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The contents of this transcript of the
proceeding of the United States Nuclear Regulatory
Commission Advisory Committee on Reactor Safeguards,
as reported herein, is a record of the discussions

recorded at the meeting.

This transcript has not been reviewed,
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inaccuracies.
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PROCEEDI NGS
9:30 a. m

CHAI RMAN PETTI: Ckay, comm ttee nenbers,
interested staff, and stakehol ders. The neeting wll
cone to order.

This is a neeting of the Advisory
Commttee, on the Active Safeguards Future Plant
Desi gns Subconmitt ee.

|'m Dave Petti, lead mnmenber for the
neet i ng.

Menbers in attendance today are Ron
Bal | i nger, Vicki Bier, Geg Hal non, Jose March-Leuba,
Matt Sunseri, Walt Kirchner, Charlie Brown, consultant
Dennis Bley is on with us as well.

| do not see Steve Schultz yet, but | do
expect him And, | do not see Menber Dimtrijevic.

MEMBER DIM TRIJEVIC. |'m here.

CHAI RMVAN PETTI: M ke Snodderly is the
desi gnat ed federal --

(Si mul t aneous speaki ng.)

MEMBER DIM TRIJEVIC. |'m attendi ng.

CHAI RMAN PETTI: GCh, thank you, Vesna.

MEMBER DIM TRIJEVIC. | don't know why you
don't see ne. They didn't see nme yesterday, but |'m

here.
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CHAI RVAN PETTI : Ahh, great.

DR SCHULTZ: This is Steve, Dave. ['m
here.

CHAI RVAN  PETTI : kay, good. And,
consultant Steve Schultz is here. Geat.

M ke Snodderly is the designated federal
official for this neeting.

The subcommittee will discuss with the
staff the Integration of their Source TermActivities
in Support of Advanced Reactor Initiatives.

This is a topic that is of interest both
to the commttee, and the staff. It's nice to see
m nds comi ng together and thinking that this was an
important topic for us to talk, about in the context
of Part 53.

The ACRS was established by statute, and
is governed by the Federal Advisory Conmttee Act,
FACA.

The NRCi npl enments FACA i n accordance with
its regulations found in Title 10 of the Code of
Federal Regul ations, Part 7.

The committee can only speak through its
published letter reports. W hold neetings to gather
information, and perform preparatory work that wll

support our deliberations at a full commttee neeting.
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The rules for participation in all ACRS
neeti ngs were announced in the Federal Register, on
June 13, 2019.

The ACRS section of the U 'S. NRC public

website provides our chat or bylaws agendas, letter

reports, and full transcripts, of all full and
subconmittee neetings, including slides presented
t here.

The agenda for this neeting was posted
there as well.

As stated in the Federal Register notice,
nmenbers of the public who desire to provide witten or
oral input to the subconmttee may do so, and should
contact the designated federal official five days
prior to the nmeeting, as practicable.

This is an M5 Teans virtual neeting, and
menbers of the public my Ilisten in on the
presentations, and conm ttee di scussi on using the cal
i n nunber and the conference | D nunber included on the
agenda.

W have received no witten (Audio
interference) to make oral statenents fromnenbers of
the public regarding today's neeting.

There will be an opportunity for public

comment, and we set aside 10 minutes in the agenda for
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7

corments from nmenbers of the public attending, or
listening to our neetings.

Witten conments may be forwarded to M ke
Snodder |y, the designated federal official.

A transcript of the open portions of the
neeting is being kept, and it is requested that the
speakers identify thenselves, and speak with
sufficient (Audio interference) so that they can be
readily heard.

Additionally, participants should nmute
t hensel ves when not speaki ng.

| just want to note that the staff has put
t oget her a trenendous anount of technical information
to convey to the commttee today, in, you know,
basi cally our one day neeting.

|'"'m going to be extra mndful of the
schedule, to nmke sure we get through all the
i nformati on before the end of the day.

Now, |'d like to have Larry Burkhart
provide a coment about MS Teans participation,
followed by Arlon, who wll provide us wth an
overvi ew of the agenda.

And, then John Segala wi Il nake an openi ng
statenent (Audio interference) Larry.

MR. BURKHART: kay, thanks. Just for
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everyone's notice, the ACRS is now providing the M
Teans link for all open neetings, to all nenbers of
t he public.

| do notice that we have a couple fol ks
that are tying in via phone. So, if there are any of
the public attendees who need the Ms Teans |ink,
pl ease emai |l nme at the foll owi ng address: L-A-WR-E- N
C E, Lawr ence, dot Bur khart, B-URKHART,
@NRC. GOV.

So again one nore tine, if any nmenbers of
t he public who don't have the M5 Teans |ink would |i ke
it, please email e at | aw ence. burkhart @GNRC. gov.

Thanks.

MR. ACOSTA: (Okay, this is Arlon Acosta.
| just would |i ke to go over quickly, over the agenda.

W' re going to as Dave al ready sai d, goi ng
to have the opening remarks from John, and staff
i ntroducti on.

Following him we will continue with the
presentations as foll ows: the Hi story and Evol uti on of
LWRS Source Terms; in the NRC analytical tools and
past studies; SCALE and MELCOR in non-light water
reactors reference anal ysis.

And, then sonewhere in between that

presentation, we will have a break that Dave Pett
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will tell us.

And, we nmay need to continue with that
item which is item4 is SCALE and MELCOR non-1li ght
wat er reactor reference plant analysis.

And, then subsequently, we will continue
wi th the NuScal e EPZ Si zi ng Met hodol ogy Topi cal Report
Revision 2 presentation; light water reactor SMR
design certification source termapproach; sourceterm
approach for the early non-light water novers.

And t hen sonetine as designated by Dave,
we' || have a |l unch break, and Acci dent and fol | owed by
t he ot her presentati on on Acci dent - Consequence-rel at ed
regul atory, regulation activities.

And, again, place to be determned for a
break, and four nore, two nore presentations on
guidance and information for developing advance
reactor source term

And, guidance for devel oping advanced
reactor source termas far as long-termis concerned.

And, as Dave nentioned, an opportunity for
publ i ¢ comrent and nenber di scussi on, and subsequently
t o adj ourn.

John Segal a?

MR. SEGALA: Thank you, Arlon. Hopefully

you can hear ne.
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| " mJohn Segal a, Acting Deputy Director of
the Division of Advanced Reactors and Non-Power
Production Utilization Facilities in the Ofice of
Nucl ear Reactor Regul ati on.

W're pleased to be here today for this
i nportant topic. Determ ning source term is a
critical conmponent in NRC s licensing of advanced
react or designs.

Over the past fewyears, we have di scussed
source termwith the ACRS in a variety of contexts,
i ncl udi ng ener gency pr epar edness rul emaki ng, |icensing
noderni zation project, Part 53 analytical too
devel opnent, the NuScal e review, et cetera.

The ACRS has witten several letters and
raised a nunber of issues in this area, that
devel opnment of a design specific source term wll
require substantial work.

The new reactor designers may need
expanded guidance in this area, and this could help
make the reviews nore efficient. And, staff efforts
need to be coordi nated across the various source term
rel ated activities.

So, we proposed to have this separate ACRS
neeting today, to focus on source terns to address

t hese cooments in a nore holistic and coordi nat ed way.
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W understand that ACRS may want to wite
aletter onthis topic, and have tentatively schedul ed
a discussion on this topic during the March 2nd ACRS
full commttee neeting.

Source term has evol ved over the past 60
or Sso years. Hi storically for large light water
reactors that are operating today, the NRC devel oped
a source term for calculating offsite doses for
citing, and provided it to the reactor designers.

For exanple, the TID 14844 are source

term

To facilitate the use of a risk inforned
performance based |icensing approach such as the
licensing nodernization project, design and/or
scenario specific source terms wll need to be

devel oped by the applicants.

Wth respect to guidance for source term
devel opnment, the NRC staff has conpl eted a nunber of
source term related projects, and nore work in
ongoing. Al of which we will be presenting to the
ACRS t oday.

Al t hough we acknow edge that devel oping
desi gn and scenario specific source termw || require
substantial work, the staff believes that there is

sufficient guidance available for applicants to
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devel op desi gn and scenari o specific source terns, and
for the NRC staff to conplete its technical review

We will consider the need for additional
source term guidance in the future, based on our
experience wth the ongoing pre-application and
licensing interactions that we have, that we are
having with applicants over the next couple years.
Such as Kairos, X-energy, TerraPower.

W have recently devel oped a new public
webpage focused on source term for nuclear power
reactors, which contains information on source term
and provides links to a nunber of source termgui dance
docunent s, vi deos, presentations, and ot her associ at ed
references such as SECY papers, staff requirenents,
menor anduns, NUREGs, contractor reports.

W plan to showcase the webpage for you
t oday.

Inadditionto this avail abl e gui dance and
information on source term the staff encourages
applicants to engage i n pre-application activities, to
seek early NRC feedback on their source term
nmet hodol ogy.

And, we have been havi ng such engagenents
with several pre-applicants, which we wll discuss

t oday.
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Pre-appl i cation engagenent on topics such
as source term wll support a nore efficient
application review.

If you could go to the next slide?
Thanks.

At this point, I'd Iike to introduce the
NRC teamthat will be nmaking the presentations today.
W have four NRC staff fromthe Division of Advanced
Reactors and Non-Power Production and Utilization
Facilities, in the Ofice of Nuclear Reactor
Regul at i on.

That includes Mchelle Hart, Jason
Schaperow, Bill Reckl ey, TimDrzew ecki. W also have
Mar k Bl unmberg, fromthe Division of Risk Assessnent in
the O fice of Nuclear Reactor Regul ati on, and we have
Hossein Esmaili, in the D vision of Systens Anal ysi s,
in the Ofice of Nuclear Regul atory Research.

W are | ooking forward to hearing fromthe
ACRS today on source term and any insights and
f eedback you may all have.

That conpl etes ny openi ng remarks.

MR. BLUMBERG Thank you, John. My nane is
Mar k Bl unberg, and I'l1 be giving you a presentati on,
which is a brief overview of the historical use, and

the evolution of |ight water reactor source terns in
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the NRC regul atory process.

The NRC exists to protect the health and
safety of the public fromthe accidental release of
fission products.

One of the ways the NRC staff and
i censees determ ne what measures and barriers are
needed, is to perform dose anal yses.

Speci fically, these conservative anal yses
address the situation where we were wong about the
success of a facility's response to events or
acci dents.

Dose anal yses provide an effective way to
account for the uncertainties in equiprment, and human
per f or mance.

In particul ar, these anal yses account for
the wunlikely events that involve wunknown, or
unforeseen failure nechanisns, or phenonena, which
because they are wunknown or unforeseen, are not
reflected in the PRA or traditional engineering
anal yses.

A critical conponent of the dose anal ysis
is the source term In the Regulations for Part 50,
the NRC defines the source termas the magnitude and
m x of the radionuclides released from the fuel,

expressed as fractions of fission product inventory in
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the fuel, as well as the physical and chem cal form
and timng of their rel ease.

Pl ease go to slide 6 now.

Since we're tal king about history inthis
presentation, rather than providing an outline, a
timeline is presented in this slide instead.

This slide presents a tineline of the
docunents and events, surrounding the devel opnent of
the light water reactor source terns.

Since we are providi ng an overvi ew t oday,
this tinmeline highlights a few of the nore inportant
docunments and events pertinent to our regulatory
appr oach.

The text in the boxes are color coded.
Boxes with text witten in black describe inportant
docunents such as the NUREG 1465 docunent, shown here
on the tineline in 1995.

NUREG- 1465 supports our nost recent source
term and regul atory gui dance.

Boxes with the text witten in red
descri be the i nportant events. The events are | ocated
bel ow the tineline, and provide the tinefrane for the
first critical pile, the 1954 Atom c Energy Act that
al l owed civilian nucl ear power devel opnent, and four

accidents that influenced the devel opnent of our
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regul atory source terns.

"1l discuss many of these docunents and
events in this presentation, and this tineline can be
used to provide a perspective of the timng of these
events and docunents.

Go to slide 7, please.

In the 1940s and the 1950s, the first
government reactors were placed far from popul ation
centers, and therefore, siting was not a critica
i ssue.

Over time when the utilities wanted to use
reactors for power, transmission costs were a
consi derati on. Therefore, utilities sought to put
reactors closer to population centers that they
served.

Because of their potential hazard that
reactors posed, reactors wth containments were
proposed to provide defense and depth against
acci dents.

These reactor containnents provide an
extra barrier to prevent radioactivity fromreaching
the environment, in the unlikely scenario that the
reactor coolant systemfailed, and the fuel nelted.

To determ ne the acceptability of these

designs, at the time the Atomc Energy Conm ssion
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proposed usi ng popul ation densities to site reactors.

But public opinion judged this nmethod was
toorigid. The AEC, the Atonic Energy Comm ssi on, and
the industry, ultimtely decided that siting would be
performed on a case-by-case basis, using dose
cal cul ati ons.

Pl ease go to slide 8.

In 1962, the NRC issued 10 CFR Part 100.
Thi s performance based rul e used dose cal cul ations to
evaluate the defense and depth provided by
cont ai nnent .

