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STEIN LTR ON SCC

Mr. Ralph Stein, Associate Director

for Systems Integration and Regulations
Office of Civilian Radioactive Waste Management
U. S. Department of Energy, RW-30
Washington, D.C. 20545

Dear Mr. Stein:

SUBJECT: AUGUST 29, 1989 TECHNICAL EXCHANGE ON "SUBSTANTIALLY COMPLETE
CONTAINMENT (SccC)"

The purpose of this letter is to transmit to you a documentation of the
discussions that took place during the August 29, 1989 technical exchange
between the members of the staff of the U. S. Nuclear Regulatory Commission
(NRC) and the U. S. Department of Energy (DOE) in the area of "substantially
complete containment (SCC)." During the technical exchange, both regulatory
and technical concepts and ideas regarding substantially complete containment
were discussed. The major areas of discussion were: 1) DOE's position on

the Site Characterization Analysis Point Papers on SCC; 2) ongoing DOE
activities in the area of SCC; 3) the NRC staff's point papers on SCC; and

4) concerns and uncertainties regarding approaches to establishing qualitative
as well as quantitative criteria to meet the SCC requirement of 10 CFR Part 60,
The participants from the NRC and DOE both discussed the need to have
quantitative criteria to be able to demonstrate compliance with the SCC
requirements,

The participants at the technical exchange agreed that the discussions were
very productive and that there were many areas discussed that would be useful
as topics in future interactions. Considerable interest in future interactions
on topics specific to the materials degradation area was especially expressed.
Where appropriate, the NRC staff will coordinate with DOE and the State of
Nevada to plan such future interactions.

If you have any questions regarding this matter, please contact Brian Thomas
of my staff on (301) 492-0435.

Sincerely,

ORIGINAL SIGNED BY

John J. Linehan, Director

8909250027 890922 N Repository Licensing and Quality
5;9;511NASTE PDC Assurance Project Directorate

Division of High-Level Waste Mangement
Enclosure: As stated

cc: R. Loux, State of Nevada
M. Baughman, Lincoln County, KV '
S. Bradhurst, Nye County, NV : /&2 ﬁ
D. Bechtel, Clark County, NV /97,//
C. Gertz, DOE/Nevada M /&//
K. Turner, GAO DISTRIBUTION AND CONCURRENCE: SEE NEXT PAGE /mﬁQL ‘
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OUTLINE FOR PRESENTATION ON

Attachment 2

“SUBSTANTIALLY COMPLETE” CONTAINMENT

e DOE INTERPRETATION OF SUBSTANTIALLY
COMPLETE CONTAINMENT

e QUALITATIVE DESIGN OBJECTIVES

e QUANTITATIVE PERFORMANCE GOALS FOR
RADIONUCLIDE RELEASE

| o RATIONALE FOR THE PERFORMANCE GOALS

© UNCERTAINTY IN MEETING PERFORMANCE GOALS

o IDENTIFICATION OF SPECIFIC ISSUES
REQUIRING RESOLUTION

NRCSUB5P.A18/9-1-89

1




INTERPRETATION OF SUBSTANTIALLY
COMPLETE CONTAINMENT

CD-SCP

DESIGN OBJECTIVES ESTABLISHED TO SHOW THAT FOR THE FIRST

1000 YEARS AFTER CLOSURE:

@ >80% OF THE WASTE PACKAGE WILL RETAIN ALL OF THEIR
RADIOACTIVITY;

e >99% OF THE RADIOACTIVITY WILL BE RETAINED WITHIN THE
SET OF WASTE PACKAGES; AND'

e ANY RELEASE FROM THE WASTE PACKAGES WILL BE GRADUAL
SUCH THAT RELEASES FROM THE EBS ARE <1X10-5 PER YEAR
OF REPOSITORY INVENTORY.

IN THE RESPONSE TO THE CD-SCP, THE NRC STATED (IN COMMENT
#3) THAT THE RETENTION CRITERIA WERE NOT CONSISTENT WITH
THE INTENT OF 10 CFR 60.113. RELEASE FROM THE WASTE
PACKAGES DURING THE CONTAINMENT PERIOD SHOULD BE
LOWER THAN THAT DURING THE POST-CONTAINMENT PERIOD. IT
WAS ALSO STATED THAT THE RATIONALE FOR THE DESIGN

OBJECTIVES WAS NOT PROVIDED.

