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PREFACE

‘The siting requirements discussed in this document are a part of a much
Sroacer regulatory framework unger development for the disposal of high-level
radicactive wastes. In order to fully appreciate the siting requirements, and
the discussion of their deveiopment, some famiiiarity with the overall regulatory
“raimework is essential. This section briefly summarizes %hose aspects of the
cverall regulatory framework wnich bear on the develocment of the siting

raguirements.

g EPA Role

The Environmental Protection Agency (EPA) is resgonsible far develoging
in overall environmental standara for permissible radiation exsosures to the
;eneral sublic from radicactive wastes. The EPA is presently developing a
standarc sntitled: 40 CFR Part 191, Environmental Radiation Protection Standards

for Manage.ent and Disposal of Spent Nuclear Fuel, High-Level and Transuranic

Ragiocactive Wastes. The key aspects of the standard are as follows:

(1) The standard will establish general principles and projected long=

erm performance requirements.

(2) The standard will set forth the major performance objective in terms
of radioactive release limits and acceptable probabilities of re eases. The

stancdard basically defines an upper limit to acceptable risk.



(3) The standard requires a comprenensive perrormance assessment to cemon-
strate the performance objectives are achieved, i.e., an analysis of radionuclide
re'eases and their likelihood based on coenditions, events, and processes that nay

iffact the repository over the long term.

(4) A reasonabie expectation is required that release limits specified in

the standard for radionuc'ides will be satisfied cver a periaod of 10,000 years.

(%) The standard defines release limits in terms of rejeases to the
iccessibie anvironment. The accessible 2nvironment is cefined as tnose portions
of the environment directly in contact with or reaaily available for use by
human Seings. It includes the air, land surfice, survica waters, 0c2ians. ind
usabie sourcas of groundwater wnich ara more Shan ire 7ie from the geologic

repository.

(8) The standard reguires an assumotion that active human controls wil)

not persist for more than 100 years.

(7) Recognizing the uncertainty associated with assessing repository
cerformance over the long term, the standard requires: (3) the repository e
sited and constructed such that there are mulitipie barriers, both natural and
angineered, that will isolate and/or inhibit the movement of radicactive
nuclides, (b) the repesitory be sited tc aveid future acverse numan activities,
such as the exploration for resources at depth, which may effect the repository's
performance, and (~) the Nuclear Reguiatory Commission (NRC) to impiement the
standard in a way which reduces risks below the upper bound in the EPA standard

t0 the aextent reasonably achievable.
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The EPA standara is present.: in draft form and subject to change.*® The
NRC has peen working with the EPA, and the NRC siting requirements have ceen

developed cognizant of the developing EPA stanaard.

-
L

NRC Rcle

As noted above, the NRC is charged with assuring the EPA s.indard is
satisfied and with astablishing additionz] standards to protect the public.

The NRC is presently developing a regulatien for ragicactive waste disposal
antitled: 10 CFR Part 60, Disposal of High-ievel Radioactive wastas in Geologic
lepositories. The regulation at present is in two parts. The pracadural
pertion which ancompasses subpiarts A through 0 was published as 3 praposed

~ule for comment on Jecemper &, 1979 in the Faderal Register. The orocadural

sorzion dasically contains the agministrative and licensing orocadural require-
ments. With regard to the siting requirements, the important ejements of the
procadural rule are contained in subpart 8 - Licenses. This subpart sets

forth a multistep licensing process which includes site characzerization,
:enstruction autherization, issuanca of a license to receive wasta and geccm=
missioning. Contained in this subpart are general site information and licansing
requirements. The second part of the regulation contains technical and associated
requirements and ancompasses subparts £ througn [. This portion of the regulation
fs in araft and is expected to be published initially as an advanced notice %o

seex comment prior to being promuigated as a propcosed rule.

*The natarial summarized above is contained in the Jraft EPA Standard dated -
2/15/80.
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The key tachnical requirements in subpart £ are:

(1) The EPA standard is taken as the overall performance cbjective;

(2) A geologic repository is viewed as a system of multiple carriers, iana
performance objectives are stipulated for the major components which include:
the waste package, overal] repository cesign and the repository sita. Key
engineering long-term performance oojectives pearing on siting are: 3 resilent
~asie@ package capabie of lasting 3 thoirzand Jears or more under expectad
gorocesses and events; an overal! recository design capabla of severaly limiting
relaases after decommissioning under expected pracesses ang 2v2Nl3 anc <aeping

2pen a S0-year option to retrieve waste fuirlowing emplacement.
b

(3) DQetail technical requirements ars alsa included for siting; ces<gn,

construction, operation and decommmissicning; the waste Package; and montiaring.

Thus, the siting requirements were Jeveicped in context of the ZPA standara.
ing the procedural and other technical aspects of the developing NRC reguliatian.

Key aspects influencing the development of the siting requirements are:

(1) The overall performanca objective is meeting the EPA standard as an
uboer bound and to the extent achievable releases to the accessible anviraonment
shich are lower. The time span of significance is the next 10,000 vears.
“erformance will be assessed through the use of a comprenensive perfarmance
analysis. The uncertainties assocciated with such analysis require 3 zonservative

iand compensating approach.
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(2) The siting requirements must fit into a multistep licensing process

which will invelve avolving information and reanalyses.

(3) The sita performance objectives must be compiementary to the perfarmance
objectives on the lesign and waste package and must neip assure that uncartainties

ire compensated.

(#) Siting reguirements must provide information for design and must, along

«ith the site performance objectives, assure the EPA standard is satisfactorily

achieved.
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1.0 SUMMARY

1.1 Explanation

This document attampts to summar::: -ne many deliberations and judgments
iang the intent pehind the technical ascects of the siting opjectives and
requirements contained in the draft z3tac “arch 24, 1930, USNRC regulaticn,
10 CFR Part 60, Oisposal of High-Level Racioactive 'Wastes in Geolegic Repositories,
Suppart £. The effort here has been to r~eviaw ana 3ssess the tecnnical literature
NG to summarize in an integrated “isnicn the many technical aspects involved
in site exploration, investigation, avaluaticn, analyses and repository performance
is they Sear on the formulation 3F the siting requirements. [t should be
stressed that the siting requirements ane information lescribed reprasent only

a cart of ongoing deliberations.

Secause of the nature of =nis arffart, the author -akes full resoonsibility
for the information contained in this iocument and raiieves gthers and the
USNRC. The author in develcping %7 s documentation has strived for diligence;
however, suggestions or commenta~  “>r improvement or ne identification of

areas needing correction will be appreciated.

1.2 Summary of the Siting Reguirements

Appendix A contains the araft siting requirements which when finalized

w111 be used as the basis for findings at the different jeciogic repository

POGR CRIGINAL



iges. The sit2 of a geologic ~apcsitery and its environs are
=ritical to innibiting radionuclide migration i7 sastas are released fram ine
angineered ~aste isolation system. The site parameters associated with radic-
nuclice migration are numerous and difficult to measure. Siting

sonsiderations for 3 repository are complex, variabl2, and uncertain: nereover,
the stata-of-the-art in the many 2arth scienca fiaigs that are invel/ed is
quite Timited. Therefore, the siting criteria were developed in consiceration

>f the following:

An extensive level of siting investigaticns ind evaluations are needed to

reduce uncariainty T2 the point that licensing fin ings can 3. nade.

P8 As more cetai'ed site infarmation beccmes 3vaiiapie ‘n the course of

investigations ana tasting, it must Se usag 3 cneck lags getaf

2Qq, 1283

certain information on wnich earliar licensing findings may have seen
Daseq.
:.  Site evaluations often involve expert juagment. While latituce must e
aliowed for such judgment, specific criteria are neeced to issure 3

degree of conservatism that is appropriate given the nature of the hazard

and uncertainties involved.

4. 57ta avaluations snoula se performed with ampnasis on those processas ind
2vents wnich coula idversaly affact the long=term function of the repository.
in general, thosa svents ind nrocasses would most Tikely be getermined

througn fnvestigation of those processes that are now active or wers

.. POOR ORIgHAL
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At test, analytic mogeiling of sita relatad events and orocaesses i), ce
nighly uncertain. Therefsre, agverse natural congitions or numan activities
that are difficult to evaluate and add to the innerent level of uncertainty

ire best iavoided.

The site performance objectives and requirements are summarized dDelow:

§
(S

.1 Site Performance Chiectives

(1) The future stability of the site is of paramount importance. [t is
the cornerstone of the concept of geologic agisposal. Site stapility is the
nain thread of every guideiine on site suitapility. It is of paramount importanca
in terms of limiting releases. If it could be shcwn that the initial site
congitions along with the angineered alaments provide retaraaticn ana other
rcocertias that would keep releasas within acceptaple iimits, futura stapilicy
of the site provides the margin of confidenca that the repositery will indeed

perform 1s anticipated over the long term.

Past or present stability cannot guarantee future stapility nor can
stability in and of itself assure that releases will be within acceptable
limits. However, site stability is judged to be essential in providing

confidence in calculations of predicted reieases.

Stapility is relative. The regulation requires that the site's prasent
stapility will not significantly decrease over the long term given both natural
processas and the influences of the emplacad waste. In geciogy, pernaps, the

only thing that can be guaranteed is change. Some change to 3 site in the



future can be anticipatea. 0f importanca here i3 :tae rate ina magnituge of
cnanges 3as determined Dy examination of the past and the present in consigeration
of possible future influences, e.9., climatic change. In terms of the past

and present, the site snould be relativaly stable and nave been relatively

stacle in the recent geoclogic past. To shnow this requires that the, rate and
magnitude of processes acting in the ir23 arouna tne sita in the recent geoiogic

2ast are, on a relative basis with other areas, on the low 2nd of the scale.

(i1) The site ana its anvirons are the ultimate carrier to ragicnuclice

migration. As such, they must significant'y contribute %o retarding raaionuclide

s

migraticn. Regardless of host rock permeability ang depth, there is sufficiant
time far grounawater %o cenetrite ihe repository ang raturn diclogically

signiticant radionuciides %o tne accassibie anvironment, However, the jeochemical

3/5%em nNas the wajor imeact on *2tarding he ri3te

o

T rales

w

@ T0 the accassinia
anvironment. Therefsre, % i3 2ssentis’ that a1 site exhibit zeochemcial
sroperties that significant!y ratard r3dionuclide migration. Unfortunataiy,
the geochemical system is the least unaerstocd site compenent. Thus in orger
Lo have agequate confidence in release sregictions, the stner comoonents of
the site must provide a significant margin of safety. The rule requires that
the site be selected with properties that promote isolation of the waste and
that the present capacility of the site to isolate waste not decrease over the

long term.

(1i1) The thirg site serformance cbjective, in context of the twe above,

srcvides a coupling between the site and the engineered narriers. [t requires

POOR ORIGINAL



that the site supplement the angineerea alaments. 2articu ari; suring tne time

geriod when the fission praducts are presaent.

This objective requires a site be chosan with the ides of achiaving no
releases to the accessibla environment under expectad processes, assuming tne
angineered carriers may fai! during the first thousand vears. It inairectly,
out intentionally, sets a minimum radionuclide travel time 7ram the repository
Lo the iccassiole envirenment of 1,000 years. Perfarmanca studies indicate
Such a minimum travel time snould result in releases aporoaching oackground
raciation levels. Additionally, such a trave! time, coupled with the time it
vould take for repository resaturation ang delays orcught about Sv the
engineered barrier<, will provide a degree of conficence that curing the time

pericd wnen the hazara and complexities in issassment are greatast ralgasas

can be kept within acceptable limits.

1.2.2 General Requirements

[dentified in this :zection are basic arinciples and raquirements that
guide site selection, investigation ana avaluation. Unusua complexity in th
geologic, hydrologic, or geochemical charactaristics af the :ite could make it
impossible to determine whether the performance objectives can be met.
Therefore, the rule requires that sites se salectad that irs simpie 2nougn to

allew thorough investigation and evaluation of important characteristics.

An attempt has been made to provide guidance as to the scope of the site
investigations. The geographic area to be investigated must include the

geologic and hydrologic features and conditions as well 3s auman activities



that can affect performance of the gecisgic repesitory. In jeneral such
features, conditions, ang activities woulc e f3und #<%aia 3 gistanca of apeut

100 km from the site.

[t has been judgea that the mose stgnificant zerica for avaluating the
cerformance of the sita to ze the nost recent gec ogic zerica, the luatarmary
Period. Benavior of the site during this pericd, 3 pceriod extanding about
2 miliion sears into the past, shculd best exempiify the sita senavier that
might reascnably be expected during this period of time for wnich waste
fs0lation is required. As for the latter perice, tnis nas been taken %0 e a
period of idcut 10,000 vars. OQver 3 10.200C J2ar ceriod the bSiclogical dangers
“3 human health presentad oy the radicnuc!ides in spe-. :1 would be reduced
0 3Cout the same level as that prasantad 2v 2n 2guiva. nt are oogy. For

N
|

other nign=Tz.2] waste tnat period i3 Much snortar.

The regesitary will need to be designed, constructad, cperatad, decommise
sioned, and functional after decommissioning in consigerstion of a numper of
potentially disruptive natural processes and numan events. 3cme such
processaes ana/or events couid aven be induced Dy the 2mplacament of waste.

The rule regquires that investigations be conducted that properly assess these

various procasses and avents.

Some of the required investigations are innerently destructive tc some
deqree and could themselves adversely affact serformance of the repository.
Therefore the rule requires that the investigatery program be zonducted in a

way that minimizes adverse affects on the repository.



The rule reguiras tnat the N3 ses and 7othematical modelling that wili
“8 3 necassary part of 3ssassing future performance of the repository oe
ralidated ana verified to the extent practicaple to increase confidence in

ihat issassment.

Zecausa the jreatast uncertainty in analysis ~i1] Se introguced in 3
/olume of rock near the repository that will be disrupted By the presance of
“he reposite. y, the rule reguires a detarmination of the extant of regository
iita intaractions. The rule further specifias information that will pe
820ed 0 maxe that aetermination. [t is expected that the determination of
2¢tant wi1' De somewnat uncartain and therefors the rule reguires that 3

ninfmum volume De assumed aven if anaiysis sncwed the sol.ume to be less.

175 sactien aciuces criteria that apply to adverse congitions within
“ne oeotentially zisturned volume of rock and to scecified other lccations with
respect to aiffarent phenomena. The criteria are dased on several factors:
(1) the need %o avoid adverse conditions in the near-field of tne repository
wnicn are aifficult to evaluate; (2) aifficulties that have arisen in the past
in issessing similar conditions in the siting of iuclear facilities; and (3)
loubt as to whether one could demonstrate achievement of the performance
objectives at a satisfactory level of confidence, if such adverse conditions

2xisted at or near a site.



racuire jucgment. They ire

Net 317 the descripticns of adverse

zonditions are completely specific: some reguire analysis as to reasonable

sotential, reascnable evidence, or the like. It is not the intent of the
saction to require atsolute proof Sutl, rather, a reasonabie demonstration,

4sing state-of-the-art methods that the adverse conaiticon is not presant.

The listad conditions are tnose that are expectag to de particuiarly
difficult to analyze and which could contribute an unmanageanie degree of
Jncertainty to assaessments of the iong=tarm function of the repusitory. I[f a
Tisted adverse candition is present, the site «i'] Se presumed unsuitaple for
i jeolaogic repository. Proof to the contrary must meet severa: stringent

criterfa. Thus, it is tne intant af

v

Nis section that any of tne listed

ic.erse Ionaitions can be present anly if it =an convincingly acemonstrata,

4s'ng conservative assumptions ind analyses, that the conditicn will neitser
aravent the performanca objactives from being achieved 1or unguly increase the
incartainty in assessing long-tarm repository performance. In this demonstration,

“Ne compensating effacts of favorable zonaitions "3y ce includeq.

(1) Adverse Human Activities. This paragraph deals with human activitias

»nich could adversely affect the long=term performance of the jeologic repository
or threaten worker safety during repository operatisn. in attempt has been

macde to identify existing ictivities or zanditions wniz=n suggest future activity
that could both compromise the geologic repository and be aifficult to evaluate
with sufficient confidenca to mnake a Ticansing decisien. The rule presumes

iitas near these activities or congitions to He unsuitiple. Thus =he ruie




<@ 31Tes near tne fol awing: ') valuad @ sudsurtaca rasources
*NaT Couil encoursge activities relataq to axploration or recauery: (2) potential

‘mooundments; and (3) areas of high copulation.

Adverse Natural Geolsgic and Tactonic Conditions. This section

182 5 w710 jeclegic ang tectonic csngiticns and arocessas wnich sould adversely
#/.3Ct the Jong=term performance of the geciogic repository. Historically,
52370Gy nas ceen 3 zescriptive rather than 3 predictive scienca. Projections

37 many «inds of geglagic and tactonic Activity anad processes into the long=term
future can be done only with great uncertainty. An attemot nHas been mage %0
‘gentify ccnaitions or processes of that kind waich could 3150 comoromise
resgository perrformance. Also, the activity of some geoiogic ana tactonic
faatures are particuiarly difficuls to assess given the osresent state of

owieage. In this section, such ‘aatures are icentified as well.

(711) Adverse Matural Conditions-+varoiogic. The principal mecnanism

for transporting radionuclides to the accessibie anvironment would generaily
-® the movement of grounawater. [n this section, conditions are 1dentifiad
~N1CN suggest adverse changes in the groundwater flow system and which woula

be difficult to evaluate.

(iv) Adversa Natural Conditions-Geochemical. Geochemical retaraztian is

2¢pected 0 2e the principle mechanism for isolation of radionuc!des oy the
site.  In this section, the rule identifies the lack of substantive geocremical
oroperties to significantly retard ragionuciiqe migration to car~y with ‘% the

presumpticn of sita unsuitability.



1.2.4 Favorable Characteristics

Favoraple site characteristics are %0 Se sought at a site, in its immegiata
environs and in the area surrounding a site. Favorable characteristics identified
in the siting requirements are intended to assure the site and its environs
possess natural barrier characteristics. In terms of natural barriers, the
recuirements were develoced to pravide for 3 significant level of reauncancy
#1th respect to site properties pertaining to innibiting radionuclice migration,
che aistribution of such propertiss in space and w~ith resgect %3 natural
barriers compensating or withstanding acdverse conditions %o which the site mav

be subject.

The favorabie charactaristics identified are ualitatively expressad in
the rule. It is axcected that a site and its anvirons will not pessass il
the favorapie siting factors specified. However, it is 2ipected that sites
)

w17 pe selacted in 3 way that attempts %o optimize thesa preferred siting

conditions.

1.3 Summary of Support Information

The siting requirements were largely drawn from documents produced oy
experts in the earth sciences and related fields, such as those developed by
the National Academy of Sciences, the Intsrnational Atomic gnergy Agency
(IAEA), NRC sponsored reviews and others. Such documents were considered in
light of previous NRC axperience in the siting of nuclear facilities. Particular
regard was given to difficulties that have Seen ancsunterad in past siting

decisions.



The iupcort iafarmation following Section 2.0 (which describes the full
2urcosa of tnis document, background ang major issues arising in the development
af the siting requirements) tracks the draft requirements in order as contained
in Apcendix A. Section 3.0 gescrices the siting objectives ang their underlying
principles, as well as the rola of the si%e as part of a2 my'tiple barriaer
system. Of particular importance here is the igentification of the nature of
the many uncertainties invoived. 3ection 3.0 discusses the need for andg
describes the anticipataed comorenensive program of investigations, svaluations.
and inalyses. Contained here, as well, is a summary of the types, extent, ing
magnitude of potantial repository/site interactions anc the need for in sity
tasting to ascertain information to bound them. Section 5.0 summarizes potantial™
20qverse human activities ang natura) conditions which may affact a1 site ang
vhich may compound uncartainty and increase the aifficuity in demonstratin
‘ang=tarm cerformance. Particular attentisn has been given tg assessing tna
nagnitude, nuture, and extent of impacts that may De caused by adversza conditisns,
section 5.0 summarizes favorable characteristics necassary for performanca ing
neecea to compensate for uncertainty and duilding confidence. Described ire
the functicns of favorable characteristics and how they contribute t¢ innidisting
radicnuciice migration. Section 7.0 contains conclusions drawn from this
review. The major conclusion drawn is the need for a very conservative approach
for demenstration drawing heavily on the weight of a diversity of information
ind 2ngineered repository elements. Section 8.0 contains refarences cited.

Appenaix A contains the siting requirements as of this writing.



2.1 Pursese 2f DJocument

This document discusses the technical siting requirements contained in
subpart € of the NRC regulation 10 CFR Part 80, Jisposal of High-Lave! Racisactive
vastas in Geciogic Repositories. A copy of the recuirements are contained in
“ocendix A.* The pertinent requirements encsmoass site performanca cbjectives:
cetailed siting recuirements dealing with evaluations, investigations, analyses
iNd tests; acverse condition criteria; favorable site ¢naracteristics; ang
monitoring. Other general siting requirements dealing ~ith information needs
an¢ licensing procecures ars cantained in sutpart 3 of the regulation and are
not treated here. The 3iscussion here also dces 70t treat requirements “ar
site cwnership 3na cantrel and anvironmental consicerations wnich are coversd

in other sections of tae reguiation or by other NRC regulations.

This document constitutes 3 summary of the cevelopment and supporting
information that went ints deriving the sitine raquirements. The purpose of

this Jccument is sevaral fala:

(1) To descridbe in detail the bases for the siting requirements, including
the staff judgments, technical support information, and intent of reguirements,
T0 droduce a comoranensive and traceable Tegic senind the raeguirements.

ne compilation of such 3 raticnale has Seen regquestad b0th in the =surse of

YAt the Dresent :ime, the siting reguirements discussed here and contained in
accendix A are in draft form and ire soen schequied to e issued as a drars
far public comment.

2~1



internal NRC review and in comments By raview groups on various draft versions

of the regulation;

(2) To ié&ntify Tssues associated with reguirements to help focus public

~omment on the regulation when proposed:

(2) To 2staplish 3 framework to consider comments and potantial modifi-
cations to reguirements as the regulation aroceeds through the rulemaking

srocess,;

(4) To estanlish material for the Jreamecie (Suppiementary Iaformation

Statement) that will accompany the rule ugon pubiication; and

(3) To provide information useful for an environmental impact statement
that is being developed and that will be available when the regulation is

proposed;

2.2 Background

The development of the siting requirements has been an evolving one, tied
L0 “he development of the overal! regulatory framework for the disposal of
1igh=level radicactive wastes, i.e., the deveioping EPA standard, NRC licensing
procedures and tecnnical performance objectives. and National Program as
described in the Interagency Review Group Report (IRG, 1979). The development
of the requirements ras entaiied considerable deiiberations by various NRC
~orking groups over the last several years. Fundamental %o these deliberations

Nas been the application of staff judgment in consideration of the foliowing:

2=2



(1) Varicus sersions of the siting reguirements nave neen suDjact t2
formal and i~“:rma) peer review. Severa! wOrkshops, attended oy state repre-
sentatives inc : :road spectrum of the technical community, to consiger siting
requirements “a.2 seen heid (see: McGrath ang others (715878, USHNRC (1977,
1978), TAW (1373, Craig (1979), University of Arizona (1380, in areparation).

Jiscussions nave 31so been held with the U.S. Department of Energy (D0E), the

-

- frrasn o

4.3, Geological Iurvey (U3GS), EPA and otners to cotain comment 3n tne tacnnicai
502285 of the reguiation. [In part, and importantly, tne siting critaria are

in cutgrowtn of considering comments received.

-y

(2) The development of the siting requirements nas 2ntai’2s “se ray ¢ ay

3t recimmencations in tne litarature on siting quicelines, MAS/NRC ( 372,

-

*122 (19 =
+NeN i

sy F2@ Goad (1972) for summary. Tha NRC nas 3l30 spon

W

“uGi23

“w
(@]
-
0y
“
v

t3 recommenc criteria, NAS/NRC (197%), LLL (1979).

(3) Consideraple attention has been paid to ascartaining the state-of-the-art
‘n the pertinent fields associated with repository acevelcpment 0 3an a
perspective on t.e uncertainties that are involved and the level of consarvatism
that should be built into the siting requirements. Efforts nere have involved
meetings with axperts (e.g., See 0'Donnell anc otners (1979), and peer raview
reports cited above); discussions with DOE personnel and 0O contractors;
dssessments of broad scale state-of-the-art reviews (IRG (1978}, J0E/USGS
(1972). EPA ad hoc (1377), USGS (12378), LBL (1973)): consigeratisn of the
state-of-the-art in important technical ar2as such as in the Jeotechnical and

geomecnanical area (vawersik (1978). in the geochemica’ irea {Ames ind Rai
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(1978,,, in the fielg .r ny3roiegic modeling (2acnmat ana sthers (1972)). and
‘n radiologi~  ‘erformance assessment capapility (See specific refarences
cited in text).

(#) The NRC nas teen sponsaring research and tachnical 3upcort ~ork to
develop insignts and analytical tools for licensing at Lawrence Livermore
-iLoratory, Sandia Laboratary, and alsewhers. A censiderapie amount of secraical
literature has avelveg from tnese orograms (=2.g3., see Hecxman ang Minichino
(1373)). Moreover, through OCE SPA and USGS sponsorsnip a voluminous amount
3% %acnnical litarat.re Yas evolved. An ittempt to 2e cognizant of and %o
driw upon tachnical Titarature has bSeen made in developing the siting reguirements.

(2) Importantly, tha siting requirements save been gevelsgea in zansigaration
of &st NRC nuclear power plant licansing axperience and problems which ~ava
irizen marticularly in the earth science ares (see Rocoins and 3ugge (1373)).

Of particular concarn nere is the establishment of requirements which will
nelp to facilitate the Ticensing process, cecisionmaking and conficencs in

making findings on site suitability.

Thus, the siting requirements are fargely the result of staff Jjudgments

in consideration of 2stapiishing an affective Ticansing process, the views of

v

xperts, the state-cf-the-art, and information derived from the techniral

Titarature.



2.3 Issues Arising in th development of the Siting Critaris

A number of broad issues have arisen during the course of developing the
siting requirements. Trese are briefly described ners in arcer to provice
focus and perspective as to the merits of the :eénnical reguirements ang :ne
decisions reached in their formulation.

.1 Laval of Specificity

ra
(a2

The siting requirements are intended to 3e generic in their application,

w

., applicabie to ail potential nest rocks in consideration of aifferent

waste types and forms, and repository designs.* Parnaps :ne most aiffizult

[

T =
=z

ue that has arisan in deriving the requirements 7as sesn letermining an
iperopriate level of specificity to ce incorporatag in tne requirements in

terms of scope, emphasis and the inclusicn 3f aumerica’ criteria. This gifficuiz
's reflected in past versions of the siting requiremenzs wnich 3iffer mostly

from the present version in terms of the degree of sgecificity (some are nore

specific, some are less so).

There are several key factors that bear on the degree of specificity of
requirements. Tne requirements establish the technical and legal framework

for Ticensing. They must se neceassary for impiementing the EPA standard and

“in terms of applicability, it should be emphasized that the siting requirements
were developed with deep underground constructed geologic repositories in mind.
They were not developed for, nor are they intended to discourage other radio-
active waste disposal concepts, such as sadose zone disposal, seabed disposal,
?tc. Application of the siting requirements to other modes of geologic aisposal
may require exceptions and aifferent requirements.

o
1)
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the protection of pubiic health and safety. They must be specific anougn to
facilitate decisionmaking. As noted in several peer reviews (see TRW (1978),
Craig (1379)), the requirements must provide substantive guidance to DOE. The
same holds true in terms of eroviding substantial guidance ts the NRC licensing
staff.  The requirements must consiger the source, composition, and form of
waste 30 that they are not unauly restrictive or inadequate (TRW (1978)). The
requirements must consider site specitic charactaristics ~hich are difficult
to generalize (USNRC (1377)). AT50, the reguirements must consider the nature
of the hazard and the performance of the entire repository systam (IRG (1978)).
".cortantly, the requirements must take ints account wnhat the technology will
cear. They must also consider uncartaintiass that are invoived from many
sourcas, the compensation cof uncartainties in orger to demonstrate cerformanca
scecification of what is accentable. Particularly, in the applicaticn
>f the 2arth sciences, consideration must be given tc the aposlication of

crotassional judgment and warranted latitude.

[n reviewing various versions of siting guidelines, such as the IAEA
(7377), NAS/NRC (1979), NAS/NRC (1978), and those developed by contractors t3
the NRC, e.g., LLL (1979), Golder (1978b), it is immediately apparent that
MOST are rather general (see Goad, 1979, for summary comparisen). Siting
guideiines in the literature more than anything else reflect general consensus
views on what constitutes sound siting practice in terms of what is needed by
way of investigations and tests, and wnhat are favoraple and unfavoraple site
characteristics. There appears several reasons wny guicelines are rather

general. They reflect the difficulty in trying to coaify earth science
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tensicerations «hicn are Jery nueh Jucgmenta] in nature due to limitations ‘o
xnowiadge of earth processes. They reflact the site specific nature of factars
Lo consider wnich are difficult to quantify generically. They also reflect 3
s/stems view that reguires consideration of the site as part of a larger
systam.  Such 3 view requires ne single factor be treated in iseciation of
otner factars (IRG, 1978), ana requires a site specific weighing and balancing
of factcrs. Consideration af 3 sit2 as part of a multiple zarriar systam
requires the site to perform in concert with other elements of the systam in
tarms of complementing and supo’ementing performanca so that an accaotaple
Jverall performance is achieved. As illustrated in 3o'Zer (1978b), in the
appiication of generic siting criteria, diffarent requirements will cetiar 2e
met oy adifferent host racks ang aydrogeo’ogic environmenrs snc, as sucn,

illcwanca must De mace ‘3 tinsicering sverail performance.

[n 3ssessing the technology of radicactive waste disposal in geolcgic
repositories for purposes of drafting siting requirements, several impertant
factors tecome ipparent. Most technical itudies are reiatively “unzamental ‘n
nature. That is, repository development is in a research mode an¢ a gamut of
research is underway to understand the very basic aspects of repositaory per-
formance. Many outstanding guestions are still to be resolved. Most e7forts
have teen associated with bedded salt as a repesitory host rock, 3lthougn
studies on other potantial host rocks have been and are being conducted.
Importantly, radiological performance inaiyses performed to date ire computar
simulations on generic sites. Such studies have used different anaiytical or
numerical medels, assumptions, Soundary congitions, and input data. Althougn,

as noted in such studies, attempts have bDeen made to assess "real worla"

o



canaitfons, they are in fact simplifications of ~e3] worla" conditions. Such
studies are useful, through tha application of sensitivity and uncertainty
analysis, in defining the sazure 3f the nazard, w~hat narametars or conditians
are important, and ares =2'g¢yl in 2lacing oounds cn the orociem. Thus, such
studies are an atd fn 2efining vnere ampnasis :rould o¢ placea in terms af
cemenstrating cperational ang leng=term performance. However, becausa of
their generic nature ana Timitations, sucn studies nave only 3 quaiitative
Jtility in specifying requirements. Given the srasent-qay technelogy and
!imited 2xperience, there is a need for 3 conservative approach in siting.
“Owevar, the tacnnciogy will bear oniy so much in tarms of quantifying this

ippreacnh,

in terms oFf the nerefiss of uantitative requirements, Regers and athers
(1979) discuss scme of t=a Henefits ta Se jained. (Quantitative critaria can
facilitate the licensing praocess in saveral ways. [t is 2asiar to develop
orocadures to satisfy a quantitative requirement. Such a requirement heips
reduce ambiguity in decisionmaking. [t is easier to determine i a4 guantita-
tive requirement is met. Quantitative requirements permit spccification:
either explicity or implicity, as to the level of conservatism desired.
Particularly, in the earth scienca area, 1s past licensing experience indicates,
often endless technical and legal debate ansues in gracoiing with earth science
questicns which the technology cannot answer one way or arcther. [t has seen
recommended that the siting recuirements ne quantizative ing specified in

relation to repository serformance, Craig (1979).

ra
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The siting requirements discussed nere are an attempt to resclive the
question of specificity. The requirements have been developed for generic
application. They were developed to provide substantive guidance. They wore
jeveloped to allow judgment in their application and structured latituce %
issure they are neither unauly restrictive nor inadequata. The siting reguire-
ments constitute a set of criterion which in combination and along with ather
requirements should issure with confidence that the cveral! performance scisz-
tives are attained. Emphasis has been placed on important system oarametars
ing compensating for uncertainty.

-~

2.2.2 Reliance on Systems Analysis

A major issue that has ariser i- the course of develeping the siting
‘qqutrements ‘s tne question of how much reliance can be placea cn 3 compre-
nensive performance analysis, i.e., on modeling long-term performance.
Consideraple 3ttention has been paid to deriving siting recuirements that are
consistent with assessing, through 2 comprehensive performance analysis, the
overal! performance of the repository over the long term. Agaitionally, as
requirea in the EPA standard, considerable attention has gone inta deriving
requirements which would result in the site and environs being a major barrier
in the isolation of radionuclides in concert with the other tecnhnical perform=
ince objectives and the multiple barrier approach. As noted previously, and
in a latter section in detail, various performance assessments have peen
considered in deriving the siting requirements. The bulk of NRC contract
support work has gone into the development of insights and models for licensing

(see Campbell and others (1978), and Heckman and others (1979)). There is5 no

-
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juestion that consiceration of repository performance over tne long term wiil
require modeiing. However, there is considerable question regarding the
conficence one can place in such moedels. There are many factors involved in
issessing this question and details are covered in sections to follow. As
notea in IRG (7378): "Given the uncertainties issociated with our preagiczive
Capabilities in the earth sciences, with mathematical oversimplification of
complex processes and with the variability of rock properties and Nydrogeolcgic
characteristics, a precise risk assessment...may never be possiblia.” Similar
v'ews have been expressed 2)sewhere in .he technical literature. [n gealing
#'th this question, one must weigh such views in context of the state-of-the-art
'n moceling and the technologies involved, the magnitude of uncertaintias
‘nvelved, the nature of the hazard. and in context of a regulatory orocass

where gecisions wiii be made.

The use of performance inalysis bears on avery aspect of the siting
requirements. [t bears on data to be collected and analyzed. an the leve! of
conservatism %0 e acplied, on latitude permitteq in light of an analysis of
overall performance, on incorporating the traditional Jjudgmental nature of
much of the sciences involved and consensus views. Of particular concern is
the comoensation of uncartainty in the serformanca analysis and making allowance
for excaptions in criteria if the performance analysis indicates axceptions
are wsarranted. The siting requiraments are an attempt at a conservative
approach in dealing with this guestion. Requirements have been zevalcped to
help simplify the zerformance analysis and thus gain confidence in results.

Acaitionally, requirements “ave been developea to assure the ipplication of
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s0und practices in siting. Latituge 'n neeting requiraments ragui~
tne performance analysis indicating it is warranted, sut 31735 %nat soune
practice and the weight of information SuDport such exceptian,

2.3.3 Adverse Human Activitias

As noted in EPA Ad Hoc (1977), "™Man's Jnpredictacility far outstrips most
of the imagined geologic hazards we can foresee. * This view is5 widely neld in
the technical litarature and is compounded Oy studies whicn ~aveal that
release mechanisms for radionuclide nigration induced sy exploraticn activitias
ind recository construction, 3erman ind others (1978). and 5y fiture repositor
Jenetrations oy subsurface human ictivities, Cloninger (1379), agpears &3 me of
far graatar concarn than escape pathways Creatad Dy natural processes.  Thus.,
CwO Majcr T33ues tave arisen in deaiing with numan activitias. The first
relates %o repository development and minimizing adverse impacts on tne resository
site. A paragox is created here in that a significant amount »f iafarmation
characterizing a site is essential; yet at the same time the ittainment of
such information is limited because of potential adverse imoacts zue %o such
activities as drilling and the limitad state-of-the-art in sealing ;udbsur‘aca
penetrations. The siting requirements attempt to deal with this issue by
requiring careful atsention to site investigations. Ultimately. some sort of

weighing must be done.

wi

The second issue dealing witn future human activitias serhaps the most
confounaing probiem to deal with. Thers is no Jrecadent in ea'ing ~ith human

ictivities in tne distant future. Aithough many past ana oresant Auman



ictivities effect the future, none nas been given the type of consigeration

that is being given in dealing with radioactive wastes. The EPA standard
requires the assumption that active human controls net be assumed to last for
more than 100 years. Thus, there is a significant purcen in siting and designing
1 repository to reduca potential inagverzent auman intrusion in the future.

The siting requirements attempt to deal with this probiam By requiring a

rapository be sited such that it is 1@s3 prone to aguersa future human activiti

“w
e
-

carticularly in dealing with the exploration ang expligitation of resources.
<f particular empnasis nera is consideration of past and present human ictivities
ing presant-day techneicgies far the purposes of forecasting. It i3 Jeiieved

Jtile at best to consicder future auman moti.ations ana tecanologies.

2.3.4 Juerall Perfarmanca Assessment

As noted previously, an attampt has been made %o relate the siting require=
ments Lo overall performance. However, at present, the 37ting requirasments
nave not been fully assessed as to their bearing on .verall performance. Such
4 study is contempiated in context of viewing all the tecnnical requirements
in relation to the EPA standard and is anticipated to be completed prior to

proposing the technical requirements.

