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ABSTRACT

'Ihe purpose of this Staff Technic:d Position (STP) is to account for the thermal, mechanical, hydrological, and
provide the U.S. Department of Energy (DOE) with a chemical processes that are induced by repository-
methodologv acceptable to the Nuclear Regulatory Com- generated thermal loads. With respect to 10 CFR
mission staff for demonstrating compliance with 10 CFR 60.133(i), the GROA underground facility design:
60.133(i). The NRC staff's position is that DOE should (1) should satisfy design goals / criteria initially selected,
develop and use a defensibic methodology to demon- by considering the performance objectives; and (2) must
strate the acceptabihty of a geologic repository operations satisfy the performance objectives 10 CFR 60.111,
area (GROA) underground facihty design. The staff an- 60.112, and 60.113.The methodology in this STP suggests
ticipates that this methodology will include evaluation an iterative appre n suitable for the underground facil-
and development of appropriately coupled models, to ity design.
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1.0 INTRODUCTION

This Staff Technical Position (SIP) emphasizes that the Part 60 performance objectives. It is also assumed that
Nuclear Regulatory Commission (NRC) staff expects that these models will be capable of incorporating the pre-
the U.S. Department of Energy (DOli) will demonstrate dicted T-M-H-C responses associated with a specific
a systematic and logical understanding of the coupled GROA underground facility design. Ilowever, elabora-
thermal-mechanical hydrological-chemical (T-M-II-C) tion on the specifics of performance assessments, with
responses associaud with a particular geologic repository respect to the individual 10 CFR Part 60 performance
operations area (GROA) underground facility design. objectives, is outside the scope of this STP.
Moreover, the staff expects that DOli would achieve this
demonstration to the level that is needed to support an

1.1 llack rotilldEunderstanding of repository performance. This demon.
stration is expceted to bQased primarily on a mechanistic Section 60.133(i) requires that the underground facility
understanding of the coupled processes. At the time of for the GROA be designed so that the performance ob.

~

construction authorization, DOE may need to incorpo- jectives will be met, taking into account the predicted
rate into its demonstration empirical data from short- thermaland thermomechanical response of the host rock,
term tests and simplified analyses. However, the license surrounding strata, and groundwater system. The per-
application submitted before construction of the GROA formance objectives are those in 10 CFR 60.111,60.112,
must be updated before issuance of a license to receive, and 60. l l3.They deal, generally. with the maintenance of
possess, and emplace waste, and, again, updated upon safe operating conditions, the ability to retrieve emplaced
DOE's application to permanently close the repository. wastes for a specified period, and the containment and
The NRC staff understands that with DOE's pursuit of isolation of the wastes after the geologic repository is
appropriate techmcal programs of site characterization permanently closed. Further, the underground facility
and performance confirmation, L)OE's level of under* design for the GROA must also comply with the design
standing and demonstration can evolve, and is expected to crite'ria of 10 CFR 60.130,60.131, and 60.133.
improve significar,tly, over the long timeframe associated
with the repository program. 'lhe rule thus recognizes that an understancing of the

thermalloadsJ because of the emplacement of nuclear
in this SIP, the staff has included an appnuch that, based waste, and corresponding thermomechanical response of
on our understanding today,is acceptable for demonstrat- the host rock and surrounding geologic setting, is essen-
ing compliance with 10 CFR 60.133(i) at the time of tial to the design of the underground facility. One must
construction authorization. This approach is based on the also understand the uncertainties associated with predict-
principle that, to demonstrate compliance with 10 CFR ing the thermal loading and corresponding mck and .

60.133(i), DOE must consider coupling of T-M-II-C groundwater responses, so that these uncertainties can be _

processes in a manner that is not likely to underestimate accommodated by the design. Many aspects of the design,
the unfavorable aspects of repository performance or including canister spacing, opening configurations and
overestimate the favorable aspects in the context of analy- dimensions, and support requirements, depend on pre-
ses and design It should be noted that the terms "cou- dictions (using predictive models) of heat transfer, and
pled models " " coupled behavior," and " coupled effects" thermally-induced responses such as rock deformations,
used in this STP reflect the adequacy principle implied groundwater flow (both liquid- and vapor. phase trans-
above. (For a definition of " coupling " see Appendix A, port), and the dissolution and precipitation of mineral
" Glossa ry.") species.

The staff expects that at the time of construction authori. The impact of thermal loads on repository performance
zation, DOE will need to clearly demonstrate, in its li. can be a very complex technical issue,2 depending on
cense application, that the analyses used to predict ther. many factors, includmg the magnitude of the thermal
mal responses comply with the above principle. huds themselves. For those repository generated ther-
Subsequently, the underlying assumptions used in the mal regimes that are within the range of engineering
projected performances should be confirmed during the expenences, the use of existing predictive models to
period of performance confirmation by appropriate test. evaluate the possible effects of thermal loads on reposi-
ing and/or model refinements. The staff anticipates up. tory performance may be a reasonable approach to
dating this Sl? if new information and insights become mermat output of emplaced raductne waste per unit area of geologic
available that may enhance the approach suggested in this repository. usually expressed m k Amatts per acre.

#
*For exam Ie,in us Iifth R wrs to Congren and the US Suretary ofEn.

ergv. the uclear Waste echnical Review Hoard (NWFRB) recently
The NRC staff assumes that performance assessment naluted the impact of thermalloadin issues on the design and r-

" " " " 8 *'*""* '' "
models will exist for evaluating comphance with 10 CFR

1 NUREG-1466

___________- _ - _ _ _ _ - - _ _ _ _ _ - _ _ _ _ _ _ - - _ . _ _ _ _ _ _ - - - _ _ _ _ _ _ - _ - -



~ - _ . _. .- ____ _ .- __ _ _ ._.

LO Introduction -
^\

demonstrate compliance with 10 CFR Part 60 regulatory aspects of T-M-H-C coupling it chooses to discount in
requirements. On the other hand, repository-generated such decisions,

thermal regimes that are beyond the range of current
engineering experience pose significantly more complex The ongoing nature of model development is reflected at

problems. Such thermal regimes, acting over the long a number of places in 10 CFR Part 60. For example, for
timeframe of repository performance, may produce ef. engmeereo and natural barriers important to waste isola.
fects that involve prediction considerations that are well tioa, DOE's license application is to provide " .a
beyond current engineering practice. For such situations, detailed description of the programs designed to resolve

the use of an existing model, to predict the likely reposi. safety questions. . '.''(10 CFR 60.21(c)(14)). lf there is an
tory effects of such loads, may not be satisfactory. For unresolved safety question relating to model valida. ion,
those situations where DOE makes programmatic deci. this should be described in the application. The existence

sions that produce repository-generated thermal regimes of such a question may, of course, reduce the Commis-
well beyond those for which engineering experience is sion's confidence that the standards for ' issuance.of a
available, it is expected that DOE will investigate and construction authorization have been satisfied.
evaluate the effects of coupled processes in the predic. Depending on the significance of the unresolved safety
tions of the underground facility performance. question. there may be reasonableassurance that applica-

ble requirements have been met and, on that basis, a-
'the guidance in this STP focuses on an approach that can construction authorization might be issued. Moreover,
be used to demonstrate an understanding of the effect of after a construction authorization is issued. DOE will

- coupled T-M-H-C responses on geologic repository de. have a continuing obligation to report to NRC on the
sign. If, at any time, reliable information is gathered to . results of research and development programsbeing"

convincingly demonstrate that further development of conducted to resolve safety questions" (10 CFR
predictive models and codes would be unwarranted, noth. 60.32(b)(4)); this too is addressed among other things, to

,

; ing in this STP should be interpreted to suggest that the the progress in model development.,lhe information will
'

staff would expect that additional unnecessary steps be reflected in DOE's updated application before NRC
would nevertheless, be performed. issuance of a licende to receive and possess waste, or to

amend or terminate geologic repository operations. Fur-
thermore, as part of the performance confirmation pro-

1.2 Tlie Use of Models m, Thermal- gram during construction, DOE's measurements and ob-

Response Predictions servations are to be compared with the original design
bases cnd assumptions (includmg those pertaining to the

The development of defensib!c predictive models re- correctness of models). If significant differences are
quires a thorough understanding of the thermal loads noted during this comparison, the need for modifications
gec : rated by the emplacement of nuclear waste and cor- to the design or construction methods is to be determined
respondmg thermally-induced responses in the host rock (10 CFR 60.141(d)). This recognizes that the program
and the st,rrounding geologic setting. The staff expects must be a dynamic one, and it must allow for changes that

,

model development / refinement to continue as a greater reflect the steady accumulation of more information andi

understanding of the thermally-induced phenomenh is insight.
gained during the period of repository construction and
performance confirmation testing. For exarnple, the 1.3 Doctirlient Scope
models that are used at the time of construction authori.
zation must be sufficiently robust for the Commission, This STP includes the following five sections: 1.0-Intro-

,

with reasonable assurance, to make the safety findings set duction; 2.0-Regulatory Framework: 3:3-Staff Techni-
out in 10 CFR 60.31, But this by no means calls for the cal Positions; 4.0- Discussion: aod 5.0-Re ferences. Sec-
models to be the most sophisticated that can be devel- tion 2.0 identifies the specific regulations addressed by
oped. On the contrary, they must be sufficient to meet the this STP. Section 3.0 states the staff's technical positions
standard of 10 CFR 60.24(a), in that the application is to on an acceptable approach to achieve compliance with 10
be " . . as complete as possible in the light of information CFR 60.133(i). An explanation and discussion for the
that is reasonably availabl_c at the time of docketing " If position statements are provided in Section 4.0. Cited -
the models are those that are " reasonably available," they references are listed in Section 5.0.
can be used for purposes of analysis and decision making.

- Of course, the judgment whether there is " reasonable STPs are issued to describe and make available to the
assurance" of safety must take into account the' uncer- public methods acceptable to the NRC staff for imple-
tainty associated with the lack of more complete models; menting specific parts of the Commission's regulations,

i- but that'can be accomplished by appropriate conserva- or to provide guidance to DOE Moreover, STPs nre not
i tism. Accordingly DOE will need to defend its design substitutes for regulations, and wmpliance with them is
' -

decisions on the level of T-M-H-C coupling it chooses to not required. Methods and solutions different from those
consider in a particular GROA design, including those set out in the STI) will be neceptable if they provide a basis
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- 1.0 Intrcduction -

- .

Tfor the find ngs requisite to the issuance or continuance of phase is to identify what is necded to demonstrate compli-
Ja construction authorization ~or license by the Commis- ance with the requirements of 10 CFR Part 60.133(i) and ' --

i sion. 'Ihere,' ore, the objective of providing guidance to -thereby minimize the potential for significant future:--

. DOE on th:rmal-load design during the pre-licensing- problems. -
.

.

-
._.-

_
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2.0 REGULATORY FRAMEWORK e
d

The regulatory requirercent that forms the principal basis The performance objectives referenced in 10 CFR
to address thermal load design requirements for the 60.133(i) are 10 CFR 60.111,60.112, and 60.113 (NRC,
GROA undergmund facility is set forth in 10 CFR 1990). A related regulatory requirement that provides an
60.133(i): additional basis for the consideration of the effects of

thermal loads is also found in 10 CFR 60.21(c)(1)(i)(F).
The text of these and other applicable regulations are
provided in Appendix B of this document. For the texts of

"Q60.133(i) Thennal Loads. 'lle underground other applicable 10 CFR Part 60 requirements, refer to
facility shall be designed so that the perform- Code ofEcdcral Regulations, Title 10 " Energy."
ance objectives will be met taking into account
the predicted thermal and hermomechanical Information contained in NUREG-1373 (Gupta and
response of the host rock, and (sic) surrounding Buckley,19S9) and N UREG-1439 (G upta, et al,1991) is -

strata, landj groundwater system." also relative to this STi'.

i

-
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3.0 STAFF TECIINICAL POSITIONS

It is the NRC staff's position that DOE should develop Step Na 2-Detennination of the E4stence of Predictive
ar.d use a defensible methodology to demonstrate the Afodels to Quantify the Efects of rhennot
acceptability of a GROA underground facility design. Loading
The staff anticipates that this methodology will include if tne underground facility design for the GROA cannot
evaluation and development of " appropriate" coupled
models to account for the T-M-H-C processes that are be established to be independent of thermal loading,
induced by repository-generated thermal load. With re- determine if reliable predictive models exist to quantify

spect to 10 CFR 60.133(i), the GROA underground facil- the sensitivity of the G ROA design to thermal loading. If-

ity design: (1) should satisfy design goals / criteria initially such models exist, use them to quantify the effects of

selected by considering the performance objectives: and thermal loading. In this case, the process is continued

(2) must satisfy the performance objectives 10 CFR with the development of design goals / criteria in Step
60.111,60.112, and 60.113- No. 4, and since reliable models aircady exist, Step Nos. 3

and 5 are omitted.

ne stafl's technical position on an acceptable methodol. Step Na 3-Examination of the lhennally-Induced Phe-
ogy for demonstrat ng compliance with 10 CFR 60.133(i)i nomenu
is outlined in the following sections. The approach de'
cribed in this section is based on an expected under- If reliable models do not exist, examine the thermally-s

standing of the coupled effects of thermally-mduced phe- nduced phenomena in the host rock, surrounding strata,i

nomena consistent with the principle stated carher in and groundwater system, to provide a basis for developing

Section 1.0. The technical position descobes an approach predictive models for use in the design of the under.

that provides a means to evaluate, through predictive ground facility for the GROA.

modeling, the effects of thermally-induced phenomen
(m the host rock, surrounding strata, and groundwater Step No 't-Development of Design Goals / Criteria
system) on the repository performance associated with an Develop initial design goals / criteria for the GROA un-
underground facility design. Also, the methodology takes derground facility, based on performance objectives, us-
into account the perfonnance objectives of 10 CFR ing simplified analyses.
60.111,60.112, and 60.113, all of which must be satisfied
by any GROA underground facility design.

Step Na $~ Development of " Appropriate" Predictive
Aiodels

Develop predictive models for detailed analyses. Several3.1 Example of An Acceptable iterations may be necessary between Step Nos. 5 and 2 (in
Approach for Demonstrating Figure 1) before a satisfactory set of predictive models can

Compliance with 10 CFR 60.133(i) be developed.

DOE should develop a defensible approach that can be Step Na 6-A liPP cation of Predictive Afodels to the Un-I

) - used to demonstrate the acceptability of the GROA un- deyound FacM Dmsn
- derground facility design. An example of an acceptable Perform detailed analyses on the underground !=ility

i appnuch is described next and is illustrated in Figure 1. . design for the GROA, with predictive models.

Step Na 7-Iterative Predictions to Check if Design
| Step No 1-Preliminary Evaluation to Determine Sensitiv. Goals / Criteria are Alet

-

ity of the Perfonnance Objectives to Thennal
Compare results of predictive models to initial design#" "X
goals / criteria for the GRO A underground facility. If nec-

Make an evaluation to determine if the performance ob- essary, m@ Me uycrgsp fa@ty hgn @tep @
jectives (taking one at a time) are insensitive to the ther- ; fc fe"r '

* " P " 8"
mal loading to be considered in the GROA underground
facility design, based on current scientific understanding
and/or engineering experience. If such an evaluation re- Step Na 8-Incorporation of Predicted Resultsin Pre-
sults in a positive answer, as indicated in Step No.1 A of {d u e Perfonnance Assessment

d1Figure 1, then the underground facility design for the
GROA would be considered independent of the thermal Incorporate the predicted results in performance assess-
loading. ment models, to evaluate compliance with the individual

!
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3.0 Staff Technical Positions

performance objectives oi 10 CFR 60.111,60.112, and- 3.2 Development of Detailed Predictive
60.113. ModelS

To the extent practical, DOE should develop models to
if 10 CFR Part 60 performance objectives are not predict the thermal and thermomechanical response of
met, determine whether noncompliance with per- the host rock, surrounding strata, and groundwater sys-
formance objectives results from deficiencies in the tem, based on a mechanistic understanding of coupled
underground facility design for the G RO A. as shown T-M-H-C b;havior.
in Step No. 8A (see bottom of Figure 1). If initial
design iterations result in noncompliance with the
performanceobjectives,reexaminationof thedesign 3.3 Alternative Predict,ve Modelsi
process should be considered beginning with Step
Nos. 2,3, or 4. lf, aficr numerous design iterations, if a detailed understandin8 of coup ed T-M-H-C cffectsl

noncompliance with IC CFR Part 60 performance cannot be gained before submittal of an application for
constructton authorization, DOE should:

objectives persists, examination of other criteria not
related to the GROA underground facility design
should be considered (Step No. 8B). (a) develop models that approximate coupled behavior

m a manner that ts not likely to underestimate the
unfavorable aspects or overestimate the favorabic
aspects of repository performance; and

Step No. 9-Acceptability of Underground Facility Design (b) present such plans for in-situ and laboratory moni-
toring and testing, and for additional model develop-

The underground facility design for the GROA ment / refinement, as may be appropriate to confirm
would be considered acceptable if 10 CFR Part 60 the adequacy of the analytical methods used to sup-
performance objectives are met. port the application for construction authorization.

>

4

i
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| 3.0 Staf(Technical Positions
i

STEP #1 A STEP 81 OUEST/ONNO. f:
CONSIDER UNDERGROUND is here sufScie Imderstanding

FACILITY DESlGN iO ,YES ASK and'or enperierce to make a finding
BE INDEPENDENT OF ' OUESTION that a to CFR Part 60 porformance
THERMAL LOADING no , objectiveis in sensifve b Wormalloading?

OUESTIOF NO.2:
> NO Do re5able predic:|ve models exist to
y qua%fy the sensitivity of 10 CFR Part 60

STEPn2 peformance objec6ves to thermalloading?

YES ASK
QUESTION 1

NO.

NO -

1r STEP #3

EXAMINATION OFfg
-- THERMAt1Y INDUCED

PHENOMEMA

h STEP #5li if STEP #4

DEVELOPMENT OF DEVELOPMENT OF> DESIGN GOALS / PRED;CllVE -

CRITER:A MODEL(S)

| I

STEP #7A V STEP #6

APPLICATION OFMOOW
PREDICTIVE MODELSUNDERGROUND
TO UNDt9 GROUND

^

FACW DES!GN
FACILITY DESIGN

A -

if

STEP #7
ARE

NO DESIGN GOALS /
CRITERIA

M ET'l

YES
Y

STEP #8A STEPS 8
YES ASK NO RE THE
4 QUESTION < PERFORMANCE

No. 3 COJECTIVES
UET, QUESTION NO. 3:

!s non-compliance with to CFR Part 60
NO YES perfonnance objectives an wderground

1f STEPn8B 1< STEP ng facilitydesign-relatedproblem?
E AAMINE W ASTE PACKAGE DE5aGN.
atMms, sums mo seu UNDERGROUNDMo ctca.oce ssTnNo

FACILITY DESIGNg,m m
racun otsete cc ctam ACCEPTABLE

Figure 1. The Imgic Flow of an Acceptable Methodology for Demonstrating Compliance
with 10 CFR 60.133(i).
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4.0 DISCUSSION

The approaches described in Sections 3.1 and 3.2 are preclude the use of performance assessments for other -
,

acceptab!c to the staff because it believes that these ap. purposes, utilizing interim desin assumptions.)
proaches would lead to a rigorous and objective evalu-

- ation of the underground facdity design for the GROA, The fifth and last deci.sion point (Step No. 8A) determines
relative to the requirements specified in 10 CFR if noncompliance with 10 CFR Part 60 performance ob-
60.133(i). jectives arises from underground facility design-related

problems, or is the result of other design- and/or site-
related problems.The following discussions parallel the list of staff techni-

cal positions given in Section 3.0. The following discussions are a further amplification of
Step Nos. I through 9, presented in Section 3.1.