NRCSUB5P.A18/9-1-89
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INTERPRETATION OF SUBSTANTIALLY
COMPLETE CONTAINMENT

SCP

DOE UNDERSTANDS SUBSTANTIALLY COMPLETE CONTAINMENT TO C
MEAN THAT THE SET OF WASTE PACKAGES WILL FULLY CONTAIN

THE TOTAL RADIONUCLIDE INVENTORY FOR A PERIOD OF 300 TO

1000 YEARS FOLLOWING PERMANENT REPOSITORY CLOSURE,

ALLOWING FOR RECOGNIZED TECHNOLOGICAL LIMITATIONS
-..MINIMIZING UNCERTAINTIES IN PERFORMANCE PREDICTION.

- @ TECHNOLOGICAL LIMITATIONS PRIMARILY INCLUDE
VARIATIONS IN THE MANUFACTURING PROCESS WHICH
COULD LEAD TO THE EMPLACEMENT OF WASTE PACKAGES
WITH UNDETECTED FLAWS.

e PREDICTION UNCERTAINTIES INCLUDE THOSE OF IDENTIFYING
THE CORRECT DEGRADATION MECHANISMS, CORRECTLY
QUANTIFYING AND MATHEMATICALLY MODELING THEM, AND
VALIDATING PERFORMANCE WITH EXPERIMENTAL DATA, UNDER
CONDITIONS THAT REPRESENT THE RANGE OF ANTICIPATED
REPOSITORY ENVIRONMENTS FOR UP TO 1000 YEARS.

NRCSUBSP.A18/0-1-89 3




QUALITATIVE DESIGN OBJECTIVES

THE DOE UNDERSTANDING OF THE SUBSTANTIALLY
COMPLETE CONTAINMENT LEADS TO THE FOLLOWING
TWO DESIGN OBJECTIVES ON THE WASTE PACKAGE
WHICH ENSURE THAT:

(1) A LARGE FRACTION OF THE RADIOACTIVITY WILL BE
CONTAINED WITHIN THE ENSEMBLE OF THE WASTE
- PACKAGES FOR THE DURATION OF THE CONTAINMENT
PERIOD; AND . .

(2) ANY RADIOACTIVITY RELEASED FROM THE SET OF WASTE
PACKAGES WILL BE RELEASED AT A VERY LOW RATE,
RELATIVE TO THE TOTAL INVENTORY.

THESE DESIGN REQUIREMEN"IiS ARE CONSISTENT WITH THE
INTENT OF 10 CFR 60.113 AND THE DISCUSSION IN NUREG-0804.

NRCSUBSP.A18/9-1-89




QUANTITATIVE PERFORMANCE GOALS
FOR RADIONUCLIDE RELEASE

PERFORMANCE GOALS HAVE BEEN ADOPTED IN TERMS OF ALLOW-

ABLE RADIONUCLIDE RELEASE RATES TO PROVIDE A BASIS FOR
DETERMINING WHETHER THE DESIGN MEETS THE CONTAINMENT C
PERFORMANCE REQUIREMENTS. FOR THE CONTAINMENT PERIOD:

e FOR EACH RADIONUCLIDE IMPORTANT TO LONG-TERM ISOLATION
(THOSE WITH LONG HALF LIVES),

RELEASE FROM THE SET OF EMPLACED WASTE PACKAGES DOES
NOT EXCEED 1 PART IN 1 MILLION/YR OF ITS 1,000 YEAR INVENTORY; AND

" @ FOR OTHER RADIONUCLIDES (THOSE WITH SHORT HALF LIVES),

RELEASE FROM THE SET OF EMPLACED WASTE PACKAGES DOES C
NOT EXCEED 1 PART IN 100,000/YR OF THEIR CURRENT INVENTORY.

THESE GOALS, IN CONJUNCTION WITH THE ANTICIPATED WASTE
PACKAGE SERVICE ENVIRONMENT, PLACE SIGNIFICANT CONSTRAINTS
ON THE DESIGN, PERFORMANCE, AND QUALIFICATION OF THE WASTE
PACKAGE.

NRCSUBSP.A18/9-1-89 -]




RATIONALE FOR THE QUANTITATIVE
- PERFORMANCE GOALS

FOR THE RADIONUCLIDES IMPORTANT TO
LONG-TERM ISOLATION:

o ALLOWABLE RELEASE RATES ARE A FACTOR OF TEN MORE
RESTRICTIVE FOR THE CONTAINMENT PERIOD THAN THOSE
OF THE POST-CONTAINMENT PERIOD;

-® RATES ARE CONSISTENT WITH NRC INTENT (IN COMMENT #3)

IN THAT THEY ARE LOWER DURING THE CONTAINMENT
PERIOD THAN THE POST-CONTAINMENT PERIOD;

o RATES ARE GIVEN A NUMERICAL BASIS THAT CAN BE

EVALUATED AS PART OF THE DESIGN, TESTING, AND
PERFORMANCE ASSESSMENT ACTIVITIES.

