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TO BE ARGUED ON JANUARY 14, 2004

UNITED STATES COURT OF APPEALS
FOR THE DISTRICT OF COLUMBIA CIRCUIT

NUCLEAR ENERGY INSTITUTE,
Petitioner,

Case No. 01-1258
Consolidated with 01-1268, 01-1295,
01-1425, 01-1426, 01-1516, 02-1036,
02-1077,02-1116, 02-1179, 02-1196,
03-1009, 03-1058

V.

ENVIRONMENTAL PROTECTION
AGENCY,

Respondent.

PETITIONERS’ MOTION TO REQUIRE RESPONDENTS
TO SUPPLEMENT THE RECORD ON REVIEW

Petitioners the State of Nevéda, Clark County, Nevada, and Las Vegas, Nevada, move
pursuant to FED.R.APP.P. 16 and 17 to require Respondents to supplement the record on review
with certain key documents, which have only recently been disclosed in response to Petitioners’
Freedom of Information Act (“FOIA”) requests. These striking do‘cuments reveal that the
Department of Energy (“DOE”) had concluded that the risk of nuclear criticality in the casks in
which nuclear waste will be shipped to the Yucca Mountain repository — in effect converting
them into lethally efficient “dirty bombs” — had a far higher probability of occurring during a
terrorist incident than was previously disclosed by DOE. Nevertheless, in its Final
Environmental Impact Statement (“FEIS”), DOE simply ignored any consideration of the
scenarios in which such criticalities, and criticality-induced cask explosions, could come to pass.

Congequently, in Sﬁppoﬁ of this Motion, Petitioners state as follows:

1. Among the claims raised in these consolidated cases is Petitioners’ contention that



“

-}

DOE’s FEIS for its Yucca Mountain nuclear waste repository project is flawed for failure to
address realistic sabotage scenarios involving spent fuel transport, and thus vastly understated
the potential risks and consequences of such transport. In particular, Nevada claimed that DOE
had failed to evaluate the potential for a “nuclear criticality” in the event of a terrorist attack on a
spent fuel cask in transit with a commercially available portable armor-piercing weapon.
“Criticality” is “the condition in which nuclear fuel sustains a chain reaction.” JA-1339.! A
nuclear criticality event, if it occurred in a spent fuel cask, would sharply increase the heat and
radioactive content of the cask and would likely cause “a violent event,” i.e, an explosion of the
cask that would powerfully disperse highly radioactive waste iﬁto whatever environment the cask
happened to be in. See Supp-623-24; JA-633-36. Inits FEIS, DOE stated it did not evaluate
cask accident or sabotage scenarios in which the risk of occurrence was less than one in 10

million because they were not “reasonably foreseeable.””” JA-1021. Though DOE recognized

.that cask penetration would occur in an attack by an armor-piercing weapon, criticality events

associated with such perforation were dismissed on this asserted ground. Id.

2. Respondents’ Certified List of Documents (filed April 8, 2002), purporting to
comprise the Administrative Record in Case No. 02-1179, did not include a document in which
DOE had determined, in evaluating long-term storage of spent fuel in casks, that rainwater
seepage into a degraded spent fuel cask could credibly induce the criticality that would produce

heightened releases or cask explosions. (Water creates the physical conditions inside the cask

1 As used herein, the terms “JA” and “Supp” refer respectively to the Joint Appendix and
Supplemental Appendix filed in Nevada v. Department of Energy, No. 01-1516.

2 The FEIS likewise dismissed the risk and consequences of criticality occurring inside the
Yucca Mountain repository, suggesting the odds of it happening were too remote to be .
considered. JA-966 (postulating that the probability of a criticality was less than 2 in 10 million
in 10,000 years). Moreover, DOE concluded that, even if it occurred in the repository, a
criticality “would not have a significant impact on repository performance.” JA-633.
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fostering a self-sustaining chain reaction. In technical terms, it is an effective “neutron
moderator.”) See Supp-568-666. See also JA-634 (“With the presence of moderating materials
like water, the likelihood of fission can .be greatly increased....”). The Court’s adjudication of
Petitioners’ November 5, 2002 request that this document, the so-called “Contiﬁual Storage
Analysis Report,” be included in the Administrative Record was deferred to the merits hearing of
this case. Order dated February 26, 2003. Oral argument is schedt;led for January 14, 2003.

In briefing, Petitioners contended that any spent fuel cask perforated by an armor-
piercing weapon could credibly be exposed to water through rainfall, fireﬁghters’ spray, or
submersion (in the case of barge-mounted casks or casks damaged on bridges err'waterways).
Pet. Final Opening Br. at 97. Réspondents countered that “[m]ere conjecture by Petitioners that
a criticality could result from a missile attack is an insufficient basis for requiring further
analysis under” the National Environmental Policy Act (“NEPA”). Resp. Final Br. at 98,
Similarly, Intervenor/Amicus Nuclear Energy Institute and National Association of Regﬁlatory
Utility Commissioners countered that “criticality would not be expected as a result of a sabotage
scenario in any event; even one involving flooding with water” merely because NRC regulations
require that it should not occur. Int./Amicus Br. at 33.

3. Petitioners only recently discovered, through documents received in October and
November, 2003, pursuant to FOIA requests, that, contrary to FED.R.APP.P 17(b)(1)(B), the
Administrative Record for Case No. 02-1179, does not contain other key documents that bear
directly on, and strongly support, Petitioners’ claim concemning the very real daﬂgers of' ihese
criticalities and cask explosions in a variety of contexts. Those documents, which are numbered
Supp-904 through Supp-975, are attached to this motion. Specifically, the doc.uments reveal that

DOE'’s Senior Technical Review Panel for the FEIS was repeatedly concerned about criticality in



the event of water entering a ruptured or corroded épent fuel canister, and it recommended on
several occasions that DOE “quantify the consequences” if such an event “is conceivable.”
Supp-926, 935, 950. Though DOE’s studies concluded that such an event was not only
conceivable but likely, DOE apparently never did such an analysis.

The documents show that DOE’s own criticality analysts had “assumed that the ingress
of water into a storage cask, without any change in geometry of the spent fuel and/or movement
of the neutron poison, would result in a critical event,” and that the probability of criticality was
so high that DOE should not waste time analyzing it, but should proceed directly to analysis of
the consequences. Supp-951 (emphasis added), 956-57. Even more astonishing, DOE’s own
numbers in its “Criticality Potential Curye Draft Report” for the Yucca repository suggest that, if
waste packages corrode, permitting water ingréss, up to 60 nuclear criticalities will occur inside
Yucca Mountain, and the probability of a criticality happening in the repository may be greater
than one in one thousand per year — far from the 2 in 10 million chance over 10,000 years that
was stated in the FEIS. See Supp 906-17; cf. JA-966, 633. Logically, the impact of one such
cask explosion on its neighboring casks inside the repository is potentially a chain of cask
ruptures, releasing even more highly radioactive material from the repository, and throwing into
question the value of “engineered barriers” if, as Petitioners contend, the geology of the site
cannot independently isolate such waste. Again, no anaiysis of these scenarios was done.

Indeed, DOE’s documents concluded that “[a] criticality event could affect radionuclide
releases to the environment by damaging the uranium fuel matrix and cladding, so that the slow
dissolution process which would normally occur is accelerated and radionuclides are released in
a short time period. Such a release would be more concentrated and the air release pathway

would become significant, so an evaluation of the effects of potential criticality events is in

order.” Supp-906.



4. Under well-settled principles of administrative and NEPA law, these recently-released
records should be included in the certified administrative record, or at a minimum, in the record
before this Court on its review of Petitioners’ NEPA claims. For this Court’s review of
Respondents’ actions and inactions to be meaningful, that review must “be baséd on the full
administrative record that was before” the agency at the time of its decision. Citizens to
Preserve Overton Park, Inc. v. Volpe, 401 U.S. 402, 420 (1971). See also James Madison Ltd.
by Hecht v. Ludwig, 82 F.3d 1085, 1095 (D.C. Cir. 1996); Environmental Def. Fund v. Costle,
657 F.2d 275, 284 (D.C. Cir. 1981). Because, “[i]f a court is to revieW an agency’s action fairly,
it should have before it neither more nor less information than did the agency wheﬁ it made its
decision,” Walter O. Boswell Mem’l Hosp. v. Heckler; 749 F.2d 788, 792 (D.C. Cir. 1984), the
“complete administrative record” upon which the Court’s review is to be based “consists of all
documents and materials directly or indirectly considered by the agency.” Bar MK Ranches v.
Yuetter, 994 F.2d 735, 739 (10th Cir. 1993) (citations omitted). See also Izaak Walton League of
America v. Marsh, 655 F.2d 346, 368 (D.C. Cir. 1981) (“the administrative record must disclose
the studies and data used in compiling environmental impact statements”). Because the recently-
released documents demonstrate on their face that DOE directly or indirectly considered the
likelihood of cxiticaiity events in formulating its environmental analyses, they are properly
considered part of the administrative record, whether or not they were formally designated as
such by Respondents. See Bar MK Ranches, 994 F.2d at 739 (“An agency may not uniiatcrally
determine what constitutes the Administrative Record.”) (citation omitted); Esch v. Yeutter, 876
F.2d 976, 991 (D.C. Cir. 1989) (éupplemeﬁtation of administrative record allowed “when an
agency considered evidence which it failed to include in the record”).

In any event, this Court should include the materials at issue in the Court’s record in



order to determine whether Respondents in fact complied with their obligations under NEPA to
fully consider relevant environmental matters. One of Petitioners’ central contentions is that
DOE’s FEIS failed to adequately consider and address the environmental impacts of various
criticalify scenarios. Almost by deﬁrﬁtion, matters outside the certified administrative record
must be considered if the Court is to conduct a meaningful review of such a claim. See, e.g.,
Esch, 876 F.;'Zd at 991 (supplementation appropriate “when the agency failed to consider factors
which are relevant to its final decision™); Environmental Def. Fund, 657 F.2d at 285 (citing
Asarco,' Inc. v. EPA, 616 F.2d 1153, 1160 (9th Cir. 1980)); Izaak Walton League, 655 F.2d at
369 n.56.3 This consideration is especially important in NEPA cases, where “a primary function
of the court is to insure that the information available to the decision-maker includes an adequate
discussion of environmental effects and altemafives, which can sometimes be determined only
by looking outside the administrafive record to see what the agency may have ignored.” County
of Suffolk v. Secretary of Interior, 562 F.2d 1368, 1384 (2d Cir. 1977) (internal citations
omitted). See also Asarco, Inc. v. EPA, 616 F.2d 1153, 1160 (9th Cir. 1980) (“It will often be
impossible, especially when highly technical matters are involved, for the court to determine
whether the agency took into consideration all relevant factors unless it looks outside the record
to determine what matters the agency should havé considered but did not.”); Esch, 876 F.2d at
991.

Accordingly, Petitioners respectfully request the Court to require Respondents to
supplement tﬁe record on review before the Court with these documents (and any others like

them that have not been disclosed) or, in the alternative, to defer ruling on the attached

documents until the merits hearing.

3 Compare Kent County v. EPA, 963 F.2d 391, 396 (D.C. Cir. 1992) (“The documents relate to
the position of the agency’s own experts on the question central to this case. To deny their

relevance would be inconsistent with rational decisionmaking by an administrative agency.”).
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Elizabeth A. Vibert, Deputy District Attomey
CLARK COUNTY, NEVADA

500 South Grand Central Parkway

Las Vegas, Nevada 89106

Telephone: 702/455-4762

Facsimile: 702/382-5178

Bradford R. Jerbic, City Attorney

William P. Henry, Senior Litigation Counsel
CITY OF LAS VEGAS, NEVADA

400 Stewart Avenue

Las Vegas, Nevada 89101

Telephone: 702/229-6590

Facsimile: 702/386-1749

William H. Briggs, Jr.*

ROSS, DIXON & BELL, L.L.P.
2001 K Street N.W.
Washington, D.C. 20006-1040
Telephone: 202/662-2063
Facsimile: 202/662-2190

Respectfully submitted,

Antonio Rossmann*

Special Deputy Attorney General

Roger B. Moore

Special Deputy Attorney General

LAW OFFICE OF ANTONIO ROSSMANN
380 Hayes Street

San Francisco, CA 94102

Telephone: 415/861-1401

Facsimile: 415/861-1822

Brian Sandoval
Attomey General

‘Marta A. Adams* :

Senior Deputy Attorney General
STATE OF NEVADA

100 North Carson Street

Carson City, NV 89701
Telephone: 775/684-1237
Facsimile: 775/684-1108

-Charles J. Cooper*

Robert J. Cynkar*

Vincent J. Colatriano*
COOPER & KIRK, L.L.P.
1500 K Street, N.W., Suite 200
Washington, DC 20001
Telephone: 202/220-9660
Facsimile: 202/220-9601

Joseph R. Egan*

Special Deputy Attorney General
Charles J. Fitzpatrick*

Martin G. Malsch*

Howard K. Shapar*

EGAN & ASSOCIATES, PLLC
7918 Jones Branch Drive, Suite 600
McLean, VA 22102

Telephone: 703/918-4942
Facsimile: 703/918-4943 -
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:ﬂ)seph R. Egan*

Counsel of Record

Attorneys for Petitioners State of Nevada,

Clark County, Nevada, and Las Vegas, Nevada

* Member, D.C. Circuit Bar -

DATED: November 25, 2003
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 Department of Energy _ Aon 7
Office of Civilian Radloactive Waste Management :
Office of Repository Development . QA: N/A

. P.O. Box 364629
North Las Vegas, NV 89036-8629

OCT 06 2003

Mr. Charles J. Fitzpatrick, Esquire
Egan, Fitzpatrick & Malsch, PLLC
1777 N.E. Loop 410, Suite 600

San Antonio, TX 78217

Dear Mr. Fitzpatrick'

This is in response to your August 14, 2003, Freedom of Infonnatlon Act (FOIA) request
‘submitted to the U.S. Department of Energy, Washington, DC, for a copy of the
Criticality Potential Curve Draft Report and all supporting documentation, calculahons
or analyses prepared in connection with this report, which has been forwarded to my
attention to prepare a response. Please reference ORD-FOIA 03-71 in any fumre
correspondence regarding this matter.

At this time, we are providing you w1th a copy of the Criticality Potential Curve Draft
Report as you requested (13 pages). ‘Although we have completed our search for all .
supporting documentation, calculations, or analyses prepared in connection with the
preparation of this report, we have not complctcd our review of these documents.
Therefore, upon completion of our review of these documents, we will prepare our |

final response to your request. We anticipate completing our response not later than
October 27, 2003. In your August 14, 2003, letter you stated your willingness to pay fees
in an amount not to exceed $1,000 to process this request. Therefore, we will provide
you with the total cost of processing this request at the time we prepare our final
Tesponse.. ‘

-If I can be of further assistance, please contact me at (702) 794-5004 or by e-mall at
diane qucncll@ymp gov-

S.incérely,

Diane Quenell
- Freedom of Informatlon/anacy Act Officer

Enclosure:
As stated

- Supp904
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To:. Ralph BesYVYD/RWDOE
cc: Joseph Ziegler/YD/RWDOE, dademoeller@cconnect.net, budnxtz@pacbell net, denning@battelle.org,
sas@EQE.COM

Subject: Criticality Potential Curve Draft Report

Ralph, -

I owed ycu a section of the report which addresses the criticalicy -
potencial curve and provides the fraction cf fuel which could go critical,

so here it is. The analyses used the MCHP4A code and the isotcpics came .
directly from the Yucca Mountain Waste Package Leading Curves. T will send -
you a CDRCM with the input and outpuc files for the analyses so tha.. you

have all of the data.

I included text that discusses the censequences of the criticality event in
terms of releases. This section is where Jofu or someone should pus theix |

decailed explanaticn of zeleases - I just described the approach.’

Please feel free to email any quastions or comments you might have.

- CRITRPT.ZIP

Supp 905
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Criticality Events in Dry Storage

Existing storage systems have been designed 10 precluae cnncahty safety concems by the use of
modsrator exclusion, in which the ingress of water is prevented so that the nuclcar chain reaction
can aot be sustained. Such storage systems could experience a.criticality event if the ‘exclusion
of water moderator is compromisad by corrosion or damage, which might occur if loss of
instiutional controls were 10 remove surveillance and maintenance controls. A criticality event
could affect redionuclide releases 1o the environment by damaging the uranium fuel matrix and
cladding, so that the slow dissolution process which would normally occur is 2 accelerated and
radionuclides are released in a short time period. Such a release would be more concentrated and
the air release pathway would become sxz-nﬁcart so an evaluation of the e‘:fects of potential
critcality events is in order. - .

Criticality Event Types
Essenually, thers are thrsc’scpa:ats criticality evem'ryp'es to consider:

The “hght bulb" cvpe of eveny, in which 2 system achieves a de]ayed critical state (with
several cents’ of rezctivity), in whichfissions on the order of 10 %10 10 ¥ are produc d
over a relatively long period of tima (minutes or more). - This event type does not produce
high temperatures or regenerate significant guantities of radionuclides. The fuel
dissolution continues at a slow.rate, and the effect of he addmonal radionuclides
nroduc -d is small because they are a fraction of 1hz total inventory at the time of the.
event and because théy ars mainly short halflifs so that they decay before they are
released. This is the more likely event type, with a probabllx‘v estimated at 1.2 x 10 3
Since the fuel configuration is not changed by this event Type, it might recur and 1aks 11-;:
form of an "Oklo" tvpe of criticaliry,‘but there would still be minor conscoucnces.

