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STEIN LTR ON SCC
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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 (SCC)"

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 Repository Licensing and Quality
PDR WASTE Assurance Project Directorate
WM-11 PDC Division of High-Level Waste Mangement

Enclosure: As stated

cc: R. Loux, State of Nevada
M. Baughman, Lincoln County, NV
S. Bradhurst, Nye County, NV /A 1G
D. Bechtel, Clark County, NV
C. Gertz, DOE/Nevada
K. Turner, GAO DISTRIBUTION AND CONCURRENCE: SEE NEXT PAGE
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Attachment 1

LIST OF ATTENDEES
ON SUBSTANTIALLY COMPLETE CONTAINMENTTECHNICAL EXCHANGE

NAME ORGANIZATION

Brian Thomas
Joe Bunting
Jack Hale
Michael 0. Cloninger
David Stahl
Ed Bent
A. Berusch
Lyn Ballou
Carl Johnson
Charles H. Peterson
Lee Abramson
Charles Interrante
Justin Wu
Chris Henkel
H. Manaktala
Bob Adler
Philip Berger
David Brooks
Susan Bilhorn
David Tillson
Mal Murphy
James R. Wolf
Janet Phelan Kotra
Kien C. Chang
Rosetta Virgilio
Joe Holonich
Gordon Appel
David Dobson
Mike Lugo
Steve Gomberg
Jack Parry
Mel Silberberg
Jake Philip
Jerome Pearring
Rick Weller
Anna Fraker

NRC/HLWM
NRC/HLVIM
DOE/OCRWM
DOE/NV/YMPO
SAIC
Weston
DOE/HQ
LLNL/YMP
Nevada
NRC/HLWM
NRC/RES/PRAB
NIST
CNWRA
EEI/UWASTE
CNWRA
CNWRA
DOE/ENERGETICS
NRC/HLWM
NRC/OCM-KR
Nevada
Nevada
NRC/OGC
NRC/OCM-JC
NRC/HLWM
NRC/SLITP
NRC/HLWM
DOE/OCRWM
DOE/YMP
Weston/Jacobs
DOE/OCRWM
NRC/ACNW
NR/RES/WMB
NRC/RES/WMB
NRC/HLEN
NRC/HLEN
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OUTLINE FOR PRESENTATION ON

"SUBSTANTIALLY COMPLETE" CONTAINMENT
CAC*i

e DOE INTERPRETATION OF SUBSTANTIALLY
COMPLETE CONTAINMENT

* QUALITATIVE DESIGN OBJECTIVES

* QUANTITATIVE PERFORMANCE GOALS FOR
RADIONUCLIDE RELEASE

* RATIONALE FOR THE PERFORMANCE GOALS

* UNCERTAINTY IN MEETING PERFORMANCE GOALS

* IDENTIFICATION OF SPECIFIC ISSUES
REQUIRING RESOLUTION

NROSU85PAI8I9-189 I



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;

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

* *ANY RELEASE FROM THE WASTE PACKAGES WILL BE GRADUAL
SUCH THAT RELEASES FROM THE EBS ARE <1XlO-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.

NRCSU95PAiao-1-89 2
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INTERPRETATION OF SUBSTANTIALLY
COMPLETE CONTAINMENT

scpo
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.

* 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.

NRCSUB5PA1I94t.89 3



QUALITATIVE DESIGN OBJECTIVES

THE DOE UNDERSTANDING OF THE SUBSTANTIALLY
COMPLETE CONTAINMENT LEADS TO THE FOLLOWING
TWO DESIGN OBJECTIVES ONTHE WASTE PACKAGE C
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 C
PACKAGES WILL BE RELEASED AT A VERY LOW RATE,
RELATIVE TO THE TOTAL INVENTORY.

THESE DESIGN REQUIREMENTS ARE CONSISTENT WITH THE
INTENT OF 10 CFR 60.113 AND THE DISCUSSION IN NUREGO0804.

NRCSUBSPA81/9-1-89 4



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 (
PERFORMANCE REQUIREMENTS. FOR THE CONTAINMENT PERIOD:

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

RELEASE FROM THE SET OF EMPLACED WASTE PACKAGES DOES
NOT EXCEED I 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 I 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.