Thus, the siting requirements, based on the judgment of the NRC staff in
consideration of a 5rcad range of information, are an ittempt at balancing
nanvy factors. They ire an attempt to balance such factors is: general require-

nents vs. very quantitative reguirements; quanititive assessments vs. juagmental



consicerations; reliance on performance noaoiin§ vs. ralianc2 on more tragitional
practicas; being conservative in Tight of uncertainties vs. 1lTowing flexibility
in light of performance. [t is anticipatad that the siting ~:i.iraments will

Se supplementad by more specific guicance in the form of sacu itory Guidges.

Als0, given the research ind deveiopment mode that the sciarcas ealing with
repository development are in, the requirements may be reviszed is new infarmation

ind experience is gained.
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Tnis section gescriges tne hases ind underlying princicles for the site
erformance objectives ang siting requirements. Of particular importance hare
@ of the site in radicactive waste isolation, i.e., w~nat are its
‘mgirtant featuras in isclating vaste, what is its rsie in comgiementing ang
suociementing design features anc what is its role in providing a margin of

issuranc2 in demenstrating that ovarall regository performance is achiaved.

£
«
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araticn is given in this section %o viewing the site as part of a myitipie
Sarrier system and the sita 35 3 system of multiple Sarriers. Some materia]
sriafly described hera $ces scmewnat Deyond ¢ scope of this document and is
sniy incluced for perspective.

- x -

3. 2urscse of Geologic Disocsal

sudstantial guantities of radicactive waste exist and continue to be producad

frem tne national cefense program ang commercial nuclear power plants. [Detailed

[T

$secsments have Deen mace concerning the amounts and tyvpes of waste heing

o -
S«

rarily stored and that are teing and may e generated in the future,

(&)

¢

-$532 (1879), ADL (197¢%a). Stucies have been concucted to assess various

7ezns of permanently disposirg of waste, IRG (1978); Altemare and others

(1872). On February 12, 1979, the President in an acdress %o Congress astablisned

3 Comorshensive radiocactive waste management drogrim 2ase on recommendations

37 <72 Interagency Review Graus sn Radioacsive ¥3ste Management (see recommendations

in I3G (7197%)). The obiective of sais progmim s to isolate existing and future
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racicactive wasta such that it 30ses no significant tnreat to pubiic health
ind safety. The main thrust 3f :he naticnal sragram is to aispose of waste in

ninea geologic repositories.

As notad in [AEA (1977), the major principle tenind geoiegic aiszpesal is
that jeologic formations nave existad relatively uncisturced for many a1 iigns
0f years and, as such, there is 3 high procabiiity they will remain 30 in the
future. Radicactive waste Jeeply amplaced in such “crmations 3nould taen
"emain ralatively undisturbed ana isolatad. However, due to many fictors,
incluaing the aisturbanca of geclogic formations in amplacing waste. deleterious
¥aste/rock ntaractions, and consicerations scaning thousands ¢ sears ints

the future, the most serious aifficuity, as giscussad in Golager (1377). will

in all Tikelinooa be related to adequateiv gemonstrating that w#astas are

sut¥iciently isolatad in consideration of the suitaoiiity of 2 sita ang repesitc

Jesign.

3.2 Role of a Geclogic Repository

The role then of a geologic repository is twofolg: (1) to oerform in 3
way that isolates radioactive waste such that the radionuclides tose no significant
hazard, and (2) to be amenable to assure an adequate demenstration of (1). In
terms of factor (1), the EPA standarc (presently in draft) defines =he upper
1imit as to what constitutes "no significant hazard." The developing NRC
reguiation anrd licensing process basically deal with factor (2) in defining
#nat is needed for an adequate demonstration that the EPA standard is satis-

factorily achieved.
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The Zlements of a 3eclogiz esositary

lonceptual designs and studies of a jeciogic repository envision a1 series
Of snafts Teading down from the surface several fundred meters to 3 sarias of
'ateral drifts, pernaps at a numoer of horizons, in a nest rock where waste

Packages wil! be brought and emplacad, CWI (7978a). Various es:imates have

ceen e

sonsigered in the literature for the size of 3 jeologic repesitory. Thi
largely Jepends upon the amount of waste to ce disposed, the configuration of

-

~3

wr

2 amplacement and the geology of %he sita. Surfacs facilities can '@
2Xpacted 0 cover an area of about 200 acres () $q. Km), CWI (1372a). Estimates
an the subsurface volume of rock necessary to accommodate 31 r~egository range
from sbout 1 to 10 Cu. Xms. Cook (1977). Z30A (1976). Sstimates 3n *he /0 ume
of the sepository (drifts) are generally .p to saversi ailiicn cudic netars,

Cack 1277, NRC/NAS 1972, In terms of subsurrtace ares, figures ~irge ‘rom

about 2 %2 3 s5q. Ams., [AZA (1877), Cock (19773, 24t (13723,. 3 zenera
MOST INaiysas assume a repository subsurfice rigius of abcut ! 9 2 kilsmetars

A rep jitory can be considerea to csnsist of three major components:
#3312 packages, the repository structure and tne site. £3Cn component 1as 3
function toth during operation and over the Tong term. DQuring operation the
waste packages provide a means to transport and shield the waste. The repository
structure provides the skeleton to emplace the waste ind support for snarts
ind arifts. The site provides mechanical stapility and pnysical subsurfics
fsolation. Emphasis in waste iselation is on the iong term roilowing backrilling

of the repository.
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3.2.2 The Regository 3s 3 ultiple 3arriar

J/8r the 1ong term the three components of 3 repository act 3s 3 sustam
of barriers in isolating racioruclides from th accessible environmens. A
umper of stuaies have Ceen conducted to assess and analyze genaric repcsitory

s/stams. As described in Cloninger (1979), anc in other studies. tne repository

i

/3tem provides fsclation oy praventing or iimiting:
(1) the penetration af the repository oy groundwatar;
-, he failure of saste packages;
(3) the leaching of ragionuclides from waste oackages, and
() the transport of nuclides through the geclogy to the accessible
anvironment.

Thus, protection could be icnieved Sy totaily isolating the vaste, isalating

w

ot

th2 saste for sufficient time to allow radicactive Jecay tJ requcCe Ina nasarisus
rigicnuclides to innocuous 'evels prior to discharge %o the accessiola srvirsrment,
"'miting the rata of ~elaase of radionuc!ides %0 the 3czessitle anvironment

anad 3iluting the ragionuclides %o very low concentrations.

[n order to reasonablv demonstrate the sufficient isolation of radicact:ve
vaste, each of the three comgonents of the repository system must contribute
t0:

(1) significantly inhibiting radionuclide nigration;

(2) compensating for deficiencies in the other components and 2nhancing
“he performance of the other components:

(3) providing a margin of assurance that there is reasonable axgectation
37 Tong=term systam performance Oy compensating for uncertainties and ragucing

“he complexities of the aroblem.



The above factars dasically constitute the witiple varriszs ipcroacn.
The long=term function of the thrae najcr repository components (s 53 3CT 35 3
muitiple barrier system to isclate waste. The engineered contrals fir isoizsian
basically ning on two key factors: (1, the waste matertal and i%s r~e2:i:ta~ca
%0 transport (this includes the type of waste, type of Container 2ackige,
resistance to leaching, 50Tubility of the Teacred material ; ing 2 <ne
design of tne facility to achieve maximum isolation from the enviranment (:nis
incluces inhibiting groundwater migraticn; droviding a cantrsi'az any sarman:
“0 inhibit ragionuc!ide migration Lareugn scration, solugi’it, 'imits. ang
reactions; mitigating adverse wasta/rsck intarictions through contrslling the
adistribution and thermal loacing of wasta (packages), AQL (13738, dyree ind

others (1979)).

(o)
o

Like the engineerea elements. he 3it2 nust contributa %2 tne ipove four
factors that provide isclation, ang %o *re three factors that provice “or
demonstration of isolation. The discussion here focuses on how the 3ite

contributas to the multiple barrier approach.

3.3.1 Elements of the Site

[n terms of ragionuclide isolation, the site and its environs can oe
diviged into four major components. These are a geologic framewor«, 3 jao=
mechanical framework, a grounawater flow system, and a geochemical sy:zam.
These four components, like the regository components, can act is 3 nuitinle

darrier system to inhibit radionuclide migration. It is these “aur zritical



components tnat cetermine the site's contrioution to the repository multiple

darrier system,

The geclogic framework consists of the geologic setting of the site in

terms of jeologic materials present. the geometry of the site and major
natural processes wnich may 3ct on the site. Its major cantriputicn to
isolating wasta is providing ohysical isolation, e.3., through depth. The
Jecmechanical framework c2nsists of the mechanical properties of the site,
2.3., the thermal propertias, stress field, and fracture distributions. The
jecmecnanical framework significantly influences the construction of the
"200sitory ana the response of the site to ~#aste/rock interactions. The
j8010gic and geomechanical framework contripute to defining tne grouncwater
flow system. The grouncwatar flow s/stem 2asically describes the movement of
"3uncwdtar, Important srogertiss fere ara: seresity, permeanility, hycraulic
jricient, dispersivity, ang r3tas and Jistancas of flow. [t is well accepteaq
that grouncwat:r flow will be the precominant nechanism for radionuc!ice
mevement. ATl the previous components significantly influence the geochemical
system.  The geochemical systam consists of the chemical environment producad.
Oy interactions between groundwater and rocks. Some important characteristics
Nere are: the oxidization-reduction potential (eh), acidity (ph), ionic strength
0T the groundwater ana sorotion characteristics of rocks. Performance studies
ind sensitivity analyses indicate, cver the long term under reasonable conditions,
't 7s primarily the geocnemical system that will determine the rate of release
of radgionuclides to the accessible environment, De Marsily and others (1977),
ACL (197%¢), Heckman anu others (1979), Cloninger (1979), Hill (1979). This

s orought about by a series of complex chemical processas, as described oy
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Literweed (1972}, de

wl

o ‘i-- r3c - s

ne JrIundealer
-3ncentirations cetermineg by the agissclution ar 12ach rate of the vaste dackage,
soiunility of the ragionuciides. and voiume flow of the grounawatar. As tre
groundwater leaves the engineered repository structure, varicus congiticns

Such as £ ang oh will aetermine wnich radionuclide species are staole (2.3.,

ar ’cﬂz). s nuclices move along intarstitial grain souncaries in~
fractures, reactions will take place bDetween tne raaicnuclice species and the
recks, such as aagsorstion, fon filtration, sersigitatisn. isn excrange. It ‘s

reactions such as these that retard the movement of radionuclides.

3.3.2 The Performance of the Site in the Myltiple 2arriar Suctam

The comoination of site components can influenca the isolaticn of rigice
tuclices in saveral ways as discussad %0 some axtent cove. In terms of he
"2p0sTtory systam sarformanca, the 3ite can contritute in varyiag segries %o
tne following:

(1) 2hysicaily isolating the repositary frem iaverse human activities
ana adverse surfice and subsurface natural conditions through Tocation ana
depth;

(2) inniditing grourawater into ana cut of the repository structure oy
oroviding physical barriers to grounawatear flow;

(3) depending on the chemistry of the groundwatar wnicn antars the
repository and anticipated reactions with angineered 2laments (the wasze
Package, waste form, dackfill), maintaining a low leach rate of th waste;

(4) controlling the initial concentration of radionuc!ides leached from
the waste through groundwater flow /elocity, and through chemical zangitions

(such as En), the soiubility of radionuc]iges:



Oy
(]
«
“

'
<

)
“
v

a
“
O
o
‘
*3
W
o

sroviging 2nysical barriers to movement.

("

sroviding chemizal sarriers %3 movement.

eS, the site can contrisute to zecreasing acpulation ond ingiviaual
2<posures Dy increasing the geographic distance beteen the waste and the
1C22ssT3ie environment: by increasing tne isclaticn time Lo allow radicactive
iec3y througn (1) pretacting the repasitory structure from gr-unawater, (2)
Creias'ng the waste leach time (or decreasing the waste leach rate) cirectly

,

ang ingirectly, (2) increasing grouncwater travei time (eitner througn decreasing

- -

-7® 5 wundwater flow rate or increasing path iength,, ana (4) increasing
"idTonuciice travel time oy oroviaing 31 reactive geochemical system (hish
*2T3rzation); ang througn dispersicn decreasin - concantrations of raagfonuclides

“73T may antar the accessible envircnment, Towse (1978).

A major question that arises is how much reliance can be placed on re
sit2 in its role as a contributar to the muitiple barrier system? This dapenas
en 3 numper of factors including what wil) constitute sufficient isolation as
determined by the £PA standard. Because of the long time frame of consideration,
some 10,000 years, and limitations in confidence that angineered stiructures
<an oe built to perform 3s desired cver such a time frame, it has been suggestad
‘n tne litarature that the najor relianca in isolating the waste must be placed

-1 the site. Parformance analyses to date. sponsored by the NRC ana others.
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indicate that ¢f the three components of tne repository, it is the site ang
its anvirons under most reasonable conditions (the Diggest axception neing
human subsurface penetration) that will contributa most to isolating the
waste. However, as discussed below, unless a very conservative approach is
taken in siting, consicerable ai ficulty wil) arise in aemonstrating long=tarm

performance due to the nature of uncartainties.

3.2.3 The Nature of Jncartainties in 3ite Par srmance

The technical literature dealing with nuclear waste aisposal in jeoicgic
repositories literally abounds with citations eting tecnnical uncartainties
ind the need for further research. There are saveral reasons why this is *ne
case. First, substantive uncertainties ao 'ngeeq 2xist., Second, at tne
oresent time repository development is in a research mece and, 3s such, resairchenrs
are very cognizant of identifying guestions that need to 0e answered. Thirg,
sensitivity and uncertainty analyses are being conductad to assess the significance
of parameters and data uncertainties with respect to overall performance ang
fsolation. As such, uncertainties are being identified. The NRC nas sponsored
considerable researcn nere as well, e.9., GEI (1978), Evenson ana oth:~g
(1979), Golder (1977). Fourth, because of the novel consideratian thay is
being given to waste disposal, i.e., consideratiecn spanning thousands of
J/ears, and the rigorous pursuit of trying to quantify the complex process of
isolation, there is a perception problem as to the nature of the hazard and
what evidence is necessary for demonstration that the jeb is inceed aone. As
such, a major question arises as to when i3 anough, a2nough. This saction
focuses on the nature of uncertainties, primarily in siting, and what is

needed to compensate far these uncertainties,

9



As noted in tne Zarth 3cience
irafe,, the cevelopment of geologic repositcries far ragdicactive waste
"equires an improvement in the state of the art in most areas in the earth
sciances. As descriced in the IRG (1973), deficiencies or the major causes of
sncertainty can de categorized inta four classas. These ara:

£7) lack of agata;

(&) lack of axperience:

(3) Timitations in cnaracterizing 3 natural anvironment cue %3 natural
variations in properties;:

74) limitations in the ability to predict natural concitions and

crocassas, human activities and repositaory zerfarmance over the iong tera.

S.3.5.v  Lack of data
——————

2ciuded in the discussion here are iimitations in zata per sa,

w

tecnnolagias Lo collect partinent data anc che Jnderstanaing of preocasses and
tcnditicns the data describe. Studies have indicated that scme two dozen
tyoes of carameters are needed in modeling regional radionuciide migration ang
708t 3F tnese parametars are not well understood, Evenson and others (1979).
in terms of the four components of the site, the geolegic framework,
geomechanical framework, grouidwater system and geocnemical system, data

‘imitaticns are most severe in the latter three.

.0 the jeologic area, the characterization of geoliogic parameters,
Rarticuiarly when complexities arise, has ilways Seen a formidapie tasx.
Juestions arise regarding the transferability of data from site 2 site.
Consiceraple aifficulty has arisen in trying to characterize anc¢ quantify adverse

geologic conditicns, such as fault zones.
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tecrnoiogy, particularly in characterizing tnermal response, sugn as tae
thermomechanical progertias, time 2enendent preogertias, aistribdution ang
influences of fracturas, movement of gasecus or liquid incliusions, in 3itu
stress, the validation of laboratory ana in 3itu 2xperiments, tne ceveiopment

3\
</

of instrumentation for monitoring, wawersi< {137
in the groundwatar system, fialu technigues far measuring ang cnaracterizing

important parametars, such as permeapilities in low permeanie rocks. cdissersisn

ind fracture flow are not well deveiaoned nor are these p2—-imeters well ungerstoog,

1EC (1979), Golder (1977).

As borne out in sensiti.ity analyses, #eckman anc others {(1979), *he
jecchemical system is perhaps the most important of all the site components in
isolating waste, yet it is the least uncerstoed, Isherwcod (1978). There is a
wide disparity in our knowleage uof tne chemistry ina geccnemistry of radio-
nuciides, EPA ad hoc (1378). There ires some 30 =3 45 significant ragionuclice
isotopes in spent fuei or hignh-la.s! vasta, Cleninger (1579), Heckman (1979),
AL (197%c). Of these, studies revea] the majer petential contributors to
radiological dose (under more favoraple canditions) appear to be 99Tc. ]291,

237 22 s - : =
Np, ana "““Ra, Hill (1979), ADL ¢

(Fe)
w0

c). Also, uncer circumstances where
path length is short, grouncwater ve'scity 11gh, or sorstion Tow ather nuclides
3 J b

20 234, 239 220, 242 245,

such as ~““Sr, ::SSN, iy SR 4, = “Am, and on nave ceen identified
as being potentially significant zontrizutars to dose. Thus, understanding
the jecchemical system requires uncerstanaing the sehavior of a numoer of
elements which tends to complicata the arsolem. Additicnally, a numter :¥

these elements have no naturally occurring isotopes which adas idditional

RS POOR ORIGIA.

[
[



+0 consideration of data collected on tnese eiements ana others with
"@spect to waste isolation, gquestions have been raised regaraing the usefulness
of gata collected in the past due %o il1-defined experiments and lack of
systematic evaluation, Ames and Fai (1978). The difficulties in obtaining
meaningful measurements of retardation (Rf, K4, Ka) in the iaboratory are many
ing formidanle. Re'yea and athers (1373). Measurements of such factors as
distribution coefficients (Xd) used in cescribing the retardation process in
mece's vary significantly from exgeriment ta 2xperiment, Apps and others
(1277). ariations of several times to orgers of magnituce in values of
distribution coefficients for the same nuc!ices and same rocks measured in
:iffarent laborataries have been reported, Serne and others (i373). The
acolicapility of data obtained in abor3tory experiments over sho ¢ times ind
ysing small samplie sizes to geoiogic situations agver long time periods and

path Tengths of <ilometars has not seen conclusively shown, Serne (1977).
Additionally, little work has been done at elevataa temperature regarding
retardaticn. Thus, 1ittle work is applicable to the near field of a repository.
Compounding the problem are questions regarding characterizing the geochemical
system in the field. The compounding aspect here is defining the behavior of

a numper of nuclides with respect to a numper of rocks and in context of
aiffarent groundwater chemistries. Significant variations in sorption in the
same rock taken from diffarent depths in borenoles nNas been raported, £rda)

and others (1978). Significant questions are arising regarding the theory
underlying much of the retardation work that is currently beirg pursued.
Necessary thermodynamic data o predict the stapility fields of nuclide species
ire Timited in terms of their Paucity ana accuracy, Ames and Rai (1978), Rai
ana Serne (1378). Pregictions of cancentrations based on aitferent thermodynamic

dgata vary by several orgers of magnitude, Rai ana Serne (1978). Present
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theory in use (simple chromatograc:, iteory, i3 coming under question. The

migration of nuclides in rocis spoes-

i

22 2xnipit a much more complex sensyior

than preaicted by present theory w~ricn basically ignores kinetics, Seitz ang

others (1973). Questions are ar‘: ~- 3s to vhether the assumption of equilibrium
which underlies the thecry behi=z ~:-ir<ation values is truly applicabla,
Josch ana Lynch (1978). Additicna " . ew effects on the oxidization stata of

nucliges which effact retardation are oeing found, such as the influence of
radiation, Fried and others (1878, Significant here alsc is work ravealing

Y

that retardation may te contrallag Sy minor rock components, Hinkebein ang
Hlava (1377). Thus, retaraation may vary Dy orcers of magnitude over 3 faw
meters and may only be charicterizeg in situ, if at 217, Finally, littla work
tC 2ate has been pursued in davalanin Lechnigues 7o~ neasuring, perfaraing

measurements and quantifying ~acicnuclide migration ‘a situ in the fieid,

-
i

w
W

lznerwoed (1 ).

3.3.3.2 Lack of axperienca

Many facets of the concept of jeolegic dispesal in geologic repesitories
are unique ang without pracecent. Earth scientists are ceing called ugon to
355885 and gquantify factors never before done and in ~dys almost opposite to
their experience. Geologists who have primarily been focusing on the past and
present are now teing called upon %o make projections into the far distant
future. Groundwater hydrologists are being calied upon %o assess low permeadle
rocks when their axperience has largely been in the seareh and ungerstanding
of jroundwater in highly permeable rocks. In Soth cases, doth the tcols and
the theory are presently limited. Two significant areas nere, reiating 3 the

lack of axperience ana siting and uncartainties, deal with the angineerad

- POOR ORIGINAL
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-7 317 tha waste/rock iateracticn affacts that are of concern, it i3 the
wnermai effacts procuced by the thermal 1oading of the waste from ragicactive

iecay that is tne most far reaching in potentially compremising an otnerwise

W

cod site Patantial effegts from the therma' 'oaging #il! ne zomplex.

vesver (1273), in assessing the thermal affacts on snales ind clays, rotes a
umSer 3f compiex effacts wnich include: zenyaration ana fyaration of minerals,
20rosity and permeability changes, changes Lo the porewatar cnemistry, erfects
on retarcition cacacity, osressure Suildup. fracturing, expansion, contraction,

iNd jas gereration from organics. Thesa same 2f%acts in /arying degraes ~i]]

SCCJr 3t any site in any HY0st rock. Adaitional effacts anticipatea incluge

)

2nemizal reactions and 'arge sca’a perturpations to the groungwater fFlcw
i/8%am. The lack of axperience in issessing tnermal effacts has ceen wel!
fotaa “n the literature, 24 ad hoc (1978). Golder (1377). Wawersik (1'978) anc
others. As consicdereg by vawersix (1378) in reviewing the state of the art in
meck mechanics as it relatas o rapository cevelsopment, he notas that the
iaveiopment of a repository invoives probiems without precadent in the history
0F deep underground construction. He citas the two most significant being
:valuations for periods of thousanas of /Rars, anc the snort- and long-term
affacts of elevated temperature due %3 the waste, and concludes existing.-
information concerning the mechanical, thermal, and chemical properties of

"O0CK nasses are insufficient %o make such evaluations.

Another critical area where axperienca s limitad i: ‘n screnole ang
shaft seaiing technoicgy. Of orime concern in the deveiopment of a repository
s sealing arifls, shafis ane 2«ploratory Sorencles. Although there is consider-

itie time over the next several decades while repositories are under cocnstruction
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ina in operation to zevelop effactive seals, consigeration must se 3iven now
Lo wnether seals can be effactive agver the long term at a partisular sita. I:
dppears, nowever, dased on avziiable data, that information is of limitea
value and inadeguate to judge long-term performance of borenole and share
seals, Koplik and athers (1979), ONWI (1979). Included here is sven the
cuestion of impertance 2f ceals on long=tarm gerformanca, ONWI (1679). ?Psst
experience has incicated that many borerole seals that are in use have ingeed

failed over relatively shert time periods, GEI (1978).

3.3.3.3 Natura)l variations

In consideration of fdentifying sites 25 sq. Xms on the surfice nas seen
usea, DOE/USGS (1979 draft). As discussed eariier, the volume of rack necassary
“J 3cicmmodate a repository ranges frem about 1 to 10 cu. Kms. egional studies
"elated %0 siting will extena tens af <iiometers from a site. In nocaling he
migration of radionué]ides, generic assessments have considered distances sn
the order of kilometers to tens of kilometers, e.3., ADL (137%¢), Maymik ianc
Thorson (1978). Depth considerations may extend to several kilometers. OQut
L0 such distancas and to such depths, and in the volume of rock to be assassed,
variations in geologic properties, even in the same rock units, can pe
anticipated. Some properties may vary by several percent, some by orders of
magnitude. As such, natural variations in narameter values and conditions can
Je anticipated. As previously discussed, some two dozen types of parameters
for modeling will be necessary to perform a rigorous analysis. This is
compounded dy the number of geologic formations present, discontinuities and
Neterogenities. Present technology and resources will not permit compiete

<nowledge of a site and its environs. Additionally, because of the need for
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limitag sorings 50 as to not compremise the site, limitations are placeag on

data callaction and assessing the extant of varisticns. Thus. octa natural
variations and limitations in exploration will create uncartainties ‘n assessing
the site.

- -

2.3.3.4 Limitations in oragiction

Consicerabie research activity is being speonsored by E£PA. CCE, ana NRC
ingd 2thers in geveloping computer analysis tachnigues in an 3tsemps 0 Zevelop

tcols for long=term prediction. Bachmat and others (18738, nave reviaweq the

state of the art of hydrologic and transpeort models. As they note, this field
s relatively new and ncdels are only in the devalopments) stace. ‘'lodels,

17though tnay may represent sconisticatea comouter tachnoicgy. ire oniv simplifieg
feoresantations of complex feal wor'e cancitions.  As vet, the testing of
~tansgors mode's fs sery limitad. IF zarticular note are orasiams isscciatag

with institutional iccentance of models nd the difficuleies that arise in

1.
Lar

their applicaticn in 3 Tegal framework.

In terms of nodel preciction, this invoives coupiing of anvsical ang
cnemical processes in context of the likelinood of natural events anc human
activities, i.e., the probability of events, acver a long time span, into the
future. As described in Stottiemyre and cthers (1978), Carnenter ing Jathers
(1979), and others, the assessment of long=tarm performance is ve~y complex
involving igentifying potential disruptive pnencmena, 3ssessing cnencmena iand
interrelaticnships, assessing the impact on and response of the geology ana
hydrolegy and issessing the impact on releases. Experience in siting critical

‘scilities reveals considerable difficulty in making such assessments in the
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23arth sciences over the shcrt zerm. ThYs i3 grimarily que 9 tne lack of
<owledge of processes and he Paucity of data, actn in smount and over tise.
ccupling the making of long-tarm predictions with the pravigusly citad uncartaine
ties in the sections above consigeraply compounds the prodlam. The ability to
predict geologic processes in any but the most general way over time spans of
thousands of years is believed to ce generally scor, P4 ia noc (1977).
Considerable research has been called for to deveiop pregictive tools, EPA ad

hoc (1977), USGS (1878}, DCE, USGS (1379 Craft). rcwever, as notad previousiy,

3 precise risk assessment may never be possiple.

The problem of long=term predictisn is compounced 2y consideration of

T.ture human activities wnich may disrupt the repository. [t is gelieved not
S0ssib’e to envisage measures capabie of orotacting a repository against human
activities, IAGA (1977). In terms of orocabiiily analysis, human uncredics-
apility far ocutstrips the most imagined geciogic nazards that can ze foresaen

ing it is coubtful that human actions in the distant future are amenabie to

such analysis, EPA ag hoc (1377). Assuming the Toss of active administrative
cantrol, it is only possidle %o %~y and minimize adverss ing inacvertent numan
activities in the future, Golger (1977). This can only e done through conserva-

tively siting a repository where, based on present tachnology, human subsurface

activities are not likely

3.3.3.5 (Compensation of uncertainties

As discussed above, considerable uncertainty axists and will create

aifficulty in reascnaply demonstrating long-term performance. As notea in
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Mc3rath ang others (1873). rePOsSitirias w110 ce sited qesoita %ne srasenca sf

uncertainties in available data ang lick af Uit <ncwledge of important fictars,

and despite these uncertainties, the natinna] srogram is going forwara,

A numper of things can ang are being ic-e 3 comoensate for uncarstiiaty,

Consigerstle research is Junaerway to iry

A

N3 3nswer many aof the jJuestions

[

ritsed apove (2.9., UOE/USGS (1979 araft)) apa =2 try and quantitativel assess
the impacts of uncertainty. Certain ‘Mporant juesticns must se answerseq
oefsre adequate performanca can e issured, NAS/NRC (71979). A conservative
aporoacn ncw to repository develcoment is nesged. A3 racommended, a repositery
nust consist of 3 series of backup systems, i.e., multiple barriers,
(1973}, Craig (1979).

7 tarms of siting, a conservative 3ppraacs st . De taken. 4 staple and
predictacia geolagy is necessary, Golder (1973h) [t is important to select

sitas with charicteristics that ars refativel, 2asy to charactarize ind model
accurately, Rogers and others (1979). Significant c..olexities should be

avoidea because they introduce consideraple uncertainty in mogel ca'culations

and availapnla models may not be able to represent such complexities; this also
increases the possibility of ov;rlooking anomalies, Rogers ana others (1379).
Sites must ce selecte ! which possess is many favoraple conaitions is sossiole

Lo compensate for uncartainties and any 3dverse conditions found. Reliaple

ind accurate geotachnical information must ce sctained ang can only be odtained
°Y observation and measurement taken at i sarticular site and on geoliogic material

C3ilected from that site, [EC (1979).

POOR ORIGIAL
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+7 dedling with ‘ong-term 3ssessments. natura) anaiogues provige tne
elament of "time” and must be drawn Upon as part of the weignt of tachnical
avicence. The appiication of models to past geolegic thermal events, Morton
and Kaight (1977), and transport processes, MNorton and Knapp (1377), provides
i means %o verify pregictions aver the leng term. Comparisons of grocesses
ind <sngitions relatad to a3 repository with natural congitions. 3raoxins
(1278a,5), Walton and Cowan (1975). Cowan (1378), arovides a means to bound

the probiem on 3 First orincipla basis.

A consigerable suojective element exists in the eartn sciences. Jaspite
“he fact that such subjectivity, i.e., axgert opinien, is censigerea by some
7T %0 Je suitabl: far 3 comprehensive safety evaiuation tool, araengerg ana
toers (1278), suen susiactivity, and the sound siting practicas that have

rs from it, nust play a consigeranie rale in sarety

sonsiderations in siting.

3.4 Site Performance Objectives

3.4, Underlving Principles

The achievement of the EPA standarc requires three main factors: (1) the
numerical release standards, as a minimun, be met through a comprehensive
performance assessment; (2) there is "reasonaple expectation”’ that the
performance standards are met; and (3) to compensate for uncertainty, the

repository be composed of muitiple parriers.

In consideration of achieving the £PA standard, and in consideration of

the apove discussion, as well as information to foilow, a number of principles

-
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"ave smerged Which unarlfe the sit7sq ~aeuirsments
s ectliJes and the 'nafvicual 5131ng requirements. it reiation to the abcva

fictors, these are:

3.4.7. 7 DParformance iszassment

in congucting tne perfarmance assassment. Lhrae tnings are necassary:
(') simpiifying the probiem througn avoiding compliexitias; (2) bounding the
sroclem through using Sounding assumptions and sarsmetar values: ard (3)
tnoroughiy investigating a site to obtain as Lhorough a knowledge of zonditions
ing reprasentative data as possible. This latter principle cannot ae mora

-
Y

@D
w
wr
w
a

5% As summarized by Cowding (1979), in angineering disciplines other
tnan those related %0 the 2arth sciences, mataris] precerties are defined

3 oriori and are controlleg oy nanufacturing. At a site, natura has
nanuficturag tne matarial oraperties ang they can oni; Se reveaiecd tcy thorough
‘avestigation. The convevanca of the Jverriaing impcrtance of axploration %o
ather disc'plines is 3 ¢ifficuit one. Hers, with regard to a repository,
investigations become aven more important becausa long=term performance cannot
ce measurec over the long term Sut only assassad¢ :n the basis of short-term

t2sts and investigations.

2.4.1.2 Reascnable axgectatisn

Reasonable expectation of site performance reguirss not oniy a computer
simulation but also the f37lowing: (1) the ~eight of tecnnical evidence based
on "first" principies, acerived from the observational sciences involved, anc the

consensus of peers, (2) verification of models; (3) arnfessional jatitude and
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ment 0 tarms of neither Seing unduly restrictive nor agequate, ang (4,

P

W

3T the Tavel of zecisicns reached sarrespends to the leve! 37 information

--mpifanca vith the multinla sarrier apcriach requires: (7) the site %3
ccmolement ana suopiament the angineered tarriers nct in just simply ang
marginal’y making up deficiencies Sut also in proviging a margin of safaty;

=) 2&z0 of lhe site components to crovide a margin of sarety and this requires
the site 0 possess 3s many favoraple characteristics as pessible and as few

igversa conditions as possible.

Frcm these principles, tne tares sita cerformance objectives selow and

£t

“7@ 373°ng reguirements descrided in the sections to fallaw Nave peen deriveaq.

.

3.4.2 Stapility of the Site and Environs

The future stability of the site is of paramount importance. [t is the
cornersticne of tne concept of geciogic dispesal. Site stapiiity is the main
threag of every guiceiine on site suitability, e.g., NAS/NRC (1378), NAS/NRC
(1979), IAEA (1977), IRG (1978), USNRC (1977, 1978), McGrath and others (1973).

It 75 of paramount importanca in terms of limiting releases., Cloninger (1573
3ased on 3 cerformance analysis, assuming that aleng with the angineerag

2laments, the initial site conditions provide retardation and other properttas
that show tne ZPA standard is achieved, future stapility of the site oroviades
the margin of safaty and cunfidenca that the repository will inceed nerfarm zs

anticipatea over the long term. Future stapility provides arotection to the



angineered elements from 20th man's ictivities and naturai orocesses. [t
allows simplification of and provides aaditional confidence in the performanca

forecasting.

The nature of future stapility is a relative one. What is reguired is
that the site's present stapi’ity «i!] aot significantly gecrease over at
least the next 10,000 years, both under natural processes and influencas of
the amplaced waste. I[n geology, perhacs, the anly thing that can be guaranieeq
s cnange. As such, some change to a site in the future can be anticipataaq.
Of importance here is the rate and magnitude of change as detarmined by axam-
ination of the past and the present, in consideration of sossible future
influences, e.3., climatic change. In tarms of the past and present, it is
necassary L0 show that the site is relatively stabie and has been relativeiy
stap’e in the recent geclogic past in terms of such things as tactonic stapilisy,
Nvarologic stability. That is, it is necessary to show that the four components
of .he site have not significantly changed over the recent geolegic past. To
d0 this rec ires that the rate and magnitude of processes acting in the area
dround the site in the recent geologic past are, on a relative basis with

other areas, on the low end of the scale.

There is some discussion in the literature apout siting repositories in
very active areas, such as near an active volcanc such that volcanic ash woula
help bury a site and keep humans dway, or on the dewn thrown biock of a fault
such that with time the repository would become more deepiy buried. At present,
neither the charactarization ir srediction of the close~in affects of these

phenomena can be made with any rea] cartainty %o make oredictions o -r
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Ngre time soars, 12t 3icne the next 10,360 Jears; and ateithar pnenomena nas
3G 3ny rezl 2ffact on wnere numans in the past IngG it sresent congragata.
These suggesticns also 30 3gainst the main bedy of recommencations in the
litarature,

As roted in the Titerature, De Marsily ang athers (1877), past {(ar
oresent) stability cannot guarantee future stapility, nor are they sufficient
*3 assure tnat there is reasonadle :xpectaticn of meeting the ZFA stanaarid,
Sucn a condition(s) is, nowever. essential. Agaitionally. the following

cojective must be achieved.

2.4.3 Innibiting Racionuc!ide Migratior

The site and it3 environs must significantiy contriputa %0 retaraing

~32ionuciice migration and it is 'ecassary that this capabiliity not signi<i-
tantly decrease with time. Much of the discussion above applies here in< ,il]
not de repeatad. As indicated in previous sactions, over tne long term %ne
site will be the major contributor to fsolating waste, 2xcepting numan
activities which may short circuit the site and catastrophic gecliogic aven:ts
wnich meeting the first objective and the engineering objectives shoula
ninimize. As indicated in a number of studies, Oe Marsily and others (1977),
Altomare ana others (1973), regaraless of host rock low oermeability ang
depth, there is sufficient time far grouncwa*»r to penetrate the repository
and return biologically significant radionuclides to the accessibie environmen
As notad previously, it is the gecchemical system that has the major impact on
retaraing the rate of release of radionuclides %o the accessibie 2nvircnment;

therefore, it is essential that a site axhibit gecchemical properties that

-
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$ign1vIgant *el3ve cadionyclide migration. However, Lie s2cCnemical system
1§ e .2ast uncgerstocd sile COmMponent. A3 such, tnis reguires the Qther

components 2f the sitas

«*

O provice 3 significant margin of safety. That is.
the nyarsiogic system alone must orevige /ery long trave’ t'mes (s2e section
6.0). The zeolsgical ang jeomechaniza] framewor« of a 3°%2 and i%3 anvirons
must provice 3 significant onysical sarrier %o groundwater mcvement ang
circulation. Each of the components must oe snown to provide a margin of
safety and significantly contribute 2o issuring the EPA standars ‘s met. has
constitutes a margin of safety in toto weula ce the sita oraventing any
rel2ases to the accessible 2nviranment for 10,300 years uncer r213sonably
Tikely natural srocesses. This should Oe the goal, but % 35 a0t ~equireq.
Seciuse it joes ceyond the EP3 standara ang nay not De r22s3naoiv acnievabie.
Jcwever, r23sonaoie pregictions ingicating that this may ce attaiseg would
orovige a significant margin of safaty. what is requireg s assurancz :nat
conaitions exhidited by 1 sita to innibit ~aa‘snuclice migration
and that are used in foracasting ridionuelide migration in the future, remain
relatively unchangec and don % decrease in “%e next 10,300 vears. The :ask of
characterizing these properties it 3 site snd of gquantirying tnem %3 zetarmine
present conditicns, given such things as variations in natural preoertias, the
questionable relevance of laboratory measurements on samples from a site, the
Tack of in situ technigues, #i11 se formidable and in ind of itse!f nignly
incartain.  Anticipation of significant variations “rom the initial congitions

wouid Sasically lead 3 3 situation 3f limited to no configence.

