interval Ci Ci (as of 2010 ) Ci Ci (as of 2010) 

1985 * 3 . 76E 9 . 0E5 4. 3E7 8 .1E 6 
1986 8 . 3E5 2.1E5 9.5E6 2 . 0E6 

1987 9.4E5 2.5E5 l.1E7 2.5E6 
1988 l.1E6 3 . 3E5 l . 3E7 2 . 5E6 

1989 1. 3E6 4 . 1E5 l.5E7 3 . 9E6 
1990 1. 5E6 4 . 7E5 1. 7E7 4 . 7E6 

1991 1. 6E6 5 . 6E5 l.9E7 5 . 5E6 

1992 1. 8E6 6 . 5E5 2 . 1E7 6 . 5E6 

1993 2 . E6 7 . 5E5 2 . 3E7 7 . 6E6 

1994 2 . 2E6 8 . 6E5 2 . 5E7 9 . 0E6 

1995 2 . 3E6 l . OE6 2 . 7E7 l. OE7 

1996 2 . 5E6 1.1E6 2 . 9E7 l . 2E7 

1997 2.7E6 l .3E 6 3 . 1E7 l.3E7 

1998 2 . 9E6 l.5E6 3 . 3E7 l.5E7 

1999 3. 1E6 1. 7E6 3 . 6E7 l . 7E7 
2000 3 . 3E6 l.9E6 3 . 8E7 2 . 0E7 
2001 3 . 6E6 2.2E6 4 . 2E7 2.3E7 
2002 2 . 9E6 2 . 5E6 4 . 5E7 2. 7E7 

2003 4 . 2E6 2 . 8E6 4 . 8E7 3 .1E7 
2004 4 . 4E6 3 . 1E6 5 . 1£7 3 . 5E7 

2005 4. 7E6 3 . 5E6 5 . 4E7 3 . 9E7 
2006 4.7E6 3 . 8E6 5.4E7 4 . 2£7 

2007 4 . 7E6 3 . 9E6 5 . 4E7 4 . 5E7 
2008 4. 7E6 4.2E6 5.4E7 4 . 8E7 

200 9 4.7E 6 4 . 5E6 S. 4E7 5 . 1E7 

2010 ** 5.9E6 5 . 9E6 6 . 8E7 6 . 8E7 

TOTAL-5. 0E7 TOTAL- 5 . 5E8 

* 1980 i n Tab l e 2 . 3 ERD A- 76- 43 (2010 - no leaks ) ( 2010 - no leaks) 

** 2005 i n Table 2 . 3 ERDA- 7 6- 4 3 

Note: 3.7E6 = 3.7 X 10 6 
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TABLE D-5 

DECAY FACTORS USED IN CALCULATING RADIONUCLIDE INVENTORIES 

Years From Decay Factor
85 Emplacement 3H Kr 

25 .24 .20 
24 .26 .21 
23 .27 .23 
22 .29 .24 
21 .31 .26 
20 .32 .28 
19 .3 4 .29 
18 .36 .31 
17 .38 ,33 
16 .40 .36 
15 .4 3 .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 
r 

.75 .72 J 

4 .80 .77 
3 .84 .83 
2 .89 .88 
1 ,95 .94 
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repository over time. Table D-6 presents the results of a 

check using dose calculat ions. This check was performed to 

verify that maximum releases from a repository would not 

exceed federal standards for whole body dose to 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 three miles 

(five kilometers) was selected for use as a screening 

guideline in the repository site identification study. This 

v alue is conse r vative in te rms of expected releases, and 1n 

terms of applicable federal standards. 

D. 2 LITERATURE SURVEY AND PRELIMINARY EVALUATION OF GROUND 

MOTION IN THE SUBSURFACE 

D.2.1 Purpose 

A literature search was perf armed in order to determine the 

available data from which to make a preliminary evaluation of 

the effects 

fa cilities. 

of vibratory ground motion 

This evaluation complemented 

on underground 
development of 

ground motion guidelines which were used in the screening 

process. The evaluation was based on the cons i dera ti on of 

published literature in geology, 

engineering, and seismology. 

D.2.2 Sources of Data 

rock me ch ani cs, mining, 

A preliminary survey of available in-house references was done 

~3 well as utilization of the GEOREF computer access technical 
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TABLE D-6 

PRELIMINARY DOSE CALCULATION FOR 85Kr FOR IMMERSION 

GESMO IV J (A-9) 

D =RX X/Q X DC 

D = Dosage 

Ds = Dose to skin 

DWB = Dose to whole body from immersion 

R = Release rate, Ci/sec 

X/Q = Atmospheric dispersion factor, sec/ m3 

DC = Dose conversion factor, R/ Ci + sec / rn 3 

l yr Ci 

yr 
X 

3.15 X 10 7 X 1.5 X 10- 6 
sec 

sec 
X 4.3 X 

m3 

R-m 3 

10- 2 --­
Ci-sec 

= 2.9 x 10-lO R/sec = 2.9 x 10- 7 mR/sec x 3.15 x 

10 7 sec/yr= 9.1 mR/yr 

R-m 3 

Ci-sec 

10-6 sec= 0.1 mR/yr 
m3 

X l. 4 X 105 
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Ci 

yr 

mR 
X 10 3 

R 

X 1.5 X 



10 CFR 10 MPC 

3 x 10- 7 µCi / ml= 3 x 10- 7 Ci/m3 

R-m 3 

0
5 

= 4.3 X 10- 2 
Ci-sec 

mR 
10 3 X 3.15 X 10 7 sec 

yr R 

R-m 3 

Ci-sec 

sec 
= 4.8 mP / yr 

X 3 X 10- 7 

= 410 mR/yr 

X 3 . 0 X 10 - 7 

~13 

ci 

Ci 

m3 

= 1.3 x 10- 8 R/ sec x 

mR 
x 3. 5 x lo-

R 



information service for relevant sources. A total of 

approximately 5 0 pertinent references was located, many of 

which were contained in a special report to the U.S. 

