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Mixed Oxide Fuel Fabrication Facility Criticality and
{ icensing Beview lssues Meating

Date: March 27, 2002
Flace: U5, Nuclear Regutatory Commission (NRC) offices; Reckvilla, MD

Attendees: Sees Attachment 1

Furpose:

The purpass of this meeting was to discuss criticality sfety issues and review tne status of
outstanding licansing opan items ralated 1o the review of the Mixed Oxide (MOX) Fuel
Fabricgtion Faciity construction application.

DiscuUssion.

Following the introduction of mesting aftendess, NRG staff presented information on tho
following two opan licensing items applicable to nuclsar eriticality safety (sec Al:achment 2

1. Ensuring criticality is "highly unlikely,” and
2. Qualifications for criticality staff.

For defining "highly unlikely," NBC staff summarized the following acceptance criteria drawn
from existing guidance (WUREG-1520, *'Standard Review Flan for the Heview of a License
Application for a Fusl Cycle Facility,” and NUREG-1718, "Standard Review Plan for the Review
of an Apslicalion for a Mixed Cxide (MOX) Fuel Fabrication Facility ")

1. Criteria should be developed for evaluating accident sequences and items relied on for
safety (IROFS), rather than broad precgrammatic commitments;

2, Criteria should be based oh objective qualities of IROFS;

3. Criteria should be expressed in terms of relevant reliability and availability characieristics
of a system of IRDFS;

. Criteria should consistently distinguish betwoen likolihood catedorios; and
5. Criteria should be consistent with the gquantitative guideline of less than 1E-S/year.

MRC staff expects <hat the application of the above criteria with the double contingency
principle will rasult in a reasonabla approach for defining *highly unlilkely.®

Duke Cogema Stone & Webster {DCE) ook the appreach of preventing criticalities such that a
eriticality evert would be highly unlikely. DCS also taok a qualitative rather than a quantitative
approach for demonstrating that a criticality is highly unlikely. For nuclear criticality accident
scenarios, DCS stated that "highly unlikely" vill be demonstrated by addressing for each
scenario tha specific initiating evant, items relied on for safety (IROFS), bases for double
conlingancy, applicable codas and standards, and metheds for detecting IRCFS faitlure, [n

Attachmant



addition, DCS committed to perform a systemat'c analysis of IROFS aeffectivencess, This
systematic analysis would consider reliability characteristics such as failsafe conditions, human
factors, and environmental considerations. The NRG staff stated that DCS should describe that
it will taks inte account all reliability and availability characteristics that can alfect likelihood
{e.g., detense-in-depth, redundancy, indapendanca, diversity, and vulnerakility to
common-cause failures).

[DCS staff discussed their proposad method for evaluating the likelihood of potential criticality
events (ses Attachment 3). The DCS objective is to use deterministic criteria thal would satisfy
the Integrated Safety Assessment (ISA) requiramants in 10 CFR 70.61. DCS would apply the
single failure criteria and double contingency princizle, industry-specific codes and standards,
the 10 CFR Part 50, Appendix B quality assurance criteria, and programs to detect IROFS
failures and to identify |IRCOFS repair and sale system shutdown features. DCS would also
conduct appropriste maintenance activities to ensure that criticality systemns function properly
and can be relied on when needed. The 15A would provide a summary of the process hazards
analyzes ard provide information en an event-by-event basis consistent with the qualitative
guidancs provided in NUREG-17158. DCS committad o use codes and standards for _
structures, systems, and components that exceed commitments of current operating facilities.
It also committed to using a2 10 CFR Pait 50, Appendix B, quality assurance program and
committed to demaonstrate in an 12A the efectivenass of tha IROFS and that sach criticality
sequence is highly unlikely through detadled ovent descripticns and analysis. The NRC staff
stated theat the outlined approach appeared to be generaily acceptable, but that DCS should
sutymit & more detailed digcussion for review, describing its approach for assigning contrals to
likelihood categories and defermining acceptability.

It the area of criticality safaty gualifications, DTS had praposed gualification requirements for
the positions of nuclear criticality safety function manager, senicr engineer, and engineer.
According to DCS, thess position requirements arg hased on experience with nuclear criticality
safety, but do not require MOX-specific experience because litile MOX experience is availabls.
NRC staff skated thal MOX/Pu experience (knowledge of plutonium properties and processing)
should be specified to ensure that criticality safety enginesrs involved i the design of the Mox
Fuel Fakrication Facility have the appropriate lovel of qualifications. DCS staff indicated that
the physics of criticality safety is common batwsen uranium and plutonium applications, and
therefore, it should be unnacessary to require MOX-apecific experience. DCS did, however,
acknowledge that there are nuances o plutcnium versus uranium that must be taken into
consideration, a1 therefore, it is using Cogema experience from French MOX programs in its
system design. DCS stated that it would think further on the issue as to what it could provide in
the way of additional assuranca.