Nearly all the current operating reactors
were |licensed originally to 10 CFR Part 100, and TI D
14844, which, as John said, provide guidance on a
cont ai nment source termto be used for LOCAs i nvol ving
significant fuel nelt.

This source term was based upon heating
fuel chips in a furnace and seei ng what was rel eased.

The source term involves the rel ease of
100 percent of the Noble gasses, 50 percent of the
iodine, and 1 percent of the other radionuclides as
particles.

The iodine released is nostly el enmental
i odi ne. The remaining iodine is assumed to be

particul ate, and organic.
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This determ nistic source termis assuned
to be avail abl e i nstantaneously, at the start of the
acci dent.

Acci dent nodels credit mtigation of this
source termby safety rel at ed systens, structures, and
conmponents. Non-LOCA source terns are al so provided
in Reg Guide 1.195.

You can go to slide 9 now, please.

Source term estimates under core nmelt
condi tions becanme of great interest shortly after the
Three Mle Island, or TM accident, when it was
observed that only arelatively snall anount of i odine
was rel eased to the environment.

Al though the release of iodine in the
contai nment may have been close to the TID source
term the releases to the environment were nuch
smal | er than suggested in regul atory nodel s.

In 1981, the NRC began a nmjor research
effort to obtain a better understandi ng of the fission
product transport and release nmechanisns in LWRs,
under these severe accidents.

This effort involved several national
| aboratories, extensive NRC staff in the NRC, and
nucl ear industry groups.

The cooperative research resulted in the
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devel opnent of the source term copackage to exam ne
core nmelt progression, and fi ssion product rel ease and
transport in LWRs.

In order to determ ne the acci dent source
terms for regulatory purposes, a range of severe
acci dents were exam ned.

Thi s work was based upon the work done in
NUREG- 1150. It provided an assessment of severe
accident risks in five LWRs.

I n addi ti on, some source termcode packets
cal cul ations and insights fromthe MELPOR code, were
used.

These efforts provided research that
confirmed that the source term release is highly
dependent upon the nature of the accident, which
i ncluded the accident pressures, tenperatures, and
rel ease pat hways.

| f you want to go to slide 10 now, pl ease.

I n Decenber of 1999, the NRC issued the
final rule known as 10 CFR 5067. This rule is also
known as the alternative source term or AST rule.

It all oned pl ants that were | i censed under
10 CFR Part 100, to convert to the AST, 10 AST. An
accept abl e AST based upon NUREG 1465 was provided in

a docurment known as Reg CGuide 1.183.
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Based upon Conmmi ssion direction, this AST
used only the rel eases specified in NUREG 1465 up to
the early end vessel rel ease phase.

Commensurate with fuel utilization at the
time, the NUREG 1465 source termwas limted to core
average burn ups of 40-gigawatt days per netric ton
uranium and five wei ght percent enriched uranium

The AST rule was witten to be flexible
t hough so it did not specify in AST, a specific AST.
Al ternatives coul d be proposed and used, as technol ogy
and fuel utilization changed over tine.

To facilitate this change, Reg Guide 1.183
included a list of significant attributes for future
ASTs.

And, go to slide nunber 11 now, please.

The LOCA source termin Reg CGuide 1.183,
is specific to whether the reactor is a BWR or a PWR
This table provides a conparison of the BWR source
termto the TID 14844 source term

Significant differences in the release
timng, release fractions, and chem cal form of the
source term exi st between 14844, and NUREG 1465.

O particular noteis the chem cal formof
t he hal ogens. Whereas the TID source termwas nostly

el enental, the NUREG 1465 source term is nostly
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You can go to slide nunber now, 12,
pl ease.

In 2009, after roughly nine years of AST
revi ews, the NRC proposed changes to Reg Gui de 1.183,
in the draft Reg Guide known as DG 1199.

Mul ti pl e changes wer e proposed, including
significant changes to the non-LOCA source term
nostly to address changes in fuel wutilization and
desi gn.

And, that was specifically because of a
footnote in Reg Guide 1.183, known as footnote 11
which limted the burn up and the maxi mal |inear heat
generation rate, for utilization in the AST
appl i cati ons.

The NRC has decided not to finalize DG
1199 as Reg Guide 1.183 Revision 1, and i s now i ssui ng
a replacenment known as DG 1389.

You can go to slide 13 now, please.

DR. BLEY: This is Dennis Bley. Can you
give us a little background on why that decision was
made?

MR BLUMBERG Sure. So after the issuance
of DT-1199, the staff received a nunber of public

comments, and we spent a significant anmount of effort
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i n addressing those conments.

The efforts included an independent review of
certain aspects of DG 1199, that were performed by the
Sandi a National Lab, report San 2086601.

In 2017, the staff received the final
responses from SNL, associated with that independent
review. But then when we resunmed our efforts late in
2020, we had gained a significant nunber of insights
since the issuance of that 1199.

And, including those 2017 Sandi a responses
that, where they |ooked at the San 2086601 report
i ndependent | y.

And, then further direction from the
Comm ssion in a SECY on back fitting. And, as a al so
additional research that we had, that had to do with
fuel fragmentation, relocation and dispersal.

And, so as a result of that, we decided
not to finalize DT-1199, and fold all that information
into a new set of regul atory gui dance, which we call
DT- 13809.

And, that's in process right now And, in
the near future, we'll be conmng to the ACRS to
provi de details on that specific docunent.

DR BLEY: Thanks, Mark.

MR. BLUVBERG You're wel cone.
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So, as | said just then, DG 1389 builds

upon the changes proposed in DG 1199, as nodified by
publ i ¢ conments.

Sour ce term gui dance for hi gher
enrichments, which are eight weight percent and burn
ups up to 68-gigawatts days per nmetric ton uranium
peak average burn ups, and near-termacci dent tol erant
fuels, also known as ATFs, are provided in this
proposed draft gui dance.

These near-term ATFs include chrom um
coated cl addi ng, and chrom um dope fuel, but do not
i nclude iron chrom um al um num al | oy cl addi ng.

DG 1389 al so addresses fuel fragnentation
and rel ocation, and di spersal.

Can you go to slide 14, now, please?

MEMBER REMPE: Before you do that, we've
not seen the version, the | atest version of 1389. But
we, anyone can find a copy of draft Guide 1199.

And, all of the changes you had on slide
13, as well as what |1'm seeing here, are LWR based,
correct?

MR. BLUMBERG That's correct.

MEMBER REMPE: And, so are you planning, |
nmean | know we've done the pilot planned eval uations

and you've got a website.
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But is staff going to have sonme gui dance
on it, and I'm just kind of wondering about if
sonmething |li ke what's done for the NPUFs woul d be,
nmean you coul d give these new desi gn devel opers somne
i deas by reflecting on what's done with the NPUFs a
bit.

MR. BLUVMBERG So, it was ny under st andi ng
that the ACRS had provi de, been provided a draft copy
of 1389. Wre you, was that made available to you
Joy?

MEMBER REMPE: |'ve not seen it. Dave,
have you seen it?

CHAI RVAN PETTI: No, |'ve seen a draft --

(Si mul t aneous speaki ng.)

MEMBER REMPE: | know we're having a
neeting in March.

CHAI RVAN PETTI : -- of (Audi o
interference) but I, and | have the draft 1.183 from
this past sumrer when it was earlier on the schedul e,
and then it got slipped.

| don't recall seeing anything onthe fuel
fragnentation, and how that could have potentially
changed the wite up. | don't think we've seen that
yet.

But we're going to be, I"massuning we're
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all going to, that's all going to get wapped up in
t he next neeting on 1.183.

MR BLUMBERG That will be a future --

(Si mul t aneous speaki ng.)

MEMBER REMPE: Yes, well, that's --

MR. BLUMBERG Go ahead.

MEMBER REMPE: -- yes, it's coming up in
March so we need it soon, is the first question that
| had because we do have it scheduled, and you're
supposed to get us the docunents 30 days in advance.

But it's still all LWR based, right?

MR BLUMBERG It is all LWR based, but it
provi des ideas on how to deal with future designs.

So in other words, it's not giving
specific qguidance, but it does provide advance
gui dance for LWR designs that could be potentially
used for future designs.

MEMBER REMPE: So, it's a bit of stretch
for themto conme in and try and figure out how to do
this, unless they | ook at.

Agai n, |'mthinking about NPUFs and sone
ot her interactions we're having, and |' mjust kind of
wondering if nore could be done. But | guess we'll,
that's what we're here to discuss today for the non-

LWRs, right?
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VR BLUVBERG: That's correct. Thi s

presentation is an overview on the LWR source term
devel opnent. And, then future presentations will go
into detail about other source terns.

MEMBER REMPE: Ckay, thank you.

MR. BLUMBERG You're wel cone.

CHAI RVAN PETTI : Steve, you have a comrent ?

DR SCHULTZ: Mark, this is Steve Schultz.
Questi on, which my be better in the next
presentations to this, to the commttee.

But you nentioned that some Accident
Tol erant Fuel have been incorporated into the draft
Qui de com ng up, and sone have not.

Wy was that, and what is the |evel of
effort that would be required to expand that?

MR. BLUMBERG So, Steve, if you don't
mnd, if possible I'd |like to defer those type of
detail discussions to the, to the presentation we're
going to give on DG 1389.

But in general froma high |evel, what it
boi | ed down to was | ack, | ack of data. W don't feel
like we've got the data that's necessary to go beyond
this 68-gigawatt day for metric ton uranium burn up
[imt right now

And, also with respect to sone of the
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other ATFs, it's the sane thing. There's data that
needs to be synthesi zed for ot her than those near-term
desi gns.

DR SCHULTZ: CGood, thanks for the
overview. Look forward to the presentati on coni ng up.

Thank you.

MR. BLUVBERG Thank you.

kay, so we are on slide 14. And, did we
cover 14 already? Let's see here. Yes, and that's
basically what slide 14 was about, too.

So, due to the limtations on data,
currently we're unable to go beyond the 68-gi gawatt
days per netric ton uranium and beyond the near-term
ATF desi gns.

However, research is under way to
accomodat e hi gher burn ups and enrichnents, and ot her
ATF designs. And, after that research is conpl et ed,
our anticipation is that we will come back with a
future Reg @iide 1.183 wupdate to include that
research.

| n addi ti on, DG 1389 i ncl udes a net hod f or
cal cul ating pl ant specific non-LOCATrel ease fracti ons.
And, includes a generic non-LOCA rel ease fractions for
BWRs and PWRs.

Pl ease go to slide 15 now
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So, to conclude this presentation, 1'd
like to sunmarize some of the key points from the
presentati on.

So, one of the ways the NRC staff and
i censees determ ne what neasures, and barriers are
needed to protect health and safety of the public, is
to perform design basis dose cal cul ati ons.

A key conponent of these analysis is the
determ nation of the rel ease source term Over tine,
t he NRC has devel oped regul ati ons, source terns, and
regul atory guidance to provide licensees and the
staff, with efficient nmethods of perform ng t hese dose
anal yses.

And, then lastly, ongoing efforts by the
NRC continue to revise these source terns and net hods
to address nodern fuel wutilization, and the use of
Acci dent Tol erant Fuel s.

So, this concludes ny presentation. Are
t here any additional questions fromthe ACRS nenbers,
that I haven't answered in the presentation?

MEMBER KIRCHNER: Mark, this is Walt
Ki rchner.

Just for clarification. So, there's going
to be an update to 1.183, as well as a rel ease of DG

let ne get the nunber correct, 1389 in the near
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future?

MR. BLUMBERG So, DG 1389 is a draft
revision to Reg Guide 1.183, and that's what we'll be
presenting to the ACRS for their review in the very
near future.

MEMBER KI RCHNER: Ckay, they' re one and t he
sane then?

MR. BLUVBERG They are, they are. And,
it's ny understanding that you should have access to
that draft revision. |If you do not, then I'll make
sure that you get it.

MR WANG Hi, this is Widong Wang, from
the ACRS staff. And, we did receive those docunents
and there was a plan on the Novenber 19 neeting,
subconmittee neeting |ast year. Now it's noved to
March 16.

So, the files is there.

CHAI RVAN PETTI : Okay, so it shoul d be, the
guestion in ny mnd was yes, | read the ones for the
Novenber neeting that then didn't happen in Novenber.

It hasn't changed since then?

MR. BLUVBERG Not substantially, no?

CHAI RVAN PETTI: Coul d you check on that?

(Audi o interference.)

CHAI RVAN PETTI: Ckay, thanks.
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MEMBER REMPE: So, what are we supposed to

review for March 16? The Novenber docunent --

(Si mul t aneous speaki ng.)

CHAI RVAN PETTI: Yes. | think so.

MEMBER REMPE: -- or, and there won't be
anyt hi ng about the fuel fragnentation, and FFRD st uff?

MR. BLUMBERG Ri ght. The only change t hat
we consi dered, and we're looking at it right now, was
potentially due to the definition of the near-termATF
designs to clarify that. To nake sure that it was
understood that, that it includingthe FeCrAl designs.

But we haven't actually done that change

yet.

CHAI RVAN PETTI : Ckay.

MEMBER REMPE: Ckay. And, then --

(Si mul t aneous speaki ng.)

CHAI RVAN PETTI : Because that was an i ssue
that | had rai sed. And, |  thought (Audio
interference) like when | heard that, | thought |

msread it.