POOR ORIGINAL
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2.4.4 Minimum Release Time

The third site performance opjective, in context of the two acove, arovices
3 courling between the site and the engineered repository elements. It basically
requires as a performance objective that the site provide a certain level of
redundancy and suppiementation to the angineered eiements, particularly auring
the time period when the nazard is the greatast. Analyses of the potential
nazarg of the waste indicate that the hazard significantly decays with time
g that it Y3 the most intanse within the first 1,000 years. As noted by
neckman anc others (1379), the initial condition of the repository must be
Such that ne significant releases occur during tnis period because radioactive
Jec3y Nas not substantially reduced the hazarda. It is also aoproximately
«iihin this time frame and out to several thousands of years that waste/rock
‘nteraction effacts will be the most intanse on tne site, in the fir fiala,
4ang ana others (1979), ADL (1979b). Thus, within this time frame, the nazard
and the complexity of analysis will be the greatest. Within this time frame,

then, demonstration of performance will tend to De the most difficult.

[n general, the performance obiectives for tne angineering alements
provige two major things: protection against human intrusion which would short
circuit the site, and compensation of the many uncertainties associated with
the site. The third site performance objective provides needed backup %o the
engineered eiements during the most significant time period with respect to
aifficulties in analysis and the hazard. This objective requires a site be
chosen with the idea of achiev ng no releases to the accessible environment

nder expected processes .nd reasonanly foreseeable events, assuming the

328
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engineerad cir=igrs may fail during the first thousand years, wnen tie nazara

is greatas:. [t ingirectly, But intanticnally, sets a minimum raaionuclide
trave! time “rom the repository to the accessibie environment of 1,000 years.
Performancs :t.dies indicate sucﬁ a2 minimum travel time should result in
releases izcroacning background radiation levels. Acditionaily, such a travei
time, couc’zc ~7th the time it takes for repository resaturation (2stimatec %o
range from decices to hundreds to pernhaps a thousana years depending on
cermeability ind other factors, Heckman and others (1878)) and delays in
initiating trave! (3 thousang J/ears or more) Drought about Dy the angineered
carriers, ~ill provide a significant factor of sarety in assuring that at
'@ast over 1 significant percentage of the 10,000 years and during the tim
cerioc wnen the hazard and complexities ara greatast, the ZPA reiease stanaards

vi e 3chieved.

b

The usz of a travel time ner se 3s a serfsrmance objective was zhosan for
several imoortant reasons. First, it allows consideration of the :zcmoination
of site carameters in keeping with a systems approach. That is, different
sites cauld achieve this objective through aifferent comoinations of site
Sarameters. As such, it does not place undue restrictions in the cheoice of a
site which might result from placing overemohasis on 3 single site condition.

econd, such a perfarmance obiective allows a cartain ge of indepencent

e

check on zerformance modeling. This can be achieved through the zating of
jrouncwater movement Dy multipie approaches and the assessment of the chemical
evolution of the grouncwater, Davis (1979), Fritz and others (1979). Comparisons,
then, can e nade between measured flow characteristics ang pregicted flow

characteristics. Third, if the radionuclide travel time to the accessible

3-26



INCNMENT 15 aguated L9 just e sroungwatar trave! time (as further giscusseq

in section 3, it ne'ps to reiieve consideranle uncartainty wnich is arougnt

a0out oy neavy reliance on the uncertain ana zamplex geochemical svstem. In

this case, the geocnemical system just becomes ian additional safety factor and

't only recquires marginal retardation (effactive retardation factars cetween |

ind 10) %5 assure tha

PA relzase :tandara is achievea uncer ~easgnapia 1ikely
2Vents and orocesses. This third alement is not ~equired as a cerfarmance

iDtar*iva h
sRCSVIe O

4% Ts 3 favorabla charactaristic siting requirement. Finaily, the
use of 3 trave] time is consicered a :ype of cbjective that can be readily

latarmined eariy=on in site screening, both in tarms of fiald tests and associated

iN3'yseas and in carwyout gerfsrmance medeling. As such, it saculd nelp in

(&

73kng 2arly site suitacility setarminations.
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4.0 SITE EVALUATICN

This section, as well as Sections 5 and 5 to follow, cescribe the Sases

Senind the siting requirements in the draft regulation (See appencix ~). The

U

iting requirements as a whole define and provice more cetail as tg ~"at is
icceptable in terms of site characteristics and tne adssessments that Meed to
ce performed in contaxt of meeting the site performance ccje-tives any tha £2A
release standards. The previously defined principles that underlie ‘he site
cerformance objectives underlie thesa requirements as weil. 0Of particular
importance, here, is the application of professicnal judgment and lat’ tude.
It is anticipated that a site may not meet ali of the siting requirerents sut
still meet the site serformance objectives ana tne ZPA standara. As such,
axceptions to indivicual requirements may De warrantac s0 as not o se unculy
restrictive. However, the reguirements have implicitly associated with them a
Tevel of conzervatism the NRC staff celieves is approprizte ang necessary for
meeting the site performance cbjectives and the EPA standard. Thus. excaptions
#111 not come readily. The requirements, as discussed in sections 5 and 6,
Tayout the scope of what is necessary to obtain an excepticn. what is essential
is the maintaining of about the same implicit level of conservatism that would

oe associated with having met all of the siting requirements.

1.1 The Scope of Site Zvaluatian

The site evaluation requirements refer to the general siting requirements
ind site-related monitaring requirements in the regulation. Following on the

reccmmendations in NAS/NRC (1979), the site evaluation requirements establish



a framework for a comprehensive data acquisition and analysis orogram that is
0ascd on extensive exploration, axc-rimentation in tne l'aporatory ana in :re
field, and large-scale in situy testing. They establish a process that will
continue ana build thraough the lirensing stages. They also establish the
foundation for the develogment of regulatory guides which ~ill provige more
idecializag and detailed guidanca, ang the licensing reviaw process. As noted
previcusly, site avaluation is the cornerstone of appiied earth .cience

fields. 3ecause of the importance of sita evaluation, and particular importance
»ith respect to assessing long-term repository performance, site evaluation

requirements nave ceen included in the requlation.

There are three essential dspects 0 site evaivation. These are: (1)
2o 'oration, wnicn includes performing investigations ang test: %o cetarmine

& Ingitions for the purposas of des’gn sng long-tarm ser<srmanca ersjec

3 13N,

t2) analysis, which includes, based on (1), such things as icentifying past,
=rasent and future natural conditions and procasses and tneir magnitudes,

rates ana 'ikelihood, i.e., scenarigs faor modeling, evaluating waste/roack
interactions, and concucting performanca moceiing; and (3) verification, which
incliudes validating models as well as monitoring to confirm performance and
pred..*ions. None of these aspects are mutually exclusive. Individual site
evaluation reguirements to some extent encompass al! three aspects. However,

in the following discussion these *hree ispects are treated somewhat separately.
Acditionally, repesitory/site intaraction affects which bear significantly on
the application of the adverse condition requirements are 1lso treated

separately below.



¢.2 EZxgloration ecuirament:

- - <

The dereiopment oF 3 repository is unigue in several #a8ys. In agdition
L0 those’=xamples previously citad, such as evaluaticns 2xtancing thousands of
/2ars into the future, the development of a repository has lead to feders!
requlations and standards that explicitly dea! ~f1h risk and calls for a
comprenensive and integrated approach. There is lTittla pracacant for tne t/pe
of integrated approach .-at is deing taken in deveicping 2 repository. This
s particularly true in the applied 2arth scienca iraa where jeotacanical
information is obtained and is provided to design enginee(s for design input.
Although in repository development this still holas, much more is required
Secause of the impor=ince of the sita. the unique tvpes of evaluations involvag
ina the intagration of the many fictors that ars invelved via systems nogel ing.
Thus, it becomes imperative that site expioration oe concucted in an integrataa
v3/ and that thosa conducting axploration se cognizant of the essentials
invelved. The siting requirements dealing with ‘nvestizations, evaluations
ind tests were developed with this ‘n mind. The 2ssentials involved and their

Jedring on exploration are discusseaq below.

. 2.3 Recucing Ccmo?exi:z

One must keep in mind that the analysis of repository performance is very
compiex ana demon:tration of performance wi)l be very involved. Given
limitations in mode!ing capabilities and limitations in conducting investi-

gations near 3 site to prevent adverse effacts (e.g., aue to borencies), in



s1te exploration one must consider, in santaxt af sresent capabilities ang

these 1imftations, wretrer 3 sita is too compiex T Je thorsughly investigateq
ang 2vaiuated. This 3szassment is an IMpOrtant requirement. As to whether 3
site is %00 complex or not i3 a relative judgment. It involves consiceraticns
of many factars sut Y garticular, consigeriticns of conficanca. This ‘n

turn involves, from in axpioration standpeint: wnether 3ite canaitions zan be
descriced with a nign degree of confidence; wnether there exists complex
Jjeologic structures and active grocessas; anc whether ther2 nay be significantly
aifferent but just as souna intergratations of 2ast and present canditions

wNich Could l2ad %2 2rcers of magnitude variations in consiceration «F fufupe

conditions.

5 9
4.2.2

xtaat 3f Tsivagstigations

k& - - -
The axtant a1 8

wn

“ijations, in terms of gafining the spacial and
tamporal frameworx >f 3 sita, will be dictated Oy site specific conditions,
i.e., whatever it taces t3 1efine the lynamics of the system ind possible
variatiors at a particular site, TRW (1378). However, based on past licensing
experience and difficulties that have arisan (see Rocbins ana 3udge (1373))
and the unigueness of assessment: relatea %0 repository deveiopment, several
minimui requirements have emerged. These bear on defining the spacial
framework and temporal framework (i.e., the past, present, and the future) of

the site and its anvirans.
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+.2.2.% Sgacial framework

in consideration of the spacial framewnrk one must ask the guestion: How
far out from a site should “detaileg” investigations extend? Without some
guidance here, the answer to this question could either lead to a situation
whers "detailed" considerations axtenc to distances on the order of thousands
3 Xilcmetaers from 3 site (2.3., on the axtreme, the entire Nor%n imerican
plate) to distances of only a few kilometers from a site. The knowledge of
2arth processes is such that there is no real formula to make 3 dacisien such
3s this. From a licensing perspective, this could lead to a situation where
one is trying to answer the impossible, where considerable “"endlass” depate
~117 2nsue and where information may be cbtained which 2ither is of questionable
~2levance or doesn't go far enougn. In fact, this nas inceed nappened in 3ast

‘icansing cases.

in terms of the geographic extent of past investigations conductad for
critical facilities, this has largely been dictated Oy seismic considerations,
Slemmons (1377). Although there are certain common threads, there is no real
consistency in the geographic extent of past investigations for critical
facilities, Robbins and others (1979). Although far-fieid seismic considerations
ire important in repository development, such as in the design of surface
structures, in defining the tectonic region around a site. ang in assassing
the Tikeiihood of seismic events in the future, they are not as important for
4 repository over the long term as for the design of other types of critical
structures over the short term, Koplik and others (1979), KBS (19878), Carpenter
and Towse (1979), Pratt and others (1978). With regard to groundwater assassments,

these have largely focused on present and short-term future considerations.



Ass@ssments of grouncwatar condizicns in the jeciegic past comparacle to

issessments made of tactonic congitions (for purposes o7 defining present day
conditions for design applications) appears scarce. Much of the past effort
ners appears largely academic in nature. That is, there is no precadent for
the type of considerations that must be made here (i.e., "guantitatively”
defining the extent of paleo-grounawater systems ana future groundwater systems

on 3 geologic time scaie).

Given the above problems there is no specific answer to the stated question
and one can envision this situation arising aven at a specific site. The
inswer to this question will be farmidaple. However,K there are several factors
tnat sheuld bSe kept in aind and that have lad to setting a minimum (Sut generally
icceptlable) distanca of a racius of a hundred kilome ers from a site for
ourpeses of investigation. These are:

1) EZmpnasis must be placed on unraveling the future through unraveling
the recent past and present. Thus, one must not just Took for zonditions
«hich help define the nast and the present but the future as well., This is
neioful not just for input to model predictions but to help validate such

predictions on a first principle basis.

(2) Emphasis must be placed on not just mmediate site conditions but on
i nuch larger area to assess whether more remote conditions could influence
the site in the future or be useful ia unraveling past, present and future
conaitions in the immediate area iround a sita. That is, correlations and

similarities must ce sought.



J

&9 ne search for information nmust beccme mora ntense Zlisar fgowara
the site and at points were radionuclige releases to the accessiplia environment
may occur. Particular focus must be placed on site oroperties which may
influence the axtent and magnitude of repository/site interactions. e.3.,

prccertias bearing on convective grounawater flow.

(+) Zmpnasis must be placed on those conditions, events ind processes
that are truly important. Of particular concern here i3 bouncing the nature
ina axtent of conditions, events and processes, f.e., defining their geometric

extent, temporal extent, ratas, magnitudes and )ikelihocod.

sonsideration of these factors and the above discussion ~ent into :ae

juagment cenind the 100 km minimum (with respect %o details on factor 4. see

o

gction 2).  This numerical requireent iappears reascnable from saveral respects.
Considerations in terms of defining the region aroung 2 repository sita span
about 10° to 10% square miles (or square kilometers), CCE/USGS (1972 grart),
or a radius of about 30 to 300 kilometers. The geometric extent of jeologic
features and tectonic features are usually in the range of tens of Xilcmeters.
A distance is necessary to encompass these features. Stuaies to assess such
features in critial facility siting are usually on the order of a hundred to
several hundred «ilometers, 5lemmons (1877). Distances traveled v deep
grou'rwaters before they reach surfaca waters ar shallow aquifars ire noted is
deing usually in the range of 10 to 1,000 ’ms., Hill (1978). Given, the
aporoximate travel times of such deep water, 3 site neeting the favoriple
characteristics in the regulation ana ncaeling studies performec, e.3., Naymik
and Thorsen (1278). detailed considerations of £low saths bevund tens %o a

fundred <ilometers appears unreasonabla. A aumper of conditions may axtenc

=7



#dy Deyond the 105 kilometer minimum. These include conditions dealing with
glaciation which have had impacts spanning thousanas of xilometers, such is
that resulting from major reorientations of river drainage patterns, Flint
(1971). Tectonic features such as large-scale geologic structural provinces,
may also span thousands of kilometers, Roagers (1930). Putting these in some
serceptive, tectonic congitions far removed from a site have Deen noted to e
of questionable relevance in assessing present day site conditions, Rcbbins
and Budge (1979), Hadley ind Devine (1374), Tet aicne conditions thousands of
Jears nence. [t is questicnable whether glacial orocessas far removrd from 3
site are ralavant and wnether they require detailed consiaérations that cannot
e obtained closer in. Tt is thought unreasonacle s require detaileg assessments
ceycna 3 hundred kilometaers, unl2ss there is something major to bDe gained.

<n the other side is the guestion as to whetner tne funared «ilometars is too
'irge. As stated previously, geolcgic and nydroiogic conditions of interest
span tens of kilometers, so that consigerations at a minimum wou'ld have %o
encompass such a distance. Geologic processes have rates on the order of
millimeters per year to centimeters per year in most cases, and migrataory
geologic phenomena are conserva.ively uound by the hundred kilometers. The

same holds true for hydrologic processes.

4.2.2.2 Temporal framework

4.2.2.2.1 Past and present

Soth the past and the present are handles on the future, but there is a

question as to where emphasis should be placed. As noted previously, much
amonasis in the siting of critical facilities, particularly in the east, has
focused on paleozoic (about 350 to 500 millon years ago) tectonics and is of

questionanie relevance in issessing the present, let alone the near-term
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geo'cgic future. Questions nave also ceen raised aosu: --e ralevance of
'ooking pack into the past oeyond 10 million years pecause too many cangitions

Nave changed, TRW (13978). We are presently in the Quatarnary geolcgic period

3

which began some 2 million years agc. This pericd has 220 largely characterized

Oy tectonic conditions extending from somewhat earlisr seriags. and cyclic
2pisodes of major glaciation on the order of every hundr2a tnousand years,
with interglacial periods Tike the present pericd lasting on the order of
10,000 to 20,000 years. The heignt of the last glaciaticn cccurred some
23,000 to 18,000 years ago; tne present intarglacial bagan apout 10,000 years
igo. The present climate may be ir a cociing off cericd and, in any case,

glaciation in the next several thousand %o ten thousand J/ears can be anticipated.

Consideration of the operational period of 3 reDCS1tory requires emphasis
an the oresent. Consideration of long-tarm perfarmanca r2quires ampnasis on
the near geclogic future. For hoth, in lealing with the past, emphasis must
be on those elements of the past that bear on orocassas acting today and that
may be acting in the near future, that is, the oresent g-ologic period that we
ire in:  the Quaternary period. Therefore, investigations of the site ang its
2nvirens must be geared to emphasizing the Quaternary period. Information
must be obtained at a site and near a site that details what happened since
the Quaternary period began. Focus must be given to optaining informaticn
that will be useful in predicting the future, particuiarly those that dea)

b ]

#1th perturbations cn the site's faour “~mponents or support the lack of

oerturbations.

As roted, emphasis in investigations is required to be olaced on canaitions,
@vents ana jrocasses which have been active since the start of the Quaternary

perfod. However, considerations for the more distant past will also be necassary.
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Juatarnary stratigrapny may ce adsent or scarce ang
sonsigeration must de given ts periods extenaing furtner back inta tne past.
Additionally, olger geologic conditions must be assessed to unravel
stratigraphy and the plate tactonic eveolution of a site and its anvirons.

1

.2 Future

Y -
P . -

The EPA Standard requires performance analysis out to 10,000 years into
the future. A question arisas is to whether it is reasonaply achievabie to
require assessments, which includes investigations to lock tceyona this time
ceriod. This depends on taree factors: (1) the nature of the nazara, (2) the
orecision that can te achieveg in pradicting the future and “nis includes
issessing the past, and (3) given the time avolution of the nazarg due %o
radicactive decay, whether the 10.000 years is 2nough time to eva'uata wnat
n1gnt happen to the waste in the future. The Z24 has evaluatad thesa ractors

ang nas concluced that 10,000 years is sufficient.

[n ceveloping the siting requirements consideration has also beer given
to this problem as it strictly relates tc site investigations and analyses and
Lo the ALARA concept (that is as low as reasonably achievable concept). The
hazard due to radiocactive waste decays with time. Assessments reveal that
Detween 1,000 to 10,000 years the risk pocsed Dy the waste is reduced to a
level that is apout the same as that posed Dy unmined uranium ore. However,
certain diffarences exist: the waste is more concantratad; it is not in a
naturaily oroduced geological or chemical anvironment: iana different elements
ire presant, a numcar of shich are leng=Tived and consicered diologically
238

significant, e.g., Pu.  In regard %> these differences, consideration has

been given t3 requiring site avaluations for periods extanaing beyond 10,000
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Jears, e.g., to 280,000 years. The litarature contains reference to a number
of time periods, such as up to 100,000 sears, NAS/NRC (1278), IAEA (1977),
Nundreds of tnousands of years, USDOE (1979), and even severa! millions of
years. Different time periods basically stem from considerations of different
nuclides, e.g., 250,000 yes-s representing ten half lives of 239°u. sevaral
thousands to several miliions of years representing the buildup of alpha
emitting daughters (e.g., ZzsRa). [RG (1978). Several references discuss the
prcbiems in making a raticnal case in setting limits between 3 hunareg
thousand to 10 million years, e.g., Gera (1975), and in using an individual
nuclide, e.3., APS (1978). Fram strictly a siting perspective, making any
future pregictions, aven spanning decades as in the casa of the siting of
critical facilities, is a3 difficult and sometimes almost impossible task.
wwantitative assessments over a period of 10,000 years, although only repre-
senting at a minimum one hundrecth of the time period in the past investigatad,
will be formidable, given many of the previously cited uncertainties. Assess-
ments of geologic conditions used in siting critical facilities, for axample
in using probabilistic analysis to derive design earthguakes, aoproach 10-3 to
10-% events per year. However, it is recognized that data are scarce and only
represent a small time window into the past, present and future. Although
such assessments only apply to facilities having short lifetimes, significant
reliance on engineered safety margins are included to compensate for siting
ana other uncertain%ies. In the case of a repository, then, from 31 siting
standpoint, it is highly questionable, given the limitations in confidence at
10,000 years, whether anything quantitative can be said with any meaning
Seyond that period; and even at that period, in paraliel with other facilities,
considerable safety margin must be incorporated via the engineered barriers.
3eyond this period, reliance must heavily be placed on such things as the

resilience of the waste form and packaging as noted in [AEA (1977).
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fus, it is highly doustful that quantitative site assassments oevond
20,000 years will be meaningful. However, because of the potential adverse
impacts due to glaciation, effects of glaciation warrant consideration.
Adaitionally, it is expected that, based on quaiitative consideraticns, no
highly probable catastrophic geologic avents snould ce anticipated shortly
seyoric the 10,000 years. Built into this latter consideration fs meeting the

faveraple and adverse condition criteria.

3.2.3 The Objectives of Investigations

dany studies have awelled on the general types of infcrmation needed for
design and for performance assessments, e.g., [AEA (1977), NAS/NRC (1978). L.L
£1279), on more specific informaticn leaiing with specific subject areas,
2.3., ~mes and Rai (1373), Isnerwcoo (1973). L3L (1378), ang the types of

investigative methods ivailasie, o.3., [EC 2372). Table 4.1 lists scme of

e
-

the more important information neeced %o asiass 3 sita. Jetails covering such
naterial will 2e the subject of futura ragulatory guides and w«il! not be
discussed here. C(onsidered here, however, aras the objectives behind the
requirements ‘or investigaticns and several important types of investigations

that must be made. The required objectives are sixfold:

4.2.3.1 Investigations for desian

Investigations must be conducted for both short-term and long=-term consider=
ations dearing on design, construction, operaticn, and decommissioning.
important investigative considerations nere deal with making detarminations on
site suitability in context of 3 sita specific design. This includes the
gesign of excavations, methods of 2xcavation, size and geometry of 3 repository,

~aste 2mpiacement, dackfiiling and monitering, wawersik (1978). Included here
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Table 4.1 Examples of Important Site Pirametars

1.0 Geclogic Framework

b ]

Y

1.1

L)

3

Conditions

Seometry

stratigrapny (composition, thickness, lataral axtent)
Jepth to host rock

Geothermal gradient

Tactonic framework

Climatologic framework

Cistribution and extent of resources

Processes

Extent, magnitude, and rate of:
Surficial geologic processes (erosion)
Tectonic processes (earthquakes)
Dissolutioning
Uplift
Supbsidence

Events

Sxtent, magnitude, rate, liklihood of:

b

“.

]

ra

volcanism
fault ‘ng

2.0 Cecmechanical Framework

Mechanical Conditions

Distribution of heterogeneities and discontinuities (fractures, faults)

Quality of rock conditions
Stress conditions

Strength

Modulii

Plasticity

Thermomechanical properties

Thermal conductivity

Expansion coefficients

Thermal alteration properties

Specific heat

Censity

Conduction and convection characteristics
Pore water pressures
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3.0 Groundwater Systam

3.

1

3.2

Flow Framework

Locations and rates of recharge and discharge
Oepth to the water taple

Hydrostratigrapnhy (aquifers, aquicludes)
Aguifer capacities

Directions of flow

Velocity of flow

Trave! times of flow

Graagients

Flow Properties

[nterstitial flow

Fracture flow

Primary and seconaary porosity (effective sorasity)

Permeability (hydraulic conductivity and intrinsic permeability)
Grounawater age (using multiple approaches)

Dispersivity

1.0 Geochemical System

4.1

Rock propertias (in all potentially traveiled rzccks)
Mineralcgy
Petrology
Alteration oracasses and products

Retardaticn orsper<ias for nuclides and species of imgcortancs
(bulk rock ang ninera! retardation, mass and surfice Jistrisution
coefficients, ion exchange, adsorption and descrption, ipsorntion,
ion filtration, osmotic effects, kinetic factors, equilibrium

factors, temperature and pressure effacts, characteristics
effecting oxidization/reduction and acidity)
Organic content

4.2 Nuclide properties (in all potentially travelled rocks)

concentrations

stability fields of species (at temperature, pressure)
solubility

reactions

complexing

4.3 Grounawater chemistry (in al) potentially travelled rocks)

Oxidization/reduction potential
Acidity

Trace and bulk chemistry (ionic strength, inorganic and srjzanic

composition)
Hydrogeoiogic avolution

POOR CRIGINAL
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$.0 Human System

Past and present activities

Population distribution (including growth trends)

Extent, magnitude and distribution of subsurface activities (exploration
arilling, resource mining and drilling, water well drilling, subsurrace
waste or waste water disposal, uncerground storage, underground constructicn)

Military activities

Triansportation
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1150 s determining design 5asis events for surface and p0ss e sucsurtace

ing interconnecting facilities. Thes~ include natural events, such as earthguakas
ana metecrologic phenomena, and consideration of human activities near a sita.
Ancther important investigative design consigeration that must be made is

2arly indications that sita conditions are such that the repository can be
affactively sealed. Early consideration must also be given to investigating
discontinuities, heterogeneties, such things as brine pockets, gas pockets,

ind poor rock conditions needed for determinations regarding safety-reiatad

lesign medifications, or the possible retrieval of waste, or wnhich nave 3

bearing on site suitability.

4.2.3.2 [Investigations for stability

investigations must faocus on ietermining the reiative stacility of the
iite over the long tarm, i.e., the relative stability of the four site comgonents.
As previously stated, this requires amphasis on the recant geolegic past.
-onsicerations here must be given to establishing site conaitions in zontext
of piate tectonics and global climatology, McGrath ard others (1973), Potter
(1979). Cf particular concern is performing investigaticns wnich cast lignt
on the paleohydrology and past chemical conditions of the site ana its environs.
Consideration here must also be given to identifying parameters and conditions
important in assassing repository/site interactions. Important here, as well,
is defining the rates, magnituges, extent and likelihood of processes and

avents active today and in the recent past.

$.2:.3:3 Investigations for migration

[nvestigations must focus on those conditions that bear on the isolation

of radionuclides, i.e., defining the contributions of the four site components
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in isolating waste, the nargins of safaty they srovice., now they comp!ament
:fe another anc sJupciement one another. Again, considerations in investigations
nust focus on repository/site interactions, i.e., Doth the effects an the site

iNd in turn the site's affact on the angineered barriers.

=.=.3.4 Investigation 3f svystam dvnamics

in conducting invastigations as well as evaiuations, consideration must
22 given to the dynamics invelved, i.a., intaracticns and superpositions of
nany variables in space ind time. As an exampie, in investiyzting site properties
#1th respect to borehole sealing, it is not encugh to just determine ambient
cenditions. Consideratior must be given to the location of the bcrehole with
respect to the repository; the anticipated heat flux in the vicinity of the
screhele, and its changes in time and magnitude; cnanges in grounawater cnemistry
ind flow in the vicinity of the norenole with time; changes to stress conditions
‘n the vicinity of the borenhcle due to uplift or laterial expansion from the
heat load; changes to pore water pressure; natural conditions, processes and
events, when they might occur in time and their magnitude at the borehole
'ocation. Thus, in investigating conditions at the site of a borenole or at
the location of a potential shaft, one must obtain information that goes
beyond just identifying ambient conditions. Again, investigations must give
consideration to the dynamics involved and this incluagas combined consideration
of natural processes, human activities, construction of the repository and
wasta/rock/water interactions.

4.2.3.5 Investigations for representative and Jounding values

[ %)

In terms of characterizing site coaditions, both natural and those relatad
“0 Numan activities, the obtainment of both representative and bounding

values are necessary. In tarms of representative values, characteristics
4-17



related particularly to bulk groundwater flow and retarcaticn are e2ssential

for the long-term performance assessment. [n terms of obtaining bounding
values, this is essential in assessing confidence. A significant aspect of

the comprehensive performance assessment will entail sensitivity analysis,
T.e., the assessment of what conditions at a site are particularly important,
and uncartainty analysis, i.e., the assessment of tne'fmoac: of uncertainties
associated with input data on radionuclide release calculations. This requires
investigations to seek out the extent of variations in site conditions, and to
define bounds on variations. B8ecause of the interpretative rature of site
issessments, due consideration must be given to reporting interpretations that

net oniy support a position but also thosa that may not.

4.2.3.5 Minimizing adverse affects

Finally, in terms of investigations, care must be taken t2 minimize
potential adverse effects, EPA ad hoc (1977), NAS/NRC (1979). Of particular
concern here are the sinking of an exploratory shaft, development of explor-
atory drifts, and the drilling of boreholes which could result in creating
pathways for groundwater and radionuc)ide movement and could short circuit the
site's isolation properties. This could either come about through creating
additional pathways via the shaft, drift, or borehole, or creating fractures
into the surrounding rock. This may be particularly troublesome in penetrating
soluble rocks such as salt and limestone because of the possibilities of
inducing dissolutioning, Carpenter and others (1979). Consideration must be
jiven to both the state-of-the-art of sealing borenoles wnich is limited, and
the system dynamics as discussed above which will 5e compiex. Investigations
entailing subsurface penetrations must give prior consideration to possible
effects on long-term performance. Obviously, trade=offs are involved nere and

this must be carefully assessed. Consideration must 3lso he given to the use
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and resolution of remota zensing technigues. 'what is *equired, then, is 3
lemonstration tnat a reasonaole attempt nas been made in assessing and bounding
impacts, in weignhing impacts against wrat is gained, and that impacts do not
Nave a significant effact on long=term performances nor in meeting the site
cerformance objectives, the other technical objectives in the regulation and

the ZPA release standard.

4.3 Required Analvses far Long=Term Parformance

As noted in IRG (1978), the gegree of long=term isolaticn can only be
idssessed through mathematical modeling. Extensive affarts are underway to
develop such computer models, Stottlemyre and others (1978), Dillon and others

1373), Campoeii and others (1978), Iman ana others (1978). Sensitivity

inaiyses have been conducted to assess what properties of the repository

s/stam are important and when, Hill (1979), Cloninger (1979), APS (1978).

studies are being conducted to identify scenarios that may lead to relaases,
-arpenter and otnhers (1372), Campbel] and others (1978), ADL (1977), Stottlemyre
ind others (1978). This section, drawing upon the above referencas and emphasizing
the site, discusses the scope and objectives of the requirements dealing with
2viluations and performing analyses. The next section will aiscuss verification

of analyses.

4.3,1 Scope of Analyses

The analysis of repository performance requires a comprehensive perform=-
ance assessment, i.e., an ana'yses of the magnitude and likelihood of radio-
fuclide releases to the accessible environment. To perfom such an analysis
requires the following factors, as derived from site investigations, to be

defined:
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lable 4.2. Events, Processes and Conditions Requirving long- term
Performance Consideration for Sceaario Analyses

Condition, tvent, Process Intluences of Particular Concern
L0 Natural and Slow Continuous Processes: L0 Evolving framework for analyses

L1 Processes lnitiating on the Surface

L 1.1 Sea level Fluctuations L L1 Changes to groundwater flow and chemistry

L L2 Densdation and Stream Erosion L2 bxhumation of waste and changes Lo recharge
and discharge locations

L3 Climatic Fluctuat ions L1 3 lacreasing recharge and discharge, aquiter
Capacily
1. 1.4 Sedimentation L4 Brittle fracturing due to sediment loading,

Icreasing porosity and permeability, Crealing
natural Tmpoundment s

LIS Glaciation L L4 Gamut of potential effects including
exbumation due o erosion, isotatic adjustments
resulting o brittle tracturing amd e reas g
porosily and permeabilily, changes in the regional
tlow system boundary conditions, alfects on
dissolutioning rates, creation of natural
impoundment s

1.2 Subsurface and Broadscale Processes

L2 1 Regional Uplitt and Subsidene L2.1 Beittle tracturing, generation of earthgquabes

1.2.2 Dissolutioning 122 Increasing vate of waste leaching, crealing
pathuays tor vadionuchide wigrat ion

L.2.3 Diapivism 1.2.3 Creation ot tractures, changes to repository
geomelry and ellects on engineered structures
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Table 4.2. (Continued)

Condition, tvent, Process

Intluences of Particular Concern

2.0 Disruptive Natural tvents

2.1 Volcanic Activit
(including extrusive and intrusive
activity)

2.2 Faulting

2.3 LEarthquakes and Associated Effects

3.0 Human-Induced Phenomena

3.1 Repository Related

311 Subsistence and Caving
3.1.2 Shaft and Borehole Seal Failures
3.1.3 Fluid Inclusion Migration

3.1.4 Thermal Effects

2.0 Disvuplion of engineered elements and ambient
site conditions

2.1 Creation of natural impoundeents, earthquake
activily, creation of pathways, exhwmation of wasle,
Changes in groundwater chemistry

2.2 Creation of pathways, disruplion of engineered
reposilory elements Lo inhibit groundwater and
radionuc lide migration, short circuiling the site
properties Lo inhibit migration

2.3 Disruplion of emplaced engineered materials
(seal failures)

3.0 Disruplions to ambient conditions and repositor
element s

3.1.1 Creation of fraclures
3.1.2 Decreasing path length
3.1.3 Increasing dissolutioning of waste

3.1.4 Changes to groundwater flow including
circulation pattern and rales, chemical changes to
growndwater and retardation capacity of rocks,
physical changes in geology including expansluu/
contraction, including stress and fracturing,
pressure changes failure ol seals, chemical
reacltions.
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lable 4.2. (Continued)

Condition, tvent, Process Influences ot Particular Concern
3. 1.5 Radiation Effects 1Y Production of gases, physical changes

Lo material propervlies

3.1.6 Chemical Effects 3.1.6 Adverse effects on retardation
propevties

3.2 Nonrepository Related
3.2.1 Inadvertent Intrusion Into Repository 1201 Decvease path lengths, increasing dissolut ion
Due to Exploration (drilling) af vocks (sail), disruption of engincered elements,
Creabton of additional tractures
3.2.2 Mining Activilies 3.2.2 Decrease path lenglhs, creation of tractures,
(for resources or storage) Changes to groundwater chemistry, dissolulion of
host vock (salt)
3.2.3 Subsurface Water Use .23 Decrease path lenglhs, creation of tractures,
(wells and wasle disposal) adverse changes Lo groundwater chemistry, local
effects on growndwater flow (eftects on gradients)
3.2.4 Human Activities on Surface 3.2.4 Creation of ivactures, modification of
(military use, impoundments, population grovndwater flow system (elfects on gradients,
center establishment) recharge, and discharge)
4.0 Undetected Conditions 4.0 Creation of uncertainty
4.1 Hydrogeologic Conditions 4.1 See above influences
(includes faults, breccia pipes, gas and
brine pockets, fractures, voids,
discontinuities, helerogeneities, valuable
resources)
4.2 Human Induced Conditions 4.2 See above intf luences

(includes undiscovered boreholes amd
mines )
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dealing with 1 particular event, process, or condition shouig be performed.
L is axpected that this will ce conservatively approached.

v
-

[t should be noted that three types of conditions nave been lef+ off the
1¥s% wnich are included on others. These are: consiceration of nuclear
~arfire, meteorite impacts and intenticnal future human activities. wWith
regard to nuclear warfare in the future, surely the catastrophy brought about
Oy 2ot the surface dispersion of ragicnuclides and major disruption to
s0Ciety makes consideration of repository failure somewhat a moot point in
comparison. Meteorite impacts of the size to cause damage to a repository
nave a very low likelihoca of hitting a repository, and a repository site has
2ss cnance of being hit by such a meteorite than a major city (due to area)
snere destruction and geath would be many, many orders of magnitude greater
ing yat, it is of little concern. In terms of "intentionai" human intrusion

'n the distant future, in context of the site, little can really be done here.

4.3.1.2 Sensitivity analysis

8ecause factors are largely site specific, analysis must be performed to
datermine, at a specific site, what are tne important site conditions and
their influences on releases. Thus, a sensitivity study is necessitated.
Important here ire the assessments of the four key factors previcusiy stated
that could result in increasing releases. That is, analysis must not just
focus on those things which would result in exceeding the £PA standard but on
those conditions, processes, ana avents which may have a mejor impact on

releasas,
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4.3.1.3  Uncertainity analysis

As with sensitivity analysis which is site specific, an assessment of the
uncertainties in input data and how they influence releases must 5e performed.
Particular attention must be given to bounding values, to alternative
‘nterpretations of data, and to whether the mode] used appropropriately propagates
errors. Of particular concern here is assessing uncartainties in the geochemica)

system, i.e., retardation, which is critical for isolation.

4.3.1.4 Incoroorating limitations in the state-of-the-art

In performing analysis attention must be paid to incorporating the !imited
current understanding of processas, the limitations in experimental and in
situ data, and the subjactivity of many of the aspects of the sciences involved.
Peer review ana consensus is essent al Consideration in performing analysis

nust De given to what models represent, i.e., only simulations of very compex

processas, and where they are limited. Consideration must be given to %ha
institutional difficulties associated wit: mode! use which may arise in procaeaing
through the licensing process (Bachmat and others (1978)), concerns regarding

the confidenc2 .- models and concerns regarging either intentional or inaavertent
manipulation. models such that they only provide one sided answers. An

open and conservative approach which heavily relies on sound practices cannot

De more stressed and is required.