4.1 Exan1ple of An Acceptable Step No.1-Preliminary Evaluarian to Detennine Sensitiv-
Approach for Demonstrating

icy of$8
the Perfonnance objectives to Thennai

LCompliance with 10 CFR 60.133(i)
Upon emplacement of spent nuclear fuel and high-level

There are five decision points in the exampic approach radioactive waste (HLW)in the underground facility, the
shown in Figure 1 (see Step Nos.1,2,7, S, and 8A).The host rock, surrounding strata, and groundwater system
first two steps in the example approach are programmatic will respond to thermal leading generated by Ihe waste.
decision points In Step No.1, a decision will be made if This response will depend on tr.any factors, such as the
the thermal loads have significant impacts on the per- T-M-H-C characteristics of the host rock, and those of.
formance of the geologic repository. In Step No. 2, a the surrounding strata; hydrological and geochertJeal en-
decision will be made on whether a need exists for the vironment: the age of the waste and its thermal decay -
development of detailed predictive models. characteristics: and the designs of the underground facil-

ity and the waste package. Such a response will likely
. In the next two decision points in the example approach affect the preclosure performance objective 10 CFR
I (see Step Nos. 7 and S), evaluations are made of the 60.111, as well as the postclosure performance objectives

| acceptability of the underground facility design for the in 10 CFR 60.113 and 60.112.
GROA. The evaluation point in Step No. 7 involves thei

| comparison of the predicted responses with the response ,Fherefore, a logical starting point for a strategy for dem-

| limits set by the design goals / criteria for the underground onstrating compliance with 10 CFR 60.133(i)would con-
sd f n evaluauon to determine the sensitivity of the

| facility; those, in turn. are derived by considermg the
| performance objectives in 10 CFR 60.111,60.112, and perf rmance objectives (taking one at t. .ime)to the th r-
'

60.113. If the predicted response fails to meet the design mal kiading to be considered in the underground facility
goals / criteria for the underground facility for the GROA, design for the GROA This is Step No.1 in Figure 1. Ifit is
the design should be changed, with srbsequent model determmed on the basis of scientific understanding and/

,

upplication and reevaluation of predicted responses. r enginec, ring experience that the GROA underground
facility design is insensitive to the effects of thermalload-
ing, then the design of the underground facility'could

For each iteration cycle, the fourth evaluation point, per- proceed, without further developmental work, to show
| forrnance assessment evaluation (Step No. 8 of Figure 1). compliance with 10 CFR 60.133(i), as indicated in Step

- takes place only after all the underground facility design No. l A. The design in this case is shown to be independ-
'

goals / criteria for the GROA have been satisfied. If, on ent of the thermalloading
completion of the performance assessment evaluation,
the GROA underground facility design fails to comply .

with 10 CFR Part 60 pre- or postclosure performance SIcP No. 2-Detennination of the Existence of Fredictwe
cojectives, or has a potential for adversely affecting the #djj##b"#YJ'N#b###[ """

,
-

performance ubjective; a r^ assessment associated with
_ _

each step (or at least some of the steps) in the methodol- If i' is dete mined from Step No. I that the performance
ogy should be conducted, before new responses are pre- objective (s)is (are) sensitive to the thermal loading, then
dicted and incorporated into the performance assessment it will be necessary to establish whether reliable predic-
models for reevaluation. Several iterations may be re- tive models exist to quantify the degree of sensitivity. If
quired before it can be determineu ; hat the underground . predictive models exist that can reasonably represent
facility design for the GROA complies with 10 CFR coupled T-M-II-C behavior, then there is no need to
60.133(i). (it should be noted that this appmach does not develop new models. Instead, the existing models can be
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4.0 Discussion
~

used to carry out the design vialyses. Subsequently, Step presence of water and the amount of waste to be stored
Nos. 3 and 5 in Figure 1 may be skipped, and the process per uait area (i.e., the thermal load). In addition, the
continued with the development of design goals / criteria identification and analyses of natural analogues could
(Step No. 4). If reliable predictive models do not exist, the lend support to repository-related field and laboratory
process continues to Step No. 3. experiments.

Step No. 3 results from the need to bring about an under-
Step No. 3--Eramination of the Thermally-Induced Phe- standing of the occurrence of heat transfer and thermally-

nomena induced effects in the host rock, surrounding strata, and
groundwater system, as the basis for developing or quali-It is likely that repository-induced thermal loading of the fying adequate predictive models of thermally-inducedhost rock, surrounding strata, and groundwater system "W "'may be one of the most important underground facility

design parameters for the GROA (DOE,1988, p.
8.3.2.2-70).The level of response may, vary among differ. Step No. 4-Development of Design Goals / Criteria

~

ent geologic materials and in dtfferent locations, in the
ceologic repository, for the GROA, at different times, Although the host rock, surrounding strata, and ground-

water system are expected to respond to the transfer ofwhich could have an effect on the design of the under-
ground facility. Therefore, to ensure that the design of heat, the level of such response, which is acceptable frum

,

the underground facility for the G RO A complies with the the standpoint of the repository performance objectives,

design criterion stated in 10 CFR 60.133(i), it will be needs to be established. GROA tmderground facility de-

necessary to understand the transfer of heat and the asso- sign goals / criteria derived from I-M-H-C response tim-
its correlated to the repository performance objectives~

ciated phenomtaa such as the thermally-induced me-
chanical, chemical, and hydrologic response of the host re expected to be essential m the development of the

rock, surrounding strata, and groundwater system. This underground facility design.The purpose of developing

understanding would include an assessment of the level design goals / criteria that are denved by considenng the

of T-M-H-C coupling that may be necessary to reason- 10 CFR Part 60 performance objectives is to contribute to
,

the assurance that the design of the underground facilityably characterize the phenomena and predict the re-
has the likelihood of meetmg these performance objec-

SP ""' tives.The design goals / criteria are to be developed on the
basis of the understanding of the thermally-induced phe-

Predictive capabilities of thermally-induced phenomena nomena in the host rock, surrounding strata, and ground-
would require characterization of the heat-transfer prop' water system, and the expected consequences to the
crties of the host rock surrounding strata, and ground- waste isolation capability cf a site associated with the
water system. Essential information to obtain in this area presence of an underground facility, including the ther-
would be the host rock basic thermal properties, such as mal load. 'Ihus, an approach to developing performance-

-thermal conductivity, density, and heat capacity. In addt- based design goals / criteria would be:
tion, information about the host rock mineralogy, poros-
ity, degree of saturation, and permeability would con- (a) identify processes and events that could result f om
tribute to the understandmg of the heat-transfer thermally-induced phenomena (e.g., rock fractur-
environment and heat-induced flow of hquids and gases- ing, groundwater flow, or mineral dissolution and
Information that would support such characterization of precipitation) that could be of consequence to the
the heat-transfer properties would initially come from performance of the repository (as defined by 10 CFR
site characterization activities and subsequently from per- Part 60 general and specific design criteria and by
formance confirmation testing. preclosure and postclosure performance objec-

tives);
Field and laboratory experiments would be necessary to
provide evidence of the dominant modes of heat transfer (b) determine quantitatively and/or qualitatively in
that can be expected, including the degree to which these what way and to what extent these processes and
modes of heat transfer are affected by coupled T-M-H-C events affect (or potentially affect) the performance
processes.The dominant modes of heat transfer may be of the repository; and
functions of geometnc scale and time. For instance, radi-
ant heat transfer may only be of importance in openings (c) detennine the degree to which the processes and
around waste containers, disposal rooms, nnd access dnfts events are acceptable, to limit any adverse responses
that are not backfilled, whereas heat transfer associated that may be of significance in meeting the perform.
with the vaporization of pore water and transfer of the ance objectises.
vapor phase (i.e., convection / diffusion) may have to be
considered on larger scales, perhaps tens to hundreds of To establish response limits expressed by the design
meters frota the underground facility, depending on the goals / criteria, it is likely that " simplified" predictive
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4.0 DiscussionL

.

T-M-H-C analyses of conceptual underground facility - Step No. 7-Iterative Predictions to Check if Design
' designs would be conducted. Because the responses to be Goals / Criteria Arc Afet
considered are " thermally driven," it is conceivabic that
the design goals / criteria could be expressed in terms of a Step No. 7 ts a decision point to determine whether the

.

maximum rock temperature, temperature gradient, or design goals /critena for the GROA underground facility.

flux. However, they could also be expressed in terms of have been met. If the design goals /critena have not been

limiting rock stresses and displacements, groundwater :aet, then the underground facility design for the OROA
3

flow rates, and mineral dissolution and precipitation needs to be modified (Step No. 7A m hgure 1) and the
rates. All these analyses require a certain level of scien. design needs to be re-evaluated in the manner described ~

,

tific understanding, experimental evidence, predictive in Step No. 6. If the design goals / criteria have been met,

techniques (albeit simplified) and professional judgment. then the process contmues to the next decision point
found in Step No. 8.

There are various levels of details regarding the evalu.
ation of thermal eifects on tepository performance upon Step No. S-Incorpor tion of Predicted Residts in P.rform-
which the development of such cntena could be based. ar.ce Assessment Alodels
However, the criteria are expected to be developed based,

on the available information and understanding about the Although it may be possible to show that the ,nderground
host rock, surrounding strata, and groundwater system. facility design meets individual design ge,as/ criteria, the -1

New understanding about poteatial T-M-H-C processes final evaluation of the underground fadity design must,

and events in the host rock, surrounding strata, and be a test of the effect of the design orne performance, as
groundwater system could be gained during the period of measured against the objectives 10 CFR 60.111,60.112,.

site characterization and performance confirmation and 60.113. It is expected that mr jets for the evaluation,.

; testing. To better guide the development of the design of performance objectivesw. v. available, and willincor-
;; - process of the GROA underground facility, it is reason- porate the predicted heat transfer and thermally. induced

Lable that an improved understanding of the effects of mechanical, hydrologic, and chemical responses, includ-
i- ' T-M-H-C processes and events might be reflected in the ing uncertainties, as input for analyses. Compliance with

design process by new and/or revised design goals /crite. 10 CFR 60.133(i) would be demonstrated by meeting: (1)
ria. However, a documented rationale would be expected the design goals / criteria; and (2) the performance objec-
with regard to any changes to baseline design goals /crite. tives.
ria.

'

An unsatisfactory performance assessm:nt result would
. require a return to Step No. 4, to perform a reassessment|

Step No. 5- pment of " Appropriate"Predictae of the design goals / criteria. On the basis of the reassessi
ment, a re-evaluation of the design may be necessary,If

The discussion for Step No. 5 in Figure 1 is contained in unacceptable results persist,it may become r.ecessary to
Section 4.2, " Development of Predictive Models.- return to Step No. 2 or 3, from Step No. 8 (see Figure 1).

i it is conceivable that a noncompliance determination is
Step No. 6-App /ication Predictive Afodels to the Un- not necessarily related to a deficiency in the GROA un-4

j derground ility Design derground facility design (Step No. 8A). This would be -

! The design goals / criteria that may relate response limits evident if repeated examinaticus of the design process

(such.as maximum rock temperature, displacements, (e.g., Step Nos. 2 cr 3 through 7 in hgure 1) fail to yield a'

stresses, flow rates, and mineral dissolution and precipita- satisfactory evaluation by the performance assessment

tion rates) to the performance objectives serve ?.s the model(Step No. 8). In this case, a decision would be made

i initial gauge by which the underground facility design to look for pmMems related to waste package design,

.

should be tested. Thb means that the predicted results borehole and shaft seals design, and/or geologic setting.

(including the uncertainties) of heat transfer and c neerns (Step No. 8B); however, discussions of such

thermally. induced mechanical, hydrologic, and chemical analyses are beyond the scope of this STP.>

responses associated with a particular underground facil-;

ity design must be asailable and compared to the design Step No. 9-Acceptability of Underground facinty Design .
-

goals /criteru. An example of such comparisons associ-
ated ~ with - heat. transfer predictions can- be- found in This is the fmal step in the design of the GROA under-<

L NUREG/CR-5428 (Brandshaug,1989). Meeting all the ground facility. It is caly reached when the design goals /
design goals / criteria will provide confidencu that the un- criteria as well as the performance objectives have been

i derground facility design has a higher Iskelihood ot meet- satisfied. As indicated in Step No. 8, several iterations
i= -ing and/or not adversely affecting 10 CFR Part 60 may be required before it can be concluded that 10 CFR

,

precioste and postclosure performance objectives. 60.133(i) requirements have been complied with, i

13 NUREG-1466
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4.0 Discussion

- 4.2 _ Development of Detailed Predictive model uncertainty that results from the simplification and

Models M M knowledge of the phenomena being modeled.

'the thermat load expected to result from the emplace- Since the purpose of the predictive models is to assist in
* * ""I " N"" " " 4"" Y " E*"" " Yment of spent nuclear fuel and lit W will affect the host

rock, surrounding strata, and groundwater system for design, the models must provide a measure of response
.

thousands of years.Thus, the thermal load has the poten- that enables such evaluations, Relationships need to be

tit I to alter the normal T41-H-C processes within the a ablished between the response measures and the per-
mance measures.1 or the heat-transfer model thisgeologic setting throughout the entire waste containment

period and much of the waste isolation period. Predic- response measure would be the transient teroperatures in
4

tionsof the heat transferand thermally-induced mechani- the host rock and surrounding strata. For the mechamcal

cal, hydmbgic, and chemical response of *.he under- model, the measure would be the components of stress,'

strain, and displacement. For the hydrologic model, thisground facility host rock, surrounding strata, and
'

groundwater system must be part of the basis upon which measure would be the specific dtscharge of fluid through
i

the underground facility is designed. Analyses will be tM ht uk and surroundmg strata and the directional
wwors. For the chemical model, this measure wouldneeded that collectively wonid provide a perspective on

the transient rock temperarares and associated rock be the activities of compments in the aqueous phase, the

stresses and deformations groundwater flow (Le., liquid- mmp s n and mncentraum of nuneml mmponn
and vapor-phase transport), and chemical response such the fugacity of gaseous components and the porosity and

m ns permeability of the geofome material.{ as the dissolution and precipitation of mineral species in
J the host rock and surrounding strata. The staff expect! The reliability of model predictions is affected to a greatj. DOE to pursue the development of coupled T4f-H-L

models based on an understanding that is proportional to extent by the reliability of the information upon which the'

the impact of coupling on the overall performance of the predictions are derived. !nput data to the predic'tive mod-

geologic repository. els for heat transfer and thermally-induced mechanical,
hydrologic, and chemical responses must be representa-

; tive of the prevailing conditions at the repository site.
Hecause of the transient nature of the heat transfer asso->

Thus, the data must be derived by appropriate tests of a
ciated with the disposal of nuclear waste, the thermally- sufficient number and duration, which allow for reliabic
induced mechanical, hydrologie, and chemical response estimates of spatial representativeness, as well_as range
levels will also change with time. Details that may be and distribution of the data In addition, the acquisition of
important to the prediction of the response early in the the necessary input data, as well as the analysisof the data
history of the repository and that may occur relatively (e.g., data reduction) must be conducted in accordance
close to individual waste containers (for exampic the oc- with quality assurance procedures (see Subpart G to 10

| currence of pore water boiling), may not necessarilyoccur CFR Part 60).2 later in the history of the repository and much farther
'

from the vicinity of the waste con tainers. Thus, predictive Determination -of the heat transfer and thermally-1

models capable of analyzing canister-scale, room-scale, induced mechanical, hydrological, and chemical behavior
repository-scale, and regional-scale problems will be in the host rock, surrounding strata, and groundwater
needed to ent:re that an appropriate level of detail will system must give consideration to the effects of uncer-
be includedit, the analyses. tainties associated with the values of the parameters used

in the predictive model input. To properly enluate the-
; The staff recognizes that assumptions must be made underground facility design for the GRO A, the effects of
; about host rock conditions and level of details that will be uncertainty in model input parameters must be estab-
; reflected in the predictive models. To include great com- lished with respect to the predicted results. Thir crudes

plexity in the characterization of matenal behavior, for assumptions upon which the models rely, which tend to
' example, does not necessarily provide more accurate pre- idealize a problem into manageable proportions. As-'

dictions, because (even if the complex details can be char- sumptions and uncertainties could be related to geomet-
acterized at the sudes needed) a compicx model is often ric aspects of a problem such as two-dimensional versus

| more difficult to verify validate, and use. The staff also three-dimensional analysis, simphfied representathn of|

recognizes, on the other hand, that oversimplification in the geologic stratigraphy and/or topography, orientation
modeling may obscure the understanding of those proc- and frequency of rock joints, initial conditions, environ-
esses that might have significant impact on design goals / mental conditions resulting from a range of anticipated
criteria and/or performance.The analyst should choose a processes and events, and to ideahzations in constituttve
model that strikes a balance between unworkable detail relationships of phenomena. From the standpoint ol
and oversimplification of the processes that are being model reliability,it is essentiai that assessments he made -
modded. Such a balance can reduce the model uncer- of the effects of unecrtal.aes ossociated with model as-
tainty to a degree. Nevertheless, there remains residual sumptions on the predicted results. Thus, an evaluation
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of the uncertainties muo be provided with respect to the Finally, all predictive modcIs and their numerical repre-
predicted results and be included in the evaluation of sentations (i.e., computer codes) used for licensing will
performance as it may relate to the design of the GROA need a certain degree of validation and verification, re-
underground facility.The effects of uncertainties related spectively. Rigorous model validation and computer code -
to material properties could be assessed by using _the verification against laboratory c id field experiments are'

range or statistical distribution of the properties. Exami- expected to test the reliabilityof the models. Iloth model
nation of the change in response with respect to a vari- validation and computer code verification are imperative
ation (e.g., one standard deviation)in model-specific pa- if heat transfer and thermally induced effects are to be
rameters provides a useful perspective on the evaluation predicted with sufficient reliability to ensure compliance

'

of the design of an underground facility. Such examin- of the underground facility design with the performance
ation wuuld; objectives; However, there may be different levels of

: model validation, because factors that constitute a rigor-
indicate whether significant additional accuracy in ous validation depend on the information'obtained frome
the prediction is attainable, given the current pa. the laboratory and field experiments. For example, it i.s
rameter ranges and sensitivities; reasonable to expect that a more rigorous model valida-

!- tion could be achieved for short-term (e.g., less then 10
indicate which parameters may be important in years) predictions than for long. term predictions. It is elso' e

achieving more accurate predictions; and reasonabic to expect that a more rigorous model validd
tion could be achieved for predictions of T-II-M-C re-,

provide useful guidance aimed at the development sp nse in the close vicinity of the underground facility,e
. of an underground facility design, that accommo- including the m, dividual waste containers, than for pre #

dates certain parameter ranges. @ns of responses at greater distances from the utA.r.
ground facility simply because of the problemsassociated

. with physical access. (NRC has provided guidance on
,Fhe effects of assumptions could be assessed relattvely, computer code verification in NU' REG-0856 (see Silling.

,

- by varying the model m terms of ahernatives (e.g., using 1983). However, model salidation and code verification
|- different constitutive relationships and initial condarons)' are complex issues that deserve a more extensive discus-

- or directly, by evaluating the model against 9ystcal ex- sion than can be provided ia this STP.)
periments. The results of these activities provide confi-

L dence in the reliability of a model, which v uld need to be '

! expressed in qualitative and quantitative terms. It is an. 4.3 Alternative Predictive Models
; ticipated that a staust: cal approach will be needed to
; provide a systematic evaluation of the response uncer~ In demonstrating ccmpliance with design criteria of 10

tainties. Ihe NRC staff expects that DOE. vill use stausto CFR 60.133(i), it is expected that a mechanistic under-,

cal methods that are consistent with the quality and quan' standing of coupled heavior will be used to predict the
-

tity of data available in its approach to dealing with data thermal and thermomechanical response of the host rock,

uncenainties. surrounding strata, and Freundwater system. The staff
:

realizes, however, that it may not be possible to obtain a
thorough mechanistic understanding of coupled T-M.