The. “SL 1" type of event, in whxch a system goes prompt critical by a large reacnvuv
(several doliars worth of reactivity or more) and fissions on the order of 10 ¥ are
_produced. This eveni rype can producs high 12mperawres that can lead to fusl unzmpmg '
and pellet degeneration. The radionuclids inventory produced is comparable to the
inventory before the event, and it is released rapidly through the air pathway before it hes
time to decay. (The “black cloud” phenomenum ) This is a less likely event type, with a
probability estimated at 3 x 10 = o

_Th= “Waste Package” 1 ype of event, in wh1ch a system noe> critical by a laroc Teaciivity
(several dollars worth or raore) but the reactivity insertion is slow enough so that the
fission rate and epergy release is not enough to producc stearn and shut off the event,

- This svent commues overa long period of time (minutes to hours). This event ype

! Reactivity for supercritiéal systerns may be measured in dollars and ce nts, where a
dollar is deﬁncd as k-effective minus one, dwldcd by the delaved neutron fraction

' Supp 906
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differs from the "light bulb” in that the i01al potential reactivity insertion is large 2nough
10 overcome the shuidown which would be caused by system heating. Fissions on the
order of 10 *' to 10 ** are produced, and a significant increase in radionuclide inventory
results. This increase may be on the order of a factor of two or so due 10 the increase of
long-lived radionuclide invantory. This is aless likely event type, with a probabiliry
estimated at3x 10"~

The “light bulb" and “Waste Package" types of criticality events do not result in substantial
changes in the releass rate froma faﬂed storage cask; rather, the fuel dissolution continues at

. about the same ratz and changes to the total racloruchdc inventory have little overall effect over

the long time periods invoived. The “SL-1" type event, on the other hand, results in degradation
of the uranium fuel matrix and possibly further damage to the storage cask seals, and itis r.‘me.
typs of event which can release material through the air pa.hwav

Couditi'onal Evenrt Probabilities

The astimation of the event type probabilitiss is based upon estimation of the steps needed 10
antain a given critical configuration. The first step is 10 esiimate the population of PWR and
BWR fusl assemblies which might be able 10 cause a critical configurarion in a storage cask,
baszd upon the initial enrichment and burnup of the fuel.  This is done by finding the burnup at
which a storage cask just achievss critical (k-eff = 1.00) for 2 range of enrichments, a. “eriticality
potential” curve. A verticzl storage cask with a ferritic steel basket, containing no integral
neutron absorbers, was use d in the evaluation. The percentage of the commercial spent nuclear
fuel inventory which could become critical can be obtained from the characteristics of the speat
fuel.. For this evaluation, 2 value of 4.1 percent of the fuel inveniory could achievs a crmcal state
in a failed, flooded storage cask.”

The condizional probabnlmr of a given tvpe of criticality svent is the product of the p-rccma cof
the fuel inventory which can go critical times the probability of the other conditions which may
be met:

The percentage of fuel stored in a given technology that can lead to a given type of
criticality event. The percentage which can lead to the "SL-1" type of event was taken as
25 percent. :

‘The percentage of corrosion sequences that could l=ad to the bathtub scenario and
wea}\encd internal stmcturc.» . Assumed to be 25% here.’

The likelihood of a mechanical upset that leads 1o the reactivity insertion, taken as ten
percent here. Noiz that the “light bulb” scenario does not require that the basket internal
structure be weakened while the "SL-1" scenario requires that the basket structure be
weakened prior to an initiating event like an earthquake. If the horizontal basket js

weakened and collapses mcremcntallv over a long period of time, it Jooks like the "Wasta
Package" event. '

" -Supp.907




Nov 21 03 11:21a

Charles J.

Fitzpatrick

210-820-2668

Thus, for the "SL-1" type of event, the condftional probability is 0.041 (fuél percentage) times

0.25 (techr:o‘ozv percentage) times 0.25 (corrosion percentage) times upset percentage

equals 3.1

x 10~ per czsk.” Since the number of assemblies which would go into the repository is'known,
and therz are typically 24 assembiies per storage cask for PWRs, the 1otal number of events of
each type is defined. S -

Table I: Criticulit}"Evéqt Probabilities

Criticality Fission Fuel Tec}mblbgy | Corrosion Upset | Conditional
Type Production/ | Fraction | Fraciion Fraction : | Fraction | Probability
| Scale Factor S (Bathwbd) | = ? (per cask)
“Light Bulb” | 107/0.01 | 0.041 {050 0.25 1.00 51x10°
| "SL-1 10°/1.00 |0.041 |02 0.25 00 - |2.6x10-=
D Waste 10=s1000 |o0.031  |02s 0.25 0.10 2.6%10
Package” A

Table [ provides the prababzl'tx es of an event occur—cnc— vmhout spccxfymg when the evem
would oceur. The criticality events may be assumed o occur umformly overthe a time period
beginning when the packaﬂe first perforates and admits watsr and ending when the bathmb wali
has corroded sufficiently to relcasc the water. The wtal number of criticalities of each wpeis
just the conditional probability per cask times the total number of caQI\s and these criticalities

occur over the time period of the bathrub.

: S'upb 908
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Critica]ity Event Consequences

The consequences of a given event type may be obtained by adding the radionuclides produced
in the criticality event to the inventory already present, and deciding what release pathway is
appropriate. The “SL-1" event type is the only event which leads to the prompy, air pathway type
of release. The “light bulb" and “Waste Package” typs of events remain slow water dissolution
releases. The radionuclides produced can be obtained through a calculatxon of radioisotope
buildup and decay such as the calculations performed by NUS for 10 ¥ fissions. The
radioisotopic inventories contained in the NUS calculation may be scaled 10 provide the
addmonal radionuclides produced by the event.

The results of the calculanon of radiological consequences .of the criticality events may be
expressed as dose and/or LCFs. Ifthese results are kept separate from the other releases, then
adjusuments to the various probabilities that make up the criticality event conditional
probabilities can be madc, and the consequence results scaled so that the release calcula‘uons do
not ne°d to be rcpcrformed

In conclusmn the number of criticality events and their time of occurrence can bc determined,
and the consequences in terms of radionuclide releasés can be calculated. The air pathway is
only important for the relatively unlikely “SL-1" type event, and the effect of additional

~ radjonuclides added to the water pathway is limited by the short half-life of most of the i isotopes. -

The methodology described here allows these effects to be quanuﬁcd and documented. It is
important to keep the data and write- ups of the release pathways separate so that adjusunents to
the criticality event probabilities do not cause schedule difficiilties.

"Supp 908
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Criticality Potential Curvé Calcu]ation
A VCIT.]CaI storage cask thh a femnc steel fucl basket was ana]yzed for the cnncahty potennal ‘
caused by less of moderator exclusion arid flooding of the container. The fuel basket was
assumed 1o have no integral neuwron absorbers and the spacing of fuel assemblies was as close as
.possible in z tightly packed lattice of square ferntic steel tubes. The MCNP4 A computer code
.was used to calculate k-effective for the flooded casL wnh a variety of initial fuel enrichments
~and burnups. An analysis to determine the minimum fresh fuel enrichment which could provide
-a critical system state was performed, and this minimum fresh fuel ennchment is the base point
of the criticality potential curve. Initial fuel enrichments of 3.0, 4.0, 5.0, and 6.0 weight percent
. were analyzed to determine the burnup at which the cask is critical, i.e. k-effective is equal to
1.0. These analyses provide the datapoints for the criticality potential curve. The isotapic
inventory present in the spent fuel as a function of initial enrichment and burnup were obtained
from an M&O analysis entitled “Principle Isotope Burnup Credit Loading Curves for the 21
PWR Waste Package”, Documcnt 1demifier: BBAOOOOOO 01717-0210-00008.

The percentage of commercial fuel in the inventory which has bumups']ess than the critical
burnup (for each initial enrichment) is the _percentage of the i mvcntorv which can contnbutc t0.a
cnucalm event, which was 4.1 perccm : . . :

Supp 910
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Initial

(wt%)

Charles J.

Enrichment

0.00
1.50
1.72
3.00
4.00
5.00
6.00

Fitzpatrick

210-820-2668

Required
Minimum
Burnup
(GWd/MTU)

0.00

0.00 .
'0.00 Maximum Fresh Fuel Enrichment Limit
17.30 ' S

28.60
" 40.30

52.50
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uc%om
UCF002
UCF003
UCF004
UCF005
UCFQ06
UCF007

UCF008

Charles J.

Fitzpatrick

1.5wt%

20 wi%
2.5 wi%
3.0 wit%
3.5 wi%

-- 4.0 wi%
4.5 wi%

5.0 wt%

210-820-2668

- 0.93544

1.02696

1.09441

1.13967

- 1.18183
. 1.21464
1.24282

1.26166

0.00147 1.

0.00165

0.00186

. 0.00166

0.00158

0.00171

0.00174

0.00174

2.00

2.50
3.00 .

3.50.

4.00
4.50

5.00

b;ssa
1.050 -
1.118
1.163
1.205
1.238
1.266

1.285
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10 GWAIMTU

15 GWdIMTU
20 GWd/MTU
25 GWd/MTU

30 GWAIMTU

'210-820-2668

.1.043
0.995
0.954
0.915

0.877

0.00159 10

0.00184 15

0.00161 20

0.00146 25

0.00148 30
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Nov 21 03 11:22a Charles J. Fitzpatrick 210-820-2E6E68 ' p-11

M

continued Storage Assumphon o oo weightPercent |-

A4D10 . 10 GWIMTU 1.12150 0.00151 10 1.145
A4015 15 GWd/MTU 1.07762 0.00156 15 1.101
A4020 20 GWJ/MTU . 1.03900 0.00146 20  1.062
' A4D25 25 GWd/MTU ' 0.09992 0.0015525  1.023
A4030 30 GWA/MTU . 096763 . 0.0016530  0.991
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A4035
A4040
A4045
A4OSQ
A4055

A4060

Charles J. Fitzpatrick

35 GWd/MTU
40 _GWd)MTU
45 GWAIMTU
50 GWdIMTU
55 GWd/MTU

60 GWd/IMTU

210-820-2668

0.93756
0.90878
0.88701
0.86292
0.83885

0.81728

0.00131 35

0.00164 40

' 0.00158 45

0.00150 50
0.00158 55

0.00163 €0

0.960
0.932
0.910
0.886
o.aéz

0.841
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A5025
ASOBQ.
‘A5035
AS040.
A5045

AS050

Charles J. Fitzpatrick

20 éw&umﬁ) :
25 GWd/MTU
30 GWd/MTU
-:55 GWA/MTU
40 GWd/MTU
45 GWA/MTU

50 Gwd/MTU

210-820-2668

~{5.00 Welght Percent -

1.06532

1.00448

0.85244

o
0.00166 25
30
0.00159 35
'45.
0.00167 45

S0

"p.13

1.089
0.020

1.028

. 0.020

.0.976

0.020
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Mov 21 03 11:22a Charles J.' Fitzpatrick 210-820-2668 p.14.

5.00 Weight Percent - .

AB040 40 GWdIMTU 1.04018 00019540  1.064
ABO50 50 GWd/IMTU 0.98924  0.0017950 ° 1.013
AB0S0 ' 60 GWd/MTU | 0.94033 0.00186 60 0.964
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Department of Energy
Office of Civilian Radioactive Waste Management : :
Office of Repository Development - , .
1551 Hillshire Drive - QA: NIA
Las Vegas, NV 89134-6321

NOV 14 2003

OVERNIGHT MAIL

Mr. Charles J. Fitzpatrick, Esquire
Egan, Fitzpatrick & Malsch, PLLC
‘1777 N.E. Loop 410, Suite 600
San Antonio, TX 78217

Dear Mr. Fithatrick°

In our initial response on October 6, 2003 to your Freedom of Informatron Act (FOIA)
request dated August 14, 2003, for a copy of the Crztzcalzty Potentzal Curve Draft Report
and all supporting documents, calculations or analyses prepared in connectron with this
report, we provided you a copy of the Criticality Potential Curve Draft Report. In our
response, we also stated that we had not’ completed our review of the supporting
documents, calculations or analyses This review has now been completed. Please
reference ORD-FOIA 03-71 in any future correspondence regardmg this matter.

In comp]etmg our response to your request enclosed are:

1. Various calculations used in the preparation of the Crmcaltty Potentzal Curve
Draft Report (312 pages)
. 2. Report of Senior Technical Review Panel Meetmg of February 9, 1998 (1 0.
pages)
3. Report of Senior Techmcal Review Panel Meetmg of February 10 1998
~ (MOL.20020102.0087) (16 pages)
4, Report of Senior Technical Review Panel Meetmg of April 3, 1998
"~ (MOL.20020102.0088) (21 pages) .
5. Report of Senior Technical Review Panel Meetmg of June 5 1998
(MOL.20020102.0090) (9 pages) .

Under the provisions of the FOIA documents 'held in government ﬁles will be disclosed
to the public upon request with nine specific exemptions. One of those, Exemption 5 of
5U.S.C. § 552, protects from disclosure information to which the deliberative process
privilege applies. The general purpose of this'exemption is to prevent injury to the
quality of agency decisions while encouragmg open, frank discussions on matters of
policy between subordinates and superiors.: We have determined that several informal
communications between the Office of Repository Development (ORD) and contractor
personnel meet the intent of the deliberative process privilege and, if released, could-chill
the deliberative process in the future (14 pages). The type of information withheld under
- Exemption 5 consisted of informal communications between ORD and contractor .
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Mr. Charles J. Fitzpatrick <2- N DV 1 4 2003

personnel to discuss or clarify a draft presentation on criticality for dry storage systems,
criticality event results, and dry storage system modeling. Therefore, your request for all
supporting documentation, calculations or analyses used in the preparation of the
Criticality Potential Curve Draft Report is partially denied.

I am the individual responsible for the determination to withhold the informal
communications exchanged between ORD and contractor personnel in preparing the
Criticality Potential Curve Draft Report.

This decision may be appealed, in writing, within 30 days after your receipt of this letter,
to the Director, Office of Hearings and Appeals, HG-1, U.S. Department of Energy,

1000 Independence Avenue, SW, Washington, DC 20585. The written appeal must

. contain all other elements required by 5 C.F.R. § 1004.8. Judicial review will thereafter
be available to you in the district where you reside, where you have your principal place
of business, where the Department’s records are situated, or in the DlStl’lCt of Columbia. -

In your August 14, 2003, letter, you stated your willingness to pay fees in an amount not
to exceed $1,000. Re_search, review and copying costs are itemized as follows: -

FOIA/PA Officer GS 13/6=$37.54

2 hrs x $37.54 $75.08
Plus 16% 12.01
Subtotal $87.09
Copying(368@8.05) _18.40
Total $105.49

Upon receipt of the responsive documents, please send your check made payable to the
U.S. Department of Energy in the amount of $105.49 to: U.S. Department of Energy,
Office of Repository Development, Attn: Diane Quenell, 1551 Hillshire Drive,

Las Vegas, NV 89134-6321. This completes our response to your FOIA request. If we
can be of further assistance, please contact Diane Quenell, of my staff, at (702) 794- 5004

Sincerely,

Vo 20 1> Novsear
W. John Arthur, III :
Deputy Director . '

Enclosures:
As stated
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" Dade W. Moeller
- February 16, 1998

REPORT OF SENIOR TECHNICAL REVIEW PANEL
Meeting of February 9, 1998

I. Introduction

The U. S Department of Energy has establlshed a Senlor Techmcal Panel to
review the critical assumptions and plans for preparing the “Continuous Storage
Analysis Report” (CSAR) that is to accompany the Total System ‘Performance.
Assessment - Viability Assessment being prepared by the Yucca Mountain Site .
Characterization Office of the U.S. Department of Energy.. This report .
summarizes the conclusions and recommendations of the Panel, based on its .
initial meetrng on February 9, 1998, held at the offices of Jason Associates ‘
Corporation in Las Vegas, NV. Dr. Dade W. Moeller was appointed Chairman of
the Panel. A list of the members of the Panel is shown in Appendix A; a copy of -
the Chatter for the Panel is shown in Appendlx B. In accordance with its Charter,
this report rs bemg submrtted to the Pro;ect Manager Jason Technologies.

ll. Details of Initial Meeting e

Members of the Panel were welcomed by Wendy Dlxon DOE Assnstant Manager
for Environmental Health and Safety. She provided them with a brief outline of
the questions they face and the information she desires for them to provide. This
was followed by an introduction to the background on the CSAR and related
technical aspects This was provided by Dee Walker. -In the course of the’
ensuing discussions, it was made clear that the Panel was not to serve as a Peer
Review Group; rather it is to assist the DOE technical support staff in assurrng
that the assumptions underlying their analyses are sound, that the key issues -
have been properly defined, that the approaches being applied are adequate -
and justified, and that an acceptable format was being developed for the
presentation of the study results. The Panel was instructed to focus on .
radiological, as contrasted to cost |mpact issues. : '

The opening presentatlons were followed by about séven hours of mdepth
reviews of various aspects of the CSAR. ‘These were provided by key members
~ of the technical support staff.- Throughout the technical briefings, Panel
members interacted with the individual technical staff members and obtained
detailed information on various aspects of the project.  These exchanges
resulted in the shanng of many comments and suggestlons among the Panel

EIS Related Information. . 1 .P'red'ecis_lonalDfraft
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members and the technical staff. A copy of the agenda for the meeting i is shown
in Appendix C.