4.4 Verification Reguirements

There are three types of verification requirements contained in the

regulation bearing on siting. They are in addition to general quality assurance
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requirements wnich apply to all safety related features of the repository.
The three types of requirements deal with (1) validating analyses,
particularly overal) performance analyses, (2) monitoring, and (3)
estabiishing a program to continuously verify and assess changes in site
cangitions. In xeeping with recommendations of NAS,.RC (1979), verification
criteria require a continuous process of evaluation during ail the iicensing

stages. The bases benhind these requirements are discussed below.

4.4.1 Valication of Analyses

Ultimately, technical determinaticns an site suitacility will be made on
the bDases of the weight of the technical evidence. That is, in consigeration
of such factors as the tachnical judgments made, investigations perfc:med and
the cata Jerivec, peer raview and inaiyses, the technical infarmation taken is
3 wnole must susgaort satisfactory pe~“armance of the repository to isolate
waste from the 3ccossinle anvicanment. No single factor dominates this
process, although som? things are more important than others. Of particular
importance here, is the necessary use of mode!s in forecasting Tong=term
performance. 2ecause of the significant reliance on models and the inability
Lo actually view performarce over the long-term, a heavy burden is placed on
validating models to the extent practicable. That is, determining to what
degree do they actually simulate "real worla" congitions. There are two
critical areas here. These involve assessing the migration of radionuclides
which includes assessing grouncwater flow, ana assessing re.ositery/site
irteractions, pa“ticularly the effects due to the thermal loading. Wwhat must

be determined. given that modeis are but simulations of real world conditions,
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representations or ungerconservative represantaticns? The detarmination of

the dJegree of validation can only really be assessec througn real world
application. As noted by Bachmat and others (1378), Tittle test application
nas deen done thus far on the models of intarest. Most are in the develop-
mental stage. 'Aftnougn medels nave been applied to assumed and generic sitas,
cenaitions studied are only simplistic representations of the real world.
Altrough mocels themselves may be Dasad on souna first principles, and in
concucting simulations there is an attempt to represent and bound real world
conditions, the question remains Just how representative are they? An important
note, here, particularly with regard to transport mocels and grochemical
ncaels, is whether indeed they are based on sound first principles. Transpor*
mccels primarily rely on porous flow theory and it is guestionable as %o how
pplicapia this is for low permead’'s racks ang in assassing fracture flow.
Geochemical models of retardation are primarily basea 2n simpia chromatographic

theory which appears to be overly simplistic.

Because of the importancs of models, tasts to validata them ire required.

These include:

4.4, 1.1 Field verification

The application of modeis to field situations is essential. Incluged
here might be using tracer tests. B2ecause of anticipated low permeable
repository site conditions, large-scale field testing in impermeable rocks
near a repository may not de possibie, but this possibility must be considered.
whether it be at the site or not, or in impermeadle or aven permeable rocks
@lsewnere, tests must be performed. This is particularly true with regard to

retardation which is fundamentally unverified.
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4.4.1.2 ‘aligation using in sity “asts

The comparison of predictions basaad an nece's ~ith in situ tests is
essential. As will pe discussec further cn. in sizy tests at the site of a
repository permit the characterizatisn ¢ i7%2 Uik rock properties and,
importantly, the charac*erization 3f sticontinuities and heteroganeities which
significantly bear on grounawater snd r3zisnuc!ide flow and thermomechanics’
response. Essential compariscns nere between model predictions and test
results Loould he made with reg. "4 L0 such parameters as: gross permeacility
(ds determined by tests in drifts and grounawater dating), fracture permeapility,
thermal conductivity ana therma! responsa (2xpansion). Consideration here
should not just be given to the host rack per se, dut any confining units or
foCks that may be important in terms of ragionuc]ice nigration ana
“hat might te significantly affactac ov tne heat flux.

- -
-

-3 JYalication Hv field=verifiad labaritary *s

P
o

-aboratory tests provide another means of varifying mecel!s. 3cme work in
this area has been pursued, Seitz and others (1979). However, laboratory
tests themselves may suffer from the same shortcoming as the mogels, i.e.,
they require validation with respect to the real world. A significant exampie,
here, is in the area of measuring radionuc!ide retardation. Thus, the use of

'aboratory tests in helping to verify modeis will require that laporatory

tests be field-verified.

4.4.1.4 Vvalidation through monitoring

[t is important that information obtaineg through menitoring (see below)

be fed back to mudels not only to make refined sredictions based on monitoring
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Jata, but also to validate the models themselves. Monitoring data coilected
during repository development will provide the most representative information
available on the response of the site to the emplacement of waste. Also, it

will provide a greater element of time, i.e., perhaps decades of information.
Although monitoring is required to commence during the early stages of repository
levelopment, early model validation will primarily be done using the other

tasts of validation.

4.4.1.% Validation using natural analogues

[n contixt of long=-term performance forecasting over the next 10,000
/ears and val fdating models, all of the above tests have one major shortcoming:
they only rep-esent a small window in time. This is also basically true for
il7 tests, investigations ina evaluations performed. [t appears ironic that
;@c’237C disposal ceing hased on jeclogic continuity has drawn little on
jecingy 3s 1 tool in forecasting. Yet, an examination of geoiogic situations,
‘.2., natural analogues, offars the element of time. It appears there are
many natural analogues which wou'ld bhe useful and must be drawn upon to valigate
ngcefs ind bound the problem. Appliication of models to natural analogues and
of natural analogues to bound parameter values in a numper of areas can be
performed. These include: modeling of the chemical stability of the waste
Packages in a natural environment, Ringwood (1978); modeling and bounding
potential Teach rates through examination of natural leach rates,
Moreira-Nordemann (1980); modeling of igneous intrusive bodies to ascertain
the extent and dynamics of heat flow in a natural environment that may be
issociated with waste emplacement, Norton and Knight (1977); examining changes

in rocks brought about by heat flow due to fgneous intrusive bodies particularly
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as it ralates 3 pnysical ang cnemical cnangas in rock materiiais, Weaver

(1878); mode!ing the transgort of material irough fractures, Nerton and <napp
(1877); medeling radionuclide transport Oy searching out for elements which

exnibit geochemical coherence to thuse in the waste and this includes examination

of the transport in aguifers and along fractures from ore bodies, the Oklo
phenomena, and natural chemical gradients in aguifers. Modeling of the potantial
for inadvertent criticality of wast: material, Brookins (1978b), and reconcentration
pnenomena (Burkholder and Cloning: - (1378)) througn examination of natural

transport processes. Waste/rock ‘ntaractions are largely low grade nydrothermal
reactions. A good deal of informati~n on natural but analogous hydrothermal
reactions exist, e.g., seawater/rock reactions deing an anologue to brine/waste/rack
reactions. Aaditionally, cne can investigate possible effects of natural

avents, e.q., glaciai Tcadaing, on a r200sitory at depth through issessing nast
effects on ambient conditions subject to the same avents. These are out 31 few
axampies that can be used not only %o validate models, but as part of the

weignt of the technical avidence. Considerable effort here is not only needed

but 1s required.

4.4.2 Monitoring
As discussed previously, monitoring of repasitory performance offers a

means to validate models. [t also offers a means to collect information on

actual repository performance and is essential from the siting standard point

(as well as design) in verifying whether the site under waste/rock/water
interactions is responding as predicted based on previous analyses and information
obtained. Again, one must keep in mind, unlike the siting and design of
conventional facilities in wnich orevious information and analyses can se

confirmed during operation, a repository will function over thousands of years
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ind it functioning cannot ce viewed, at least Oy the gesigners. C(onsigerations

f2garaing menitoring requirements are only in the 2arly stages. A numoer of

w

74\
?)

stugies nave peen conducted to assess potential monitoring methods, [EC (1
ATC (137%). Considerations include the design of a monitoring program to
letect Ing igentify poss‘b‘e.acverso conditions bearing on worker safety,
ftructural stapility, retrieval and containment capability. Consigerations
315y incluge the use of in situ and remote sensing monitors. Conditions that
«111 require monitoring include:

fa) waste/waste package intaractions

(5) wasta/waste oackagc/engino;rod barrier interactions

(c) engineerad barrier/rock/water interactions
More specifically from the siting standpoint these incluce:

(1) Storage room stapility

ro

(2) shaft stapilisy
(3) heat flow out of the repository
(4) groundwater flow inta and out of the repository
(5) borenole, shaft and tunnel sealing
(8) changes in ampient conditions fncluding stress field changes,
fracturing, brine migration, porewater pressure changes,
expansion and possible contraction of rocks, chemical and
physical changes to rocks, and perturbations %o groundwater
flow
At the prasent time three principal requirements regarding menitoring nave

Jeen developed bearing on siting. These are:
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4.4.2.1 Miqinizigg adverse effacts

Like the investigation requirements discussed previously, consideration
in establishing a monitoring program must consider potential adverse ¢ “facts
on the repository brought about by the installation and operation of monitors.
For example, boreholes possibly drilled from drifts into the wall rock to
issess the extent of mine-induced stress using seismic instruments, <aufman
and others (1978), McGarr ard others (1978) must take into consideration the
possibility of inducing fractures and sealing the horeholes. Electrical

instruments emplaced at a sita where gas pockets may De ancountered must take

into consideraticn spark-ignitaa axplosions.

4.4.2.2 Monitoring baseline conditions

Canaigate sites for a repository will primarily be chnsen an the bases
of favorap'e ampient congitions. Early extensive monitoring of impor*ant ampient
conditions, that is, at the commencement of site characterization, is
required to obtain details on subsurface conditions and changes to those
conditions brought about through the driliing of boreholes, the sinking of
exploratory shafts and the developing of exploratory drifts. [mportant here
is monitoring baseline conditions and the extent and magnitude of changes to
those conditions so that during construction and operation, further changes can
De assessed with respect to the ultimate impacts on radiclogical performance.
Of particular importance here is the assesserent of rock stability and ground-
water flow. The emplacement of surface and subsurface instrumentation to
monitor mine=induced seismic activity and changes ir groundwater flow patterns
will be essential here. Geogetic 'eveling to monitor possible subsidence will
also be important. Physical observations and observations made with remote
sensing instruments to monitor the extert of fracturing due to subsurface

excavation will also be needeq.

4-33



+.4.2.3 Monitoring changes to case'ine conditions during canstruction

operation, and 3rtar decommissioning

Quring construction ang operation, much of the previous discussion acc’ 35,
The decommissioning, i.a., following backfilling of a repo itory, is decades
awz/. It can pe anticicatad that much will have been learned and technocg
#1171 have advanced at the time when the point of decommissioning 15 reached.
Thus, conceptualizing apout reguirements here is gifficuyls. Necnetheless, tne
sealing of a repository is essential and consideration of gJecommissioning nust
ve given early. This includes considerations for monitaring. Questions nave
been raised regarding the need for monitoring following closure and what it
can achieve given that even if there was early leaching of ragionuclices < cm
the repository, arrival to the accessible environment snoula take thousanas of
sears. Importint here are saveral factors. First, is leaving the future %ne
option to monitor a repository if they wish, particularly is it may sear an
retrieval. This requires collecting information and estaplishing the founczations
for future monitoring technology now. Second, is establishi. 3§ the demonstration
of sealing of a repository it the point when decommissioning proceedings
9egin. Required, here, is the prior sealing and monitoring of portions of the
repository, perhaps the sealing of several drifts or modules in the case of
moduiar design, early on and moni.oring them. Finally, is the question of
things not going as anticipatad. Conceptually, the act of placing waste in
the ground and covering it up is a simple one. However, the hazard is real,
the complexities are great and things to do go wrong. Given the above, early
consideration must be given to establishing a monitoring program that w11l se

useful after decommissioning.
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AS generaily dJescriced in USGS (1373), NAS/NRC (1979) and in other overyiew
studies, ana as borne out in the more detailed studies that wi!l se discussed,
the amplacement of wastes will produce complex mechanical, chemical ana therma!l
distursances on 3 site. These disturoances, scme pernaps beneficial out most
ipcearing deleterious, ~i11 affact all four sita ccmpenents, i.2., the gecicgic
frameworx, the geomechanical framework, the groundwater system and the geochemical
system, as well as the engineered darriers. Z7faces i)' vary in magnituce,
exient, and duration, ang decena on many site specific factors, the nature of
the waste ang repository design. Effects will ze superimposed one =n another
and intaractions will! take place Teading 3 complex site response. womplicating
the situation will be the further superposition of natural and numan=-inducag
2vents, processes and conditions over time. Most of all, tnese 27*acts may
nave very significant impact on tne sita's (and engineereq barriar) capabiiity
to innhibit waste migration. Significant here, %00, ire current limitations to
moce! the complex intaractions of effscts. From the perspective of siting,
required then are several things. xeeping these effacts to a minimum to
reduce impacts, maintain stability and reduce compiexities; conservatively
bounding these effects in performing analyses; and rigorously investigating

the extent of these effects to define them.

This discussion orimarily deals with the latter two factors ibove. Important
nere is the ceiniticon of affactad volume of rOCK, Or zone of complexity which
s used to reduce uncertainty as an exclusionary zone in the sopliication of
tNe adverse condition requirements discussed in section 5.0. Also mportant
here is the appiication of tests, particularly in situ tests in zefining the

very near fiald of the effected zone.

4-35



4.5.1 QDefinition of the Minimum Extent of Renositorv/Site Interaction

The siting criteria specify that as a minimum, the repository/site inter-
action zone be assumed to extend a horizontal distance of 2 kilometars f om
the edage of subsurface excavations and a vertical distance from the surface *2
4 depth of 1 kilometer nsiow the limits of repository excavation. The pases
behind the minimum extent or this zone is twofold: (1) bounging significant
construction and waste/water/rock interactias effects, and (2) bounding the
mere Tocalized adverse conditions. This latt., factor, as well as the
application of this zone as an exclusionary zone to reduce complexities and
adverse impacts, is discussed in section 5. Described here is the bounding of
significant construction and waste/water/ rock interaction effects. Although
not mutually exclusive, affects are considered in light of the four site

components.

4.5.1.1 Extent of effects on the geclogic_framework

There are basically four types of effects on the broad scale geologic
framewcrk. These are: the removal of rock material from the umbient
environment, possible subsidence and subsidence-relatad fracturing,
perturbation in the ambient geothermal gradient, and domal uplift due to
expansion in response to the heat. The removal of rock natirials in the
construction of drifts and shafts is bound Dy the subsurface extent of the
geologic repository nperations area as a minimum. As noted previously, the
estimated volume of excavated rock is in the range of several million cubic
meters. The subsurface lateral extent is on the order of a radius of one to
two kilometers from the repesitory canter. The depth from the surface is

usually taken as about 400 tu 500 meters.
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38C0nd, asscciatec with excavation is tme possible secondary effect of
surtice s.osicenca (incluging propagation of fractures) resulting from the
remova: of rock material. [t is anticipated that this will be held to a
minimum. _ike mest of these effects, subsicence is very site specific. Taking
sait 35 02 medium having the highest potantial for subsidenca, potash mining
surtica siosidenca nas been reported to be up to 1 meter, with associate
fractures axtending from the edge of mine up to the surface at angles usually
in the range of 0° to 35° from the versical, 3el (1378). Taking the repository
centh at 300 %o 500 meters, affects may latarally extand out to distances
comparin’e with the depth, i.e., 400 to €00 meters from the edge of the
2xcavation. As 3 note, other mechan;-al effects #1701 2e zovered under the

i2Ciion an the geomechanical framework.

- y

"2 third effact, wnicn is the most fal* erfact of ali, is tre zhanze in
72 ampient temperature gradient Drought about oy wasta generited n23t fram
“ia‘ocactive decay. A number of studies have been conductad which axamine ne
change in ambient temperature and heat flow in time and space, and other
#772cts resulting from the waste-generated heat. These include: OWl (1378b. ¢, 4).
3yrne and others (1373), 4ang and other (197%), ADL (197%b), Dillon

and others (1978), Cook and others (1979), Campbell and others (1978), Xoplik
and others (1972), Eaton and others (1379). These studies and others wnich
Nave been drawn upon are generic in nature. and are but order of magnitude
estimates. One finds, in 2xamining these studies and others, that no “wo
ippear the same. There are aifferences with respect to such factors is waste
type, pianar heat density or thermal loading, geometry of the repository,

depth of repository, ambient geology (including aifferences in stratigraphy,
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N0ST reck tyze ambient temperature gradients), ampient grouncwatar nyarology,
thermal orocarties, models used (including near field or far field, 10, 20, or

30, consigeration of the short-term or long=term, consideration of convection

or conduction) and results obtained. These adifferences make any direct comparisons
somewnat cubious it best. Additienally, cne must also xeep in mina that,

1lthougn attampts have been made to simulite real world congitions, tnese

studies are out generic models. Given that the cited studies and others cover

3 range of simulatad conditions, an attemct has been made to assess reascnacle

counds 0 these conditions and to gleen trends in effects.

Table 4.2 summarizes approximata bounds, ranges, and trznds of heat flow
calculations, drawn from the above references and other studies where heat
flow results have been reportad. As noted, heat from the waste is primarily
jeneratad oy fission product decay having a heat decay rate with 2 7al® lifa
of approximately 30 years. Thus, most of the heat will Se generatad early
Quring the decaces of operation. Heat flow during operation primarily depends
upon such factors ; ventilation, the conductivity of surrounding rocks, the
thermal Toacing and spacing of the waste and the geometry of the repository,
dyrne and others (1979), Koplick and others (1979). With regard to the near

field several observations can be made. These are:

(1) Thermal output per canister is the most important factor in determining

‘ocal temperature, Koplick and others (1879).

(2) For low thermal planar densities (~10-15 W/M2) the maximum temperature
for all media, and both HLW and spent fuel is generaliy below 100°C and is

usually attained within a few tens of years (35-100) years, Wang and others (1979),
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Table 4.3 Approximate Bounds, Ranges and Trengs

Geometries:

Host rock:

Source term:

Near field extent:

Far field extent:

Effects in general:

of Temperature Felt Fffacts

Slabs, discs
Range of radii - 1,100M to 1,500M
Range of depths = 450 to 530M

Bedded salt, deme salt, granite, shale
Ampient gradients = 20 to 40°C/km

Spent fuel,HLw

Thermal loading (planar heat density) range
= 10 W/M2 to 100 W/M2 (40 to 200 xw/icre)

= 15 W/M® to 50 W/M¥ (usual range)

= 30 W/M?* (3bout median and average)

Heat primarily generated by fi:sion sroduct jecay and
source heat decays with an ipcroximate 30-year haif 1i‘a

Low thermal loading

All media

HLY and 3pent fuel

Max T ~ < 100°C

Max t ~ tens of years (35-100 years)

Max T of Soent fuel > Max T of HL¥ ~ 1090
Max T Shale - Salt > Granite - 33531+

High thermal loading:

Oiffarence amongst parameters increaces

Max T ~ up to several hundred cegrees °C

Max T ~ up to several hundred years

Max T of Spent fuel > Max T of HLw ~ tans of degrees

Conduction ~ convection (< 7% yaars)

Temperature extent from repository: Vertical < 100 M
Horizontal < 10 M

Near field continues to expand

Max t for spent fuel ~ 2,000 to 7,000 years

Max t for HLW ~ 250-2,500 years

Max surface T < 3°C (probably fraction °C)

Max vertical isotherm effect (At=5°C)= Several hundred
meters to 1 km below repository

Max horizontal isctherm effect (1t=5°C) ~ within several
hundred meters (~ 1/2 vertical)

Conduction # convection (conduction Max T > convection T)

Vertical effacts are greater than lateral

Effects due to spent fuel are greater in magnitude and
duration than HLW
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3yrne and others (1379), Xuplick and others (1979), Campoel! and otners (1373).
spent fuel temperatures are jenerally about 10°C higher than HLW. In terms of
media, shale appears to atta i the highest temperature, then salt, then granite,

and dasalt. Of course, this depends upon a numper of factors including stratigraphy

and thermal conductivity.

(3) As the thermal loading increases (from 10 to 40 W/M2) near fielg
effects and differences appear %o necome mere prafound. Maximum temperitures,
depending on the host rock type can extand from tens of degrees °C to several
hundred degrees C° (as the thermal load changes frem 10 to 40 w/M%), It is
not clear if the time of maximum temperature is affected. Within 3 study,
increases in the thermal load Drought about increises in temperature, out the
time of the maximum temperiture remained acout the same, ADL (197%0). Comoarisons
setween studies, 2.9., ADL (1979b) angd wang and otmers (1979), however, ~evesl
i several nhuncred sear difference. At the higher thermal loaas, diffarencas
in maximum temperature and time of maximum temperature between spant fuel and
"LW become more profound, differing by tens of degrees and somewhat greater
than 3 hundred years (spent fuel ceing nigher both in temperature and time).
Also, it would appear at least for the first 75 years, there is little difference
in the temperature field whether heat flows by conduction or convection,
0i1lon and others (1379).

(4) In terms of axtant, during the early period, the largest thermai

gradient is in the vertical direction. Magnitude of rise decreases sharply
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vitn aistance from the rapositery. Within tens of vears, temperatura affacts
Can oe relt within jess tnan 100 meters ibove angd nelow the repository ind out

Taterally less than 10 metars.

In terms of the long term and far field, measures defining the extant of

temoerature effacts include: the time of maximum axtent of isotherms; time of
maximum change to the amcient geothermal graagient; time of peak surfice temperature
rise; and time ar. magnituce of peak uplift, the latter being the fourth
affact on the broad scale geciogy. The extent of far field and Tong=term
tamperature felt affects are dependent on such site factors as thermal conductivity
of rock formations, stratigrapny in terms of formation thicknesses and Jecmetry,
NG the grounawater nydrelogy, particularly as it effects conduction and
convection. Important repositary fictors include the waste type, planar heat
density or thermal loading ang secmetry. Several sosarvation here incluge:

(1) With time, the near field temperature gisturnance continues %o
2xpand. Again effects are much more extansive in the vertical direction above
ind Deicw the vertical center '‘ne of the recository. Also, the magnituce of
felt affacts due %o spent fue'! appears greater than HLW, in terms of botn

magnitude and time (spent fuel being higher in both).

(2) Maximum felt effects may occur from several hunared years out %o
somewhat less than ten thousand. Spent fuel appears to have more orofound and
longer lasting effects. The time of maximum effects, here, appears to extend

from several thousand years (~2,000 years) awpi.aching somewnat less than ten
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thousana sears (7,300 sears). Maximum nign Tevel waste effacts range from

3Bout 230 years %0 several thousana (2,300 vears).

(3) Anticipates surface temperature risas ippear to ringe from a
fraction of 3 zegc=2e %2 ibout 3°C. It would ippear incr2asing depth or
lecreasing the ricius of the repository would lower surfsce affacts, w¥ang and

others (1979).

(3) In terms of geometric extent, considered nere wizh ragarga to
Jounding the 5°C (or 10°F) isotherm, temperature effects nay extend vertically
along the repository center line freom near the surface to approximately
severa! hunared metars below the repository in the first few thousand /Rars
and may 20pr2ach over a kilometer below the repository in 10,000 vears. The
horizontal axtent icoears ~ell bounded Gy several hundred meters from <ne
repository adge. Tha tamperature gradient appears to drop off very rapidly
from the 2dge of %1e repesitary and comparable isotherms appear to only extend

a distance about nalf of the vertical extent below the repository.

(8) Calculatiuns would indicate significant differences in far field
results depending on whether models consider conduction or convection,
Campbel! and others (1272). Conduction ceing the mere conservative case as
far as heat flow is concerned, i.2., temperatures ire “igher. Convec.ion,

perhaps being very significant with regard to waste migratica,

Finally, the fourth affect on the geclogic framewcrk is broadscale upiift

due to expansion in response to the heat. Like the axtent of the falt
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“emperature gisturbance, the axtent of uplift is dependent upor the same
factors discussed above. Adaitionally, coefficients of thermal axpansion are
important as well as whether the oproblem is treated in 10, 20, or 30, OWI
(1978¢), ADL (1979b), Koplick and others (1979). General observations

regarding therma! uplift are:

(1) Maximum uplift occurs above the center line of the repository and
p1iFt may extend several hundred neters oeyona the racius of the repositary

(~< 500 meters).

(2) In terms of the magnitude and geologic environment, uplift apoears
jreatast for dome salt, then bedded 3alt. The magnit.des of upiift of shale,
2asait, and granite are several times lower than salt and are al|

ipproximately the same.

(3) Uplift may range from several meters to a fraction of a meter. The
higner portion of the range may be an artifact of using 10 or 20 models.
Effects due to spent fuel are greater than HLW i1 magnitude and the time when
maximum uplift occurs. Uplift resuiting from spent .uel disposal is about
within one and a half to five times greater than uplift from high level waste
disposal, and this would appear to depend on the geolugic setting (host rock
type) and perhaps, the thermal load. The time at which maximum uplift occurs
resulting from high level waste disposal varies from about several hundred to
a thousand years and varies with host rock and site stratigraphy. It appears,
Nere, that uplift would occur sooner for salt domes then bedded salt, granita,

basalt and shale. For spent fuel maximum uplift appears to occur cetween two
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thousarc years and seven thcusand years, again decenaing on the geoicgic
5etling. Here, it appears that the time of maximum splift may occur sooner

for shale, then granite, then basalt.

4.5.1.2 Extent of effacts on the geomechanical framework .

The affacts on the geomechanical framework relatag to vaste isolation zan
be classed into three categories. These are: effects due to excavation,
effacts related to the gecmetry of the repository, and thermomechanical

@ffacts from the waste generated heat.

Nith respect to axcavation, the effect of cancern nere is the fracturing
>f rock around shafts and drifts. The fracturing of rock may directly or
ingirectly (a.g., promoting dissolution) increase rock permespiiity, thus
increase ragionuclide flow. [t is anticipated that excavation techniques will
e used that minimize fracturing. The extent of fracturing is considered to
e generally localized around openings. It has been estimated that the width
of 3 fracture zone around subsurface openings may range from about one to
three times the radius of the opening, Isherwood (197%a). Thus, the axtent

should oe within some twenty meters or less (r~ 4.5 meters).

The second category of effact involves mechanical disturbancas brougnt
ibout Dy the removal of rock material. This relates to the geometry of the
repository, particularly the size of drifts and their spacing, as well as the
imbient stress field. Effacts here involve perturbaticns to the ampient
stress field, possibly resuiting in mine collapse, inducing fracturing ang

‘nducing faulting and earthquake activity. These effacts are also



1

considered to be gererally localized, U

w
[ 70

Gs (1
of surface subsidence as 3iscussed previously. Analysis woula ingicate tnat
perturcations in the stress field, i.a., stress concentrations, degend an the
diameter of a drift and spacing of drifts, and intaractions become negligicle
15 the ratio between the two decreases, Cook (1377). At 3 ratio Sf about .2
or 3 aistance of 2bout 45 metars pDetween drifts (Far 3 M dismetar arifs)
2ffacts appear to become negligible. Microearthquake studies of perturbations
‘n the ampient stress fiald in the vicinity of mines also reveals that af<acss
are Jocalized and within a few tunnel radii away (tans of meters), Mc3arr and
others (1978), Kaufman and others (1978). These af-acts ameunt to the astab-
lishment of a tensional stress field around cpenings. Inducad micraearthquake
activity may be anticipated (that is, localized and minor fauiting). Jery
N1gh accelerations have been recorded due to nine inducea microeartiquakes

1g to several g), but of low particle velocity and 2ignh freaquency, so fals

effacts are negligible.

The thermal mechanical effects caused Dy waste generated heat are
anticipated to be more extensive than the mechanical effects and the magnituce
of effects very much depends upon such site specific factors as the thermal
loading, temperatures attained, rock type, and nature of discontinuities and
heterogeneities, hydrology and amoient stress fisld. Also, affects are
dynamic in that they will change in magnitude ina in time. As summarized n
[sherwood (1979a), Weaver (1379), USGS (1873), sotantial thermemecnanical

effects include:

(1) gecreases in rock strength resulting in mine caving, fracturing and

subsidence;
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(2) reduction in rock moisture content (particularly in shales)

resuiting in shrinkage, cracking and reduction in strengtn;

(3) thermal expansion (as previously discussed) resulting in tensile

fractures:

(+) differential expansion resulting in fractures along bedding planes,

and the opening of rock/seal contacts:
(3) hydrofracturing by steam (pernaps. unlikely at aepth);
(3) increases in porewater pressure causing fault movement 3nd fracturing;
(7) aifferential heating across faults resulting in novement;
(8) heat induced compressive stresses inducing faulting; and

(9) heat induced creep resulting in fracturing, plastic flow and

possibiy diapirism.

Thermomechanical effects caused Oy changes in mineralogy may be initiated
at amprent temperatures of only a few tans of degrees above ambient (~> 50°C),
-hus, effacts may extend several hundred meters from the repository, Weaver
(1978). Studies of the changes in the ambient state of stress reveal increases
in compressive stress with.n the heated zone and the acaition of deviatoric

stresses including tensicnal stresses ocutside, Cook and others 1979). Preliminary



full=scale neater tests in granita simulating the zcuer Jutput of 3 high=lavel
vaste canister reveal induced stresses up to several zans of megapascals in
tens of days, in the immediate vicinity of the heater, Zoock and Hood (1978).
They also revial the complexities involved in theorzt7:3lly predicting induced
strain and stress be.. -ne response of fractures. Simulations of i
Jedded sait environment, Campbell and others (1272). oragict the develcpment
of 3 maximum shear stress and a maximum compressive stress in the salt
formation directly above and below the repository horizen. and a maximum
radially outward normai stress below the repository (in this case in a shale
bed) apout one hundred to two hundred metars down. Alszo, finite stress
effects may extend severa) hundred meters vertically and horizontally from the
repository. Maximum induced stresses credictad are con the order of several to
3 few tens of megapascals {ccmpressive » shear > ncrmal) and are attained in a
short period over several decaces (~ 50 years ). :tresses also ippear %3 reach
maximum at about the same time and at 3Cout the time of the peak in the
nearfield thermal pulse. Simulations of fluid pora pressure changes ‘n shale
predict large induced pressures near a repository within a few decades. Eaton
and others (1979). Peak predictad nore prassurss may ~ell exceed locial
lithosta.i~ oressure by several nungred pars (~ 600 tars or 60 mpa) in the
immediate vicinity of the repository and pore pressures in excess of
Tithostatic pressure may extend ibout a hundred metars ibove the repository.
Such pore pressures may produce the generation of tension cracks in the
vicinity of the repository. Another consideration, hers, may also ce the
pessibility of inducing fault movement through decreasing the affective stress

across an inactive fault.
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us. mecnanical 2ffacts appear %o Se limitad %o several tens of netars
from 3 recository.  Thermomechanical affacts, althougnh more extensive closer
in, may extena several hundred meters from the repository. As illustrated in
So0k and dood (1978), thermomechanical effects will De very much site specific.

4.5 ctent of affzcts on the grounawater flow svstam

m

1 2
-

Perhaps, the most significant effect that may De brought apdocut by the
amplacement of waste s delatorious distorticn of the ambiant groundwater flow
systam. Changes in the ambient groundwater flow system could cossidly make a
site, wnich is seemingly suitable based on ambient congitions, r.asuitable
Jnaer wasta/rock/watar intaracticns. Thus. in investigating 3 site, it is
imperative to keep in mind that ambient conaitions will be effectad by waste
:mmplacement and one s searcning for infarmation to dssess the extent of tnose

zhanges.

Jistortion of the groundwatar flow system comes about either 3s a result
of affects on the other site components Dy the waste or effacts on groundwater
arocerties per se. Important, here, are potentia]l increases in flow rate and
Jecreases in path length from the repository to the accessible environment,
and changes in circulation patterns which may increase exposure of the waste to
grounawater. Effacts on the groundwater flow system are coupled effects, i.e.,
the grounawater flow system not only is influencad Oy changes in the ather
site comoonents, but also it may influence the response of the other
compenents, e.g., as discussed previously with regard to the influences of

convection on perturbations in the amoiant thermal gragient, and potentials

for fracturing cue to increases in pore water sressure. In terms of axtent,



counled effects would be in the range of wnere other site components would se
effected, i.e., from the near surface down to nundrads of metars below the
repository and within several hundreds of meters laterally from the

repository. Potential effects, here, would include the creation of fracture

flow paths, increases or decreases in interstitial flow due to compaction or
expansion of rocks which may change intrinsic permeapility and effective porosity,
increases or decreases in fracture flow depenaing on tne relation of fractures

to ambient stress (e.g., under comoression fractures may clcse, on the other

hand increases in porewater pressure or tensional stresses may a2xpand fractures),

increases in flow due to dissolutioning.

In terms of the more microscale properties of grouncwater per se,
potential decreases to viscosity due to increases in temperature nave been
discussed, Isherwood (197%a). These effects‘woulo tand tc be locaiized
probably within the zone cf affacte gn the other site components. Given the
inversely proportional relationship between viscosity and hyaraulic
conductivity, Lohman and others (1972), effects outside of the imm.diate
vicinity of the emplaced waste (T < 100°C) should be well boundes within an
order of magnitude or less increase in hydraulic conductivity .nd pernaps

within Timits of resolution of bulk properties.

The most dramatic effect on the large scale is inducing convection in
the groundwater flow system. With respect to temperature, convection will
tend to significantly reduce the temperature in the vicinity of the
repository, Dillon and others (1978), thus work in reducing temperature impacts

on the other site comgonents. On the other hand, convection may change 3
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horizontal flow system into one in which flow permeates verticaliy from beiow a
repository, removes radionuclides, and Lransports them vertically to near
surface aguifers. The extent of convection, like the o*Yer 2ffects, is site
specific and depends on the thermal lcading, the geometry and properties of
the initial flow system and therefore the geology. Simulations of the axtant
of convection, QWI 1979a), in Dasalt, snale and granite predict that at hign
thermal loadings (120 kw/acre-180kw/acre) finite effects may be felt within a
couple of kilometers below the repository and somewhat less than 10 kilometars
laterally from the repository edge. However, the extent of coanvection cails
's much Tess on the order of a faw kilometers. Acditionally, convection
affects are asymetric with respect to the recharge and discharge sides of

1 repository. As noted also, faults oroviding 3 permeaple pathway may have

o

significant effect on the rate of flow. Most impertant of all are
credicted vertical travel times from =-e ~2pesitory to near surface anvirons
on the o der of a couple of hunc ed years ar 'ass during mest of the 10,060
vear pericd of concern. Thus, this significantly cears on the need far
resilience in engineered barriers to prevent waste dissolutioning and

radionuclide migration from the repository structure.

4.5.1.4 Extent of affects on the geochemical system

There are three classes of effacts on the geochemical system. These

include chemical effacts on the country rock surrounding the repository;
chemical reactions among the engineersd repository elements (including the
radionuclides, waste form and packaging material and engineered backfil’
materials) and the site; and effacts on the site's capability to innibit

radionuclide migration due to changes in mineral and groundwater chemistry.



These effacts are all largeiy brougnt about by the incressa ‘n tamgerature
snich promotes reactions. Some of these effects may in deec ze beneficial
Jecause of the formation of reaction products which may absord riaionuclices
or premote low solubility of radionuciiaes. Cthers, on the other nhand, may ce
deleterious not only on the geochemical system but, as previously descrited,
on the cther sitea components, 2s well as the angineeraq repository 2iements.
Thus, considerable investigation is required, particulariy in the near fiela,
Lo ascertain the geochemical peoperties of the sita for assessing nossible
erffects and for designing and develioping engineered repository elements which

are geochemically compatible with the site.

In Zerms of the first class of effects, this includes fluid inclusion
migration, mineral reactions and effects on rocks and minerals due to
irragiation. With regard to fluid inclusion migration, tnis is basicaily a
problem restricted to sait. .ath laporatery stucies (e.g., Roedder ind Selkin
(1379a,b)) and medeling studies (e.g., Cheung ana others (1379)) are being
serformed to study fluid inclusion migration because of the possibility of
increasing corrosicn of the waste package, increasing the rata of
dissolutioning of the waste form, and aitering thermal and mechanical
oroperties of the host rock. As noted in Roedder ard Belkin (197%a), the
movement of inclusions is a complex function of many variables including
inclusion size, composition of brine, vapor/liquid ratio, growth defects in
the salt, strain, grain size, grain broundaries, temperature and the thermal
gradient, and as such, there may be too many factors to permit useful
nodeling. In terms of the extent of effect, based on modeiing and laboratory

studies, inclusion migration appears localized in the immediate vicinity of
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the repository in that appreciabie movement (mm/year to Cn/year) requires

very high temperatures in the range of 3 hundred to hundreds of degrees °C
and/or verv high temperature gradients aon the order of degrees °C ger

Cm. As noted in Roedder and Zelkin (1973a), examination of inz'usions in sa't
formations which have been subject to small but finite gectnermai gragients
ingicates no movement over periods of hundreds of millions of years. As such,
it is anticipated that the effect here is not one of kinetics and is indeed
very localized. As summarized in Isnerwood (1979b) estimates have been nage
approximating up to about 40 liters of brine accumuiating near canisters in a
10-year period. Assuming inclusions represent 1 percent py volume of the sait, the
extent of the effected zone here is approximately 4 « 109 cmd of salt or wel!
with a meter around a typical cylindrical canister It should ce empnasizad,
ilthough the extent may oe localized. the effaects on the carrosiaon of 3

canfster may be substantial and nave to be assessad.

