7 wiwh -ICA 1IN

o Fecl 12/5/p, 171363
.« I
‘ i saed L
HAS S SN !: H -
e . e Decerer 1, 1982
DRAFT

STAFF TECENICAL POSITION
ON WASTE PACKAGE RELIABILITY

) DOcconor® Neesd Table of Conlentd
2. Roliceorbility, AV rnarTicrcd <o < . g (o 53, wpaic.2)
rr?

£ The Leppooralicte Lepperclonce of e yrraletcrll

S. 7/a WW /m @ ?édd'@if.r...z .
6, Thote i 20 FSAR as twed o1 SHznclock Fey)cey

% .
7 ALet: . - . L
/2 "KM'/,? e 2t P
2./ 2.2/ .
zo /o3r 2’,’:2—'
2—. /'3
P,

L) x—’,,&,;/,'/,-;\; Y Tl Lo decTiond 2.1 apd.z



|

\

Zotrodoetien

The Code of Federal Regulations in the proposed part (10 CFR 60) requires
that the zpplicant for & license to operate a High Level Waste Repository
demonstrate that his design of the repository including the design of the
packaging of the weste, as well as the proposed operating procedures, are such
that there s reasoneble assugance that thke repository so designed can be
operated without significant incrementsl risk to the poblic resulting from re-
lcases of radicactivity to the accessible environment, s2nd includes the cri-

teria of 1000 vear containment and sn snnual release rate mot to exceed 10-5'
of the inventory.

This Draft Staff Technical Position aims to clarify the information and
snalyses that would be expected of the applicant to substantiste the safety of
the design snd that will be part of the basis for tke eventual flnding by the
NRC that thke repository can be operated without undme risk to the publiec.

Due to the preliminery state-of-the-art of prediction of risk for a re-
pository system to operate withingethe frame of existing regulations, gemerally
accepted methods have not been developed znd tested to the extent that a body
of precedent exists for use as example snd as reference. Furthermore, the
confidence with whick the prediction of risk from a repository can be made may
pot be ag high at 44 would be desirable. However, the néthods snd overall

approsch off Probatilistic Risk Anslysis (PEXB are useful es a vehicle to iden-

rgenize snd convey the information required to satisfy the criterion of
asopable assurance.

The concept of relisbility of the repository to comply with the regula-
tory requirementss) serves the purposes of providing & unified approach to the
evaluation of sssurance, of providing s logicasl framework for systematic ana-
1ysis of the design, and of supplying rules and criteria to test the relevamcy
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238 relative importance of thé various pheromens, components and procedures
whick individrally snd in combination determine the capsbility of s proposed
gepository system to perform its fonlamenta]l function of isolation of the

radiosctivity from the sccessible enviromnment, ,@M ,{
In broad terms, the proposed approsch aa—b‘-uu.;&fasscon:i:t&u of fA/

M“@Z-m ltep:.- R ~” (w‘w&m*@‘.. are
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1. Jéemntifyirg the types of known failures that, on fhe !;uh of en~-
gineering judgement, are phyeieally possible for,c. ﬂ.ven,\ reyo:;to:y"
system in the sense of mot viclatirng physical laws. This 1s doze on
the bssis of an exhautig review of the relevant litersture and ex-
ploratory experimentstion vnder the guidance of gemeral principles
and existing knowledge of failure types in other systems which have
points of sinilarity with the system under consideration. "ﬂae pro-
cess of identification 1s complete when:r;dependent revievr fails to
reveal new ohyvicriiy possidle failure types.

2. Evsluation and preliminary dismissal of those procecses which are
physically possidble vrder some conditions but physically impossible
et the repository conditions, . For example, a type of corrosion of

netallic components may be possible iz a salt environmest but map-be

4wdged—te~be not possible in 4 covity—-ir banlt.@ﬁlf/W
This process is complete whern all failure types previously ideanti-

fied are cither dismissed or explicit}ly retained for further analy- X
sis. The ressons for dismissal in cach case are documented with de-
fensible sarguments, and in sufficient dctnﬁ&:: to facilitate subse~
quent reviews snd possible rcevaluations., ) )(

3. PFor each of the il&ilnre types retsined for further analysis, a model
, 1s con:ttncted,é‘&i‘tdescribu the immediate results of the f:llnre;)

i-u-ml the conditions vhich iei ed /to the nilnrc, W&Wfaﬂ'
W )na?f decerr anle ¥,

The model required is mot necesnri_ly s scientific model wkich could
predict from first prinsciples s phencmezon such as corrosion of &

mnotsl, which is practice fppossible., The model is simply s clear

prescription to predict bebavior., One example may be: & relief valve
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fzils to rescat(once cvery 10 cperations, at random.) Other examples

pay be: a given metallic conponesnt in 2 given environment will stand

without failure by corrosion for a period which is normally distri-

buted witdk 2z wmeen of X yesrs and 2 varlance of Y years.