.the licensing process requires that DOE demonstra'e H-C b5havior, as discussed in Section 1.2, particularly '

; that the regulanons embodied withm, 10 CFR Part 60 before an application is submitted to construct a geologic
| have been met However, as stated m 10 CFR

repository. Therefore,in the design of the underground
60.101(a)(2),". . . it is not expected that complete assur" facility, DOE may need to develop and ase models that,

1 ance that they will be met can be presented. A reasonable express coupling between processes based on less than a
C assurance,on the basis of Ihe record before the Commis-

,

- thorough mechanistic understanding of T-M.ll.C behav-
|- sion, that the objectives and criteria wdl be met is the ior. Note that analysis using such empirical modcts mustgeneral staridard that o requtred." Th. Commission pmvide foran evaluation of the effects of the assumptions

,

must, therefore, make a aindmg that the issuance of a of coupling on the predicted results and the conservatism
,

heense wdl not constitute an enreasonable risk to the of the empirical models used.,

'
health and safetyof the public. Further, this finding must

;. .b made on the basis of information presented in the The lack of a thorough mechanistic understanding may
license applicatbn. Section 10 CFR 60.24 of the rule - lead to IP use of models that do not directly account for
requires that the application be as complete as possible at coupling between two ormore of the T-H.M.C processes
the time of docketing and, further, that DOE update its involved. Appendix C gives an example of an iterative

' application as additional information becomes available. process for the analysis of thermally induced phenomena .

,

[ 'To the extent that the information in the application may using such " approximate" models. |

| be incomplete, it must nevertheless be sufficient (taking
'

into account plans for performance confirmation) to sup- In the application of empirical models that rely on a
| port the findings stated above. limited mechanistic understanding of coupled processes,
i
i

15 NUREG-1466,

u_ _. _ ._ _ _ . . _ . _ _ _ __ . _ . _ .._. _ _ _ _ __ _ __ __



. . . , ~ - - .- . - - - . .. . ~ - . - . .

4.0 - Discussion

.

..

and/or that do not directly account fo'r coupling between the favorable aspects of geologic repository performance,,
_

two or more processes, conservative data and assump- in the context of analysis and design.
.tions must be used. Such conservatism should compen-
sate for the uncertainties resulting from the lack of a ' Die staff also expects that, as a part of its performance

' detailed understanding, since otherwise such uncertain- confirmation program (10 CFR 60.140-143), DOE will
ties may preclude the staff from finding, with reasonable perform in-situ and laboratory monitoring and testing to
assurance, that the performance objectives will be met, confirm the assumptions made in the lisense application,

_

with respect to the alternative predictive models used in
If DOE decides to use alternative predictive models, as underground facility design analyses. The results of the
discussed above, the staff expects DOE's license applica- performance confirmation program should provide the
tion to demonstrate that such models are not likely to bases for model refinement, if needed, as discussed in

'
underestimate the unfavorabic aspects, or overestimate Section 1.2.

n

i

i

'
;
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APPENDIX A

GLOSSARY

As used in this guidance: " Retrieval"' means the act of intentionally removing
radioactive waste from the underground location at which

" Coupled Model" means a model that takes into account the waste had been previously emplaced for disposal,
the effect at least one process has on the initiation and
propagation of another. Figure Al(a and b) show exam- " Underground Facility"' means the underground struc-
pies of Thermal, Mechanical, Ilydrological, Chemical ture, including openings and backfill materials, but ex-
(T-M-II-C) coupled models. ciuding shafts, boreho!cs, and their seals.

" Geologic Repository"* means a system that is intended
" Validation" means the assurance that a model as emixx!- -

to be used for, or may be used for, the disposal of radioac-
ed in a computer code is a correct representation of thetive wastes in excavated geologic media. A geologic re- process or system for which it is intended (Silling,1983,

pository includes; p.3).

(1) The geologic repository operations area; and
" Verification" is the assurance that a computer code cor-

(2) the portion of the geologic setting that provides iso. rectly performs the operations specified in a numerical
lation of the radioactive waste. model (Silling,1983, p. 3).

" Geologic Repository Operations Area"* means a high- For definitions of other relevant terms, see 10 CFR 60.2.
level radioactive waste facility that i part of a geologic
repository, including both surface and subsurface areas,
where waste handling activities are conducted. References

"Geelogic Setting"' means the geologic, hydrologic, and Code of Federal Regulations, " Disposal of Iligh Level Ra-
geochemical systeins of the region in which a geologic dioactive Wastes in Geologic Repositories," Part 60,
repesitory operations area is or may be located. Chapter I, Title 10 " Energy."

"flost Rock" is the geologic medium in which the waste S 11 ng, S.A., " Final Technical Position on Documenta-
is emplaced. tion of Computer Codes for Iligh Level Waste Manage-

~

ment," Nuclear Regulatory Commission, NURiiG-0856,
'cos< of r, seral sm acum. Title to. iturgy.- June 1983.a
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Figure A1. Examples of Coupled Stodels.l'igure Al(a)is an example of a coupled modelin which each of theT, h!,11.
and C processes has an effect on the initiation and propagation of any or all of the other processes. Likewise, Figure
Al(h)is an example of a coupled model similar to that shown in Figure Al(a), with the exception that the coupling
between the mechanical (31) processes and the chemical (C) processes is absent, and the mechanical and hydrologic (11)
processes do not express an effect on the initiation and propagation of the thermal (T) and mechanical (N1) processes,
respectively.
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APPENDIX B

APPLICABLE 10 CFR PART 60 RFGULATIONS

60.21(c)(1)(i)(F) Content of application. option of waste retrieval throughout the period dur-
ing which wastes are being emplaced and, thereaf-

[(c) The Safety Analysis Report shallinclude: ter, until the completion of a performance confirma-
tion program and Commirion review of the

(1) A description and assessment of the site at which the information obtained from such a program. To sat-
proposed geologic re pository operations area is to be tsfy this objective, the geologic repository operations

located with appropriate attention to those features area shall be designed so that any or all of the em-

of the site that might affect geologic repository op. placed waste could be retrieved on a reasonable
erations area design and performance. De descrip. schedule starting at any time up to 50 years after
tion of the site shall identify the location of the waste emplacement operations are initiated, unless ~-

geologic repository operations area with respect to a differerd '.mc period is approved or specified by
the boundary of the accessible environment. the Commission.His different time period may be

established on a case-by-case baris consistent with .

(i) Re description of the site shall atso ir.clude the the emplacement schedule and the planned per-
following information regarding subsurface fornunce confirmation program.

conditions. His description shall, in all cases,
include such information with respect to the (2) This requirement shall not preclude decisions by the
controlled area.. In addition, where subsurface Commission to allow backfilling part or all of, or
conditions outside the controlled area may af- permanent closure of, the geologic repository opera-

fect isclation within the controlled area, the tions area t efore the end of the period of design for

description shall include such information with retrievability.

respect to subsurface conditions outside the
controlled area to the extent such information (3) 0 r purposes of this paragraph,a reasonable sched-

is relevant and material. He detailed informa- ule for retrieval is one that would permit retneval m
,

about the same time as that devoted to constructiontion referred to in this paragtaph shallinclude:
of the Ecologie repository operations area and the

(F) The anticipated response of the geomechan , emplacement of wastes.

cat, hydrogeologic, and geochemical systems to
the maximum design thermalloading, given the 60,112 Overall system performance objective
pattern of fractures and other dxontinuities for the geologic repository after
and the heat transfer properties of the rock permanent closure,
mass and groundwater.

The geologic setting shall be selected and the engineered

60.111 Performance of the geologie barrier system and the shafts, boreholes and their seals

repository operations area through shall be designed to assure that releases of radioactive
mt st accessh eMmnment Mowkg perma-permanent closttre,
nent closure conform to such enerally applicable envi-E
ronmental standards for radioactivity as may have been

(a.) Protection against radiation exposures und releases of establishedbythelinvironmentalProtection Agencywith
radioactive material The geologic repository opera' respect to both anticipated processes and eveats and un-
tions area shall be designed so that until permanent anticipated processes and events.
closure has been completed, radiation exposures
and radiation levels, and releases of radioactive ma-
terials to unrestricted areas, will at all times be main- {60.113 Performance of particular barriers
tained within the limits specified in Part 20 of this after permanent closure.
chapter and such generally applicable environ-
mental standards for radioactivity as may have been (a) General provisions-(t) Engineered barrier system.
established by the linvironmental Protection (i)De engineered barrier system shall be designed
Agency. so that assuming anticipated processes and events:

( A) Containment of lit.W will be substantially com.
(b) Retrievabilty of waste. (1) The geologic repository plete during the period when radiation and thermal

operations area shall be designed to preserve the conditions in the engineered barrier system are

!!-l NURiiG-1466
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dominated by fission product decay; and (B) any (1) Any generally applicable environmental standard
release of radionuclides from the engin cred barrier for radioactivity established by the Environmental
system shall be a gradual process which results in Protection Agency;
small fractional releases to the geologie setting over
long times. For disposal in the saturated zone, both (2) The age and nature of the waste, and the design of
the partial and complete filling with ground water of the underground facility, particularly as these fac-
available void spaces in the underground facility tors bear upon the time during which the tl'ermal
shall be appropriately considered and analyzed pulse is dominated by the decay heat from the fission
among the anticipated processes and events in de. products;
signing the engineered barrier system.

(3) The geochemical characteristics of the host rock,

j (ii) in satisfying the preceding requirement, the surrounding strata and ground water; and

| engineered burier system shall be designed,
(4) Particular sources of i:acertainty in predicting thesummg antrapated processes and events, s

performance of the geologic repository.

(c) Additional requirements may be found to be neces.
(A) Containment of IILW within the waste pack- sary to satisfy the overall system performance objec-

ages will be substantially complete for a period tive as it relates to unanticipated processes and
to be determined by the Commission taking events.
into account the fators specified in g60.113(b)
provided, that such period shall be not less than
300 years nor more than 1,000 years after per- 60.130 Scope of des.ign enteria for the

. .

manent closure of the geologic repository; and geologic repository operations area.

(B) The release rate of any radionuclide from the Sections 60.131 through 60.134 specify minimum criteria

engineered barrier system following the con- f r the design of the geologic repository operations area.
These design enteria are not intended to be exhaustive,tainment period shall not exceed one part in

100,000 per year of the inventory of that radi- however. Omissions in l!60.131 through 60.134 do not
r m mm any g u st pmv sd safay.onuclide calculated to be present at 1,000 years

following permanent closure, or such other " " * '" " * I# ## I" # #E*
fraction of the inventory as may be approsed or rmance Weches. M Mgn Ws must hnshnt

* ##" # #*# , " "specified by the Commission; provided, that
this requirement does not apply to any radionu-
clide which is released at a rate less than 60.131 General design criteria for the

~

0.1 percent of the calculated total release rate geologic repository operations area. -

limit. The calculated total release rate limit
shall be taken to be one part in 100,000 peryear (a) Radiologicalprotection. The geologie repository op-
of theinventoryof radioactive waste, originally crations area shall be designed to maintain radiation
emplaced in the underground facility, that re. doses, levels, and concentrations of radioactive ma-
mains after 1,000 years of radioactive decay, t erial in air in restricted areas within the limits speci.

fied in Part 20 of this chapter. Design shall include: 5

(2) Geologic setting. The geologic repository shall be to-
cated so that pre waste-emplacement ground water (1) Mecns to limit concentrations of radioactise mate-
travel time along the fastest path of likely radionu. fi31I" "II
clide travel from the disturbed zone to the accessible
environment shall be at least 1,000 years or such nmlid N h w9uido #m M M
other travel time as may be approved or specified by the victmty of radioactive materials, including, as

...

the Commission. ppropriate, designing equ!pment for case of repair
and replacement and provLling adequate space for
## #

(b) On a case by-case basis, the Commission may ap.
prove or specify some other radionuclide release (3) Suitable shielding:
rate, designed containment period or pre waste em-
placement groundwater travel time, provided that (4) Means to momtor and control the dispersal of radio-
the overall system performance objectise, as it re- active contamination;
lates to anticipated processes and events, is satisfied.
Among the factors that the Commission may take (5) Means to control access to high radiation areas or
into account are: airborne radioactivity areas: and

NURl!G-1466 B -2
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(6) A radiation alarm system to warn of significant in- (ii) The geologic repository operations area shall
creases in radiation levels, concentrations of radio- be designed to include onsite facilities and serv-
active material in air, and of increased radioactivity ices that ensure a safe and timely response to
released in effluents. The alarm system shall be de- emergency conditions and that facilitate the
signed with provisions for calibration and for testing use of available offsite services (such as fire,
its operability. police, medical and ambulance service) that

may aid in recovery from emergencies. ,

(b) Structures, systems and components important to
(0) U'5I5'Y '''Vi"'' (i) E"Ch "'I'i'Y ''*iC' 'Y''* * 'h*' '.safety-(1) Protection against naturalphenomena and

tmp rtant to safety shall be designed so that essen-environmental conditions. The structures, systems,
d I sa% ons can puformed under bothand components important to safety shall be
n rmal and accider.t conditions.designed so that natural phenomena and environ-

mental conditions anticipated at the geologie reposi- ( i) The utility senices important to safety shall
tory operations area will no' iaterfere with necessary nclude redundant systems to the extent neces-
safety functions. sary to maintain, with adequate capacity, the -

(2) Protection against dytamic e]Jects of equipmentfailure
andsimilar events. The structures, systems, and com. (iii) Provisions shall be made so that, if there is a
ponents important to safety shall be designed to loss of the primary electric power source or
withstand dynamic effect such as missile impacts, circuit, reliable and timely emergency power
that could result from equipment failure and similar can be provided to instruments, utility senice
events and conditions that could lead to loss of their systems, and operating systems, including
safety functions. alarm systems, important to safety.

(6) Inspection, testing. and maintenance. The structures, i
(3) Protection against fires and eglosions. (i) The stru" systems, and components important to safety shall

tures, systerns and components important to safety be designed to permit periodic inspection, testing,
shall be designed to perform their safety functions and maintenartee, as necessary, to crisure their con- 4

during and after cred:ble fires or explosions in the tinued functioning and reediness,
geologic repository operations area.

(7) Criticality control. All systems for processing, trans-
(ii) To the extent practicabic, the geologie repost- poryng, handling, storage, retrieval, emplacement,

tory operations area shall be designed to incor- and isolation of radioactive waste shall be designed
porate the use of noncombustible and heat re- to ensure that a nuclear criticality accident is not
sistant materials. possible unless at least two unlikely, independent,

and concurrent or sequential changes have occurred

(iii) 'lhe geologic repos"ory operations area sha!! in the conditions essential to nuct'ar criticality
e

be desyned to include c'xplosion and fire detec, safety. Each sy3 tem shrdi be designed for criticality

tion alarm systems and appropriate suppre.s. safety under normal and accident conditions. 'Ihe
sion systems with suffbent capacity and capa. calculated effective multiplication factor (Nr4 must
bility to reduce the adverse effects of fires and be sufficiently below unity to show at least a 57c
explosions on structures, systems, and compo. margin, af ter allowance for the bias in the method of

nents important to safety. calculation and the uncertainty in the experiments
!! sed to validate the method of calculation.

(iv) 'Ihe geologic repository operati,ns area shall W Instrumentation andcontrolsystems The design shall
be designed to include means to protect sys- include provishns for instrumentation and control
tems, structures, and components important to systems to monitor and control the behavior of sys-
safety against the adserse effects of either the tems imoortant to safety over anticipated ranges for
o;,cration or failure of the fire suppression sys. normal operation and for accident conditions.
tems.

(9) Compliance with mining regulations. To the extent
(4) Emergency capabi!uy (i)The structures, systems, and that DOE k not subject to the Federal Mme Safety

components important to safety shall be designed to and llcalth Act of 1977, as to the construction and
maintain control of radioactive waste and radioac- operation of the geologic reposttory operations area,
tive effluents, and permit prompt inrmination of the design of the geologic repository operations area
operations and evacuation of personnel darmg an shall nevertheless include such provisions for
ernergency, worker protection as may be necessary to provide

Ib3 NUIEG-1466
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'
reasonable assurance that all structures, systems, (c) Retrieval of waste.The underground facility shallbe )
and components important to safety can perform designed to permit retrieval of waste in accordance
their intended functions. Any deviation from rele- with the performance objectives of {60.111.
vant design requirements in 30 CFR, Chapter I,
Subchapters D, li, and b' will give rise to a rebuttal (d) Control of water und gasflhe design of the under-
presumption that this requirement has not been ground facility shall provide for control of water or
met. gas intrusion.

(10) Shaft com cyances used in radioactive waste handling. (e) Undergrormd openings. (1) Openings in the under.
7

(i) lloists important to safety shall be designed to ground facility shafi be designed so that operations 't

preclude cage free fall. can be carried out safely and the retrievabihty option
rnaintained. g

(ii) lloists important to safety shall be designed (2) Openings in ;he underground facility shall be de-
wi:h a rehable eage location system. signed to reduce the potential for deleterious rock

.

movement or fracturing of overlying or surrounding .
(iii) loadmg and unloading systems for hoists im. rock.

portant to safety shall be designed with a reli-
able system of inMrlocks that will fait safety (f) Rock excavation.The design of the underground fa-
upon malfunction. cility shall incorporate excavation methods that will

limit the potential for creating a preferenttal path-

r i u ide igrat n to e et si e en irItde w dep ndent r it s toi d c t
ment.

when waste packages are in place and ready for
"'

(g) Undergroundfacility vetailetion. The sentilation sys-
tem shall be designed to:

s60.133 Additional design criteria for the (1) Control the trar. sport of radioactive particulatesand
underground facility. Eases within and releases from the underground fa.

cility in accordance with the per formatice objectives
(a) General cnteria for the underground facihty. (1) The oi %60.1l1(a).

onentation, geometry, layout, and depth of the un.
derground facility, and the design of any engineered (2) Assure continued funct on during aormal opera-i

barriers that are part af the underground facility tions and un&r accident conditions; and
snali contribute to the containment and isolation of -

radionudhdes. (3) Separate the ventilation of excavation and waste
emplacement areas.

(2) The underground facility shall be designed so that (h) Engineered barriers. Engineered barriers shall be de-
the effects of credible disruptive events during Ihe s gned to assist the geologic setting in meeting the
period of operations, such as flooding, fires and ex- '

performance objectives for the period following pet.
plosions, will not spread through the facility. manent closure.