In terms of temperature indicad mineral reactions in rocks, Weaver (1573),
as discussed previously, has described such reactions in snale as dehydration,
hydration, changes in ifon 2xchange capacity, generation of gases with respect
L0 organics, decreases in ion exchange capacity, increasing solubility ang
changes to groundwater chemistry. One anticipates the sane types of reactions
in any media, but to varying magnitudes. As noted by Isherwood (1373), except
for attempts at quantifying re “rdation, few other types of reactions have
been quantitatively assessed with regard to waste iselation. Adaiticnally,
reactions will be very site specific. Taking shale as a bcunaing cise, either
as the host rock or a confining unit, temperatures attained on the arser of

tens of degrees above ambient may precipitate reactions. as such, effects mav
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extena out 3 few hundred metars from a repository and will ze more intense

#1th higner temperatures or claser in.

A number of possible effects in surrounding rock have been postulated to
@ caused by radiation aminating from canisters, e.g., IAEA (1877). These
inciuge disordering sffacts in minerals, the storage of gamma riy energy and
the formation of radiolytic products. Consideration of radiation affects,
Koolick and others (1979), Golder (1978a) reveal that affacts, i they occur

t all, will be very localized and overshadowed by other chemical effects.

The intensity of radiation appears to decrease many orders of magnitude over a
distance within a couple of meters from 3 canister. Stored energy effacts do
not appear significant due to thermal innealing and the improbapility of rapid
anergy release. The formation of riaialysis products appears to be confined
»1thin the waste cackage ana in sarms of imeunt aprears to be far overshadowed
Oy procducts formed from chemical corrasion. Limited radiation effacts are
also supportad by studies of Oklg, Oran ang others (1975), Oran and others

(1978), Ourrani (1978), Naudet and Renson (1975).

[n terms of the second class of chemical reactions, i.e., reactions
between engineered elements and the site, included here, is the formation of
secandary minerals or contact aureoles extending from the repository, McCarthy
ind others (1378), which may be beneficial if radionuc!ides are absorbed in
reaction products. As a handle on the extent, here, Naudet (1978) notes the
formation of aureoles extanding about a meter from Oklo reaction zones.
Another type of reaction here includes medifications to site geochemical

properties such as Eh or ph or retardation properties _aused from
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the cegradation of angineerec 2laments, Winchester (1378). Because of the low
mermeapility of Nost rocks, the ambient conditions may not gilute these
effects until groundwater penetrates higher permeable rocks. Again, these
changes may have either a beneficial or deleterious effect in terms of
inhibiting migraticn. Little study appears tc have been done hera. An
idaiticnal coupled reaction cited in the litarature is the possibility of
inadvertent criticality, i.e., the reconcentration of fissionable nuclides by
precipitation or some other way to form critical masses. However, as

issessed by Srookins (1978b), in consideration of natu=al analogues, such a

reaction does not appear possible.

Finally, with regard to retardation ser se and 2ffacts on retardation adue
Lo repository site interactions, at :his point it szppears Tittle quantitative
informaticn exists. All of the above reacticns ana affacts on other site
compenents will have a coupled ind compiexing influenca an retardation. The
cemoiexity is such that full Knowiedge of affacts may noct bSe sossible.
Difficulty even exists here in even bounding the propiem. Most axperiments on
retardation are performed at ambient surface conditions and do not %take into
consideration the dynamics invoived. Even with regard Lo scmetnhing as simple
is elevated temperature, it appears little work has been done. And work which
7as Deen done at elevated temperature, Erdal and others (1978), Erdal ara
others (1373), reveals complex variations in retardation properties (Kd). For
axample, it would appear that for some elements, ratardation may increase with
increasing temperature. For others, it may cecreases or remain the same.
Perhaps the bounding condition, nere, is the assumption of no retardation ‘n

the near field.
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.S Summar 3f “ne axtant of rapcsitory/sita affacts

1225 the 2ffacts discussed asove and their approxinate
lateral and vertical axtent. Several things snould ce amphasiz:a. The affects

1ficussed are thos

W
w
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o
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~aceiving attention or note in the technical

Ttarature. Empnasis, 1ere an the site so that in tz 1s of design their

.
“r

Tay 0@ 2ng are otnher effacts of concarn. Again, studies drawn upon ire rither
generic or funcamental and not site specific. In this regard, computer
simulations drawn uocn are just that: computer simulations of simulateq sut
iporoximated sitas. Any specific numbers cited in defining affects must be

considered in this light.

4s previous'y discussed, and as illustratad in Taple 3.4, repository/site
‘nteractions will e many and coupled. In ail simulations reviewed, although
trey may include 3iscussion of many effects, they 2o not assess ali compined
‘nterictions. [t is even guestionable whether this can indeed be done given

Tatiations in the state of the art. Important here 335 well is the

opsarvation that the intensity of effects are greater closer in, are primarily
'n the vertical direction, and may have substantive near field impact on
‘nniniting waste migration; yet, most studies on radiological releases tend to
ignore this and investigate and simulate conditions in the far field out
'aterally, e.g., Cloninger (1978), HiN (1379). Of particular concern here
15 the possiblity of orders of magnitude decreases in groundwater travel

times to the accessible enviraonment viz=a=viz vertical flow due to convection.

In terms of the extent of effacts, most appear to be sound within several

lundred meters apove and elow the repository and somewhat of a lesser
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Site component

Table 4.4.

Effect

Geologic framework -removal of several million cubic

Geomechanical

framework

meters of rock

“possible subsidence and fracture

propagation

“significant change to ambient
temperature gradient

“Lhermal uplift

Mcchanical o

“stress concentration around
openings

Ihermomechanical
“changes to rock constituents

“induced stress
(tracturing, faulting)

“induced porewaler pressure
(tracturing, fault movement)

Summary of the Extent of Repository/Site Effects

Vertical extent

Encompasses subsurface eatent
of geologic reposilory opera-
Lions area - 400-600M from
surface

From surtace to repository
horizon ~ 400-600M

From near surtace to several
hundved Lo one kilometer below
reposilory

From surface Lo repository
horizon and possibly below

Less Lhan aboul twenly meters
from excavation openings

Within tens of meters from
drifts (few tunnel radii away)

Within several hundrved meters
above and below repository

Within tens to a couple ot
hundved meters above and below
repository

Within about 4 hundred meters
above and possibly below
repository

Lateral extent

Lncompasses subsurface extent
of geologic repository opera-
Lions area. Radius ~ 1 to 2 ka

Equivalent to depth ~ 400-600M
from edge of repository

Several hundred meters from
repository edge

Several hundred meters trom
repository edge

Less than about twenty meters
from excavation openings

Within tens of meters from
dritts (few tunnel radii away)

Within a few hundred meters
from repository edge

Within tens to a hundred
melers from repository edge

Less Lthan vertical due to less
extensive thermal effects
(“within tens to perhaps a
hundred meters from edge)



L5=¢

Sile component
Groundwater flow
system

lable 4.4

Lffect

-coupled effects with changes in

other site components (e.y.,
Crealion of fracture flow paths,
Changes Lo interstical porosity
and intvinsic permeability,
induced dissolutioning)

“microscale properties (viscosity,
hydraulic conductivity)

=induced convection (changes in
tlow pattern)

Hundveds of meters above and

(Contrnned)

Vertical extent Lateral extent

Within several hundred meters

below vepository from rvepository edye

Within welers to a tew Lens of
meters (<order ol wagnitude
elfect in far tield) fvom
repository edge

Within meters to a few Lens of
welervs (covder of magnitude
elfect in far field) above
ald below repository

Several kilometers from
repository edae

From the surtace to a couple ot
Kilometers below vepository
(decreases i vertical travel
Limes by several orvders of
magni Lude)

Geochemical ™
syslem

-repository induced reactions:
fluid inclusion migration

mineral reactions (includes

dehydration, groundwater

Chemistry change)

radialion effects
“repository/sile reactions

secondary minerals and

contact aureoles

effects on ambient chemistry

“relardation

Wilhin a meter of canisters
Oul to a tew tens Lo about a
hundred welers trom vepository
cdge

Within a meter of canisters
Up Lo a tew hundred meters above

and below repository

Within a couple of meters from
a Canisler

Within a couple of meters from
a canister

Within a weter from cannistler Within a meler from cannister

Local Lo near tield (?) local to near field (7)

Local Lo near tield (?) Local to near field (?2)



distance out Tateraliy, f.2., ~ei! «iznin a <itomar: in ail gdirections 7eom
the repository. Exceptions inciude some nossicie “irite temperature rise
ibove ampient beyond 1 kilometer particularly below the repository, ingd
potentially in near surface aquifers as the heat spreads out. Additionally,
ing petentially of great concern, is canvecticn #Nich may extend iaterally
for ki?omote;s Seyona the repasitory ana %o several kilometers nelow the
repository, thus making simulations of releases through ambient conditions
somewhat dubious. [n consideration of 'ow therma! 'oading or planar neat
densities (necessitated for purposes of retrieval, for reducing cperaticna)
impacts, and for reducing the complexity of the problem) and the time zeriog
of concern, i.e., within ten thousand years, the axtant of convection snouid be
reduced celow those reported in the literature which ire for nigh thermal
loadings (120-180kw/acre). It is juagea tnat the axtent of significant
convection should be reascnably pound within the minimum volume of rock
specified in the regulation. It should be kect in ning that the distancas
specified in the regulaticn are minimum distances. Additionally, the true
extent of significant effects is a site specific problem r<guiring site
specific investigation and inalysis, ana %ve limits will denend .pen
consideraticn of the significance of effects at a particular site. The

discussion that follows treats the question of investigating for the extent of

affects, particuiarly in the near fiela.

4.5.2 Investigating “ar *he Extent of Repository/Site Effacts

Much of the principles and information zening the previous discussion of

investigations appliies here ana « 11 not be repeated. This section primarily

focuses on near-fiela zesting and investigations. However, with regara %o
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Jotnh the near field and far field, it cannot be more stressed that
investigations must focus beyond present day amoient conditions in
consideration of future conditions, processes and events both natural and

human caused which may effect a site, and changes to ambient conditions brought
about by waste/rock/water interactions. Particularly with regard to far

fiela grounawater properties, consideration must be given to obtaining not

only ambient properties but to obtaining information useful in assessing

changes ‘n grounawatar movement resulting from repository/site interactions.

As described previcusly, most repository/site interactions are within the
near field of a2 site. Their intensity generally increases closer in and are
iignest in a vertical direction. Secause of potential intense interactions
ind possibie orders of magnitude effect on the site's isolation capability, it
decomes imperitive to perform investigations wnhich obtain representative
information on site's near field properties and the site's response to
interactions. However, certain limitations in ootaining information exist
nere. These include: consideration of potential adverse effacts on 3 site
Caused by exploration, limitations in assessing conditions below a repository
at depth given the potential for creating an adverse situation and the limits
in resolution of remote techniques, and limitations in testing techniques to
define conditions of interest. Because of these limitations it then becomes
imperative that consideration be given to defining properties and responses

=el] enough that conservative bounds can be placed on them.

Given the unique nature of the problem, the geotechnical aspects involved,

consigerations and recommendations that have been made, DOE/USGS (1979 Oraft),
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LBL (1978), LLL (1979), Craig _1379), Rogers and sthers (1879), IARG (1278) ana

2

-~ -

others, and as borne out n ine ~ork of the experimental facility at STRIPA,

in situ tests and direct fisa ‘nvestigations will nave to be performea near a
site and at depth to deve'oc -2 :able information on site properties and
response. Consideration ~sr2 z21¢%ands somewhat beyond the immediate repository
horizon and the near field. [= 1l30 axtends o dounding responses of rocks
further away in that bulk properties are sought to bound possible variations
over distance and time. It 31':¢ axtands %o obtaining important informaticn

for design purposes.

Requirements in the regqulation here identify as a minimum basically five

essantial investigations. These are described helow.

4.5.2.1 Investigating ~sc =2nditions

[n terms of the :7t2 rasponse, as described previously, the site's physical,
chemical and mechanical benavior, as well as its capability to innibit radionuclida
migration, will be very nuch governed Dy the pattern, distribution and character
of fractures, discontinuities and heterogeneities in the host rock anc surrounding
rocks. Severe limitations exist in obtaining a three dimensional picture of
such nformation from surface boreholes or remote sensing techniques, although
they will aid in characterizing a site. Intended here, is a comorehensive
program which includes subsurface mapping, sampling, and remote sensing at
depth. Particular attention nust be given to atiempting to unravei the conaizians

beiow a repository.
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It.es:?gat'ﬂg Sulk gecmecianica! sroperties ana imgcient stress

<ensigerac, here, are tests wnich 7ot aniy define interstizial geomechanicai
properties per se obtainaple through Taboratory tests but that define the
larger geomechanical framework; that is, the properties of rocks in context of
fractures and discontinuities and those properties necessary to issess site
response under the thermal loading, increases in porewater pressure and changes
In the state of stress. As noted in LBL (1378), mechanical and thermomechanical
inalysis or design of a repesitory must proceeed from knowledge of the ambient
state of stress. As noted previcusly, modifications to the ampient state of
3tress can pe anticipated and may cause rock failure and the development of
fraciures as wel! as movement along preexisting faults. Thus, understanding,

tArougn in situ testing, bulk geomechanicai conditions is essential.

4.3.2.3 Investigating bulk hydrologic procertiss

Jrders of magnitude differences have been reported between laboratory
neasurements ind in s{tyu measurements of permeability, GEI (1978). The
differences primarily oeing due to the influences of fractures, oarticularly
in measuring rocks which have law Interstitial permeability. Adggiticnally,
the theory to predict fracture flow is limited. It is anticipated tnat
fracture flow will have a significant effect on radionuclide migration. Thus,
it becomes imoortant to assess permeability as well as other grounawater
oroperties in situ. Inciuded here are considerations of bulk rock parmeability,
rites of flow along fractures, effects on the rate of flow due to changes in
the geomechanical and geologic framework. [mportant here as well, is conducting

independent t2sts %o help validate mode! predictions.
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4.5.2.4 Inves:igating geochemical congitions

As noted previously, geochemical studies to date on ~adionuc!iae
migration are almost all laboratory studies which have not been field
verified. Additionally, little work has been done, nor would it appear even
conceptualized beyond a preliminary level, on developing technigues faor in
situ testing of retardation, pernaps the most importanrt parameter of all!
Also, aTmost a1l retardation assessments confine themselves to far field types
of conaitions, even though substantial flow to near surface envircns may occur
in the very near field of a site as discussed previously. There ippears no
question that analytical chemical techniques are indeed limited in terms of in
51ty measurement. Nonetneless, in sity measurements will be assential ang
necessary to gain confidence in retardation values used in performance
analysis. Considered imoortant, here, as discussec in section 6, is
measurement of the oxidation/reduction potential at depth wnich bears on
solubility limits and the stability field of nuclide specias. As discussag in
LBL (1978), many problems exist with downhole fluig sampling. Measurement of
redox potential at depth (on samples collected directly at depth) will avoid
many of these probiems. [mportant nere as well is the collection of samples
at depth to assess groundwater evolution and groundwater age. Additionally,
tracer experiments performed on ambient fractures in conjunction with
hydrologic testing should provide hetter representative retardaticn values
Jnder more representative conditions. Experiments can also be conducted at
elevated temperatures. Recognizing time constraints on intarstitial rock

experiments, due to slow trave! times, measurements and samplie collection can
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Se parformed to ascertain natural chemical gragients. Tnese in turn ~an de

simpared to laboratory experiments.

4.5.2.5 Investigating intagrated responsa

The respeonse of the site to ~aste emplacement ~ill 2e a couplea one

‘nvolving simultaneous icticns and reactions, primaril; due to the generation
of heat. Reguired here are neater tests ang experiments under simulatad
repository conditions %o 1ssess in sity response of ail four sita components.
Thus, comparisons can be made Detween measurements ana the pregictions of
computer simuiations to verify modeis, and to ocund the intergrated response

of the site. Important, then, are in sityu tests that assess simuitanecusly and
‘N an integratad fashicn offects, so that they may e bound. Aiso, important
ire Le@sts on Nossible agverse conditions that may exist at a site, e.g3.,

“1 3re3s exnidiling coor rock conditions, fractures. faulls.
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Many of the previously cited referencas speak to avoiaing variocus human
related and natural conditions wnich may adversely affect a geologic repository,
e.g., active faulting. Listings of such conditions are primarily Sased cn
sound siting practices and reflect tachnica! judgments and consensus. It is
recegnized that no site and its environs will be free of agverse conditions.

The type and extent of adverse cenditions, as weil as favorable conditicns,

w111 vary from site to site, Golder (1878b). In consideration of an sdverse
congiticn at a particular site, assessments will have to be made to define the
condition, its extent and magnitude, ang £ 3ssess its impact, i.e., likelihood

and magnitude, on the sita's ind the repository's capability to inhibit racionuciide
migration. Consicerable delideratisn has bHeen given to juiceiine recommendations

in the literature in formulating "cw idverse conditions shculd te treatad in

the siting requirements. Ouring the course of deliberations 3 numper of

consigerations nhave amerged which have gone into the development of the adverse

condition requirements. These ire:

(1) The overall objective is meeting the leng-term radiological performance
objective. Thus, adverse conditions must be viewed in light of impact on
long-term radiological performance so as to neither be unduly restrictive nor

unduly lax. .

(2) Consideration must also be given to potential adverse impacts from

igverse conaitions during construction and operation on safety related surface



.

iNCG subsurface facilities. Inci.gad nere is wnether i< is c0ssidie to cesign

ircund these adverse conditions.

gverse

(3) Consiceration must be given =3 =32 f3ct that diffarent

'y

conaitions may have diffarent degraes :7 impact ang d4ifferent kings of impact.

(4) Tnere will be consigerable uncertainty associated with performance

nodeling, from the many sources as areviously discus

ed. C(Cgonsigeraticn nust

“w

Se jiven to the extent to which iaverse conditions add to this uncertainty and
%3 the complexity of analysis, sarticularly in light of the limitations in

node!ling.

(3) Past siting experience issociated with the siting of auclear facilities

,
{

ing other types of critical facilitias indicatas “nat censigeracie limitaticns
2075t in assessing many natural adverse conditians from their gecmetric extant
3 their casual mechanism to the scarcity of data iand to their imnact. Jiven
the unique aspects of a repository, particularly considerations spanning far
into the future, limitations in dealing witn icverse concitions ars comoouncad.
Perhaps eaven more so is the formidable uncertainty associated in dealing with
future numan activities. Thus, the treatment of an adverse condition must be

viewed with respect to the limitations associated with lefining the natura of

the adverse condition.

(6) As described previously, the repository itself will have considerable
impact on the site. Repository/site interactions will e more savere and

compiex closer to the repository location. Consideration of acverse conditicns
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~equires nct only an assessment of their ingact on amoient conditions out

their impact on repesitory/site intaraction conditions. Inciuded nere as well
is consigeration of the impact of repository/site interactions on an adverse
condition. Thus, consideration must be given to the location of an adverse
condition with respect to the repository and to the coupling effects, including

the increase of complexity and uncertainty involvea.

(7) In terms of the impact of idverse conditions on long=term performance,
consiceration must be given to the extant of impacts on the four site comoonents.
This must include whether impacts can be ascertained, whether they are significant,
ind whether they reduce the margin of safety provided by a site component in
terms of i3 function per se and its function in complementing and supplementing
the otner site components and engineered elements in (a) providing stapility,

\3) innihfting groungwater movement and (c) inhibiting ragionuciide migration.
[n this regara 35 well, consideration must be given to whether favoraple
conditions at a site and in its vicinity compensate for impacts brought about

Dy the presenca of an adverse condition.

(8) Finally, in dealing with adverse conditions consideration must be
given to the application of professional judgment. Given ihe state of the
irt, assessments of adverse conditions will require substantive judgment.
However, judgments will vary. Thus, consideration must be given to defining a

range of latitude that is acceptable.

The adverse condition requirements were deveioped in light of the apove
considerations and should be viewed in this light. The application of the

idverse condition requirements is described below.
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J+a ~ACD s3tion 97 the Aduersze Condition >1%10g <acuirements

In Tignt of the giscussion in orevicus sections and the above Tisted
considerations, three opjectives cenina the application of the acverse condition
requiraments have emerged:

(1) The first cbjective is o assure tnat long=term performance and the
design of safety related faciiities can be accompiished with a high degree of
certainty. This is accomplished tArough the presumption that a site is unsuitaple
if either: (3) there are specified, more locaiized adverse conditions existing
within the volume of rock oreviously required to be identified, wrere there
w111 be significant repository/site interactions, ar (8) that the site is
located in 3 specified /icinity with respect t3 cartain identified adverce

sonditions.

Nith respect to (a) as 2 minimum. the volume of rock is the previously
173cussed C kilemetar lataral ragius from the Timits of axcavaticn and from
the surface 20 a 1 kilometer depth bSelow the Timits of excavation. Given the
axtent of most repository/sita intaractions as summarized in Table 4.4, i.e.,
well within 1 kilometer /erticaily below and out laterally from the repository,
and given the extent of effect of the more localized adverse conditions as
suriarized in Table 5.1 (as will se discussed in saction 3.2.3), i.e., within
hundreds of meters, this minimum voiume osrovides a minimum buffer zone between
the repository and the more lccalized adverse conditions in the site vicinity.

[t also helps to reduce the complexities and uncertainties that will pe involved

in assessing the impact of a near field adverse condition on the site and
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the impact of repositery/sita intaractions on the adverse condition. The
specification of a minimum volume of rock in the requirements permit early
evaluation of a site for site selection purposes prior to more rigorous definition
of the affected volume determined through in situ testing.

[t should be emphasized here that it is the inten* of these requirements

0ot to reguire absolute proof that a specified adverse condition either exists

or does not, but to require a reasonably rigorous and state=of-the-irt investi-
jation and evaluation. Included here as well is full documentation. That is,
in conducting investigations and in arriving at intaerpretations, reporting

ihould include consideration of all reasonable sides.

Aith regard to both (a) and (b) above, it should be emphasized aithough a
;ite may be free of specified adverse conditions, ultimate site suitapility
w111 depend on overall performance so that other conditions not specified or
specified conditions beyond the minimum volume may be important and may require

assessment.

(2) The second oojective in the appiication of the adverse condition
requirements is incorporating necessitated latitude due to the site specific
nature of the problem, the judgments that will have to be made, and the consider-
ation of satisfactory overall repository system performance despite the presence
of an adverse condition. The latter factor may result from either designing
arouna a problem or from a site specific assessment that indicates an adverse
condition has little impact or is well compensated for by the presence of

favoraple conaitions. To assure that the first objective is achieved, it is

55



#xXpectad that the adverse congiti'n requirements Ge appiied in a conservative
nanner. Although exceptions may be permitted, in order not to wilify the
requirements and to maintain confidence, restriction has 22en placed on %he

range of latitude allowed. This restriction takes the form s+ tecessary
demonstrations tha* indicate not only that the adverse congition does not

orevent meeting the performance objectives (i.e., the overal: raaioiogical
performance objective, the site performance objectives and the engineering
performance objectives) but that also it nas litle influence on meeting tne
performance objectives. Again, given the uncertainties associated with oerformance
meceling, it is not enough to sdy a moce! simultation alene incd‘catas achievement
of the overall radiological performance objective. Here it is also intanded

that model simulations indicata little influenca on ail the serformance objectives.

The components of this demonstration include:

(3) A demonstration that the adverse zonditisn has oeen adequately
characterized as to its geometry, its physical, cnemical, ind mechanical
properties, magnitude cr rate, as appropriate. Included nere also is an
issessment as to whether adverse conditions may nave Seen uncetacted oy

investigations.

(b) In assessing an adverse condition, a demonstration is assential %hat
the effacts of the adverse condition (i.e., the condition on the site ana
repository/site interactions or the condition) in space anJ time and on the
four sit2 components is well understood. Given the uncertainties inherent in
SUCh assessments, it is necessary to place bounds on the prociem through using
reasonably bounding parameters, assumptions and calculations in demonstrating

effects.

5-6



=/ 47/&n 2otant’al masking out or dampening that may be innherent in a
necel Usa o assess adverse impacts. it is necassary to show that the mechanics
of a model are innerently sensitive to parameters and conditicns of intarest:
that s, the model per se and otner parameters used do not artificially mask

or dampen gut influences.

(¢) [f an adverse condition is present, it will be necessary to show
that its potential adverse impacts vi!) pe wel! compensated oy the orasanca of

favorable characteristics.

(2) Finally, if an adverse candition is present, such that it can be
remedied through engineering, this will require a conservative demonstration
that inceed this can be done. Again, this necassitates consigeration of not
Just ampient conditions but reascnanly bounding conditions under repos‘tory/

site interactions.

[t s judged that the above demcnstrations will allow necessary latitude:
/%, at the same time, preserve necassary conservatism, given tne compiexities
ind uncertainties introduced Dy the presence of adverse congitions in the

vicinity of a site.

(3) The third cbjective nere has peen to incorporate recommendations in
the tachnica' litarature on adverse conditions in such a w#ay tnat demonstration
of performance iand confidence in performance can e viewed in two ways. That
s, through reliance on modeiing and through reliance on sound siting principles
ing practices. As will be discussea ‘n the sections %o follew, the aaverse

conditions identified have been gleaned from the literature and considered in
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'ight of potential impacts and application in a reguiatory framework. For
example, it is not encugh to say: active faulting snould be avoided. Definition
s needed as to what is an active fault, its impact and what distance from a
fault is acceptable. wWithout such definition, experience has indicated endless
debata may ensue. At the same time, it {s recognized that precise definition

of congitions is not gossible and that dssessments are site specific. The

level of specificity incorporated in the adverse conditions is sucn as to
indicate intent and implicit lavel af conservatism desired. However, all of

the conditions will require site specific analysis and definition.

Oiscussion of the specified idverse conditions, the extent of their

impacts and their indi.idua) ipplication are discussed below.

5.2 Inaividual Adverse Conditions

[n reviewing technical guideline documents and recommendations that deal
«ith identifying natural conditions and human activities that should be avoided
'n repesitory siting, one is struck by the number, the subtitles, scmetimes
contradictions, and sometimes almost impos-ibilitiaes being suggested. Taking
all suggestions enphatic;lly. it would appear no site is suitable. However
guidelines note they are but guideline., that no site is ideal and that allowances,
depending on impacts, should be permitted. An itlampt has been made to weigh,
through identified natural conditions and human activities, and ascertain the
impacts that are of concern. These impacts are those basically noted praviously,
that is: physically exhuming the waste, incre sing the flow of nuclides,

decreasing the path length, and increasing the source term. Also, assessments

Nave Deen made as to whether a recommendation is indeed workable.



[ngivigual adverse conditions specified in the requirements nave deen
classified into four categories: adverse numan activities, adverse geologic
and tactenic conditions, adverse hydralogic conditions, and adverse geochemica!
congitions. This discussion focuses on defining the condition and intent
Zeyona the condition, potential impacts, the axtent of influence and its
icoiication to either the repository/site interaction zone or %0 a specified
sicinity.  In viewing these conditions, one must keep in mind the coupling of
diffarent identified conditions (as well is favorable characteristics) wnich
shouid rule out extremes in any individual condition. Also, different specified
conditions may deal with different aspects of the same phenomena. At the same
time, an individual adverse condition may Le applicaple to differen:t shenomena.
The attampt here has been Lo define conditions in 2 way that identifies the
impact of concern and that will facilitate 4ss@ssing the oresence or absencs
and impact of the adserse conditian. Qverall sersrmance moceiling focuses an
the future. Focused cn here is the Fast and present is 3another means to
assess performance. Finally, here, it shculd 5e noted that the adverse conditions
identified focus on protecting the repository. In so doing, isolation should
be maintained iand thus, protection to the puplic health and safaty snould de

provided.

£.2.1 Agversa Human Activities

As borne out in a number of performance studies, Berman and others (1978),
Cleninger (1978), it would appear that future human activities which probe the
subsurface or affect the subsurface may be the most significant adverse conditions
to «nich a repository may be exposed in tne future. Human activities which

orobe or affact the subsurface may result in the direct penetration and axhumatizn
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3f disposed waste, short circuiting, or decreasing tne site s capapiiity to
innigit the movement of nuc'idas, secondary effacts wnich mignt increase tne

rate of aissolution of waste packages or may cause or acceierate the decrepitation
of engineered barriers and site barriers. Such impacts, then, may result in
lirect exposures or increas'ng the magnituce and rata of release of radionuc! ides
Lo the accessiole envirsonment over the long term. Trea‘ment of adverse future
numan activities requires consideration of many questions. These include: To
vhat axtent can one pregict future human activities anag their impacts? To

~Nat axtent can cne rely on active institutional controls, or passive controls
identifying 2 site ana its significance? To what extent can and should one

jeal with intentional future activities which may orobe 3 s't2 for whataver
surgose, e.g3., to exhume the waste for fuel, out of archeoiogical curiosity?

To what extent can ana should one deal with unintentional future activities

viich may probe a site for whatever purpose, e.g., in the course 3f resource
exploration? This latter question has implications regarding loss of instituticnal
memory as Lo the purpose and location of a repository. Implicaticns, such as
~hether a catastrophy has wiped out institutional memory and in this lignt
shether the hazard posed by the repository is truly of significance. and

wnether the future will still comprenend the nature of the hazard if exposed?
Answers to the above considerations border on ethics, philosophy, and perhaps,
aven science fiction. This issue again exemplifies the unique types of consiger=
ations being given to a repository. Consideration of adverse future Auman
activities as an issue goes way beyond the technical aspects of siting per se.

[t bears on the viability and acceptability of the concept of a geologic
repository, on the tecnhnical aspects af design, and on the definition of

acceptable risk. However, the resclution of this issue will have significant
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impact on site suitability, sarticularly 3s i+ seirs an resourss

o

3
o
3
U

vicinity of a site. As such. early rasoluticn of tnis issue i

3ssential.

The adverse human activities identifiad in the s5iting requirements .ars
develcped in an attempt to deal with this issue from 3 reasoned anc tzc-nica]
perspective. A number of premisas are benind the agverse conditions izenti<iag.

These are:

(1) Active institutional controls are assumec not to last for mcre than
i century or so, Rogers and otners (1379), and institutional memory of 3

respository is assumed thereafter lost.

-

\
i1 )y

Ll

(2) In accordance with issassmerts in the literature, £°3 Ag 4cc (1
IRG (1878), McGrath and others (1373). [AEA (1877), future numan actiors irs
considered unpredictable. This includes future tecnnologies, motivations, and
conditions. Thus, the assessment of the future can oniy rely on oast activities,

and present activities, technologies and conditions.

(3) It is assumed (from the siting prespective) that little can be done
to prevent intentional intrusion into the repository or mitigate potential
consequences of such intrusion other than the same types of things that are
associated with natural hazards, e.g., in the favorapble characteristics are

requirements for limited grouncwater circulation near a site.

(4) Of concern, then, is future human activities which, without iwareness,
T.e., unintentionally, may impact on the repository and on releases from the

repository.
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[t is assumed then, that all that can be done in siting with respect to
future human activities is reducing the likelihooa of unintenticnal impacts on
the respository. The activities identifed attempt to accompiish this by
focusing on past and present human activities in consideration of present day

technoiogies and conditions.

[t should also bDe noted that past and opresent human activitias are identified
bearing on possible adverse impacts on 3 repository site during construction
and operation, and which may also have long lasting impacts on 1 site over the

long term,

5.2.1.1 Avoiding rescurce 'ocaticns

There are several activities igentifisa in *ne siting requirements which,
couplad tcgether, srovige a necassary Jurfar 3gainst subsurface resource
exploration and axploitation impacts. The tarm ‘resource” applies to minerals,
yarocargons, potapie groundwater, geotnermal energy and natur.' puilaing

materials. The activities include the following:

5.2.1.1.1 Subsurface mining

A site is considered unsuitable if there has been or is subsurface cenven=
tfonal or in situ mining for resources within the repository/site interaction
ione. The presence of a mine or mining near a repository site greatly complexes
the problem. Effects are discussed here in terms of impacts on all four

rapository components.
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{n terms of the jeolsgic framewcrx, nining activities can resuit in
consicericle subsidence and associated effects, as summarized in Gil (1373).
s0Tution mining has resulted in subsidence zones with diameters from tens to
several nundred meters across and subsidencad in meters. Conventional notasn
nining has also resulted in comparable subsidcnce. Fractures have ceen reported
aropagating upward from mines at angles usually in the range of 1°-45° 3ng
with surface fracture widths on the order of about 10 centimeters. As noted
'n Golder (1977a), subsidence deformation may not only be in vverlying strats
Sut in adjacent strata as well. Solution mining in salt can also produce

oreccias and collapse structures, Anderson and (irkland (1980).

In terms of the geomechanical franework, as ncted previously, sudbsurface
axC3vations can alter the Tocal stress field. Adaitionally. 1n sity mining,
2.3., for shale, 0ii, or coal at elavated temperature, Can alter the geomechanical

properties of rocks, Golder (1977).

With respect to the grounawater system, mines and 3ssociated ictivities
can have a numcer of influences, Golder (1977). These include: tarough the
creation of fractures, pathways for more rapia grouncwater circulation, and
changes to norizontal and vertical head gradients through dewatering activities.
[n s7tu zoal gasification nas been reported o increase oermeapility, affactive
porosity, ana water circulation, vogwil. (1979), Golder (1877), in agjacent

rocks.

[n terms of the geochemical system, solution mining can change the grouncwate:,

chemistry, as well as Tead to orine invasion of neardy rocks. Importantly, as
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noted in Page and otners (1258), with ressect to granitum, 10 areas wnere
iT3uncwater nas Ceen aistursed by mining, aonormally high uranium concentrations
may result. As repcrted, in uraniferous areas in the U.S.. groundwater ordinarily
contains adbout 1-120 ppb uranium. Strong acid waters from mines have ph

-28 3round 2.5 and uranium cancentritions reported ar: on the orcer of
3,200 spo. Th;s. minfng activities may result in canditions that increase “he
solucility of radionuclides. Acid waters could also increase corrosion of

angineered barriers and increiss waste dissolutioning.

Of course, effects due to mining w11l be very site specific ana vary in
:tent and magnitude depencing cn the geolecqy and mining activities. However,
;'ven the nature of mining, it is questionable whether sufficient records will
PLTSL Lhat characterize the impacts ang activities of importance. with respect
"2 itandoned mines the proplam is compounded, given gifficultias in axploring
SLCY mines and ascertaining records on axploratory boreholes and affects an

the surrounding rock.

Additionally, one must view mine impacts in terms of the counling of
~aste/rock interactions and mine effects during repository operation and over

the long=-term.

[n terms of the future, past mining invites future exploration and exploita~
tion. The history of mining has ceen sne of ibandonment and recpening. Case
nistories reveal some mines have ceen used off and on over thousands of years,
Sandstrom (1968). Sven lacking present day technological sophistication,

Nistoric mining activity has axtended hundreds of feet Selow the surrice and
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aorizentally thousands of feet. As notad in Golger (1877), mining into a
repository in the future where the repository is it ejevated temperatures

could cause trapped steam and other gases to escape and explosions to result.

As considered in NAS/NRC (1378), areas w~ith present or past records of
subsurface resource extraction shoula se avo 1ed. Consideration of the repository/
site interaction zone as a buffer is also consistent with a preliminary 2 «m

nine avoidance distance suggested Jy Aagoner and Steinborn (1979).

[t should be noted that shallow strip nining per se is not intended here
oecause of its surficial nature. However, issociated activities, e.g., deep
water well or axploratory driiling, would fit into the next ictivity identified.
Aaditionally, it is recognized that strip mining may extena to consicerable
Jepths, e.g., strip mining of coal may De carried to cepths as great at 100’
below the surface, Strahler and Strahler (1873). The more extensive the strip
mining in general, the more Tikely there will be subsurface impacts. Again,

if impacts are those below, the site will be presumed unsuitable.

5.4:.1.13 Orilling
Of all the human activities that may effect a repository site, given the

depth of a repository, drilling is perhaps the most profound. Orilling may

lead to direct penetrations of a repository and exhumation of waste. Orilling

may also have a number of secondary effects as well whicnh may perturd a repositary
site over the long term. It has been recommended that repository sites be

Tocated where there has been minimal driiling, Golcer (1272b), and others.

Considered here in terms of axplicit unsuitability is darilling within the
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reository/site interaction zome that has penetrated o depths Ceiow tne Tower
"imit of the aczessio’e anviranment. f.e., to depths Delow the nearest useable
1quifer above the waste emplacement horizen. Orilling to such depths has
ieveral implications.* These are: (1) the creation of jroundwater pathways
oetween the repository host rock and the accessible enviranment via arill
neles; (2) past and present deep ari'ling implies that future dril'ing to such
depths is Tikely and that the repository may be penetratad in the future; and
(3) deep drilling may have significant effacts on the impient site components
ind thus influence the migration of radionuclides (such effects may have
ilready happened, be happening or may nappen in the future). Again, it is
important, here, to keep in mind the additional complications that may result
Trom the impacts of deep arilling coupled with repository/site interactions.

it snould e noted that this restriction does not apply to more shailow
iriiling per se, although such arilling may have radiclogical implications
¥1Lh rescect to the consumption of contaminated groundwater and may effect the
jroundwater conditions. In terms of long=term performance and as part of
nalyzing scenarios, such conditions will be assessed and will have to be

shNCwn 10 ce not of significance.