NRCSUBSP.A18/9-1-89
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PERFORMANCE GOALS

FOR THE OTHER RADIONUCLIDES:

e ALLOWABLE RELEASE RATES ARE SET IN TERMS OF THEIR CURRENT
INVENTORY SINCE RELATING THEM TO THEIR 1,000-YEAR (ESSENTIALLY
ZERO) INVENTORY IS IMPRACTICAL AND MEANINGLESS

© RATES ARE CONSISTENT WITH NRC INTENT OF 10 CFR 60.113 WHICH
STATES THE RELEASES ARE GRADUAL WITH *SMALL FRACTIONAL
RELEASES TO THE GEOLOGIC SETTING OVER LONG TIMES” AND
DISCUSSION IN NUREG-0804 WHICH STATES THAT “RELEASES DURING
THE CONTAINMENT TIME (ARE) LIMITED TO A SMALL FRACTION OF THE
INVENTORY PRESENT;” |

e RATES ARE CONSERVATIVE IN THAT RADIOACTIVE DECAY OF THESE
SHORT HALF-LIFE RADIONUCLIDES AND ANY REASONABLY ASSUMED
VALUES OF THE GROUND WATER TRAVEL TIME, OR GEOCHEMICAL.
REACTIONS, WILL PRECLUDE ANY SIGNIFICANT IMPACT ON THE PUBLIC
HEALTH AND SAFETY; AND .

e RATES ARE GIVEN A NUMERICAL BASIS THAT CAN BE EVALUATED AS
PART OF THE DESIGN, TESTING, AND PERFORMANCE ASSESSMENT
ACTIVITIES.

NRCSUBSP.A18/9-1-89 7

L




CALCULATIONS OF THE RELEASE OF
STRONTIUM-90 WHICH SHOW DEGREE OF
CONSERVATISM OF 10° PER YEAR LIMIT FOR
SHORT HALF-LIFE RADIONUCLIDES

- EXTREME SCENARIO ASSUMPTIONS AT CLOSURE:

= TOTAL REPOSITORY INVENTORY OF STRONIUM-90 (YTTRIUM-90) OF
ABOUT 2.8X10*° CURIES IS RELEASED FROM THE WASTE PACKAGES
IN A PULSE; -

-~ SR-90 IS INFINITELY SOLUBLE WITH NO DISPERSION;

. GEOCHEMICAL ATTENUATION (R) IS ONLY = 2.0 (VS. EXPECTED
RANGE ON THE ORDER OF 1,000 TO 100,000; -

- GROUND WATER TRAVEL TIME IS 1,000 YEARS; AND
- ONE HUMAN DRINKS ALL THE SR-90 CONTAINING WATER.

NRCSUBSP.A18/9-1-89 8




RESULTS OF CALCULATIONS OF
THE RELEASE OF STRONTIUM-90

e FOR SCENARIO GIVEN ABOVE:

— RELEASE IS LESS THAN 10" OF ALLOWABLE (40 CFR 191.13);

— LIFETIME CRITICAL ORGAN DOSE (BONE) IS LESS THAN 10‘1
MILLIREM VS. 75 MILLIREM/YR LIMIT; AND

— LIFETIME TOTAL BODY DOSE IS LESS THAN 10~ MILLIREM
VS. 25 MILLIREM/YR LIMIT.

e FOR OTHER SCENARIOS, THE RESULTS ARE THE SAME IF:
- GWTT IS ONLY 100 YEARS AND R = 20; OR
— GWTT IS ONLY 10 YEARS AND R = 200.

@ RESULTS FOR OTHER SHORT HALF-LIFE RADIONUCLIDES
- ARE SIMILAR.

NRCSUBS5P.A18/0-1-89 9




" UNCERTAINTY IN MEETING
 PERFORMANCE GOALS

PRIMARY UNCERTAINTY LIES IN THE DIFFICULTY IN DEMON-
STRATING ADEQUATE PERFORMANCE OF THE CONTAINER:

° .EARLY IN THE CONTAINMENT PERIOD, CONTAINER FAILU.RE
RATES MUST BE LESS THAN ABOUT 1 IN 10,000 PER YEAR,;

~ @ THESE RATES ARE DRIVEN BY THE NEED TO CONTROL THE
GASEOUS CARBON-14 RELEASE; AND |

e THESE RATES ARE NEAR THE APPARENT LIMIT OF CURRENT
TECHNOLOGY FOR SINGLE-WALL CONTAINERS.