The nature of the faellures, the state of knowledge, and the role of
the individual failore in the overall failure of the repository dic-

tates the level o required and thc unccrninty which is
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: This proccuk s complete vhan for etch of the failure modes there is 0&2 oo 2,
L node‘{’md the jn:tj;!ttion of the model is documented, not only
as to values but as to statistical uncertaintysf and distribantion

thed wil! ,(zfau_v Srteclels badel O%W
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4, The parametedrs describing the cnvironmenta] conditions of the reposi-

models, need to be defined

., and -& values, probebility distribution fomx. and statistical-pere~

tolersble.

forms.

tory,

W pedere measnred or calculated. G d sl é&
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This proces;

!s completc when 21l the links betweeg,observahl end
muunblegumetej_: of the repository system are ldontified, their

values and oncertaintics sase obtained, their probabllity distribu-
tions ascertained and justified, and the parameters and models are
rendered consistent in the sense that all parameters required in the

models of part three are covered in part four.

5. Once the set of parameters and models is svailable, they are com-
bined in a tcheme that secrves to explore sl) interactions and predict
failure probabilities.

Seversl schemes are possible, If the failuru tend to be- mainly due to a
gC cects
conbination of unfavorable circumstances zm—r:gef-dﬂm-krbth in naiture,

then s scheme to predict failures'and probabilitieg, such as a Monte~-Carlo pro-

pagation of probabilities/ throagh the use of t‘py.e.gonenglnlcu-n@ wonld

be desirable, and conld be practical 2nd acceptadle, ) On the other hand)lf the

failures are of a purely stochastic nature, as theyAend to be in well de-
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signcd cczplex englneering systems, s fault tree or event trec scheme may be

more appropsicte.,

Since the detign of high level waste repositories is at this time fn e
fluid :tntc. th__,overlll scheme can not be identified at this time, JHoxever,

Yok @l Adldiapd S o olcrr
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to tse¢ with sone of the rcpoWenccpts sovr under co
. (]
56-11-:- P 4"‘" 32 ‘/ "o
et sequential scheme, w-h-h-v—b{ dcf!neﬁ steps

The ebowe chmAh a linear o1
ext step. This is mot the sequence in .

te ba conpleted before going to the
which the ieformaticon will %e develo

along & parallel scheme, sinmce his ¢

ed, The repotitory designer would work
olces are multiple and quite interdepen~
dent. The scheme presented in this DSTP is the sequence of ¢lements that
would be assexbled for review aund ev

actions expected of the high Ievel fepository designet@}t: develop the infor—

metior required to justify the design. WW"/ ad . »
[t e

aln:t.iox‘x;u.u is -not the sequence of
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The demonstrated level of reuLhi ity of the waste package that will be
considered as satisferctory, for the criterion of reascnable assurance, iz not
defined at this time othss—thanbx/the fondamentnl consideration that the risk
associsted with the cperation of the . epositorys should)be comparable to pre-
sently sccepted risks to the publ yssociated with operation of comparable
componezts of tke anclear fzel cyg’lé’ r—nce the waste packige is part of o
[redundsnt system, the other parts chﬁ%ﬁ%%ﬁ%ﬁcx-

pected that the reliability valuds expected of the waste package, in respect

to the criterisa of contaioment shd release, would not be at a level comparable
to reliability expected of@fclo lete systems stuch &5 nuclesr povxer reactors

imilarly, the consequences of & fallure to Ao‘*ﬁé

- 5
meet the requirements of contal ant/::d maximum release appesr to presen A" P
Ii{mited threat to the publie, inu,l faflure of & waste tom(zuch as boro- M

silicate uus)to 1imit the reflease to 10~5 does not appear to involve a

in gespect to core melt—-down,
e Ty

discontizguity of kelease, whigh suuuts a continvum of consequences rather
than & joamp, -7 ; a corllacleelicse beliines,,
7 ﬂ:/ m} - —

Therefore, the expected level of reliability of a waste package will b?‘
comparable to that of one the rezctor safecty systems.
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2, Regulstory Position 1?u25
2.3 Information Required For Eveluation Of Reliabil ty o |)
b l
: o(:fg-
Purpose and Avplicability (