Ill. Recommendations, Suggestions, and Comments ef the Panel

Subsequent to the technical briefings, the Panel members met in executive
session to summarize their preliminary findings and recommendations. This was
followed by an oral briefing for Wendy Dixon, Dee Walker, and the DOE -
technical support staff of these findings and recommendations. In all, the Panel. .
offered findings, conclusions, and recommendatlons in twelve technical areas
related to the CSAR. Also included in this report is a summary (part 13) of other
factors that the staff preparing the CSAR should be cognizant of and refer to as
appropriate. The purpose of this written report is to present the views of the
Panel members ina formal manner.

1. Loss of Institutional Control

The technical staff has developed two scenarios for conductlng the CSAR
These are the: (1) No-Action Scenario, assuming that institutional control
continues over the long-term; and the (2) No-Action Scenario, assuming that
institutional control is lost after an initial period of 100 years.” In accord with its
Charter, the Panel concentrated on the second Scenario.- One of the immediate
needs identified was a clear definition of what was meant by “loss of institutional
control.” According to EPA (40 CFR 191), itis a “loss of government.” However,
the Panel believes that those respon5|ble for preparing the CSAR also need to
know whether loss of institutional control is assumed to take place in an orderly .
manner, in which case the facilities in question would undergo an orderly ‘
shutdown, or whether the loss of institutional control is assumed to take place .
abruptly, with sudden abandonment of the facilities. The Panel recommended
that this matter be resolved: One approach, which should be used only if DOE ..
cannot resolve the issue discussed immediately above, might be to evaluate the
impacts assuming both orderly and abrupt loss of institutional control.

Another question that arose was whether there would be a sngnn‘” cant dlfference '
if institutional control were lost after 200 or 300 years, versus 100 years. Based
on its review, the Panel concluded that the time difference was not important.

2. Assuring Comparability of the Analyses

. One of the goals of the technical staff is to assure that the assumptlons and
analytical techniques used in preparing the CSAR are comparable to those i |n the
TSPA-VA. This includes being as consistent as possible in the models and
analytical approaches being used. Ultimately, consistency with the TSPA-VA

_ EIS Related Information - .2 ~ Predecisional Draft
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may be more important than accuracy because a major use of the CSAR will be
to provide a comparison of the environmental risks of continued storage to those
of geologic disposal. To assure that this goal is achieved, the Panel urged that -
the CSAR technical staff be thoroughly grounded in all aspects of the TSPA-VA.
This will entail keeping abreast of changes that are taking place, almost on a.
daily basis; in terms of the assumptrons and approaches being used in preparing
thé TSPA-VA. In a similar manner, it is vital that members of the Senior '
Technical Panel be provided with detailed descrlptlons of the models being used
fo develop the TSPA-VA. ‘ : - :

Also to be recognized is that the degrees of reallsm and conservatrsm are not
equivalent in all aspects of the TSPA-VA. For this reason, the Panel -
recommended that, to the extent practical, the staff preparing the CSAR adopt
similar assumptions and analytical techniques. .Recognizing, however, that i in.
some cases-there may be reasons for adopting different assumptions and -
approaches, the Panel urged that the technical staff be careful to strpulate and
justify (rncludmg the rationale for) these differences. Depending on the
circumstances, the CSAR technical staff may want to consider presenting two
outcomes — one using the assumptions and analytrcal techniques being
employed in developing the TSPA-VA; and one using the assumptions and.
analytical techniques that the CSAR staff has decided are more appropriate for
the CSAR case. A specific example of the last consideration relates to the effect
of cladding in retarding the migration of radlonuclldes from spent nuclear fuel

3. Development of a Base Case Scenario -

In'the course of its review, the Panel observed that there was a lack of defi nrtlon
within the CSAR of the detailed time line and sequence of events that are
assumed to occur as part of the Base Case Scenario. This is extremely
important in assurrng the transparency of the Contmued Storage Analysrs

Report.

The benefits to developrng detalls of the Base Case Scenano wrll be several, one
of the most important bemg that it will help identify and quantrfy the uncertainties
associated with the various steps in the processes that are postulated toleadto
radionuclide releases. Specific examples where development of such scenarios
will be helpful are in terms of the deterioration of the concrete in the NUHOMS
storage casks, the accompanying failure of the canister housing the spent
. nuclear fuel, the resulting failure of the claddlng, etc. In a similar manner, similar .
scenarios are heeded to clarify the ‘sequence assumed to take place inthe -
failure of the borosilicate glass in which the hlgh level radloactlve waste has
~ been incorporated, and in the deterioration in the performance of the steel
containers housing certain types of waste. . :

EIS Related Information 3 ~ Predecisional Draft
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4. Delineation of Uncertainties

In the opinion of the Panel, there appear to be three major categories of
uncertainties associated with the CSAR. If viewed as a hierarchy, the largest
uncertainties are those associated with the identification and assumed sequence
of events that compnse the base case scenarios. Of these, the most important
is the scenario in which it is assumed that institutional control is lost after 100 -
years. The next (middle level) category involves the sequence of events that is
assumed to transpire within this scenario, the interrelationships of these events;
and the uncertainties associated with each sequence. The third (lowest level)
category of uncertainties are those associated with the analytical models used .
. and the mput data requured to exercise these models

Although it will not necessanly reduce the uncertamtles the Panel believes (as
noted above) that it is imperative that, to the extent practical, the CSAR staff use
the same models that are being used in developing the TSPA-VA. In any case
where a different model is being used, care must be taken to assure that it has
been validated, preferably through acceptance and endorsement by appropriate
Federal agencies, such as the U.S. EPA and the U.S. NRC, through cooperative
evaluation programs at the international level, or through widespread vahdated

use in the private sector.

5. Uncertainties Associated With Specific Calculations

On the basis of its review to date, the Panel has concluded that there will be
large uncertainties associated with a range of estimates being made in :
conjunction with the development of the CSAR. These include those associated
with (a) the failure modes and timing of failuré of the Zircaloy cladding; (b) the
mechanisms of the corrosion of the stainless steel and the failure modes of the
DSC; (c) water ingress and egress assumptions for the DSC; and (d) water
dissolution of the waste form and subsequent environmental transport of the
assocnated radionuclides. A key uncertainty is that related to the basis and
meanlng of the TSPA-VA solublhty limit concentrations.

~ In addition, there are similar uncertainties associated with estimates of (a) the
collective population dose, and (b) the peak dose rate to the reasonably
maximally exposed individual and the time when it will occur. In terms of the
collective dose, the National Council on Radiation Protection and Measurements -
(NCRP, 1995) cautions that a single value of collective dose may be useful and
meaningful only if “no individual dose or risk is predominant.” If the range of
doses to individuals covers several orders of magnitude, the distribution of doses
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must also be included in order to charactenze the risk adequately, that is, to
assure that a few cases at either extreme of the dose distribution range do not
drive or disproportionately affect the characteristics of the risk. In fact, the NCRP
goes on to suggest that the “distribution might be best characterized by dividing it
into several ranges of individual doses each covering two or three orders of
magnitude, with the population size, average individual dose collectlve dose
and uncertainty given for each range.” :
Estimates of the peak dose rate and the time of its occurrence will be even more
complicated. This is due, among. other things, to the multiple pathways and
multiple sites that must be considered. In contrast, the TSPA-VA involves only -
one site and one principal pathway (via, groundwater). Due to the magnitude of
the associated uncertainties, the Panel questions whether the outcomes of such
an exercise will have any practical value. Most importantly, will it provide any
useful'insights? ‘Unless such an exercise is required, or useful lnsrghts are . '
identified, the Panel recommends that it not be done.

6. Input Data to Risk Assessments

In addition to the evaluatlon of uncertalntles it is also rmportant to recognize the
multitude of conservatisms involved in certain of the technlques used in-
conducting the risk assessmenits. . At one level, there-is the use of techniques for
the design of concrete structures as a vehicle for assessing the performance of
such structures over long periods of time. Desrgn procedures were not '
developed, and should not be used, for assessmg risk. Atanother level, many of
the philosophies and concepts being used in assessing the health rmpacts of
radiation exposures were developed for purposes of radiation protection. They
should not be used for purposes of risk assessment without carefully’ evaluating
the fundamental concepts on which they were based.” Examples are the linear-
no-threshold: hypothesns and the tissue weighting factors developed for
converting organ doses into effective (whole body) doses :

7. Apphcatlon of Bounding Calculatlons _

In certain cases |t may be useful to conduct boundlng calculatlons to determlne
that a given sequence of events is not important in terms of radionuclide

releases and accompanying exposures to the public. In such cases, however,
the CSAR staff should recognize the high degree of conservatrsms mcorporated

" into such analyses. So long as they. yreld doses that are’in a range consrdered

to be trivial, such calculations are useful. 'If they yield doses that are significant, -
more detailed analyses using site-specific input data will be required. As part of
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such analyses, the CSAR staff should give careful consideration to the screening
models that have been developed by the NCRP (1996).

In the sense that they can save time and effort, the Panel recommends that the
CSAR staff take advantage of generic calculations as part of their risk
assessment process. Such calculations, for example could be very useful in
analyzing certain release scenarios for “wet,” versus “dry,” sites.

8. lnﬁpacts of External Phenomena

External phenomena that can have adverse impacts on waste storage facmtles
include earthquakes, tornadoes, hurricanes, floods, and aircraft crashes. The
Panel understands that the CSAR staff has tentatively decided that all such -
events are bounded by the impacts of an aircraft crash.” Before the staff makes - EEE
a decision not to evaluate the impacts of the other events, the Panel !
recommends that they perform a simple, scoping analysns to estimate the

probablllty of each such event at one of more key waste storage sites. In those

cases in which the estimated probability appears to be sufficiently high, the

Panel recommends that the CSAR staff evaluate the associated consequences.

There are two réasons behind the Panel's expression of concern on this matter:

(a) The occurrence of an earthquake, for example, can significantly change the

time when a significant radionuclide release may occur; and (b) The suggested |
approach would be more consistent with that being used in the TSPA-VA. ' o

9. Radlonucllde Releases Pathways and Mechamsms

The Panel endorses the plan of the. CSAR staff to conduct sensitivity analyses to
identify those input parameters that must be quantified in a more exacting
manner. The Panel also encourages the CSAR staff to continue their efforts to,
compare the relative magnitudes of the radionuclide releases associated with
each of the major pathways — airborne, surface water, and groundwater.

One approach for achieving the latter objective may be to assume that the entire
radionuclide source term is available for release to the air, to surface water, and
to groundwater. If one combines with thése estimates the fraction of the total
source term that is likely to be released to the given pathway, and the fraction
that will be in a chemical and physucal (for example, in a respirable particle size
range in the case of releases to the atmosphere) form that is amenable to uptake
by humans, such analyses could prowde very useful information.

10. Evaluation of Inadvertent Criticality
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One of the scenarios involves the possublhty that detenoratlon ofa NUHOMS
storage cask could lead to an accumulation of spent nuclear fuel in a form that
could become critical. This is based on the assumption that water enters a
canister that has been ruptured and serves as a moderator for spent fuel that
does not contain any neutron poisons. - The Panel recommends that the CSAR -
staff conduct an analysis and; if such an event is conceivable, that they quantify
the consequences. Since it is anticipated that vertical storage casks will be in
use at many commercial nuclear power plant sites, similar analyses should be
performed for these types of casks. Those responsible for such analyses should
take into consideration the fact that vertical casks are based on ferritic (versus
stainless) steel technology, that they will be subject to general corrosion (versus
stress corrosion) cracking, and that the closure lid welds are highly stressed and
will be a likely site of water entry. The Iongltudlnal welds in these canlsters are
also subject to cracking.

11. Human Intrusion.

Just as staff members who are responsible for conducting the TSPA-VA
recognize that at some future time an intruder may drill into the proposed high-
level radioactive waste repos:tory and establish a farm on top of the repository,
the Panel believes that there is a distinct possibility that humans will intrude into -
certain DOE areas now restricted (for example, sites such as ldaho Falls,
Savannah River, and Hanford). Such intrusions are certalnly plausible for those
time penods after lnstrtutronal control is assumed to have been lost.

For this reason, the Panel belreves that the staﬁ responsrble for preparmg the
CSAR must include an assessment of the dose rates to _people who may, in the
future, establish residence on the various DOE sites. For purposes of analysis, it -
should be reasonable to assume (as in the case of the TSPA—VA) thatthe -
populatlon density of such settlements will be similar to those in these same -
regions today and that the living habits of the people mvolved will be similar to

those of today.

12. - Transparency of the Contmuous Storage Analysus Report

One of the pnmary audrences for any type of Envuronmental lmpact Statement
- and/or Assessment is the general public, especially those groups who might be .
considered to be stakeholders in the partucular activity belng evaluated. ‘One of
the key steps for ensuring such transparency is to include in the CSAR the -
Adescnptron of the base case scenario described in item #3 above Another step
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is to assure that the words, as written, express exactly what the CSAR technical
staff intends, and that all assumptions and uncertainties are acknowledged.

Another step that might be considered in this regard is for the CSAR staff to .
_ assure that the final report addresses each of the public comments on the “No
Action Alternative” as summarized in Table A.3 (page A-23) of the “Summary- of
Public Scoping Comments” developed in conjunction with the EIS being
prepared for the proposed high level radioactive waste repository at Yucca
Mountain (U.S. DOE, 1997). Another report that may be useful (and which the
CSAR staff probably has already reviewed in detail) is the “Standard Review
Plan for Spent Fuel Dry Storage Facilities” prepared by the U.S. NRC (1996).

13. Background information of Importance

Although it will may not be appropriate to include in the CSAR certain facts
relative to the health effects of ionizing radiation and associated conservatisms,
the Panel recommends that the CSAR staff be fully aware of these so that they
can share them with appropnate groups if and when appropriate. These include

the fact that:
a. The NCRP has taken care to state that

“Based on the hypothesns that genetnc effects and some cancers may result from
damage to a single cell, the Council assumes that, for radiation-protection
purposes, the risk of stochastic effects is proportional to dose without threshold,
throughout the range of dose and dose rates of importance in routine radiation
protection. Furthermore, the prbbability of response (risk) is assumed, for
radiation- protection purposes, to accumulate linearly with dose. ... Given the
above assumptions, radiation exposure at any selected dose I|m|t will, by
definition, have an associated level of risk.” (ltalics in original statement, as -
published). (NCRP, 1993, page 10, first full paragraph).

b. The NCRP has stated that:

“... whenever the collective dose is smaller than the reciprocal of the relevant risk
coefficient, e.g., less than 10 percent, the risk assessment should note that the
most likely number of cancers deaths (in the exposed population) is zero.”

(NCRP, 1995, page 54, Section 5.2).