But you guys are actually doing a little
bit of clarification then, which | think will be good
for the commttee to hear.

MR. BLUMBERG Good.

CHAI RVAN PETTI @ So.
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MEMBER REMPE: And, then --

(Si mul t aneous speaki ng.)

CHAI RMAN PETTI: So, yes, so nenbers, |
think that old, that docunent we got that Wi dong
tal ked about is, is fairly current and they'll just,
there's just a couple things that they' Il probably
bring up new in the neeting.

MVEMBER REMPE: | f soneone had
theoretically, a snmall nodular LWR and they did not
want to use the Reg Guide, they wanted to go with a
maxi mumhypot heti cal acci dent, does t he gui dance, this
revi sed gui dance, does it hel p point out what i s done?
O needs to be done?

MR. BLUVMBERG Could | call on sone help
here? Mchelle Hart, are you on the line?

M5. HART: | am

MR. BLUVBERG. Wuld you |ike to speak to
t his?

MS. HART: So, | think thereis information
in Reg Guide 1.183 right now, that tal ks about the
attributes of an acceptable alternative source term

And, so you could use that information to
help inform what would be necessary for a maxi num
hypot heti cal acci dent.

| f you wanted to use the guidance that's
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out there for non-power reactors, which is nore
focused on a maxi mum hypot heti cal accident as a, as a
| i censi ng aspect, you coul d al so use that information.
That is NUREG 1537, | think

But there is nothing specific in Reg Guide
1.183 that woul d give you a different Iicensing source
term for that kind of assessnment, if that's your
guesti on.

MEMBER REMPE: That hel ps. And, |'mjust
t hi nki ng again --

(Si mul t aneous speaki ng.)

CHAI RVAN PETTI: Yes, and --

MEMBER REMPE: -- we're supposed to think
about things that aren't there yet.

|"'m wondering if maybe, is it on the

website this NUREG 1537 so that, | nean the website's

supposed to give everybody all the different
references to consider. Is that out there on that
website?

M5. HART: So, we will tal k some nore about
the website later. | think, you know, right now I
can't recall if it's there.

But we are intending on keeping that
website as up to date as possible, as we figure out

new things that need to be on there. O even old
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things that we, we don't recognize. It's a list of
links. So, we'll talk about that some nore |ater.

But certainly, it is onthe public website
now as t he standard revi ew pl an, and gui dance for non-
power reactors.

MEMBER REMPE: But again, we're trying to
help the folks that are com ng new, and they may not
t hi nk about it.

So anyway, it's just an idea that | was
t hi nki ng about .

M5. HART: Yes, | think this is --

(Si mul t aneous speaki ng.)

CHAl RVAN PETTI: So - -

M5. HART: -- to event selection kind of
di scussi on.

And, so once you figure out the events,
you know, you devel op your source terns for that. So
it"'sarelated topic, or it's an entangl ed topic we'll
say.

CHAI RVAN PETTI: So M chelle, in terns of
1.183, this guidance, is that the Appendix A as |
remenber ?

M5. HART: So, we're --

(Si mul t aneous speaki ng.)

CHAl RMAN PETTI: That talks about the
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attributes?

M5. HART: So, the attributes of an
acceptabl e alternative source termare in position 2,
which is in the main body of the text. It's not in an
Appendi X.

CHAI RVAN PETTI :  Ahh.

M5. HART: The appendi ces go over each of
t he accident types, and the source termthat woul d be
accept abl e. O, one source term that would be
acceptable to neet the regul ations.

CHAI RVAN PETTI : Ckay.

So nenbers, | think we're going to hear a
| ot about LWR stuff, you know, in that neeting here in
March. So, | think we should just keep going so we
can get through everything.

But | see a hand raised. Elijah?

MR. DICKSON: Hi, Dr. Renpe. This is
Elijah with the staff.

W did do sone FFRD research in regards to
the MHA and the LOCA source term that Mark was
di scussi ng.

And, in the DG draft gui dance that you'l
be seeing here shortly, it does refer to sonme work
that the Ofice of Research had done for us.

And, so you can | ook at that docunent,
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that nmeno and the analysis that Dr. Mke Solay
(phonetic) put together for us, that addresses FFRD
for this one particular source term

MEMBER REMPE: So, there's a lot of
di fferent draft Gui des and t hi ngs bei ng j uggl ed ar ound
here.

Again, to nake sure we are, because it
wasn't in the files that we were given to review for
this meeting, and that's why I'ma little puzzled. |
didn't know to go back to Novenber.

But what we're going to be reviewing in
March, will have not only the version of the draft
Quide that we're supposed to review, but this
addi tional FFR, | nean | know we've discussed and we
actually wote a letter on FFRD research recently.

But it's going to have sonme additiona
position or guidance, that will be part of what we're
supposed to review, or not?

MR. DI CKSON: W' ||l make sure that you have
that information, yes.

MEMBER REMPE: Ckay, thank you.

MR. BLUVMBERG And, if you refer to slide
9, that's the neno that Elijah was speaking to, the
footnote there at the bottom That provides the

r ef erence.
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It's not slide 9 on your presentation.

Just a second, that is slide 13 in your presentation.

(Pause.)

MEMBER REMPE: So we'll ook at that, as
well as what we are given for Reg Guide 1.189's
updat e.

Thank you.

CHAI RVAN  PETTI : Yes, so if (Audio
interference) that by Dr. Widong so that we can put
it on our SharePoint site, and will all be update.

Thank you.

Dennis, you had your hand up but then

maybe you put it down?

DR BLEY: Right, that's true Dave. | was
going to save this for the end, but I'll say it now.
This was a nice presentation. It kind of
not only showed this history well, but showed the

I i nkages anong so nany di fferent things people have to
ti e together.

It strikes ne, and |I'm sure the rest of
the presentations will go into the newer material in
nore detail.

Today's transcript and slides nmight be a
really good source for people who have to deal wth

this issue. Especially sone of the new designers.
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And, | was wondering if anong all vyour
ot her tasks, the staff is thinking of putting together
something like a white paper that sort of replicates
today's presentations, to give people a good map if
they're going to have to do this for thensel ves.

CHAI RVAN PETTI : Yes, Denni s, the word t hat
keeps bouncing in ny head is consolidation. Because
it's in lots of different places, and lots of
di fferent piece parts.

And, yes, | worry that the new desi gners,
you know, it's harder to get to that. And, sonething
that would, a road map |like you say, could be quite
useful .

DR. BLEY: Yes, the consolidationisreally
the key to, well, | think a key for many people on
this, to see all the pieces in one place.

And, we tracked down a lot of this after
we went on what we, we knew fromour experience. And,
| think it would be very hel pful.

And, maybe today's neeting slides would
serve that sanme purpose.

CHAI RMAN PETTI: | see John Segal a has his
hand up. John?

MR. SEGALA: Yes, thank you

Good comments there. | think that was one
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of, that was in our thinking as we were putting
together this, this new webpage on source term was
trying to provide, you know, nenbers of the public
sort of a here's where all the information is in one
pl ace.

And, so to the extent that what we do have
on the website are our presentations, videos. W have
a whole lot of different information up there.

So, if today's presentation, sl i de
mat erial, you know, that's all publicly avail abl e,
think that's something we could | ook at adding to, to
that website as well.

But vyes, |  think we'll have nore
di scussions as we go through the material today.

But thanks for the comment.

DR BLEY: Yes, thanks, John.

CHAI RVAN PETTI: Yes, to ne --

(Si mul t aneous speaki ng.)

DR. BLEY: | hadn't seen the, have not yet
| ooked at that part of the website, and that m ght be
the perfect place for all of this. And, | ook
forward to looking at it.

CHAI RVAN PETTI: Yes, | nean to ne,
something like a lead nme first, right? The first

docurent you shoul d | ook at, you know, |like the years
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ago when you used to get software, that was the thing
you had to do. So that they don't, the staff doesn't
get, people don't get overwhel med, and ki nd of gui des
t hem

Because | think there'll be a lot of
information on the website, so, thanks.

Ckay, let's keep noving al ong; we're doi ng

good.

(Pause.)

MR. ESMAI LI : Good norning. So, ny name i s
Hossein Esmaili. | amthe Chief of Fuel and Source and

Code Devel opnent Branch, in the Ofice of Research.

L1 be talking briefly about NRC
analytical tools and past studies, specifically
addressing severe accident progression and source
term

Next slide, please.

So, before | get into sone of the details,
| just want to | eave you with sone high | evel nmessages
that will be the theme of ny presentation.

First, we have decades of experience in
devel opi ng our conputational tools that we need to
predi ct the source.

These tools are under active devel opnment

assessment. They are consi dered state of the practice
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tools that is used worldw de, by nany regulatory
bodi es, and research organi zati ons.

And, we have a strong relationship with
i nternational community to our code sharing prograns.
Thi s hel ps us identify know edge gaps, and parti ci pate
in experinmental research at a fraction of cost to us,
to i nprove our tools.

| will go through sonme of the exanpl es of
the nmore recent supplications of the code, in terns
of, especially the work that we have done follow ng
t he Fukushi ma acci dent. And, how these tools have
helped us in resolving regulatory issues and
deci si onmaki ng.

| note that Dr. Petti and his introductory
remarks said that there was | ot of technical nateri al
inthis, but my intent is not go into the details of
t hese techni cal issues, since this have been di scussed
and presented to ACRS before.

But to paint you an overview of the
conplexities of the issues, and how we go about
resolving them using our best state of practice
conput ati onal tools.

Next slide, please.

So, first I will give an overview of the

code MELCOR This is our severe accident code. I
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will talk briefly about international collaboration,
and this is inportant in how we understand severe
acci dents, and how we i nprove our code MELCOR

And, some of the exanples as | nmentioned
internms of regul atory deci sionmaking. This is design
certifications for newadvanced reactors, state of the
art reactor consequence. Now, this is SOARCA, and how
it help us you know, nove forward.

And, some of t he post - Fukushi ma
activities. These are the activities that they have
been going on for the past 10 years or so.

And, finally, | wll, Jason wll talk
about the applications to new advanced reactors. And,
this is the work that we have done, the scale MELCOR
denonstration cal cul ati ons.

Next slide, please.

So, well, next slide.

So, the inportance of regulatory source
termis well established. It finds, | think it's way,
into many of our regulations for safety and
environnental reviews. Mark was tal king about this
for LWRs.

Thi s slide shows the basics of the source
term devel opnent process. This is the process that

was followed in NUREG 1465, Reg CGuide 1.183.
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And, this is exactly the sane process t hat
we are follow ng for advanced nucl ear technol ogi es,
i ncl udi ng ATF and hi gh burn off fuel. And, non-LWRs.

So, the first step is the identification
of inportant phenonena, or you know, what wll be
establish at PERT, phenonena identification, and
ranki ng dat a.

For exanple, we recently conpl eted a PERT
for ATF high burn up fuel, wth the aim of
under st andi ng know edge gaps in MELCOR This is what
you see at the, in NUREG 72. 83.

O course, we need experinmental basis for
sone of these nodels in the code. So, we need
specific data for fission product diffusivity. And,
we nodel different phenonena.

The next step is identification of risk
significant accident scenarios. And, this s
typically infornmed by PRAs. NUREG 1150's input to the
NUREG- 1465, and what accident scenarios we should, we
shoul d nodel

So, what is inmportant in terns of rel ease
characteristics is duration of the rel ease, release
fraction, and radi onuclide species.

So, if you are interested in the in

contai nment source term then we can synthesize the
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results. This is what we see on the right hand side
of the slides.

O herwi se, the sanme process and tool s can
provi de environnent release for different accident
scenari os. This is typically the NPRAs, or design
certifications, or review of chapter 19.

Next slide, please.

So, this slide shows the relationship
bet ween t he phenonena we are trying to understand and
nodel , and their experinental basis. This information
is then incorporated into MELCOR, by adding and
i mprovi ng nodel i ng capabilities.

SCALE is also an inportant input. It
defi nes decay, hidden ratings like inventories for any
MELCOR acci dent progression anal ysis.

The out puts fromthe MELCOR i s t hen input
into MAACS for offsite consequence.

And, | just want to point out a fewitens
here. So, we rely on experinents to understand the
phenonena, and validate our nodels. This is what you
see in the dark blue boxes.

W have used the codes for regulatory
applications. | will go, as | said, | will go through
some of the exanples in the green boxes.

The staff is famliar with the code

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

44

extension to new technol ogies, including non-LWRs
required mninum training, and we have great
flexibility for uncertainty anal ysis.

This is beconing nore of a standard
practice, and this is what we followed in the | atest
SQARCA anal ysi s.

What you see in the red boxes are our
focus, non-LWRs and how we're inproving our code for
non- LMRs and hi gh burn up on Accident Tol erant Fuel.

Next slide, please.

So, I"'mjust going to give you a brief
overvi ew on history of MELCOR

Next slide, please.

So, before MELCOR we had separate effect
codes. These where we deened the source term code
package. They were run independently. Results were
then manual ly transferred between the codes.

But this led to a nunber of chal |l enges for
transferring data, ensuring consistency in data and
properties, and capturing the coupling of physics.

For light water reactors over the years,
vari ous stand al one codes were i ntegrated i nto MELCOR
The project actually began in 1982.