NRCSUB5PAI8/9i1-8e 5



RATIONALE FOR THE QUANTITATIVE
PERFORMANCE GOALS-

FOR THE RADIONUCLIDES IMPORTANT TO
LONG-TERM ISOLATION: C

* 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 THECONTAINMENT
PERIOD THAN THE POST-CONTAINMENT PERIOD; C

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

NMMU95PA18/9-1.8 8



RATIONALE FOR THE QUANTITATIVE
PERFORMANCE GOALS

FOR THE OTHER RADIONUCLIDES:

* 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 PRESEN-1" 1

* 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

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

NROSU8MPA18/9-1-9 7



CALCULATIONS OF THE RELEASE OF
STRONTIUM-90 WHICH SHOW DEGREE OF

CONSERVATISM OF 10-5 PER YEAR LIMIT FOR
SHORT HALF-LIFE RADIONUCLIDES

C
* EXTREME SCENARIO ASSUMPTIONS AT CLOSURE:

- TOTAL REPOSITORY INVENTORY OF STRONIUM-90 (YTTRIUM-90) OF
ABOUT 2.8X1 0+ 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.

NRCSU85PA18/9-1.89 8



RESULTS OF CALCULATIONS OF
THE RELEASE OF STRONTIUM-90

* FOR SCENARIO GIVEN ABOVE:

- RELEASE IS LESS THAN 10-16 OF ALLOWABLE (40 CFR 191.13);

-LIFETIME CRITICAL ORGAN DOSE (BONE) IS LESS THAN 10-1
MILLIREM VS. 75 M[WRE LIMIT; AND

- LIFETIME TOTAL BODY DOSE IS LESS THAN 10- MILLIREM
VS. 25 MILLIREMIYR LIMIT.

* 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.

NRCSU A5P.AMS-1-89 9
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.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 FAILURE
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

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

MMOUW5A18/9-1.89 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.

mmcuBSPA181-?89 17
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*PERSPECTIVE