- ¢. The NCRP has stated that:
“At some futuré time, it is possible that a greater proportion of somatic diseases ,

cause by radiation will be treated successfully. If, in fact, an increased
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propoition of the adverse health effects of radiation prove to be either -
preventable or curable by advances in medical science, the estimate of long- - -
term detriments may need to be revised as the consequences (risks) of doses to
future population could be very dlfferent " (NCRP, 1995 page 51, Section

42.23).

d. The ICRP has stated that:

“If the damage caused by radiation occurs in the germ cells, this damage
(mutations and chromosomal aberrationS) may be transmitted and

become manifest as hereditary disorders in the descendants of the

exposed individual. ‘Radiation has not been identified as a cause of such
effects in man, but experimental studies on plants and animals suggest

that such effects will occur and that the consequences may range from .

o the undetectably trivial, through gross malformations or loss of function, to

premature death " (ICRP 1991 page 21 paragraph [87])
In a similar manner, the NCRP has stated that |

. based on the human data alone, there is:no clear evidence of genetic effects
to whrch collective dose concepts should be applied.” (NCRP, 1995, page 45,
Section 3.4.2). ,

e. The ICRP has stated that:

.. the dose equivalent limits are intended to apply to the mean dose equivalent . .
m a reasonably homogeneous group. In an extreme case, it may be- convenlent
to define the critical group in terms of a smgle hypothetical individual, for
example, when 'dealing with conditions well in the future which ‘cannot be
characterized in detail. Usually, however, the critical group would not consist of
one individual nor would it be very large for then homogeneity would be lost.
The size of the critical group will usually be up to a few tens of persons. Inafew
cases, where large populations are uniformly exposed, the critical group may be
much larger. ~This gurdance on size has certain implications; for example, in .
habit surveys it is not necessary to search for the most exposed individual within
a critical group in order to base controls on that one person. The results ofa- |
habit survey at a particular point in time should be regarded as an indicator of an
underlying distribution and the value adopted for the mean should not be uhduly ,
influenced by the discovery of one or two individuals with extreme habrts "

(ICRP, 1985, page 15, paragraph 67).
f. The NCRP has stated that:
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A review of the literature suggests that *'°| does not pose a meaningful threat of
thyroid carcmogenesns in people.” (NCRP, 1985, page 41).
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Storage Facilities,” Draft Report- for Comment, NUREG-1567, Washington, DC

(October, 1996).
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REPORT OF SENIOR TECHNICAL REVIEW PANEL
Meeting of February 10, 1998 :

I Introduction

The U.S. Department of Energy has established a Senior Technical Panel to review the -
critical assumptions and plans for preparing the “Continuous Storage Analysis Report” . -
(CSAR) that is to accompany the Total System Performance Assessment - Viability
Assessment (TSPA-VA) being prepared by the Yucca Mountain Site Characterization
Office of the U.S. Department of Energy. This report summarizes the conclusions and.
recommendations of the Panel, based on its initial meeting on February 10, 1998, held
at the offices of Jason Associates Corporation in Las Vegas, NV. Dr. Dade W. Moeller
was appointed Chaiman of the Panel. A list of the members of the Panel is shown in
Appendix A; a copy of the Charter for the Panel is shown in Appendix B. In accordance -
with its Charter, this report is being submltted to.the Pro;ect Manager Jason Assocrates
Corporation. : S

Il. Details of Initial Meeting o

Members of the Panel were welcomed by Wendy Dlxon DOE Assrstant Manager for.
Environmental Health and Safety. She provided them with a brief outline of the . -
questions they face and the inforrnation she desires for them to provide. This was
followed by an introduction to the background on the CSAR and related technical ..
aspects. This was provided by Dee Walker. -In the course of the ensuing discussions, it
was made clear that the Panel was not to serve as a Peer Review Group; ratheritis to
assist the DOE techmcal support staff in assuring that the assumptions underlying thelr
analyses are sound, that the key issues have been properly defined; that the . . ~
approaches being applied are adequate and justified, and that an acceptable format -
was being developed for the presentation of the study results. The Panelwas -
lnstructed to focus on radiological, as contrasted to cost, |mpact issues.

The openlng presentatlons were followed by about seven hours of in depth revrews of
various aspects of the CSAR. These were provided by key members of the technical -
support staff. Throughout the technical briefings, Panel members interacted with the
individual technical staff members and obtained detailed information on various aspects
of the project. These exchanges resulted in the sharing of many comments and
suggestions among the Panel members and the techmcal staff A copy of the agenda
for the meeting is shown in Appendlx c. C .
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lll. Recommendations, Suggestions, and Comments of the Panel

Subsequent to the technical briefings, the Panel members met in executive session to
summarize their preliminary findings and recommendations. This was followed by an
oral briefing for Wendy Dixon, Dee Walker, and the CSAR technical support staff of
these findings and recommendations. In all, the Panel offered findings, conclusions,
and recommendations in twelve technical areas related to the CSAR. Also included in
this report is a summary (part 13) of other factors that the staff preparing the CSAR
should be cogmzant of and refer to as appropriate. The purpose of this written report is
to present the views of the. Panel members in a formal manner.

1. Loss of Institutional Control

The technical staff has developed two scenarios for conductrng the CSAR. These are .
the: (1) No-Action Scenario, assuming that institutional control continues over the long-
term; and the (2) No-Action Scenario, assuming that institutional control is lost after an
initial period of 100 years. In accord with its Charter, the Panel concentrated on the - .

- second Scenario. One of the immediate needs identified was a clear definition of what
was meant by “loss of institutional control.” There does not appear to be a clear
definition in EPA’s existing standards for WIPP (10 CFR 191 and 194) which form the
basis for DOE’s current anticipation that EPA will likely adopt a similar provision in its -

* upcoming new standard for.the proposed Yucca Mountain repository. However, the
Panel believes that those | preparing the CSAR need a clear definition in order to
complete their analysis. Given the lack of clarity from EPA, the Panel believes thatit -
will be necessary for DOE to specnfy whether loss.of mstrtutronal control is assumed to
take place in an orderly manner, in-which case the facilities in questron would undergo
an orderly shutdown, or whether the loss of institutional control is assumed to take place

-abruptly, with sudden abandonment of the facilities. The Panel recommended that this

~ matter be resolved. One approach, which should be used only if DOE cannot resolve

the issue discussed immediately above, might be to evaluate the rmpacts assuming
both orderly and abrupt loss of rnstrtutronal control. '

Another question that arose was whether there would be a szgmt‘ cant difference if
institutional control were lost after 200 or 300 years, versus 100 years. Based onits
review, the Panel concluded that the time difference was not |mportant

2. Assuring Comparablhty of the Analyses

One of the goals of the technrcal staff is to assure that the assumptrons and analytlcal
techniques used in preparing the CSAR are comparable to those in the TSPAVA. This .
includes being as consistent as possible in the models and analytical approaches being
used. Ultrmately, consistency with the TSPA-VA may be more important than accuracy
because a major use of the CSAR will be to provide a comparison of the environmental
risks of continued storage to those of geologic disposal. To assure that this goal is
achieved, the Panel urged that the CSAR technical staff be thoroughly grounded in all
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aspects of the TSPA-VA. This will entail keepmg abreast of changes that are takmg
place almost on a daily basis, in terms of. the assumptlons and approaches being used
in preparing the TSPA-VA. In a similar manner, it is vital that members of the Senior -
Technical Panel be provided with detailed descriptions of the models being used to
develop the TSPA-VA. L e : '

Also to be recognlzed IS that the degrees of reallsm and conservatlsm are not
-equrvalent in all aspects of the TSPA-VA.’ For this reason, the Panel recommended =~
that, to the extent practical, the staff, preparing the CSAR adopt similar assumptions and
analytical techniques. - Recogmzrng, however, that in some cases there may be reasons
for adopting different assumptions and approaches, the Panel urged that the technical -
staff be careful to stipulate and justify (including the rationale for) these differences.
Depending on the circumstances, the CSAR technical staff may want to consider-
presenting two outcomes — one using the assumptlons and analytical techniques being
employed in developing the TSPA-VA; and one using the assumptions and analytical
techniques that the CSAR staff has decided are more appropriate for the CSAR case. .~
A specific example of the last consideration relates to the effect of claddmg in retardlng
the mlgratlon of radlonuclldes from spent ‘nuclear fuel.

3. Development of a Base Case Scenario o

In the course of |ts revrew the Panel observed that there was a lack of def nrtlon wrthm o
the CSAR of the detailed time line and sequence of events that are assumed to occur -
as part of the Base Case Scenano This is extremely lmportant in assunng the ,
transparency of the Contlnued Storage Analysis Report.

The benefits to developing details of the Base Case Scenario will be several, one of the
most lmportant being that it will help identify and quantify the uncertainties associated .
with the various steps in the processes that are postulated to lead to radionuclide = - -

releases. Specific examples where development of such scenarios will be helpful are in o

terms of the deterioration of the concrete in the NUHOMS storage casks, the . .
accompanying failure of the canister housmg the spent nuclear fuel, the resultrng fallure;
of the cladding; etc. Ina similar manner, similar scenarios are needed to clarify the ;
sequence assumed to take place in the failure of the borosilicate glass in which the .
high-level radioactive waste has been mcorporated and in the deterioration inthe * - .
performanoe of the steel contamers housmg certaln types of waste e

4, Dehneatlon of Uncertalntles

In the opinion of the Panel, there appear to be three major categorles of uncertalntles
associated with the CSAR. [f viewed as a hierarchy, the largest uncertainties are those
associated with the identification and assumed sequence of events that compnse the
base case scenarios. ‘Of these, the most’ lmportant is the scenario in which it is -

" assumed that mstltutlonal control is lost after 100 \years. -The next (middle level)
category rnvolves the sequence of events that is assumed to transplre within this .-
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scenario, the interrelationships of these events, and the uncertainties associated with.
each sequence. The third (lowest level) category of uncertainties is that associated with
the analytical models used and the input data required to exercise these models.

Although it will not necessarily reduce the uncertainties, the Panel believes (as noted
above) that it is imperative that, to the extent practical, the CSAR staff use the same
models that are being used in developing the TSPA-VA. In any case where a different .
model is being used, care must be taken to assure that it has been accepted by -
appropriate Federal agencies such as the U.S. EPA and the U.S. NRC, through
cooperative evaluation programs at the international level, or through wrdespread use |n
the private sector.

5. Uncertainties AsSociated With Specific Calculations _

On the basis of rts review to date, the Panel has concluded that there will be large
uncertainties associated with a number of estimates being made in conjunction with the
- development of the CSAR. - These include those associated with (a) the failure modes . .
and timing of failures of the Zircaloy cladding; (b) the mechanisms of the corrosion of
the stainless steel and the failure modes of the dry shielded canister (DSC) (c) the
failure modes and timing of failures of the concrete envelopes; (d) water ingress and
"egress assumptions for the DSC; and (e) water dissolution of the waste form and
" subsequent environmental transport of the associated radionuclides. To estimate the
release of radionuclides from the storage package, the CSAR staff plans to use
solubility limit concentrations that have been developed by the TSPA-VA staff. The
Panel recommends that the CSAR staff review the technical bases for the tabulated
values. :

In addition, there are srmllar uncertamtnes associated with estrmates of (a) the collective
~ population dose, and (b) the peak dose rate to the reasonably maximally exposed
individual and the time when it will occur. In terms of the collective dose, the National
Council on Radiation Protection and Measurements (NCRP, 1995) cautions that a .
single value of collective dose may be useful and meaningful only if “no individual dose
or risk is predominant.”” If the range of doses to individuals covers several orders of ~
magnitude, the distribution of doses must also be included in order to characterize the
risk adequately, that is; to assure that a few cases at either extreme of the dose -
distribution range do not drive or'disproportionately affect the characteristics of the risk.
In fact, the NCRP goes on to suggest that the “distribution mlght be best characterized
by dividing it into several ranges of individual doses, ‘each covering two or three orders
of magnltude with the populatlon size, average mdrvrdual dose ooIIectrve dose and
uncertalnty given for each range A

Estrmates of the peak dose rate and the time of its occurrence will be even more
complicated. This is due; among other things, to the multiple pathways and multiple -

sites that must be considered. In'contrast, the TSPA-VA invalves only one site and one
principal pathway (via groundwater). Due to the magnitude of the assocrated
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uncertainties, the Panel questions whether the outcomes of such an exercise will have
any practrcal value. Most importantly, will it provide any useful insights? Unless such -
an exercise is required, or useful insights are identified, the Panel recommends that lt :
not be done. : < : L

6. Input Data to Risk Assessments ”

In addition to the evaluation of uncertalntles rt is also |mportant to recogmze the - -
multitude of conservatisms involved in certain of the techniques used in conducting the
risk assessments. ‘Atone level, there is the use of techniques for the desrgn of concrete
structures as a vehicle for. assessing the performance of such structures over Iong
periods of time. Design procedures were not developed with risk assessment - :
applications in mind, nor should they be used  directly for risk assessments. At another Do
level, many.of the phllosophles and concepts being used in assessing the health
impacts of radiation exposures were developed for purposes of radiation protection.
They should not be used for purposes of risk assessment without carefully evaluating
the fundamental concepts on which they were based. Examples are the linear-no-
threshold hypothesis and the tissue weighting factors developed for convertmg organ
doses into effective (whole body) doses.

7. Application of Boundrng Calculations

‘In certaln cases, it may be useful to conduct boundlng calculatlons to determnne that a
given sequence of events is not important in terms of radionuclide releases and .
accompanymg exposures to the public. In'such cases, however, the CSAR staff should -
recognize the high degree of conservatism incorporated into such analyses. So long as

they yield doses that are in a range considered to be trivial, such calculations are useful,

If they yield doses that are significant, more detailed analyses using sﬂe-specn" ic lnput :
data will be required. As part of such analyses, the CSAR staff should give careful
consrderatlon to the screenlng models that have been developed by the NCRP (1996)

To account for large uncertalntles conservatlve assumptrons are oﬁen made in the
analysis of safety and environmental impacts. Because, as noted in Sectlon 3 above, -
the results of the CSAR analyses will be used to compare alternative waste dlsposal

strategies, the CSAR staff must be careful to avoid conservatlve assumptlons that could

distort that companson :
In the sense that they can save time and effort the Panel recommends that the CSAR
staff take advantage of generic calculations as part of their.risk assessment process.

- Such calculations, for example, could be very useful in analyzrng certain release
scenanos for “wet,” versus “dry,” srtes o
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8. Impacts of External Phenomena

External phenomena that can have adverse impacts on waste storage facilities include
earthquakes, tornadoes, hurricanes, floods, and aircraft crashes. The Panel
understands that the CSAR staif has tentatively decided that all such events are
bounded by the impacts of an aircraft crash. Before the staff makes a decision not to
evaluate the lmpacts of the other events, the Panel recommends that they perform a
simple, scoping analysis to estimate the probabrlrty of each such event at one or more

" key waste storage sites. In those cases in which the estimated probability appears to
be sufficiently high, the Panel recommends that the CSAR staff evaluate the associated
consequences. There are two reasons behind the Panel's expression of concern on
this matter: (a) The occurrence of an earthquake, for example, could significantly
advance the time when a'significant radionuclide release may occur; and (b) The

- suggested approach would be more consistent with that bemg used in the TSPA-VA.
Another reason for concern about the impacts of a seismic event is that the waste =
material may not be covered in a rubble pile as is assumed if the surrounding structure
fails dueto deterroratron over tlme

9. Sensrtrvrty Studies

The Panel endorses the plan of the CSAR staff to conduct sensitivity analyses to
"identify those input parameters that must be quantified in a more exacting manner. The
Panel also encourages the CSAR staff to continue their efforts to compare the relative
magnitudes of the radionuclide releases associated with each of the major pathways -

alrbome surface water and groundwater .

One approach for achlevmg the latter objective may be to assume that the entire
radionuclide source term is available for release to the air, to surface water, and to
groundwater If one combines with these estimates the fraction of the total source term
that is likely to be released to the gwen pathway, and the fraction that will be in a
chemical and physical (for example, in a respirable particle size range in the case of
releases to the atmosphere) form that is amenable to uptake by humans, such analyses
could provide very useful information. '

10. Evaluation of Inadvertent Criticality

One of the scenarios involves the possibility that deterioration of a NUHOMS storage
cask could lead to an "accumulation of spent nuclear fuel in a form that could become
critical. Thisis based on the assumption that water enters a canister that has been .
ruptured and serves as a moderator for spent fuel that does not contain any neutron
poisons. The Panel recommends that the CSAR staff conduct an analysis and, if such
an event is conceivable, that they quantify the consequences. Since it is anticipated
that vertical storage casks will be in use at many commercial nuclear power plant sites,
similar analyses should be performed for these types of casks. Those responsible for
such analyses should take into consideration the fact that vertical casks are based on
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ferritic (versus stainless) steel technology, that they will be subject to general corrosion
(versus stress corrosion) cracking, and that the closure lid welds are highly stressed
and will be a likely site of water entry. The longrtudrnal welds in these canisters are also
subject to cracking. These characterrstrcs are important in tenns of cntrcalrty as well as
the base case scenarro : .

11. Human lntrusion

Just as staff members who are responsible for conductrng the TSPA-VA recognize that
at some future time an intruder may drill into the proposed high-level radioactive waste
repository or establish a farm near the reposrtory, the Panel believes that there is a
distinct possibility that humans will intrude into certain DOE areas now restricted (for

example, sites such as Idaho Falls, Savannah River, and Hanford). Such intrusions are B

certainly plausible for those trme periods ¢ aﬂer rnstrtutronal control is assumed to have -
been Iost ,

For this reason, the Panel believes that the staff responsrble for prepanng the CSAR
must include an assessment of the dose rates to people who may, in the future,
establish residence on the various DOE sites. For purposes of analysrs it should be
reasonable to assume (as in the case of the TSPA-VA) that the population density of
such settlements will be similar to those in these same regions today and that the Irvrng
habits of the people mvolved will be similar to those of today. . ,

12 Transparency of the Contrnuous Storage Analysrs Report

One of the prrmary audiences for any type of Environmental Impact Statement and/or
Assessment is the general public, especially those groups who might be considered to
be stakeholders in the partrcular activity berng evaluated. One of the key steps for
ensunng ‘such transparency is to include in the CSAR the description of the base case
scenario descrrbed in item #3 above. Another step is to assure that the words, as

written, express exactly what the CSAR technrcal staff intends, and that all assumptions .- .

and uncertarntres are acknowledged

Another step that might be oonsrdered in thrs regard is for. the CSAR staff to assure that
the final report addresses each of the public comments on the “No Action Altematrve as-
summarized in Table A.3 (page A-23) of the “Summary of Public Scoping Comments”
developed in conjunction with the EIS being prepared for the proposed high level = .. :
radioactive waste repository at Yucca Mountain (U.S. DOE, 1997). ‘Another report that -

may be useful (and which the CSAR staff probably has already reviewed in detail) is the .