We had the first release of MELCOR, this

is MELCOR 1.80. This was a donestic release in 1986,
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and then foll owed by an i nternational rel ease i n 1989.

In 1991, LANL did a conprehensive peer
revi ew was conducted, and all the reconmendati ons are
now dealt with. And, code devel opnent and mai nt enance
is ongoing, and we typically have annual rel ease of
the code as you can see on the slide.

At the bottom |I'm just showing you a
tinmeline of the MELCOR devel opnent. \What nodels we
have put into the code over the past 20 years or so.

Sone of t he m | est ones i ncl ude
i ntroduction of nore nechani stic nodels. For exanple,
formation of a nmolten pool in the core. This was
i ntroduced in MELCOR 1. 86.

And, spent fuel pool nodels. W started
| ooking at spent fuel pools nore closely after the
9/ 11.

And, new nodel s capturi ng physics for HDGR
started nore than 10 years ago in support of NGWP.

W also started putting in nodels for
ot her non-LWR designs, and we were able to conduct
public workshops on non-LWR application this past
sunmer, and Jason wll talk about those in nore
det ai | s.

Ckay, next slide, please.

Al right, so MELCORis an integral system
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| evel code. It nodels all phases of a severe acci dent
from accident initiation to core heat wup, and
degradation | eadi ng to vessel and contai nnent fail ure;
tracks fission products through the RCS, and
contai nment to the environment.

So, it does everything.

Back i n the ' 90s, NRC was devel opi ng ot her
codes, such as containnent SCDAP. However, these
ot her codes only partially nodel sone of these phases.

For exanple, there are no nodels for RCS
incontained. And, SCDAP it doesn't nodel contai nnment
phenonenon associ ated with fission product deposition
and renoval

Resear ch went t hrough a code consol i dati on
phase, and decided to focus on MELCOR. So as you can
see on the upper right hand side, all these phenonena
are well captured by MELCOR.

So, | want to nmake a very inportant point
here. The question is: what are the requirenments for
the I evel of details in a severe accident code?

So, when it cones to severe accident
uncertainties in the accident progression and
avai | abl e experi nental data for nodel validation, does
not support nore detail ed nodel, nodeling approach.

So, we are able to capture sone of this
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phenonena t hrough sinpl er nodel s.

The other point is MELCORis flexible. It
allows the user to build the entire nodel of the plant
from basi c building bl ocks, such as control vol unes,
fl ow path, and structures.

That's why it's easily adoptable to new
reactor designs, and inplication to spent fuel pools
as | showed on the right hand side here.

Am 1 live? Can everybody hear nme?

CHAl RVAN PETTI: Yes, we can.

MR.  ESMAI LI : I'"'m not hearing any
guesti ons.

Okay. Next slide, please.

So, again, | have shown a lot of these
slides before. So, you're very famliar with it.

Inthis picture, I'"mtrying to capture the
i nportance i n acci dent progression that can affect the
source term The aimhereis toidentify simlarities
and differences within various reactor technol ogies.
So, | also provided a conparison to LMWR, and see if we
can | everage what we al ready know, and how we can use
our existing tools.

| would break it down to three main
| evels. So, going fromthe top, when it conmes to the

contai nnent, there are phenomenon processes that are
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common. This has to do with high aerosol s and vapors
evol ve and are renoved. For exanpl e, aerosol-shaped
factors nmay be different under dry and wet conditions
in the containnent.

But when it comes to the prinmary system
there are, obviously, differences. This is high
radi onuclides are released from the fuel, but the
underlying physics and data is diffusivity to the
fuel, and other conponents can be simlar. And we
have the coding infrastructure to deal with that. In
terms of aerosol dynamics, we also believe simlar
processes are occurring.

There are sone ex-vessel phenonena that
are different. For exanple, we have four concrete
interactions in the case of LWR and sodium fire in
case of SFRs that are unique, that have to be treated
separately.

Next slide, please.

So, code verification and validationis an
i nportant el ement of the software quality assurance.
This is the programthat we have at Sandia. MELCOR
docunentation is extensive. There are separate
vol unes for users' guides, reference or theory nanual ,
and code assessnent.

Validation is targeted to a relevant

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

49

physics nodel, and many of the nodels that are
represented in MELCOR are agnostic to the particul ar
reactor technologies that | showed you before for
cont ai nnent phenonena.

Here are a few exanples from non-LWR
appl i cati ons. ABl1 was the assessnment of the codes
with ABl test. This was a test conducted at the
Cont ai nnent System Test Facility in Hanford,
Washi ngton. This was a sodiumcooled fire under dry
conditions, providing data on aerosol behavior. And
as you can see, MELCOR does a reasonable job of
predicting the evol uti on of suspended sodi um aer osol s
over a 50-hour tinmefrane.

W also participated in an |AEA
benchmarking looking into releases from the TRI SO
particles. This is what you see on the upper
righthand side of the slide. This is docunented in
TECDCOC- 1674.

As we nove on, we are going to | ook at the
other validations; for exanple, MSRE in sodium
reactors and HTGRs, as we nobve on.

Next slide, please.

So, here I''mshow ng you t he evol ution of
core and RCS nodalizations and the nodeling details

t hat we needed over the years.
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The first input, source input package.
This was the nodel that we had back in the '80s. It
has a sinple core with one hydrodynamc cell, but
multiple core cells in both radial and natural
di rections.

So, when we started in MELCOR as |
nmenti oned before, in the early '90s, we inproved the
hydrodynam ¢ nodeling for the RCS and the core. By
the m d-90s, we had nore details on the RCS to node
hot I eg natural circulation. It became i nportant, you
know, when we started | ooki ng at steam generator tube
rupture. By the end of the '90s, we had nore details
on the RPBN core to nodel in-vessel natura
circul ation, and RCS and i n-vessel natural circul ation
can inpact timng of the core damage, hydrogen
production, fission product depositioninsidethe RCS,
and potential for RCS piping failure and rupture.

So, as we noved t hrough t he years, we have
updat ed our practices and our code nodali zations, et
cetera. And this is --

CHAI RVAN PETTI: Hossein?

MR ESMAILI: Yes, sir.

CHAI RVAN PETTI : Just a question. I
assume -- | think it's true -- that, as the nodeling

sophi stication has i ncreased, those source terns have,
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| guess, reduced. So, the estinates are nore
accurate, the uncertainty |ess. Is that a fair
assessnment general ly?

MR. ESMAI LI : Vell, | don't say it's
reduced the source term because | cannot say that
because it really depends on a |ot of factors. But
what | can tell you is that the accident progression
affects the source term So, the nore accurate that
you nodel the accident progression -- you know, |ike
the reasons, for exanpl e, we have nultiple
hydrodynanmi c core cells inside the core was to get a
better understandi ng of how you have oxidation; how
that fuel heats up, and how it noves once the core
rel ocati on process occurs.

So, yes, we have better estimates of the
source term

CHAI RVAN PETTI:  Yes.

MR. ESMAILI: Yes. Does that answer your
guestion?

CHAI RMAN PETTI: Yes. |'mjust thinking
about now you go to these advanced systens, where,
hopeful |l y, the physics is sinpler; that, you know, the
sl edgehamrer when you may only need to put the tack
in. It may be nore than is necessarily needed. But

MELCOR is scalable in the sense that you could do
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sonmething sinple, if that's all you felt you needed,
right? | mean, it's got that flexibility?

MR ESMAILI: That is true. That is true.
And, you know, there's alimt to what we can do. So,
when |' mshowi ng this core nodalization, you know, we
didn't study it to say that, if you had nore nodels,
if you had nore nodes, does it inprove our nodeling.
And it turned out that, no, at a certain point, the
nunber of rings, the nunber of actual levels is
sufficient to capture. And this has to do with our
inability to know everyt hi ng about the core rel ocation
process.

You are right in terms of sonme of these
non- LMWRs, because they don't go through this cliff-
edge effect, right? | nean, you're not nelting.
You're not draining this nolten. And so, it could be
si npl er, yes.

CHAI RVMAN PETTI:  Thanks.

MR. ESMAILI: Yes, thank you.

So, next slide, please.

So, for the past few years, we have
conduct ed research to noderni ze MELCOR code with the
key goal of enhancing the efficiency of the
devel opnent and mai ntenance of this |arge, conplex

code base. GCh, yes, the code is huge. You know, in
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the earlier presentation, | always refer toit likeit
has alnbst 2 mllion lines of code. It's probably
i ncreasi ng by the day.

So, frankly, much of the code architecture
reflects programming practices that are several
decades ol d. This does not allow MELCOR to
i ncor porat e and benefit fromthe significant evol ution
in nodern programm ng | anguages, operating systens,
and conpil ers.

And, in addition, as | nentioned before,
t he code i nvol ved i nt egrati on of separate ot her codes.
So, these were all integrated into MELCOR and
someti mes using their own solvers. You know, |ike the
ot her codes that | was nentioni ng--Maros, VANESSA, et
cetera--they had their own solvers because they were
st andal one codes.

But, then, they were integrated into
MELCOR in what they call "code packages." The
comuni cat i on bet ween t hese di fferent packages is al so
conpl ex, as you can see on the upper righthand side.
You know, the hydrodynam cs has to communicate with
t he core package. The core package has to conmuni cate
with the radionuclide package, et cetera. So, that
comuni cation is pretty sophisticated.

So, the idea in nodernization, we stil
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wanted to have the code as a state of the practice,
too. So, the basic idea is to separate the physics
fromthe nunerics. You know, nunerics is evolving.
W don't have to touch all aspects of the code.

So, this is done in stages. Last year, we
conpl eted the hydrodynam c package. FY22-23, our
focus is on the core nodeling. You know, this also
i ncl udes ex-vessel and in-vessel nelt progression
And in FY24, we plan to finish with the fission
product rel ease and transport nodel i ng, and hopefully,
we woul d have a noderni zed code by early FY25.

Al right. Next slide, please.

So, this is the slide that | used when
was briefing the ACRS on our, quote, "readi ness plan"
for non-LWR applications. |I'madding it here. As |
nmenti oned, you know, nost of these slides you have
seen before, but I'mjust putting everything together.

So, we have nodified the code. W have
devel oped reference nodels. W have run cal cul ati ons
and conducted workshops. You're going to hear a
little bit about that |ater.

So, just like light water reactors, the
nodel that we have devel oped requi res sone i nput data,
and the data can come fromall sources. |t can cone

fromcodes, experinments, et cetera. So, | have listed

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

55

sonme of the data needs in terns of what we need to put
in the code. But | want to nake sure that, as far as
t he code infrastructure i s concerned, it can accept --
you know, as data becones available, we can put it
into the code. W do not need to go and change
basically the nodels. W can just change the input
par anmet ers.

So, as an exanple of the data needs, the
nodel s that are inplenmented -- but they need data --
are fission product diffusivity. Here we have an
exanple of diffusivity through a TRISO particle. W
are nodeling it; it is sinple, one-dinensional
di ffusi on equations. But | need to know what that
diffusivity is in terms of cal culating the buil dup of
the fission products through the different |ayers.

SCALE wi Il provide us with the data that
we need in terns of generation of the radi onuclides
into TRI SO particles.

MEMBER REMPE: Hossein, this is Joy.

MR ESMAILI: Yes, ma'am

MEMBER REMPE: It | ooks |ike you wanted a
guestion. So, |I'lIl ask this one now.

(Laughter.)

| know when we tal ked about this a while

back with the code readi ness review docunents, |

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

56

t hought we brought up the point that was you do the
pil ot plant applications. You'll also gain sone
i nsi ghts about which data are very inportant and have
nore risk inmpact. And you can wait and answer this
later in the pilot plant or reference plant
di scussi ons.

But I'm curious if you' ve been able to
make rmuch progress in that area, so that it m ght give
some insights to the design devel opers on, yes, we've
got to have sonething, but plus or mnus a factor of
two doesn't nmake nuch inpact on the results. And so,
we can use sone sort of boundi ng val ue for sone of the
par anmet er needs.

Do you understand where |I' m goi ng?

MR. ESMAILI: Yes, yes. So, Joy, | don't
know whet her you have seen the slides. | think in a
little bit later slides, |I'm tal king about sone of
this uncertainty. And one of the uncertainty anal yses
t hat we have done for HTGR, nmaybe when | get to that,
maybe | can answer your question better. |Is that --

MEMBER REMPE: That's fine, but it's not

just that you've identified it. 1'malso curious if
you're comuni cating that back. |s there a docunent
on the website that says that -- you know, how do you
inform the folks comng in? In this case, you're
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nmentioning the gas reactors. Do the folks that are
engaging in the pre-application discussions have a
good feel for where the staff is with the progress
t hey' ve nade on the reference plant eval uations?

MR. ESMAI LI : So, in that, you know we
have conduct ed public workshops, right?

MEMBER REMPE: Uh-hum right.

MR ESMAI LI: And we shared i nformati on of
what we know, you know, what is inmportant. But these
are |like reference plant nodels. These are like
publicly available information that we can gain.

But, as a matter of fact, we are starting
to rel ease sonme of these input nodels to anybody who
wants them This could be the industry or anybody.
And they can foll owthe sane procedure, right, that we
have done, to find out what it is that we found
i mportant.

And so, you know --

MEMBER REMPE: You don't have to answer it
now - -

MR. ESMAI LI: Ckay.