-U ;WPOSE rTSh- 'OIWDR?1, T -M PERSUADE

- MOTIVATED BY THE REGULATORY UNCERTAINTY (60.113(a)(ii)(A) AND
POTENTIAL SIGNIFICANT IMPLICATIONS

- PRESENT CONCEPT TO WIUNUZE UNCERTAINTY (FOR INFODRATION)
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REGULATORY UNCERTAINTY
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NOTE CONCEPT ONLY! PREMATURE TO ATTEMPT FINAL STATEMENT OF THE
WORDING OF ANY REVISIONS TO THE RULE.WHICH MAY BE PROPOSED

~~~:ASIS -

. ~ ~ ~ ~ ~ . ... .. .

' -; *< -.- LOGICAL 'TEC+NICAL'R£LATlMNHIP:.VETlMEN: r

-*- '''CONTAINMENT REQUIREMENT (60.113Ci)Cii)(A)
LAND
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QUANTITATIVE CALCULATION OF WASTE PACKAGE FAILURES BY YEAR
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.CONCEPT SCONT)

- ., 6 :.- '':' :EPT -. v8TA~E UVANTGE 1 MT CALVILATIDN AND 'TTEIrPT TO:

DEFINE SUBSTANTIALLY" AS PROBABILITY OF NO MORE THAN N
FAILURES DURING THE PERIOD CLAIMED FOR CONTAINMENT PER 1000
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,,- .: a. ,,-.. TECHMICAL"FEASIBILITY. ASSESSMENT

- ASSESS THE FEASIBILITY OF THE CONCEPT BEFORE REACHING A DECISION
ON COURSE OF ACTION

- INVOLVES A TEAM:

- -- .. I, * 'NRC TAFf:(NKSS jW'RESEARCH)

-- ',CENTER FOR'14UCLEAR W4ASTE. REGJLATORY ANALYSES

'-'.INATIONAL INSTITUTE OF'STANDARDS AND TECHNOLOGY

'. i'Tb$.':PRIMARY"REPORTS.
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.. ; 'UNCERTAINTY EVALUATION:METHODS
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ENVIRONMENT
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MATERIALS/ENVIRONMENT INTERACTIONS

. r .- formae .Sesting
- corrosion

- general
- localized

- hydrogen embrittlement
- mechanical properties

veldments
- e. - .1m ',radiation. effecth

* ..Accelesated.-Testing Techniques
- time/pressure/temperature
*.-- s-chemical.emviroanient
- radiation

. :~ * ..:.- .simulated tadLolytic,.products.

- waste form/canister interactions

¶

* . Phenomenological Studies



I.,

* * . ; b;: ,t~ :-bo ?Uf8cZ~ ;iXIT

- ,ecbanist d t i -- . .cIcal. ical
processes associated with material/environment
alterations during service life of materials used for
containment credit.

.- . : -x-: Tests of naterialst-Aurahblity -- standr-
;. .. ;r ALzed test methods

* *..- ; - -rguments -4,tat~t ehtimo
* :!filure wiU 'be supported by tests to

demonstrate lack of interaction between
m.. material sandenvironment

*, . *:o- . .......-t -- . :,- monstrations that mechanistic arguments
.-*.. : -. . . .. ..,:.-.,rt adequate-for the various .arts..of a
.- * - * .o container, e.g. veldments, attachments,

stampings.

* Scientific uncertainties shall be studied to
-resolve all open questions

-- * .* - : . *.- ;etrniatiox of -all reaction productc -are .- ,. .

.. - .-of. -;e. -. .*... .. i a r.
function of time.
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-PERFOB=AICE ASSESSHMEN

v -VWrfoaxaneo -Asasaxaent - ttecapate the tiass expected for
- -. Ocontalm~r .f aSLures .,-=lIn modeLs. and sensitivity

* Solid-state atomistic release

* Clarity of exposition

&:'ePer treview (clarity iconcurrenc

* - .examine and rn
- determine if code represents theory

* .. >:Safety factors ~ior. ngineeringumncertainties

-..* A u mding calculations for scientific
: . .: rtanme>ties

I

. .) .. a

* Quality assurance

Assure..co>plete ctaafentu Po leaks)

, ! ;*d, ..Coduct tharectcrUtti and'.con£$rmation
-- easurements

- of the repository (water table,
engineering)

.. . - . of the waste package sites
(stability, etc.)

- of waste package components
(retrievability, alteration

-.:.echanims, etc.)
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* Mechanistic Modeling
- base metal
- heat-treated weldments
- weld HAZ
- closure veld

-S.-Alodel Validation . A
- -natural analogues
, - accelerated tests

.. ..analytical. techniques

*',,;''. *-X '' *'' it' e :vs taoittgywor- .7trap~lagt &gShoret~veru± Dath

.* Service Life Predictions
- synergistic.effects modeling

.. ... . .-.- maethodalogies zused

*,. . kI., S* . *, ; X ''4 * Jn-Situ Monitoring
confiruaeon of 'engineering estinates

- resolution of scientific uncertainties

* Scientific Uncertainties
bounding calculations

* - confirmation tests

* Quantifiable Failure Criteria
- S.F. for engineering uncertainties
- probability density functions
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.-. * ^; JZpo*tltCK of jaqur:rceaets o~d'fiPtp tifcatLns*~~~ ~ ~ . ~ ',.**1. .yafpn-re

:-; -- The service envirornments shall be-described
for the service period

* State of the material (from before fabrication
-to after.operational period)

i^,;wi.*.'* :, :.' w-:W echaxdsus Of:lteeratir'

* l'(The designed service lUfe sall be computed
' ... for Aanh fULlure uode of the comp-nent. For

the untesolved scientific issues, bounding
r * * * ; * w.,,_c&IcuL~tLons -will -be ma~cded.'

-. - *, -_:.. iPposLtory.closure xhall be permitted
;.: . .... ohlyrafter cnitical-Lezues have-been

resolved (as part of confirmation tests)

* Explanation of any rationale, methodology,
calculations, etc.

:X ie . .Icleatificpwertdities that apply .to thr-
i:* r 4' .ntirw repository -shall-be expressed

- independently- f any probability density
function for canister/component behavior, e.g.
"There is one chance in 50 that more than x
amount of water shall be present within y years.
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SPECIFICATIONS

:*. 'i* '' C .attiaus :S."pecuications

* Qualification and characterization tests

Permitted deviations from design
specifications --Only those that can be

-. accounted for by a Safety Factor.

'Ai.. ; twxlstft-, u.d;rsisudgmg tof.~x rtte behavicar. , I

* . 'Characterization tests for the range of
material compositions

P.,Understanding-ofAnofluence.of anticipated
