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ABSTRACT are: (1) the sconssio sualysis and (2) the computation,

The U.S. Nuclsar Regulsiry Commission (NRC)
staff is axpanding and impeoving its independent capability
to review performance assessmsnts for 8 high-lovel waste
(HLW) geologic repository. Two importxst aspects of &
performance swessment srec (1) the scenario analysis and
(2) the computation, using s total-system performance
ottt codo, of the performmnce mwssurs for the
containment requirement, the complementary cumulative
distribution fuaction (CCDF) of radioauclide releasss to

the acoessibls environment over the 10,000-yesr peciod of

reguistory interest. This psper discusses the total-system
codo developed and the scenarin snalysis parformad for the
(IPA) Phass 2 analysis, conducted by the NRC sod Ceoter
for Nuclear Wasts Regulatory Analyses (CNWRA) atxfth.

L INTRODUCTFON

The U.S. Nuclasr Reguistory Commission (NRC) Is
expsnding and improving its capability to conduct sa
independent tochnical teview of the U.S. Dapartmsnt of
Energy (DOE) pre-licansing and licenaing submittals for &
high-lovel wasts (HLW) geologic ropository. As a meess
to baild this review capahility, the NRC staff is expanding
and improving its independent capubility to conduct
performance sssasasments for aa HLW repository. This
capability provides s basis for- revisw of DOE’s
sdequacy of DOR's site characteriastion activities. The
varions componeats that comprise the performance
previously'®, Two important aspects of the asseesrnant
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using s total-system performance ssscestent code, of the
pecformance messire for the comtainment requirement, the

oummlative distribution fimction (CCDF) of
mdicmuclids relesses to the accessibls environment over
ths 10,000-yeur peviod of reguistory interset. The system
cods orgmnizes snd links the varions quantitative
componeats of the analysis, and therefore implements in &
concrete fashioa the comocepts snd structuro of the
swesmeit vathodology. The scanerio analyxis is
intimately linked to the design of the system code and its
componnat modules, since the socmario methodology
provides structore to the totsl system code, with the
scensrios identified providing the scope of the consequence
modules, This peper discumses the total-systsm code
developed and the scemario asalyvis performed for the
NRC/CNWRA Itecative Pecformance Assessment (IPA)
Phass 2 analysis.

II. IPA PHASE 2 TOTAL SYSTEM CODE

In IPA Phass 1, & simple total-system code was
developed to process the data needed 10 geascate a CCDF
reprasentative of the pecformance of an HLW repository.’
In IPA Phase 2, & more gonoral system model and
computer code were developed for this purposs. The
peincipal features of the computsr code, designated the
Totsl-Systeen Peeformmace Asscssmeot (TPA) computer
cods, are outlined and brisfly described in this paper.
Sagar and Janetsks® provide a more complaie description
of the TPA ocotputer cods.

mmobjmnfh'nmmﬁdoub
provide computstionsl  algorithms for  estimating
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theas systesns over the mext 10,000 years. The NRC staff
axpects to use this capability to sssist in the review of
critical aspects of DOB’s demonatrations of complisece
. pecformence

A. Description of Work

Tha complsx astoee of the variows physical peocesses
in the natoeal system and of the nteractions among thess
processes, and betwesn the engineersd sod natwral
systems, requires thet & nmiti-disciplinery approach be
taloon (0 pedformanct ssscesment.

The TPA computer code consists of four basic parts:

(1) a conirolling, or "exacutive,” module;
(2) algorithm(s) to sample from statistical
Sistributions:

(3) sigorithms to model repository system processes,
and conssquemces associsted with potentially

(4) algorithms 1o sum the consequences and gencests

representative performance mensares (9..,

CCDPFs, individus! doses)

perform uncestainty snalyses, ars azecuted separstely.
Figure | displays schematically the dats fiow and axeoution
depandancies among the various components of the TFA
computer code.