NRCSUBSP.A18/9-1-89 10




IDENTIFICATION OF SPECIFIC
ISSUES REQUIRING RESOLUTION

RECOGNITION THAT SPECIFIC NUMERICAL GOALS ARE NEEDED

FOR THE CONTAINMENT PERIOD TO PERMIT DESIGNS TO BE
EVALUATED.

RECOGNITION THAT PERFORMANCE GOALS FOR THE SHORT
HALF-LIFE RADIONUCLIDES MUST BE BASED ON CURRENT
INVENTORY.

-RECOGNITION THAT DEMONSTRATION OF CONTAINER FAILURE

RATES NEAR THEIR LIMIT OF TECHNOLOGICAL FEASIBILITY IS
DIFFICULT.

RECOGNITION THAT VERY CONSERVATIVE CONTAINER DESIGNS
ARE COMPLEX AND COSTLY AND MAY NOT PROVIDE
COMMENSURATE BENEFITS IN PROTECTION OF THE PUBLIC
HEALTH AND SAFETY.

NRCSUBSP.A18/9-1-89 11
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* REGULATORY “UNCERTAINTY (CONT)
SIGNIFICANCE '

FORCES DOE TO INTERPRET NRC REQUIREMENT

' 7L %< DDE/NRC PRE“LICENSING INTERACTIONS.BASED.ON PERSQNAL |
<31 INTERPRETATIONS

- INCONSISTENT WITH CONCEPT DF A "HIGH-DUALITY APPLICATION®
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NOTE ! CONCEPT ONLY! PREMATURE TO ATTEMPT FINAL STATEMENT OF THE
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» " rc wie:LOGICAL TECHNICAL "RELATIONSHIP BETWEEN:
Cee 0+ s CONTAINMENT REQUIREMENT (60.113(a)(ii)(A)
| .. = POST-CONTAINWENT :wuﬁm: RELEASE RATE (60.13(a)(15)(B)

S ux o DEMONSTRATION 'OF XOMPLIANCE WITH "THE RELEASE ‘RATE NECESSITATES ‘
QUANTITATIVE CALCULATION OF WASTE PACKAGE FAILURES BY YEAR
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vt CONCEPT == YTAXE' RDVANTAGE ‘OF -THAT :CALCULATION AND ATTEMPT T0:

DEFINE “SUBSTANTIALLY" AS PROBABILITY OF NO MORE THAN N
FAILURES DURING THE PERIOD CLAIMED FOR CONTAINMENT PER 1000
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-INTERVALS DF .CONTAINMENT TIME)
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-r: *Mechanistic wnderstanding -of physical and chemical

processes associated with material/environment
alteratfions during service life of materials used for
containment credit.

. ! e .. Tests of materials durability, -- .standar-
~ vl . Silzed test methods

», = - ‘nArguments .against.a given mechanism of
: :*failure will be supported by tests to
» «- demonstrate lack of interaction between
... material and .enviroament

_ ;% "=, . Pemonstrations that mechanistic.arguments

» e o w20, gre adequate for ithe various:parts of 2.

"v-.+ .+ conteiner, e.g. weldments, attachments,
stampings.

. Scientific uncertainties shall be studied to
.resolve all open questions

.o ere s “Deterainations of all- reaction-products are
-t et Lt xmeded to describe othe environment as &
function of time.



.. PERFORMANCE ASSESSMENT

y Js-Performance Azsgzspent  -«icompute the times expacted for

L -,-',.-f--a‘ . yeontainay faflures, uzing models and sensitivity
: -snalyses.