. ..- .environmental variations

; * e. interactions

- ' Materials specifications shall assure a high
degree of verifiable assurance of quality

., .! X

4 .

*1-~;--."" . .A

IA 0 *_ *

, .. Yabricatilo specifications --. shall use acepted
- . practices * .e.g- ANE AoUleru nd .resure Vessel. Code
. ,.';ection IX, Welding.

Inspections and Reports

ConCfiratioz tests - -. shall, be conducted before. closure
,. bend--o confirm validity of arguments and to resolve open

scientific questions.
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* Materials Specifications
- chemical composition
- microstructure

.. . .. ' ..- . . .echauical properties
.. ~. , .. - ,qvaste formsI I . . .

* A . Fabrication Process Specifications
canister
.welding

-1.surface finish
.-.; .. ... - beat tre tment . . . .1

.. *. .Inspection.CrIteria, £asis
- visual
- sampling
_ EDT -

*- ., .*. .. wr destuctivL> testingE'
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Sources of
Uncertainties
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* Indirect data
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Attachment 4

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

Substantially Complete Containment

Iv 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
important 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 a demonstration of compliance with the containment requirement.
Accordingly, deficiencies In the waste package research and testing program
portend inadequacies in the data base, model development and associated
assessments for demonstrating compliance with the rule.

In the SCP, the DOE revised its Interpretation of "substantially complete
containment." This interpretation is stated in Section 8.3.5.9 as follows.
"The DOE understands substantially complete containment to mean that the set of
waste packages will fully contain the total radionuclide inventory for a period
of 303 to 1,00: years following permanent repository closure, allowing for
re:orized te:hnzlocical limitations and uncertainties." In addition,
"Implemerntaticn cf this understanding will be based solely on reliance on the
waste package as the major component of the engineered barrier system." 'The
SCP has established goals and laid out plans for tests to acquire the data to
satisfy the reqjirements on SCC, controlled release rate and performance
renlrfmati on.

The staff considers that the revised interpretation is an indication that DZE
has taken a more conservative interpretation of the regulatory requirement, one
rore consistent with the staff's Interpretation. However, the SCP has not
demonstrateo that this revised interpretation has sufficiently altered its
plans for what must be demonstrated for compliance, or its strategy for
demonstrating compliance. Therefore, the staff considers it important to reach
a mutual understanring that the information developed during site
chara:terl:ation, and the approach to limit uncertainties in the prediction of
service e' a, can be expe:ted to generate enough information to satisfy the
regulators requirement for SCC. To accomplish this, the staff needs to reach
an understanding of the following:

(1) The mear.ing of "recognized technological limitations and uncertainties."

(2) The re'ationship between the SCP's set of numerical goals and the
"lirjitjatins and uncertainties."

(3) The impact introduced by this lack of quantitative measure of limitations
and uncertainties on DOE's compliance demonstration program.
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The staff's evaluation above Is supported by the following observations:

(1) Same of DDE's performance goals related to their interpretation of
sibstant1ally complete containment are considered to be Inconsistent with
the intent of the rule.

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

(3) Only short duration tests (few years) are planned for its performance
assessment models. While these tests may be appropriate to support the
license 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 verforrance. By not initiating in situ tests during site
characterization, the opportunity for collecting many years' data on waste
package performance would be lost.

Staff recommends NRt and DOE interact to resolve the issues above.

In Situ testinc Program

The DOE's existing waste package testing program incorporates very few in situ
tests ard the pred^i;ar.satly labc.atory testing described in the SCP does not
seer adequate to resolve the full range cf waste package issues. Those issues
include scale-up effects (i.e., the representativeness of data from small scale
labcrato-y coupOrs to full size waste packages), possible synergistic effects
of all parameters which can affect long term waste package integrity and
performance and the ability of DOE to duplicate the Yucca Mountain environment
in the laboratory to guard against "surprises" or the "unexpected" in the
testing program. The staff considers that in situ testing is a desirable, and
perhaps necessary, complement to the laboratory testing currently planned for
waste package development and can address those issues not easily resolved in
the laboratory. Accordingly, the staff is recommending that DOE establish a
proper balance of in situ and laboratory testing for the waste package
development program.

Performance Confirmation Program

In the review of the DDE performance confirmation program, the staff noted that
the DOE 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 is 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 worth of data which can be factored into the
decision-making process related to repository closure. In this regard, even
"null" results would be useful information in this process. Additionally, such