“Standard Review Plan for Spent Fuel Dry Storage Facilities” prepared by the US. NRC .
(1996) - , , e

M
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13. Background Information of Importanc'e'

Although it will may not be appropnate to mclude in the CSAR certarn facts relative to

the health effects of ionizing radiation and associated conservatisms, the Panel .

recommends that the CSAR staff be fully aware of these so that they can share them
" with appropriate groups if and when appropriate. These include the fact that:

a. The NCRP has taken care to state that: |

“Based on the hypotheSIs that genetlc eﬁ'ects and some cancers ‘may result from

damage to a single cell, the Council assumes that, forradlatlon-protectron purposes, the .

risk of stochastic effects is propomonal fo dose without threshold, throughout the range
of dose and dose rates of lmportance in routine radiation protection. Furthermore, the-
probability of response (risk) is assumed, for radiation-protection purposes, to -
accumulate linearly with dose. ... Given the above assumptions, radiation exposure at
any selected dose limit will, by def nition, have an associated level of risk.” (ltallcs in
original statement, as publlshed) (NCRP 1993 page 10, first full paragraph)

b. The NCRP has stated that o

. whenever the collective dose is smaller than the reciprocal of the relevant risk
coeﬁ' cient, e.g., less than 10 percent, the risk assessment should note that the most
likely number of cancers deaths (in the exposed population) is zero.” (NCRP 1995
page 54, Section 5.2).

c. The NCRP has stated that:

“At some future time, it is possrble that a greater proportlorl of sorhatlc diseases cause. |

by radiation will be treated successfully. If, in fact, an increased proportion of the
adverse health effects of radiation prove to be either preventable or curable by
advances in medical science, the estimate of long-term detriments may need to be
revised as the consequences (risks) of doses to future population could be very
different.” (NCRP, 1995, page 51, Section 4.2.2.3). -

d. The ICRP has'stated that:

“If the damage caused by radiation occurs in the germ cells, this damage
(mutatlons and chromosomal aberrations) may be transmitted and become
manifest as hereditary disorders in the descendants’ of the exposed individual.
Radiation has not been identified as a cause of such effects in man, but
experimental studies on plants and animals suggest that such effects will occur
and that the consequences may range from the undetectably trivial, through
gross malformations or loss of function, to premature death.” (ICRP, 1991, page
21, paragraph [87]).
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In a similar manner, the NCRP has stated that:

.'based on the human data alone, there is no clear evidence of genetlc effects' to
Wthh collective dose concepts should be applied.” (NCRP, 1995 page 45 Sectlon
3 4.2).

e. The ICRP has stated that

. the dose equivalent llmlts are |ntended to apply to the mean dose equivalentin a
reasonably homogeneous group In an extreme case, it may be corivenient to define
the critical group in terms of a single hypothetical individual, for example when dealmg
with conditions well in the future which cannot be characterized in detail. Usually, .
however, the critical group would not consist of one individual nor would it be very large
for then homogeneity would be lost.” The size of the critical, group will usually beuptoa :
few tens of persons. In a few cases, where large populatlons are ‘uniformly exposed,
the critical group may be much larger This guidance on size has certain |mpl|cat|ons
for example, in habit surveys it is not necessary to search for the most exposed-
individual within a critical group in order to base controls on that one person. The -
results of a habit survey at a particular point in time should be regarded as an indicator
of an underlying distribution and the value adopted for the mean should not be unduly
influenced by the discovery of one or two rndrvrduals with extreme habrts " (ICRP 1985 '
page 15, paragraph 67). -

f. The NCRP has stated that

A review of the llterature suggests that ..129' does not pose a meanrngful threat of thyr0|d
carcmogenesrs |n people (NCRP 1985 page 41) '
Respecttully-submltted,if :

l : February 20, 1998
Dade W. Moeller, Ph.D. S : (date)
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Appendix A
List of Senior Technical Panel Members

s

1) radionuclide multimedia transport, biosphere, and risk‘assessmerit o

Dade W. Moeller, President -~ (919) 633-3352
Dade Moeller and Associates, Inc. ' FAX (919) 636-6282
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Appendix B

Charter
Continued Storage Analysis Senior Technical Panel

DESCRIPTION OF GROUP

The Continued Storage Analysis Senior Technical Panel (“Technical Panel”) consists of', ;
at least three but no more than five senior technical experts who possess significant
qualifi catlons and expenence covering the disciplines of:

1) radronuclrde multimedia transport, biosphere, and risk assessment,
2) spent nuclear fuel and high level radroactrve waste storage container
degradation,
3) waste form degradation and environmental release,

" 4) facility degradation and failure mechanisms, and
5) integrated performance assessment

Individuals who make up this Technical Panel will be mdependent from full time day-to-
day Yucca Mountain Site Characterization Project functions, but members of the panel
may be employed by companies who are involved in such day-to-day functions. The
Technical Panel will report to the Jason Technologres Project Manager (Report
Preparer) for all work performed. Each Technical Panel member is explicitly authorized
to contact the OCRWM Director directly if that member believes the Report Preparer is
being unresponsive or is otherwise not listening to their input regarding the continued
storage analysis. :

An ex oﬁ‘ icio group member will be named to act as a group facilitator, be a focal point
to provide information to the group, ensure group participation, handle logistical details -
of group activities, and ensure written Technical Panel reports are timely and represent
the opinions of each Technical Panel member. One of the Technical Panel members
will be appointed to chair the panel.

TASK TO BE PERFORMED

Revrew and assist the Report Preparer wrth refinement of the critical assumptrons and
plans for preparing.the “Continued Storage Analysis Report” (Analysis Report) to be*
completed in the same time frame as the Viability Assessment (VA) Report being
prepared by the Yucca Mountain Site Characterization Oﬁ' ce (YMSCO).

Scope: This task will focus on the rntended'purposes, scope, and audience of the .
Analysis Report, and involve review of key underlying assumptions. This task will also
involve analysis of, and development of recommendations for, fundamental issues
associated with the Analysis Report. The Technical Panel will have the benefit of a
presentation in February 1998 to describe the methodology planned forthe contrnued
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storage analysis, the underlying assumptions to be used in the analysis, significant
issues that must be addressed, and the process that will be followed in conducting the -
analysis. The presentation will be interactive, with the Technical Panel expected to ask
relevant questions necessary to perform their function. Upon presentation of the
analysis plans and guidance received from the DOE, the Technical Panel will meet
independently and develop preliminary comments and input regarding the planned
analysis for the Analysis Report. This preliminary input will be followed within 10 -
workmg days by written input submltted to the Report Preparer

It is expected that the Technical Panel will conduct an ongoing dialogue with the '
Analysis Report preparation team to facilitate appropriate lncorporatlon of the Technical
Panel's advice into the analysis. Additional briefings may be given to the Technical
Panel regarding progress on the continued storage analysis, any problems or concerns
regarding the conduct of the analysis, and the preliminary results of the analysis. - After
each briefing, the Technical Panel will meet independently and develop preliminary
input regarding the status of the analysis and progress to date, and present its inputto
the Report Preparer. Dialogue will be conducted between the Technical Panel and the -

Report Preparer regarding preliminary observations and input, followed by development' -

of written Technical Panel input within 10 worklng days of each working session. The ~
ultimate goal of Technical Panel participation is to apply the significant experience and
qualifications of the Technical Panel members in the development of a reasonable set
of assumptions for the Continued Storage Analysis. Written acknowledgment by the
Technical Panel of such reasonableness, once their |nput is mcorporated is expected.

ESTIMATE OF PARTICIPATION REQUIREMENTS o

The followrng estimates of the participation requirements, between February and May
1998 for each Senior Technlcal Panel member are presented for planning purposes

- Initial presentation by Analysis Report preparatlon team and preparatlon of
Technical Panel input regardmg analysis plans [including underlying assumptrons]

24--32 hours per member for pre -review of planning and background documents
1624 hours to attend initial working session in Las Vegas

16--32 hours to participate in drafting and revnewrng first written Technical Panel
report .

Ongoing Technical Panel participation.
40-80 hours to interface with Analysrs Report preparatlon team and to revrew
background documents prior to subsequent working sessions

16—48 hours to attend working sessions in Las Vegas or other specified Iocatrons :
' 1648 hours to participate in drafting and reviewing written Technical Panel reports
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- Appendix C
AGENDA FOR SENIOR TECHNICAL PANEL WORKING SESSION - 2110/88
1. Welcome and lnthduction,-Wgndy Diﬁoanen Skipper - 15 minutes
2. Goals; Walker - 10mim.1tés i o
" 3. Structure of EIS Altermatives, Walker - 10 minutes
.a. action

b. no-action, 2 scenarios

c. This répdrf focuses on consequences of continuéd storage of SNF and HLW
4. Desk Drawer viewgraphs to ffahe problem, Walker- 10 minutes
5. Summary of Barrett inétrﬁctioﬁs, Walker - 15 mfnutes |

a. timing with AVA . .

b. comparability—"apples to-apples” re: VA .

c. impact parameters, peak dose, latent cancer fatalities, cost

d. Defensibility and role of technical panel in this respect. - ~
6. Su_mmary of primary technical problem;. Walker - 15 minutes
7. Basis for Selecting Panel Membér_s, Ziegler - 10 minutes

a. Makeup of panel

b. Charter -

c. Expectations

d. Schedule and timing of written.input
 8.No-Action, Rollins - 15 minutes
~a. Scenarios and why selected -

b. comparison of EIS analysis and analysis for this report

EIS Related Information =~ - 14 Predecisional Draft
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BREAK - 10 minutes

9. Walk through of analytical technical areas and approach.
a. Inventory, Walker - 20 minutes
- Issues/Assumptions necessary to perform analysis
b. Facility degradation Poe - 30 minutes

Summary of existing analysis report Analysis approach and basis: Is it suﬁ' dent
for an SNF storage facility? If not what do we plan to do? o :

' -assumptlons necessary to perform analysrs
c. Storage container deg radation, Mishima or Poe - 45 minutes
-Approach proposed and basis |

-Presentation on TSPA model and its applicability to continued storage
conditions (support available from TSPA modelers)

-Work still needed
-Issues/Assumptions necessary to perform analysrs
LUNCH - 15 minute break and continue working: whlle we eat
d.,Waste form_degradatlon and ra_dlo_n_trchde release 745 minutes -
‘ —Approach selected, Mishima |

‘-Presentatlon on TSPA model ‘and its’ apphcablhty to contrnued storage
conditions (support available from TSPA modelers)

'-Assumption's' necessary to perfonn‘an'alysts ; .

-Work still needed |

e. Source term splits between liquid and air pathways - 30 minutes
- Data available- Mishima -

- possible approaches for estirnates, Roltins R
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-Issues/Assumptions necessary to perform analysis
-Work still needed

f. Liquid pathway splits between surface water and groundwater, Rollins - 30
minutes A .

- data available

- [ssues/Assumptions necessary to perform analysis
e possible approaches to produce estimates

e potential for bounding calculations to limit groundwater pathway dose
. calculations
BREAK - 10 minutes
g. Other analytical topics and issues, discussion -'3'_0 minutes
Natural Phenomena |
Accidents

Other? o
Issues/Assumptions necessary to perform analysis

10. Consequence calculations, Rollins - 30 minutes
a. MEPAS code and basis for its selection

b. Expected tlmmg of peak doses for repository and continued storage cases.
Comparablhty? .

‘C. Populahon doses (mtegrated doses), for 10, 000 years and for penod to peak _
dose, comparability.

d. Difficulties in generating meaningful total lntegrated -dose numbers (requires
calculations to 1 million years plus).

11.'Tech.nical_ Panel Discussion (w/o Jason) - 90 minutes
12. Technical Panel Feedback to Jason Team - 30 minutes
13. Path forward - 30 r_ninufes

Note: Will stay until 8:00 PM if necessary - time estimates are expected minimums
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QA: N/A

REPORT OF SENIOR TECHNICAL REVIEW PANEL
: Meeting of April 3, 1998

1. Introduction

The second meeting of the Senior Technical Panel was held at the offices of the
Jason Associates Corporation in Las Vegas, NV, on April 3, 1998. The Panel
has been assigned the task of reviewing the critical assumptions and plans for

‘ preparing the “Continuous Storage Analysis Report’ (CSAR) or the “No Action”
scenario that is to accompany the Total System Performance Assessment -
Viability Assessment being prepared by the Yucca Mountain Site -~ - -
Characterization Office of the U.S. Department of Energy. This report :
~summarizes the conclusions and recommendations that were developed by the
Panel, as a result of its second meeting. At the request of Joe Ziegler, Technlcal
Panel Administrator, the report includes a summary of the status of each of the
items identified in our initial report (based on the meeting held by the Panel on
February 10, 1998).. The agenda for the meeting on April 3, 1998, is shown in
_Appendix A. - In accordance with the Charter for the Panel, this report is bemg
submitted to the PrOJect Manager, Jason Associates Corporation. '

Il. Details of Sec_ond Panel Meeting : :
1. Opening Comments -

The meeting « convened at 8:00 a.m. and members of the Panel were welcomed ‘
by Dee Walker.. Mr. Walker immediately followed wrth a discussion of the
decisions that had been made regarding major issues ldentrf ed at the first
meeting, such as the “Loss of Institutional Control” and “Comparability Analysis.”
He also remrnded the Panel of the goals of this meeting — namely, for the Panel
to: . - . ) .

a. Heara report on the status of lmpact analysns and planned approaches .
b. Be briefed on the pnncrpal issues and to provide feedback; , =
_c. Review assumptions in the analysis and to provide feedback and
d. Discuss potential approaches to uncertamty analysrs

“Time did not permit the Panel to discuss item "c" in detail. However alistof the. .
assumptions being made in the “Contlnued Storage Analysrs Report" was

" distributed (see Appendix B), and each Panel. member was asked to submlt his -
' mdrvrdual comments on each assumptron within the next few weeks.

" EIS Related Information .- IR I " Predecisional Draft

- Supp 946



The major problems identified and discussed by Mr. Walker included:

Fuel dissolution rate;

Cladding failure;

Nature of container failure;

Latent Cancer Fatality calculations
Population distribution; and

f. Climate change

PopTp.

A key difference in the nature of the events that can occur under the “No Action™
approach, versus the development and operation of the proposed repository at
Yucca Mountain, is that water is antucnpated to be far more readily available at
the multiple above ground storage facilities/sites postulated under the “No -
- Action” scenarios. In addition, it was noted that the initiating events that are
postulated to Iead to radlonuchde releases are entlrely dlfferent in the two cases.

2. - Impact Estimates — Revnew of Blosphere Analyses

Next were a series of presentatlons by . Gene Rolhns and AI Toblln These _
‘pertained to the fate'and transport of radionuclides, exposure scenarios and
impact calculations, intruder scenarios, and bounding calculations.

One difference noted by the Panel was that, whereas a review of applicable
biosphere models by the team preparing the TSPA-VA for the proposed
repository led them to select the GENII-S code as being most appropriate, a
similar review by the team analyzing the “No Action” scenarios led them to
conclude that the MEPAS code is more appropriate.” One of the justlﬁcatlons for
the selection of MEPAS for analyses of the “No Action” scenarios is that it has
been recommended for EPA for use in the analyses of Superfund sites. Another
more fundamental reason for the selection is that MEPAS has the capabilities for
analyzmg changes in radionuclide concentrations during ground water transport,
whereas the GENII-S code does not. In fact, the GENII-S code appears to be
limited pnmanly to the analysis of atmospheric releases. Doses due to :
contammants in ground water can be estimated only if the analyst'is provided
data on the concentrations of the individual radionuclides within the ground water
at the point of interaction with the exposed population group. This will certamly ‘
be an area that the Panel will want to follow and explore.

Another area of dxfference is that the MEPAS code is deS|gned to estimate -
collective risk, while GENII-S is not. As such, whereas the “No Action” analyses
will include doses to populatlon groups (which is a measure of collective risk),
the TSPA-VA for the proposed repository will not. Another apparent advantage
of MEPAS is that it can handle solute transport; it cannot, however, analyze the
impacts of particulates suspended in water and the effects of the accompanying
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sedlmentatlon One question raised by the Panel was ‘whether, assuming
identical concentrations of radiontclides in water, the MEPAS and GENll S
codes would yleld the same estlmates of dose? S

Although in the main, it is antnmpated that analyses assocuated with the “No
Action” scenarios will prlmarlly involve the evaluation of the impacts of
radionuclide contaminants in surface water, several Panel members pointed out' .
that, in some cases, contaminants in ground water may be a factor. In these
cases the values of the soil adsorption K, that are selected and/or assumed,
can have orders of magmtude lmpacts on the magnltudes of the resultlng dose '
estlmates : o

Asa result of these discussions, the Panel requested that the team conducting

-the “No Action” analyses provide the Panel with an indication of the contribution
to the population dose from ground water, surface water, and the arrbome
pathway, as a function of time into the future.