. Solid-state atomistic release
. Clarity of exposition

st Peer weview (clarity;iconcurrencet !
v+ = ¥Software, availabilitv
- - examine and run
-, determine if code represents theory

@ s~ Safety factorssfor engineering amcertainties

. e e ,sa Bounding calculations for scientific
AR T S ~amecertainties

. Quality assurance
.= .. Assure complete contaimment (no leaks)

I 2 SR AT S t:onduct tluucteruacton -and conﬂmtion'
oo 7 U .peasurements ’

- of the repository (water table,
engineering)
- . of the waste package sites
- {stability, etc.)
- of waste package components
(retrievability, alteration
«.mechanisms, etc.)
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.+ -0 -t YPERFORMANCE ASSESSMENT

. Mechanistic Modeling
- base metal
- heat-treated weldments
weld HAZ

- rglosure weld

. ..-.:uodel‘Validation T R
' - patural analogues
..- accelerbted tests
. ..« .:analytical. techniques

e o Methodolpgyifor Extrapoleting iShn:t-f'rem;bata l

.e Service Life Predictions

- synergistic effects modeling
. = _methodologies used

».4 ~»ln-§ttu Monitoring .
- oeo e rconfirmation -of: 'engineeting estimates
- ‘resoluti.on of sclentific uncertainties

. Scientific Uncertainties
-.. bounding csalculations
- confirmation tests

* Quantifiable Failure Criteria
. . = 8§.F. for engineering uncertainties
- probability density functions



.~  EXPOSITION

i

,Expout.m .ﬁf mui:aem tnd :pcdfiutions

@ The serviee envirorments shall be described
for the service period

. State of the material (from before faﬁrication
.to after. operational pex:iod)

S S R f WARE &Iha.ﬁechmisus 'of Lr,eutm

S The designed sexvice life shall be computed
S _.for.e fallure wmode of the component. For

% . the esolved scientific-issues, bounding
< . . . ... wcalculations aill -be meeded.

.t S et -t=e % Rhpository closure shall be permitted
cns. o ..o <.+ .- s ohly-after criticel.issues have been
. S tesolved (as part of confirmation tests)

) Explanation of a.ny rationale, methodology,
calculations. etc.

I W ,..,,»., e, Scleazific’metumtles dut cpply to the
Lsr 4w v wew .3, entive vepository shall:be -expressed ‘

- “¢-§ndependently of emy probability density
function for canister/component behavior, e.g
"There ie one chance in 50 that more than x
amount of water shall be present within y years
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SPECIFICATIONS

-

AsMaterials ‘Specifications
. Qualification and characterization tests

. Permitted deviations from design
specifications --Only those that can be
.~accounted for by a Safety l-"actor. o

e b 40 =04 Mechand sticiunderstavding of experted-behavier

. = ‘Characterization tests for -ﬂxe:range of
" material compositions
.-Understanding.of \influence.of ,anttcipated
4 . envirommental variations
‘ tnteractions > i
e 2 !‘Iaterials specifications shall assure a high
- degree of verifiable asgurance of quality

. i, Fabrication specifications -- ghall-use accepted
c°practices, .e.g. ASME Roiler, m .Pressure v-ual t:ode
.~ . ibection’IK, Welding. .

Inspections end Reports
. - Confirmation tests -- shall be conducted before.closure

= and-to confirm validity of arguments and to resolve open
scientific questions,
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3

. Materials Specifications
- chemical composition
- microstructure
.. ..+ = «mechanical -propert.i.es .
Sty 4 e vaste forms o

e Fabrication Process: Spccifications
~canfster
.- welding
. '*-.’surface"fmish

L . . .= heat.treatment

. o .JInspection .Criteria .Basis

- wvisual
- sampling
. NDT
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UNCER !AINTY EVALUATION METHODS
| REPORT OUTLINE o

1 lntroductlcn R I et
‘41 Scopes - EL e C
12Purposes Co S e

2 Quahtatlve Versus Quantltatqve SCC Hules

| 21 Current SCC Rule i
2 2 Advantages and Dnsadvantages of Usnng
“t Quantitative SCC Rules -
2 3 Uncertalnty lmpllcatlons Asscmated W|th -
I Quantlgatlve Sec Rules R . C
3 Waste Package Process quels D EE

3 1 Waste Package Envurcnment“
3 2 Waste Package Degradatlon
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UNCER'IAlNTY EVALUATION METHODS
" REPORT OUTLINE (Cont'd)

3 3 Waste Form Alteratlon and Nuchde ReIease
4 Uncertamty Types A
4.1 Expenment Accuracy
4.2 No Informatlon RS
4 3 Incomplete Informatlon
,'4 4 Indirgct Information - i
4.5 Probability Dlstnbutlon Assumptlons S
4,6 Scenarios® . i i - -
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UNCERTAINTY EVAI.UATION METHODS

'REPORT OUTLINE (Coht‘d)

F.