MEMBER REMPE: -- but |'m just thinking
about readi ness and gui dance, and sone of the things
i ke Dave and Dennis brought up earlier, things that

the staff has | earned fromthese eval uati ons that not
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only nake them ready for incom ng applications, but
gui dance, so that they focus.

You know, if you say that paraneters X, Y,
and Z are very inportant -- again, you did a reference
pl ant eval uation -- their design nay be different, but
they'Il know to focus and say, okay, that my be
important for what you did, but our design is so
different, we don't have to do it. And it m ght
facilitate and make future reviews nore efficient.

It's just an idea | had. Anyway, just a thought.

MR.  ESMAI LI : | think that is very
important, Joy. | really appreciate your asking this
guestion. Now l'mjust trying to put thisinto -- you

know, because we are |looking at different accident
scenari os, you know.

But one thing | can say, now that you
brought it up, is what |I'm showing here in terns of
TRI SO. For exanple, we are talking about fission
product diffusion coefficients. But the other thing
is fuel failure, right? That's another inportant --
so, our experience has shown that we can go ahead and
| ook at these fission product -- and | know t hat they
are doing this under the AGR program with DOE; that
they are trying to use their tools to do experinents,

et cetera; find out what this fission product
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diffusivity is, right? So, thisis alarge effort to
gain that.

But it's nore inportant to know what the
fuel failure is, right? Because that silicon carbide
layer is a good fission product retention, right,
layer? So, if you want to know nore about this, we
woul d I'i ke to know nore about the fuel failures. That
dom nates the source term as opposed to fission
product diffusion coefficients, right?

So, these are the insights that we gain
fromrunni ng cal cul ati ons, doi ng uncertai nty anal yses,
doi ng sensitivity. And you're absolutely right, as we
go about doing sone of these things, we can
comuni cate that, so people or whoever is using our
codes under st and.

Does that --

MEMBER REMPE: That helps. It's just a
t hought to consi der, and maybe you' ve al ready done it,
but something to think about.

Thanks. Go ahead.

MEMBER BI ER: Hi . | have anot her
guestion, if | can interrupt at this point. This is
Vi cki Bier.

So, | should preface this; |I'm not a

physi cal scientist at all. | cone fromthe PRA worl d.
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And in the PRA world, there is a certain |evel of

detail beyond which the results really becone
nmeani ngless. So, likeif wetriedto expand the | evel
of detail in a PRA to the level of resistors and
capacitors in a plant, it would be inpossible to
create that level of detail of nodel wth any
accuracy.

And so, as you talk about building nore
features into MELCOR and nore | evel of detail of what
can be nodel ed, what do you do about validation, and
are you creating situations where you are, basically,
ki nd of giving users the ability to hang thensel ves by
giving them so many paranmeters that nay be difficult
to estinate or so many nodel s that may be difficult to
build accurately?

MR ESMAILI: So, | think, as | nentioned
before, you know, we are resisting. W are resisting,
and | think of some of the areas nentioned, that we
are resisting going into a lot of details. W don't
need to do that because, again, MELCOR is a system
| evel code. And, you know, it has been -- it's used
consistently for PRA applications. As a matter of
fact, we are using it in a Level 3 PRA that we are
conducting at NRC.

It is -- sorry?
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MEMBER Bl ER. No, go ahead. Sorry.

MR. ESMAI LI : Ckay. So, we are very
careful in ternms of what needs or does not need to be.
| will get into that, but there are | ots of peopl e al
over the world that they use this for their PRA
appl i cati ons. And some people, they go into nore
details than is necessary. But, through our gui dance,
we conduct workshops; we neet with them W are
inform ng themof the | evel of detail that is needed;
the l evel that you don't really need to get into. And
so, we have interaction in ternms of what is needed and
what i s not needed.

And we don't ever go into that |evel of
details that you are talking about; that nodeling
every nut and bolt in the plant. W just nodel
what ever i s necessary to gain an understandi ng of how
t he acci dent progresses.

MEMBER Bl ER G eat. Thanks.

MR. ESMAILI: Ckay. Thank you.

Next sl i de, pl ease, "I nternational
Col | aboration."

So, I'mgoing to go a little bit --
don't know how nuch time | have.

But, next slide, please.

CHAl RMAN PETTI : Yes, Hossein, we would
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probably like to take a break at the top of the hour.

MR. ESMAI LI: Ckay.

CHAI RMAN PETTI: So, just to give you a
sense.

MR, ESMAILI: Al right. So, let's seeif
| can finish by the top of the hour.

So, in addition to the donestic use, the
code is provided by the NRC to international
organi zations through bilateral agreements. This is
under the Cooperative Severe Accident Research
Program or CSARP

This is an international program Severe
acci dent, you know, know edge, code research and code
devel opnent. It provides access to experinental data
for code devel opnent, nodification, assessment.

It's an NRC coordinated program wth
participation froma lot of countries. Actually, |
think that the programstarted back in the '80s. W
have limted experinental prograns sponsored by the
NRC. The current thrust is on devel opnent,
assessnent, and nodification of our tool MELCOR, and
we host a neeting once a year, usually in June, to
exchange progress in severe accident research and to
report code devel opment and assessnent st at us.

And so, what you can see in the map here
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is that we have approxi mately about 30 countries that
are participating in this program -- you know, from
North Anerica to Europe to Asia.

There are two user group neetings, one for
Asi an MELCOR users. It's called Asian MELCOR User

Group neeting. This typically neets in the fall, and

we had just had one in Novenber. It was hosted in
Si ngapore, and it was still virtual, but hosted by
t hem

And a European MELCOR User G oup neeting
that neets in the spring. This is sponsored by
European countries. So, every year it's different.
This year it's going to be Poland who is hosting the
neeting. Again, it's going to be virtual and it's
going to be sonetine in April.

These neetings allow nore interaction
bet ween the code devel opers and the code users, so
they can get nobre access to what's going on. So,
since we are thinking of guidance, when it is tinme to
actually apply the code -- and also, the MELCOR
wor kshop -- this is where we tell people, you know,
what it is that they can focus on; what is the
i nportant nodel i ng practices; what's the best nodel i ng
practices, et cetera.

There's al so a | arge user base worl dwi de.
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| listed nearly 1,000. So, as you can see fromthe
map, sonmewhere in the world soneone's light is on and
probably runni ng one of our codes. So, it has world
usage.

Next slide, please.

So, this slide shows sonme of the rel evant
i nternational severe accident projects that the NRC
uses to develop and validate the MELCOR code. " m
listing some of them

The PHEBUS, of course, is avery inportant
program involving the knowl edge of the tests of
fission product rel ease and transport fromirradiated
reactor vessel, reactor fuel. This was organi zed by
| RSN at the Cadarache facility in France.

It consisted of five tests involving
rel eases fromirradi ated fuel and steamtransported to
a nodel RCS, including a steam generator tube and
behavi or in the nodel containment. And we use the
PHEBUS experinments to validate the MELCOR in
NUREG 1465. So, this was one of the first | arge-scale
i ntegral experinments that we were participating in.

And from this experinmental program the
i nternational severe accident community did a series
of separate effects experinental progranms to study

phenonena for which the code did not capture the
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behavior. And we are constantly nonitoring, and we
are involved in sone of these studies.

These are the Behavi or of |odine Project,
for exanple; Source Term Evaluation and Mtigation
STEM

And af ter Fukushi ma, there were additional
progranms initiated to  better understand the
experimental progression with severe accident codes
because, as | said in the previous slide, the
i nternational conmunity uses our code. So, there's a
| ar ger user base of MELCOR, and once you parti ci pate,
it inproves our nodeling and predictive capabilities.

And recently, we are conducti ng
experinments to study underwater nelts. This is
especially for conposition with high netal content.
This is representative of those in Fukushima. Thisis
t he ROSAU program

Finally, we are | ooking into the potenti al
sources of delayed radionuclide releases. This is,
you know, where we are tal ki ng about revapori zation --
this was observed at Fukushima -- focusing on the
revapori zation, the RCS and formation of organic
iodides in the containnent. This is the ESTER
program They are al so participating in an exercise.

It's very simlar to what we have done under SQOARCA.
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They are | ooki ng at uncertainties in severe acci dents.

Next slide, please.

So, last year, we formed a panel of
experts. They collaborated to create a Phenonena
| denti fication and Ranki ng Table. This was to address
significant phenonenol ogical issues inpacting core
degradati on and radi ol ogi cal rel eases for various ATF
designs. W also |ooked at the inpact of burnup in
enrichment and conpared with conventional fuel

The ai mof the PIRT was to help the NRCto
focus attention on how these concepts change our
exi sting understandi ng and provide i nformati on on how
we can use this to inprove MELCOR

The final neeting was held, actually, |ast
April, and we published two NUREG docunents that you
can see on the righthand side of this slide. One was
a literature review This was literature review of
what we do know about ATF and high burnup. And the
ot her one was PIRT itself.

So, the PIRT really consisted of 10
actually internationally recogni zed experts. So, it's
a good docunent. | highly recormend reading it, and
especially the fact that we are | ooking at these new
technol ogies and conparing it to our conventional

fuel .
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W al so worked on cal cul ating the source
termfor high burnup fuel, and we are pl anning a peer
review for later this year.

W are also participating in the
QUENCH- ATF program This is using an experinenta
facility at the Karlsruhe Institute of Technol ogy,
KIT. This is a joint international program through
the CECD/ NEA. It involves large-scale bunker
experiments for design basis and beyond design basis
condi ti ons.

So, the data that we are getting from
t hese experinments, again, will be used to devel op and
val i date nodels from MELCOR and FAST. FAST is al so
our fuel performance code.

The project is supported donmestically by
the NRC, EPRI, and Westinghouse, and internationally
by 15 organi zati ons from seven countries.

The focus of the first phase would be on
chrom um coated zirconiumalloys. So, | just |earned
that the sanpl es have been shi pped from Westi nghouse
to KIT this past January, just about a nonth ago, and
we are hoping to have the first test as soon as Apri
of this year.

Next slide, please.

So, NRC joined a cooperative research
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program -- this was hosted by IRSN in France -- to
investigate loss of coolant or cooling accident in
spent fuel pools. This is called the DENOPI project.
It's conposed of experinents, nodeling, validation of
conmput er codes, even CFD codes. These are designed to
extend t he know edge about vari ous phases of a | oss of
cooling accident in the spent fuel pool.

The proj ect provides experinental datato
validate spray -- | think it's cooling spent fuel
cooling bundles, and cladding oxidation under a
m xture of steamand air environnents. Specifically,
we are interested in rate of spray droplets
penetration into the fuel assenbly and air and steam
oxidation of the <cooling <cladding to address
uncertainty with our current predictive capabilities.

W net with IRSN. W | ooked at sone of
the results of the experinent, and we are planning to
have followon to better understand the experinental
conditions and how we can inprove our code.

And thisis inline with what we state in
SECY- 16-0100, following the "National Acadeny of
Sciences Study of the Lessons Learned from the
Fukushi ma Nucl ear Accident” for plant users. Also, it
is an effort to enhance MELCOR capabilities. So, we

are on target with that.
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Next slide, please.

So, I'mgoing to go |look at sonme of the
MELCOR appl i cati ons.

Next slide, please.

So, MELCOR is used extensively in the
design certification of newreactors. |'mshow ng you
some pictures of what we have used in the past and
what are the newer designs. |It's used for both severe
acci dent response -- you know, this is nostly when
you' re tal ki ng about the LWRs, Chapter 19, and source
term and the contai nnent response to a design basis
accident. This is what we cover usual |l y under Chapter
6.

The application of MELCOR to these new
reactor designs requires some code enhancenent and
val i dati ons because of the special design features.
For exanple -- and this goes back to the '90s -- for
exanpl e, for AP-1000, we started using a fuel tracking
nodel for the containnent shell, Dbecause the
contai nment is being cooled on the outside.

And as far as severe accident nmitigation
is concerned, there are design differences between
sonme of these designs. For exanple, the EPR and APWR
EPR, what you see here, has a special core catcher and

spreadi ng conpartnent, and t he contai nment i s equi pped
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wi th passive autocatal ytic reconbiners for hydrogen
control. And the APWR, it's nore active systens. The
debris shifts through a conbi nati on of cavity fl oodi ng
and enhanced area for debris spreading, and hydrogen
control relies onthe igniter. So, MELCOR provides us
a tool that we can | ook at these different systens.

Next slide, please.

This is a good tine if you wanted to take
a break, because the four slides are SOARCA-r el at ed.
O do you want me to keep goi ng?

CHAI RVAN PETTI : No, we could probably
take a break now. So, thank you.

Let's pause here and be back at 15 after
t he hour.

Thank you all.

(Wher eupon, at 10:56 a.m, the foregoing
matter went off the record and went back on the record
at 11:15 a.m)

CHAI RMAN PETTI: Okay, Hossein, | have 15
after. So, let's keep noving. Thanks.

MR. ESMAILI: kay. Sorry. Dave, do you
want me to go a little bit faster in the interest of
time? | think I'ma little bit behind, but --

MR. SNODDERLY: This is M ke Snodderly.

| think you're like four slides behind.
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| think the goal would be to start the next
presentation at noon. But cover the nmaterial you need
to.