Gene Rollins pomted out that, in terms of the dose estrmates being calculated for
brosphere transport, every effort will be’ made to assure that the analyses for the
“No Action” scenarios are comparable to those being done for the TSPA-VA.

In terms of the “No Action” analyses, dose estimates will be made for the
maximally exposed individual (MEI). Th|s will include, in'some cases, a
residential intruder (comparable to the residential farmer for the proposed Yucca-
Mountain reposntory), and the doses due to contamination of surface waters.
The latter will include doses for rivers and streams to the point downstream
where the water enters the ocean. 'In this regard, the MEPAS code permits the
analysts to take into account the removal of radionuclides provided by treatment -
- processes apphed to surface waters pnorto consumptlon Even with the loss of-
institutional control, however, the assumption is made that downstream users of
surface waters will continue to freat the water prior to consumptlon For - ;
atmospheric releases, the dose estlmates wrll be extended out to a range of 80
krlometers (50 mlles) A L -

On the basrs of prehmmary analyses rt appears that the populatlon (collectlve) .
dose will be-controlling, not the dose to the MEI. This will depend; however, on . .
the nature of the EPA standards. . A key item will be the limits that are placed on . -
radionuclide concentrations in ground water. Although, in the past, EPA has -
indicated that such concentrations must be limited sp that the annual effective - -
~ dose due to the consumption of such waters not exceed 4 mrem, in its planned - .

. revisions of the National Primary Drinking Water Standards- EPA has indicated - . -
 that they may lmpose more restrictive limits. “Their justification for the proposed
approach is that it is required by the Safe Drinking Water Act of 1996. The
proposed changes could have major impacts on the ability of DOE to - :
demonstrate that the proposed reposntory meets the proposed EPA standards
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As these assessments contlnue itis tmportant to recognize that the form and
nature of the EPA standards have not yet been announced. If the standards
prescribe a dose limit for individuals, there may not be a need to estimate

collective (population) doses. If this proves true, there may also not be a need to .

estimate the accompanying numbers of excess latent cancer fatalities that may
occur within the exposed populatton groups '

At the end of the dtscu33|on, the Panel requested that the report of the analyses '

of the “No Action” scenarios include a table so that comparisons can be made
between the dose estimates to the various population groups exposed under
these scenarios and those exposed through operation of the proposed Yucca
Mountain repository. In addition, it was requested that the Panel be provided a

- list of the key assumptions that are being made in estimating the doses in each
of the two cases. , _

3. Environmental Flux Calculations

The next session tncluded presentattons on englneered bamer and storage
container failures by Lee Poe and Pete Pelto, on waste form degradation by
Pete Pelto, and on improvedlmore realistic models by Jofu Mishima.

Lee Poe indicated that two types of casks had been selected to bound the
analyses — the NUHOMS horizontal cask and a “vertical steel cask.” Failure
analyses include the impacts of rain (containing various impurities) and -
freezelfthaw weather cycles in degrading concrete storage casks. Preltmtnary
analyses indicate that the freeze/thaw effects will be the dominant failure
mechanism for surface concrete casks. For subsurface concrete vaults, roof .
collapse due to corrosion of reinforcing bar appears to be the dominant failure
mechanism. The Panel noted, however, that the analyses do not take into
account conservatisms in the factors used in designing the casks. For purposes
of analyses of concrete casks at the multitude of nuclear power plants sites in
the U.S., the staff plans to assign the surface casks to one of 5 bins in terms of
precipitation and failure times after loss of institutional control, and the
subsurface casks to 2 bins in terms of humld (Savannah River Stte) and arid
(Hanford and ldaho) regtons .

In a follow-up presentatlon Pete Pelto shared wrth the Panel his preltmtnary
thinking in terms of the analyses of failures of ferritic steel and stainless steel -
storage containers. . At present, these analyses are in the earliest stages. T he -
Panel noted that, if the'results are to be useful, they must be made available-

relatively soon. .Panel members also reminded the staff that the TSPA-VA being |
prepared for the pfoposed Yucca Mountain repository indicates that the fuel that

has stainless steel clad, although constituting less than 1.5% of the total, is
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estimated to dominate the radionuclide releases. The Panel was’ mformed
however, that the analysts for the “No Action” scenarios had recognized this
potentiality and taken it into consideration. As a result, ‘the analyses being
conducted for the “No Action” scenarios are based on the assumption that, for
those facilities/sites having fuel wrth starnless steel clad (for example, Millstone
"and Indian Point), the fuel has no clad m the case of facilities having fuel wrth
zirconium clad, credit is being taken for the retentlon capabrlmes of the clad
This is similar to the approach belng used for the TSPA-VA. Although the -
models for analyzmg the zirconium ‘fuel are yet to'be confi rmed initial results -
indicate that it will require some tens of thousands of years for the zirconium clad o

to fail. A key factor in determining radionuclide release rates from zirconium fuel L

is what are called “juvenile” failures - that is, releases from the 0.1% of the fuel
thatis assumed to already have failed clad at the timeitis placed in storage

The fi nal presentatlon in thls session was made by Jofu Mlshlma who addressed
a mechanistic approach for developing prellmrnary radlonucllde release = -
estimates from various types of fuel/waste. Included in his estimates were
assumptions and/or analyses for predrctrng the |mpacts of loss of protectron of .
the fuel due to weather effects on bunldlngs water infiltration; cladding - ‘
dissolution, radionuclide release, and near-field transport. Included in the -
assessment of each of thesé events'are assumptrons that must be made relative .
to a host of input parameters. ~ As-a result of these discussions, the Panel =~
recommended that the staff provide information on the approaches beingused =
for analyses of the failure rates for each type of spent fuel/waste, as well as time -
lines for their anticipated failures. Suggested examples include commercral o
spent nuclear fuel, DOE vrtnf ed HLW at Savannah Rrver and’ the N Reactor fuel
~ at Hanford. . '

4. Analysis of Extreme Events and Criticality -

The next session was devoted to an analyS|s of extreme events wrth emphasrs o
.on aircraft crashes, as contrasted to seismic and other events. These )
presentations were made by Dee Walker Pete Davis, and Larry Kripps. In his .
opening remarks, Dee Walker emphasrzed how important it is that the analysts
not appear, either dlrectly or by lmplrcatron to be unduly exaggeratmg the = |
analyses of the “No Action” scenarios in order to ensure that the accompanying
dose estimates will exceed those for the TSPA-VA In this regard, he poirited -

out that, on the basis of their reviews and evaluations, the team conducting the
analyses had concluded that the impacts of an aircraft accident at'one or more of
the sites, where commercial nuclear fuel is to be stored could readrly resultina
risk that was in excess of that from the proposed reposrtory at Yucca Mountarn
With an estimated total of 75 sites where it is anticipated that spent fueland
waste will be stored, iti is almost certain that over the next 10,000 years at least.
one will be rnvolved ina dlrect hit as a result of an alrplane crash The
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accompanying risk appears 'clearly to exceed that for other natural events such
as tornadoes, or earthquakes.

Expanding on this, Pete Davns indicated that they have populatlon demographlcs '
for all proposed fuel/waste storage sites and that, for purposes of analyses, they -

plan to assume that all the radlonuchdes in one fuel assembly are released to
the atmosphere. In commentlng on this approach, the Panel cautioned that
care should be taken to recognize that most of the commercial nuclear power
plant sites are located in areas of the U.S. that have higher densities of air traffic
(by an order of magnitude) than the national average. Unless this difference is
taken into account, the analyses may not be accurate.

In his analysis of criticality, Larry Kripps assumed that the ingress of water into a
storage cask, without any change in geometry of the spent fuel and/or movement
of the neutron poison, would result in a critical event. Exacerbating the problem
is that the stored fuel will include some with very low burn-up. ‘Adding to the
increased probability of such an event is the long time period (10,000 years) in
question. This being the case, it appears that the best approach is to analyze
the consequences, without devoting too much time to establishing the
associated probabilities for occurrence. In order to bound the impacts, the
analytical team hopes to define the reasonably possible cntlcahty that could -
occur at several representatlve sites. At the same time, however, the Panel
urged that the staff recognize that, unless the time span for the development of -
criticality is extremely short, the resultlng impacts will not be that severe. Also to
be recognized is that, while the amount of fission product activity generated by
such an event could be large, most is assomated with relatively short lived -
radionuclides.

As a result of this discussion, the Panel recommended that the staff ensure that
a sufficient variety of casks and spent fuels are to be analyzed to establish that
the impacts of a cntlcallty event are bounded.

In his closing remarks for this sessnon Dee Walker indicated that, in terms of
uncertainty analyses, the staff may be compelled, due to the lack of time, to -
depend on expert elicitation for input. The Panel responded by pointing out that,
such an approach — using expert elicitation versus developing the data — violates
one of the basic guidelines on the use of this technique. If this approach is
nevertheless used, it must be carefully documented.

~ 5, Comparative Risks and Insights
In a final .se.ssio‘n, Andy Dykes shared with the Panel some thoughts oﬁ the tasks

that analyses of the “No Action” scenarios entail. He suggested that there was a
need to distinguish parameter uncertainty from model uncertainty; to conduct
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sensitivity studies to establish which factors dominate the estimated doses; and
that the analyses of the two approaches — the “No Action” scenario versus -
placing the waste in the proposed Yucca Mountain repository — be restricted to
time periods when the risks can be quantified. The Panel responded by -
indicating that it is also important to include in the analyses certain qualltatlve '
and/or intuitive assessments, that provide insights that might otherwise be - -
missed. An example is to compare the impacts of a glacier on above ground
stored fuel/waste versus the impacts on the same waste if placed in a geologlc

repository. In the latter case, the glacier will most likely have no impact. Inthe -

former case, the glacier will spread the fuelwaste around and make it readily
accessible to the public both then and in the future. Another example is that -
fuel/waste on the surface will have the potential ultimately to contaminate a large

fraction of the U.S. This is not the case if the fuel/waste is placed ina’ reposntory

In terms of the impacts of all aspects of chmate change the Panel belleves that
the analyses should be presented in a qualitative manner, taking care to avond
any implications that the estimates are meaningful in a‘quantitative sense. The
underlying assumptions should be comparable to those used in the analyses of
the proposed Yucca Mountaln reposnory -

11l Recommendatlons, Suggestlons, and Comments of the Panel

Subsequent to the technlcal bnef ings, the Panel members met i in executlve

session to summarize their preliminary fi indings and recommendations. This was - |

followed by an oral briefing for Wendy Dixon, Dee Walker, and the'DOE
technical support staff. In all, the Panel offered findings, conclusions, and
recommendations in twelve technical areas related to the Continuous Storage
Analysis. These are summarized below. 'As will be noted, several of them
repeat comments of the Panel that were noted in the previous sections of thls
report.

1. Goals of the Analyses

In planning the analyses and presentation of the results, care should be taken to
eensure that the analysts keep in mind the goals of the process as well as the
best ways to achieve these goals. -In this regard, the Panel was impressed by
the thoughts and suggestlons shared by Andy Dykes regarding the tasks that .
analyses of the “No Action” scenarios entail. The Panel concurs that there is a

" need to distinguish parameter uncertainty from model uncertainty; to conduct :
sensitivity studies to establish which factors dominate the estimated doses; and
that comparisons of the results of the analyses of the two approaches — the “No
Action” scenarios versus placing the waste in the proposed Yucca Mountain
repository — be restricted to time periods when the risks can be quantified. .
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2. Presentation of Results

It is important that the results of the analyses for the two contrasting approaches

(“No'Action” versus placement of the spent fuel/waste in the proposed - '

repository) be presented in a manner so as to permit the impacts for the two

approaches to be directly compared one with the other. One possible step

would be to include in the report of the analyses of the “No Action” scenarios a -

~ table that will enable the reader to readily compare the. |mpacts on the various
population groups exposed under these scenarios to those on equivalent (or . .
comparable) groups who might be exposed as a result of the operation of the
proposed Yucca Mountain repository. Included as an integral part of such a-
presentation should be a list of the key-assumptions that were applied in

_ estlmatmg the doses in the two cases.

Thereis a s:miiar need to present the results of the analyses of the “No Action”
scenarios so that the impacts with and without institutional control canbe .
appropriately compared. In this regard, the Panel recommends that Scenan_o #1
(continued institutional control) and Scenario #2 (loss of institutional ¢ontrol) be
compared during equivalent time penods and only during those penods when the
estlmates can be quantif ed. :

To accomplish these and other objectwes the Panel recommends that the
project team prepare a draft set of figures and tables that show how the results
of the study will be presented and how comparisons will be made with the Yucca
Mountain repository option. It is important to agree on the approaches to the
presentation of results in order both that the. project team will perform the
appropriate analyses, and that the need for reanalysis or additional analyses will
be minimized. Approaches to the presentatlon of the results the project team
should consrder include: :

A table that shows how the maximally exposed individual and population |
doses are defined for the Yucca Mountain and.“No Action” studies and how
they will be compared

Figures showing how storage'cask depradation andredronuollde releases as
a function of time will be compared and how accident results will be shown in
this format. : . . .

Figures or tables shonring how sensitivity study results will be presented
'« . Anindication of the contnbutlon to the maxlmally exposed individual and to

the exposed population group through each of the more prominent pathways A
(ground water, surface water, and airborne releases) asa function of time..

EIS Related Information- 8 ' .. Predecisional Draft =~ |

Supp 953




o

3. Sensmvrty Analyses and Uncertamtles

Although the staff has mdrcated that they do not have time to develop an
approach for conducting sensmwty analyses and assessing the associated .
uncertainties, the Panel'urges that care be taken not to pass off the decisions onZ
these key issues to outside people (even though they may be considered to be
experts). On the basis of the information that Andy Dykes shared, the Panel
believes that he may have useful guidance to offer in resolving this issue.

4. Quantification of Conservatisms

There is a need to quantify the conservatisms in the analyses for the "No Actlon .
scenarios versus placement of the spent fuel/waste in the proposed geologlc
repository. In this regard, care must be taken by the analysts not to appear,
either directly or-by imphcatlon that they are incorporating into the analyses of.
the “No Action” scenarios 'an overabundance of conservative assumptions i in

order to ensure that the accompanying.dose estimates will exceed those forthe .

TSPA-VA. Possible examples of potential errors that could be made include the -
use of average aircraft densities in oonductlng the analyses of the impacts of an
aircraft crash, and assumrng an excessrve number of fissions in the analyses of
crltlcallty - : - :

5. Failures of Storage Contamers and Fuel Contalners

Two types of casks had been selected to bound the analyses for failures of -
storage casks and containers.. Preliminary analyses indicate that the freezelthaw :
effects will be the dominant failure mechanism for surface concrete casks. For
subsurface concrete vaults, roof collapse due to corrosion of relnforcmg bar
appears to be the dominant failure mechanism. In this regard the Panel -
recommends that the analyses be expanded to take into account conservatlsms
that have been mcorporated into the factors used in designing the casks.
Although the analyses of failures of the ferritic steel and stainless steel storage
contamers have been lnltrated they are presently onlyina prellmlnary stage

The Panel is anxious to be provrded wnth the results of. these analyses as they
are developed.” The Panel is encouraged to note that assumptions related to .
failure rates for spent fuel with stainless steel clad, and procedures for taklng into
_ account the impacts of “juvenile” failures and the performance of zirconium clad
are similar to those being used in the analyses for the proposed geologrc
reposrtory : : Lo
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As part of the analyses of failure rates of the containers for each type of spent
fuel/waste, the Panel recommends that the staff provide information on the

* approaches being used, as well as time lines for the occurrence of the
anticipated failures. Examples should include commercial spent nuclear fuel,
DOE vitrified HLW at Savannah River, and the N-Reactor fuel at Hanford. [n this
regard, the project team that is conducting the TSPA-VA analyses is apparently
not assuming explicit credit for the stainless steel pour canister enclosing the
high level waste. They are, however, taking credit for the. CAM/ICRM waste
package external to the steel shell. In the “No Action” case, the steel pour
canister should be considered as the analog of the CAM/CRM package in the .
repository analysis and its effect should be included in the analysis.

6. lmproved Aircraft Analysns

Preliminary analyses mducate that an aircraft crash has the potentially highest
airborne source term with comparatively high consequences to nearby
individuals. To some decision makers, this accident may have particularly high -
weight in differentiating between the TSPA and the “No Action” case. For this
reason, it is important that the analyses be conducted in a detailed manner and -
that all assumptions and the values of all input parameters be documented. At
the same tlme, |mprovements should be made in the prediction of both the
frequency and consequences of such an accident. Attention should be
specifically directed to the higher density of aircraft over-flights in the
northeastern U.S., with par’ucular attention to those commercial nuclear power
plant sites whose Iocatlons are in the proximity of landing strips. With regards to
the refinement of the consequence analysis, the number of containers affected -
should be based on the intersection of the penetrating components of the
aircraft. The effect of plume rise from burning aircraft fuel should be credited
when calculating downwind doses to avoid the improper calculation of unrealistic
doses in the immediate neighborhood of the storage location. .