Theae various algorithms are incocporated into a set

of interdependent computational modiules, whose individusl
exscution is contralled by the executive moduls. The
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Mg . Flow Diagram Showing Blameass of the Total-Systsm
MNetiensuss Assosnnent (TPA) Commputex Cade

executive modnle initintes the consequence modules in the
proper sequemoce to calculate the effects of varions
scanarios. Whils the TPA cods is runming, muitiple
scensrios can bs analyzed via the sxscutive maduls without
further snalyst intecvention. In sddition, the executive
moduls controls dsts toansfior betweon modules aad ensures
that sppropriste values of input parameters common to two
or more consequence modules are passed appropristely.

Algorithms used to model processes occurring in the
mmuhmmmw

MMWOD).MWHMD
and aqueous snd gmsmoum radionuclide relesse from the
sagincered berrier system (SOTEC), and teansport through
the geosphere o the acotesible envirommant (NEFTRAN,
C14), Othar cassequence modulos deacribe the sffocts of
disroptive ovents and processes (i.e., thoss associated with
volostis sctivity (VOLCANO), seismicity (SEISMO),
climate change (CLIMATO), and exploratory drilling
(DRILLO1, DRILLO?) on the repository. Consoquences
can be calculated in the form of cummistive radionuclide
ralanses 10 the accessible environment and ss individual or
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population doss. Thess modules are dasignad 10 be rin 28
part of the overell TPA cads, but can bs ueed individaally
also for epecial calculations. Becwmse the TPA code is
modular, alternative or improved conssqueace modules can
be added, a5 deaired of noeded, _

Many of the consequence madulos required some of
their input parametess to bo sampled from probebilistic
distributions specified by the snalyni(s). Latin Hypercube
Sampling (LHSY was used to genarste, from an input file
containing the specifications for these disributions, s
vector of parametric values containing the semplod dats for
each of the input vasishles, For a given slomistion,
maltiple vectors of paratosters can be gonersted.  When
each consequence moduls begine axacution aa directed, the
modoie searches the LHS cutput file and sslects the
vecessary variables from the sppropriate vecinr(s), with the
aid of a “map” file.

An important considemation in the simulstion proces
is that parameters common to more than cns consequence
maduls be specified consistently, Since the design of the
TPA code allows consaquences modules to be run
independently, this consistancy is mmintained through

tempovary “global data® files which tranemit dats from the
mnwmﬂnhmhwm These data
files conttin peramstsrs in a fixed order, and the
corresponding conssquance moduls must follow this order
when extracting the pesameters from the file. This process
is completely sutomated, not requiring meaipulation bry the
user, and is trsosparent 10 the module developer.

III. IPA PHASE 2 SCENARIO ANALYIS

In IPA Phase 2, the NRC staff spplied the Sandia
National Laboratories (SNL) sconsrio sslection procedure®
to develop scemsrios for considecstion in the Phess 2
consequence sualysis. This methodology, developed by
SNL under contract to the NRC, consists of a five-scep
procedurs in which site-spacific phanomens considered to
be potntially disruptive to HLW isolation are identifisd,
classified, and screenied againet well-defined criteris. (The
term *disruptive” is used in & geneeal sease to indicate
conditions othee than undisturbed; the exact nsture and
impact of the change is not implied.) Phenconsne

sceaatios, and finally, the resultant socoarios themeaives -

ars scremad. The methodology bhas been applied
proviously by SNL staff ' and by other organizations**
involved in the geologic dispossl of kigh-level radiosctive
waste,

For the snalysis, a "soemaric® was defined as amy

postulated futive sequence of svants snd processes (EPs)
which is sufficiently crodible to warrsnt considaration of ity
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extornal event for similar reasons. Phenomens, such s
wasts ospister corromion, shaft and borshole seal
degradation, oa the other hand, which would occur within
the definad system, wore clsssified a8 “internal®
phanomvas, Extemal phenomens were retained for
consideration in the scenaria analysis, while internal events
sad processes, including features of the site (e.g., faulta),
wers incorparated into the modals mnd data beses used to
describo the systam bebavior. This approach differs from
that propossd by Cranwell ¢ al. since they include intermal

; snd festures (2.5., borehole soal degradation, the
prestace of faults) in their sconario analysis’,