5 Uncertarnty Modellng Methods
- 5.1 Probabrlrty Drstnbutrons
5.2 Safety | Factors Lo
53Bounds * ©
5, 4 Expert Oprnrons Eoy o
5,6 Others Methods (To be determrned) .
6 Ftlsk Assessments Methodologres for SCC Rulemakmg
6.1 Full Dlstrrbutronal Approaches B
- 6.2 Safety Factors and Boundmg S
6 3 Informatton Updatmg usmg Bayesran Approach

6. 4 Other Methpds (To bg. determmed) 3
f;‘ 5 Integrated Methodology for SCC Rulemaklng
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Problem -- Define what i{s meant by substantially
- .= complete. containment

. Solution --

e Quantifisble criterisa
- probability statement
- limits on uncertainty

.- ;~ o Define. “elements of proof® that steps taken will .
. ,7asgure that :the ;specified mumher 15 correc .

.= .Enviromment
" .- Materials (canister) :
- ‘Mechanistic understanding of alteration
«-..Performance .assessment :
R anuirements &and speciftcations
R .Hatertnls..fabtication..confttnation tests
Tenely e e «v.tnzpactionsaaud ‘reports



\J o Attachment 4

testing program, and {3) the lack of 2 long term performance confirmation
program for the waste package. Each of these three areas of concern is
discussed in detail below.

Substantially Complete Containment

In reviewing the CDSCP, the staff strongly disagreed with DOE's design
objectives for the waste package which reflected their interpretation of the
meaning of substantially complete containment. The design objectives are
4mportant because they are used as guides for the waste package research and
testing program which is designed to develop the data and related models to
support 2 demonstration of compliance with the tontainment requirement.
Accordingly, deficiencies in the waste package research and testing program
portend inadequacies in the data base, model development and associated
assessments for demonstrating tompliance with the rule,

In the SCP, the DOf revised its interpretation of “substantially complete
containment." This irterpretation is stated in Section B8.3.5.9 as follows.
"The DOE understands substantially complete containment to mean thzt the set of
waste packages will fully contain the total radionuclide inventory for a period
of 300 to 1,00C years following permanent repository closure, allowing for
recognized technelogicel limitations and uncertzinties." In agddition,
“Implementaticn cf this uncerstanding will be based solely on reliance on the
waste package as the major component of the engineered barrier system." The
SCP has esteblished goals and laid out plans for tests to acquire the data to
setisfy the reguirvements on SCC, controlled release rate and performance
confirmation.

The staff considers that the revised interpretztion is an incication that DOE
has tazken a2 more conservative interpretation of the regulatory requirement, one
meve consistent with the staff's interpretation. However, the SCP has not
demonstrates that this revised interpretatior has sufficientiy altered its
plans for what must be demonstrated for compliance, or its strategy for
demonstrating compliance. Therefore, the staff considers it important to reach
& mutusl understanding that the information deveioped during site
characterization, et the approach to 1imit uncertainties in the prediction of
service i*fe, tan be expected to gererate enough information to satisfy the
regulaiery reguiremert for SCC. To accomplish this, the staff needs to reach
&n understanding of the following:

(1) The mearing of “recognized technological limitations and uncertainties.”

(2) The relationship between the SCP's set of numerical goals ard the
"limitaticns and uncertainties."

(3) The impact introduced by this lack of quantitative measure of limitations
and uncertainties on DOE's compliance demonstration program.

3-1%



- "

The staff's evzluation zbove is supporied by the following observations:

(1) Some of DOE's performance goals related to their interpretation of
substantic1ly complete containment are considered to be inconsistent with
the intent of the rule.

(2) There are few in situ waste packazge tests planned to acquire data for long
ternm performance predictions.

{3) Orly short durztion tests (few years) are planned for its performarnce
assessment models. While these tests may be appropriate to support the
Ticense application, the staff takes note that the entire time period from
present to the decision on closure (not just the time period until license
application for construction authorization) is available for DOE to
address the reduction of technological limitations and uncertainties
regarding the adequacy of design for containment and prediction of release
rate perforrance. By not initiating in situ tests during site
characterization, the opportunity for collecting many years' data on waste
package performance would be lost.

t2€f reccmrends NRC and DOE interact to resolve the issues ebove.