A number of technical studies have considered driliing and possible
‘mpacts on a site. In considgering drilling, one must also consider the
surposes for drilling. These include: the extracticn of oil and gas, the

extraction of geothermal energy, the withdrawal of water, in situ soiution

-1 $70uld De recaileg that the EPA standard deals with cumulative releases
“0 the iccessible environment. Thus, the limiting case in assessing releases
s releases into the nearest useable aquifer above the repositary.

5-16




mining, for expioration, for wasts wvater ir gther 3 3130084, ine IMEacss
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Solution mining wnich entails driiling has oeen associated with sucsigence
extending several hundred metars in diameter ind /ervical subsidence at the
surface on the order of meters, GEI (1978). As noted preaviousiy, solution
nining and associated drilling may result in other geformations ind deleterious
affacts on al! four sita components. Particulirly in soluble rocks such as
salt, drilling may initiate or accalerats dissolutioning, Carpente~ ana others

(1979).

A numper of gelaterious arilling affects cearing on a repository hive
Deen associated with the extraction of 3i] anc gas. Again, pernhaps the most
dramatic is far reacning subsidence, GEI (1373). Reports of subsicence
indicate it may range up to several metars sver areas ranging from a1 few
Nundred meters to hundreds of kilometars over time periods measurec in tans of
sears, GEI (1978), Bolt and others (197%). I% would appear that the more
axtensive effacts are associated with major oil and gas fields, Stranler and
Stranler (1972), Bolt and others (1978), which the next criterion wouid rule
out. It is interesting to note that remedial actions that may be taken to
srevent sudsidence, such is water injecticn into deep ~eils, Stranier and
Stranler (1973), may, from a repository perspective, be deleterious in savers)
ways, e.9., changing vertical ang hydraulic graagients. [t woula ppear tnat
most observed cases of surface subsidence accur where o0il and 3as are withariwn
fairly close to the surfice, i.e., depths lass than about 1,000 to 2,000M,

801t ana others (1377). Thus, given repository depths (200 to 500M) a repository

-
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site in such areas could be extensiveiy affaected. As notag in Golder (1977),
the withdrawal of gas and oil results in fluid pressure raduction and, cepending
on the location of a repository, could result in either increasing the flow of
watar into or out of a repository. Another potential problem associated with
211 and gas drilling is potential hydarofracturing at depth, thus increasing

fracture pathways for groundwatar ind radionuclige migration.

Abandoned oil and gas berenoles and wells in and of themselves may jenerate
deletarious 2ffects. As reported in GEI (1978), deieterious effacts include
borencles connecting aquifers and acting as conduits for oil and brine migration
vhich may leak into a repository. Fluids migrating from old wells have bHeen
reporied to have moved up %o 300 meters and more awdy. Also, fractures may de

associatad with arilling.

Many of the effects discussed above are also associated with the exploitation
and drilling for geothermal energy, deep water wells and fluid injection and
#1711 not be repeated. Associated with al) deep wells and boreholes is the
question of sealing them. To do this first requires locating them. Although,
as noted by Koplik and others (1979), it would appear that available records
would permit locating most past boreholes, difficulties may arise in locating
small aiameter exploratory holes which may be drilled to great depth. Additionally,
there is a question, if such boreholes are important, as to whether they can

be affectively sealed.

In tarms of the future, areas not possessing previously dril’ed deep
noles have implication, based on investigations elsewhere, or surface investigations,

or economics, etc., that the deep geologic and hydrologic framework is such
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that it is not suitable for subsurtice s«ploitation. As such, this should
nelp recuce the likelihood of subsur<ice perturbations anich may affect a
repository. However, the pressing uzs 3f resourcas today is raising the leve!
of subsurface exploration and exploizazisn.  As summarized by Meyerhoff (1980),
i1 1373, there were some 48,800 2i ing Jas weils arilled in the U.5. with an
il'time footage record of 240 millisn fsec (3verage or 1,500 M/well). Deep
noles are also being drilled (the deenest in 1979 was some 6,000 meters).
irsundwater use is also on the rise far domestic, ingustrial, ana geothermal
2nergy purposes. Although most ~ater vells have neen relatively shallow in
tne range of 15 to 60 meters, severa! percent are aver 150 meters, Grounawater
4xxx). In arid regions, 2specially, w~ells are relatively deep on the orger
of 150 %o 130 meters, Mcirath and sthners (1877). Injection wells, an the
JLher nang, range from apout 30 to 2 300 meters and iopear %o iverige between
oout 300 to about 1,300 meters, 3Scuth (1979), Grouncwater (xxxx). Usually,
injection wells extend %o poraus reck and ire drilled 3pout 50 meters below
the deepest frashwater aquifsr, 3outh (1379). As such, thev may be drilisg
through a repository, increase srassures below a repository thus driving watar
up, or introduce cnemicais havi'g adverse effects on imbiant and engineered

retardation properties.

Although it has been suggested %o avoid areas with axtensive fresh groung-
water [AEA (1977), even in areas where nenpotable aguifers exist, considerations
ire being given to the use of nonpotaple aquifers for chemical waste disposal,
8rown and others (1979). Such uses igain may have similar results as thoss
iabove. Even in areas with essentially no water, they still may be potential

locations for dry rock geothermal energy driliing.

POOR ORIGINAL
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€, ihe ‘mpacts of ariiling #1171 vary aepending on sita specific
conditions. Some areas, such as in sedimentary dasins where oil and gas are
generally found, nave een more suscaptible and impacts appear greater.
However, it would appear all locations are suceptible to some extent. [t also
ieems that cresent Jepths contamplated (<00-3500 meters) for 3 repository do
70t appear %o provide much protaction from ariiling in the dis int future
given present depths of drilling. Even then, unless recositorias are below
2,000 metars or so, littla appears tc se zained with respect to protection
from future drilling. However, such deptns may pose serious construction
oroplems, particularly with salt host rocks. Also, at sucnh depths, because of
nigrer ampiant temperitures, rercsitories sver the long term may reacn higher

“emperatures ~nich, in turn, may increase the axtent of repository/site interactions.

[t apoears then, with respect %o driliing, past and prasent driiling
greatly confcunds the problem and must be avoiced. With respect to the
future, it would appear that all that can be done in terms of siting is the
reduction of the likelihood of penetrating a repository. In .arms of
evaluation of the long term it wouid ippear that arilling into a repository
should be assumed Tikely. Also, consideration must be given to not only the
"hit" but "misses" and their potential impacts, and impacts of the various

ourposes of drilling.

$.2.1.1.3 Econemicallv axpigitaple resources

The avoidance 37 ~esources hes Seen nighlighted in avery collection of
siting guiceiines reviawed. [t is rot the resources per se that cause a

problam, but their attractiveness wit: respect to future exploitation and
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expioration. As such, they may atiract future activities wnicn couid cause
disturtance of a repository site througn mning or ari!1%ng. 8oth of these
have already been covered previously. However, the condition defined here and
the following one are an attempt to define what is acceptable in terms of

“avoidance of resources.”

Considerations in the literature on this subject are relatively general.
However, saveral refinements have ceen offered. These inciuce: avoid present
or predictable resources, NAS/NRC (1378): avoid foreseeable future economically
lesireable resources, LLL (1979); avoid mineral or element concentrations or
locations which are like locations where mineral concentrations are found
21sewhere, APS (1978); avoid locations where there are nineral or eiement
concentrations greater than average crustal abundances or vneras there is
noncmineralic rocks; avoid host rocks wnien are vaiuaple resources, Golder
(1978b); avoid areas where mineral concantrations are greatar than regional
dverages, McGrath and others (1378). The objective of these considerations
boils down to defining resources in sucn a w#ay that if resources as defined
are avoided, a site will rank low with respect to being a future prospect for
exploration. Deliberations on this subject includea considerations regarding
the definition of resources, whether the problem can be approached in an
absolute way or a relative way, and whether futura activities and resource

needs can be predicted now with any meaning.

The probl . .as been approached in both an absolute way and relative way,
Also, the problem has been approached from the point of view of present day

technology and conditions with the premise that we cannot predict the needs
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ner the technology of tne future. However, it is judged that the likelinood
uf future disturbtance of a recository due to resource 2xplaoraticn will be low,

assuming the future assesses resources in a similar fashion as they do tcday.

[n consideration of the extant of potential perturnations to a repesitory
from mining and drilling as previously discussed, the following condition
appiies to the repository/site interaction zone. A site is assumed unsuitable
if, in the repository/site intaraction Ione, there are ecsnemically expicitanle
resources Dased on existinc technology and under presant market canditione.
This condition is geared co a situation where there may not be present knowledge
of the existence of resources because either there has not been axploration or
resources nave not dsen Touna given investigations to date, and during evaiuation
for 1 repository they are ancountared. It is assumec that if there are xnown

expioitadia resources, there will nave been arilling or mining ang these ire

5.2.1.1.4 Relative resource assessment

Coupled with tne previous condition is a relative one. requiring an
assessment and comparison of the resource endowment of the repository/site
interaction zone ard similar sized areas in the geologic proQincu in which the
s'te is located. Here resources aoply to presently recognized and used mineral,
Nydrocarbon, water, and natural building materials. Although these resocurces
it the site may not be eccnomically exploitable at present, what is required
s an estimate of the gross resource andowment of the repository/site interaction
one and similar sized areas in the geolegic province in which the repository

s located. Also required, in consideration of development, extraction, and
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markating costs, is an astimate 3¢ the et rfesCurc2 andowment of tne respo 129y
site intaraction zone and similar sizea areas in the geoiogic prevince in
which the repository is located. In making both asses:ments, consideration 3
required to be given to both known and astimates of undiscovered deposits of
all resources within the yeclogic provinca that (1) have been or are ceing
exploited or (2) have not been axpioitad bHut are exploitapie and, for wnataver
reason are not being workea, e.g., resources being held in reserve. A site
«111 be presumed unsuitacie if based an aitser the Jross or net rasgurce
2stimatas, the site has a greater than average resgurce endowment reistive to
the other simiiar sized areas. The objective nere is to gemenstrate that in
searching for resources 3 site has about the same or lass chance of teing

axplored, particularly via drilling. than any other nearoy irea.

Taking all four previous congitians togetner, the first three strive to
define a site that is in a relatively low rescurce area, and sne that has not
been complicated cr is being complicatea Sy rasgurce activitias. The fourtn
condition strives to define a site that on a relative basis has just as Tikely
or less chu.e of peing explored in the futurs as any other are3s nearsy.
Again, this all assumes the presencs and the purpose of the repository is

unknown in the future.

$.2.1.2 Failure of human-made impoundments

As considered in TRW (1978), NAS/NRC (1978) and Campoeil and others (1978),
the presence of a larne dam in the vicinity of a repository may have several
deleterious effects. Failure of such impoundments may lead to flooding of the

geologic repository operations area during operation. Such impoundments may
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have large areal effects on the Jroundwates ‘vstem, 2.3,

, they may inriuence
the magnituce and directicn or groundwatar flow ang nyarauiic gradients.

Also, such impouncments may affect the areal stress fialg thraugh increasirg
Pore water pressure or through adding to tne lizrsszatic | load, 3o0it and othars
(197%). Induced earthguakes, thus induced fau Ling, Nave Deen issociatad ~ith

'arge impounaments.

The prasence of a large dam near 3 repository complexes the issessment
of performance in several #ays. First, it complaxas the definition of natural
ampient conditions given that ampient cenditions have been affacted by the
impouncment. Second, in analyzing affacts over the long term, one must ass.me
“hat for whatever reason %ne dam ‘s ramoved. Thus one must ittempt to assess
congitions back to natural ambient. Third, the nrasance of a dam today on 3
river implies that other dams may e built and 1gain znanges %3 amoint cangit ns

will have to be 1ssassad over space and in time. “oursh, *ne presenca of 3

dam implies tne oresence or the possibilities of other numan actisities wnich
may resuit in subsu face penetration, e.g., the dam may encourage development
ind industry which in turn may lead to subsurface wasts watar disposal. Thus,
the presence of a dam may lead to having to assess many complex and uncartain

scenarios for long-term performance analysis.

This problem has been treated in two coupied sarts with regard to the
Jresent and the long term in order to simplify ana gain confidence in tae lang=
term assessment. Here, it is presumed a sita is unsuitable if arior to
decommissioning there is a reasonable potential that the geologic resository

operations area may be flooded by failure of human-mace impounaments. The
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#ffact of this condition is tareefola: it assuras that a repository auring
seeraticn will not be flooded by dam failure which has a numper of safety
implications during operation. Second, it assures a repository will not be

sited at least nearby and downstream from a dam. This should help simplify the
parformance analysis. Third, it should also effect the siting of a repository with

raspect to rivers, i.a., potential neardy discharge points.

-
5.2
v -

.1.3 Impouncments over the long term

This condition deals with impoundments over the long term. Given the
complexities described above, this condition presumes that a site is
unsuitable if, based an the type of presant state-of-the-art anaiysis that
vould Se 3ssociated with dam development, there i3 1 raasonable potential for
“he Zonstruction of 3 large dam that may influence tne regional groundwater
flow systam of enign %re sita is a part. Cne must keep in mind tna: ~aste
fsolation entails regional considerations. Adaitionally, repository/site

interaction effacts considerably add to the compiaxity of the problem.

5.2.1.4 Significant perturbations to the hydrogeologic framework

This condition here is a broad one in dealing with all present or reasonaply
anticipated human activities. It is intended to apply to all nonrepository
related human activities and is intended to immeasuranly reduce scenario
analysis. It basically is presumed here that a site is unsuitable if any
human activities can have an order of magnitude type of effect on the
hyarogeologic framework within the repository/site interaction zone. what is

of concern here is the maintaining of ambient conditions and the reduction of
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acaitional sugerimposes complexities in assessing repository site interactions.
A150 wnat is of concern is the siting of a repository in a locaticn that acts

35 a buffer against potential delaeterious numan activities. The assessments

of site are immeasurably reduced if one Jut shows that indivicual human activities
90 not have a significant influence on the hydregeologic framework. Given all
the potential influences previously cited ind the uncertainties deaiing witt
future numan activities, and the gifficulties that will arise in analyzing
fndividual activities and permutations and combinations in contaxt of repos i Loy,
site intaractions, sucerimposed natural concitions, events and procasses.

changes in space and time, the analysis of a repository may be enaless. Sitas
must be chosen not with the idea of analyzing oroblems away but with the idea

of reducing the proplem as much as 2cssible. what is sought hera are such

si%es.

wn

.2.2 Adverse Zeologic and Tectonic Conditions

Coupiea together, the objective of avoidance of the geologic and tectonic
conaitions discussed below is to assure over the long term that a site is
/ary stable on 3 relative basis. That s, one in wnich conditions, processes.
ina avents may arfect a repository over the long term have a very low
likelihood of occurring at a magnitude that they would be significant. As
such, confidence in the performance analysis can te gained. The conditions,
processes and events identified, if present at a site givan the state of
the art, will be very difficult to analyze with a Nigh degree of confidence.

particulariy in combination with repository/site interactions.
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$.2.2.0 Extreme bedrack incisian

ieclogic and tectonic procasses nave rates usuaiiy in the range of hi"‘ﬁe:ers
per year or less to centimeters per year, NAS/NRC (1978). Thus, on the low
20d oF the scale, such processes will be insignificant with respect to perturting
iorecesitory sfte. In the centimeter range or greatar gver the lgng term,
3TTRCL3 may De significant., Processes of concern here are those that may
traverse the area near a site and incise the bedrack to significant depths and
I5 SuCh, efthar on the aextreme, exhume the waste o the surface or significant’y
iTfact the hydrogeclogic framework through dram;ticaily changing the surficial
character of the site and its environs, e.g., @xposing rocks that are supbject
to dissolutioning. -Studies would indicate there are Dasically twc processes

7¥ concarn here. These are river incisicn and glacial scouring.

Erosion ratas, in general, have Jeen noted %o iverage less than 3 millimetar
oer year wor'awide, Campbell and others (1278). The average rate of denudation
'n the United States has been reported to be about .063 millimeters ocer year
ind varies up to about a factor of 75, EPA ad hoc (1978). Rates of erosion
nave deen reportad to be higher in steep mountainous terrains (uo to about a
millimetar per year) than flat terrains (within hundreths of a millimeter per
year), Wagoner and Steinborn (1979), [AEA (1977). Erosion rates in New England
‘ntegrated over the last million years or so have been reported to 2e igout
.03 mi1limeters per year, Doherty ind Lyons (1980), Wagoner and Steinborn

(3579).

Rates of erosion will vary depending on climate; this must 2e cons'zereq

over the long tarm. The work of Moreiri-Nordemann (1980) in Brazil, which
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represents a humid tropical climate where chemicai weatnering is active, is
the case of more humid conditions. Estimates of seathering here are on tne
order of .03 millimeters/year or 100 tons/kmz/year (2.5 x lo-sqm/cmz day).
That is still rather low. On the other extreme is cold climates during glacial
periods where glaciers are the prefound mechanism of erosion. As noted in
Flint (1971), the rate of glacial erosion depends on such factors as the
thickness of ice, rate of movement, acundance, shape, and hardness of rock
particles at the base, and the erodibility of grouna beneath. Glaciers aroce
through working down in joints and the depth would depend on at what depths
joints become tight encugh to innibit glacial action. Oeoths of areal glacier
scouring have been reported to be in the range °f saveral meters, SPA ad noc
(1377), to a faw tens of metars, Aagoner and Steinporn (1979). Prasent rates
of glacial erosicn in [celand have been reported to be in the range of iocout

.58 to 5.5 millimetars per year, Flint (1971).

Thus, on a regional scale, it would ippear rates of erosion are very low with
respect to exhuming waste or having significant impact. However, one also has

to Took at the depth of penetrat<on of chemical and physical denudation

effects. Here again it would appear that in most cases depth penetration is

very low. Flint (1971) reports glacial grooves reaching 1 to 2 meters in ddpth
and lengths of 50 to 100 meters, and on the more extreme end, giant grooves reach
depths of 20 meters and lengths of 1.5 kilometers. Depths of weathering in
crystailine terrains have been reported to range from about 1.5 to 15 meters

and may extend to depths somewnat greatar than 30 meters, Golder (1378b).

Thus, here again, impacts appear insignificant to relatively minor.



It is on the axtreme end of :ne erosion scale that erfacts nay bDe signirfican:,
In the case of river incision, for example, taking the "iigara River as 3
bounding case, ercsion (the falls) extends to 3 deoth of some 50 meters and
the falls have been traversing iaoout a meter a year averaged over the last
10,000 years, Stokes (1966). 3Such actions not only physically erode, out alsc
may have extansive subsurfice affacts, such as affecting oxidation, increasing
dissolutioning of soluble rocks, and may shorten the path iangth between the
repcsitory and the accessidble anvironment. In consiceration 3f jlaciers,
mountain valiey scouring has been reported to extend to 2epths of 330 =0
600 meters and at rates of 2 centimeters per year averagec over 30,000 years,
NAS/NRC (1278), Wagoner and Steinborn, flint (1971). As notad by Flint (1371),
the great magnituce here is dJue to steep preglicial gragients, nigh veiocity

of ica flow, concantrations of ice in 3 narrow valley and frost wedging.

in consiceration of the coupled siting restrictions of not siting wners 2
1am may flood a repository and as will be discussed within 3 ¢lcod pian and
where active geomorphic and geologic processas are occurring, sites will net
oe 'ocated where extreme conditions are prasentiy active. However, in cansizer=
ation of the future through assessing the past, an additional restriction is
necessary. That is, sites are presumed unsuitable if there is evidence of
orocesses within the repository/site interaction zone that have caused extreme
incision since the start of the Quaternary period. [f there is avidence of
axtreme bedrock incision (~> 50 metars) due to past stream erosion and glacial
scouring, or based on an analysis of the processes associated with such axtreme
conditions, these processes have existed, although may not in the past have

Caused extensive incision, may cause extensive incision in the future. Given
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present inactive conaitions ang tne siow nature of tectonic forces, in all
likelihoca, 17 axtansi.e arosion was %3 sccur in the future, it woula either
result from glacial scouring or the rercuting of streams due to glaciation.
This would take thousanas of years to inftiate and, if incision was taking
slace outsice of the repository/site interaction zone, a tnousand tc several
thousanc: of years “, traversa %o the site. Thus, the minimum axclusionary

distarcs of 2 kilometars ippears reasonable with respect to the leve! of the

hazard at the “ime when extensive incisian mignt affact 3 sita in the future.

9.2.2.2 Dissoluti:ning

Ofssolutioning anc associated e%fscts such s the formation of sreccia
pipes, collapse structures, and crine oockats Nave teen cited in the litarature
is being, perhans, tne most celeterious natural condition that can affact
reapositories in salt nost rocks, Carpenier and others (1979a), Anderson ang
Kirkland (1980), LLL (1879). Jissolutioning can also occur in other solunle
rocks such as gypsum and !imestone. Effacts of dissolutioning can be far
reaching and include: the creatior Jf pathways for groundwater migration, ing
the creation of gjeochemical zonditions that increase corrosion of waste
Packages anc nuliify retardation. The effacts of dissolution may also go
deyond the hcst rock and into overlying and underlying formations, causing
zcllapse, ang fracturing which, under repositary/site interactions, may
supstantially increase groundwater flow to and from the waste, and again

W Tify retarzation araperties.

As discussed previously, fluid inciusion migration, which is 31 microsconic

form of dissolutioning, depends on may factors and, perhaps, too nany L0 issess
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confidently through modeling. Oissolutioning nere refers to macroscopic

effects; however, these affects depend on the same factors as fluid inclusian
migration and more. To a large part, as noted by Campbe!l ind others (197%),

the rate of dissolutioning depends on the availapility of water and flow

caths. Dissclutioning rates reported in the iiterature range from about 1.5
millimetars per year for dissolution fronts, Wagoner and 3Steinporn (137%) to
hundreths to tenths of millimeters a year for vertical dissolutioning, Golder
(1378B). Although these rates are low, it is difficult to :imgcehend the

meaning of rates of dissolutioning. Oissolutioning {5 a solubility process,
depending on the volume of water present and flcw, the temperature, and the
imount of material in contact with the water (which is a function of fracture
jecmetry) iand the sclupility of material. The process of dissolutioning is a
Lime Jependent one as well, involving continuous changing ooundary conditions

is matarfal fs dfsialved. It is 3lso a function of surface jroundwate” conditions.
Althrough rates of dissolutioning can be derived in 1 laberatory at different
“emperatures, dissolutioning is a site specific problem invelving the macroscopic
parameters of a site, and will be difficult to assess, particularly in consideration
of the permutations resulting from zonstruction activities and repository/site
interaccions over the long term. Perhaps the only confident handle one can

have in dealing with dissolutioning and its magnitude is reliance on observations
in the fie'd, and comparisons of site conditions with conditions elsewhere,

that is natural analogues. As such, as a minimum, if dissolutioning has

occurred at 3 site it indicates the availability of water and the presence of
flow paths in the past or at present, and under waste rock interactions, it is
nard to imagine conditions not getting worse. Although it can be argued that

the heat of a repository can cause fractures to heal, thus agiminishing the
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Patential for afssolutioning, it also increases the solubility and woula

appear Lo incrzase convective flow, thus increasing dissolutioning.

As 2 nininum, then, a site is presumed unsuitable if there is past
evidence o¢ zissolutioning within the repository/site interacticn zone. The
‘ack of 2ast afssolutioning adds confidence that uncer ampient ccnditions no
substantive groundwater paths have existed and if such conditions ar? maintained
then future dissolutioning will not occur. A major guestion that arises here
22ars on the 2xtent of dissolutioning intended, recognizing that some water is
present in soluple rocks and recrystallization occurs. There is no answer
uantitatively, What 15 sought are indications of substantive dissolution as
indfcatec oy large Karst faatures such as sinkhoies and caves, and oy the

eresence o7 oreccia pices, col’apse structures, and a laver of insoluaple

5.2.2.3 Active geclogic and tactonic processes

"e condition identified here is a broad one. It has been recommended in
the tecnhnical literature to avoid areas of tectonic instanility, I[AEA (1977).

ang others. The condition here is an attempt to define the extent of instability
to be avoided. The condition applfcs to geologic or tectonic processes that

are ictive it present and may be resulting in present deformation in the

repository/site interaction zone. The presumption, here, is that a site is
unsuitapie if there is evidence of presently ongoing structural deformations.

As stated previously, rates of geologic proc- -ses range on tha order of millimetars
per year Lo centimeters per year. The objective here is to find that ambient

arocesses to begin with are occurring at a rate that is on the very low and of
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“ne scaie (1.e., ~ fr3ctions of a miliimetar per year or the low and relative

Lo the ohenomena,. 3ites with presently active processes, to begin with, will

ce complicated to assass and indicate ambient instability which propaoly can

only get worse when subject to repository/site interactions; thus, this complicates
ing Creates uncertainties in assessing performance ov;r tre long term. The

auses of many geclogic ana tectoni. grocessss arz not well understood. thus
Jraventing the identification of specific processes of intarest. Rather, the
Tdentification of attrinutes of such processes i3 calied for, e.3., uwplife,
sucsidence, ciapirism, folding, faulting, and formation of fracture zones.

Tne implications of such attributes can be severe and are discussed below.

£.2.2.3.1 yplife

Uplift may be 3ssocfated with many geological processes, such as faulting,
r ‘mpending fauiting, isostatic agjustments due to crusta) unloading “rem the
retreat of glaciers, warping in the crust due to large-scale tectonic stresses.
iscertaining the exact causes of uplift often is speculative but such uolift
does inaicate some type of instability. Uplift from faulting may be very
"apid and very widespread as in the case of ‘aulting causing large earthcuakes.
Jn the extreme end, for example, as noted in B0lt and others (1975), uplife
associated with the March 27, 1964 magnitude 3.5 Alaska earthquake extended
over 50,000 square miles (2 128,000 square km) and up to 35 feet (= 10 meters).
-2ss spectacular, but of concern, is the uplift ongoing on the Paimdale duige,
«1th 2 magnitude of 1 meter in 10 years, Campbe!i and others (1978). Its
Cause remains 3 mystary but would be of concern regarding possible faulting

17 near field ground motion. Reports of uplift in the Adirondacks is on the

crger of 3.7 mm/yr, £PA ad hoc (1977), and could result in 37 meters of uplife
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at a site in 10,000 years, increased erosion, possinie effects on tne Jrounawater
hydrelogy, implications regaraing faulting, fracturing and thus racicnuclide
transport. Basin and range faulting has been reported to average a faw millimeters
per year, APS (1978), and although low enough not to be a‘problem with respect

to exhumation of waste, it implies unstable stress conditions and patnways for
nuclide migrat<~ Jolift compiicates considerations of repository/site
interactions with respect to inducing faulting due to changes in ambient

porawater pressures and the ambient stress fiald. Consicerations of uplife

with respect to fauiting would require a complex scenario analysis. As illustrated
in Isherwood (1979a), scenarios would have to cansicer cnanging effects on

fracture permeability during the pericd as stress oui'ds up. during the perioc

is stress cpens fractures, when faulting occurs, anc then with respect %o new

Souncary conditions as the cycle repeats.

Uplift associated with deglaciation carries with ‘* many complex implications
that appear difficuit to deal with. The following discussion gives some
perspective here. [t is known that uplift rates (glacial rebound) vary with
distance from the margins of ice sheets and the date of deglaciation, Fiilon
(1974). It also appears that uplift decreases about exponentially with time,
being rapid soon after deglaciation, Farrand (1974). Estimated uplift rates
range from about 200 meters in the last 10,000 years (average of 3 cantimeters
per year) at North Bay, to about 5 millimeters per year at Lake Superior, and
less going into the U.S., Farrand (1978), King (1965). Studies of the Scandinavian
peninsula reveal that subsidence was about 252 meters relative to the present
under an ice sheet of 2 kilometers in * - 1asc ind that the crust #as depressed

many kilometers beyond the ice ma’ ;' + - and others (1975). Studies by
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3loom 1974) in southwest “aine indicate a compiex nistery of subsigence ang
uplift, emergence and submergence ~iih relative movements in the range or tens
of meters. [sobase stuaies, as summarized in Flint (1971), indicate uplift on
the order of 20 to 10 meters or less in the continental U.S. since the retreat
of the glaciers, or average rates of uplift of less than about 2 millimeters
per year. From the ibove discussion it would ippear that the impact of glaciation
would be relatively minor with respect to uplift and its significance. However,
3 number of guestions arise. Given active uplifs and assuming it can be
related to glacial rebound, what can be said regaraing ongoing possible faulting
due to uplift? What can be said regarding indicaticns of future glaciation,
the magnitude of loagding anad depressicn in the future and :né possibilitias of
inducing diffarential stresses, faulting, and weakening of zorznole and shaft
seals luring loading and uplift? Can one assume that 3]l of tne cerarmation
festrictad o the mantle? What can De said shout isc2rtaining these affacts
vith confidenca given complex histories? It would appear from the cited
stugies, effacts may go out many kilometers beyona the jlacial front and what
cin be said with regard %o crustal deformations here? Finally, what can be
5aid with respect to the addition of repository/site interactions? This

duthor has seen little work on this subject pursued.

5.2.2.3.2 Subsidence

Subsidence like uplift may be caused Dy the same processes and has associated
with it similar types of possible deformations and impacts. With respect to
sedimentation and subsidence, sedimentation at a reasonable rate may effect
the distribution of surface water and increase static loading on a site,

Camppbeil and others (1978). This will be a cause for concern regarding the
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lecation of future discharge noints, regarding future human acsivities 3ssociatac
#1in surface water and possiple impacts on tne repository regarding the possibility
of subsicence induced stresses Causing earthquakes ana fauiting, and regarding

subsidence induced offects on shaft and porenoie seals.

9.2.2.3.3 Qiapirism

The Titerature speaks to diapirism in relation to salt domes. Recommendations
Nave Deen made about aveoiding domes wnich exhibit active diapirism, LLL (1379},
[AEA (1977). It would appear the rate of afapirism ranges up to about .2 %2
2 millimeters per year, Golder (1978b). Thus, left to themselves over 3
10,000 year period, upliift may extend only apour 20 meters. However, is noted
in NAS/NRC (1978), diapirism may be influenced by mechanical, thermal, and
cnemical stresses brought about By construction and operation. As to wnetner
this can cause significant acceleration in aiapirism is uncertain, altheugh,
as calculations inaicate, the ypper portion of 3 dome above the repository may
Oe substantially uplifted, perhaps up to several meters due to thermal expansicn.
ACL (1979b). Thus, the problem here is not one of exhumation. What is of
concern is indications of active dispirism which imply internal instability
and strain that can te acceleratad Sy repository/site interact.ons, particularly
the heat. It would appear that salt flows plastically at temperatures about
or greater than 200°C. Such temperitures ire confined ta the very near vicinity
of canisters, Goider (1978b). Given the large shear zones surrounding domes,
there s a question as to whether at lower temperatures and in an unstapie
situation, additional shear deformation could occur. One can speculate that
such deformation could result in the propagation of frictures and thus cannect

‘he repository with shear zones, increase dissclution, and increase water
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nigraticn into ana out of 2 repository. Thus, inaications of active giapirism

may suostantially complax the sroblem and may ce 3 aroblem.

With respect %o the other ittributes--folaing, faulting or fracture

s==thesa i1l e 2iscussad subsequently in cther

'S4

ecticns. The objective

wr

“oen of this identifiec congition is, again, %3 reduce the zomolexity in

analysis and gain additional confidence. Having significant ongoing procasses

it a2 site will, in all likelihcod, Tead %3 3 situation of “paralysis by analysis."
Adaitionally, although present stability does nut guarantee future stapility,

Tt does significantly a¢d confidence that waste repository/sita interactions

*ver the next few thousana years will not be made more camplex by the super=

sositiens of significant ambient processes.

& 5 n A - TR IS
2.2.2.% Active faul

Site suitability guiceline stugies all recommend avoiding active faults.
In terms of more cefinition, recommendations have Jeen made regarding avoiding
faults which have exnibited movement during the Quaternary Period, MAS/NRC
(1978), Altomare and others (1979). Problems issociated with faulting are
severalfold. Faulting may rupture the engineered containment, McGrath and
others (1978), thus short circuiting the engineered barriers. Faulting may
provide pathways and thus short circuit *he site barriers to migration, ana,
ds discussed previously, lead to complex time~dependent scenarios. Additionally,
active faulting near a sita implies consideraple stresses ana may result in
cemplexing repesitory/sita intaractions, e.g., more intensi e fracture development,

induced fault movement.



Faulting produces 2arthquakes which may effect surface structures.
However, within wide limits, *his can be designed around. With respect %t the
subsurface during the operational period, it woula appear from assessments of
mine and tunncl'danage, due tc earthquakes outside of the epicenter region,
that damage is relatively slight to negligible, Pratt and others (1978),
Carcenter and Towse (1973), Koplick and others (1979). Effects associatad
#7Lh nearfield earthquakes amounts to vibration, rock spalling, and caving.

As reported in Carpenter and Towse (1979), severe damage in tunnels in snicenter

regions occurs at about ground motion accelerations of .4 g and velocities

greater than 60 centimeters/second, the most severe damage being associated

~ith movement along a fault that cuts a tunnal. As noted in Pratt and athers
1378), supbsurface damage occurs where surface ground acceierations aexceed

.2 4 and damage appears to be associated with high freguency motions (in the
~inge of 30 to 100 Hz). With respect to the long *./m, once sealeg, it ¢;

Jelieved that effacts of even large earthquakes are likely to be negligible,

ZPA ad hoc (1978), NAS/NRC (1978). Consideratiors of possible effects on

backfill due to large magnitude earthquakes indicate low temporary stresses,

ind the risk of damage to backfill appears negligible, KBS (1978).

In dealing with active faulting in the siting of nuclear facilities in
the past, considerable difficulty has arisen given limitations in the state of
the art. This problem becomes more severe closer to the proximity of a fault.
Considerable difficulty arises in assessing the geometry of an active fault
Zone. In the case of a repository, additional difficulty arises in having %o
issess the hydrogeology and geochemical properties, and other properties

necessary to assess repository/site interactions. With respect to future



novement Der se, alidcugn empirical relations nave seen derived, tney are
highly uncartain, with respect to predaicting 2arthquake greund mation in
close proximity to a fault (i.e., both with respect to designing the surface
facilities and in consideration of possible damage during cperaticns, as noted
in Swanger and others (1972), present techniques applicable to the nearfield
ire very limited due to paucity of nearfield 2ata and deficiencies in uncer-

standing nearfield processes.

In consideration of the above discussion in dealing with active faulting,
the following condition has been identified. A site is presumed unsuitable if
the geologic repository operations area lies within the nearfieid of a fault
“nat has Deen active any time since the start of the Quaternary Period. Thus,
this congition should provide for ample protection and amenabie analysis.
intenced here are tactonically driven fauits as opposed to near surface deformations.
In terms of defining the near field, this is relatively site specific and
lepenas primarily on the fault or rupture length. MNearfiald nas been defined
as 3 distance within a few wavelengths of the source, Swanger and others

{

<O

79). Intanded ners i3 3 distance botween 10 to 20 kilometer; fr-m the

geologic repository operations area (that ‘s. from the Timits f excavation).

3.2.2.5 Seismic activity

As with the previous condition, siting guideline studies speak to avoiding
nigh seismic risk zones. Again, cutside of the nearfield of a fault, surface
structures, and if need be, interconnecting facilities and subsurfice structures
€an de designed to withstand earthquakes. However, earthquakes, pernaps more
than anything else, indicate crustal instability, high stresses, and ongeing

deformation, i.e., folding or faulting. Often the nature of the deformation
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Or Causitive mecnanism for earthguaxkes cannot se ascartaineg, 23
cutsice of areas wnere surfaca fauiting is evigent, rork ang J1ier 1978),
Haaley and Devine (1974), Hinze and others (1977). 1lhe 3ssessment of such
intraplate earthcuakes usuaily entails consideration of their magnitude,
frequency, spacial relation with geciogic structures, ana possiole cause in
iontaxt of plate tectonics. OJne finds in iny given regign, cliusters of earth-
quakes and earthquakes which appear randomiy. Additicnally, at times clusters
of 2arthguakes on an observational basis ippear geograpnica’iy associated with
some geologic structures, e.g., large folds, intrusive toaies, atc. Given the
lack of understanding of the causitive mechanisms of earthquakes, if sarthquakes
fn 3 geologic region are associated with some porticn of 3 gesiogic structure
then the same type of seismic activity, although it may not e avigent. is
dssumed to occur anywhere near tnat geolegic structurs or near similar nearsy
jeciogic structures. Given the presant state of the art, reccmmendations te
ivoid high seismic zones, and the instability indicated by seismic activity
(which repesitory/site interactions will comgound), the fol..wing congition
Nas been identified. Based on a study of the region around a site (2100 km),
isite w117 be assumed unsuitable if (1) tne repository/site intaraction zone
appears to fall within an identified zone or concentration of seismicity, or
(2) there are indications, based on. the distribution or trend and frequency of
occurrence of earthquakes, as wel! as considerations of correlations between
earthquakes and nearby structures in context of tactonic procassas, faatures
or reasonable plate tectonic interpretations, that it is reasonagis to assume
earthquakes will be concentratad near the geologic repository operaticns area.
[t is recognized that some 2arthquakes occur rindemiy, thera are uncertainties
in locating earthquakes, and it is possibie *o record microearthquakes of some

*inite size, perhaps almost anywhere.
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WYhat is intended, here, is a reasoned approacn in consideration of anaiyses

and the views of axperts in the geciogic and seismoiogic community.