MR. ESMAILI: Okay. I'll goalittle bit
faster because Jason still has to talk.

Al right. So, back in 2006, we started
the State-of-the-Art Reactor Consequence Analysis.
This is the SOARCA project. W |ooked at potenti al
consequences of an unlikely severe accident in Surry
and Peach Bottomthat involved significant quantities
of radioactive material, release of radioactive
material into the environnent.

These two plants are a BWR and a PWR and
have been anal yzed before i n NUREG 1150 and WASH 1400
before that. And foll ow ng conpl etion of the original
SCARCA in 2012, we docunented the results, and then
we took a systematic | ook at a potential source of
uncertainty.

Ve al ways acknow edged t here are
uncertainties insevere acci dents, whet her i n nodeling
or boundary conditions, and while sensitive analysis
i s hel pful, a formal uncertainty anal ysis, we t hought,
coul d shed nore |ight on the expected behavior.

And so, a few years ago, we started on

performng the UA analysis for selected accident
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scenarios in Surry, Beach Bottom and also, for
Sequoyabh.

For the Sequoyah -- this is the picture
that you see on the righthand side -- we focused nore
on the containnment performance because of potenti al
for hydrogen conmbustion and early contai nnent fail ure.
And t he picture al so shows the details of contai nment,
especially the ice condenser region itself.

Next slide, please.

So, these are typical results from the
SCARCA back in 2012, in terns of source term and
rel ease to the environnent, as well as containnment
performance with the i ce condenser. The 2000 results
show t he range of source termfor a nunber of accident
scenarios. The UA analysis showed variation in the
source term given uncertainties in the MLCOR
nodel ing frame, as well as boundary conditions, such
as safety valve failure for a short-term station
bl ackout in Sequoyah.

So, that's what we see in the four steps.
There are a few early releases of the iodine due to
early failure of the contai nment, but the majority of
the cases resulted in late failure of the containnment.
So, these are the typical results that you are seeing

right now in the uncertainty analysis and detail ed
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nodel i ng wi t h SOARCA.

Next slide, please.

So, when we were doing the Sequoyah, we
started | ooking nore carefully at the UA results and,
in particular, trying to find out if we could better
under stand t he response of the system doalittle bit
of data mning, and trying to see if we can cluster
the points that are inportant; you know, trying to
find out what are the inportant figures of nerit.

So, in this case, we were |ooking at
hydrogen generation fromthe tine that the hydrogen
started generating after the first deflagration. This
is inmportant because it characterizes the accident
progression, since only the first hydrogen burn
deternmines early versus |late containnent failure.

And so, on the left, you notice the
clustering of the points. So, the yellow are the
begi nni ng of cycle for a short-termstation bl ackout,
and the red are the long-termstation blackouts. So,
we were able to cluster these points and superinpose
them on top of each other, even though the scenarios
were conpletely different. And this was because, at
the tine that they started the hydrogen generation,
these realizations had simlar decay heat and they

showed sim | ar behavi or.
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The differences between the mddle of
cycl e and end of cycles are | ess pronounced. So, the
response in terns of hydrogen generation is also
simlar. So, the point is that, when you |l ook at this
clustering, you see that the response is -- you know,
the uncertainties are very established. You know, the
points are not all over the place and you can find
that clustering of the points.

During t hat sane Sequoyah, there were al so
guestions of how we nodel ed the pressurizing safety
val ve and what inpact it has on the results. So, this
is what you see on the right figure. And followi ng a
briefing of the ACRS on the draft, we revised the
nodel. And so, then, our new nodel and nobst recent
nodel showed a probability of 80 percent that the
safety valve fails to close. In the revised UA that
probably was reduced to about 11 percent.

But both UAs exhibit the sanme generally
characteristics. You know, these are the bl ue points
and the orange points. So, what you see, even though
we changed the probabilities, what it did was that it
redi stributed the points. So, nore of the points that
are orange now noved into the bl ue.

And this is understandabl e because the

hydrogen that's produced in-vessel is generally nore
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inthe tine to hot leg failure and t he hydrogen burns
| onger. Then, the pressurizer safety valve fails to
cl ose. And we need a longer tinme to allow nore
ef ficient venting of the hydrogen to the contai nnent.

Next slide.

So, when we are | ooki ng at the Fukushi nma,
we are | ooki ng, al so, at the clustering of the points.
So, we have a true MELCOR that gives us sonething.
"' mnot showing initial boundary conditions and event
scenari o.

And sone of the questions we can answer
are: howwell do these different acci dent managenent
strategi es reduce the potential or the magnitude of
the rel ease to the environnent? What are the critical
events in an acci dent? Wat are the know edge gaps in
under st andi ng pl ants' response and vari ous phenonena
that have the biggest inpact on the accident
progr essi on?

So, we did this «clustering on the
ri ghthand side. This is an exanpl e of the cal cul ation
inthe certainty analysis that we did for the AGRt hat
Jason is goingtotalkinalittle bit, and we'll | ook
at sone of the, you know, the inmersivity of the RCCS
for exanpl e; the graphite conductivity; heat transfer

fromthe reactor cavity cooling system and al so, the
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bl ockage; you know, how well we get air cooling of the
cavity. And so, we can understand how these
paranmeters affect the results.

Next slide, please.

So, we also used MELCOR it played a
critical rolein forensic evaluation of the three core
nmelt events at Fukushima Daiichi, the events at
Fukushi ma. So, they showed significant uncertainties
on our understandi ng of the boundary conditions.

So, what you see hereis, with a code |ike
MELCOR, we were abl e to performforensic eval uati on of
the wuncertainty boundary conditions and conpare
avai | abl e measurenents and code estinmations to better
understand what possible unneasured and unobserved
pl ant states there were. So, it's very useful in
ternms of reconstructing the accident that happened at
Fukushima. | guess this is the takeaway.

Next slide, please.

So, we started | ooking at the spent fuel
pool nodeling since 9/11, and MELCOR flexibility
allowed a relatively straightforward application to
spent fuel pool analysis. Over the vyears, we
i ntroduced different conmponents, |ike, for exanple,
racks and developed a general standard radiation

model . And so, this would allow us to better npde
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MELCOR for accidents in the spent fuel pools.

And |i ke you see, the inserts are sonme of
the NUREG CRs in ternms of zirc fire experinents that
we conducted, an international PIRT and status report
on the state of nodeling for spent fuel pool that |
added on the slides.

Next slide, please.

So, this is an exanple of the experinent
that was done for a PWR assenbly. This was an
CECD/ NEA experi nent . This was 12 international
partners conducted the experinents.

And so, what you can see is that you can
see the fuel assenblies. This is the hot channel
before the start of the experinents. The hot channel
is the first, and it's surrounded by four cooler
assenbl i es. What you can see is that, as it goes
t hrough t he heatup, the central assenbly, you know, it
heats up and propagates to the other assenblies, and
finally, you can see the state of the assenbli es.

So, it is also a highly sensitive. So, we
tried to nodel this with MELCOR  Another thing, |
think, in general, the MELCOR i s capabl e of predicting
the conditions of the experinents. The results were
highly sensitive to both oxidation kinetics and

transition to breakaway. But, in general, we showed
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good agreenent as far as peak cladding tenperature,
ignitiontinme, and ignition propagation is concerned.

Next slide, please.

So, we did a major study in NUREG 2161 to
| ook at spent fuel pool nodeling. Qur focus was on a
BWR with a Mark 1 containnment. W studied the inpact
of spent fuel configuration, high-density versus | ow
density | oading, and we did a very detail ed anal ysi s.

You can see sone of the results here
This is an exanple of a high-density pool. This is
actually at Peach Bottom and it shows where the
hottest assenblies fromthe last two offloads are in
a 1x4 configuration and constantly surrounded by
col der assenbl i es.

So, we |ooked at different accident
scenarios, a small | eak and a noderate | eak. When you
are | i ke 13 days, the hotter assenblies are hot enough
that they can cause serious danage. And as you can
see, it heats up and it goes through a zirconiumfire,
and then, actually, there is fuel relocation.

For a noderate | eak, this was a case where
the break was at the bottom of the pool. So, there
was sone mtigation associ ated and natural circul ation
of air through the fuel assenblies that kept the fuel

tenperatures relatively | ower.
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Next slide, please.

So, in terns of the magnitude of the
release, it depends on many factors: rate of
drai ndowmn, tine after out of I|oad, and node of
mtigation. So, you can see this figure shows the
environnmental release of cesium137 during that
operating cycle. The operating cycle usually for a
BWR i s about 730 days. And so, we | ooked at different
snapshots during its operating and the range of
rel eases that we can find.

In general, they have |owdensity
rel eases. You know, these are the blue boxes. This
is where two-thirds of the assenblies have been
removed fromthe pool. It shows that two orders of
magni t ude are | ower conpared to the high-density case,
where we had like the fuel conpletely with the
assenbl i es.

What we al so found out is that, when we
were doing the study, that Peach Bottomis actually
not doing 1x4; it's doing 1x8. So, it's one hot
assenbly surrounded by eight col der assenblies. And
this 1x8, it actually was a sensitivity because
they're not required to do so, but it was very
effective in dissipating the heat through the core

assenbly. So, this is what we can see in the green
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boxes here.

But the figure al so shows that, duringthe
first week, you know, during the defueling process,
the hot assenblies are still pretty hot. So, even
though we started doing spray cooling of the
assenblies, there was not sufficient water to keep it
cool. So, during the first week or so, we still have
some releases because we were uniformy spraying
t hroughout at the rate of 200 gpmover the whol e pool .

Next slide, please.

So, during the Fukushima event, it becane
apparent that reliable vent operation was needed to
provi de contai nment integrity. Then, the Conm ssion
directed the staff to nodify an earlier order on
reliable hardened vent to make it be a function of a
severe accident. So, we |ooked at these things
carefully under NUREG 2206, "Containnent Protection
and Rel ease Reduction.” W used the nodel that we
devel oped under SOARCA for Peach Bottom and we had a
run matri x of about 50 runs.

We | ooked at different conditions: the
boundary conditions; availability of DC power; how
operators control reactor pressure; operation of RCSI
fromwhat we | earned fromthe Fukushi ma acci dent, and

the mtigation during post-core damage. You know,
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water injection, is it into the driver or the RPV?
And how do we vent the containnment?

So, sonetimes you hear the words "severe
acci dent managenent , " "severe acci dent wat er

addition," "severe accident water nmanagenent." This
is how we do water addition to reduce the rel eases
after lower head failure.

Next slide, please.

So, in terms of the releases to the
environnment, we did not explicitly nodel an external
filter, but the effect of filters was considered in
t he consequence analysis. So here, inthe top figure,
you see release to the environment. The blue |ines
are cases Ww thout water injection. The red |ines
assume injections at |ower head failure. So, it's
clear that, you know, injection is arresting the
further rel eases fromthe fuel

But what is inportant al so is what you see
on the bottom So, on the bottom what you see is
that, during the release, nost of the rel eases that
are occurring, the particles that are being rel eased,
it isin submcrons. Like 80 percent at least are in
the .5-mcron size. Because the release has already
gone t hrough the suppression pool, so it becones nore

difficult to further scrub.
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So, this provided sone insights into
NUREG 2206 and external filtration rul emaking.

Next slide, please.

So, in terns of the nmagnitude of the
rel ease, these are the range of releases that you
find, depending on whether you do RPV injections,
driver injections; howyou do water exit managenent or
wat er addition, and if you cycle the vent or not.

And as you can see, there's not rmuch
di ff erent bet ween vari ous post-core damage strat egi es,
whether it's RPV or driver injections, and how you
manage the water.

One thing is that the highest releases
occur for a main steam line break, but this is an
unlikely event because they do depressurize the
vessel. So, we actually had to work hard; we actually
had to i nduce a steamline break, just to see what the
rel eases | ooked |ike.

Okay. Next slide, please.

So, | just want to cl ose by saying that we
have decades of experinental and anal ytical research
in severe accident progression and source term

W know how to develop codes. Ve
understand a |ot about how fission products are

rel eased and nove about and go into the environnent,
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go into the containment.

W have a validated state-of-practice
MELCOR code. This is ready for application to a wi de
vari ety of nuclear technol ogies, including advanced
desi gns.

And it has been an essential tool for
resolving safety issues and informng regulatory
deci si onmaki ng.

Thank you.

MR. SCHAPEROW  (kay. | would like to
talk to you about MELCOR application in new reactors.

Before that, though, | would like to
nmention that, in case you hadn't noticed, we started
MELCOR in 1982. So, this is the 40th anniversary of
MELCOR, and MELCOR, | believe, has cone a | ong way.

| was there for some of the earlier
anal yses. The very first MELCOR anal ysis back in the
'90s for steam generator tube rupture, severe
acci dent -i nduced tube rupture, where we didn't have
countercurrent flow in the hot |eg, and sonebody
asked, well, how are the things going to get into the
steamgenerator? Howis the steamgenerator going to
heat up? And fission products? So, anyway, this
really has conme a | ong way, | believe.

So, next slide, please.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

84

For new reactors, we do independent
anal ysis using MELCOR. That's part of our review W
have gui dance for that. The guidance is given in the
St andard Revi ew Pl an.