The applicant will submit to NRC a Sefety Analysis Repopt\ (SAR) in accord
with the requirements of the dec of Federal Regul tlog{ iz report will
conform te the geidelines of the Staindard Format.™, A 4&%2Z2;‘ .
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This Standard Format will be used to establish s uniformity in friety
whtslret-o-Repoess subdbnitted g¢ part of the applications for con:trnétion and
opersting licenses for ¢ U Repository and to indicztd the in-
formation to be subsequently ontlined in the reports. .
\
The principal purpose for the preparstion and submittel of an SAR iz to
faform the NRC of the characteristics of the repository and its xnticipated

performance under both pre-closure and post-closure conditions. ‘
{

The information provided in the SAR must be sufficient to emable éhc NRC
to determine whether a repository can be designed and constructed such that
its performence will resclt in no undue risk to the heealth and safety oé the
poblic ss specified by 10 CFR 60,

Prior to submittirg the SAR, the a2pplicant should ﬁlve conducted an
evalustion of the repository and its proposed site fn sufficient detail t
substantiszte its integrity.

scen 385/';»« Secfon fas goedlccd Hecd A i

The Standard Format identifies the principal detailed information that is
required by tie NRC staff in its evaluation of the application. This format
will kelp l::&re the completencss of the information provided, will sssist the
gregulatory sfaff snd others im locating the into:ntti&i. and will eid in
shortening the time needed for tke review process. The Standard Forzat ap~
plies to 8 Prelininacy Safety Anslysis Report (PSAR) and a Fizal Safety

The 2maletcal o pogel S-§ acdels noﬁ{/;r; Ao a|olocoeme,
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.mtlysis Report (fSAR). but if a specific cgitetion tpplies only to the FSAR,

£t will te s0 indicated in the tezérffSAR) at the end of the text criterion as

guidence of & specific statement., If s certein sectiom is sppliceble only to

df',l FSAR it may be indicated by including (fSAR) following the heading.

/i)
‘fiéi canister, overpack, bsckfill which constitutes a_three barrier concept)

et

Iizﬂg{:;h°£he-s'{::7§:’i£fomggﬂ:aent1ued ilmestandntd Format will
b3 zeforence to & i’p%:u?un: anew%asic Repository {{e.g. corrosion :uls-]
__M . o= re o

)fic generel format snd content for the presentation of information should alse
be applicadle tﬁ%‘ﬁ@% types snd configurations, |
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The information indicated im the Stindard Format is s minimum for am SAR.
It is recognized that all the information that may be required to complete the
staff reviev (or all the information that has been presented in previous SARs)
{2 not identified explicitly, and the zpplicant should include aéd{tional in-
formation i{n the SAR, ag appropriate. In this regard it is the applicant’s
respoesibility to be aware of corrent areas of concern to the regnlatory staff
and subjects where imsufficient information is being provided, as indicated by
questions associated with other applications, and to address these in the SAR,

Upon receipt of an application, the regulatory staff will perform a pre-
limioary reviaw to determine if the SAR provides & recesonably complete pre~
sentation of the information that is needed to form a basis for the fipnding
required before issuance of & permit or license, The Standard Formet will be
used by the 1;:£f ts & guideline to identify the type of information meeded,
ualess there Y reasoy for not doing so., If it does mot provide a
reasonsbly completo presentation of the necsessary information, further review
of the spplication will oot be initiated until a reasonably complete prcfentn-
tion is provided. The information provided in the SAR should be up~to~date
with respect to the state of technology for nuclesr waste repositories and
shounld take into account recent chenges in NRC regulations and guides and in
industry codes and standards, the results of recent developments in repository
containment, and experience in the construction end performance of reposi-

tories.



. The design irforsztion provided in the SAR shounléd reflect the most ad-
vinced state of design at the time of submissionm. If certein information
-§dentified in the Standard Forzat is not yet avzilable at tke time of submis-
.lion of 1 PSAR becanse the design hes not progressed sufficlently at the time
of writing, the folloving shonld be included in the PSAR: the criteria and
bates being used to develop the required informetion, the concepts and/or al-
ternatives vnder consideration, and the schedule for completion of the design,
and submission of the missing information. In genersl, the PSAR shounld des-
cribe the prelimicary design of the repository iz sufficlent detail to emable
& definitive evaluation by the regulatory staff as to wkether the repository
can be constructed and exist without undue risk to the health and safety of

the publiec, Similarly, the FSAR should describe irn detail the final design of
the repository as constructed,

Changes from the criteria, designs and bases included in the PSAR, as
well as any mew criterls, designs and beses, shonld be identified in the FSAR.