5.2.2.6 Volcanic activity

Another prevalent view in the literature is avoidance of active volcanism.
Recent veclcanism in the contarminous United States is confined to the west and
northwest and is potentially hazardous enough to be corsidered in long term
Tand use planning, Mullineaux (1976). Froblems associatad with «lcanism are
profound and many. In tarms of the short term, neardby volcanism poses many
jeoiogic hazards including 2artnquakes, Tava flows, mud flows, poison gases,
ash falls, etec., 801t and others (1972). However, as notad in Mullineaux
(1276), volcanic events in the conterminous united States are relatively
infrequent; thus, the risk is low. Furthermore, severe destructive effarts
dppear to be Timited to areas within a few tans of <iicmeters down valley or
downwind of a volcano. Because most volcanic activity is concentrated at
large centra! vents, whether a location may be affected can be predicted
reasonably accurately; however, the predictions of the timing of future aruptions
and magnitude are not at present reliable. Thus, reliance must be placed on

the historic and geologic record.

[n terms of the long term, as noted Dy Muilineaux (1976), in the Cascade
Range moderate volcanic eruptions may occur as often as once every 1,000-2,000
years. \Very large eruptions may occur once every 10,000 vears. Thus, sites
in the vicinity of active volcanic terrains would have to consicer volcanism.
In aadition to central vents, it should be noted that some 2ruptions cccur it

widely scattered vents and, as noted Oy Mullineaux (1976), the sites of future
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eruptions from scattered vents appear unpredictible. Again, all one can say

s that the risk decreases as distance increases from major vents. JQver the
long term volcanism poses several problems. Volcanism mav nroduce natural

dams and thus large scale impoundments which may effect 2 :ita (see idverse
fydrolegic conditions). As noted in McGrath and gthers (1273, voicanic

fields often nave resourca potential (geothermal energy or ‘varothermal mineral
deposits) and, as such, invite potential human intrusion (see adverse human
cenditicns;. With the exception of natura) impcunaments, surficial volcanism
over the long term does not apoear to be 3 oroblem, aithough it may result in
loading over the repository, and changas Lo grouncdwater chemistry. As such,

it may compound repository/site interactions.

Subsurface voicanic effacts in terms of the long term have been ;tressed in

the literature. Associatea with volcanism are subsur<aces intrusions, such as
dikes and sills, which are of concern ¢ <ney penetrite ‘nto the regository,

APS (1978). As summarized in Golder (1378b), volcanism 23an also lead to the
formation of pathway , for groundwater and radionuclice transp rt, e.g., intrusions
may cause folding, faulting, and fracturing. Volecanic terrains, in general,

are characterized by successive lava flows which contain voids between flows.

joints caused by coo . ing, lava tubes, breccia zones.

As with faulting, recommendations have been made regarding avoiding areas
exhibiting Quaternary volcansim, NRC/NAS (1978), Wagoner and Steinborn (197%3).
Various adverse conditions previously discussed and that «il] be discussed
deal with diffarent attributes of /olcanism, i.e., the rescurce issue, natural

impoundments, current fnstability, etc. Here, in considgeraticn of the Tong
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L3 oang Ta contaxt of the iocve discussion, intrusive igneocus activity is
Jvarad.  with regard to tne future, reliance must be placed on the geologic
recora.  Thus, a site is presumed unsuitable if there is evidence of intrusive
'3necus activity since the start of the Quaternary Period within the repository/

3'te interaction zone.

wn

.2.2.7 High ana anomolous geothermal gradient

\ numoer of studies have discussed avoiding areas with abnormally nign
jeothermal gradients, 2.3., Altomare and ctners (1379), NAS/NRC (1978). The
Gecthermal gradient of an irea depends on 3 number of factors, particuiarly,

"OCk or sediment conductivity, the cancentration af ~3gioactive 2'ements in
"2CK3, 2nd ~hetner there is a suosurface volcanic source. The dverage geothermal
iragient is apout 30°C, kilcmeter and in areas of high gectnermal gragients

120Ut 30° to 100°C/kilometer, IAEA (1977). Cansideration of geotherma: gradients
¥1th respect to repositories has saveral implications. The lower the geotherma!
jraciant, the lover the induczd tamperatures :hat ~i1] be attained, everything
2lse being agual. However, axcapt on the 2xtreme case, the geothermal gragient
GCes not vary by that much, and lower temparatures cculd oe attained via

lowering the planar heat density. High geothermai gradients may impiy subsurface
/0lcanism and thus either imply potential future subsurface igneous intrusion

ar other active processes ang stresses in the site /icinity wnich may ce
ccmpounced Dy the aaaition of repository/site interactions. High geothermal
sracients also imply potential future supbsurface arilling for geothermal

anergy and thus a potential for repository senetration ar subsurface disturbance
wnich may increase the movement of radionuciides %o the iccassibie anvironment.

it is recognized that the geotnermal gracient, through neac flow studies, can
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oe readily determined 2arly-on to make site suitability assessments. [n
consideration of the acove combined impacts, an identified congition dealing
w1th geothermal graaients appears appropriate. However, geotherma’ gradients
are rejative in a region and will vary, e.g., over a plutor it may be higher
than over surrsunding metamorphic terrain, and it may be somewhat higher in
Jne area relative to another. What we are interested in here are sfgnificantly
n1gn and anomolous gradients in consideration of variations in a region. That
s, does the site ana its environs stand out above the normal variations in
5eothermal gradients encountered. In this regard, is tne identified condition
tnat a site is presumed unsuitable if based on a study of and ccmparison with
the region, the repository/site interaction zone has a high ana anomoious
imbient gecthermal gradient. As a note, there has been some dJiscussion of
"hiding" a repository in an area that already has a nigh geothermal gragient.
Jowever, in consideration of both potantial adverse numan activities in such
areas and potential adverse natural canditions, this is thought to create more

probiems than it solves.

5.2.3 Adverse Hydroloaic Conditions

Coupled together the hydrologi: adverse conditions identifieg stress the
need for stable hyc alogic conditions, conditions amenable to analysis and
condit’ons which are considered important to be avoided because of their
likelihood in decreasing the travel time of grounawater and radicnuclides to

the accessibie environment.
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45 with staple geology, stacle ampient groundwater nhydrology is impoortant,
particularly in gaining confidence for long=term extrapolations. Recognizing
the potential magnitude or impact on the present groundwater hydrology due to
repository/site interactions as previously discussed, significant past natural
Jerturdations in the groundwater system in the vicinity of a site will (1)
make the evaluation of ambient conditions difficuit and considerably uncartain,
and (2) compound the analysis of future conditions in consiceration of the
superposition of varying past conditions and varying repository/site interactir.s.
"erhaps, the most significant natural perturbation in the recent geologic
23st on surface hydrology and groundwater flow nas come about and could come
oout viz=a=viz glaciation. As noted in EPA aa hoc (1977) ana other studies,
jlaciation brings about marked changes in mean srecipitation and ev3anoration,
‘N jeomorphic lana forms, in s23 javel. Al af tnese may have significant
arf2ctis on the groundwater hydralogy and 2ven the zeocnemistry (2.g., changing
Jxigation conditions, brine flocding wnicn neutralizes retardation). One can
envision a myriad of scenarios that would have to Ce assessed. Althcugh
inalysis will be performed regaraing pessibia changes to groundwater conditions,
having haa effects already basically manes future effects.likely, and given
the precision with which these things can be assessed, uncertainty is created.
Thus, what is required here is first 3 paleonydrologic evaluation. The work
Oy Schumm (1965) illustratas the type of surface paleohydrologic werk to be
cerformed involving assessments of precipitation, runoff, 2%c. Fritz and
others (1979) illustrate the tupes :f issessments to be conaucted in evaluating
the avolution of groundwater. Important here would be dating of groundwater.

3ased on such studies, if thers are indications that significant (2 order 5f

- POOR ORIGIAL



nagnituce) changes cccurred quring and since the jast jlactal perisa 2n jroungwater
Properties importart to the assessment of future conditions in che re0ository/sitas

interaction zone, a site is presumed unsuitable.

$.2.3.2 Flood nlains

A numper of recommendations have seen made reqaraing a repositary not
being located where it may ce subject to surface flooding, IAEA 71377), Golder
(1978b). Surface flooding per se has both leng=term ard short-term implications.
“rom 1 short-term environmental standpoint, Executive Graer 11388 pronipits
the siting of federai facilities in a 100-year flood piain. From 2 safety
itandpoint, during operaticn, flooding may be cesigned against. Howevar,
Jiven not only the hydrologic but gealogic safety proplems, o.3., settiement
sctential liguifaction that may be associated with ficod piains, and tne scaitien
27 another censideration for protection of the unaergroung facility, sizing in
3 flood plain seems somewnat needless and complicated. Over the long tarm,
siting in a flood plain implies the possibility of being very close %0 3
discharge location. Also, as discussed in [AEA (1977), over the long term,
surface streams may oe expected to undergo radical change ang provice tre
20ssibility of deep erosion. In consideration of previously identified congitions
which cover the long-term, the stress here is on the short term. Thus, a sit
's presumed unsuitable if the geologic repository operations area is Iocatad
#ithin a floed plain. The 100-year flood plain has been chczen for this

restriction.

5.2.3.3 Natural impoundments
As discussed previously under idverse human activities, surface impoundments

may have a significant impact on the regional grouncwater flow system. Basically,
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the same discussion applies here, axcept that the cansideration is for the
possibility of natural impounaments. 'vhat is requirad, using prasaent day
conditions, is an assessment of the region around the site as o whether natural
impoundments can be formed by such phenomena as langslides, suscsizenca, ar
volcanic activity. If so, a further assessment is called ‘or $0 Zatermine

whether such impouncments could significantly impact the regional jrounawater
flow system. A site is assumed unsuitable if there is such a reasonaple
potential. Basically, what is sought here, Barring human activities ing until
perhaps the glaciers return several thousands of years from 0w, is as mauch
stability and reduction in compiexity as possible. The regional grouncwater

flow system being immuned from natural disturbances adds to the margin of

o

safety. This is brought about through investigating a sita and the ragion
ind, having shown that present conditions which have been wel’ sharacterized
ind are used in long-term performance analyses, will not significantly zhange,

at least by the addition of natural impoundments, for the next saver:l =housands

of years.

5.2.3.4 Fault and fracture zone Dathways

As discussed previously, a site is presumed unsuitable if there is a
nearby active fault. However, it is anticipated, based on past nuclear power
plant experience and the large subsurface extent of a repository, that inactive
faults and ancient fracture zones will be encountered. such features pose
several problems. In terms of repository design, c.udies inaicate that not
only are minor faults on the order of tens of ,eet difficult to detact but

~au

they can have a significant structural impact, Byrne ana others (1379). ]

-
~

or fracture zones may represent poor rock conditions and may require considerable
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design medifications. Jne must consider tnis in iignt of changing the emplacement
mode and resulting ramifications in anmalysis of repository/site interactions.
Encountering poor reck conditions and modifying design may lead to an entire
reanalysis of repository/site interactions and radionuclide transport. More
profound anc stressed here are faults and fracture Zones acting as conduits
for groundwater. As noted in Syrne ind others (1979), flow through fauit
Zones may measure hundreds of gallons per minute. Studies of well yields show
dramatic increases along fault zones as compared to distancas away. For
example, Golder (1977) cites well yields varying frem 70 to 100 gpm near a
fault zone and 15 gpm in other locations. As noted previously with regard to
salt domes, water leakage from boundary shear zones which are substantial
canduits ‘ur watar may extend within 300 feet into the dome, Q'Oonnell and
Jthers (1379). As notad in Golder (1978b) down gradient from 3 repository

Tracturs zones may reduce transit time 3ng JD gragient may reduce resaturation

wi

time. As studied in CWI (1978d), fiult zones may substantially affect convective
flow. Also, given the increases in Neat and pore water >ressure, as previously
discussed, induced movement may occur, thus further increasing groundwater

flow.

[t would appear, at least for crystalline and metamorphic terrains, that water
seepage through faults . “ractures is likely uniess a repos tory was at %00
metars ar more where pressures would seal them, Golder (1977). Even in salt
formations which are charactarized by very low intrinsic permeability, fractures
exist and may act as conduits %o greundwater flow, IEC (1979). The extent tc
«hich an ancient fault or fracture may provide a conduit to groundwater depends

on such factors as the geometry, type, distribution, spacing, width of opening,



degree of intarconnections, fluia pressura, rock stress. Althougnh these are

il7 site specific, one general rule usually holds. The larger the fault or
fracture, the greater the problem. This is not only with respect %o increasing
or perturding groundwater flow but also with respect to increasing the difficulty
in characterizing the nature of the fault or fracture zone. Rarely, if at

all, are large fractures or faults pianer. They often consist of a complex

array of interconnecting or in echelon elements.

A numper of recommendations have been made about avoiding areas with a
large fracture or fault or where there is a nigh density of them, [AEA (1977),
vagoner and Steinborn (1979). A priori there is no specific formula nere.
However, in consideration of possibly designing ground minor fauits or fractures,
that tne orobiem increases as “aults or fracture zanes increase in size and in
r2gard to making early site suitability assassments viz=a=viz using air-photo
imagery, widely spaced boreholes, surfice investigations, avoidance of faults
or fracture zones several hundred meters long icpears appropriate and amenaple
-3 early assassment. [t is recognized here that some ancient faults on fracture
Zones may indeed be well solidified, such that they posed no orapiam, Howevaer,
the presumption here is that a site is unsuitable if there exists in the
repceitory/site interaction zone a fault or fracture zone, irrespective of
age of formation or 'ast movement, which has a horizonta! extent of more
than a few hundred meters. Praoof to the contrary requires the previously

stated series of demonstrations.

5.2.4 Adverse Geochemica! Conditions

As discussed previously, the geochemical oroperties of 3 site are considered

to provide the most significant barrier to radionuclige movement. 3Simuiations
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invelving changes in sarpticn, retargation factors, ingicate orders of magnitua

effacts on transiant times can result, OeMarsily and otners (1977), Naymik ang

-

norson (1972). Every guideline study reviewed speaks of 3 site possessing

“i

<

retion properties. Considerations have been given to hest rocks possessing

-
wr

N sarption, confining units possessing nigh sorption or sites not possessing
c2rtain properties that may reduce sorption, e.3., organic materials, compiexing
igents. Given the importance of site geochemical properties, a numoer of
icverse conditions %o be avoided have been considerad. Hcwever, given the
nuciide specific nature of sorption. a bounding condition appears appropriata.
[ nas been recommended, UA (13980 draft, in preparation) that a site not be
consicered suitable without gecchemical progerties that significantly inhibit
ricfonuclide migration. Although a number of gecchemical croperties have
aTfacts on migration, in tarms of the rate of movement, scrption is of concern.
"iwever, in terms of sorption, stuaies would indicate tnat the rate of movement
)Y some nuclides, such as iodine and technetium, are little affected Dy site
sorption oroperties, althougn (as will be discussed later on) other gecchemical
oroperties may inhibit migration in other w#ays. In terms of movement, the
dounding zondition here is that a site is presumed unsuitable if jeochemical
properties do not provide a major barrier to the movement (i.e., low rates of
movement) of most radionuclides between the repository and the accassible
anvironment. That is, along travel paths cetween the repository and the
accessible environment no mattar where they extend over the time frame of
interest. Again, as statad previousiy, given the uncertainties associated
»1th sorotion, it is consigered appropriate to rely on sorption as a ¢ ibious

Jut necassary safaty margin.
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5.2.5 Summary of Adverse Conditions

Table 5.1 is a qualitative summary of the adverse conditions previously
discussed. Identified are the conditions, the primary adverse influence(s),
assessment of the magnitude and extent, and information on the application,
i.e., whether it applies to the Past, present, or future and spacially wnere
't applies. Taken together, the avoidance of the sdversa natural conditions
should rule out extremes in any natural phenomena. Additionally, substantial
configence can be gained through assessments that indicate past site and
regional conditions have remained stable and Dy and large are relatively
‘mmuned to disturbance. This adds weight that present site properties and
characteristics are truly representative with respect to future extrapolaticns.
Of all adverse conditions, human subsurface penetrations appear the most
severe. This is not only with respect to exhumation af waste but also in
perturbing a site so that the site properties to inhibit waste migration over

the long term arz nullified or severely impacted.

With respect to the avoidance distance per se, this is truly site specific.
In consideration of ruling out extremes (e.g., a site will not be within a
major oil or gas field) and in consideration of the extent of repository/site
interactions, and that their magnitude is more extensive toward the repository,
it is judged that for most adverse conditions, a laterial avoidance aistance of
2 kilometers from the geologic repository operations area appears appropriate
(i.e., 9 to zbout 1 kilometer for most repository/site interactions and an
additional buffer distance of 1 kilometer considering effacts of adverse

conditions extending laterally hundreds of meters). Although not discussed,
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angineerad sarriers should significantly add to decreasing the adverse impacts
of congitions as well. Thus, in this light, also, such a distance is Jjuagea to

De appropriate.

Again, it should be stated that exceptions to these conditions may oe
“arranted and may be granted. However, substantial restriction has Ddeen
placed on the granting of exceptions to assure a high level of confidence and
#1117 require a high level of demonstrition dased on the weight of taechnical

evidence.

Although a site may ideally not possess any of these advers cenditions,
ceciuse of repository/site interactions wnich may significantly change amoient
conaitions and pecause ambient canditions may still permit supbstantial ragio-
ruclige movement, it is necessary that a site possess a number of favoraple
sharacteristics as well. Such favorable characteristics also are necessary to
:cmpensate for anticipated acverse conditions. Required favorable characteristics

are discussed next.
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Condition
5.2.1 Adverse luman
Aclivities
5.2.1.1 Resources
Locations
S.LL VY Subsurface
Mining

£s-5

5.2.0.01.2 rilling

brimary

lable 5.1 SUMMARY OF ADVERSE CONDITIONS

subsidence,

collapse structures,
tracturing, slress
field changes,
alteration of
geomechanical
properties,

head changes |
permeability changes,
brine invasion,
acidification,
future exploration

severe

exhumation of
waste,

Tvacture palhways,
future exploration,
subsidence,

head changes,

leakage pallivays,

chemical changes,
accelerate dis- depth
solutioning,

short circuit site

barvier properties,

byine invasion

_Influences
Magnitude

very severe
ol l amd gas,
pathways-divect = thousamds or
weters depth
injectrion wells
hundreds to
several thousamd
permeability changes, meters depth
waler wells
sealing, = lens to g few
hundred meters

radius of
hundreds of
meters

radius of
hundreds ot

melers (on extreme
kirlometers to

tens of kilometers)

_Application

BRAITE

pasl, present

past, present

r»pm 8

repository/site
tnteraction zone

repository/site
interaction zone
(deep dvilling)
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Cendition

5.2.1.1.3 tconomically

1.4

2

3

4

Exploitable
Resources

Relative
Resource
Endowment

Failure of
Impoundment s

lmpoundment s
Over the Long Term

Perturbations
to the Hydro-
geologic Framework

.2 Adverse Geologic
and lectonic

v &

Extreme
Bedrock Incision

Primary

lable 5.1 (continucd)

_dnfluences

_ Magnitude [xtent

future exploration
aind potential for
above effects

flooding-operation, areal
perturbers

ambient stress

field and ground

water hydrology

severe

perturbs ambient extensive
groundwater 1low

System,

perturbs ambient

stress field -

faulting, earthquakes

regional

all types -
gradients,
maynitudes of flow,
chemical changes,
etc.

significant -
order of magnitude

local Lo regional

exhume waste, severe

changes in hydrology glacial - 300 to
(discharse lucations) 600 meters
chemical effects, stream incision
dissolution “tens of melers

areal (valleys)

areal valleys -
may extend kilometers

past, present

past, present

__Application =~
Miwe  Space
present repository/site
Interaction zone

present repository/site
interaction zone
relative to
surround’ng areas

present geologic reposi-
tory operations
area

present region

present repository/site

anticipated interaction zone

future

repository/site
interaction zone

respository/site
Intervaction zone
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Comdition

Table 5.1

__Intiuences

5.2.2.2 Dissolutioning

5.2.2.3 Active Processes

5.2.2.4 Active Faulling

5.2.2.5 Seismic Activity

Primary o Magnitude
lirge scale features- severe

breccia pipes,
collapse structures,
brine pockets,

sink holes,

caving, corrosion
of waste packages,
nullify retardation,
host rock and
surrounding rock
effects,

increase flow.
complicating, significant
uplift, subsidence, millimeters to
folding, faulting, centimeters per
diapivism, year
instability.

rupture of severe - melers
engineered barviers, Lo hundveds of
short circuiting meters Lhnough
site barvier Lime
properties,

near field earth-

quakes and repository

damage, pathways for

groundwater flow,

difficult to assess,

amenable analysis.

instability,
complicating

significant -
macroear Lhogakes

o bxteat

(continued)

local Lo areal
(rates low?)

local

areal

local

___Application

| ime T §pggg~*

repository/site
Interaction zones

past, present

present gevlogic/reposi-
Loy operations
area

since near field

Quaternary (1o o 20

Period hMlometers)

vegional as

It bears on

Lhe repository/
sile interaction
one

historic rvecord
and geologic
record
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Condition

$.2.2.6 Volcanic
A ity

5.2.2.7 MNigh & Anomolous
Geothermal
Gradient

5.2.3 Adverse Hydrologic

5.2.3.1 Stable

Paleohydrology

5.2.3.2 Ftlood Plains

5.2.3.3 Natural
lwpoundment s

5.2.3.4 tault amd
Fracture Zone
Pathways

_Primary

lable 5.1

_ Influences
Magnitude

geologic hazards severe
for opervation,
igneous inlre ions
dikes, sills
(intrusion into
repository),
pathways for tlow-
fractures, joints,
bedding plangs,

lava tubes,

breccia zones,
vesources (deilling).

significant o
possibly severe
(penetrations)

possible insta-
bility, volcanism,
geothermal resources

significant to
severe (order

complicating
analysis

(cont roued)

Extent

areal Lo regilonal

of magnitude effects)

operational

hazards, long
Lerm-near discharge,
deep erosion

significant Lo
severe

same as 5.2.1.3 extensive

extensive Lo
severe

pathways for flow,
complicating,
design assessments
induced fault
movemenl , changing
flow patterns under
repositorvy/sile
interactions

local

regional

local

_Application

Fime

since
Quaternary
Period

present

recent past
Lhrough
present

present

historic
past

present

past through
present

Space

repository/site
interaction zone

repository/site
Hiteract ion Zone

repository/site
htervacton zone

grologic reposi-
Ltory operation
dalreqa

region

repository/site
interaction zone
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5.0 FAVORABLE CHARACTERISTICS

Section 3.0 described the role of the repository in isolating waste and
the roie and contributions the site can make to the multibarrier svystem.
Also, aiscussion focused on the nature of uncertaiitias invelved. Section 4.0,
among other things, considered repository/site interactions iand their deleterious
effects, the difficulties that may arise in asse:ising interactions and offacts,
and the uncertainties here. The last section focused an adverse human activities
and natural conditions that may contribute further to uncertainty, lack of -
conficence and, importantly, releases of radionuc]ides. Given the difficulties,
uncertainties, and potential deleterious impacts citad, it is essential that a
site (as wel! as design elements) possass as many favoraple and compensating

charactaristics as practicaple.

[n consideration of various favoraple characteristics that may contributa
0 ‘nnidbiting radionuciide migration, a number of paradoxes are encountered.
For examplie, rocks which exhibit low porosity anc permeapility from the perspective
of groundwater flow may appear ideal!. However, from a heat flow perspective,
limited groundwater flow may inhibit convection and would result in higher
temperatures, Campbel! ana others (1978), and may result in more far-reaching
repository/site interactions. However, nigh permeapbiiity increases the likelihood
of waste being leached and transported. Additicnally, the velocity of nuclides
is inversely proportional %o porosity, i.e., the lower the porosity, the
higher the velocity. Low permeability would result, if nuclides @scaped, in
higher concentrations and lower dispersion. However, low porosity results in
low circulation and low permeability results in low velocity and increasing

transient times. It is highly doubtful that one can find a site that cptimizes
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a1 these paradoxes inc more. Thus, considerations in dealing with hign=leva!
~aste disposal (as discussed in Rogers and others (1979)), involves trace
offs. In terms of requiring favorable site characteristics, a numper of trace
offs have been made. These involve considerations that go beyond siting per
s@ and include the engineered elements and the EPA standard. It should be
recalled, overall long-term performance will be based on cumulative reieases
an@ their likelihood over the next 10,000 years. Thus, what is important from
1 siting standpoint with respect to overall performance is the reduction of
the Tikelihood of adverse conditions (and thus releases) and decreasing the
rate of releases, i.e., inhibiting the rate of radionuclice migration. With
respect to the engineered alements, requirements being developed are focusing
on contairment for as long as achievable (@.g., through requiring 3 1,000 Jear
waste package and restricting the rate of ~eleases fram the repository thraougn
Jesign and engineered barriers that innibit grounawater ind radionuclide
movement). Since minimizing the rite aof ralease ‘s of csncarn, the sita
contributes to the engineered alements through (1) inniditing grounawater
circulation and increasing repository resaturation time, (2) possessing
characteristics amenable to drift and shaft sealing, (3) maintaining a non-
corrosive chemical environment t:at may degrade the engineered parriers, and
(4) possessing a local and far field environment that in turn compensates for
possible deficiencies in design, i.e., site properties to inhibit the rate of
nuclide movement. With respect to waste/rock interactions, it would appear
since the heat is the most significant problem, low pianar h at densities are
necessary. The requirements in the favorable characteristi' s secti ~ were
developed in consideration of the above. From a trage..r standpoint, character-
istics that inhibit groundwater circulation, the rate of movement of groundwater,

iand rate of movement of radionuclides is preferred.
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The judgments tenind the favorapla chara sristics requirements are the
same as thcse previously discussec 1n the intraduction %o tne adverse concitions.
Requirements here focus on simplifying the proolem, add'ng conficence with respect
to the long=-tarm performance ana]ysis. cemcansating for site defiziercies, and
adding assurance that the site will provice nultiple physical and chemical

carriers to radionuclice migration.

In this light it is expected that a site chesan for a repository will possess
many favorable characteristics. It is recognized that a site may still
perform satisfactorily, in consideration of %he design 2lements, so that
possessing all of the characteristics identifieg may not De necessary. However,
given their importance, an analysis i3 »equired to show to what degree a3 site
Possesses favorable characteristics ing to ~hat legree they (1) contributa to
assuring stability; and (2) the isolation of waste Dy restricting (a) the
access oF grouncdwater to the waste, (2) the rate of aiszalution of waste, and
(3) the migration of radionuclides from the geologic repesitory. Again,
conservative analyses are called for, as well as full documentation. Also, an
issessment is necessary regarding the degree 5 whizh *ha favorible characteristics
have been characterized in consideration of the resclution of investigative

techniques used.

The discussion which follows focuses on the favoraple characteristics and what
they are intended to achieve with respect %o ridiological performance. As
discussed in the introduction, at the presant time no simulated ragiological
analysis of the requirements have been performed. Consideration is being given

to performing such an analysis in context of 317 the tecanical aspects of the



regulation, f.e., including the design and waste package reguirements and further
development of the EPA standard. A number of qualitative comparisons, however,
are made here with studies of simulated conditions. Again, the previous

caveats on modeling are appropriate.

5.1 Favoraple Candidate Area Characteristics

The requirements here focus on the area around the sit2 and the subsurface
extension of the host rock and confining units from the geclogic repository

Jperations area out to some areal distance beyond.

h

1.1 Stability Since the Quaternaryv Period

As noted previousiy, in one way or another, siting guicelines stress
stapility. Relative stability is a site performance objective. For the long
term, 2ast and present surrace and subsurface stapility adds configence that
cata co'lectled today will be representative with respect to the future. As a
favoraple characteristic, surface and subsurface geologic, gecchemical, tectenic,

and hydrologic relative stability is sort in a wide area arcund a site and

les’red since the beginning of the Quaternary pericd.

5.1.2 Favorable Areal Characteristics of the Host Rock and Confining Units

Aith the exception of the geomechanical framework which is of greatest
importance in the site vicinity (and to be discussed later on), the other
three site components, i.e., the broad geologic framework, groundwater flow
system, and the geochemical system maintain impertance in terms of innibiting
radionuclide migration a considerable distance Deyond the ‘mmediate vicinity

of a site. Focusing on the host rock and confining units and the above three



i'te components, described below ‘s a series of raguirea faverapie character-
fstics necessary to inhibit the release of radionuclides to the accessible

enviraornment.

6.1.2.1 Favoraple .real geologic framework

Except for direct exhumation of the waste via arilling, the flow of
groundwater will be the mechanism that carries radionucliiges to the accessible
environment. Thus, the rate of flow of radionuc’ides will be proportional to
<he rate of grouncwater flow. This carries with it that the residence time
Setween when radionuclides are leached from the repository to when they enter
the accessibla environment "1 be proporticnal to the groundwater residence
time. Having a geclogic frime.crk that srovides long grouncwater residence
times and long flow paths nas deen icentified as a favorable characteristic.
[RG (7973), Colder (1978a), ana others. To achieve this reguires minimizing
le'eterious repository/site interactions and having a host rock (and confining
units) that are vertically and lateraily extensive and continuous, LLL (1979)
JAEA (7977). Althougn cne can envision cartain impermeable discontinuities,
2.3., faclies changes, provicing a bulkwork %o grouncdwater flow, thus increasing
residence time, they also increase the complexity of characterizing a site and

analysis to be performed, Carpenter and others (1979a).

In consigeration of long residence times and flow paths, a guesticn
arises here. That is, how long is long? There are saveral ~onsiderations
invoived in answering this guestion wnich the siting aspects are only but a
sart. Considerations here involve: the meeting of <he EPA standard; the time

it takes for repository saturation; the resilience of the waste packages



(thefr leach rate); the contributions the engineered facility makes in innibiting
grounawater flow, waste migraticn, and the rate at which nuc!ides may escace

from the e gineered structure; the contributions the site can make as part of

the nyltipic barrier sy.tem in innibiting radionuc!ide movement given retarcation,
jroundwater flow, perturbations brought about by repository/site interactions

and adverse cconaitions; and the confidence and uncaertainties involved in

long=term prediction, thus the margin of safety desired. Aaditicnally, cne
nust look at the nature of the hazard, and what does long residence times and
flow paths and other factors contribute. This has been simulated viz a viz
sensitivity analyses, e.g., De Marsily and others (1977), Cloninger (1979),

feckman and others (1373), H4i11 (1979), and AOL (197%).

Cn a first principal basis one zan almost stata the following:

(1) Since the hazard is from the raricactive decay of nuclides, the
‘onger the isolation (that is, the longer the flow path and resicence time),

the lesser the hazard.

(2) Some elements in HLW and spent fuel have very long half lives; i.e.,
millions to billions of years. Some of these are naturally occurring, such as
U=238, U-235, Th=232 and some are not, such as Np-237, Cam=247, Pu-244. and
[=129. Ithough they may be isolated from the accessible environment for ary
‘ong times due to engineered and site components, the fate of these 2'ements
cver very long time spans approaching anywhere near their nalf Tives will se
impossibie to predict. They may, in fact, be isolated far such tme periods,

is avidenced Dy Oklo, or they may be retrieved Dy humans, or they may work

themselves naturally back o the accessible anvirunment.
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(3) For nuclides with sherter Tived half lives, the amount of isolation
from the accessible environment will depend on how much greater the isolation
time is with respect to the half life. For example, for a nuclide with a 10
year haif life, a residence time of 200 years (20 half l1ives) will result in a

reduction of the original ameount of 3 nuclide by a factor of a million.

(4) With respect to combining leaching from the repository and site
travel time to the accessible environment, the following can be said. [f the
travel time to the accessible environment is very low, compared to the haif
Ii1e of a nuclide, and leach time very long, the leach time ~ill control
thr. rate at which nuclides anter the accessicle environment. [f on the other
nand, the trave! time is very long with respect to the half life, but leach
Lime is very short, the travel time will govern the rate of reicase into the
accessible environment. For intermediate times, the compined rite of the two

will determine the rate of release.

(5) A1) other things being equal, the longer the travel time, the more
dispersion that occurs and, as such, the lower the cancentration per time that

reaches the accessible environment.

The sensitivity studies noted above consiger the total hazard, i.e., the
hazard of the combination of the nuclides present, in consideration of their
diffarent rates of movement in the environment due to different amounts of
retardation, and in context of different site properties, i.e., using and .nanging
doundary conditions (e.3., permeapility). All of the studies predict, based on

a range of "reasonable” circumstances, that travel times approacning hundreds %o



thousands of years, risult in very low releases, approximating background or

less, except under very adverse circumstances.

[t is just such adverse circumstances that are of concern here. That i3,
deleterious effects in the near field due to repository/sita interactions,
such as fracturing and fracture flow, low retardation brought abcut by hign
temperature or fracture flow or other effects (included nere as well is tne
uncertainty in charactarizing retardation), human intrusion into the repository
and possible secondary effacts. As such conservatism is warranted with respect
Lo the ambient nost rock and confining units providing long grouncwater residenca
times ara long flow patns. Although what canstitutes leng wiil be site specific,
in consideration of the previous stated factors, it has been suggestad as 3
desirapie flow path length, distances on the order of tans of kilometars, IRC
(1978). Thus, required here is an amoient geclogic framework that srovicas

such long residence times and long flow paths.

5.1.2.2 Favorable areal groundwater flow characteristics

A numoer of favoraple ambient grounawatar flow characteristics in tne
area of a site have been identified in the literature. These deal with naving
nactive groundwate~ circulation within the host rock ana surrounding confining
units and little hyaraulic communication between the ho~t rock and nearbdy
aquifers. These characteristics provide protection to the repository-engineered
elements from groundwater, slow-up resaturation time, and, if nuclides escape,
innidit their movement and their reacning aquifers. These characteristics
also, with the exception of lowering planar neat density, more than anything

else, restrict convection, particularly water entering from below the repository



and raveling vertical’y Loward, as previously discussed. One must also

recall cocnvection may se far reaching lateral'y as ~eil and can have a dramatic
effect on amoient cocnditions. Thus, restriction to groundwater calculation
must extend lTaterally beyond and vertically above anc below the repository

horizon.

The restriction of groundwater circulation is basically defined by the
thickness of rocks, i.e., the distance groundwater must travel, and both bulk
mass permeability and fracture permeability. Hycraulic gradient is also
important but will be discussed later on. In terms of permeability per se,
the permeability af individual host rock tyces ranges over several sraers of
magnituce, [sherwood (1979), Giuffre and others (1979). Low permeapility is
Jsually classified in the range of about 10-7 cm/sec or less. The more fracture
the rock, in general, the higher the permeability. To illustrate the arfects
of nost rock cermeability, Heckman and athers (1979), in performing resaturation
time calculations for a simulated mined repository report, everytning els:
being held constant, that resaturation time ranged from 20 years to 100 years
%0 1,000 years as host rock permeabi’ity varied from YJ'S to ?0'9 to 10'20 tm/sec.
Heckman and others (1979) have also sumnari:od the range and average permeapility
of fractured rocks derived from producing wells and pump tests. These range
on the average of 10-‘ to 10-5 cm/sec. Thus, one can see dramatic orders of
nagnitude aifferencas in permeability between unfractured and fractured rocks.
Jne should note the velocity of jrovnowater, thus, radionuc!ige movement,
holding averything else constant, is directly proporticnal to sermeability.

in terms of thickness, it has been suggested that a Nost rock e surrounced oy

‘ow nermeable rocks that separate the resository from circulating water by



icout 300 meters or more, [AEA (1377). As discussea previously with respect

tc salt domes, this is also a rule of thumb.

Given the gains to be made, the requirements specify that the host rock
and surrounding confining units be characterized by inactive groundwater
circulation and Tittle hydraulic communication witn adjacant rydrogeologic
units. Here, again, the degree will be site specific, but should represent

the low end of the scale.

5.1.2.3 Favorable areal gecchemical characteristics

“uitiple Tines of information reveal that low Eh. neutral oh, ana a lack
of comp'exing agents can significantly promote a low rate of corrosion of the
angineered elements, iow solubility of nuclides ang nigh sorption. Simulations
)f releases reveal orders of magnitude decreases in aoth the magnitude and
rate of releases can be brought about through a1 favorable geochemical anvironment,
0L (797%). As previously discussed, there are many factors that compiex the
quantitative determination of retardation. However, the three broad envircnmental
factors identified, based on laboratory experiments, thermodynamic data ana
natural analogues, i.e., multiple lines of evidence, appear to significantly

contribute to immobilizing many of the radionuclides of long=term dose significance.