In S4¢u Testinc Preoraw

The DOE's existing waste package testing program incorporates very few in situ
tests and the precominantly labcrateory testing described in the SCP dees not
seer zdequate 10 resolve the full range of waste package issues. Those issues
include scale-up effects (i.e., the representativeness of data from small scale
laborztory couperns to full size waste packages), possible synergistic effects
of all parameters which can affect Tong term waste package integrity and
performance and the ability of DOE to duplicate the Yucca Mountain environment
in the lzboratsry to guard against “surprises" or the "unexpected" in the
testing program. The staff considers that in situ testing is 2 desirable, and
perhaps necessary, complement to the laboratory testing currently planned for
waste pachkace development and can address those issues not easily resolved in
the lasboratory. Accordingly, the steff is recommending that DOE establish a
proper balance of in situ and laboratory testing for the waste package
development program.

Performznce Confirmation Program

In the review of the DOE performance confirmation program, the staff noted that
the DDE has plans for a number of long term tests which will extend beyond site
characterization activities but none of the tests were related to waste package
performance confirmation and the staff has determined the program 1s deficient
in this area. The value of a long term performance confirmation program for
the waste package is that, in addition to validating the models utilized to
predict the performance of the waste package in the Yucca Mountain environment,
it can provide decades werth of date which can be factored intc the
decision-making process related to repository closure. In this regard, even
"aull® results would be useful information in this process. Additionally, such

3-16
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Section B.2.2.1.1.4 Summary of waste package containment

Issue 1.4: Will the waste package meet the
performence objective for containment as recuired
by 10 CfR 60.1137

Section B.3.5.9 Issue resolution strategy for Issue 1.4: Will the waste

package meet the performance objective for
contzinment as required by 10 CFR 60.113?

COMMENT 5

The SCP's revised technical 1nterpretation of "substantially complete
containment (SCC)* is closer to NRC's use of the phrase than the interpretation
in the CDSCP but it adds a qua11fier ("allowing for recognized technological
limitatfons and uncertaintie:”) and introduces & new term ("the set of waste
packages") which in turn require explanation.

BASIS

The quaiifier, ¥allowirng for recognized technologfcal Timitations and
uncertainties," s subject to interpretation, leading to questions about
tow these limitations and uncertzinties wcuid be assessed enc guantified.

The term “the set of waste package§“ implies that the associated text
goplies only toc some subset of all the waste packages; otherwise, it would
be sufficient to say "the waste packages."

Table 8.3.5.9-1 proposes that, ir the 300-1000 year portion of the
conizinment period, up to 1% of the curie inventory of the breached
packages may be released. Also, no more than D0.1% of the total packages
may be breached per year. If one assumes that breach is equivalent to
release of rzdicnuclides, these two criteria would match the NRT release
rate criterion at 1000 years. The staff considers that & more

restrictive criterion of containment than 1% of the inventory should apply
during the period dominzted by fission products.

The SCP asserts that mode)l simplification will be necessary, and that
another level of uncertainty will be introduced thereby, but gives no
indication as to how this will affect the demonstration of compliance with
the containment requirement.

There is no indication in Table 8.3.5.16-1 of any plans by DOE to conduct
long term waste package performance confirmation tests. The DOE should
rote that the entire time period from the present to the decision on
closure (not just the time period until license application for
construction authorization) is avaiiable to address reduction of
technological limitations and uncertazinties regarding the adequacy of
design for prediction of containment and release rate performance.

The SCP (7.2.1.3.2) states that the waste-package design requirements

4-22
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Yshall be demonstrated to be technically feasible on the basis of
reasonably available technology and that the associzated costs be
reasonable.¥ Further, the waste package designs are constrained in that
they "shall not impose requirements on the repository packaging, handling,
and emplacement facilities, equipment, or operations that are beyond
reasonably available technology." No explanation is provided about how
these design requirements may impact the degree of containment that will
be provided by the waste packages.

RECOMMENDATIONS

1. The DDE should provide more detail on the qualifying phrase in their
interpretation of SCC so that NRC and DOE can reach an understanding of
the phrase that is consistent with the intent of the rule.

2. The DOt should explain the impact introduced by the lack of a guantitative
measure of limitations and uncertainties on DOE's demonstration of
compliance with 10 CFR 60.113.

3. The DIt should explain the meaning of “the set of waste packages."
4. The NRT znd the DCE technicel staffs should interact:

2. To provide the NRC with both a conceptual and 2 quantitative
understanding of the DOE's intent to develop technical solutions to
the uncertainties and limitations delineated in Chapter 7 of the SCP
regarding containment and release rates, including appropriate
confidence limits.

b. To permit the NRC to evaluate the adequaty of the EBS/waste package
program concept and the associated specific plans, milestones, and
schecd.les for azccomplishing the objective in 4a.

c. To develop confidence that with respect to the concept, planning and
implementation of the EES/waste package pregram, maximum advantage
has beer taken of opportunities to overcome current technological
limitations and to minimize uncertainties in the design, containment
and release rate performance of the waste packages.