The gui dance includes: the staff will do
an i ndependent assessnent of plant response and source
term The staff will do this for select scenarios
fromthe PRA. And then, the staff will sit down with
the applicant and discuss any differences or issues
the staff m ght note between the staff's anal ysis and
t he applicant's anal ysis.

Next slide.

So, we have built a |lot of MELCOR nodel s
for newreactors. W have MELCOR for all of the | arge
light water reactors. |'ve listed themhere on this
slide. | think I've got themall, eight of them
guess it's maybe nore correct to say U. S. EPR and U. S.
APVR.

The gr aphi c her e shows acci dent
progression. This is kind of a graphical depiction.
It starts on the upper left and noves around to the
bottomleft. The first one is the beginning of the
acci dent. The next one is dryout of the steam
generator and the core starts to crunble. The one on

t he bottomright shows the core pretty much all in the
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| oner pl enumof the reactor. And then, the one on the
| ower | eft shows the core after it's left the reactor
vessel and it's sitting at the beginning of the core
catcher. And this is the EPR

Next slide.

W have also built and applied MELCOR
nodel s for SMRs. These are |ight water reactors
NuScal e, nPower, Westinghouse SMR, and nore recently
and currently, the BWRX-300. W actually use the
NuScal e nodel quite a bit, and ' mgoing to tal k about
that in the next slide.

Next slide, please.

So, one thing that we sawwith NuScale is
that they developed their own source term from the
reactor into the containment for the purpose of
denonstrating that they neet the EAB and LPZ dose
criteria offsite. So, the source term that NuScal e
came up with was a replacenent for the source termin
Appendi x A of Regulatory Cuide 1.183.

NuScal e did this with MELCOR. They used
MELCOR to estimate source termfromthe reactor into
t he contai nnent. And part of their analysis and
typically, one of these anal yses is the deposition in
containment. And for that, actually, NuScal e turned

from MELCOR and actually deci ded to use STARNAUA for
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that. It's a separate code. It's a aerosol code. |
understand it was devel oped years ago i n Germany, and
t hey use that.

So, when it was our turn to do our
i ndependent anal ysis, we, again, pulled out our tool
MELCOR and we perforned i ndependent assessnent for a
nunber of scenarios fromthe PRA. And we al so used
RADTRAD to understand what that meant for offsite
doses.

Next slide. GCkay, next slide, please.

So now, I'mgoing to turn to the MELCOR
Scal e Non- LMR Source Term Denonstration Project. So,
this is where we are in our work for non-LWRs.

As Hossein nentioned, we actually started
non- LMR work a |l ong ti ne ago. For exanpl e, back about
10 years ago, we were doing some work on HTGRs. So,
here's where we are today:

|"mgoing to talk, starting off with the
first bullet here, |I'm going to talk about the
strategy for non-LWR source term anal ysis.

" mgoing to tal k about the objectives of
this project to develop a MELCOR for non-LWR anal ysi s
and to apply it for several reference plant nodels.

I'"'m going to talk about sone public

wor kshops we did this past year.
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And then, 1'm going to show sone sanple
results for the three plants we did this year. |'m
only going to show a smal| sanple of the work we did.
W did a | ot of anal yses because we really wanted to
give MELCOR a good shakedown, so that we would know
that we have a tool that can be used for these
reactors.

Next slide.

So, our strategy for determ ning source
term for non-light water reactors involves applying
SCALE in MELCOR. And this is really what we have been
doing for many years, pretty much since |I've been at
the NRC back in the early '90s.

In the early '90s, we were using what is
called CRIAN, ORIG@ N and MELCOR And now, it's
cal |l ed SCALE. ORIG@ N is part of SCALE. So, we've
been using these codes to do source term at |east
since | got here in the early '90s.

Before that, in NUREG 1150, we tended to
use -- well, we had a source term code package which
was there were separate codes that we had to feed the
out put of one code into the next code nanually.

And al so, during NUREG 1150, we devel oped
somet hi ng cal | ed t he EXOR code package, which, again,

wasn't really a -- it was not a phenonenol ogi cal code
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i ke MELCCR is. It was factors, you know, release
fractions fromthe core, rel ease deposited in the RCS
et cetera.

Anyway, so what we're doing is we're
continuing what we've been doing. This is an
extensi on of what we have been doing for many years.
W' re applying SCALE and MELCOR to the source term
And our strategy for non-LWRs is described in detai
in Volune 3 of the code strategy. The cover of that
is shown on the left side of this slide.

W al so plan to use SCALE and MELCOR for
safety analysis for fuel cycle facilities for non-
LVRSs. And that's shown on the left side as well.
That is so-called Volume 5 of our code strategy.

Today, though, |I'mgoing to be focusing on
Vol une 3 and the work we' re doing for the reactors and
not for the fuel cycle facilities.

Next slide.

DR. BLEY: Hey, Jason, this is Dennis
Bl ey.

Sonmet hing both you and Hossein talked
about raises a question for me. And that is, over
time, as you devel op these codes, various peopl e would
rai se questions about what's there and what's not

t her e, and does this apply to the accident
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random zing. And it caused nore evolution as a code
i n devel oprent.

Now, for a new design and an applicant
who's devel oped that new design who hasn't been
i nvol ved i n t he devel opnent of these codes, has access
to the website we've heard about today, |' mwondering
what keys themto questi on whet her the code's properly
handling the physics of anything that's unique in
their design. |s there any guidance or help with that
that they'll have? O is it just, when they submt
it, you folks mght find those things?

MR. SCHAPEROW  Yes, well, | think you

raise a good point, which is that it is a state-of-

the-art code. It is a large code. It's
sophi sti cat ed. It nodels a lot of phenonena in
different levels of detail. And it will be a
challenge for a wuser to code. They need sone

experi ence.
And various vendors have handled that.
One vendor -- | won't name them-- they hired one of
the folks at Sandia who's been involved wth
devel opnent in application, when they got started.
And | think they trained ot her people along the way.
But, yes, you'reright, it is, it will be

a challenge for them But --
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DR. BLEY: W may run out of those people.

MR SCHAPEROW Well, that's -- what do
they call it these days? -- know edge nanagenent. You
know, peopl e are apprenticed, and then, they | earn how
to do stuff. And then, they develop their skills.

Yes, we have MELCOR analysts and
devel opers. At one point, the MELCOR project was
really huge. W had people working on MELCOR
devel opnent at Oak Ri dge, Brookhaven, and Sandi a. Now
Sandi a has al ways been the central spot, and that's
where it is now But, yes, there's a big conmunity.

And peopl e that use codes |i ke MAAP, they

understand this business quite well, too. They could
probably junp right in, | inmagine.

DR. BLEY: kay. Well, it's something
just for the overview. | mean, this is a session --

today's sessionis on howall of this stuff integrates
together, and it's a pretty massive anount of
i ntegration.

| think we need sone ki nd of gui dance t hat
hel ps peopl e know to | ook for the kind of things that
you fol ks have tal ked about that's evolved over the
years. Anyway, you don't need to answer that now, but
we need to have a focus on that at sone point.

MR. SCHAPEROW Well, it |looks Iike
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Hossein would like to add sonet hi ng.

MEMBER REMPE: To meke it real clear, the
best practices volune of the User Guide for MELCOR i s
something that would be wuseful for the non-LWR
applications, right?

MR. SCHAPEROW Hossein is ready to help
out with that one.

MR. ESMAILI: So, can | just add sonet hing
to what you are discussing? So, we have MELCOR
wor kshops, right? So, as long as you are registered
code users, you can cone to the workshops; you can
participate in these codes. You know, this is where
Sandia is teaching you how to use the code, if there
are additional nodels for non-LWRs.

And this is nothing new. You know, we
started havi ng workshops on HTGR and SFR during the
pandem ¢ back in the 2018 or 2019 tineframe. So, we
al ways have those training classes for registered
users.

As | nentioned, we have the theory manual ,
Users' Cuides. You know, the users can go to those to
find out exactly what the nodels are. They can al ways
ask questions. So, they know what the theory behind
what we put into the code is.

For the surface plant nodels, we are
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working on reports, right? So, those reports are
going to becone available, right, to see what they
have done; you know, when we are using the code, what
we found out. And in addition, we can show the
nodel s. So, there's a whol e bunch of things that are
goi ng to come together.

But | just want to go back to what Joy
said earlier. | think it would be good to put
everything in one place in terms of the non-LWRs, to
have sonme type of best practices, et cetera. And I'm
sure we can do that.

MR. SCHAPEROW  (kay. So, | guess I'd
like toturn to the SCALE- MELCOR Non- LVWR Denonstrati on
Project. W set up three objectives for this effort.

The first is to devel op our understandi ng
of severe accident behavior for non-light water
reactors, and that would help provide insights for
regul at ory gui dance.

Second, we would |ike to have a dial og
wi th the stakehol ders on what we're doing with MELCOR
and SCALE and the staff's approach for accident
progression and source term Because we're going to
be doi ng independent analysis, as we always do, |
i magi ne.

And finally, we're denonstrating how one
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coul d use SCALE and MELCCR for non-LWR anal ysis, and

how t hey can be used to help identify characteristics
that are inportant in an accident, and also,
uncertainties that need to be addressed, or maybe t hat
don't need to be addressed.

As part of this effort, we have publicly
avai l abl e input nodels that we're just wapping up
now, at |east for three designs. This is new. W've
never given plant nodel s out before because the plant
nodel s that we have have proprietary information in
t hem

So, these plant nodels are based on
conceptual designs of new reactors that are publicly
avai |l abl e, suppl enented by things that weren't in the
reports. Like the reports, typically, don't specify
what building is around the reactor, these design
reports for these new reactors. So, we specified a
bui | di ng.

Next slide.

Regardi ng the scope of this effort, as |
sai d, we've been doing a |lot of work to add new nodel s
to MELCOR, such as a heat pipe nodel. And so, we are
devel oping five full plant nodels for non-LWRs. W
finished the first three this year, this past year.

And this current year, 2022, we're doing the | ast two.
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This slide shows how we' ve bi nned t he new
reactor designs. W have taken all the new reactor
designs and we bin them roughly, into five cl asses.
And we're building a full plant MELCOR nodel for each
of these five classes. And the individual nodel s that
we' re building are shown here on this slide.

The first one is what was originally
cal | ed t he Megapower reactor that Los Al anpos desi gned,
but INL tweaked it and nmade some changes to it. So,
we' re nodeling the INL Design A version of that.

The second reactor, the HIGR we're
nodel i ng t he PBMR- 400 desi gn, whi ch goes back, again,
about 10 years.

A newer design is the next one, the
University of California Berkeley Mark 1 FHR. This is
a pebbl e-bed reactor with nolten salt cooling it.

And then, the last two reactors we're
going to be doing are the nolten salt reactor
experiment and the advanced burner test reactor.

Next slide.

DR. BLEY: Jason, Dennis Bl ey again.

A sort of related question. This is
wonder ful you're going to have these, and they woul d
be good starting places for many peopl e.

Can you tal k about -- thinking about the
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i ssues of what might be really unique and are we
m ssi ng anything, nmore confort inthat area cones with
a broader range of peer review and coment. And |
don't know the best way to get that. Maybe you can
tal k about that if you put together an international
panel or if you're submtting papers on these that
woul d get international review? Anyway, if you can
talk a little bit about the peer review that's going
to be applied, or likely will be applied to these
nodel s, it would be hel pful.

MR SCHAPEROW Yes. First of all, |
think we spent a lot of tine developing the code
strategy. And the code strategy |ays out the nodels
t hat are needed for these new designs. And so, that's
one thing we do factor in.

Second is we do have quite a bit of
i nternational collaboration going on. Actually, one
of the first applications of MELCOR in the non-Ilight
wat er reactor area was by -- | think it was sonebody
in Hungary. Part of our annual severe accident
research nmeeting, we net and they presented their work
on how they applied MELCOR for non-light water
reactors. So, yes, there is cross-fertilization, and
there is, | guess you might call it, peer review going

on there.
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We've presented the work at public
neetings this past year. The vendors cane, sone of
t he vendors cane. W got sone coments. Some of it
was nore on scenario selection than it was on
phenonenol ogi cal per se.

But we're going to be publishing reports,
Sandi a and OGak Ri dge reports, ORNL reports, as part of
this project. So, there will be other opportunities.
We're presenting results at different conferences.

W' re produci ng a newref conference this
year to present one of these results. Qur | ead
anal yst, Casey Wagnher, is going to be presenting that.

So, | don't know if that fully addresses
your question, but --

DR BLEY: It's helpful. Thanks a |ot.

MR SCHAPEROW Yes, | think, as with nost
things, the nore we work on it, the nore we're going
to learn about it and the better our nodels will get.
W're still finding things wong with the Peace Bottom
MELCOR nodel, little things, you know, at this stage,
but there's still little things that get debugged. |
guess you mght call it bootstrapping. There will be
some boot strappi ng going on, | think.

Anyway, the approach for each of the five

designs we're nodeling, first, we start off wth
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SCALE. SCALE is used to calculate what's going on

during operation, not during the accident per se, but
during operation. So, as the reactor is operating,
the gauge is building; radionuclide inventory is
building in. So, we're using SCALE to cal cul ate that
because that's the starting point for the accident:
what's the decay heat? What's the radionuclide
inventory in the core?