(b) 121exibility of design.The underround facility shall (i) Thermaticads. The onderground facility shall be de-
be designed with sufficient flexibility to allow adjust- signed so that the performance objectives will be
ments where necessary to accommodate specific site met taking into account the predicted thermal and
conditbns identihed through in situ inonitoring, thermomechamcal response of the host rock, and
testing or excavation. (sic) surrounding strata. [and} groundwater system.
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APPENDIX C -

EXAMPLE OF AN ITERATIVE PROCESS FOR THE ANALYSIS OF+

t THERMALLY-INDUCED PHENOMENA
y

|

J Figure Cl(a) illustrates a level of coupling that accounts responsibility 'o determine the most appropriate se-
for all the thermal-mechanical-hydrological-chemical quence of ansysis rests with the applicant. The processi<

! (T-ht-H-C) processes affecting each other's initiation depicted in Figure C2 is based on the need to not only

[ and propagation (indicated by arrows pointing in both provide predictions about the heat-transfer and
y'- directions between the processes in Figure Cl(a)). Such a thermally-induced effects in the host rock, surrounding

model would be based on a detailed mechanistic under- strata, and groundwater system, but to provide it in a
standing of the coupled T-hi-H-C processes. Figure manner that allows an evaluation of the level of coupling
Cl(b) shows a second example, of a coupled model, that used,

may be based on either: (1) a detailed mechanistic under-
standing of the coupled T-hi-H-C processes, reflecting
the understanding of negligible effects of some of the - The applicant may choose to use approximate methods
processes on others (i.e., arrows pointing only in one similar to that illustrated in Figure C2, for assessing the
direction between the affected T-hi-H-C. processes); effects of thermalloadsin the context of the underground
and/or (2) less than a thorough understanding of the facility design. However, regardless of the methods, as-
coupled processes. Figure C2 shows an example of the sumptions, or approximations used in the design process,
analysis approach, to approximate the coupled models the applicant must demonstrate, at the time of license
shown in Figure C1. The example analyses depicted in t pplication,' that the proposed underground facility de-
Figure C2 would initially involve a set of predictions of sign will conform to the performance objectives of 10
heat transfer, thermally-induced mechanical, hydrologic, CFR 60.111,60.112, and 60.113, as required by 10 CFR
and chemical responses, with subsequent changes ta the 60.133(i).
thermal properties consistent with the predictions of me-
chanical, hydrologic, and chemiul responses (e.g.,
changes in thermal properties because of dissolution and It is also important to note that not every design goal /cri-
precipitation of mineral species in the host rock, as pre- terion needs consideration of mechanical / chemical /hy--
dicted by the chemical model). Subsequent analyses drological changes resulting from thermal _ loading. For
would produce a second, and third, etc. set of predictions each performance objective, the scale of the problem-
of heat-transfer and thermally-induced mechanical, hy- (canister / room / repository / region) and duration of inter-
drological, and chemical responses.The iterative process est (0 to 100 years, O to 300/1000 years, O to 10,000 years)
would continue until changes in the prediction of the will be different.~ The analyses should consider the exist-

,

respective phenomena converge to some acceptable ing information'such as laboratory and field test data,'-

level. " simplified'' model studies, and natural analogues, before
emba^ing on any detailed analyses. For certain cases, it -

"the order in which the phenomena (e.g., T-hi-H-C) are may h. possible to terminate the analysis procedures in
analyzed in Figure C2 is shown only as an exampia. The Figure C2 at the end of first or second iteration.

i
l-

L .

L
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(D)=(a)

Figure C1. Coupled T-M-II-C Models. "T," "M," "H," and "C" refer to thermal, mechanical, hydrological, and
chemical responses, respectively.
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Figure C2, Example of an Iterative Process for the Analysis of Thernially Induced Phenomena.
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Appendix D

APPENDIX D

DISPOSITION OF PUBLIC COMMENTS

Note: Droughout this comment response package, turbed zone and a containment period. Both were
"STP" refers to the staff technical position noticed in the justified because they permitted simplihed analyses,
Federal Register on July 22,1991 (NRC,1991; $6 FR not the highly complex and possibly unattainable
33478). analyses that the STP expects.

We suggest that the NRC staff limit this STP to
Department Of Energy (DOE) one way thermomechanical coupling as the title sug.

ComnlentS gests, as other NRC guidance (NUREGICR-5428)
has done, and as 10 CFR 60,133(i) requires. We
discourage the staff from pursuing " fully coupled"

General Commen(S models at least until the staff and DOE know more
about them.

Over the pr .cn years, the U.S. Nuclear Regula-
tory Comn'' .sion (NRC) a;taff has urged the U.S. The STP lacks a regulatory basis. It cites the require.
Departme.it of Energy (DOE) to assess the coupled ments that supposedly require an assessment of cou-
thermal (T) mechanical (M), hydrological (H), and pled processes,yet the terms" coupled processes"or -
chemical (C) responses associated with a geologic " fully coupled rnodels" never appear in 10 CFR Part
repository. In response, the Yucca Mountain Site 60, in the draft rule, or in the supplementary and
Characterization Plan (SCP) stated that although background information. To the contrary, NRC
not completely defined, tests will investigate cou- sought to avoid analyses of these highly complex and
pled interactions (DOE,198Sc, p. 8.3.2.1-14). Also, uncertain interactions. To do so, NRC confined
in our Exploratory Shaft Facility (ESF) Alternatives thermally driven phenomena to the " disturbed
Study (Dennis,1991), we examined different testing zone" a portion of the host rock for which DOE
layouts and chose one that would accommodate could not take credit. Likewise, NRC required con-
most testing programs, including tests for coupled tainment until the thermal loads subside. By doing
interactions. Test Planning Packages and the Title 11 so, NRC sought to simplify DOE's evaluation of the
design of the ESF should give the NRC staff more repository's performance. In short, by requiring a
information, but we have no immediate plans to . . . comprehensive, systematic, and logical under."

examine coupled interactions at the level of detail standing of the coupled T-M-H-C responses," this
that the draft Staff Technical Position (SFP) recom- STP voids NRC's justification for requiring a dis-
mends. turbed zone and a containment period.

The STP outlines a step-wise approach by which the ne STP is too generic and lacks pertinent details to
T-M-H-C assessment would be accomplished. It is meet its stated purpose. The acceptable methodol-
a demanding approach entailing many ccmputer ogy for demonstrating compliance-with 10 CFR
codes whose development will push DOE well be- 60.133(i), as described on pages 7-10, is incomplete
yond the state-of-the-art. Ultimately, the NF C staff and lacks some crucial details of acceptable method

| expects DOE to ". . . demonstrate a comprehensive, for decision making, especially in the case where the
'

systematic,andlogical understandingof the coupled available information will reflect large uncertainty
T-M-H-C responses associated with a particular at the programmatic and technical decision points
geologic repository operations area (G RO A) under- shown in Figure 1.
ground facility design."(page 1). We seriously doubt
that the staff's expectations will be realized, at least On pages 1-5 of the STP, the expectation? of the
within the next five to ten years. NRC staff at each stage of the program such as

Construction Authorization, Construction, Waste
The STP does not convince us that a " fully coupled" Acceptance, Performance Confirmation Monitor-
modelis needed for demonstrating compliance with ing, and Closure, are not c!carly stated. He text
10 CFR 60.133(i) or, for that matter, any require- switches back and forth between these various stages
ment in 10 CFR Part 60. We believe that "simpli- of the program, leaving the reader somewhat con-
fied" models would work as well, if not better ne fused about the various expectations, it would be
STP does not explain what makes a model " fully useful to the designers and modelers of the
coupled." Aa exampic would be helpful.De STP repository if the expectations of the NRC staff were
voids the NRC's justification for requiring a dis- stated clearly at each stage of the program.

D-1 NUREG-1466
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, G 1se 'the staff also does not agree with the assertion that "Sim-
plified models would work as well,if not better. , [than]

4 <gulatory acquirement 10 CI R 60.133(i)is one of sev- . ' fully coupled"' models, as mentioned in DOE's.
.

cral criteria to be considered in the design of the under. " General Comments." llowever, as noted above, the
ground facility, It requires that the underground facility staff notes the concern raised by DOliin its comment and
for the geologic repository operations area (GROA) be has modified the final version of the STP in a number of
designed so that the performance objectives will be met, places to reflect its position that if DOli substantiates that
taking into account the predicted thermal and thermom- its use of such models is consistent with the principle
echanical response of the host rwk, surrounding strata, stated in Section 1.0 (* Introduction") and repeated
and groundwater system. 'this regulation specifically re- above, the staff has no objection to the use of such models
fers to the groundwater in the context of thermal loads in demonstrating compliance with 10 CFR 60.133(i).
and the design of the undergroand facility.The effect of
temperaturc on the groundwater must, therefore, be con. In a related matter, DOI! notes that the definition of
sidered. Ilecause the hydrology /radionuclide-transport is " fully-coupled'' models in this STP is " unconventional"

:

1 " tied" strongly to the in situ geochemistry, it becomes and " ambiguous," and suggetts that this term be 6 fined _

necessary to include chemical effects in the evaluation of in more detail.'lhe staff agrees with this comment and has
the thermal load, to the extent that they have impacts on made the following revisions to the STP:
the repository performance.Therefore, the staff believes
that the compliance evaluation of 10 CFR 60.133(i) (1) changed the terms " fully coupled," " partially cou-
should include an investigation of thermally-induced pled," and "one way coupled" models to the term o

M-ll-C effects. This STP provides an acceptable meth- " coupled" models; and
odology to demonstrate compliance with 10 CFR
60.133(i). (2) defined the term " coupled" models.

In the context of thermal load considerations," coupled
.the governing principle that serves as the foundation for behavior" means that at least one of the processes (i.e.,T,
the STP is that to demonstrate compliance with 10 CFR M,11, or C) has an effect on the initiation and propagation
60.133(i), DOE needs to consider thermal couph,ng of of any or all of the other processes.
processes in a manner that is not likely to underestimate
the unfasorabk aspects of repository performance, or DOli asserts that this SFP voids NRC's justification for
overestimate the favorable aspects, in the context of requiring the " disturbed zone." The staff points out that
design and analyses. the boundary of the " disturbed zone"(see 10 CFR 60.2)is

used to f acilitate the calculation of the pre-emplacement
Doll's general comment states that the guidance in the groundwater travel time (10 CFR 60.113(a)(2)). The dis-
STP is too demanding, and therefore, the Department turbed zone boundary will need to be established, during
does not think that NRC's expectations will be fulfilled. the site characterization phase, on the basis of an under- -

In this regard, the staff does not expect DOE to develop standing of physical and chemical changes within the rock
" fully coupled" models and, as noted below, the final surrounding the waste emplacement area, as a result of
version of the SI'P has been modified in a number of underground facility construction and heat (thermalload)
places, to clarify the staff's expectations regarding model generated by emplaced radioactive waste, it should be
development. 'lhe staff wishes to emphasize that the noted that the * disturbed zone" concept is only associated
technical positions expressed in Sections 3.1,3.2, and 3.3, with one of the six performance objectives; other per-
when considered collectis ely, provide guidance and a real- formance objectives must also be complied with, Compli-
istic approach for dealing with the complexities of cou- ance with these other performance objectives would also j
pied processes, in light of the principle stated above. need an understanding of the thermally induced re-
Moreover, the text of the STP shows ample recognition of sponses and their associated cncertainties.Therefore, the
the difficulties involved in developing defensible predic- staff believes that the " disturbed zone" concept does not
tive models, and has provided alternative approaches (see relieve DOli from considering the effects of thermalim-
Technical Position 3.3) for dealing with the long time pacts and associated uncertainties on repository perform-
penods that must be considered. 'lhis STP also empha- ance. (For a related discussion on this isstic, DOli is
siics the progressive development of predictive models. referred to the staff's response to DOli Specific Com-
As more information is gathered, and rnechanistic under- ment No. 2.)
standing advanced, the capabihty of the pt edictive models
is expected to evolve progressively at different stages of 'ihe DOE general comment implies that, because the
the underground facility design, construction, and opera- waste packages are to be designed for a containment life
tions. The staff believes that such an approach can be of 300 to 1000 years, at the end of which time the thermal
achievable, but only if DOli makes an early commitment loads would have subsided, there is no reed to understand
to its implementation. the near-field environment of the waste packages.

NUREO-1466 I -2
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Ilowever, the staff believes that the understanding of the fore, be considered, llecause the hydrology /radionuclide -
near-field T-hi-II-C environment would contnbute to transport is " tied" strongly to the in situ geochemistry, it '
the design of the enginected barrier system (Ells) in becomes necessary to include chemical effects in the
particular, the thermal h) ads aspect of the underground evaluation of the thermal load, to the extent that it has an
facility design.'lherefore, the staff disagrees with DOE's impact on the repository performance.1herefore, the
contention that the containment period provision of the staff believes that the compliance evaluation of 10 CFR
rule relieves DOli of a need to understand and analyze 60.133(i) should include an investigation of thermally-in-
the T-hi-11-C processes that affect the waste package duced hi-lbC cffects.

,

'

performance. .

'lhe requirement in 10 CFR 60.133(i) alone provides the .
Regardmg the need for coupled models, the staff main. necessary and sufficient regulatory basis for this S'I1*.
tains that DOE should develop models to predict the 110 wever, there are other regulatory requirements that
thermal impacts, based on a mechanistic understanding of provide additional bases. For example,- in 10 CFR 1

T-hi-it-C interactions, to the extent practical and neces. 60.21(c)(1)(i)(F), the content of the license application is
sary.1here are plausible conditions ut. der which T-!{-C specified to include, "The anticipated response of the
effects can result in changes to a repository host rock geomechanical, hydrogeologic, and geochemical systems
environment (Un and Daily,1989). The stafI's intent is to the maximum design thermal loading, given the pattern
that a logical approach be used to predict the hi-11-C of fractures and other discontinuities and the heat trans-
response of the system, to the maximum design thermal fer properties of the rock mass and groundwater." Such
kiading. 'lhe " level of coupling" that needs to be consid- an evaluation of thermal responses should be based on an
cred should be determined from an established technical understanding of the T-hi-II-C processes, and their in-
basis. It is not the intent of the staff to ret.uire DOE to teractions.1herefore, the staff disagrees with DOE that
develop a highly complex numerical code from the the S1 Placks a regulatory basis.
T-hi-11-C coupled model. The staff believes that, al-
though "sim plified" models are necess:uy and useful. they The staff does not agree with the next portion of DOE's
may not be sufficient to demonstrate the adequacy of the comment that "The STP is too genericand lacks pertinent
GitOA underground facility design with the require- details to meet its stated purpose." It is the staff's intent,
ments of 10 CFR 60.133(i). NUREO/CR-5128 in this STP, to outline an acceptable methodology for
(I randshaug,1989), referenced by DOE in its general demonstrating compliance with 10 CFR 60,133(i)without
comment, is strictly a description of a three-dimensional unduly constraining DOE in its choice of methods that
analysis of the single process of transient conduction heat maybe used in implementing the intent of the STP.'!his
transfer in the host rock in the vicinity of waste packages approach identifies several programmatic and technical i
and storage rooms. It neither contains an evaluation of decision points, to facilitate the process for compliance - '

thermally induced mechanical effects (i.e., T-hi) as men- demonstration. The methods that may be used for deci-
tioned in the DOE general comment, nor does it consider sion making at each decision point should be selected by
the combined effects of heat and water, which may be DOE under the premise that they are defensible and

- important to Ells design.The sole purpose of this refer- consistent with the overall repository design and perform-
; ence in the STP is to provide a specific example of the ance assessment philosophy and strategy. Regarding the
l process of performing analyses and comparing the results DOE concern on "... decision making . . where the avail-

| of these analyses to * design goals" (i.e., Step Nos. 6 and 7, able information will reflect large uncertainty ...,"it is the
in Figure 1) over a range of design conditions. 'lhe refer- staff's position that DOE should apply appropriate con-

| ence should in no way be construed to mean that the staff servatism in its design and performance cidculations, so
! codorses the single process model used in the report, that NRC will be able to make the necessary findings,
: under 10 CFR 60.31, with reasonable assurance.
'

As regards DOE's comment concerning a lack of regula-
tory basis for this STP, the staff does not agree with the Finally, regarding DOE's comment related to the staff's
Dep.mment's comment. As stated earlier in the staff's expectations not being clearly stated in the STP, the fol-
response, regulatory rcquirement 10 CFR 60.133(i)is one lowing clarification is provided. The staff expects, at the -

of several enteria for the design of the underground facil- time of construction authorization, that DOE clearly
ity. It requires that the underground facility for the. demonstrate _ that the models used to predict thennal
GROA be designed so that the performance objectives responses are not likely to underestimate the unfavorable
will be met, taking into account the predicted thermal and aspects of repository performance or overestimate the
thermomechanical response of the host rock, surround- favorable aspects, in the context of design and analyses.
ing strata, and groundwater system.This regulation spe- Subsequently, the underlying assumptions used in the
cifically refers to the groundwater in the context of"ther- _ projected performances should be confirmed. during the

~

;

mal loads"and the design of the underground facility.The period of performance confirmation, by appropriate con-
effect of temperature on the groundwater must, there- tinued testing and/or model refinements.
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|

Specific Commenis flowever, in view of the fact that the use of the term
" require" has a potential to be rnisinterpreted, the "Ab- i

1. Page lil, " Abstract" stract" has been changed by replacing the phrase ". . . will i

require development . . ." with ". . . will include evalu- |
"i NRC staff anticipates that the methodology to ation and appropriate development . . . ."1his alterna-
demonstrate compliance with 10 CFR 60,133(i) tive language was selected because it is expected that
". . . will require development of ' fully. coupled * DOE woald investigate the attendant eoupled T-M-11-C :

models " No such requirement appears in 10 CFR cffects commensurate with the uncertainties generated as
Pan 60 nor has this S1Tjustified the need for one, a result of a given thermal load.
Moreover, S1Ps cannot " require" but may recom- ;

mend or suggest a particular approach. 2. Page 2, Section 1.1,"Iladground"

The STP states,"One must also understand the un. '

Response certainties associated with predicting the thermal

With regard to the first portion of DOE's specific com- loading and corresponding rock and groundwater

ment, the staff agrees that 10 CFR 60.133(i) does not resp nses so that these uncertainties can be accom-
|

explicitly " require" the development of coupled models. modated by the design. According to 10 CFR 60.2,
Rema s dat "may be a dgnhnt cHect onThe staff notes the concerti raised by DOE in its comment

fined to the disturbed zone..h repo ofareen-*E"U""* *E#0'0and has modified the final version of the STPin a number
Provisions at 10 Clltof places to clarify the staff's position that it does not

require the development of ** fully coupled' models. 60.113(a)(2) exclude this thermally disturbed rock

liowever, as discussed in the staff's response to DOE's fr m the calculation of groundwater travel time,i.e.,
the calculation cannot take credit for the rock withm* General Comments," the staff believes that any demon-

stration of compliance with 10 CFR 60.133(i) would need the disturbed zone, fly creating a disturbed zone,

1 to be based on an understanding of thermally induced NRC relieved DOE from having to understand the
'

uncenainties associated with predicting thermalM-II-C effects on geologic repository design and/or per-
I ds. NRC justified a disturbed zone because physi-| formance. Moreover, as noted in the final version of the

STP. the staff further believes that such understanding cal and chemical processes therein are especially
difficult to understand in the area close to the em-would need to include an assessment of the importance of

coupled processes in quantifying the extent of these ef- plac wam kcam dat ama is phsicah aM'

fccts as part of the design process, before such a need can chemically disturbed b), the heat generated by those
be dismissed, wastes. (NRC, 1981; 46 FR 35281)

Likewise, NRC requires containment forat least 300
At the present time,in the repository program, with lim * to 1,000 years because during this time, decay heat
ited site specific information, it is not clear what level of would drop three orders of magnitude. (Ibid.) NRC
coupling (if any) will be adequate in expressing the antici. wanted containment "during the period when the

'

'

patcd thermally induced M-II-C responses associated thermal conditions around the waste packages are
with a thermalload. From the viewpoint of the NRC staff, - most severe . . . ho that} . . evaluation of reposi-
it seems that a prudent approach to demonstrating com* tory performance . , , |would be] . . . greatly simpli-
pliance with 10 CFR 60.133(i) should not dismiss the need

fied . . . ."(Ibid.). The rationale for 10 CFR Part 60to take account of coupled processes before such a need elaborates:
has been investigated. As a result, therefore, the staff
considers it prudent to follow a conservative course and "During this critical [ thermal] period the un- j
thus recommends the use of coupled models in the dem- certainties in predictirq release rates are very
onstration of compliance with 10 CFR 60.133(i). great. Even if we did understand the mecha-

nisms cornpletely, the data scatter increases
Finally, the Department has correctly noted in its com- with temperature so that test programs to-
ment that STPs do not express requirements per se. gather the data to narrow the uncertainties to

7- Rather, as noted in Section 1.0 of the STP: reasonable bounds are very cumbersome." ^

"STPs are not substitutes for regulations, and com-
pliance with them is not required. Methods and solu- This STP burdens DOE with the types of assess-

.

tions different from those set out in the STP will be ments that NRC sought to avoid. The STP would . ;

acceptable if they provide the basis for the findings have DOE assess the * fully coupled" thermal, hy . ;
requisite to the issuance or continuance of a con- drological, mechanical, and chemical processes, plus
struction authorization or license by the Commis- all uncertainties. Ilut NRC sought to avoid these-
sion." assessments by confining- these processes to a

,
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' disturbed zone and by requiring that the waste be ciated with one of the six performance objectives,10 CFR
contained until the processes have attenuated. If 60.133(i) deals with all six performance objectives. 'lhe

'
,

DOB must provide the information that this S11' design of the waste package that deals with two other
requests, there is no longer any justification for 10 subsystem performance objectives (e.g.,60.ll3(a)(1)(ii) !
CFR Part 60 to require a disturbed zone or a con. (A-11))and contributes to the overall performance of the !

tainment period. repository (under 10 CFR 60.112), requires a clear under-
standing of the near-field environment (which is con. !