7. Analyses of Pbtential Criticality :

As part of the analyses of the “No Action” scenarios, the potentxal for criticality
must be considered. It is important that such analyses be performed with
sufficient rigor to withstand critical review. Based on a review by Panel member,
“Alan Wells, it is likely that the project team will determine that criticality as the.
result of water ﬂoodmg ofa spent fuel storage cask is a credible event that will
require consequence analysis. It is expected that the conditions that could lead
. to such criticality would involve fuel that for some reason had very low burn-up,

e.g. one cycle of exposure: . The project team must determine if indeed there are
- containers with low bum-up fuel and if water flooding of these specific containers - -

would indeed result in a keff in excess of unity. Because this condition would
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appear to be in conflict with the double contingency criterion, contact should be
made with appropriate staff members in the U.S.-NRC to determine if they have .
been convinced that the ﬂoodlng of the contarner would indeed not lead to

_ criticality. : o < .

If cntrcahty is determmed to be credlble the pro;ect team does not have to spendv '
a large amount of effort in determlnrng the frequency of the accrdent A '
discussion of the conditions that could result in criticality (i.e. the cask
configuration and burn-up of the fuel) is probably adequate to resultina -
qualitative understanding of the frequency. It will be important, however, to™
evaluate the consequences of a criticality event. The magmtude of the excursion
that results and the resulting integrity of the fuel pins are key to the size of the
consequences. In this regard, the Panel notes that there are two possible views
on the criticality issue: the first being a signifi cant cntrcallty excursron that results
in fuel failures and radionuclide dispersal; the second belng an insignificant
“mini-Oklo” event that is accompamed by no fuel failures and neghglble
radlonuclrde releases. _ .

.Some members of the Panel who have perforrned analyses of cntrcallty
accidents in the past believe that the magnitude of the event that may occur in
the case of the storage casks is of the second type, rather benign. In this case,
the rate of reactivity addition at the time the cask goes critical is expected to be
very low, limited by the rate of rainfall and ingress of water into the storage cask.
The resulting increase in fuel temperature will result in heatup of waterinthe. = -
channel and a return to a subcritical condmon due to bomng of the water and
Doppler feedback in the fuel. As the rain contrnues the system could retum toa -
critical state and remain at a low power condition in which the water addition rate A
is balanced by the power generatron rate in the’ covered portron of the fuel rods
(the power generated in the uncovered portron of the rods would be substantlally
less than in the moderated region).. When the rain ceases, the system would.
retumn to a slightly subcritical condrtlon untll occurrence of the next rain. The
cladding temperature would probably never become significantly hotter than the
boiling point of the water and the cladding integrity would not be challenged.

This benign criticality scenario would be repeated a large number of times until
burn-up of the fuel resulted in a condition in which the system would no longer
go critical. -:A reasonable bound to the total fission products produced through
prior irradiation and through recurrent reactlvrty transrents is the total fission
product inventory produced by the normal exposure of the fuel (assumrng that

~fully exposed fuel cannot go critical in this 'scenario). - The difference would be,

. however, that the fission events from accrdental cntlcallty will have occurred
more recently. If the subsequent event that results in failure of the cladding and o
exposure of the fuel surface to ‘water is delayed a significant penod afterthe .~

criticality cycles have ended, the |mpact on the environmental source term wrll be .

negligible.
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The second, alternative scenario of concem is that the reactivity insertion rate is i
large enough at the time the system becomes critical for an excursion of
sufficient magnitude to occur that the fuel would be ruptured and radionuclides
would be immediately released. The consequences of this type of accident
would be substantially larger than the benign scenario because of the
‘atmospheric release and the presence of shorter half-life radionuclides at higher
activity levels. Expenments performed at the Idaho Natronal Engineering
Laboratory in the SPERT series of tests indicated that, in order for rupture of the
rods to occur, the energy addition to the fuel would have to be somewhat in
excess of 200 cal/gm This is energy density required to burst the fuel rods:.
Also to be considered i is the possibility of fuel failure due to creep rupture (1300
to 1400°F fora week or so in a steam environment). The Panel recommends
that kinetics analyses be perfonned to evaluate which scenario would occur
under the conditions expected. These analyses could be performed in a point. -
‘kinetics quasr-statlc approximation, with RELAP, with RAMONA (BNL code for
the analysis for space-time kinetics in boiling water reactors), or with a space-
time kinetics model. . Once the suggested analyses have been completed, it
should be possrble to place the consequences of accrdental criticality in the -
proper perspective.

8. Selection of Drfferent Values for Key lnput Parameters

Although (as noted in item #2 above), every effort should be made to ensure that
the analyses of the “No Action” scenarios and the proposed geologic repository
are performed so that they can be directly compared, if a situation develops in
which it is important, for purposes of the analyses, to select a different value for a
key input parameter in evaluating the “No Action™ scenarios, then the staff ought
to feel free to do so. The reason for the selection of a different value, and the

- effects of it on the outcome of the analyses, however, should be carefully

documented as part of the presentatron of the results.
9. Selectron of MEPAS vs. GENII- S Code -

The staff indicated that, on the basrs of a careful review, they had selected the
MEPAS code to analyze the impacts of the various “No Action” scenarios. This
contrasts to the team that is developmg the TSPA-VA who, on the basis of a
similar review, selected the GENII-S code. Since these selectrons may appear
confusing to people who review and evaluate the outcomes of the “No Action”

_ scenarios, versus those of the TSPA-VA, care should be taken to explain this
difference. Also in need of evaluation is how this may affect tHe goal of havrng
the two analyses be conducted so that the outcomes can be compared onan
“apples to apptes basis.
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In this regard, the Panel notes that the form and nature of the EPA standards
have not yet been announced. If the standards prescribe a dose limit for
individuals, there may not be a need to estimate the accompanying numbers of
excess latent cancer fatalities. However, there will probably still be a need to
estimate the collectlve (populatlon) doses ’ :

10. Initiating Events

The Panel notes that the initiating events for analyses of the impacts-of - :
" radionuclide releases undef the “No Action” scenarios and the proposéd geologic
repository are signifi icantly different. Yet this differencé was not acknowledged in
the procedure outlined for conducting the analyses of the continuous storage.
scenarios. -The Panel recommends that the events that are assumed to be
responsible for.the various radionuclide release scenarios in the “No Action” -
evaluatrons be |dent|f' ed and documented o -

IV. Resolution of Issues Raised in Initial Panel Report

Inits fi rst report, the Panel identified and offered comments on thirteen issues. ;
These comments included recommendations for actions on the part of the staff -
that is preparing the analyses of the “No Action” scenarios. Of the items that
were listed, those that have not been subsequently resolved are:

2. Assuring Comparability of the Anéﬂyses '

As noted above, the Panel has offered a range of suggestrons for presentmg the

" results of the evaluation of the “No Action” scenarios to ensure that the -

outcomes can be readily compared for the “Loss of Institutional Control,” versus
no “Loss of Institutional Control,” as well as for the outcomes of the evaluation of
the “No Action” scenarios versus those for the case where the spent fuel/waste is

placed in a geologic repository. The Panel will withhold judgment on this issue -

~ until the staff has had time to respond to the recommendatlons andlor
'suggestlons in this report. A

4 Delineation of Uncertalntres
. 5. Uncerlamtles Associated ‘With Specrf c Calculatlons

Both of these rtems 'deal with uncertainties. Srnce the staff is stlll in the process- -

. of developing an approach for conducting sensrtrvrty analyses and assessing the
.associated uncertainties, the Panel will reserve judgment on this issue until such
time as the staff has confirmed their plans and has responded to our latest
recommendations.
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8. Impacts of External Phenomena

As noted above, the Panel has recommended approaches that might be
considered in evaluating the effects, for example, of aircraft crashes, glaciers,
rainfall, and climate change. A judgment on the adequacy of the responses on
this item will be provided after the staff has had an opportunity to review and
react to our recommendations.

10. Evaluation of Inadvertent Criticality

This item, as noted above,Ais. still being e'valuated.' The Panel will reserve
judgment on its resolution until the criticality analyses have been completed.

12. Transparency of the Continuous Storage Analysis Report
It will not be possible to render a decision on this item until the projéct téam has

completed the “No Action” report and the Panel has had an opportumty to review
it.- & '

The Panel is satisfied with the progress on the other six items and believes that -

the analytical approaches that have been adopted by the project team
adequately address our concerns. For purposes of the record, these items are:

Loss of Institutional Control

Development of a Base Case Scenario

Input Data to Risk Assessments

Application of Bounding Calculations

Radionuclide Releases, Pathways and Mechamsms
1. Human Intrusion. ,

SONO L

Respectfully submitted,

April 20, 1998

Dade W. Moeller, Ph.D.- - T ~ (date)
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~ Appendix A

Agenda for April 3, 1998 Workmg Sessron of Senror Techmcal Panel 8:00 AM
PST '

I. Introduction — Dee Walker . | 10 minutes " -
Il. Resolution of Miscellaneous Issues — Dee Walker ~ * ° 15 minutes .-

Assumptions List

Loss of Institutional Control
Comparability Analysis -

Base Case Scenario — tlme Ilne
Major Problems :
i. Fuel dissolution rate

ii. Cladding failure

iii. Nature of container failure
iv. LCF calculations

v. Population distribution

vi. Climate change

'mpow>

lll. Miscellaneous Administration — Joe Ziegler 10 minutes |

A. Charter
B. Push Towards Closeout
C. Use of Vendor Names

[V. Impact Estimates — Gene Rollins/Al Toblin o 60 minutes
A. Fate and Transport — Al Tobliin ‘ - '
B. Exposure Scenarios - Gene Rollins
C. Impact Calculations -~ Gene Rollins -

i. LCFs
‘Peak dose (MEI or RMEI)
: m ICRP 2vs'30
D. Intruder Scenarios — Gene Rollins :
E. Bounding Calculatlons for Ground Water Pathway (why approprlate) G. Rollins

Break . : ' o - 10 minutes
V. Envrronmental Flux Calculations — P. PeltolJofu MrshlmalPaul Nakayama/Lee Poe

A. Outer Engineered Barner Failure — Lee Poe , - 20 mlnutes
B. Storage Container Failure . o 30 minutes
Types of containers — Lee Poe - I o
ii. Failure of ferritic steel and stainless steel — Pete Pelto
iii. Expected failure mechanisms and timing — Pete Pelto
iv. Criticality (covered under extreme events)
C. Abstraction Approach — Comparative Case
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Appendix A

Waste Form Degradation & Release (including cladding) - Pelto 20 minutes’

D. Mech approach — Improved/more realistic mode! -- Mishima 20 minutes

Lunch

60 minutes

VI. Extreme Events/Criticality — P. Davis/D. Walker/L. Kripps/Al Wells 60 minutes

A. Aircraft Accidents vs Seismic and Other Events -- Pete Davis

B. Ciriticality _

i. Approach to Criticality (including linkage to cladding model) - Larry Kripps

ii. Additional information — Al Wells -
C. Severe Weather — Dee Walker

VII. Uncertainty Estimates - Dee Walker, "

A.  Approach
B. Comparison Viability

VII. General Discussﬁon
IX. Technical Panel Discussion (w/o Jason team)
X.  Technical Panel Feedback to Jason Team

Xi.  Path Forward
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General

1.

~AppendixB - -
Continued Storage Analysis Report
Assumptions

For analyzing no-action impacts, it will be-assu_m'ed that Highly Radioactive
material is left at the generator sites. The assumed analysis period is 10,000

years.

Two No-Action Scenarios will be analyied._ They were selected for analysis to

bour\d potential impacts.

a.'-_”. Continued instit_irtional control for 10,000 years.

'b.  Loss of institutionai control (after 100 years).

For the continued storage analysis report, two types of impacts will be e\.{aluated:

a. Financial impacts (oounded by scenario 1) |

b. . Radiological impacts (bounded by scenario 2)

The RIP process models and data bases will be. used to the extent practicable
for analyzing radionuclide release to the ‘environment (fluxes) for No-Actlon
Scenano 2 ( apples to apples ) approach

For the purposes of the No-Aotion Scenario 2 analysis, bins fepresenting typical |

- environmental conditions (yearly temperature cycles, ‘precipitation, etc)'fora

group of sites with similar characteristics will be used in calculatlng radlonucllde

‘fluxes to the environment (5 to 10 blns are expected)

- For No-Action Scenario 2, environmental tra'rtsport and dose impaot.calculations

will be performed for-four DOE sites and.75 commercial nuclear reactor sites

using the appropriate environmental 'ﬂuxes’ (see 5 above)

[

It will be assumed that SNF and HLW is stored in: dry storage facnlmes at the
beginning of the no-action period. '
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8.

Appendix B

Pre-emplacement cooling times for SNF and HLW will be assumed to be

average cooling times.

Timeline for Scenarios

Scenario 1

For the purposes of analysis, it will be assumed a facility overhaul occurs after
60 years; it is assumed that after 100 years a new replacement facﬁility would be
built and the stored material would be repackaged. Cost calculations will be
performed repeating 1'00-year cycles to 10,000 years; The cost of an initial
storage facility will be included in the cost estimates.

Radiological doses will be estimated for facility workers for the following tasks:

a. Periodic inspection of the packaged and stored waste
b. Facility maintenance/overhaul at the midpoint of each 100-year cycle
c. = Repackaging of stored SNF and HLW each 100 years

d. Construction of a néw storage facility each 100 yearéQ

Scenario 2

1.

Itis assumed that institutional control is lost after 100 years. Cost impacts will be
evaluated for the first 100 years only. Radiological impacts will be estimated for
10,000 years. ‘ |

For this scenario, it will be assumed that all faéility operations cease and power
is lost. No credit will be taken for operator action that could enhance
performance of the storage facility relative to extending radionuclide release

times.
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Tl Appendix B

Structural Failure

1. Commercial SNF will be stored in' abo\re ground, dry storage 'facilities.'

2. Three types of storage facilitylcask desions vt/illbe analy}.ed. ‘
a. For commercial SN‘F, horizontal sta.\intess steel .stor‘age containers_.
b.. For commercial SNt‘, vertical_territic steel container-sT
c.- . For DOE SNF and HLW, vertical stainless steel containers.

3. DOE HLW will be stored in below-grade facrlrtles The SRS/HLW storage facmty
will be used for the purposes of the analy3|s '

| 4. ~\ DOE SNF will be assumed to be stored ina vertlcal confi guratron thati is below
, grade The proposed facnhty for stonng N-reactor SNF w:ll be used for the
purpose of analysrs :

Storage Containers ;
1. Three types ot storage_ facil'ity./chast‘( ’desi_c‘;ns an be_analyied.
a. FOR SNF, borizontal stainless steel containers.
b.  For SNF, vertical ferritic steel Gontainers.
c. For DOE SNF and HLW, vertical stainless steel containers.

2. The RIP process models for waste package degradatron will be modrt’ ed and
used to the extent practlcable for estlmatlng times at which rainwater can enter
the waste package. '

Wasté Form Degradation and Rad'ionuclide: Release

1. The RIP process models for waste form degradation and radidnuclide release,
will be utilized for calculating radionuclide fluxes to the environ:ment. |
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Appendix B

The RIP process models for waste form degradation and radionuclide rélease
that include credit for SNF cladding will be used to account for the role of the

cladding in delaying radionuclide release to the environment.

Radionuclide TranspAort and Dose Impact

1.

The MEPAS code will be used to calculate the transport and dilution of
radionuclide environmental fluxes.

Itis assumed that waste form is covered by debris is the normal state during

periods of radionuclide release. Hence the dominant release is via dissolution to .

the liquid pathway. Large releases to the airborne pathway will l}e .evaluated_ as

upset conditions.

The split between the liquid bathways source to surface water and thg sourc'e‘ to
groundwater will be calculated with the MEPAS code using site specific

parameters (e.g., rainfall, soil properties).

it will be assumed that leachate dryout and suspension by wind is not a

significant transport pathway (sensitivity-calculations to demonstrate).

For impacts via surface-water transport, impact calculations will consider the

downstream watershed to a point where impacts are minimal (threshold needs to

be defined).

Cost Impacts

1. Cost impacts for a 10,000=year period will be estirha_te.d.fc_)r No-Action Scenéri6
.
Costs will not be estimated for periods following loss of institutional control (No-
Action Scenario 2) based on the assumption there are no fun.ctioning' institutions
to provide continuous monitoring or control.
EIS Related Information = 20 . Predecisional Draft
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Appendix B
Accidents |

1. Radiological impacts to the public of éccidents will be evaluated. Accidents
initiated by both severe environme_rita_l phenomenon and events related to -
human activities will be considered ‘(during a 1'0,000-year period, the likelihood of

some accident at one or more sites is significant). -

2. The impact of severe environmental events on the facilities, packagesvahd debris
. bed (which protect the waste form frgm suspension by wind) will be evaluated as
an upset condition. | o
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REPORT OF SENIOR TECHNICAL REVIEW PANEL

Meeting of June 5,1998

l lntroduction

The third meeting of the Semor Technical Panel was held at the offices of the |
Jason Associates Corporation in Las Vegas, NV, on June 5, 1998. The primary
purpose of the meeting was to provide an opportunity for the members of the
Panel to interact with the staff of Jason Associates who are preparing the -
“Continuous Storage Analysis Report” (CSAR) that is to accompany the Total
System Performance Assessment - Viability Assessment being prepared by the
Yucca Mountain Site Characterization Office of the U.S. Department of Energy.