5.1.2.3.1 Low redox (Eh) potential

The redox (Eh) potential car basicaily be defined as an environment's
ipility to promote an oxidation or reduction reaction (high Eh is oxidizing,
low Eh is reducing). In low Eh environments, elements having multipie oxidization

states are reduced to lower valence species (e.g., Ur’s - Ur"). As indicatea
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in a numcsr of stugies, for alements having muitipie oxidization statas, lower
oxidization states have nigher retarcation and/or ]ower solupiiity, Ames ang

Rai (1973), Nishita (1979). This is particularly true for the actinides,

e.9., Ur, 7. and Np. Also, studies reveal Tc may be reduced in low Eh environments
frem tne vary mobile pertachnate, 7c0;) which is highly soluble in xidizing
enviranments, wi'dung and others (1379), to technetium aioxide (chz) which is
hignly insolucle, Bondietti ana Francis (1979), Francis and 8ondietti (1979).
Thus, in a reducing anvironment, the source term of actinices ana tachnetium

can e significantly reduced and restricted by solubility limitatiens. Addition-
ally, stucdies by Fried ang others (1978), and 8ira and Lapata (1979) on engineeresqg
carriers reveal 31 number of reduced mineral types (e.g3., cupraus sulfide,

farrous sulfide, plumbous oxide and sulfide) can significantly acsors T¢ and

L, and recuce their mobility. Such reduced ‘Mnerais, nowever, raguire 31 low

In 2nvicanment for stability.

n 3cdition to laboratory studies, studies of uranium leposits also bear
0t how reducing conditions result in the immobi ity of nuclides, Qidwai and
Jensen (1379). As discussed in KBS (1978), uranium roll¥ront 2ecosits result
from the precipitation of Ur in the approximate th range of =72 aillivelts to
=195 millivolts. This is important in that spent fuel is more than 95 percent
uranium dioxide. Thermodynamic studies relevant to uranium immooility, Langmuir
(1978), indicate at a normal ph range (pnZ7) and low Eh, reducsd forms of
uranium are predicted, thus making uranium assentially immobile. Perhaps, on
a more analogous vein with a repository, studies of Oklo ' ear .ut thermodynamic

predictions and the immobility of uranium and the actinides as well as most of

the fission products over 2 billion years, 3rockins and others (1978%), 3rookins
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2i3a;, Aaiton and Cowan (1375), Ouffs (1273, Nauget ana Renson (137%),

5

Haudet (1372), Cowan (1978), and Cowan and Norris (1878). Estimatad Eh and on
conditions in the reaction zones at Oklo are on the order of Zh =50 millivolts

to =450 millivolts, and ph of 7 %o 3.5, Brookins (1978a). It should be noted
that temperature estimates at Oklo during the several hundred thousand year
fission activity period are o; tne orger of 450°C 3t core boungdaries to 500°7

at core centers, Vidale (1397%). [n comparison, the temperatuges of a repository
«111 2e nuch Tower and much snorter 1ived. Thus, corne out here i3 tne arder

of magnitude contribution low En (3s well as neutral oh) can make to immobilizing

radionuclices.

In terms of achieving low Eh conditions, Apps and others (1377) resort
nGst grounawater is in the range of + 400 Mv to =400 “v (pn6=2). The Eh is a
functicn of a3 numcer 2f factors, 2.3., dacteriai action, aissoived oxygen
sontent, composition of the rock. At STRIPA studies have been conductad and
reveal 3 decrease in Eh with depth. Although this decrease is not straightforwarag,
En values reported in deep waters decrease to about -100 millivolts, Fritz and
others (1379), KBS (1978). Of course, roll front Ur deposits are an indication
of the existence of low £h environments at fairly shallow depths, approximately
400M, KBS (1978). In addition to the discussions above, low Eh implies low

Sxygen content, thus less direct corrosion of canisters due to oxidization.

[n consideration of the abcve discussion in terms of Timiting solubility
ind promoting retardation both with respect to the engineerad elements and the
nost rock and confining units, low Eh appears essential and has been identified

is 3 required favoraple characteristic.



9.1.2.3.2 Neutral ph

A neutral (or sligntly aikaline) environment appears to aiso significant!:
contribute to promoting retardation, low solubility of nuclides, and limiting
corrosion of engineered elements. As Page and others (1238) repert, acia
jroundwaters may have several orders of magnitude nigher concentrations of
iranfum than mere neutral grouncwaters indicating a significant increasa in
the dissolutioning ¢f uranium. With regard to retarcation per se. imes ang
tai (1978), COosch and Lyncn (1978), Isherwood (1273) have summarizea affacts.

These include ~hanging the stability field (as a function of Eh ang ph) of

«

chemical species, and changing the adsorption charictaristics of minerals as
~el11, both of wnich affact retardation. Because extreme pn congitions are
mor: reactive, they tend to compiicate assessments as ~eil. It would spgear
from the above summaries iana enperimental work reviewed, particulariy with
"egard to the actinides, that everything else deing 2gqual, sorption acpears to
maximize near neutral ph. As such, a neutral pn i3 ‘gentified here as a

favorable characteristic of the host rock and confining units.

5.1.2.3.3 Complexing agents

Complexing agents, here, are applied in the broad sense to organic
cbnstitucnts which compiex with nuclides and may decrease retention (dgeleterious
complexing agents (e.g., EDTA) that might be introducad from the degradation
of the waste and that might interfere with the site's retardation properties
are covered in the design selection c¢f the requiremen®s), and to solutions
having high ionic strength which introduces competing ions in terms of ion
exchange. Both organic constitutents and high ionic strength nave been

fdentified as factors that significantly affect retardation. Isherwood (1978),
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Ames and Rai (1978). As a gereral rule with regard to trends of influencs, it
would appear that groundwater that has nigh fonic strength wiil result in low
retardation, Ames and Rai (1978). The effects of organic materials that mignt
be anticipated at depth ippears complex Dy and large uncertain, and lacking in
study. Given the complexity in defining retardation in the field, the lack of
complexing agents in the host rock and confining units nas ceen identified as

a favorable characteristic.

5.2 Favorable Repository/Site Interactisn Zone Charactaristics

The characteristics identified here apply to the voiume of rock that may
be affected Dy repository/site fnteractions, i.a., as a minimum, from the
surfaca to 1 kilometer below the subsurfice extent of the excavations and

‘atarally 0 a 2 «ilometer radius from the limits of axcavations.

5.2.1 Incorooration of Faverapie Ares! Charactaristics

The characteristics previously descrined are confined to the host rock
and confining units. Here, those same characteristics are seen as favoraple
characteristics in the antire near fiald, axtanding tc rocks above and below
the repository and out laterally. In consideration of repository/site inter=
actions and anticipated  srturbations in the ampient site conditions, the
previous favorable characteristics are viewed as essential means to compensate
or buffer geleterious interactions. Particularly important is ascertaining
the favorable characteristics above and below the repository that inhibit
vertical upward groundwater flow. Additionally, it is essential to identify
the favoraole geochemical charactaristics in the rocks above the repository in

which groundwater may flow.
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8.2.2 Favoracle Geolegic Charactaristics for Rasos‘tary Caveiogment

The general favoraple characteristics identifiad nere bear on the gaolggic
aspects of sealing the repesitory, subsurface mine stability and desch of
repository development. With respect %o sealing as noted previogusly, present
long=term sealing technology i3 limited. Thus, it is necessary.to find a site
#nose jeologic properties da not compound the problem, and that promote sealing.
For axample, with respect to sealing veriical shafts, tnic< and unifarm “ormations
permit better characterization and require less diversity in seals. Having a
lot of thin formations may reguire very complicated and multilayered seals.

The same is true for complex folded structures that mav be penetrated. A
significant problem identified in the literature deal ng with seals is the
sossidility in salt of dissolutioning occurring bening grout curtains or
seals, Carpenter and others (1379). The geclogy should permit axcavations 3
Je 315 far 3s possibie from circulating groundwater. As notad in 8yrne ang
others (1379), properties of the nest rock, in particular, should inhibit ur

prevent fracturing around operings.

In terms of the excavation °¢ 3 stable subsurface opening, it has teen
recommended that gentle dips less than a few denreez will contribute %2 the
ease of mining, I[AEA (1977), thus. contribute to reducing potential adverse
impacts of excavation. Here, too, uniform and predictabie geoiogic aroperties
should help assure well-controlled construction. Friable rocks may leaag to
caving and the development of fractures during excavation. Sites in salt
should be free from nearby brine pockets. Such features may 'ead to sudden
inflows of orine, Byrne and others (1979). Temperature er’acts must be 3iven

consideration here as well, regarding pressure buildup.
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ATLN rascect to the depth of wasta emplacement, 3 Aumber of factars have
oeen consicerea nere. with regara to 2nysical isclation from subsurface
drilling, given the deoths of arilling previcusly citad, it would appear a
depth of 3 few hunu: <l 25275 would aveid mest wata: well arilling. However,
1T would tre@ several .iousang meters to avgic Tnjection weiis and oil ana gas
ve!is. uch deptns sosa 3 number of prociems, Nowever. ~$ noted in Golger
(1378a), and Wagoner and Steinborn (1373). mechanical constraints (particularly
in salt) such as creep ang spaliing, ar2 encountarea wnich may pose probiems
Tor retrievapiiity. As noted in Altomare and cthers (1979), the greater the
Jepth, the hotter are ampiant temperatures. This would result in Towering
Neat aissipation from the waste and higher temperitures ~ill be reached, thus,
2xtenaing ana ampiifying repository/site intaractions. Thus, from a drilling
stancpoint, Tt woula 3opear feasible to aveid most watar wells 3t a faw nundred
netars Jepth. Wity regarg L0 ofl or gas weil ariiling, injection weils and
exploration drilling, it is judged that location rather than depth would have
more of an imcact in terms of tne iikelihcod of penetration. Even then,

nowever, it wou'd appear designing for drilling would be appropriate.

Mos. of the literature on depth speak %o separating the repository from
surficial material processes, LLL (1979), NAS/NRC (1978). As notad previously,
in the discussion of adverse conditions, requirements have beenr develcped as a
means to assure no axtreme surficial conditions will exist at a site. Thus,
extreme Dedrock incision is judged not likely. Assuming a nigh rate of physical
erosion as 3 worst case, such as 5 am/year, in 10,000 sears, ground leveling

would only De 30 meters. Thus, several hundred meters %o avoid water wells

POOR ORIGINAL

should still bound pnysica! erasien.
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themical weathering and surface water percolating down apen fractures
Nave been inaicated to extand down to 200 to 300 meters, [AEA (1977). It nas
oeen reported that in crystalline terrain, poor water circulation occurs at
depths less than 100 meters, Golder (1978b). The depth of penetration of
surface water is important in terms of repository resaturation time, i.a., the
lower the depth, the lower the fracture permeability. [t also is important in
terms of achieving a reducing environment. It would ippear that here as well,

a few hundred metars wruld be bounding.

Of course, the cepth at a particular site depends on many factors and
w111 Ge site specifi: (not considered ibove, but essential will oce assuring a
site is ‘n a3 regional groundwater flow system). However, 3 minimum depth
ippears 3appropriate to assure separation of the repository frem surficial
orccasses discussed, particularly in consideration of the uncertainties in
making long-term prediction. A depth of several hundred meters appears appro-
priate. Most recommendaticns are around 300 meters, NAS/NRC (1978), gGolger

(1978a), Altomare and others (1977) and this has been taken as a minimum.

5.2.3 Favorable Near Field Groundwater Flow Characteristics

In addition to the more broad scale characteristics discussed above,
‘dentified here are a series of favorable groundwater flow characteristics
that in combination are judged to provide a needed and very restrictive near
field grounawater flow regime. The objective of this restrictad grounawater
flow regime is to severely delay releases, to severely restrict Jpward flow,
and flow to potentially usable aquifers above the repository, and to channel

any releases to a long horizontal flow path.
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5.2.3.1 lUnsaturiatad host rock (very Tow water content)

As noted in IAEA (1377), a dry hest rock or one that nas littlie or ny
movement of grounawater is preferred. [t is recognized that no rock is completaly
dry. However, an unsaturated condition or a hest rock with very low water
content provides a significant barrier to groundwater circulation. If a rock
can De shown to De unsaturated or have been unsaturated aver geologic time,
and if repository/site interactions ire kept Tow, f.e., 2 low planar heat
density, one is basically assured, barring future human activities, that
Jnsaturated conditions will remain for at lsast thousands of vears. Radionuclides
#1711 be essentially immobilized until the rack becomes saturated. Saturaticn
vould require vast climatologic changes and may or may not come about during
the next glacial perfod. Thus, it would appear thousands of vears of isolation,
sarring fuman activity, are assured.

a -

5.2.3.2 Limited intrusion and circulation of groundwater

A numper of studies identify limited groungwater circulation in tae host
"OCK and characteristics that limit intrusion of groundwater into the host
"eck as prefarred characteristics, [AEA (1977), LLL (1979), Golder (1973b).
These favorable characteristics cannot be more stressed. They imply a host
rock with a very low fracture density and low intrinsic bulk permeability, a

thick host reck and a host rock surrounded Sy thick confining units.

5.2.3.3 Restricted ucward flow

Intended here are grouncwater characteristics that restrict upward flcw
Setween hydrogeciogic units or along subsurface penetrations. As previously

discussed, vertical flow due to induced convection may severely reduce %travel



times %o near surface aquifers. Thus, it becomes imperativa =mac vartical
permeabi’ity be very low both above and celow the regcsitory. Adciticmaily,
given the problems with sealing, it is also necessary that groundwater flow
charactaristics are such so as to severely restrict groundwater novement to
shafts, drifts and bore holes and if penetrated by groundwater, hydraulic

jridients should prevent upward flow.

5.2.3.4 Low hvdraulic gradients

With respect to the magnitude of hydraulic graaients cer se, low gragients
in the host rock and surrounding confining units are favored. Lcw gradients
imely latara) continuity or hemegeneity and reduced driving forcas for grouncwatar

flow.

5.2.3.3 Horizontal or downward hvdraulic gradiants

With respect to direction of hydraulic gradients in the hYost rack ing
confining units, ambient horizontal or downward gradients are preferreg, [RG
(1978). This helps to assure long horizontal trave! paths and pathways

directed away from potential near surfaca iquifers.

6.2.3.6 1000 year minimum grounawater residence time

As noted 2arlier, coupled with the angineered components is a site
performance objective to achieve is a minimum 3 radionuc!ia rasidenca time to
the accessible environment of 1,000 se2rs. In consiceration of the uncertainties
~ith respect to the characterization of radionuclide retardation, a groundwater
flow resicence time of 1,000 years or Tonger is a favorapie charactaristic.

Thus, retardation during the early period when the nazard is jreatest cecomes

o
]
'-‘
[¥el



3 safety factor. Taking retardation factors as reported in ADL (1979¢) and
A111 (1979) as representative, values for retardation for the long livea
ipparently dose significant isctopes range from a low of | (Tel) to a nigh of
10“1 (Pu). The retardation factor is defined as the ratio of the velocity of
.groundwater t/, the velocity of the radionuc)ide (taking Pu for example, a
retardation ‘actor of 704 means the groundwater traveis 10; times as fast as
the Pu, or for a given distance it takes the Pu ’34 times as iong to arrive as
the groundeater). Assuning these values remain c-.stant during repository/sit
interactions or decrease, perhaps, by ar urder of magnituce or two (the !imiting
case beirg Rf=l). 3 pres:rved groundwater residence time of 1,000 years will
2ssentially assure no isotopes reach the accessible environment for 1,000
/ears, and, given the safaty margin of retardation, the delay time cue to the
engineered repository and resilent waste packages, for thousand: af years

longer.

5.2.4 Nearfield Favorable Geomechanical Properties

[n terms of the geomecnanics of a site with respect to construction and
operation and the long term, a variety of general faveraple site characteristics
nas been identified in the literature. All of them are basically geared to
maintaining stability. These include low ambie *. stresses, predictible mechanical
properties, resilience with respect to the thermal Toading, an ambient state
of stress such that there is a significant resistance %o slip along planes in
the presence of induced stress and changes in pore water pressure, resistance
to creep, nigh thermal conductivity, etc., NAS/NRC (1978) NAS/NRC (1979), IAEA
(1877}, Golder (7978b), etc. Given the critical importance of the geomechanical

srcperties in the sear field, it is expected that sites will possess many of

these favoraple characteristics or hign degrees of them.
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5.2.5 Low Population Density

As a general consiceration, low population densities in the site viginity

and distance from population centers have

and siting standpoint, there are several reasons fcr iveiding areas

population censity and population centers.

us@ of jroungwater, and the effects on ambient concitions, inalysis

conditians are complexed.
which would be associated with industrial
get records of and to assess with respect
and their cotential effects over the long
activities over the long term are dubious,
guide.

As such, given acpulation growth,

trends of Jroundwater and subsurfiaca usa,

been rciommenced. From a technical
of high
Given either oresent or the growing

of ampient

?ast and present subsurfaca injecticn waste wells,

centers, may e difficult to identify,

to the nature of materials disposed,

term. Although predicticas of numan

present activities are it least a

expansicn of population cantars,

-
-

2eing near 3 sopulation weula seem

to make the proolem more difficult ina comolex ang substantive impacts on the

repository can be anvisioned.

operation or accidents near a site, regulati

facilities, and applicable standards in the

As to what constitutes an acceptable

vicinity or distance from population centirs is further being pursued.

With recrect

$a Aasdal
«J "agie

ogical impact., due t2

ons on transportation, s.rface

design sections apply here,
Tow population density in the site

Various

draft versions of the siting sections have containea specific numerical quantities,

these being based on aspects of reactor si
resolution has been found.
issessment would be made as to impacts.

popuiation density in the near field of a
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ting. Thus far, no satisfactory

this time that a site soe-ific

However, as general guidanca, a low

site has been identified.



7.0 CONCLUSICNS

‘ppendix A contains the siting requiraments and excerpts of the monitoring
requirements that have been derived in consideration of the previcus discussion.
[t should be noted the requirements, as of tnis writing, are in draft ang
-cmments are socught. It is also anticipated that sucseguent changes will be

made n both language and in text as the requirements yroceed through deve'ocment.

Through the course of deliberations on the requirements ang in developing
this documentation, a number of considerations stand out. These are listed

2alow 35 conclusions drawn.

') Fernaps foremost, maior difficuliy axists ang will axist in the
iemenstration of the long-tarm performance of the repository. Given uncertaintias,
compiexities, limitations in the state of the art, the novelty of considerations,
etc. 7o rasolve this difficulty will requ.re a very conservative, comprenensive,
ind stapwise 3pproach that seeks out the full weight of information. Reliance
N systems moceling alone, will Qot be sufficient. Major reliance on the site
»1 1 not ce sufficient. Given the opportunity to control engineering, significant
emphasis must be placed on engineering for compensation and demonstration.

Margiis of safaty with respect to the long term and ouilaing in multibarriers

must De compounded.

(2) It is recognizeu that ~e0esitory levalopment is in a research mode
ind many years of development are 3heas. As j'eaned from the litaerature,
nothing will take the place of in sity ana fie'a tasting at 3 specific renository

sita. Early initiation of such tasting is assential,

- PQOR ORIGINAL



7.0 COMNCLUSIONS

Appendix A contains the siting requirements and excerpts of the monitoring
reduirements that have been derived in consideration of the previous discussion.
[t should be noted the requirements, as of this writing, are in draft ang
comments are sought. It is also anticipated that subseguent changes wi'l e

made in both language and in text as the requirements proceed tnrough development.

Through the course of deliberations on the requirements and in developing
this documentaticn, a sumber of considerations stand out. These are listad

below 3s conclusions drawn.

(1) Perhaps foremost, major difficulty exists and ~ill axist in tne
iemonstraticn of the Tong-term cerformanc s of the repository. Given uncertaintias,
complexities, limitations in the state o' the art, the novelty of considerations,
2tc. To resolve this adifficulty will require a very conservative, comprehensive,
ind stepwise approach that seeks out the full weight of information. Reliance
on systems modeling alone, will not be sufficient. Major reliance on the site
#1117 not be sufficient. Given the opportunity to control engineering, significant
empnasis m:3i oe placed on engineering for compensation and demonstration.

Margins of safety with respect to the long term and building in multibareiers

must be compounded.

(2) It is recognized that repository development is in 31 research mode
ind many years of development are ahead. As gleared from the literature,
j0thing #ill take the place of in situ and field testing at a specific repository

site. CEarly initiation of such testing is @ssential.
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(3, It is recognized tnat with time the hazard decays. But 1t must te
1150 recognized that with time the uncartainties increase. AS %0 wnether tne
two cancel is uncertain. Proclamations of repository performance over thousands
of years, hundreds of thousanus of years, millions of years with an air of
inything approaching certainty must be guarded against. OQne must keep in

mind, simulations are Sut simulations.

(3) Many jucgments have gone into the siting requirsments anc many
judgments will have to be made in meeting them and ascertaining wnether they
ire met. Professional and reasoned judgments, pernaps more than anything
2lsa, will cetarmine an acceptaole demonstration of performani.e; that is,
redsoned consensus ~i11 ce necesscry. The siting requirements :shemselves are

|

iy 3 Tramework to make the initij jucgments in the vesrs iread. They do
70T 5tana Dy themseives ana ~i1] rfaguife 3 zamoranensie licansing procass.
aiven the years 3head, it is anticipated 35 axcerience i3 jained, the requirements

may change.

(3) In terms of evaiuations of future performanca. one can envision now
a myriaa of scemarios. The siting requirements, although calling for nuch in
the way of analysis, attempt to simplify the problem, to break it up into its
sarts. Proof that a repository, through simulations, can withstand axtremes,
the extraordinary, the near impossible, adds nothing to confidenca, nor demen=
stration, Dut just compliexes and campounds the aiready bewildering nature of
cerformance projection. The key here is 3 reasoned iporoach. Given, a particular
site, the judgments of knowledgeable professionals is essential in defining

<hat is reasonable.

. POOR ORIgingg



(6) Of ail the tachnicai areas involved, the geocnemica’ area appears
the most sorely lacking. Although there is room for improvement, gi.en the
compiexity here, it is nighly doubtful that the full, comprehensive, ang
quantitative characterization of geochemical properties seing sort in the
literature will ever re achifeved. Laboratory measurements and computer analysis
only will go so far. Recognizing the importance of the jeochemical system ing
present problems, it is essential that the scope of problems be conveyed to
those performing long-term analysis. 8ounding the problem here would also
ippear essential. Finally, leaving the laboratery, and getting out to field
to search for natural analogues, to perform field experiments, to develop
fiela measuring techniques at specific sites cannct wait and must be rigorously

oursued NOW.
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APPENDIX A

Excersts from the 3/24/30 Draft* of 10 CFR Part 80, Subpart E, Disposal of High-

Leve! RFadicactive wastes in Geologic Repositories.

60.111 - Site Performance Objectives

(S 2]
o
»

122 - S5iting Requirements

50. 1

(o
~

- Monitoring Programs

“Modifications of this draft in terms of editing and text .+ anticipated. The
actual advanced notice that is finally published may differ from this draft
and reviewers should be aware of possible changes.
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60.111 Site Performance

(1) The site and envirans shall e chosen to pravice
reasonable assuranca that the degree of stapility
exhibited at prasent ~i1' sot significantiy cecrease sver

the laong term.

(*1) The sita and envirans 3na!' Se Sacsen ta xnigit prsgar=
ties and conditions that premota isalation and Lo arovide
reasonacie assurance that their present capaoility %o
inhisit the migration of ragiocnuc!ices will not signifi=

cantiy decrease over %ne long tarm.

(117) The site and envirens snall ce chosan with hyaersiogic and
gecchemical procerties of the host reck ang surrounding
confining units that provide reascnable assdranca that
ragicnuclides will not reach the _.cessible 2nvironment
during the “irst 1,000 vear® after deccmmissicning aven
assuming degradation of the engineered tarriers due to

expected processes and events.

POOR ORIGINAL
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80.122 Siting

(4, General Requirements

(1) The site and environs shall te selected o that they are not ;o
complax as to precluce thoreugn investigation ana evaiuation 3:
the site characteristics tnat ars impartant ta emosirating
that the performance objectives of §60.111 ~i'! 3e net.

(&) The Department shall investigate and evaluate the geologic.
tectonic, hydrologic, and climatologic conaitions and oracasses
and numan activities that can reasaonac’y be axpected ty ar‘ace
the design, construction, sgerition, ing leccmmissioning of the
jeolagic recository operitions arsa. 35 wel! as the stapility
of the geologic repository ane tne isolaticn of ragionuclides

after deccmmissioning.

(1) The horizontal extent of the investigations shall be on the
arder of 100 kilometers radius from the 3e0icgic repository

operationsg area,

(1) Emphasis shall be placed on those processas active anytime

since the start of the Quaternary Periocd, and

(111) Emphasis on preaictions of changes in natural conditions
and the performance of the geologic repository shail be placaq

on the first 10,000 years following decommissioning

POOR ORIGINAL



(3) The Cepartment sha'l canduct fnvestigations that adecuately
characterize anc provide recresantative and bounding values far
those human activities and natural events and congitions that

may affact any of the foilowing:

(1) The design, construction, aperitisn. and ceccmmissioning aof

the geologic rapesiicry :zeritions area.

(11) Demonstration of the stapility of tn gecicgic repositery

aftar decommissioning.

(111) Demonstration of %he isalssian 3¢ ~3¢iInuc! i1as From the

iccessibie anvirgnment 3f<ar zecommiss foning.

(4) The siting investigations ang 2vaiuvations snall be performed
taking into account reasonaply likely future variations in the
site characteristics wnich may result rrom natural processes,
human activities, construction of the repositary, or waste/rock/

water interactions.

(3) The site investigations shall be conducted in such 3 manner
a5 to obtain the required information with minimal adverse

effects on the long-term performance of the geologic repositary.

POOR ORIGIRNAL
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A-d
Analyses ana megeiling of futurs conditicns ang changes in site
charactaristics shall, to the axtant practicaple, be valicatag
By field tests, in sity tests, fieid-verifieg laboratory tests,

menitering data, and natural analog stucies,

The Department shall continuousiy verify ang ascess any chinces
in site conditions whicn pertain iy vnether the gerirmance

cbjectives «' 11 se met.

The Jecartment snall determine Sy dcorsoriite analyses tne
extent of the volume of rock #ithin which the jeolegic rramework,
ground watar flow, groung watar chemistry, or ceomecianical
sroperties are anticipated o be signr®cantly affacted by
canstruction of the jeolog - repositery or by the aresence of

the emplaced wastas, particularly sy tne therma! lcading of tne
latter. [n order to do the analyses required *n this naragraph,

the deoartment shall 3t 3 minimum conduce iavestigations and

":'.-. .

tests to provide the following:
A
(1) The pattern and distribution of fractures, discontinuities,
and heterogeneities in the host rock and surrounaing

confining units;

(1) The bulk geomechanical properties and ambient stress

conditions of the host rock and surrounding confining

POOR Oihis:

units in sity;
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(111) The Bulk nycregeciogic srapertias of the host rock ang

surrounding confining units in sisy:

/) The 2ulk geochemica  :znditiens. sartizularly the Recox
seteatial, of the nost ~ock Ina surrsunaing confining

Jnits in sity;

{4) The bulk response of thne nost rock inG surrounging canfining
Jnits to the anticipatad thermal loaaing given the in sityu
patiarn of fractures ina sther discontinuities ana the
neiat transfer properties of tne rock mass.

As 3 2inimum, the volume snall bpe dssumeq Lo extenda a nerizontal
distance of 2 <ilometers® and a vertical distance from the surface
“0 3 desth of 1 < 'ometar* below the limits of the repository

excavation.

Potentiallv Adverse Conditicns

The criteria in this section apply, unless otherwise stated, to the
voiume of rock determined by the Depar<ment in Paragraph 60.122(a)(3)

above,

omment particylarly sought
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Paragrapns 50.122(b)(1) tarough 60.122(0)(3) selow describe human
activities or natural conditions wnich €an adversely affect the
stapility of the repository site, increase the migration of radio-
nuclides from the repositary, or provide pathways to the accassibla
anvironment. The Department snal’ cemenstirate wsh@ther any orf tne
potantia’ly adverse human activities or natura! conditions are
sresant. A1 investigations shal! se fully Jocumentad. The prasanca
of any of the potentially adverse human activities or natural
conaitions shall give rise to 3 presumption that the jeologic

reccsitory will not meet the performanca dbjectives.

°roof of the contrary shall require a demonstration that the presance
of the potentially adversa nhuman activity or natural condition does

not prevent the geologic repository from meeting or have a significant
influence on the apility of the geoicgic repository to meet n
performance objectives. I[n order to provide this procf, the Department

shall first demonstrate that:

(1) The potentially adverse human activity or natural condition has
Deen adequately cnaracterized, incluaing the extent to which
the particular feature may be present and still be undetected

given the degree of resolution achieved Sy the investigations;

(2) The direct and indirect, near field and far field, ana shors
term and long term effects of the potentially agvarse human

activity or natural condition on the geolegic framework,
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griundwataer flow, grouncwatar chemistry, and geomechanicail
integrity of the site and environs have been evaluated by use

of conservative assumptions and analyses;

L=<, the methec 2f avaluation used in (2) i3 sensitive 0 tne

potentially iadverse human activity or natural condition:

(3) The potentially adverse Suman activity or natural conditon is
compensatad Sy the presence of favorabl: characteristics in

Paragraph 60.122(z) of this Section:

i

The potantially agverse numan activity or natural condition can
Se remedied curing construction, cperation, or decommissioning
of the repository.

The specific patentially adverse conditions are the following:

(1) Potentiallv Adverse Human Activities

(1) There is ar has been conventional or in situ subsurface

nining for resources.

(i1) There is or has been drilling for whataver purpose, axcant
holes drilled for investigations of the gealogic recositary,

to deoths below the lower limit of the accessible envirenment.
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(iv)

(v)

(i)

Nere are resourcas wnizn ire ecanemical v axpiaitanlia

using existing tecnnology urcer zrasent nar:at conditicns,
8asad on a1 resource issessment, there are resJurcas that
Nava 2ither nighar jross ar vet salue inan the duarage

for other areas of similar size in the geaiogic province

in wnich the geologic repositary is lscatea. Jetarminations
of net value snali consicer develooment, eaxtracticn, ang
marketing costs. The resourca assessment snall fﬂC;JGC
S0th kncwn and undiscovered Zesesizs of 317 resourcas
#1thin the geologic province =nat incluges the site iang
that (1) have teen ar ire ceing axclicitag or (2) have not
oeen axpioited but are exploitaple under present tachnciogy

and market zonditicns.

There is reasonable potential that failure of numan-nade
impoundments could cause flocaing of the geslegic r890sitory

operations area prior to decommissioning.

Existing topograpnicz, geomorphic, strat‘grapnic, hyarageoloic,
and climatologic charactaristics suggest 3 reascnable
potential for construcsion af large=scale impouncments

which may affect the regicnal grouncwatar flow system.
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(#11) There is indication aof present or reascnatly an{ cipatacle
human activities that can significantly affect the
hydrogeologic framework sucn as groundwatear withdrawals,
subsurfaca injection of flyids, 4ngerground pumped storige

fFaciiities or uncerground military activities.

(2) Paotentially Adverse Matura! Conditisns - Cea'sgic ang Tectonic

(1) There is avidence of processes ~Nich nave caused extreme

Dedrock incisicn since the tart of tne Cuatarnary Period.

(1) There is avigence of lissolutioning, such as <arstic

features, breccia pipes. ar insoluable residues.

(111) There is eviuence of processes which may resuit in
structural deformaticn such as upiift, diapirism,

subsidenca, folding, faulting, or fracture zones.

(iv) The geologic repository operations area lies within the
near field of a fault that has been active since the start

of the Quatarnary Period.

(v) There is a fault or fracture Zone, irrespective of age of
last movement, which has a horizonta! axtent of more than

a few hundreds of metars.*

“Lomment particulariy sougnht.
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(vi) There is a canc.niration of 2ar<hquake activity relative
to the regional distributicn 5% sarthquakas or thers 3re
indications that earthquaxe ::- <71y may be concaentratad
in the future based on eitner =-a strioution ind frequency
of occurrenca of 2arthouaxas or <1a sarrelation of eartacuaxes

with tecicnic orocesses and featuras.

(vi1) Thare is evicence of intrus:

w

'Grecus 3activity since the

start of the Quaternary Parijg.

(viii) There is 3 high and anamalous jeothermai graaient

relative %o the ragional jectharmal gragiant,

(3) Potentially Agverss Natyura! s3n2fsians = Mydralagic

(1) There is, based on a palecnyaroiegic evaiuation, reascnable
potantial for significant changes in fydraulic gradients,
average pore velocities, :tarativities, permeapiiitias and

natural discharge.

(i) The geclogical repository ogerations area, or iny part

thereof, is within the 100-vear* flgod plain.

(1i1) Based on evaluation of the axisting topographic, geomorphic

stratigraphic, hyarogeslogic, climatalogic characteristics,

omment 2articularly sought.
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ind gecmechanical properties of the rock units, there is
reasonatie sotential for natural phencmena such as lang-
siices, subsidenca, or valicanic activity to creata 'arge-
iCi'e 'mpounaments that may 31F<act e regicnal grouncwacar

flow system.

i

() 2Patentiallv Adverse Natural longitions = Gecchemical

There is an iposence of jeochemical sropertias that provide a
major bar=ier %0 %he movement of mest radionuc!‘zes setween the

reDesitory ind accassible anvironment.

Fisorable Craracteristics

Zach of the following characteristics represant numan ictivities or
natural concitions which enhance the iTity of the geologic repository

L0 meet the performance objectives.

The Department shall demonstrate E“' degree to which sach favorable
characteristic listed in Paragraphs 60.122(c)(1) and 60.122(c)(2)
Jelow is present. All investigations shall se fully documentaq.
Svaluations snall be performed o demonstrate to what extent the
favorable charactaristic zantributas *o issuring the stability of
the site anc/or tne isalation of the waste Sy restricting the access
of ;rouncwatar %3 the wasta, the rata of 3issolution of the waste,
or the migratien of radionuclides from the geologic repositary. The
inalyses used %o demonstrita the significance of the favorabie

charactaristics shall be conservative, shall pe based upon conservative
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assumptions, and snall include evaluation of tne degree o vhicn the
favorable characteristic nas been idequately characterizae, given

the degree of resolution achieved Dy the investigations.
"he specific favorapie characteristics irs tne fa2ilcwing:

(1) The site snall se seiectad 3o taac to the extent practicapisz
thne cangidate area
(1) exniuits demenstranle surface anag subsurfica geologic,
ceochemical, tectenic, ana nyarologic stapility sinca “ne

deginning of the Quatarnary Pericd.

(i1) contains a host rock and surrounding confining units that

provice:

(3) a geologic framework, such as extensive vertical and
Tateral continuity, that nrovides 1ong grouncwatar
residence times and long flow paths pricr to antering

the accessible environment.

(8) groundwater flow characteristics, such as low
intrinsic permeability of the rock mass, fncluding
Tow fracture permeability, that result in (1) inactive
grounawater circulation within the host rock and
surrounding confining units, ang (2) little hyaraulic

communication with adjacent fydrogeoiogic units.

POOR ORIGINAL
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.

geochemical properties, such as (1) requcing congiticns

—~
I
~—

which result in low solubility of ragionuclides, ang
(2) non-extreme pH or 3 lack of complexing agents

that promete nign retarzation of radicnuc’idas.

(2) The site shall be selactad 3 that to the axtent oracticipie
“he 3i%a and envirans:

(' scossess the favorapie characteristics cescrined ipove.

(11) possess 3 jeologic framework that cermils arfactive s2aling
of shafts, 2rifts, ing sorencles. and that sermits axcavation
of 31 stanle subsur*aca 3ening, ang the amclicament of
waste 3t 3 ninimum zec:ih of 200 netars® fram =n Jroung

surface.

(111) possess groundwater flow characteristics that:

(2) provize an unsaturated host rock.

(8) prevent groundwater intrusion or circulation of

grounawater in the host rack.

(2) prevent significant upward grouncwater flow bDetween
Aydrostratigraphic units or along shafts, drifts, and

odorenoles.
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(2) result in Tow nyaraulic gradients ‘n me host reck

and surrounaing confining units.

(2) result in norfzcntal or downwara nydraulic jradiants

fn tne nest rock ang surrsunging zanfining un:ss.

Z) result in grouncwater cesidence times, setwedr e
recository ana the accessible anvironment, thas

exceed 1000 years.

(Tv) cossess geomechanical properties :hat srovice stapilisy
during construction, operation, ing uncer the ‘nfluences

of thermal locad or other waste/rack, vatar fntaractions.

(¢v) possess a low gcpulation density,
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o, 137 Monitoring 2roqrams

The cepartment shall initiate a systam of monitors during sita 2marictanizacian,
The system of monitors shall be maintained inc iucclamentaa, 313 nsranscita
STPSUGNOoUt the sertfagd of in

Litytional sontral, 3 dysvam :f aenitors 3ng'

w

“€ Jesigneq to verify that the serfirmanca objecti.es 2F Zaction 50,117 are

Je'ng 1chieveq.

(3) HMonitoring systams snal' aot aaversely affact tne -atural ang ang’neereg

2lements of the geologic resositary.

,

Monitoring systams snall ze STa0Tshed at 3 cancizata ;%2 %3 sotain

w

case’ine information an those Parametars ang naturil srocassas pertaining
%0 the safety of %he 3it2 ing parturbations at the 3it2 %nal may e tausec

Oy site characterization activities.

(¢) Monitoring systems snall se 2stabiisned at the site of the jealegic
repository to nonitor changes from baseline condition of parametars whicn
could affect the performance of the site's natural or engineered barriers
Lo radionuclide migration during construction, operation, ang aftar

decommissioning.
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