DS also asked about the status of the subcritical margin issue; the NRC staff responded that it
was not ready to discuss this in detail but would have a teleconference fo discuss its findings in
the near future. Rsgarding the scope of this issue, DCS stated its belisf that the scope of the
NRC review was limited to a determination of the adequacy of the gdminisirative margin. The
NRC staff stated that it considerad the Upper Suberitical Limit (including bias, uncertainty in the
hias, and administrativa margin) part of the design basis of the facility,

A, Persinke discussed the NRG list of apen ilems tnat would be included in the MOX draft
Safety Evaluation Report. Open items are in the areas of corporate organization, sile
descrption, financlal quaiifications, safety analysis of the design basis, nuclear criticality safety,
chemical safety, fire safaty, radiation safety, environmental systems, civil-structural, agqueous
podisking, vantilation, and matarial and fluid transport. DTS staff indicated that they would
ansure that their listing was consistent,



Action [tems:

DCS to verify ifs list of open items is consistont with items presentsd by NRC staff,

BCS to provide a detailed descriplion of its approach for ensuring that criticality events ars
"highly unlikely.”

Altachments:

1. Attendee List

2. Muclear Criticality Safety Open Hams

3. DCS Methods for Evaluating the
Likelhoaod of Patantlal Criticality Events



ATTEMDANCE LIST

NRC - DCS MEETING ON
MIXED OXIDE FUEL FABRICATION FACILITY

MARCH 27, 2002

NAME ORGANIZATION FHOME
Andrew Persinko MRC
Bill Gleaves NRC
Kan Ashe DCS
Vincent Chevalier oCs
Jamie Johnzon DGE
Tommy Touchstone DCS
Feter Hastings DCS
Keat Sullivan WSRC (by phone)
Sam Glenn DOE {by phans)
Keys Miemer DCE
Bob Foster DCS
Gary Kaplan DC3
KMare Klasly DCE
Rex Wascott NRC
Christophar Tripp NRC
Margarat Chatterton NRC
Eric Leeds NRC
Morman Fletcher DOEMNSA
Mike Lamastra NAC

Atrachment 1




ATTENDANCE LIST

MRC - DCS MEETING OMN
MIXED OXIDE FUEL FABRICATION FACILITY
MARCH 27, 2002

NAME CRGANIZATION PHONE
Wilking Senith NE|
Felix Killar MEI
Clifton Farrell MEI
Fred Burrows MEC
John A. Calvert NRC
Tir Jehnson NRC
Joel Kramer MEC
Harman Graves MRC
Joe Roamy DMFSE
Robyn Bektor MUMARK
Ellen Poieat NRG
Harold Scott MNRG
Conald Palmrose ATL INTERMATIONAL
Wanice A. Perin MR
Daniel Harner MOGGRAVW-HILL
Frank Matloy LARL
Cen Williams QORML

Don Silverman

MORGAN LEWIS

Tom Clements

MLUCLEAR CONTROL INSTITUTE

David Brown

NRC

MEl - Nuclear Energy Instituie

DNFSB - Detenge Muclear Facilities Safety Board

ORML - Cak Ridge National laboratory




Nuclear Criticality Safety (NCS)
Issues Associated with the MOX
Construction Authorization
Request

Christopher S, Tripp, Senior Nuclear Process Engineer (Criticality}
NMSS/FCSS/SPB

March 27, 2002 Public Meeting
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Summary of Open Items
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As of Mdl‘Lh 27,2002, the lollﬂ‘w ing open items cxls‘fad

= Method for ensuring criticality 1s “highly unlikely™ (RAT 40/41)

» Appropnale tevel of MOX/Tu expericnee for NCS engincers
involved in MFFF design (RAIL 68)

= Administrative margin/Upper Subcritical Limit for &, calculations

m Justification for bounding MOX and PuO, powder densities (RAL
33)

» Clarification of commitiments to ANSI standards (RAL B0)

m NCS control paramcters for auxiliary systems impacted by main
process



Summary of Open Items
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= For cach open issue:
» Applicable regulatory requircments
v Avallable guidance and/or precedent
» DCS’ current proposed solution