2. ldentificstion of potentially disruptive
phmsomeas. Oucs the frepository system boundaries wers
defined, sn initial non-sits specific sst of potentially
disruptive EPs (naturally-occurring and human-initisted)
was compiled from similar lists of those considered: (1) in
the IPA Phass 1 scenaric analysis’; (2) in the SNL work
of Cranwell o al.% and (3) from the generic list of EPs
sssembled by the Intemational Atomic Encegy Ageocy

bark 7

LETd TUETS 3114p AN WO¥d WY 92:01

$6-60-20



-t

3. Bvent and process scveeming.  The initial set
of EPs was screamad against throe critaria (lack of physical
reascnablenses st the sits, low peobability of occurrencs,
sud insignificant potmatial consequances). Screening was
besod om staff judgment, supposted by relovant site data,
and published scientific and tachnical snalysss. Under
thase critorin, BPy much as rogional uplift and subsidence,
sea loval change, and meteocite impact were screeasd from
further considecation. Additional EPy were combined with
other phesomens when ths stpected effects of the
particuler EPy woro deemed to be simiise. In this way,

Table 1, Initisl Ses of Posantislly Diaruptive Bvents and Processes

A. Igmeous Activhy A. Climate ocatrol (o.8., gresahaues afleot)

broad level, the staff considered that the EPA guidence

rolated scresping of svents and processes besed on

probability of accurrence could be spplisd appropriately.
This guidance, contained in 40 CFR Part 191", allows that
performence asssasrnants noed not consider cstegories of
events or processos that are estimated to0 have lass than ame
chancs i 10,000 of occusrring over 10,000 yesrn. In
addition, becsuss categorics of EPs were considersd,
classss of scanarios, mther them explicitly-defined

604

1. Estrusive B. Wae
2. Intusive " C. Nuslsar wespos testing st Novade Test Sl
B. Testonis Aativity D. Rxplocation drilling for sausml resousces
1. Reglonsl Upiik 1. Misisg
2. Raglonsl Subeidense 1. Surfase-based (opea pi
3. Selamisity " 2, Undecground shaths and drifls
4. Fmbing . Large-soale aliesutions 1 hydrology (s.g., dasm)
C. Climat Condislons
1. Cursemt climate — axtrems pheaomens
2. Clmms change
D. Otier
1. Sea level ohange
2. Twaosesis/eslches
3. Mstoorits irmpast

change, and weapons testing at the NTS into seismicity.
Following this initisl scresuing, six EPs remained:

Igneous Activity (Extrutive)
Ignaous Activity (Intrusive)
Faulting

Selamicity

Climate Changs
Exploeation Drilling

Thess phenomena wem ocousolidated further due to
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consequance modeling constraints, such that the final gt
of EPs ratzinad for copsiderstion in the IPA Phews 2
wcenario analysis consiated oft

Igneons Activity Affacting the Repasitory
Seismicity Affacting the Repository
Climste Change
Explorstion Drilling

4. Probahility of occurrnce cetimstion. Prioc
to combining the remsining EPs igto scenarios,
probsbilities wece estimated for the accurrance of each RP
over the coming 10,000 y-l1m the vﬁilny of the

of "non-occocrance” also could be derived. The methods

used for geneesting probabilities for each of the EPs are
briefly described in the following:

¢ For "Igneoms Activity Affacting the Repository,” &
non-homogenacus Poisvon model, calculuted by near-
peighbor methods, was used to estimste the likelibond
of futare volcapic disruption per square kilometsr
(km) in the Yuccs Mountain rogion. Taking this
number, slong with an arbitrerly ' assuped
relationsbip betwean the likelihood of introsive versas
extrusive ovents, and 3 Jafined region of 12 km X 12
km within which igneous activity wes deemned o
affoot (i.e., intersect) the repository, the probability of
activity within the defined region was estimated to be
0.03 over 10,000 years.