The reasons for and safety significance of each change should be discussed.

It i; recognized that in meny cases the applicant may wish to include
appendices in the SAR to provide supplemental informatiom mot explicitly
fdentificd in the Standsrd Format. Some examples of smch information are:

(1) summaries of the manner in which the applicant has trested matters
eddressed in NRC Guidelines or proposed regulaticns, and
(2) supplementary information regerding calculationf methods or design
approackes used by the applicant or its sgents.
i —
The spplicant skould strive for clear, concise presentations of the in- N
formaticy provided in the SAR, Confusing or smbiguous statements and vnneces~
:(tllyéggducdpuons do not contribute to expeditious technical reviewsS, X

Clains of sdequacy of designs or design methods should be supported by techni-
cal bases.

—

\.

-~
e aastl ‘/




It is not the intent of the Standard Formet to require duplication of inm-
formation, Similar or identic:l ieforzetior may be requested in variocus sec~
tlons becaunse it is tclcvxnt to gore then ome portion of the repository, how-
cver. this lnfornntion. if appropristely referenced snd identificd in the
lppllcabla places of the SAR need mot be repested. For exsmple, where dis-
grang for the same plan are tequdst}d in more than one section in the Standard
Forﬁtt.'dnplicntc ditttnﬁs'neéd pot be submitted providéd that all the infor~
mation reqne:ted in all’ subsaetions ls submitted 1nd :pproprintcly identified

s me

ln& referenced

¥here mumerical values sre stated, the number of significant figores
given should reflect the scemracy or precision to which the number is known.
Where possible, estimated limits of error or mncertainty should be given.

Abbreviations shozld be censistent throughout the SAR, and skould be con-

sistent with gemerally sccepted nsxge.//Any abbrevistions, symbols or special [/l .

ternms not in general usege or unique to the proposed repositosy should be de- e
‘ 5 4
fined in eschk section of the SAR where they are used, 'oﬂ,oddid&%

4
Drawings, maps, diagrams, sketches, and chazts should bte employed where
the information can be presented more sdeguately or conveniently by such
peans, Due egggg;; shonld be taken to sssure that all information presented
in drawings is legibli, ,8}nbols are defined, and drawings are not reduced to
tho extent that visual sids are necessary to interpret pertinent items of in-

formation presented in—the—drewinge,

Reports or other documents that are referenced in the text of the SAR
should be l1isted st the end of the section in which they are referenced. In
cases where proprictary documents are referenced, a non-propricetary summary

description of the document should also be referenced,

The SAR should follow the pumbering system of the Standard Format at

least down to the level of subsections. For example, subsection 2,1.3 of the
SAR should provide all the information requested within subsection 2.1.3 of
the Standerd Format,

L4
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. ] 2.1.1 Package Desipn

(1) The waste form which c:s/irts of the radioactive waste materials and
any sssociated encapsuldting or stabilizing materials.
(2) The container wkichk

tke wvaste form.
(3) Overpacks which

box or cother st

s the first major sealed enclosure that &e—l-éeco):'f‘an;‘d'

w&ré msd e

onsist of any Yeffrr—rorteriel, recept:’le, wrapper,

eture, that i< both within and an integral part of
R wagte pnchgeh . 3

Ssstabboeporivrrenrer—ctivotives.,

RBpace beloter
(%) 71ﬂ»j§::::%22; zn412444L£71144$4? dﬁézzczauwaotﬂitr o
This conA&tntu three majot%uricts e Aa;d M&T@ [

Jg,wd,éa.% The trale pehodge
' Severzl zltermatives cow exist concerning the natnre of these barriers,
therefore the following mecessary criteriz forw%iom will be
general in mature. (A specific package rﬂ’-;-b-o used in the sample problem in
Appendiz A).

. [
In the SAR the spplicant will submit dravwings and schematics slong with

the dimensions of esch barrier and the materiel specification:s,

%)&37 W M‘fo, )
Of considerable importence sre the ov U\ /

dimensions of the repository,
however the dimensions znd configorations of ezch seperzte barrier shounld alsa-"

be shown prefersbly about the axis of symzmetry. ‘."
\—-/ B —...‘_.__ -”.-O..‘%a
A clcu-np viow of the model alon( with the zonlng uvsed in the vicinity y .
of the ropos!tory lhonld aho be submitted. _ W
c emiom du - Pre v eumyew . e srena . o e ‘ .MM

It s recognized that a comceptusl design of the repository will :eqnirc
nectain guiding féatures which can be either sinple or complex.
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