The meeting afforded an opportunity for in-depth discussions and reviews of the
work in progress. As will be noted in the comments that follow, the Panel
concluded that considerable progress has been made during the past several
months. '

Due to scheduling conflicts, Richard Denning and Alan Wells were unable to
attend the mesting. Howaever, both of these individuals had submitted written
reports and have interacted closely with their counterparts on the team that is
preparing the CSAR. In addition, Dr. Wells joined in by telephone for the
discussions on criticality. In a similar manner, Peter Davis of the CSAR staff
joined in by telephone for the discussions of the impacts of an aircraft crash on
above ground dry storage casks. Those Technical Panel members present for
the meeting were Robert Budnitz, Stephen Short, and Dade Moeller. In .
accordance with the Charter for the Panel, this report is being submitted to the
Project Manager, Jason Associates Corporation,

Il. Topics Covered

The meeting convened at 8:00 a.m. with members of the Panel being welcomed

" by Dee Walker. He followed with a review of what had been accomplished since
the last Panel meeting on April 3, 1998. As may be noted by the meeting
agenda (Appendix A), this was followed by technical discussions on the
following topics: Accident analysis; Criticality; Mechanisms for radionuclide
_releases; Radionuclide transport, uptake and dose calculations; and
Miscellaneous topics including horizontal and vertlcal storage containers and

- concrete degradation.
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In terms of potential accidents, the sessions included briefings on the relative
potential impacts of an aircraft crash and an earthquake on dry cask storage
facilities, located at commercial nuclear power.plant sites. It was noted that the
aircraft crash would affect one or two casks but that the accompanying fire (due -
to the antmpated combustnon of jet fuel) would enhance the release by a factor
of perhaps 10.. Although an earthquake could affect a hundred times as many
casks, the assocrated radioactive materials would not be pulverized, as they
might be as a result of the impacts of a large jet aircraft. In terms of the ‘effects
- of afire on the concrete casks, it was acknowledged that concrete is resistant to
‘fires.. Nonetheless, the Panel concluded that the possible effects on the casks of
the associated heat release should be reviewed and evaluated On.the basis of
the information presented the Panel concurred that, of the two postulated
accident scenarios, the alrcraft crash would domlnate in terms of potentlal

) radronucllde releases

In subsequent presentatnons Stephen Short a member of the Technical Revrew
Panel, reviewed the results of concrete degradation ‘and failure analyses. ‘
Addition information was provrded by Lee Poe.” On the basis of the analyses the
estimated times to farlure ranged from 40 to 200 years for facilities located at
commercual nuclear power plant sites subject to freeze/thaw damage, 'to as much
as 11,000 years for facilities located at sites not subject to freezefthaw '
conditions. 'Also taken into consideration were the potential effects of chlondes
sulfates, and magnesium that could accompany preC|p|tat|on at the various sites.
Considering the assumptions made, the Panel concluded that the estimated -
. failure times were reasonable.

. Ret:ommendations Sugges’tions'and Comments

Subsequent to the technical bnef ngs the Panel drscussed its prellmlnary
findings and recommendations and presented an oral briefing and meetlng -
summary to Wendy Dixon, Dee Walker, and the DOE technical support staff. In. - "~

the course of this briefing, ‘the Panel offered recommendatrons suggestlons and

comments in seven areas related to'the analyses belng conducted in the = ;)
preparatton of the CSAR These may be summartzed as follows

1. General lm ressron Co

Overall the Techmcal Panel was favorably rmpressed by the progress betng
made by the CSAR' team. The methods and approaches belng used are based
- on sound scientific pnnclples and they are well documented The progress to

- date will serve as a ‘solid framework for the preparatron of afi nal report that
should prowde the requrred tnformatlon ' , L .
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2. Dealing Wth Movunq Tarqet

The Panel noted that the CSAR team is hampered by. the fact that it is facrng

.. what can best be described as a "moving target.” To assure that the approaches

being used in preparing the CSAR will be compatible with; and comparable to,
those used in the TSPA, it is mandatory that the TSPA staff confirm its
approaches. to certain key issues and relay these decisions to the CSAR staff,
Examples of such issues include whether credit will be taken in the analyses for .
protective features of the cladding on Spent Nuclear Fuel, or for the pour-

canister that will surround vitrified High Level Waste, as well as how to consider
SNF from the Nuclear Navy in the Continued Storage analysis? With regard to
the pour canister, the Panel recommended that credit be taken in the preparation
of the CSAR even though the staff preparing the TSPA miay elect not to do so.
The reasons are that conditions in the CSAR (or “No Action Analysis") are ‘
differént than those in the TSPA and the fact that ignoring credit for the pour. . -
canister will lead to an assumption that initial releases of radionuclides from the
DOE HLW will begln after only 150 years (that is, 50 years after institutional ’
control is lost), versus 900 years if credit for the protective features of the pour
canisters is incorporated into the analyses. Ignoring the benefits of the pour ,
canister could very well lead to accusations that the CSAR staff had purposefully
biased their analyses to enhance the population |mpacts of the No Action
Alternative. This represents a compelling reason for taklng this bamer into .
account in the analyses for the CSAR.

3. Examples of Good Science and Practices

The Technical Panel was impressed by several examples of the use of sound
scientific principles by the CSAR staff to resolve difficulties in the analyses
required in the preparatlon of the CSAR. These include taking account for the
presence of chlorides in precnpltatron in assessing the rate of degradation of
concrete dry storage casks and using input factors, such as the chemical.
characteristics of specific radionuclides, and the pH and clay content of soils at
each specific commercial nuclear power plant site, in estimating the appropriate
Kgs to apply in assessing the adsorption of radionuclides. The Panel was
similarly impressed by the innovative approaches being applied by the CSAR
staff. These include the use of N-reactor fuel as a surrogate for all types of DOE
spent nuclear fuels; documentation of the reasons for selecting the MEPAS code
to analyze the impacts of radronuchde releases; the detail being used to
estimate population doses’ due to radionuclide releases to surface waters from -
commercial nuclear power plant dry cask storage facilities; and the approaches
being developed to provide insights and perspective on the' relative importance
of various spent fuel and waste sources, and for companng the impacts of the
Action and No Action Alternatives. Although work remains to bring this last effort
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to a conclusion, the results will lead to a CSAR that is far'more transparent and
. understandable. This last effort is discussed in more detail in item #7 below.

4, Accider'\t Analvses '

The primary discussions pertarned to aocrdents mvolvmg above ground dry cask - -
storage facilities for SNF from commercial nuclear power plants. Two types of
accidents have been determined to be controlling: ‘the crash of an aircraft into
such a facility, and inadvertent cntrcalrty With respect to arrcraft crashes, the’
Panel noted that considerable progress had been made since the last meeting -
and that most of the issues had been resolved.  In terms of the approach to be
used, the Panel recommended that the CSAR staff seek to demonstrate that the
risks are real, rather than attempt to develop a detailed risk assessment. Inthe”™
way of commentary, the Panel also observed that, for purposes of the analyses, -
routine commercial aircraft operations .are assumed to have continued even . -
though institutional control of the SNF storage facilities has been lost. In’ -
conjunction with the associated analyses, the Panel suggested several groups
that the CSAR staff may want to contact for useful technrcal input. - -

In terms of the enalysrs of crltlcalrty, the Panel was pleased to note that -
consensus is being reached on the proper approaches that are to be applled
This has been accomplished through discussions by Panel members, Richard - .
Denning and Alan Wells, with Ralph Best and Jofu Mishima of the CSAR staff, .
supplemented by input from Panel member, Robert Budnitz.’ “Three types of
events are being analyzed: the so-called "Light Bulb® cychng event, whichis
assumed to occur as a result of fi llrng and refilling of a cask followmg perrodrc
‘precipitation; a *Violent Excursion” short time event, assumed to occur asa
result of the sudden collapse (for example; following an earthquake) ofa
weakened fuel support structure; and a "Boiler” type event, assumed to occur as
a result of the gradual degradation and collapse of the fuel support structure
The Panel recommended that bounding calculations be performed to. ™
demonstrate that such events are possible, without seeking to quantify the -
associated probabilities. In concert with this approach, the Panel recommended - -
that the probabilities of each type of event be expressed as “likely,” or “unlikely.” -
These efforts should be followed by consequence analyses to show that the

impacts of the assumed accident scenarios are acceptable In this regard, some o

type of quantitative estimates will probably be neoessary to demonstrate the
acceptablhtyoftheoutcomes SRR RN

R
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5. Presentation of Uncertainties

The basic question is whether differences in the uncertainties could have an

impact on the comparison of the outcomes of the “No Action” analyses and those

for the proposed Yucca Mountain repository. If the uncertainties prove to be of
the same order of magnitude as the differences in the outcomes of the two
analyses, such a comparison would be difficult. To resolve this issue, the CSAR
staff is applying a *sliding scale” approach wherein the amount of detail applied
to the analysis of each issue will be that judged to be commensurate with its
importance. The Technical Review Panel concurs with this approach. - At the
same time, the Panel cautions that the CSAR staff not lose sight of the fact that
the uncertainties associated with estimating the doses and health impacts
accompanying the projected radionuclide releasés may also be important. For

this reason, the Panel recommends that the CSAR staff review and evaluate the :

" analyses for the “No Action” scenario and the proposed Yucca Mountain

repository to assure that the uncertainties associated with the dose and health
effects estimates in the two cases are comparable and will not unduly mﬂuence
a comparison of the outcomes of the two analyses

6. Period of Analyses

The Panel concurs that estimates of dose rates should be confined to the first
10,000 years. .In fact, for the No Action Alternative the Panel recommends that
the CSAR staff initially concentrate on the first hundred to one thousand years, -
the thought belng ‘that the insights and lessons learned will lead to better -
evaluations of the subsequent time periods up to 10,000 years. At the same
time, the Panel wants to remind the CSAR staff that estimating the peak dose at
some hundreds of thousands of years into the future is essentially meaningless
since one or more ice ages will have occurred within that time period and a
major portion of North America may well be covered by glaciers at the projected
time of peak dose. : :

7. Providinq Persp'_iv__

As noted above (|tem #3), the Panel was favorably rmpressed with the efforts
being made by the CSAR staff to develop new approaches for providing insights
and perspective on the relative importance of various spent fuel and waste
sourcas, and for comparing the impacts of the Action and No Action Alternatives.
Immediate outcomes have been the dominance of the surface water pathway for
radionuclide releases from commercial nuclear power plant dry cask storage
facilities; the differences in the radionuclides of |mportance for the radionuclide
releases for the No Action Alternative (postulated to occur in an earlier time
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frame) versus the proposed Yucca Mountain repository; the domlnance of the
postulated impacts from the N-reactor surrogate fuel over other DOE waste
sources; the dominance of the postulated impacts of radionuclide releases from -
the stainless steel, versus zirconium clad spent fuel at the commercaal nuclear .
power plant sites; and the dominance of the early radionuclide releases by
juvenile failures, versus the dominance of later releases by corrosion and other

" degradation mechanisms. These observations; and the detailed tables and ...

graphs being developed for presenting the outcomes of the analyses should
considerably enhance the ‘clarity and transparency of the fi nal CSAR.-.

IV. Resolution of lssues'Ralsed ln Preyious Reports

At the time of the issuance of Report #2 of the Senior Technical Panel, there
were six issues that had not been resolved ~The status of each of. these is"
discussed below : , . :

2. Assurlng Comparabtllty of the Analyses \

As noted in Section lll tem#2 (above), the CSAR staff must await decisions on
the part of the TSPA staff to confirm the assumptions that are to be made on
several factors that are important in terms of the analyses.. Nonetheless, these
issues are being resolved and the Panel is comfortable with the approaches

. being taken. Therefore, the Panel considers this issue to be resolved. .

4. Delineation of Uncertainties
5. Uncertainties Assocrated With Specn" ¢ Calculations

As lndlcate in Section lll, |tem #5 (above), the Panel has reviewed the
approaches being used by the CSAR staff and is satisfied. As a result the ) ,
Panel considers i issues related to uncertainties to be resolved: S
8. Impacts of Extemal Phenomena
As aresult of its most recent meetlng, the Panel believes that the pnmary issues .
related to the impacts of external phenomena, particularly aircraft crashes
(Section 1ll, item #4 above), have been satisfactorily resolved.
10. Evaluation of Inadvertent Criticali_ty_ '

As noted in Section 'll'l item #4 (above), the CSAR staff and Panel have agreed

-on the essential approaches to be used in evaluatrng crmcallty The Panel
: consrders this |ssue to be resolved.
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On the basis of this evaluation, there is only one issue remaining to be resolved.

Thatis:
12, Transparency of CSAR Recort

As noled by the comments in Sectlon I, items #3 and #7 (above), the Panel

'believes that significant progress has been made to assure that the final CSAR
will resolve any questions that remain on this issue. The Panel, however, will
reserve judgment on the resolution of this item until it has had an opportunity to
review and comment on the draft of the final CSAR.

V. Future Schedule

The CSAR staff indicated that they planned to have a draft report completed
within the next two weeks and will distribute copies promptly to all Panel
members for review and comment. Subsequently, a conference call will be
scheduled to enable Panel members to resolve any differences or to come to a
conclusion on any unresolved issues.. Barring unforeseen c1rcumstances no
additional meetlngs of the Panel will be scheduled

Respectfully submitted:

: - , June 12, 1998
Dade W. Moeller, Ph.D. _ " (date)
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'Appen‘d'ix'A_.‘ |
AGENDA FOR 6/5/98 SENIOR TECHNICAL PANEL WORKING SESSION
A. Progress and Status — 45 Minutes | © Walker, Poe ~  8:00- 8:45
1. Summary of what has been accomplished since last 'r'neeting'
a. Progress | |

b. Status

¢. Event Tme Lme for Release and Transport of Radlonucludes
d lnventorles of Materials Avatlable for Release in Furst 10 000 years
e. Schedule

B. Technical Dlscussmns

4, Accident Analysns —45minutes . .. Walker, Davis  8:45-—9:30

BREAK — 15 minutes L . 9:30-945
5. Criticality, Dlscussmn of Addmonal Best  9:45-10:45

Analysis and Implications ~ 60 minutes -
6. Radionuclide Release — 45 minutes - Pelto, Poe - 10:45 ~11:30
a. Cladding Corrosion .
b. Relative' release .l_'ates from itlaterials et<posed in first 10,000 years
c. Implications of inventory and relative release Rate Numbers

WORKING LUNCH - 30 minute break andthen - 11:30-12:00
continue while eating . .

7. Radionuclide Transport, Uptake, . Rollins - 12:00 ~12:45
and Dose Calculations — 45 minutes -

‘a. GEN It and MEPAS

b. Estlmates of Relative Importance of transport via the three pathways
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’ c. Discussion of how population will he handled at individual sites
d. Key assumptions in uptake and dose calculations

8. Uncertainty ~ 45 minutes Dykes 12:45 - 1:30

9, Impact table structure for - Walker 1:30-2:00 :
~ Summary Information Sheets —~ 30 minutes '
BREAK - 15 minutes. | | 2:00 - 2:15
10. Miscellaneous - 30 minutes " o | _ 2:15 - 2:45
a. Comments on No—Aéﬁbn Assumpﬁqns - Ziegler . _ |
b. Horizontal and vertical storage containers Poe
‘c. Concrete degradation in coastal zonés Poe, Short
11. General Discussion - 30 minutes ' 2:45-3:15 3

12. Technical Pane! Discussion (w/o Jason team) — 60 minutes ~ 3:15 ~4:15

" 413. Technical Panel Feedback to Jason Team — 30 minutés | 415445
14. Path Forward — 30 minutes . 4:45-5:15

EIS Related lnformation 9 Predecisional Draft

R T —— SUPP 975




' CERTIFICATE OF SERVICE
I hereby certify that a true and correct copy of the foregoing document was served this

25th day of November, 2003, via méssenger on:

Ronald M. Spritzer, Esq.

John A. Bryson, Esq.

ENRD -- Appellate Section
U.S. Department of Justice
P.O. Box 23795

(1’Enfant Plaza Station)
Washington, D.C. 20026-3795

Michael A. Bauser

Nuclear Energy Institute, Inc.
1776 1 Street, N.W., Suite 400
Washington, D.C. 20006

James Bradford Ramsay

Sharla M. Barklind

National Association of Regulatory
Utility Commissioners '
1101 Vermont Avenue, Suite 200
Washington, D.C. 20005

G. Scott Williams

Michele L. Walter

Environmental Defense Section
United States Department of Justice
P.O. Box 23986
.Washington, DC 20026

Jean V. MacHarg
John C. Martin
Susan M. Mathiascheck

. Patton Boggs, LLP

2250 M Street, NW
Washington, DC 20037

Geoffrey H. Fettus

‘Natural Resources Defense Council

1200 New York Avenue, N.W.
Suite 400
Washington, D.C. 20005

John F. Cordes, Jr.

Solicitor-

Steven F. Crockett

Senior Attorney :

Office of the General Counse
015B18

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Vincent J. Colatriano