» Stall assessment of DCS proposal/what additional information
needed (or resolation
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1. Definition of “Highly Unlikely” for
NCS Accident Scenarios
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m §70.61(b) *“The risk of each credible high-consegquence event musl
be limited. Engineered controls, administrative, or both, shall be
applied 10 the extent needed o reduce the likelihood ot occurrence
of the event so thal__the event s highly unlikely...”

u §?{] 61{{]] In dddltlﬂﬂ to complying with paragraphs (b and (¢)
al and cre ‘hlt: abnormal condilions, all nuclcar

OCESSES are suhcrinical

m §70.64(a)(9) “The design musl provide for criticality control
including adherence o the double contingency principle.”

§70.64(a): 2 scparate requircments. New facilitics musl meet both
$§70.61 ((b) and (d)) and §70.64. all facilitics must meet §70.61,



Definition of “Highly Unlikely” for

» NUREG-1718, Section 5.4.3.2(B)(viil):
v Quantitative or qualitative definitions of likelihood acceptable,
» Qualitative definitions acceplable if:
- (1) Reazonably clear and objective: and
— “[2) Reasonably consistent with the quantitative suidelines o this scction.”
{L.e., comparabie level of risk)
» Quanulative guideling for “highly unlikely”on order of 1077 accident/vr.
v Guidance in ISA Chapter applics to all safety disciplines,

» NUREG-1718, Appendix A:
» Worked quantitative (“index method™) cxample.
» “Tlighty unlikely” guantitatively « 10 *accidentyr,
* Tables A-4 and A-5 Include examples of quantilative and gualilaiive
likelthood deseriptors.

R A L i



Definition of “Highly Unlikely” for
NCS Accident Scenarios
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“unlikely” or “haghly unlikely”,

» Qualitative definitions aceeptable if:
— *{a) Reasonably clear and based on shicctive eriteria; and
— “{b) Can rcasonably be cxpected 1o consistently dislinguish accidents
that are highly unlikely from those thal are mercly unlikely.”

» “Objective criteria™ = specific identifiable charactenistics ol a process design.

» “Caonsistency” = that the same tesults will be obtained by ditferent avalysts.



Definition of ‘“Highly Unlikely”’ for
NCS Acmdent Scenarws
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n Ehmnples (n(ﬂ, :—:w‘.hdu&tn e} nf relﬂhﬂltv and av dlldbllll}’ qualltleq
to be used in qualitative determinations arc given,

m Sample reliability and availability qualitics of TROFS:

L

(1} Safety margin

L

(2) Type ol control (passive, active, simple or augmented administrative)

L

{(3) T'ype and safety srading of management measures

(4} Down-time

L

(3) Failure modes

¥

(59 Demand rate

L

) Fanlure vale: efe,



Definition of “Highly Unlikely” for
NCS Acmdent Scenarms
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lor a{:cidcnt sequences: de’rﬂnse—m—tlepth; degree nf: rcdundancy,
independence, diversity, vulnerability to common-cause failure

" “A purcly qualitative method...is acceptable if it incorporates all ol

the applicable reliability and availability qualities (¢.an appropriate

" “One acceptable definition of “highly unlikely” is a system of

IROIS that possesses double-contingency protection, where cach
ol the applicable qualities is present to an appropriate degree.”

= Quanlilative guideline < 10 eventfyr



Definition of “Highly Unlikely”’ for
 NCS Accident Scenarios
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= December 5, 2001, guidance letter:
v Performance requitements (370,61} and DCP (§70.04(a)(9)) arc two scparate
requirements that must be independently met.
r Reference to NURBEG-1718
» TSA Plans for NI'S and BWXT approved: both use quantitative ndex method.

» Cremersl programmatic commitiments are oo smbiguous o ensure enticahily 1s
highly unlikely.

1 NUREG-1520 also meets Parl 70 and provides uscful guidance [or
non-MOX-speceific items.

= NFS and BWXT 15A Plans approved.



Definition of “Highly Unlikely” for

» Highly Unlikely - Events...to which sufficient principal SSCs are

applied 1o further reduce their likelthood to an acceplable level...

» Site worker and public:

— Single-failure eriterion (DCP for criticality)

— 10 CEFR 50 Appendix B, NQA-1

— Indusiry Codes and Standards

— Management Mcasures

— Supplemental likelihood assessment based on NUREG-1718,
with target likelihood index comparable to a score of -5 as
defined in Appendix A,

» Facility workers:

— Deterministic controls without likelihood assessment.