Department of Energy b y Pratt and Others, 1973, on earthquake 

damage to underground f aci li ti es. The references contained 

herein inc 1 ude secondary as well as primary references and 

are annotated in the project bibliography. The primary 

references wi 11 be dis cussed in the results and cone lusi ons 

section. 

D.2.3 Res ults and Conclusions 

Th e most r e cent work o n earthquake damage to underground 

facilities has consisted primarily of data compilations from 

wor ld-w id e studies on mine and tunnel damage due to 

earthquakes. Based on t h is preliminary literature survey, it 

was f ound t h at very litt l e is presently being done by way of 

instrumentation of underground facilities for the express 

purp ose 

sei smic 

o f using rec6rded earthquake motion 

design specifications and criteria. 

for de veloping 

The application 

of acoustic emission and microseismic recording techniques to 

un dergr o un d workings such as rock and coal mines and 

u nderg r ou nd gas storage f acilities is discussed in a review 

ar ti c l e by Har dy ( 197 7 ) . A few studies have examined the 

probl em o f th e recording and analysis of ground motions in 

mines fr om small earthquakes actually occurring in association 

wi th mi n i ng activities (Armstrong, 1969; Kaufman and Others, 

1978; 11cGarr , 1971; Smith a nd Others, 1974; McGarr and Wiebols 

1977 ) . These studies 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 vicinity 

can be i dentified. In particular, McGarr and Others, 1978, have 
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obtained peak accelerations of as much as 1.2g from mine 

tremors for even ts of local magnitudes -1 to 2. 6 and in the 

hypocentral distance range of 165 feet (50 meters) to 1 mile 

( 1. 6 kilometers). The recorded accelerograms typically have 

frequencies of several hundred hertz. 

One of the most complete surveys of available data draws 

heavily upon ground motions recorded during nuclear explosions 

(Pratt and Others, 1978). The principa l conclusions are given 

below: 

• Little data exist of damage in the subsurface due to 

earthquakes. Th is 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. 

• More damage is reported in shallow, near-surface 

tunnels than in deep mines. Data are sparse for mines 

deeper than 1,600 feet (500 meters ) . 

• In mines and tunnels, large displacements occur 

primarily along pre-existing faults and fractures or 

at the surface entrance to these f acilities. 

• Data indicate vertical s true tu res such as wells and 

shafts are also not as susceptible to damage as are 

surface facilities. Even in the Alaska earthquake of 

1964 (Ms = 8.5), few wells were damaged in Anchorage 

except those sheared by landslides. 

• Data were insufficient to assess the exact influence 

of rock type on damage; however, the effects are less 

in well-consolidated materials than in a 11 uv i um. 

Stevens (1977) has compiled data principally from the 
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United States and covering earthquakes occurring 

during pre-instrumental time. He suggests also that 

the severity of ground mot ion in a mine located in 

competent rock ii less than one located in less 

competent, weathered, or unconsolidated rock. Little 

data are available to strictly test this hypothesis. 

Geologic s true tures, such as faults, appear to be a 

dominant factor in damage to underground facilities. 

• Frequencies most likely to cause damage to subsurface 

facilities are significantly higher (50 to 100 hz) 

than the frequencies (2 to 10 hz) that cause damage to 

surface facil i ties. 

• Acceleration, velocity , and displacement data from 

nuclear explosions may give near-source upperbound 

limits for l arge earthquake ground motion when a 

facility is very near the epicenter. 

• More analysis is required before seismic criteria can 

be formulated for siting of nuclear waste 

repositories. 

One of t h e shortcomings of compar i ng eart hquake v ibratory 

ground motion with nuclear explosions of the same magnitudes 

is that there is a richness of longer period surface waves in 

earthquake ground motion (Pratt and Others, 1978 ) . In their work, 

Pratt and Others (1978) do not suggest how the empirical data from 

nuclear explosion measurements (surface and subsurface) may be 

scaled to simulate earthquake ground motions. They do 

suggest, however, that near-source ground motion in the 

subsurface from explosions may provide limits on ground motion 

to be expected to earthquakes. On the other hand, analytical 

techniques, such as Boore (1977) and Swanger and Boore (1978), 
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are available that handle surface-wave generation from nuclear 

explosions. Other mo re general, complicated, and 

computationally expensive techniques (Wiggins and Others , 

1978) are available which allow the inclusion of body waves, 

surface waves, and geologic layering in models to simulate 

earthquake ground motion at various distances and depths. 

Brekke and Glass (1973) have examined geologic and seismologic 

factors involved in siting nuclear power plants under ground. 

With respect to earthquake damage to underground f ac i 1 i ti es, 

they only considered empirical results from Japanese studies on 

mines and tunnels (Kanai and Others, 1959; 1966 ) . It was found 

that Brekke and Glass (1973) identified the need to have more 

analytical studies done that would provide insights as to the 

effects of cavity resonance, wave dispersion, frequency of 

incoming ground motion, and the response of single and 

multiple underground openings to seismic waves. 

Al though the data bases were different, and frequently there 

was no detailed information on subsurface geologic conditions, 

the references reviewed indicated that subsurface vibrator y 

~round motions were less at depth in tunnels, mines, and wells 

than at the surface. The principal damage in subsurface 

facilities was attributed to displa cement during earthquakes 

along faults that transected the facilities. 

Th is literature review has revealed an inadequate research 

base for the purpose of specifying seismic design criteria or 

for the assessment of seismic risk. 
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