5. The DOE should explain how the waste package design requirements related

to reasonably aveflable technology and reasonable costs will impact the
decree cf containment provided by the waste packages.

4-23
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Section B.3.1.B Overview of the postclosure tectonics programs: Description
of future tectonic processes and events required by the
performance and design issues

COMMENT 44

The overall goal for waste package performance stated in this section of the
SCP is not consistent with the interpretation of substantially complete
containment discussed in Section 8.3.5.9. (Other comments relzted to
“substantially complete containment" are Comments 5 and 80.)

BASIS

e The first parzgraph of page B.3.1.B-27 states that "Section B.3.4.2 sets
design goals for rock-induced loads to the waste packege. One goal states
that less than 0.5% of the waste packages wil] be breached by anticipated
tectonfc processes and events that may occur during the first 1,000 yr."
and that "This level {is designed to be compatible with the overall goal
for waste package performance from 21l modes of failure of less than 5
percent in 300 yr and less than 20 percent in 1,000 yr."

° Section B8.3.5.9 (p. 8.3.5.9-1) states that "The DOE understands

substantially complete containment to mean that the set of waste packages
will fully contain the total radionuclide inventory closure, @llowing for
recognized technological limitations." In our view, full containment is
not obtained in a system which permits the levels of failure stated in the
above paragraph.

RECOMMENDATION

Reexamine design goals for the various components of the repository system to
ensure that they are consistent.
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Section B.3.5.9. Issue resolution strategy for Issue 1.4: Will the waste

package meet the performance objective for containment as
required by 10 CFR 60.113?

(Tentative goals for release from the waste patkages)

P. B.3.5.9-19 PARA 3.

COMMENT 8D

Some performance goals related to the requirement for substantially complete
contzinment do mot appear to be consistent with DOE's revised interpretation of

the containment requirement and the intent of the rule.

‘BASIS

This comment addresses the subject of performance allocation discussed
previeusly in CDSCP Comment 103. - In response to CDSCP Comment 109
(which 1s closely related to CDSCP Comment 3), the DOE extensively
revised Section 8.3.5.9 with respect to the allocations of performance to
waste package components and the associated quantitative goals for these
components. The DOE also revised its interpretation of “substantially
complete containment.® The revised DOE interpretation is in substantial
agreement with NRC's intent in 10 CFR 60.113. However, there appear to
be inconsistencies among the tentative performance goals. For example, .
the SCP states that DOE understands substantially complete containment to
mean that the waste package will fully contain the total radionuclide
inventory. Nevertheless, the stated overall goal for waste package
performance is for a1l failures to be less than 5 percent in 300 yr or
less than 20 percent in 1,000 yr (see Comment 44). Other inconsistencies
are discussed in Questions 33, 34, 35, 38, anc 39.

As tentative goals to address the substant{ally compliete containment
requirement, the SCP states that DOE considers it appropriate to require
that release of isotopes with long half-lives from the waste packages be
controlled at a stricter standard.during the containment period than
during the post-contafnment perfod. Accordingly, the DOE has established
the ter-ative criterion that release of these isotopes (listed in Table
8.3.5.10~3b) from the waste packages will be controlled such that their
annua) rates of release are less than 1 part in 1,000,000 for those
{sotopes present in sufficient quantity in the 1,000-year inventory. It
further states that the DOE has elected to 1imit releases of all other
radioactive isotopes to an annual release rate of less than 1 part in
100,000 of the current inventory of that isotope in the waste packages.

While the first goal stated above §s a stringent one for controlled
release, it may not be consistent with NRC's interpretation of
Ysubstantially complete containment" because the NRC has not set numerical

limits on the release of radionuclides during the containment period.

The second goal is clearly unacceptable and inconsistent with the
containment requirement fnasmuch as it would permit 2 rate of release
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during the containment periocd grezter than that permitted during the post
containment period.

As indicated in Tadle B.3.5.9-1, the goal of lec: than 0.001 for the
fraction of containers failed in any given year in the 300 to 1000 year
time frame appears inconsistent with the containment requirement.

RECOMMENDATION

Establish goals whizh a2re consistent with the reguirement for "substantially
complete containment.® While the first goal may be adeguate, the second goal
is judged to be unacceptable.
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