It is also worthwhile to note that other uncertainties tained within the disturbed zone). 'lhe staff refers DOE
'

,

in the overall systems, such as the model and pa- to 10 CFR 60.135(a). !
'

t

ramet er uncertainties and the highly uncertain prob-
abihty and consequences of human intrusion, far In view of the aforementioned discussion, the staff dis-
outweigh the uncertainties resulting from the use of agrees with DOE's interpretation that the * disturbed

',

uncoupled or partially coupled models. zone" concept relieves DOE from considering thermal ;

impacts on repository performance in the pre and post. i

1he NRC staff should state that this STP does not closure periods, as specified in 10 CFR 60.133(i).1he
apply to the rock within the disturbed rone nor does staff believes that a prudent evaluation of thermalim. !

it apply during the containment period.1he dis- pacts would also include an assessment of the effects of ;

turbed zone includes "that portion of the controlled uncertainties, which should be incorporated into the un- <

area the physical or chemical properties of which derground facility design.
have changed as a result of. , heat generated by the .

eniplaced radioactive wastes such that the resultant 1he staff further believes that the understanding of the
change of properties may have a significant effect on near field T-M-II-C environment would contnbute to
the performance of the geologic repository" (10 the design of the !!!!S, in particular, the thermal loads ,

CFR 60.2). 'lhe containment period would last, at aspect of the underground facilitydesign.The capacity of :
4

the minimum 300 to 1,000 years. a canister to contain waste depends on; among other
things, the local environment of the canister. Under dif- i

We must add, however, that if the STP applies after ferent environments, the rate, rnechanisms, and proc.

the containment period and only to the rock beyond esses of canister degradation may be different '1herefore,

the disturbed zone, most of the guidance would be assessment of the performance of substantially complete ,

*

irrelevant. When attenuated in time and space, ther, containment must rely on the understanding of the
mal loads and gradients as well as * fully coupled" T-M-II-C processes at the container scale, including an
T-M-li-C proecsses would not significantly affect understanding of the importance of the effects of coupled ' -

the repository's long term performance. processes and related uncertainties.

'lhe staff recognlics, however,that there are other poten.
Response tial uncertainties associated with the overall system, as _,

indicated in DOE's comment; some of them may very well t

in its specific comment, DOE seeks to dismiss the need to outweigh the uncertainties resulting from the use of pre.
~

understand the effects of thermally induced M-li-C dictive models for thermal loads. liowever, this is not to,

processes and the uncertainties associatc) with those say that an understanding of the thermally induced phe.
'

l
,

processes in dealmg with the OROA underground facilit nomena is not necessary. It is the staff's contention that
design. It is stated that the " disturbed zone" concept (lu{

,

DOli first will have to demonstrate that the uncertainties ti

| CFR 60.2) and the " containment period" requirement (10 associated with thermal kiad consideration is indeed less >

CFR 60,ll3(a)(1)(ii)(A)) were introduced by NRC to re- important and, second, to demonstrate that reasonab!c
lieve DOE from such understanding. assurance for compliance with the performance objec-

tives will still be obtained without quantifying and/or re.
The boundary of the " disturbed zone" is used to facilitate ducing these uncertainties. Until such time, the staff con-
the calculation of the pre emplacement groundwater siders that it is appropriate and necessary to obtain a
travel time (10 CFR 60.ll3(a)(2)). The disturbed zone better understanding of the T-M-Il-C cffects on the

,

; boundary is established during the site characterization repository performance,
phase, on the basis of an understanding of physical and
chemical changes within the rock surrounding the waste Finally, DOE notes in this comment that "When attenu.
emplacerrent area. Although necessary for all conceptual ated in time and space, thermal loads and gradients as ,

designs, understanding of the character and extent of the - well as ' fully coupled' T-M-II-C processes would not 4

1 disturbed zone is particularly important in those design significtmtly affect the repository's long term perform-
options that call for elevated temperatures being main- ance," 1he staff is concerned that this statement conveys j
tained for extended time periods. Whereas the pre waste the notion that the Department's current understanding
emplacement groundwater travel time calculation is asso- of the T-M-H-C processes associated with a thermal.
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Appendis 1)
i
.

.

h>ad is sulficient to proceed with an advanced design of position 3.1). Some " established" models may be tell.
the GitOA underground facdity, in advance of extensive able, and therefore, could be useful in sensithity and i

!site characterinttion, and wcli 16ne a reference thennal tradeoff studies.*lhe stali notes that DOliimds an appar.
'load has been catablished and its offectr, have been evalu- ent contradiction in the Kil' text between Sections 1.1

ated. Itased on the staff's review of DOf fs program to and 1.2. llowever,in an effort to avoid the potential for |
.

date, the staff can find no bas on which to concur in the rnisunderttanding in the iutuie, the third, fourth, and i
*

Department's observation. fdth paragraphs of Section 1,1 have been wmbined and ;

revised as follows: !

3. page 3, Sectlon 1.1, "llat kgr ound" ." Hic imiuct of t her mal loads on i eposit ory pe rform. i
in line $ and elsewhere the KI P references heat in, ance can be a very complex technical inue, depend- -j
duced cifcets on groundwater flow,'lhe SIP should ing on inany factor 6. including the snagnitude of the

also acknowledge the powbility for steam genera, thennalloads thernselves. For tlane epository gen. r

tion and water vapor transport. Otherwise, the term crated thermal regimes that are within the sange of '

" groundwater" could be interpreted narrowly to engineering experiences, the use of exh, ting predic-

mean only liquid phase transput. hvc inodels to enluate the pnsible effects of ther. +

"il loads on repository performance may be a rea.
..jble approach to dernonstrate compliance with

1(cymitse 4 Part (o regulatory requirernents, On the j
nd, repository generated thermal regimes t

1hc staf f agrees with this remmmendation. It is cos" xyond the range of current engineering
'

able that the level of the thermal hiad will be sulhele' i pose sienifwandy mote complex prob.
high to induce rock temperatures that result in boillnp * mal regimes acting over the lona

*

pnewater. Accordingly, the rneaning of the tonn "flov *positmy perimmanco may produce
m the STP has been expanded to include both liquide alve prediction considerations that i

vapor phase transport. J cunent engineering practice. For
, the use of an existing model, to pre.

4. Pages 3 and 4, Section 1.1,"llackg!oum" 4 repWhry cliccts of such loads, may ;
#

.4 factory. For those situationk where dol!
1hc Sil' states that for "repositoryd cs protrammatic decisions that produce reposi.
mal regimes that are beyond tb- .nl uny. generated thermal regimes well beyond those ;
engineering experlences " the v .aodels for which engineering experience is available, it is
as a first step in establishin' range of expected that dol! will investigatc nnd evaluate the ,
cffects of thermal loads l' ,,ctory" unless eff ects of coupled processes in the pr edictions of the '

therc is"a programmW saluation of such underground fuellity perfo mance."
#

thermal loads " !,

E E8E' 3' NCCd"" I'I' 'U"'L "'und" ' !E'lhls 511'sho- .nscourage the use of estab-<

lished ne' preliminary programmatic evalu. In the second paragraph, the authors of the SM' i
atione ,oal loadings. Some established models appear to believe Ihat Doll will make a decision that i
we _., useful in sensitivity and tradeoff studies. results in an extraordinarily high repnitory-gener- (

ated thermal regime,1his may be a reflection of; ;
Also, the above pauage contradlets Statement 5 N1(C using available but outdated it. formation on
made on page four that state that an initial under. repository conceptual design in the Conceptual De. i
standing of thermally induced phenomena is c* sign lleport or in the Site Characteriention Plan

'

pected to be gained from the use of models that are (SCPh Chapters 6 and/or 7, Currently, there is no '

reastmably available.1hc guidance stated above is reference waste package design or heat _ load. DOllis
'

hardly new, and does not contribute to a demonstra. currently reviewmg !!!!S concepts. I!ven if this as. i
tion of compliance. *Ihere is a need to demonstrate sumption was true and dol! developed Pstat6of<
what the thermal loads are, the effects of those the. art" models how would NitC independently
loads, and whether the clicets are signifiermt to per- evaluate the unproven methodologfl-

~

>

formance and/or design. (thermomechanical test.
:

ing is described in SCp section 8.3.1.15.) <

llesponse .;

Response lhe remmmended approach adopted in the STP is ge.
.

:
nerie in nature. It was not formulated using information '

'lhe SIP does not discourage the use of existing models as on the repository conceptual design contained in DOIPs . ;

- long as they are reliable (refer to Step No,2 in Technical Conceptual Design Itenut (MacDougall cf til.,1987) nor '

i
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Appendix D

in $UP Chapters 6 and 7 (DOI:,19Ma and 19hhb). Ihe comphance with 10 (TR f al33(i). If IX)li can denu n-
recommended approa h requites a determination of shate that the use of "simphhed" modeh is consistent
whether thet e is a sufheient scientific understandmg andl with the principle stated in Section 1.0 of the final version
or engincenny esperiente to conclude that the perf orm- of the STP, then the staf f has no objection to the use of
am,e objectives are insensitne to the effects of thermal such models. (this position is described in detail in Step
loadmr. To make such a determmation,it is self-eviJent No. 2 of Sectiom 3.1 and 4.1, tespectively, of the S t P.)
that parameters such as waste packare desy*n and ther-
mal hsid wdl need to be considered. 7, p 4gg o.g , g 9g g g g

'lher mal.itespume Predictiom"
In iesponse to dol?s question regarding how NRC
would develop an mdependent resiew capahdity, it 'lhe third sentence of the first pararraph states,
should be noted that NRC has an onpoing research a'etiv. "the NRC staff finds that prediciive models bascd
it) to nn estigate and examine theimaHy induced phenom. on appummations of coupled formulations of
e na, including TMII- C coupled cifc(ts, and ako. N Rc T-M-l1-C responses may have to be used for dem-
is aetn cly participating in an international joint eIfort on omtrating cornphance with 10 Cl:R 60.133(i) at the _

developing coupled predietne models, ref erred to as construction authoritation stare of the repository
DITOV Al .liN (an acrony m for "Intes nahonal Cooper a. heeming process."'lhe stafI ex pects " fully coupled"
tive Pmjec t for the DI:velopment of Coupled nudeh and modek by the time of application for the beense to
their VAlidahon Against I;Npenmentsin Nuclear Waste recche, pouen, and emplace wage "

,,

Isolation") These activines are part of NR("s plam to
deselop an independent capabdity for the purpose of If NRC Imds, with reasonable assurance, that the
determining wmphante with 10 Cl R fal330). modch me sufficient at the time of mnstruction,

thes e is no cason to develop " fully coupled" modch
at the time of licensing. Up until the repository is

6. Page 4, Sntion 1,1,"lladre ouml" closed, we wiH continue improving our modek and
our undetstanshng of coupled responses. Ilut it is.I he second sentence states,"If, at any time, rehable

mfo mation is rather ed lo convmeingh demonstrate premature for the staf f to expcet that the processes
wi 1 ever be fully understood and that these modelsthat lutther development of predictise modek and wdl be fuHy coupk d.wdes would be unwattanted. nothing in this S t P

should be interpicted to suppest that ihe stall would
espect that adJitional unneceway steps would, nes- Il0sPnnse
eitheleu, be perfonned."

.the staf f disagrees with DOI,,s specific comment, that

Thk statement rhes DOli flexibdity, but it is incon- ik W pung (ut espectation of DDR to develop
sistent with the rest of the STP. Overall, the SI'P mur

,

moh " . by the time of applica,
nonunphes that "fuHy coupled" models and an under- r diy hwnw to teceive, possess and emplace
wage. . , Radn'r, SWhon R of the Si P expresses anstandmg of "fuHy' coupled" processes are required.

l'or esample, the SI P icconunends a rnethodolory expatadon of proganndy beuer understandmg the
w hu,h "n based on an espected understandmg of the mpong aweiated with the r epository thermal
*fuHv coupled' effects of thermaHy induced phenom- 104 an dat Om understanding be reflected through the

unent of new pwktin inndels.This expcetationen/ (Section 3.0). Apparenth, the stall beheses u

that only " fully coupled" models can proJoce reli- mms W be consistent with the idea espressed m the

able information. We believe that schable informa- gon unknw pf du umnd paragraph of DOlfs spe.
tion can be obtained from simplified uncoupled or ic wnunent h n WHamly conaimble that "'lhis codd
partially coupled modeh and coJet resuh in more comprehensive models (e.g., fully coupled

moJek) by the time of application for license to trecise,
pmsess, , and, subsequently, an application for license

l{esponse amendment for permanent closure."

'the staff doch not apree Widl the conchtslon Icached by I urthelmore, the t.taff would hke to claufy the points
DOE in its specific comment that the statement, "If, at raised in the second patagraph m DOlfs specific com-
any time, rehable infor mahon is pathered to conymemgly ment At the time of issuance of license for construction,
demonstrate that further des clopment of predictive mod- the judgment of reasonable assurance may very well rely
c h , , * it renciaHy inconsistent with the staff's overaH on projections of performance, together with a proposed
technical position expresed in this document, The statf pe formance confirmation program required under 10
believes that the technical positions described in Sections Cl R 60.137. Then, as the repository propram moses
3.1, 32, and 3,3, w hen comidered wHectnely, proviJe along, further infor mation will be obtained through con-
gmdance and alternathe approaches to demonstrating firmation of the understandmp of the site and the ability
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to predwt thermal and thermomechanical esponses of processes in the context of the overall repository. Section
the host rosk, surroundmg strata, and groundwater sys- 60.133(i)is specific in the requiremerit that " . . the un-
tem. It is entirely possible that there is no need to further derground facility shall be designed so that the periorm-
desclop predictive models af ter the construction authori- ance objectives will be met . . . ." 'the staff interprets the
ration state, so long as DOli can demonstrate in the requirement to imply that an evaluation of the design
Iactnse Application that there is no such need. Other- process for the Gl(OA should lead to the conclusion that
wise, DOli may be required to provide m its license the underground facility design meets the pertinent req.
Apphcation " . . a detaded description of the programs uirements. 'thus, in practice, the staff believes that the
designed to resohe safety questions . . . ." as stated in 10 design goals / criteria for the GitO A underground facility,
Cl 1160.21(c)(iiXi')(l4) and explained in Section 1.2 of with due consideration to the cfIcets of thermally mduced
the S 1 P. Whether or not a construction authoritation will loads, need to be correlated to the pertinent 10 CI lt Part
be granted dcpends on the nature of the unresolved 60 performance objectives in order to ensure that the
safety questions. As part of the performance confirma- design will rnect these objectives. On the contrary,if the
tion program (see Subpart F of 10 C1:11 Part 60), the staff requirement were as IX)li suggestr., the design process
expects rnodel development /refmement to continue as may not take into consideration the performance objec- _

needed.'lhe need for development / refinement of mod- lives, and consequently may face the rnk of not meeting
c!s should be siewed in the context of conf rming the the 10 Cl lt Part 60 performance objectives.
projected performance used in arnving at reasonable as-
surance at the time of construction authori/ation- 9 i' ages 8 to 10 Section 3.1,"l:xample of an Accept-

able Approach for Demonstrating Compliance
with to Clit 60.133(i)"

8. Page 7, Sntion 3.0, Staff Tnhnical Positions
'lhis section suggests a step wise approach for devel-

'the fourth sentence states that the staff's approach oping a fully coupled model which, according to the
for demonstrating comphance with 10 Cl ~lt S i P,is needed to demonstrate compliance with req-
60,133(i) 9s based on an espested understandmg of uirements for the underground facility at 10 Cl 11
the fully coupled effects of thermally induced phe- 60,133(i).
nomena "

liefore requesting a fully coupled model, this STP
'the protection of public health and safety and com. should establish that the model is needed to design
pliante with 10 Cl 11 Part 60 do not necessardy de- an underground facility. The recommended ap-
pend on understanchng the fully coupled effects of proach does not establish the need for a fully cou-
thermally induced phenomena. The restricted spa. pied model not does it explain the degree of cou-
tial and relatively short temporal extent over which phng that the NltC desires (see our " General
the coupled effects are sigmficant, combmed with Comments" and comments on the definition of
other precautions :nandated by the regulations (i.e., " fully coupled models"), lhe need for a fully cou-
the disturbed ione and a containment period), re- pled model cannot be simply presumed by the
move the necessity to fully understand coupled ef- authors.
fccts. From our readmg of the regulations, we con-
clude that a safety analysis need only demonstrate NitC should at least admit that a " fully coupled"

that thermal loads will not adversely affect the de- mW is not necmary to resolve all design prob-
,

sign of the underpound facihty, and that the design ! cms. We recommend that the approach presented
will not preclude compliance with the performance m this section expand upon the more sensibic ap-

,

objectives. proach desenbed m Appendix C, paragraph 4.

l(esportse
llesportse

'ihe mtent of Technical Position 3.1 is not to develop a
The stalf response to this speafte comment has already futly coupled model, but to desenbe an example approach
been addressed in its responses to DOli's " General Com- for meeting ihe requirements of 10 CFit 60.133(i). lile-
ments" and Specibe Comment No. 7. Although a com- ments of the example approach include paining under-
plete understandmg of coupled processes may never be standmg of the T-hl-ll-C proecsses associated with a
fully scalued, the staff maintains that understanding of teldtory-induced thermal load, and the conversion of
the T-hi-lI-C processes should be pursued. consistent this understandmg into predictive models.'lhe "expecta-
with the principle stated m Section 1.0 (* Introduction")of tion" of the staff terardmg the need for " fully coupled"
the STP. 'ihus, the " disturbed zone" concept (10 Cl 11 T-ht-il-C rmidels has already been adJressed in the staff
60.2)and the " containment period" requir ement (10 Cl it response to DOli's " General Comr. ents" and Specific
60.113(a)(1)(ti)(. .)). the staff belieses, does not relieve Comments Nos.1,6, and 7 and, therefore, will not be
dol! from pursuing an understandmg of T-M-Il C repeated here.
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'lhe need for, and dsired level of coupling, depend on liowever, dol!'s recommendation has caused the staff to
what is learned through the examination of thermally in- re-evaluate the logic depicted in Figure 1 and in an at-
duced phenomena, as indicated in Step No. 3 of Figure 1. tempt to clarify this logic, the staff has modified the figure

-

Certain levels of coupled processes may turn out not to be in the final version of the STP in two ways. First, Step No.
important and therefore may be excluded from the pre- 2A ("Use existing models to show compliance with 10

( dictive moJets. At the present stage, with limited knowl- CFit 60.133(i)")in the draft version of the STP was de-
) edge on the site information and coupled processes,it i* leted because there is no activity associated with this step

not clear what level of coupling will be adequate, it is pctsc. Second, the lopic flow from Step No. 5 to Step No. 3
expected that DDli will assume the responsibility to ad- in the draft version of the SIP has been changed to now
vance the state of.the. art, as appropriate, m its pursuit to indicate an iteration between Step Nos. 5 and 2. 'the
understand the importance of T-M-D-C coupled proc- change was made so that the approach includes an explicit
esses. check of the adequacy of any predictive modelsdeveloped

with existing technology,
l'inally,theapproach desenbedin AppendixCof thisSTP
is intenJed as an example of a model that could be devel- 11. Page 8, S(ction 3.1. " Example of an Acceptahle

~

opcd through iterations netween Step Nos. 2 and 5 of Approach for Demonstrating Compliance with 10
l igure 1 (i.e., gain an understanding, and convert this Clelt 60,133(i)"
understandmg into a predictive T-M-II-C model). It is
not mtended to replace the overall concept of the accept- Step N,o. 3 needs to be clarified smce it is not appar-
able methodology for demonstrating compliance with 10 ent if " defensible models used in Step No. 3 are m
Cillt 60.133(i). itather, if DOli can show that this ap. fact those " existing models that will show comph-
pr oach satisfies the principle stated in Section 1.0 (" Intro- ance with 10 C1:1160.133(i), as illustrated in Step
duction") of the S'1 P, it would be acceptable to the staff. No. 2 A Figure 1.