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Sertion 8.2.2.1.1.4 Summary of waste package containment
Issue 1.4: Will the waste package meet the
performance objective for containment as recuired
by 10 CR 60.113?

Section 8.3.5.9 Issue resolution strategy for Issue 1.4: Will the waste
package meet the performance objective for
containment as required by 10 CFR 60.113?

COMMENT 5

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

B&SIS

The qualifier, 'allowirg for re:ognized te:hnological limitations and
uncertainties," is subject to interpretation, leading to questions about
how these limitations and uncertainties would be assessed and quantified.

C The term "the set of waste packages" implies that the associated text
applies only to some subset of all the waste packages; otherwise, it would
be sufficient to say "the waste packages."

0 Table 8.3.5.9-1 proposes that, in the 300-3DD0 year portion of the
containment period, up to 1.% of the curie inventory of the breached
packages may be released. Also, no more than 0.1% of the total packages
may be breached per year. If one assumes that breach is equivalent to
release of radionuclides, these two criteria would match the NRC release
rate criterion at 1000 years. The staff considers that a more
restrictive criterion of containment than 1% of the Inventory should apply
during the period dominated by fission products.

o The SCP asserts that model 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.

C 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
note 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 available to address reduction of
technological limitations and uncertainties regarding the adequacy of
design for prediction of containment and release rate performance.

C The SCP (7.2.1.3.2) states that the waste-package design requirements
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ashall be demonstrated to be technically feasible on the basis of
reasonably available technology and that the associated 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.

RECOVIENM7T 33NS

1. The DOE 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 DOE should explaln the impact introduced by the lack of a quantitative
measure of limitations and uncertainties on DOE's demonstration of
compliance with 10 CFR 60.113.

3. The DOE should explain the meaning of "the set of waste packages."

4. The NR ar.d the DOE technical staffs should interact:

a. To provide the NRC with both a conceptual and a quantitative
understanding of the DOE's intent to develop technical solutions to
the un:eriairties and lirltations delineated in Chapter 7 of the SCP
regarairig containment and release rates, including appropriate
confidence lir'Ats.

b. To permit the NRC to evaluate the adequacy of the EBS/waste package
pr-ocram concept and the associated specific plans, milestones, and
schedules for accomplishing tne objective in 4a.

c. To develop confidence that with respect to-the concept, planning and
ir-le.-nrtation of the EES/waste package prcgram, 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.

S. The DOE should explain how the waste package design requirements related
to reasonably available technology and reasonable costs will impact the
degree cf containment provided by the waste packages.
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Section 8.3.1.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 related to
"substantially complete containment" are Comments B and 80.)

BASIS

C The first paragraph of page 8.3.2.8-27 states that "Section 8.3.4.2 sets
design goals for rock-induced loads to the waste package. One goal states
that less than 0.5% of the waste packages w ll be breached by anticipated
tectonic 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 all modes of failure of less than 5
percent in 300 yr and less than 20 percent in 1,000 yr."

c Section 8.3.5.9 (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, allowing 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 8.3.5.9. 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 packages)
P. 8.3.5.9-19 PARA 3.

COMMENT SD

Some performance goals related to the requirement for substantially complete
containment do not appear to be consistent with DOE's revised interpretation of
the containment requirement and the intent of the rule.

BASIS

° Thris comment addresses the subject of performance allocation discussed
previously in CDSCP Comment 109. In response to CDSCP Comment 109
(which is 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 all 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, and 39.

° As tentative goals to address the substantially complete 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 standardduring the containment period than
during the post-containment period. Accordingly, the DOE has established
the te--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
annual rates of release are less than 1 part in 1,000,000 for those
isotopes present in sufficient quantity in the 1,000-year inventory. It
further states that the DOE has elected to limit 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 is a stringent one for controlled
release, it may not be consistent with NRC's interpretation of
"substantially 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 inasmuch as it would permit a rate of release
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during the containment period greater 
than that permitted during the post

containment period.

As indicated in 'Table B.3.5.9-1, the goal of lers 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.

RE' MEtN D1"I

Establish goals which are consistent 
with the requirement for "substantially

complete containment." While the first goal may be delquate, the second goal

is judged to be unacceptable.

4-154