e  For "Seismirity Affecting the Repository, * wn atempt
was made (0 relsts the lovel of ssismicity necessary to
*fail® & wastos capister t0 the degradation of the
canistar over tims. A progresaively reduced level of
seismic accelarstion would be neaded as the canister
cormdes snd the canister strength diminishes. A
minimum level of accolamtion was determinad for s
canister “ready” to fail under its own waight. The
compleawot of the prmbability over 10,000 yoars of
this miniom mumber (wihich wes spproximately
equal to 30r0) was tiken to be the peobwbility of the
ocourrence of the EP. Thow, the probebility of
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total 45,000 years were caloulated, with the *Climate
Chmge” ratic (0.64) usod in the analysis as the
probability of such cheage over the nast 10,000 years
o the site.

* For "Exploration Drillieg,” the rate of future drilliag
was inken from the guidance provided in Appendix B
of 40 CFR Part 191 for repositories in noo-
sadimentacy rocks. It was further assumed that future
wiplocatory drilling would be distributed randomly in
space and time snd therefors could be spproximsted
8 s Poisson process.  As a result, the probability of
009 or more borsholes being diiiled over 10,000

yoars (Le., “Ewplorstocy Drilling”) within the
repositnry perimeter was nearly 1.0,

5. Combipation of phenomena into scemario
classes. Following screaming, the fonr EPs weare combined
10 forn & set of xuatually exclusive scenario clsssss for
pomatisl considesstion in the TPA Phase 2 consequence
malysis.  Figure 2 displays the 16 (25 diffarent

*Nom-occucrepcs” shouid be intecprated to mean “not say
oocurrence” of the EPF over the 10,000-year period of
mm A soonario cisss composed of the
“nom-occurrences” of all four EPs then would be
squivalent t0 xy “undistirbed® aconario  class.
Altornatively, the “complately disturbed” scenario class is
the clas composed of the occurrmces of all four
poteatially disruptive pheoomma within 10,000 years.
This does not mean that each of the four EPg transpires
comcurrently (as this may or may not be physically
realistic), but thet each phenomenon occurs st soms
poini(s) during the 10,000 years following permsnent
closure of the repository.

In oddition, the EPs were amomed $0 be nmimally
independent, Tharefors, the probebility of ocenrrance for
each respective scenatic class was equal to tha product of
the probebilities of its copstituent EPs. The scenario
clossns and their sitendant probebilities are shown in .

Figore 3.

6. Socoario clase acroening. Cramwall ef al’
‘wiggest thst scevarios misy be screemed against thres
criteria gimilar to those recommenvded for screeming of
potentially disrsptive phenomms. Howover, for this
amalysis, 70 somario classss wers acroened.

IV, CONCLUSIONS

The NRC's TPA code, developad in the IPA FPhase 2
«xarcisy, ropressnts & significant improvement over the
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PQD = 0.97 V) ~ 0.0
M= | M~ | = | PO~ i
23z107| 10 |23x10°| 1.0 (sppeoximets)
K9 ~ool oo 0.0 0.0 0.0 0.0
-
0.3 | p®) - 1.0Lr.n 0| o3 [2sz100] oot 0.36
PP~00] o0 0.0 0.0 0.0 0.0
PC) =
0644 | () = 1.0§ 142107 0.62 4A4x10° 0.02 0.64
SUM (spproximste) | 2.2x 107 0.97 69x 10° 0.03 1.0
N - Probebiliey of 20 ellsis shaege « Peskblity of w0 Mamen infraniaa via explossiecy érilling
PC) - Probabillty of eilemes sheags - Probabiity of hses iotemies vis asplossiery driling
(D) - Probabiity of a0 ssiemis aetiviay fiating the ropesbury " QY) - Preabiliy of mo \gnoous avlvity ¢fihesing the ropasitcry
1GE) - Pruhabifhy of selamis sativity sfibeting e sepemitory - Prchublily of ignocms astiviy afieeting the repository

Figure 3. IPA Fhase 2 Sosmarico Classes and Probabilitias
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snalysis, Dnﬁnuhn.of:qu-hug SPee boundaries
affocted dimpcrty the suzbor ang types of Phanomeny
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