Response
10. Page H. Scction 3.1," Example of an Acceptable

Approach for Demonstrating Compliance with 10 The staff notes the concern raised by this comment and
Cl il 60.133(i)" has changed the term " defensible methods" to reliable

models" in order to be consistent with the discussion
The proposed approach suggests eight steps that contained in Step No. 2 of Technical Position 3.1.
"can be used to demonstrate the acceptability of the
underground facihty design."

12. Page 9, Section 3.1, * Example of an Acceptable
Approach for Demonstrating Compliance with 10

Steps two and four should be reversed. Step two CFit 60,133(i)"
"

would use existing models to show compliance with
10 01:1160,133(i), and step four wot.ld develop de. In Step No. 8, the incorporation of predicted results ~

sign goals /cnteria for the underground facility. Even in the pre and post-closure performance assess-
if the existing models were adequate, they cannot be ment models appears to contradict other NitC guid-
used to show compliance until af ter design goals and ance. NitC has consistently advised DOli to perform
cnteria are developed. I ater, the STP says the same, preliminary and iterative performance assessments
"The purpose of developing design goals /critena , using available models. DOli might be able to per-

. to contribute to the assurance that the design form preliminary performance assessments usingis .

of the underground facthty has the likehhood of the models examined in Step No. 2 or developed in
meeting these performance objectises" (pages Step No. 5. The NitC's performance assessment
14-15). staff might think DOli remiss were it not to use

these available models. NitC should consider revis-
ing the STP in consultation witt, its performance

Response assessment staff. DOli would appreciate a clarifica-
tion of guidance on this point as it may apply to other

This comment is noted. Ilowe"er, the staff believes that modeling and performance assessment effects.
the Department's recommendation would lead to an in-
ternal inconsistency Ihcf. violates the m crall logic detailed Responsein Technical Position 3.1 and depicted in Figure 1. The
staffs reasoning behind this position is that il there is an The staff does not believe that incorporating the pre-
affinnative response to the question asked in Step No. 2, dicted results from the approach outlined in this STP in
then the need to perform tae analyses described in Step the performance assessment model(s) contradicts other
Nos. 3 and 5 would be obviated because existing models NitC puidance. The approach described in Technical Po-
would already have these capabilities. sttion 3.1 and ilh strated in Figure 1 clearly suggests that
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.

the entire process is iterative (see the loop back from coupling depends on the understanding developed
Step No. S to Step No. 3 in ligure 1). through the examination of thermally-induced processes,

as indicated in Step No. 3 of I'igure 1. Such a need cannot
Itepardless of which types.of models are used for per- be simply dismissed without some assessment of the im-
formance assessment. simpic or compicx, the reasonable- portance of T-M-II-C coupling in evaluating the per-
ness and adequacy of the input data (in this case the formance of the repository. 'lherefore, at this point,
results from the predictive T-M-ll-C model(s)) are of whether or not coupled models are better than simple
primary concern. Without a reliable data set, there is no uncoupled models should not be a concern. 'Ihc main
rcason to believe that the results generated from the concern should be whether there is sufficient understand- .

performance assessment models will be reliable.'the pre. ing of the in-situ site conditions, including coupled
,

dictive models developed through the systematic ap. T-ht-il-C processes, to determine what ievel of coupling
proach outlined in this SIP will provide a portion of the (if any) is adequate for demonstrating compliance with
input data needed for the performance assessment mod- the requirements of 10 CFil 60.133(i). For this reason,
cis. In the context of NltC's iterative performance assess. Step No. 3 of the examp!c approach establishes a require-
ment efforts (see Codell et al,1992), the staff positions ment to evaluate the need and extent of coupling for
advocated in thii, STP are consistent with ihis on-going development of predictive models.
effort.

1hc comment also raises the issue of validation suggest-
ing that " fully coupled" models may be impossible to

13. Page 10. Section 3.2, * Development of Detailed validate m the classical sense.The staf f agrees, but would
Predicthe Modeh" note that this is also true of models exhibiting lesser

lhe STP states. "To the extent practical. DOli degree of coupling. The real issue the staff believes is -

should develop models . . . based on a mechanistic whether such models can adequately represent the v
understanding of fully coupled T-M-II-C behav- fccts of couphng on repository performance. -

ior." .

14. Pape 10, Section 3.3," Alternative Predictive Mod.
As commented earlier, NitC has not clearly ex- ch'
plained what constitutes a fully coupled model, what
these models will accomplish in terms of meeting .this section or the glossary m. Appendix A should

NltC regulations, or what advantage these models cJarify or provide a precise meaning of"the synergts-

have over simple uncoupled models. In short, NltC ne Wects of T-M-II-C interactions.1 hts phrase is

has not provided any compelling reason to develop aho found on page 18, Section 4.2, first paragraph,
bst sentme." fully coupled" models.

Also, this type of " fully coupled" mechanistic tmlel Response
may be impossible to validate in tbe classical sense of

.

*

the term. NitC's performance assessment staff has The staff agrees that there has been considerable difft-

stated that classical model validation cannot be ac- culty m mterpreting the phrase " synergistic effects of
complished for a repository. Consultation with T-M-II-C interactions " In the draft version of the STP,

NitC's performance xessment staff should be con, the staff had used several terms to desenbe coupled ef-

sidered in revising the STP, concerning the listing of fccts (e.g., synergistic effects, mteractions). Ilowever, for
,

scenarios and use or formulaGon of strategies on consistency, these terms have been replaced with the -

how DOli could make a demonstration with reason. ter " coupled effects"in the final version of the STP, the
;

able. assurance, definition of which has been mcluded m Appendix A -

(" Glossary"). DOli is directed to the staff's response to
the Department's " General Comments," where the staff ,

Response specifically described the revisions made to the final ver-
sion of the STP, to clarify the meaning and intent of these

As regards the first portion of this comment, the STP has - terms.
been revised to reduce the potential for the misinterpre.

"

I

tation that might have been created by the use of the
phrase " fully coupled" models. (these changes are de- E E"[,e 10, Section 3.3,"Alternathe Predici.ne Mod-

g
scribed in the staff's resp <mse to Doll's " General Com-

_ _

ments ") The suggested action in Section (a) should be clari- -i
fied. Models cannot affect performance objectives in -

As regards the second portion of this comment, as previ- any way.They can affect one's ability to demonstrate
ously stated in the staff response to DO!! Specific Com- compliance or the receptivity of a reviewer to the
ment Nos. I and 9, the need for and desired level of information presented.
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Response the GROA design process, consideration must be given to
which design parameters for the underground facility

'lhe staff agrees that models cannot affect performance have the potential to adversely affect the ability of the site
_ objectives. Accordingly, Section (a)of the technical posi- to meet the performance objectives.,

tion has been modified, as suggested in this comment.

17. Page 11, Section 4.1," Example of an Acceptable
16. - Page 10, Section 4.0, " Discussion" Approach for Demonstrating Compliance with 10

CFR 60.133(1)"
The STP repeatedly states that a repository's design The first paragraph states that "a decision will be
must comply with the 10 CFR Part 60 performance made if the thermal loads have significant impactsobjectives. Ilere it states. "Also, this methodology on the performance of the geologic repository"[for demonstratmg compliance with 10 CFR
60.133(i)J takes mto account the performance objec- later, the 511' states that this would be an early

" programmatic" decision,tives of 10 CFR 60.111,60,112, and 60.113, all of
which must be satisfied by any design."(Emphasis Since " fully coupled" models do not exist (and prob-
added) ably never will), early programmatic decisions must

be based on the results of" simplified" models. DOE
Twoof ti performance objectives, a repository's recommends that the NRC staff explicitly connect
overall penormance (10 CFR 60.112) and groundw- carly decisions with " simplified" models.
ater travel time (10 CFR 60,113(a)(2)) are more
oriented toward natural barriers that cannot be de-
signed. Moreover, according to 10 CFR 60.133(i), Response
"Ihe underground facility shall be designed so that The staff recognizes the need to make preliminary pro-
the performance objectives will be met . . . ." Thus. grammatic decisions insed on existing models. Ilowever, .
the SI1'should state that the design of the under- if these models reflect the understanding and experience
ground facility should not preclude compliance with - that are necessary to make a finding that a 10 CFR Part 60
the performance objectives: rather that the design performance objective is insensitive to the effects of ther.

,

must satisfy the performance objectives. malloading.and the models used are reliable and defensi-
ble, then the need for more sophisticated models is obvi-

NCSE""SU
ated, as noted in the STP. (Also see the staff response to
DOR Specific Comment No. 4.)

'1he staff disagrees with the recommendation made by
DOE in its comment. Section 60,133(i) is specific in the 18. Page 11, Section 4.1," Example of an Acceptable "

requirement that "'Ihe underground facility shall be Approach for Demonstrating Compliance with 10
designed so that the performance objectives yill_ be . CFR 60.133(i)"
met . . . ." (Emphasis added) The staff interprets the re- 'fhese are six performance objectives, not three, as
quirement to imply that the design process for the GROA stated in the second paragraph, second sentence,should lead to the conclusion that the underground facil-
ity design meets the pertinent requirements. Thus, in

| p'ractice, the staff believes that the design goals / criteria Response
- for the GROA underground facility, with due considera- '1he three 10 CFR Part 60 performance objectives re.tion to the efrects of thermally mduced k> ads, need to be ferred to in the 511' are 10 CFR 60.111,60.112. and

correlated to the pertment 10 CFR Part 60 performance 60.113. The staff acknowledges the need to clarify the
.

objectives in order to ensure that the design will meet STP in this area and has modified the text accordingly.
these objectives. 'Ihe staff views the terms " preclude
comphance" or " satisfy," as alternatively recommended
by the Department in this comment, to change the intent 19. P ge 11, Section 4.1," Example of an Acceptable-
of the current language of the rule. . M'"60 t33 ,1,)emonstrating Compliance with 10.

hf

As regards DOE's reference to " natural barriers" and 10 That performance assessment takes place, as stated -
CFR Part 60 performance objectives, it should be noted in the STP, only after all design goals / criteria have -

|- that the staff agrees that natural barriers cannot be de- been met,is inconsistent with t he advice [previously]
L signed, and the staff believes that there is nothing in the given to DOE by NRC. Performance assessment
| STI' to suggest that 'this would be the case, llowever, a only at the end of the process would be too late,
; particular GROA design may impact the ability of the particularly if goals and criteria can be met, but
L underground facility to meet the performance objectives, performance objectives may not be metiThe Sf1'
L particularly those of the natural system.*lhus, as part of should be clarified on this point.

i
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I

Response (" Discussion") has been deleted from the final version of
the STP.

Regarding the first portion of DOE's specific comment,
the example approach describe. 3 Technical Position 3.1 21. Page 13, Section 4.1," Example of an Acceptable
and illustrated Figure 1 clearly suggests that the entire Approach for Demonstrating Compliance with 10
process is iterative (see loop-back irom Step No. 8 to Ste p CFR 60.133(i)"
No. 2 in Figure 1). The text to which DOE refers in
Section 4.1 (" Discussion") speaks of the sequence of the At Step N0. 3 the first paragraph, last sentence

logic process within one iteration.The staff disagrees with states, "Ihis understandmg would include an assess-
,

the DOE contention that the approach is inconsistent ment of the level of phenomenological coupling that

with previous advice F ven to DOE by NRC. may be necessary to reasonably charactertze thei
phenomena and predict the responses.

Regarding the second portion of DOE's specific com- NRC should define "phenomenological coupling"
ment, DOE is directed to the text in Step No. 4 of Section and specify the degree of coupling desired. For ex-
4.1, which expresses that " . . design goals / criteria . . cor- ample, does th' staff want only direct couplings or -

related to the repository performance objectives are ex- both direct and crossed couplings? As commented
pected to be essentialin the development of the under- earlier, the staff has not established a need for such a
ground facility design." An approach to developing the detailed assessment particularly when the total
performance-based design goals / criteria is suggested by number of direct and crossed couplings are so nu-
Steps (a) through (c)in Section 4.1. Although not explic- merous. If the staff can justify an assessment of c

illy stated, Step (c)in this approach may very wellinclude phenomenological coupling, the assessment should
an evaluation of the design goals / criteria by a perform- be limited to direct couplings,
ance assessment model(s). He specific procedures by
which this is accomplished are left up to DOE.

Response

However, in consideration of DOE's overall comment, The staff notes the concerns raised with the use of the
the first sentence of Paragraph 3 of Section 4.1 has been term "phenomenological." Accordingly, this term has
changed to avoid further confusion on this issue. This been deleted from the STP and the sentence in question
sentence now reads as follows: has been modified to read as follows;

*For each iteration cyc!c, the fourth evaluation " Dis understandinE would include an assessment of
point, performance assessment evaluation (Step No. the level of coupling that may be necessary between

8 of Figure 1), takes place only after all of the processes to reasonably predict the responses."

GROA underground facility design goals / criteria Als , a definitian of " coupled lahavior" is now provided
-

.

have been satisfied.- in the STP, as well as in the * Glossary." (For a description
of what is meant by " coupled behavior," see the staff's

20. Page 12. Section 4.1," Example of an Acceptable response to DOE's " General Comments.")
Approach for Demonstrating Compliance with 10
CFR 60.133(i)" 22. Page 16, Section 4.1 " Example of an Acceptable1

h f0 Demonstrating Compliance with 10
The second paragraph states, "As illustrated in Fig- ^fR 60133 )C
ure No.1, the process may be terminated at different
decision points, depending on the state of the knowl- At Step No. 6, the STP cites NUREG/CR-5428
edge and complexi.y of the information needs." (Br.mdshaug 1989) as an example of" heat-transfer

predictions." This citation conflicts with presious
Other than the first step, Figure 1 does not indicate text where the STP expects an understanding of

decision points at which the process reay be termi. "iully coupled effects of thermally induced phenom-

nated. Either add these decision points or do not say ena" (page seven). Brandshaug's model only repre.

that they are present, sents the one-way T-M coupling. We recommend
that NRC reconcile the conflict by acknowledging
that valuable insight can be gained by using "simpli-

'esponse fied'' models.

He staff agrees that the flow logic shown in Figure 1 for Response
Technical Position 3.1 does not indicate any decision
points for termination of the process other than the first ne reference in the STP to NUREG/CR-5428 is strictly
step. Consequently, the 5th paragraph of Section 4.1 intended as a description of a three-dimensional analysis

NUREG-1466 D -12
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Appendix D

of the single process of transient conduction heat transfer Accordingly, for the reasons noted atxwe, the staff does -

in the host rock in the vicinity of waste packages and not agret with the interpretation of 10 CFR 60.133(i)
storage rooms The reference does not contain an evalu- made by the Department in this coniment.
ation of thermally induced mechanical effects (i.e., T-M).

3
as mentioned in DOE's " Gen e ral Comments " nor does it M Page 18, Section 4.2," Development of Detailedconsider the combmed effes b of heat and water, which Predictive Models"
may be unportant to the EBS design.The sole purpose of
the use of this reference in the STPis to provide a specific The second paragraph, last sentence, states,"Thus,
example of performing analyses and comparing the re- predictive models capable of analyzing canister-
sults of these analyses to " design goals" (i.e., Step Nos. 6 scale, room-scale, repository-scale, and regional-
and 7 in Figure 1) over a range of design conditions.The scale problems are required to ensure that appropri- .

reference should in no way be construed to mean that the ate phenomenological detail will be included in the
staff endorses the single process model used in the report, analyses."
Therefore, the staff does not consider that any conflict
exists, as suggested by DOE in its specific comment. We do not believe that this is possible. Predictive ,

. modeb, at their best, can discern the enginected
from the natural barriers, but they could never ana-

23. Page 17, Section 4.1," Example of an Acceptable lyze canister-scale, room-scale, repository-scale, and
Approach for Demonstrating Compliance with 10 regional scale with phenomenological detail. In- '

CFR 60.133(i)" stead, bounding analyses can insure that the reposi-
tory will meet the performance objectives. It should

At Step No. 9, the second sentence states that the also be noted that the system performance objec-:
final step is reached "when the design goals / criteria tives at 10 CFR 60.113 were crafted to accommodate
as well as the performance objectives have been the uncertainties that may arise from the lack of
satisfied . . . [then) . . . it can be concluded that 10 mechanistic understanding of the phenomenologi. .

CFR 60.133(i) requirements have been complied cal couplings (see our " General Comments).'
with."

sponse
T' tis step falsely implies that compliance with the
performance objectives (10 CFR 60.111,60.112, and 'Ihis comment is noted. However, the staff believes that it
60.113)is a prerequisite for the demonstration of is possible to develop predictive models that are capable
compliance with 60.133(i). As we read 10 CFR of analyzing canister-scale, room-scale, repository-scale, .
60.133(i), the sequence should be: (1) design an un- and regional-scale problems with appropriate levels of
derground facility; and (2) meet the performance detail.Thus, the staff emphasi7ed the words" appropriate
objectives. levels of detail"in the STP and refers the Department to

examples of computer codes that have been developed
that are based on coupled models and have been applied

Response to different geometric scales (see Noorishad and Tsang,
1989; Kelkar and Zyvoloski,1990; and Ohnishi et al.. .

Section 60.133(i) requires that "Ihe underground facility 1990). The knowledge of the T-M-H-C processes and -
. . shall be designed so that the performance objectives will site characteristics for the different scales of resolution -

be met . . . ." Clearly, there are many aspects of reposb may vary. For this reason, the levels of detail included in
tory siting and design that contribute to meeting the 10 the models may vary accordingly.
CFR Part 60 performance objectives. Demonstrating
compliance with 10 CFR 60.133(i) is one such aspect of Finally, as noted earlier, the word "phenomenological"
the repository design that contributes to meeting the per- has been deleted from the STP to avoid any misinterpre-
formance objectives. Because the design contributes to tation that it applies equally to all four scales of resolu-
meeting the performance objectives, it must be con- tion.
ducted in parallel and/or iteratively with the evaluation of
the performance objectives Sequential but independent E. Page 19, Section 4.2," Development of Detailed
design and performance objective evaluations, as sug- Predicthe Models"
geged by DOE's specific comment, would not accomplish
tLe intent of the regulations. The methodology in this The STP states in the first paragraph, second sen-

- STP recognizes that the product of such a design process tence,"The staff also recognizes, on the other hand,-
might lead to an underground facility design that fails to that oversimplification in modeling may obscure the
meet the performance objectives. Therefore, Figure 1 in understanding of those processes that might have
the STP describes a process with appropriate feedback significant impact on design goals / criteria and/or-
loops to avoid this, performance."

t
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please delete this statement. Overly compter . nod. 27. Page 21, Section 4.2,"Desclopment of Detailed
els, even more so than simple models, may obscure Predictise Models"
(through the influence of competing effects) an un- .

derstanding of one of the csupled processes. .the first sentence m the last paragraph states,"I .t-
nally all predictive models used for licensing are
likely to require a certain degree of verification and
validation."llesponse

'lhis comment is noted. Ilov ever, the staff directs DOli's Unless offered only for information, the text on
attention to the paragraph to which Doll's specific com. model validation and code verification should be
ment refers, in which it is noted: deleted. All model validation issues, whether the

modelis coupled or unc upled, should be confined

"To include great complexity in the characterization to NUltIIG-0856, or a separate STP. If the NRC

of matetl behavior, for example, does not neces- staff keeps the text, please use the terms "verifica-

sarily provide more accurate predictions, because tion"and " validation" consistently with the way they

(even if the complex details can be characterized at are defined in Appendix A and NUltliG-0856.
Models are not vertfied; rather models are validatedthe scale m.eded) a complex model is often more

difficult to verify, validate, and use. 'the staff also and computer codes are verified,

recognizes, on the other hand, that oversimplifica-
tion in modeling may obscure the understanding of flesponse
those processes that might have significant impact
on design goals / criteria and/or performance. 'the '!he staff agrees with the alternatise recommendation
analyst should choose a model that strikes a balance made in this comment and has modificG the final version
between unworkable detail and oversimplification of the STP to reflect the distiriction between the terms
of the processes that are being modeled." " verification'' and " validation."