1



Definition of *“Highly Unlikely” for
NCS Accident Scenarios
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» Tn March 8, 2002, letter, DCS defined “unlikcly” [or DCP as on
the order of 107/yr.

m Current statf assessiment:

» DCP not sufficient to guarantec “highly unlikely” (§70.61 and
§70.64 are two separate requirements)

» DCP + QA/Management Mcasures + Standards not sutficiently
detailed o guarantee “highly unlikely”, for following reasons...

11



Definition of “Highly Unlikely’’ for
NCS Acmdent Scenarms
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» Likelihood is a function of the accident sequences and TROEFS; diffcrent
accident sequences can mect DCP but have different likelihonds.

+ Combimation of 2 “unlikely” cvents for DC = 1077 % 107 = 1051, Not
reasonably comsistent with quantitaiive guidelines in NUREG-1715.

» Broad proprammatic commitments are not sufficiently detailed; docsn’t
describe process Lor evaluating specilic QA and manapgement measurcs to be
applied 1o specilic TROFS.

v (A, Management Measuees, and standards cssential parl of NCS Progran;
not specific 1o meating perfonnance requremnents of §70.61,

v ANSI standards (including definition of DCP} comsensus slundards with
broad latitude in choeesing controls.

1z



Definition of “Highly Unlikely”’ for
NCS Accident Scenarios

= Acceptable gualitative definition of “highly unlikely™:

» Critcria in process tor evaluating specific accident seguences and
[ROFES, rather thun broad programmatic commilments;

» Reasonably clear and based on objective qualities of IROFES;

» Expressed in terms of all relevant reliability and availability
qualitics/characteristics of a system of IROFS

» Capable of consistently distinguishing between likelihood
Categores

» Reasonably consistent with quantitative guideline of < 10 7/yr,

m DCFP + gualitative descriptors describing degree to which the
reliabilitv/availdahility qualities of a system of IROFS present

N LM 00N el T T R



Definition of “Highly Unlikely” for
~ NCS Accident Scenarios

T ITIIN I ITIDDITIDIND WLl NI N DI TS IR i o BT T [ T & - S L

= Partial list of relevant sysiem characteristics --> NUREG-1520,
Section 3.4.3.2(9)

m Qualitative description of sample levels/degrees of IROFS -->
NUREG-1718, Appendix A, Tables A-4,-3.



2. Appropriate MOX/Pu Experience
_.. Jor NCS Design Staff
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m 570.62(a) “Each licensce or applicant shall establish and maintain
a salety program that decmonsirates compliance with...§70.61.7

m NUREG-1718, Scetion 6.4.3.1, identifies NCS Program as an
essential part of implementing the safety program ot §70.62(a).

» Heavy rehiance for satety in design and operations placed on the
NCS Program at fuel facilities; relics on judgement and expetience
of qualificd staff.

m SRP does not describe specific experience levels for a MOX fuel
Lacility

» (ruidance letter dated November 9, 2001 included precedent on
appropnate NCS stafting qualifications at other NRC-regulated
fuel facilites (including NUREG-1320},



Appropriate MOX/Pu Experience for
NCS Design Sta
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® DCS proposed (March 8, 2002 clarification leter):

» NCS Funclion Munager = BS/BA degree in nuclear science or cngingering, al
least 3 vears nuclear industry cxperience in NCS, and cxpenence in the
understanding, application, and direclion of NCS programs and familiarity
with NCS programs at similar facilities.

» NS Senior Engincer = BS/BA degree in science ov engineering, and at least
3 years nuclear industry experience in NCS,

r NCS Engineer = BS/BA depree in scicnee or engincoring, and at Least 1 yoar
nuclear ndustry experience in NCS.

s Jssues unique to MOX [acility:
v No [acilily-specific expericnec available
» Other indusiry experience likely 0 be limited o uranium processing
cnvironment



Appropriate MOX/Pu Experience for
NCS Design Staff
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5 NRC belicves that MOX/Pu specilic experience needed, because:
» This 1s a new facilily, without established knowledge/experience
base on which 1o draw, 10 mainiain institutional knowledge.
» Maost domestic naclear industry expericnce related to LEU/HEU.
» Nuances associated with diffcrent neutronic and physicochemical
characteristics of Pu.
» Traditional dependence on engineering judgement ol analyst.

w While NRC agrees that the principles of criticalily safety arc the
same across the nuclear industry, *skill-of-the-cralt” and judgenent
(from experience) are essential componcents of NCS Program.