The staff considers that in the context of the o crall SFP,
the sentence in question is appropriate. Thus, the staff 28. Page 25,l'igure 1
does not believe that the STP warrants modification, as
suggested by this specific comment. The logic flow after Step No. 811 is not closed. Clari-

fication should also be provided as to what drives
Step No. 7 A. " Modify underground facility design,"

26. Page 19, Section 4.2," Development of Detailed and how it enters the logic flow for an example of an
Predicthe Models" acceptable methodology for demonstrating compli-

ance with 10 CI lt 60,133(i).
'Ihc last sentence of the second paragraph indicates
that " porosity and permeability of the geologic ma-
terial" should be considered for the chemical model. IICSP0HSC
'lhe sentence should be corrected to reflect the fact
that porosity and permeability are hydrologic prop. Itegarding the first portion of this comment, DOII is
erties, and therefore, should be considered in the referred to the last paragraph of Step No. 8, under Sec-

hydrologic model. In addition, working the porosity tion 4.1 (" Discussion"), where a discussion is provided of

and permeability into a chemical model without also what takes place beyond Step No. Sil. Accordingly, the

emph>ying the range of grain sizes would prove diffi, staff believes that the logic flow after Step No. 811 in

cult, since particle surface area per unit volume is a I igure 1 is closed.

major factor in determining reaction rates.
Regarding the second portion of Doll's specific com-
ment, concerning what drives Step No. 7 A (e.g., the need

llesponse to modify the underground facility design), Step No. 7A
will result if there is noncompliance with the design go:ds/

The major focus of the cited paragraph (4th paragraph of criteriaevaluatedin Step F 7 For example,if agoal/cri-
Section 4.2)is to give examples of the potential response terion exists for a maximt m borehole wall emperature,
measures that may be used for the evaluation of the and this criterien is exceeded as a result of either a vety
adequacy of the underground facility design. This para- high initial power output from the waste package, or very
graph does not discuss input parameters that are needed close spacing between emplacement boreholes, this
for proper modeling.Thus, the staff does not believe that would result in a " visit" to Step No. 7A. Once the under-
the STP warrants modification, as suggested by this spe- ground facility design is modified, as shown in Step No.
cific comment. 7A the iterative process returns to Step No. 6.
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Appendix D

i

29. Page 26, Appendis A " Glossary" efficiently on currently available computer hard-
ware.

Appendtx A defines " fully coupled" model as "a
model that incorporates in its formulation the inter- In addition, even if we ignore the secondary effects,
dependency of the four phenomena (thermal, me- 11 distinct combinations of processes can be consid-
chanical, hydrological, chemical)." (limphasis cred by cambining the T, M,11 and C pmcesses.
added) There'can be six two. process, four three process,

and one four-process combinations (rsang,1987).
The interdependency of the phenomena can be m, - Any of these combir.ations could be modeled f;!ly
corporated in the formulation at many different lev ~ uncoupled, sequentially coupled, one-way coupled
els. Individual codes renr-senting each phenome- or two-way (feedback) coupled. In other words, they
non can be incorporated under a system code in can be fully coupled with only two, three, or with all
which the output of one code provides the input to four pmcesses, as they are needed. A" fully coupled"

.

the other code (s), in an iterative manner until the model does not r ecessarily have to include all four
''problem is solved. Alternatively, a model can be processes, unless the nced for such a " fully coupled"

constructed with all equations formulated with the model is established,
interdependencies built in and solved simultane-
ously. Whether such a detailed formulation is possi- It also appears that this SIV uses the word "model"
tee with the current scientific understanding of the to represent both the conceptual model and numeri-
phenomena and their interdependency, or whether cal codes. In this sense, it is not clear whether the
the equations c:m be solved considering the non' term " fully coupled model"is also intended to mean
linearities in the egeations, is beside the issue. What fully coupled codes, whose meaning could be contro-
is really meant by the definition is not at all clear. versial.

Most natural phenomena occur thrcugh many com-
'lhe definition of " fully coupled" model is unconven-peting interactive processes. Any change in one ;ional and ambiguous. It needs to be defined with

pmcess, be it thermal, mechanical, hydrological, or more details. Also, NRC staff should demonstrate
chemical, influences the other processes, which, in

the feasibility of its STP by giving an example of a
turn, affect the original process, by either enhancmg " fully cot, pled" model. Aside from this debate ofit or counteractmg it. The degree of interaction technical feasibility, it is not clear in this SFP (text
among the processes,i.e., degree of coupling, can be and the definition in Appendix A) what degree of
strong or weak. From a thermodynamic point of coupling NRC cxpects when it requests a " fully cou-
view, the cou pling can also be classified as pnmary or pled" model.
secondary, dependmg on the flux and the gradient
relationship. 'the secondary couplings are generally

_

weak. Under certain conditions, however, they could Response
be several orders-of-magaitude higher than the ef-
fccts from primary coupling. For example, the Soret The staff notes the difficuhy in interpreting the meaning
effect (mass flux due to :hcrmal gradient) in a clay of the phrase " fully coupled," as it appears in the " Glos-
backfill could easily exceed any water influx due to sary" of the draft version of the STP. In this regard, DOli
hydraulic gradient (Jamet et al,1990).'lhis is why for is directed to the fourth paragraph of the staff's response
some processes the secondary effects cannot be ig- to DOli's " General Comments," where the staff de-
noted and a " fully couplcd" model that includes scribes the revisions that have been made to the final
weak couplings may be needed, version of the KrP, to clarify what is meant by the staff's

use of this and other terms.
The secondary effects, sometimes called Onsager's
coupled pmcesses (Carnahan,1987), are vcry am. The NRC staff also recogni/cs the difficulties and com-
plicated, as shown below [see Table Dl] with a few plexities associated with the characterization of coupled
examples of such couplings in a fluid medium (de processes, Despite these difficulties, the stafi recognizes
Marsity,1986). that the importance of coupled processes should be ex-

piored, so that their effects, if necessary, could be: (1)
A " fully coupled" model generally means a model included in a rnode!(s) for use to predict the M-H-C
that includes imth the primary and secondary cou- responses associated with a thermal load, and the effects
plings. There are debates in the scientific commu- on the performance of the repositary;and/or (2) included
nity about whether such models are needed or even as an uncertainty in the results of models that may not
technically feasible within pmetical limits of current directly account for the effects of such coupling. As
state of knowledge, and whether a numerical code DOli's specific comment points out, " . for some
implementing a " fully coupled" model can be run processes"[cVen] the secondary effects cannot be ignored
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lable D1. A Fsw Examples of Possible Couplings in a Fluid Medium (from de Marslly,1986)

Ternerature Potential Gradient Electric
Flux \ Force Gradient (Pressure \ Concentration) Field

ilEAT Fourier's Law Thermal osmosis \ Dufour effect Electrothermal effect

MASS Soret effect Reverse osmosis \ Fick's Law Electrophoresis

CURRENT Secocck effect Electrochemical effects Ohms' slaw

PERCGI M ON Thermoosmoois Darcy's Law \ Chemical osmosis Electroosmosis

and a ' fully coupled' moki ua: Wuon weak coupling adverse impact that has waste isolation implications,
may be needed."The staff rccoSum,d de Garacteri- as appears to be the case in the STP. If it is to be _

zation of coupled processes and the ev40tian of their treated as a design fea' ,re, then the NRC,in its STP,
importance to the prediction of theT-M-ii-C responses should be concerned r . so with the design basis of the

in the context of the repository may not be fully acww. selected magnitude and rate of thermal loading and
plished by the time of i3 suing the license to close the should require that the selection be supported by a
repositog. Ilowever, an assessment of the importance of thorough evaluation of alternative loads and their
the coupled effects will contribute to the "$casonable consequences for waste isolation performance.
assurance finding" that the repository will perform as These incompatible views of the role of thermal
intended. loading in a repositon must be reconciled before

further development of a thermal load STP is under-
taken.Finally, the term "model," as used in the NFP, does not

refer to a numerical code. He STP is based on the premise that performance
assessment models for the evaluation of compliance

State of Nevada Comments with the performance objectives of 10 CFR Part 60
will exist at the time of heense application. The
suggested iterative process involves the use of

General Comments increasingly advanced models, which are re-
ferred to as fully, partially, or one-way coupled ther.

The STP is a generic, non-technical document mal-mechanical-hydrological-chemical (F-M-H-C)
which, based on a flow diagram, discusses and rec- models.Hese are inadequately defined in the STP
ommends an iterative procedure for demonstrating in regard to their underlying assumptions and the
compliance of the underground sepository facility kinds and levels of information needed for their
with the tequircuents pertaining to thermalloads as acceptable application.His leads to what appears to
they appear in applicable portions of 10 CFR Part 60 be an endorsement of the use of expert judgment
regulations.Derc is no indication of w hen this itera- when either the data basc is insufficient or the itera-
tive process should be initiated, since there is little tive process fails to resolve an issue,
reference to the process of site characterization or of
what kinds and leveh, of data are expected to be in general, the STP lacks sufficient techtdcal speci-
derived from site characterization for use in the pro- ficity to determine whether the suggested methodol- ,

cedure developed in this STF. %is is of more than ogy is feasible for implementation, but more impor-
passing importance since, the DOE is planning that tant, the suggested methodology is not compatible
the Exploratory Shaft (now " Studies") Facility (ESl3 with the ongoing implementation of the DOE site
be incorporated into the underground repository characterization program, and therefore likely will
facility and it is already in the design process without be of IDtie use as guidance to DOE.
benefi' of the considerations outlined in the STP.

The DOE's assumption appears to be that tharmal
loading can be back-fit to any repositor) .gn, in the first portion of its general comment, the State of
which is an approach opposite to that ads . aced in Nevada notes that "The KrP is a generic non-technical
the STP.This is important in 11- context of this STP document which, based upon a flow diagram, discusses
since implicit in the DOE assumption is the notion and recommends an iterative procedure for demonstrat-
that thermal huding is a design feature of an under- ing compliance . " and raises questions as to when such
ground repository facility, rather than a potential an iterative procedure should be initiated. Tne staff
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agrees with the State of Nevada that this STP is generie in to Section 1.3 of this STP, where the role of STPs is
nature because it is intended to be applicable to any site discussed, including the fact that STPs are not substitutes
or design. However, the staff disagrees with tue State that for: egulations, and compliance with them is not required,
the STP is a nontechnical document because the STP is In view of this discussion, the staff does not find any
based on complex technical concepts related to the inter- reason not to proceed with the publication of this STP in
action of T-M-H-C processes. its final form.

As for when this iterative process is initiated, the staff Furthermore, the State of Nevada is concerned that DOE.

notes, in Section 1.3 of this STP, that "Ihe objective of treats the thermal load as a design feature. For this rea-
providing guidance to DOE on thermal-load design dur. son, it recommended that the STP should be concerned
ing the pre-licensing phase is to identify what is needed to with the design basis of the thermalload and that the basis
demonstrate compliance with the requirements of 10 should be supported through an evaluation of alternative
CFR 60.13A'i) and thereby minimize the potential for thermal loads, regarding their effect on waste isolation
significant futnre problems, so that they can be avoided." performance. De staff refers the State to 10 CFR
nerefore, given the progressive nature of the approach, 60.21(c)(ii)(D), which specifically calls for a comparative -
it is apparent that DOE's iterative oesign process should evaluation of alternatives to major design features, that -
start as early as possible.De STP emphasizes that this is are important to waste isolation, for assessing the effec-
an evolving process that covers the entire period of re. tiveness of engineered and natural barriers Therefore,
pository design, construction, and operation. the staff believes that, as long as a design goal / criterion

_

associated with a design feature is tied to the performance

Regarding the kinds and levels of data derived from site b ectives, as suggested in this STP, the resulting under-

characterization for use in the iterative process recom- ground facility design would evolve from a thorough
mended in the STP, the staff believes that it is DOE's evaluation of alternative thermal loads. hioreover, the .

responsibility to demonstrate that it identified and ob- analysis of waste isolation implications and establishment
, ,

tained the appropriate kinds and levels of data as part of f the design basis for the thermalload are mtegral parts -

its demonstration of compliance with 10 CFR 60.133(i). f this iterative process.

The State of Nevada should recall that the NRC staff will
use " Draft Regulatory Guide DG-3003, ' Format and As regards the third portion of the State of Nevada's

Content Regulatory Guide for the License Application " General Comment," the staff agrees that there has been

for the Hign-Level Waste Repository' (FCRG)" (which consh:able difficulty m mterpreting the meaning of the

has already been issued; see NRC,1990; 55 FR 48307) to vari us terms such as " fully," " partially," and "one-wny

indicate to DOE the information to be provided in the coupled" T-hl-H-C models, as used m this STP. The

License Application. He License Application Review staff agrees that there is a need to more clearly defmc

Plan, which will guide the NRC staff's review of the Li- these terms, and her made the following resisions to the

cense Application, will be publicly available and should
provide additional insight to DOE. It is further noted that
DOE's submittal of data and analyses are subject to con- (1) changed the terms " fully coupled,,, " partially cou-

tinued pre-licensing review by NRC. pc and "onoway. coupled" models to the term
coupled,, models: and

; The State of Nevada is also concerned that DOE is pro- (2) defined the term " coupled'' models.
ceeding with the ESF design process without the benefit
of the guidance provided in this STP, The staff wishes to In the context of thermalload considerations," coupled

[ note tha! C has already provided guidance to DOE on the behavior" means that at least one of the processes (i.e.,T,
i design process for the ESF (see Gupta et ci,1991) and in h!, H, or C) has an effect on the initiation and propagation

doing so, has identified-10 CFR 60.133(iT as one of the of any or all of the other processes.
applicable technical criteria that needs to be considered ' ~

(opt, cit., p. C-4). Although the design of the ESF is cur- As to the kinds and levels of data needed for the accept-
rently underway, the staff expects the fin 11 design of the able application of these models, the staff reiterates that
ESF, as it relates to 10 CFR 60.133(i), should reflect it is DOE's responsibility to demonstrate the acceptability
consideration of the principles described in this STP. of these models and the associated data needs. Such deml

- onstration and assessment of data needs will be subject to'~

The second portion of the general commer t suggests that NRC review.1 Also, the State of Nevada raises an issue
. DOE's approach in dealing with therma loading is in- with the use of expert judgment. As Bonano et al, (1990,
compatible with the approach advanced ir the STP, and p. 46) have noted:
therefore recommends that no further de velopment on -

. ._

this STP l.. made until the two approac :es have been " Expert judgments should not be considered equiva-
'

reconciled. In this regard, the State of Nes Kla is referred lent to technical calculations based on universally :

4
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accepted scientific laws or to the availability of ex- 2. Page 2, Paragraph I
tensive data on precisely the quantities of inter-
est.. . lixpert judgments are sometimes inappro. He SFP states: "Fhe staff expects that, through the

priately used to avoid - gathering additional purstnt of appropnate technical programs, DOh
management or scientific information." would develop m, formation that would enhance con-

siderably the approach m this document."

He staff agrees with Bonano et al, and has stated that This presumes that DOE will choose to adhere to
expert judgment should not be used as a substitute for the staff approach (see " General Comments"), and
investigations needed to support a complete and high- if DOE does so choose, the statement suggests that
quality license application. nis is particularly true for the staff has some doubts about whether the ap.

*

reasonably available or obtainable data and/or analyses. proach, as presented, will lead to an adequate deter.
Finally, in its " General Comments," the State of Nevada mination of compliance. If such doubts existJ the
questions the feasibility of the proposed methodologyin staff itself should attempt to enhance the approach -
this SFP.on the grounds that the STP lacks sufficient before it is reissued as information and guidance.
technical specificity and that it is incompatible with the
ongoing DOli program. De State concludes that this
SFP will be of little use as guidance to DOE.The staff has Response
no reason to believe that the proposed methodology in
this STP is not feasible, because the S1P is based on a Since FrPs are not substitutes for regulations, and com-

logical, comprehensive, and systematic approach. De - pliance with them is not required, DOh may or may not

staff points out that the intent of this STP is to prwide choose to follow the example approach recommended m- -

this STP, However,if DOE chooses to follow the recom-sufficient generic guidance to DOE without being too
prescriptive or overly restrictive with regard to the imple, raended methodology, the staff believes, at the present

mentation techniques that rnay be chosen by DOE. In the time, that this methodology willlead to an adequate dem-
onstr t n of c mpliance with 10 CFR 60.133(i)v Like--staff's view, the guidance in this STP is not incompatible

with the ongoing DOE program, as known to the' staff wise, a different methodology chosen and implemented

through its pre-licensing consultations. Therefore, the by DCE may also lead to a demonstration of comphance

staff believes that useful and timely guidance is being that too would be acceptabic to the NRC staff. Tlus is -

provided in this SFP, for DOE to develop its ability to recognized by the staff, as stated in the last paragraph of
,

demonstrate compliance with 10 CFR 60.133(i). Section 1.3 of the SrP.nc staff will make every attempt
to enhance the suggested methodology tf and when new-
information warrants such enhancement.

'

Specific Comments .

3. Page 2, Paragraph 2

1. Page 1, paragraph 1 The SFP states: "In this STP, the NRC staff assumes
that performance assessment inodels will exist for

it is emphasimd in the Sl? that the DOE is ex. evaluating compliance with 10 CFR Part 60 per.
pected to demonstrate a comprehensive, systematie formance objectives " See discussion of this assump-

tron m " General Comments.and logical understanding of T-M-II-C [ responses]
of the underground facility. Dis should be elabo-
rated. It is not clear how such a demonstration is Response
expected to be accomplished, and whether both the
theoretical and site-specific basis for such under- The staff's statement that " .. performance' assessment
standing should be presented. models will exist," it believes, is a reasonable assumption.

This judgment is based on the observation that both the
_

DOE and NRC programs (as well as those of groups such-

- Response . as the Electric Power Research Institute) are focused on
developing and testing such models, using such broad.

The staff helieves that sufficient details are provided, in based approaches as those used in Performance Assess-
the STP, to demonstrate a systematic and logical under. ment Calculational Exercises (PACE), and the respective
standing of the coupled T-M-II-C responses associated NRC/ DOE Performance Assessment activities.
with a particular GROA underground facility design.
(These details are discussed in Sections 3.0 and 4.0, re- 4. Page 2, Paragraph 2
spectively, of the SIP.) The approach described by the
staff relics on the development of a generic (i.e., theoreti- The SFP states: "1lowever, elaboration on the spe-

.

- cal) model, based on site-specific data. cifics of performance assessments, with respect to'
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the individual 10 CFR Part 60 performance objec- 6. Page 5, Paragraph 2
tives, is outside the scope of this STP." gp g g

Some elaboration would be helpful in this SIT in question relating to model validation, this could be

order to expose at least some of what the staff be- descnbed m the application and need not stand in

lieves is appropriate for data collection and analysis the way of issuance of a construction authorization

during site characterization. His could result in a (so long as there ts reasonable assurance of safety)."

beneficial reduction in uncenainty in the thermal
The word "could" should be replaced by "should." If

loading assessment in a license application, since the there is an unresolved safety question relating toSTP appears to expect that uncertainties will be model validation, the standard of reasonable assur-
relatively large at the time of license application,

ance will be diminished unnecessarily to some extentand will reduce sigmficantly during construction and
f the issues involved in the lack of resolution are notoperation.

described.
_

Response Response
De staff agrees with this specific co:nment that elabora. The staff agreeswith the recommended change suggested
tion on the different aspects of performance assessments by the State of Nevada's specific comment. The third
would be helpful tn identifying appropriate data collec- sentence of the last paragraph in Section 1.2 has been
tion; however, the staff maintains that doing so is beyond revised to read as follows:
the scope of this STP.