Method for Evaluating the Likelihood
of Potential Criticality Events

Presentation to NRC Staff
27 March 2002

bttechent 5



Presentation Purpose

6
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» Present deterministic likelihood criteria described
in the CAR

» Describe information to be presented in the ISA
Summary to support the likelihood demonstration

» Demonstrate that application of these deterministic

criteria in the [SA will satisfy the performance
requirements of 10 CFR 70.61

27 March 2 MEC Meating



Summary of Regulations Related to
C:) Likelihood Requirements
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+ 10CFR70

— Describes likelihood requirements as a function of the
consequence to the dose receptor

Requires applicant to define hikelihood categories lor
all events
— Does not require quantification of event likelihood
» Construction Authorization Report
— ldentifics likelihood definition and criteria
+ Integrated Safety Assessment |
— Demonstrates criteria are met on event sequence basis

27 March 2002 “RE Mecting



G Highly Unlikcly Definition Described in CAR
2
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+  Evonls origmally classificd as Mor Unlikely or Unlifely to which
sufficient principle SSCs are applied to further reduce their likelihood
to an acceptable level

«  Committed to:

— Application of single failure criteris or double contingeney prineiple [or
crildeality cvets

— Apnplication of industry-specitic codes and standards o IROES (..,
EKEE, ASME)

—  Application of IOCFRM Appendix H, N{JA-T QA program 1o TROS (18
criletiad
Delection of IROFS failuees and TROTS repair or afe systen shutdown

« (AR alzo committed to appropriate malntenance progeams

27 March 2002 BRC hecting
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Information to Be Presented in the ISA

RTAYE L WFRASTFR

+ Summary of detailed process hazards analysis

» On an cvent by cvent basis

describe event
identify IROFS

- demonstrate double contingency principle 1s satished

identify applicable codes and slandards

describe method for detection of TROFS lailue

syslemalic analysis Lo demonstrate IROLUS are effective
information consistent with the gualitative guidance provided in
SRP 1718

27 March 2002 MEC Meeting



Modcl Hlustrating Application
CD of Likelihood Methodology
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Model 1:
Single Control Modsl

Model 2: . ‘
Double Contingency Model

- haminal Al A stnpte tootrol faivoc
in‘tiatar kag ocemred P —

Model 3 (MEFE):
Doukle Conlingency and
Failure Deicetlion

®
K
@

Sretoir Faile

27 Wlerch: 2002 W Meeting



Approximate Failure Frequencies for Model 3

C:) (per year)

--Detection of IROFS Failure--
[ROI'S per per pet
Rel # continuous  shift week month  nonc

0.1 apprx. 2E-5 4E-4 2E-3 2LC-2
0.01 apprx. 2E-7  4E-6 2E-5 2L-4
0.001 apprx, 0 2E-9 4E-8 2E-7 2E-6

27 Wereh 2002 MR Mecting
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Conclusion (lof 2)
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ITHCS has conumnitted to codes and standards for S5Cs that exceed the
commutments of curent operaking faciliticy
DCS has conmmitted to a [OCTRAS Appendis B QA program with ample

[YCS has comrpited 1o demonstrale in g systemzatic [SA:
the elTectivengss o PROLTS,
+ dememarate |RCHES are capabls of perfarmesg saferr famedan
* analysiz olellzes HPI enviconmestle . corditons, @il sale pesilions, Joss of wiiilies,
bmuman factors
— wieh criticality sequencs s highly anlilkely through detailed cvent descriprions that
el udde;
* CYCOT SCUCTET
= TROTS idenlilicaticn, Tunelion, deaceiplion, delzile] paramneters
+  domonstration of mecting dauble cortnganey eluding independenoe
+ deseription of methad for deteefion of TROFS failune

an

27 Wlareh 2002 RO Meeting



Conclusion (2 of 2)
9
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« A general proof demonstrates that application of these commitmenty
can readily satisiy the likelihood requirements for potential ligh
CONSCHUCHCT £VEnts

«  Determinisiic tethod 1s consistent with WRC licensing basis for other
facilities. is consistend wiih guidance that qualitative demonsirations of
likclihood arc acceptable, and is consistent with this risk informed rule

» The Stall should be able to conclude that the commiiments above

provide reasonable agsurance that the TSA will demonstrate criticality
events are highly unlikely

27 Morca 2002 SR Mecting