"If there is an unresolved safety question relating to
In this regard, the NRC staff has previously noted that it model validation, this should be described in the
will use the FCRG (w hich has already been issued in draft application.He existence of such a question may, of
form) to provide additional guidance to DOE regarding course, reduce the Commission's confidence that
the kinds of data to be presented in the License Applica- the standards for issuance of a construction authori-tion. It is further noted that DOE's submit,al of data and

zation have been satisfied. Depending on the signifi-
analyses are subject to contmued NRC review. cance of the unresolved safety question and the

prospects for resolving it favorably, there may be
S. Page 4, Paragraph I reasonable assurance that applicabic requirements

have been met and, on that basis, a construction
ne STP states: "De guidance in the SIT focuses authorization might be issued."
on the prediction of repository-generated thermai
regimes beyond the range of current engincedng Morcoser, the staff also points out the prerogative of the
experience." Commission to place " conditions" on the construction

authorization, in accordance with 10 CFR 6032. More
" Current engineering experience" should be elabo- specifically,10 CFR 6032(b)(4) identifies " programs be-
rated in this section in order to better understand ing conducted to resolve safety questions" as a particular
the focus of this STP. Is there " current engineering basis for placing certain " conditions" on a potential licen-
experbnce" that the staff believes is relevant under see.
the range of thermal load scenarios that the DOE is
likely to consider, given the repository development

7. I, age 8. Paragraph 2and ' operation schedule it is attempting to meet?
Step No. I calls for a preliminary evaluation of the
sensitivity of the performance objectives to thermalSponse
loading.The STP should outline the type and level

The staff believes that current hard-rock mining experi, of data and the maturity of facility design necessary
ence, at very deep icvels (e.g.,10.000 feet), where the to make this evaluation since the Step No. I determi-
geothermal gradient results in a very warm environment, nation, according to the SFP approach, may never be
would be relevant to the operational period of the reposi. revisited.

tory.nc staff believes that this experience could be use-
fut in DOTS efforts to demonstrate that its design com' Response
plies with the pre-closure performance objectives (e.g.,10
CFR 60,111). In addition, as natural analogs, conditions De staff believes that a preliminary, conceptual under-
associated with geothermal regions could be used in guid- standing of the GROA underground facility design is
ing post-closure performance evaluations (e.g.,10 CFR sufficient when considering Step No.1 in the recom-
60.112 and 60.113). mended approach.De staff believes that it is DOE's, not
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NRC's, responsibility to justify the type and the level of application. (It is further noted that DOE's submittal of
'

the data used in the evaluation of each sten, including data and analyses are subject to continued NRC review.)
Step No.1. The suggested methodology applies to any
given thermal load design concept. Therefore, whenever As regards the levels of data that might be necessary for
significant changes are made to the design concept, the this examination, the staff believes that DOE should col-

suggested methodology depicted in Figure I should be lect sufficient data that could lead to a reasoned conclu.
reapplied, based on these changes. sion that the regulatory requirements have been com-

plied with.

8. Page 8, Paragraph 3
10. Page 8, Paragraph 5

Step No. 2 calls for the determination of the exis- Step No. 4 calls for development of design goals /cri-
tence of predictive models to quantify the effect of

,

teria^
thermal loadings. This step should require, in addi.
tion, a demonstration of the reliability of such mod. In such development, the STP should call for an
els relative to the specific site being evaluated by evaluation of alternative design goals / criteria based
DOE. According to the STP approach, this determi' on varying the magnitude and rate of thermalload-
nation may never be resisited. ing. The basis for the design goals / criteria selected

should be demonstrated.

Response

Regarding the need for site-specific information to dem-
onstrate the reliability of the mo;!els described in Step He recommended approach in the STP calls for the
No. 2, the staff points out that in Section 3.0 of the STP, development of design goals / criteria that are derived -
Step No. 2 requires that models be reliable. For a discus- from 10 CFR Part 60 performance objectives. Design -
sion on the use of reliable models, the State of Nevada is goals / criteria should not be determined on the basis of a
referred to Section 4.2 of the STP. variation of thermal loads, as the State of Nevada sug-

gests. Rather, alternative thermal loads should be deter-
He staff agrees with the State of Nevada comment re. mined on the basis of the design goals / criteria, derived
garding the need to revisit Step No. 2, and has modified from the performance objectives.The State of Nevada is
the recommended approach accordingly. The modifica- referred to Step No. 4 of Section 4.1 for a detailed discus-
tion involves a return from Step No. 5 to Step No. 2 in sion of the development of design goals / criteria.
Figure 1. In addition the text for Step No. 5 has been
changed in Technical Position 3.1. 11. Page 9, Paragraph 6

He STP states: "If, after numerous design itera-
9. Page 8, Paragraph 4 tions, noncompliance with 10 CFR Part 60 perform-

ance objectives persists, examination of other crite-
Step No. 3 calls for an examination of the thermally ria n t ret ted to the underground facility design
induced phenomena. The STP should outline the should be considered (Step No. 8B)., This step sug-
type and level of data necessary for this examination, gests that the "other" engineering criteria have been
and should elaborate on what methods and scope of set independent of thermalload considerations and
examination might be expected to be employed. their relationship to thermal loading need not be

considered except as a means of compensating for

Response unresolvable problems in performance of the under-
ground facility and its design. It should not be ac-

He staff agrees that the types and the levels of data, and ceptable that the underground facility design be con-
methods of examination are important issues. However, sidered the " weak link" in performance relative to
the staff does not believe that it is appropriate to include thermal loads.
such information in this STP. Also, the selection of meth-
odologies or approaches that may be used foraccomplish- Response
ing the objective of each step in the example methodology

,

should again be left to the purview of DOE. He State of Nevada's comment implies that the example
i approach in the STP precludes thermal load considera-

| In this regard, the NRC staff has previously noted that it tions for waste package design, boreholes, shaits, and seal

'

will use the FCRG (which has already been issued in draft . design and the assessment of the geologic setting.Thej '
form) to provide additional guidance to DOE regarding staff disagrees that the suggested methodology conveys
the kinds of data to be presented in a potential license this implication.He staff points out that the suggested
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methodology is specifically.to demonstrate compliance with the overall question concerning the determination of
with 10 CFit 60.133(i)(i.e., the GitOA underground fa- site quahfication.'the steps that are past of the example
cdity design in the context of the thermal klad). approach described in this Sl? cannot, and are not de-

signed to, lead to a determination whether or not the site
'Ihermal load considerations will also need to be included would qualify for licensing.
in the waste package design, borehole, shaft, and scals
design and the geologic setting concerns; however, these if, after numerous iterations, an underground facility de-
design concerns are outside the scope of this STP. sign for the GROA is not found to be acceptable, accord-

ing to the derived design goals / criteria, the recommenda-
tion in the SIP is to kmk at components of the " disposal12. Page 10, Parag ~aph 3
system" other t han thosc of the underground facility (c.g.,

The SIP states: " Develop models that approximate Step Nos. 8 A and 811). Whether a site qualifies for licens-
fully coupled behavior in a manner that is not likely ing is an issue that should be determined from a demon-
to adversely affect the performance objectives . stration of the site's ability to meet all pertinent 10 CFR"

'lhis could be stated more clearly. Performance ob. Part 60 regulatory requirements. -

jectives are not affected by behavior.
14. Page 17, Paragraph 3

'the SIP should [also] proside some guidance on Ihe
intended bounds of such an approximation, and the The STP states: "In this case, a decision would be
type and level of data necessary to make and demon. made to h>ok for problems related to waste package
s'trate such an approximation. design, Imrchole, and shaft seals design, and/or geo-

logic setting concerns (Step No. 811); however, dis-
cussions of such analyses are beyond the scope of

itesponse this STP."

The staff agrees with the first portion of the State of See Comment No.11 above-
Nevada's specific comment that models cannot affect per-
formance objectives. Therefore, Section (a) of Technical
Position 3.3 has been modtfied to read as follows: llesponse

See staff response to State of Nevada Specific Comment-(a) Devslop models that approximate coupled be- No. I 1.
havior in a mannet that is not likely to underestimate
the unfavorable or overestimate the favorable as-
pects of repository performance " 15. Page 19, Paragraph 1

The STP states: "The analyst should choose a modelAs regards the second portion of the State of N.evada's ~

that strikes a balance between unworkable detailspecific comment, the staff believes that the issue of pro-
and oversimplification of the processes that are be-

viding guidance on the type and level of data necessary to ng modeled. Such a balance can reduce the modeldemonstrate compliance with 10 CFR Part 60.133(i) has
been adequately covered in Section (b) ofi cchnical Post. uncertainty to a degrec. Nevertheless, there remains

tion 3.3, and the " Discussion. ' in Section 4.3 of the SIP. residual model uncertainty that results from the sim-
plificmion and lack of knowledge of the phenome-
non being modeled."

13. Page 17, Paragraph 2
This statement alone does not provide usefulinfor-

The sly states:"If unacceptable rcsults are encoun- mation or guid.mee. It suggests that the analyst is
tered, it may become necessary to return to Step No. encouraged to use his expert judgment as to what
3, from Step No. 8 (see Figure 1)" represents the proper balance, but it does not spe-

cifically require that there be a demonstration of the
If there is continued noncompli.mce, then disqualifi- cxtent to which a lack of knowledge contributes to
cation of the site should be considered also, the balance.

llesponse llesponse

The staff notes the State of Nevada's comment regarding The statement referenced by the State of Nevada's spc-
continued noncompliance of a design and the recommen. cific comment is meant to demonstrate the staff's recogni-
dation for the subsequent disqualification of the site. tionof thecomplexityof theT-M-II-Ccoupled problem,
llow ever, this STP is concerned specifically with the dem. and to recommend a reasonable and balanced approach
onstration of compliance with 10 CFR 60.133(i), and not to understanding this behavior.The statement of concern
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in the STP should be viewed in the context of the oserall, Brandshaug T. " Variation of Heat Loading for a Reposi-
more extensive discussion of the development of detailed _ tory at Yucca hfountain," Nuclear Regulatory Commis-
predictive models, as described in Section d.2, rather than sion/ITASCA Consulting. Group, NUREG/CR- 5428,
in the manner interpreted by the State of Nevada in its - September 1989.

. comment.
Carnahan, C.L, " Effects of Coupled Thermal, Hydro .

Regarding the portion of this comment related to the use . logical and Chemical Processes on Nuclide Transport,"
of expert judgment, the State of Nevada is referred to the Proceedings GEO VAL 1937, Swedish Nuclear Power Insp-

staff's response to the State of Nevada's " General Com. ectorate, Stockholm, Sweden. April 7-9, 1987,-

ment." Vol.1, pp. 493-506.

Code ofFederalRegulations, " Disposal of High-Level Ra.
16. Page 34, Paragraph 2 dioactive Wastes in Geologic Repositories," Part 60,

Chapter I, Title 10, " Energy."
The STP states: .ne order in which the phenomena
(e.g., thermal, mechanical, hydrological, (n chemi- Codell, R., et al.. " Initial Demonstration of NRC's Capa-
cal) are analyzed in Figure C1 is shown only as an bility to Conduct a Performance Assessment for a High--
example. He respensibility to determine the most Level Waste Repository," Nucicar Regulatory Commis -
appropriate sequence of analyses rests with the li- sion, Office of Nuc! car Material Safuty and ~
censee." Safeguards / Office of Nuclear Regulatory Research,

NUREG-1327, hfay 1992.-
The STP should require that alternative orders of
consideration be evaluated and that the basis for Dennis, A.W., ed.," Exploratory Studies Facility Alterna-
selection be demonstrated. Further, by using the tives Study: Final Report," Sandia National laboratories,1
word licensee, the suggestion is that this exercise is SAND 91-0025,2 Vols.,-September 1991. [ Prepared for
not one which is to be carried out prior to license ' the U.S. Department of Energy / Yucca hiountain Site.-
application. Surely this is not intended by the staff. Characterization Project.}

de hfarsily. G., {?uantitatin Hydrology-Groundwater Hy-
Response drologyfor Engineers. San Diego, Academic Press,1986.

This comment is noted. However, the staff reiterates that Gupta, D., PesheliJ. and Bunting, J., " Staff Technical I
the order in which the sequence of analyses is performed Position on Regulatory Considerations in the Design and
should be that which is demonstrated to be the most Construction of the Exploratory Shaft Facility," Nuclear'

appropriate. Regulatory Commission, NUREG-1439, July 199L

Also, the staff agrees that the word " licensee " should not Kelkar, S. and Zyvotoski, G.A., "An Efficient, Three Di-*

be used in this STP and has been replaced by " DOE" mensional, Fully Coupled Hydro-Thermo-Mechanical
1 - throughout. Simulator: FEHhtS," Los Alamos National 12boratory,

LA-UR-90-3750,1990.

17J Pagv 34, Paragraph 3 Jamet, P., Fargue, D., and de Marsily, G.,1990," Coupled

: Regarding the use of " licensee," see Specific Com- Processes in the Near-Field,"Near Field Perfamance As.

ment No.16 above, sessment Workshop, hiadrid, Spam, October 15-17,1990.

Lin, W. and Daily, W.D., " laboratory Study of Fracture .
Response Healing in Topopah Spring Tuff-Implications for Near -

Field Hydcology," Proceedings Nuclear IVaste Isolation in
L See staff response to State of Nevada Specific Comment . the Unsaturated Zone-Focus '89, American Nuclear Soci;

: No.16. ety, Las - Vegas,1 Nevada, September. 17-21,|1989,.
_

pp. 443-449.

. References MacDougall, H.'R.,, Scully, LW., and Tillerson,- J.R.
(compilers)," Site Characterization Plan Conceptual De-

Bonano, EJ., et al..." Elicitation and Use of Expert Judg- sign Report," Sandia National 12boratories, Sandia Re-
ment in Performance Assessment for High-Level Waste port SAND 84-2641, September 1987,
Radioactive Waste Repositories," Nuclear Regulatory

~

n Commission /Sandia National Labomtories, NUREG/ Noorishad, J. and Tsang, C.F., "Recent Enhancement of '
CR-5411, May 1990. the . Coupled Hydro-Mechanical Codel ROCMASil,"
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; Swedish Nuclear Power Inspectorate, Stockholm, Tech- 1990, Swedish Nuclear PowerIInspectorate/OECD Nu-
nical Report 89:4,1989. clear Energy Agency, Stockholm, Sweden, Alay 14-17,

1990,pp.559-567.
Nuclear Regulatory Commission " Disposal of liigh-
Level Radioactive Wastes in Geologic Repositories; Pro- Tsang, C.F., ed., Coupled Processes Associated with Nu-

- posed Rule " Federal Rgister, Vol 46, No.130 July 8, clear Waste Rcpositories, New York, Academic Press,-
11981, pp. 35280-35296. 1987.-

Nuclear Regulatory Commission," Staff Analysis of Pub- U.S. Department of Energy," Chapter 6, Conceptual De-
lic Comments on Proposed Rule 10 CFR Part 60,' Dis- sign of a Repository," in " Site Characterization Plan,
posal of liigh-1 evel Itadioactive Wastes in Geologic Re- Yucca Mountain Site Nevada Research and Deselop-

- positories,'" Office of Nuc! car Regulatory Research, ment Area, Nevada." Office of. Civilian Radioactive
NUREG4804, December 1983. Waste Management, Report DOE /RW-0199, Vol. Ill,

Part A, December 1988a. ~
Nuclear Regulatory _ Commission. " Draft Regulatory-

-- Guide; Issuance; Availability," Federal Rgister, Vol. 55. U.S. Department of linergy, " Chapter 7, Waste Pack-
No. 224, November 20,1990, p. 48307.. - age,".in " Site Characterization Plan, Yucca Mountain

Site, Nevada Research and Development Aica, Nevada,"
Nuclear Regulatory Commission, " Availability of Draft - Office of Civilian Radioactive Waste Managemcat, Re-

_ tions -- Area Underground Facility Design-Hermal _
port DOE /RW-0199, Vol. III, Part A, December 1988b.StaffTechnical Position on Geologic Repository Opera-_

Loads; Notice of Availability," Federal Rgister, Vcl. 56, U. S. Department of Energy, " Chapter 8. Section 8.3.2,.
No.140, July 22,1991, p. 33478. Repository Program," in " Site Characterization Plan,

Yueca Mountain Site, Nevada Research and Develop.
Ohnishi, Y., Nishigaki, M., and Akiyama, S., "Three ment Area, Nevada,"' Office of Civilian Radioactive

_

Dimensional Coupled Thermo.llydraulic-Mechanical Waste Management, Report DOE /RW-41199, Vol., VI,
Analysis Code with PCG Method," Proceedings GEOb1L Part H, December 198Sc.

I

;

.
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APPENDIX E
i

DISPOSITION OF ACNW COMMENT

Note: He Advisory Committee on Nuclear Waste of coupling on the predicted results and the conservatism
(ACNW) comments listed in this appendix were made on of the empirical models used.
the final draft of the subject Staff Technical Position
(STP), dated July 1992. The lack of a thorough mechanistic understanding may

lead to the use of mode!s that do not directly account for
coupling between two or mor e of the T-il.ht-C processesACNW Specific Comment * involved. Appendix C gives an example of an iterative

We recommend that the STP be modified to include process for the analysis of thermally-irduced phenomena-

using such " approximate" models,
explicit mention of the applicabih,ty of empirically-
derived models in the assessment process.

In the application of empirical models that rely on a
limited mechanistic understanding of coupled processes,

Response and/or that do not directly account for coupling between
two or more processes, conservative data and assump-

He staff agrees with the recom.mer.dation made by the lions must be used. Such conservatism should compen-
ACNW in its comment and has modified the final version sate for the uncertainties resulting from the lack of a
of the STP, as suggested. Section 43 (" Alternative Pre- detailed understanding, since otherwise such uncertain-
dictive Models") in the " Discussion" se:thn has been ties may preclude the staff from finding, with reasonable
modified as follows: assurance, that the performance objectives will be met.

"In demonstrating compliance with design criteria of 10 If DOE decides to use alternrtive predictive models, as
CFR 60.133(i), it is expected that a mechanistic tnder- discussed above, the staff expects DOE's license applica-
standing of coupled behavior wil: be used to predict the tion to demonstrate that such models are not likely to
thermal and thermomechanical response of the host rock- unde.mtimate the unfavorable aspects, or overestimate
surrounding strata, and groundwater system. The staff the favorabic aspects of geologic repository performance,
realizes, however, that it may not be possible to obtain a in the context of analysis and design.
thorough mechanistic understanding of coupled T-M-
Il-C behavior, as discussed in Section 1.2, particularly The staff also Lxpects that as a part of its performance
before an application is submitted to construct a geologic confirmation program (10 CFR 60,140-143), DOE will
repository. Herefore, m the design of the underground perform in.:itu and laboratory monitormg and testing to
facility, DOE may need to develop and use models that confirm the assumptions made in the license application,
express coupling between processes based on less than a with respect to the alternative predictive models used in
thorough mechanistic understanding of T-M-1I.C behav- underground facility design analyses. The respits of the
io,. Note that analpis using such empirical models must performance confirmation program should provide the
provide for an evaluation of the effects of the assumptions bases for model refinement, if needed, as discusrd in

Section 1.2."

j *De staff atz responded to minor md editorial cooiments an the S'ty Moreover, the first paugraph of Section 1.0 ("Introduc-
I made the ACNW, as noted in the TrannrrtfortAr 45 A nectma cf tion") has aiso been modified to address this recommen-

the Ac why n30. Im dation.
|
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