Al so, SCALE is providing us reactivity
feedback coefficients, which we're using in MELCOR
point Kkinetics nodels, if we have a reactivity
transi ent.

So, the second step is to build a MELCOR
full plant nodel. W're building that based on
publicly avail abl e desi gns, design concepts, | should
say, that have been proposed over the |ast nunber of
years.

In some cases, we've had to suppl enent
that because these design concept nodels, they're
really are focused on the reactor and not so much on
t he buil ding. So, running the reactor, and the
bui l di ng surrounding the reactor, of course, is an
i mportant place for fission particle deposition.

So, the third part is to select accident

scenari os. Again, we're turning back to our LWR
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experience. W're doing the usual suspects, as you
say, the ATW5 scenari o, the station bl ackout scenari o,
and the LOCA with no nakeup scenario, those types of
scenarios, the, quote, "severe accidents" where
everyt hi ng goes wrong.

The fourth step is to perform MELCOR
simul ations for the sel ected scenarios, includinglots
of sensitivity calcul ations to shake the nodel s down.
And al so, we've done sone uncertainty anal ysis. W've
used MELCOR and we've devel oped MELCOR i nput nodel s
with -- | shouldn't say that. W varied sone of the
i nput parameters with using Monte Carlo tools, and
we're running nmany as MELCOR sinulations to | ook at
things with a Monte-Carl o-type approach.

And finally, when we finish all that, then
we sit down at these public workshops and we discuss
what we've done, including the nodeling and the
results.

Next slide.

Okay. This is kind of our advertisenents
for the workshops. W just plopped themhere on this
slide. The top half shows the workshops we did this
year, and then, the bottomhalf is going to show the
wor kshops we' |l do next year.

W have a QR code here. |If you use your
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camera, it plops you right to the website where it is.
And also, if you want to see about these workshops
sone nore, there's a link at the bottom

| see a hand raised. Joy?

MEMBER REMPE: Yes, in the last slide, |
didn't get my hand up in tine.

MR. SCHAPEROW Ch, |'msorry.

MEMBER REMPE: And you said, well, we did
do sensitivity anal yses. And so, | asked the question
earlier of Hossein, didyou determ ne which paraneters
have the nost inpact? And where there's gaps? And
are you communicating that to the folks in the
wor kshop? | listened to sone of sone of the
wor kshops, and | don't recall that discussion, but
maybe | wasn't online at the tine it was discussed.

MR, SCHAPEROW  No. No. Well, | nmean,
the first goal of the denonstration cal cul ati ons was
to show that the nodels we put into MELCOR worked;
t hey work together.

MEMBER REMPE: Yes, and | think that's
great you guys do that.

MR. SCHAPEROW And, you know, that's a
| ow bar, but MELCORis a big code and it's a hard job.

The second part is to say, well, okay, how

do you use the code to look and see maybe what's
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i nportant, what you really -- what are the results
sensitive to? And so, we did denonstrate, | think,
how you would do that; how you would use MELCOR to
show what the results are sensitive to.

But the next step is to show, okay, for
this design, what are the results sensitive to? W
did alittle bit of that, but | think that's kind of
t he next step. | wouldn't characterize that we've
done nuch of that at this point.

And one reason is the designs aren't
finished. W had to Iike nake up things. Maybe |
shoul dn't use the word "make up."

MEMBER REMPE:  Sure.

MR. SCHAPEROW W had to i magi ne what t he
bui | di ng around the design would |ike, the building
around the reactor. And again, the building can be an
i nportant factor in sone of these anal yses. You know,
what happens when the cool ant | eaves the reactor and
enters the building?

So, | hope that characterizes it. And
maybe, Hossein, | don't know if Hossein had anything
to add on this that | would characterize as well.

MR ESMAI LI: No, that is beautiful
Jason.

MEMBER REMPE: So, again, when | see sone
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of the applications comng through, | see a |ack of
data because we all know getting the data is a |ong
lead tine and very expensive process. And so,
comuni cating to the design devel opers what data you
had to make up, because they are, also, by the way,
maki ng up.

MR SCHAPEROW  Yes, yes.

MEMBER REMPE: This input is inportant,
and you' d better have data or show us why you don't
have or don't need that data. | think it's a very
useful conversation to have with the desi gn devel opers
earlier on, so that we all have as efficient and
effective |icensing process as possible.

MR. SCHAPEROW And | woul d suggest that
the ACRS actually pointed that out with a recent
revi ew of a Source TermTopi cal Report, that they felt
t hat soneone needs to think about that a little nore.
| think it was release of fission particles from
nolten salt. So, yes, point well-taken.

VEMBER REMPE: | think we're trying to
point that out, but it mght as well be on this
website, or whatever, a roadmap that you guys are
devel oping early on, just to avoid problens in the
|atter end of things. But, anyway, just a thought.

MR. SCHAPEROW No, thank you.
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Next slide, please.

Ckay. So now, | have about, gosh, | don't
know how nuch tinme. Let ne do the first one. | have
sanple results for three plants. So, 1'd like to at
| east go through the first one. If that's enough
then we can skip the other two.

So, | would like to point out, though,
before | get into that, that this was definitely a
col | aborative effort between the NRC, OGak Ri dge, and
Sandi a, Gak Ri dge bei ng the experts and t he devel opers
of SCALE and Sandi a being the experts and devel opers
of MELCOR And Cak Ridge did the devel opment and
runni ng for SCALE for this project, and Sandi a did the
devel opnent and runni ng for MELCOR

Okay. Next slide, please.

So, thisis the first of the three designs
we did this past year. This is the INL Design A of
t he Megapower reactor. And what |'m showing on this
slide is our nodels for this reactor. The left side
of the slide shows the SCALE nodel which enconpasses
the reactor. And on the right, the other two graphics
are the MELCOR nodel. All the way on the right is the
MELCOR nodel of the reactor, and it even shows the
refl ector. This is a fast reactor, so it's got a

reflector, and the external B4C shi el d.
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And the center of the slide shows the
MELCOR nodal i zation of the reactor building, which,
again, we had to kind of make this one up. W decided
that we woul d use sonething that looks a lot like a
BWR Mark 1 reactor building, not the containnent, but
the reactor building, which has a specified kind of
| eak rate type of thing.

Okay. Next slide.

So, we did a few different accident
scenarios with MELCOR for the heat pipe reactor
desi gn. The one |I'm going to talk about today
i nvolves areactivity addition accident with a del ayed
scram So, those are the two basic assunptions,
scenario assunptions, | would say: that (a)
somebody' s addi ng reactivity to this t hi ng
unintentionally, and then, the scram doesn't happen
right away; it's delayed for about an hour.

So, I'd like to direct your attention to
t he upper righthand graph, the power graph. So, the
power of this reactor is 5 negawatts. It's a small
it's a tiny reactor.

And so, what happens at the begi nni ng of
the accident, we have an inadvertent addition of
reactivity by rotating of sonething called the control

druns. So, this is analogous to control rising in an

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

104

LWR.  And so, as the druns turn, reactivity gets added
and the power goes up from5 negawatts up to about 8.

And if you look at the bottom graph,
you'll see the tenperature of the fuel going up,
starting around 1100 degrees up to about 1300. And
then, there's a knee in the curve at 1300 Kelvin.
Because what's going on there is the potassi uminside
t he heat pipes is starting to boil, and the heat pipes
aren't working as well now because they're not neant
to work with boiling potassiumin the pipes. That is
ki nd of the end of them

So, what MELCOR predicts at that point is
the tenperature really goes up even faster. At
2200 K, we have an assunption that the control rods
are -- the shutdown rods are inserted. So, that's it.
So, the rods go into the core and all that's left is
decay heat. And so, after 2200 K, you see the
t enper at ure goi ng down because the heat fromthe fuel
is now noving outwards, and the fuel into other
materials in the reactor, and then, finally, into the
cavity surrounding the reactor. This is a passively
cool ed reactor. The heat just goes fromthe outside
of the reactor vessel into the cavity, and then,
there's air circulation in the cavity.

Next sli de.
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So, this is, again, just to give you a
flavor of what our MELCOR analysis for a non-Ilight
wat er reactor |ooks |like. W had a three-hour public
wor kshop on this. So, this is really a highlight.

Anyway, turning to fission products, this
slide tal ks about fission products. Well, first of
all, the top righthand graph shows the pressure in the
heat pi pes. So, when the heat pipes heat up to
2200 K, the pressure goes up from1l bar to alnost 6
bar . And then, as the heat pipes fail, then the
pressure cones back down to 1 bar.

The bottom righthand graph shows what's
going on with the iodine. That's, typically, the
nucl i de of nost interest in reactor safety anal ysis.
So, about an hour into the accident, the cladding
reaches 1650 K, and that's what we assunme at ful
cladding failure tenperature. It's stainless steel.
And so, then, we have a release from the fuel, and
that's the top curve, the blue curve in the bottom
gr aph.

And then, as you can see, the next curve
down is the iodine that's in the reactor vessel. So,
as you can see, nost of the iodine that's released
fromthe fuel stays in the reactor vessel

The next curve down is the green curve.
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So, that shows how much of the iodine escapes fromthe
reactor vessel into the reactor building.

And then, the bottomnobst curve is how
much escaped into the environnent. Now, to have
escaping from the vessel to the building, and the
building to the environnment, you have to have | eak
pat hs.

So, if you look at the center, the bottom
of the center, | show what our assuned | eakage was.
Agai n, these are engineering assunptions. W don't
know what the tech specs are for the reactor vessel
| eak rate or the reactor building leak rate. W had
to just pick one, so we could denonstrate that MELCOR
wor ks and how you m ght do such an anal ysis.

Next slide.

CHAI RVAN PETTI: Jason? Jason?

MR, SCHAPEROWN  Yes?

CHAI RMAN PETTI: Just a question.

MR, SCHAPEROW  Sure.

CHAI RVAN PETTI: When that heat path from
t hat potassi umgoes into the secondary system | don't
knowif it's an air-cooled systemor if it's a water-
cool ed system but you woul d know t he reaction of the
liquid netal ?

MR. SCHAPEROW Ckay. Yes, so to answer
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your question, | guess | would |like to draw your

attention to the center diagram So, this is our

fairly detailed cartoon of our nodel. The gray area
is the fuel. The gray areas are the fuel, and the
heat pipe is the green rectangle, the tall, green
rect angl e.

So, for this scenario, we found that the
heat pipe failure was in the bottomregion. That's
where it was hottest. And there was no heat pipe
failure up in the top region, where the connection is
to the secondary system So, the release was just
into the reactor vessel. And then, the way the
fission products nmade their way into the environnment
was through the | eakage in the reactor vessel wall,
and then, the | eakage in the reactor buil ding.

Now, regarding the question about
oxi dation of the potassium that |eft the heat pipe
when the heat pipe got a hole init, | don't believe
we nodeled it in the simulations. W do have nodel s
for netal oxidation in MELCOR  So, if we thought it
was an inportant phenonena, we could certainly
activate it or adjust it for potassium W have one
for sodiumin there, |'"'mpretty positive, because we
added it a while ago for sodi um pool reactors.

So, | don't know if that addresses your
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guesti on.

CHAl RVAN PETTI: Yes. No, no, it's, as
you tal ked about the progression of the accident, and
this is areally different type of design.

MR. SCHAPEROW Yes, really.

CHAI RMVAN PETTI: And so, | always worry
about that, that nmaterial getting out. You know,
liquid nmetal getting out might be the worse thing that
happens conpared to the fuel.

MR SCHAPEROW Yes, | don't know.

CHAI RVAN PETTI :  Yes.

MR SCHAPEROW The first for me, it was
really interesting that we didn't really have what |
woul d call a reactor coolant system anynore. W' ve
got these heat punps, which kind of is the analog. |

shoul d say, instead of one reactor cool ant systemwi th

one hot |eg, you know, now we've got -- | don't know
how many of these -- 100 of these or 1,000 of these
heat pipes. It's really different.

CHAI RVAN PETTI :  Yes.

MR SCHAPEROW So, first of all, we had
to add heat pipes to MELCOR So, we did that,
actually, alittle over a year ago, a year and a hal f
ago, | guess. Thanks.

So, the next two sets of slides | have
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tal k about simlar accident analysis for HTGR and for
t he FHR Does the Committee want nme to go through
these? | could. It's just it's going to take nore
than a few mnutes, though. |"m not sure what the
Commttee would like to hear, since |I'm about at the
end of my tine.

CHAI RMAN PETTI: Just hit what you think,
if there's certain highlights, you know, that you
think are inportant.

MR. SCHAPEROW Ckay. |1'Il goreally fast
t hrough them but I won't go into any detail.

So, this is the MLCOR nobdel we put
together for a high-tenperature gas-cool ed reactor
and, al so, the SCALE nodel, shown on the left. So,
t he SCALE nodel appears on the left. The next one
over is the MELCOR nodel of the reactor, and the one
on the wupper righthand side, that's the reactor
cool ant systemoutside of the reactor. And the bottom
diagramis the reactor building.

Next slide.

So, for this reactor, to denonstrate
MELCOR for HIGR, we assunme the loss of coolant
accident. And that was really it; we assunmed the | oss
of cool ant accident.

So, the pressure dropped, as you can see
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on the top, and then, the bottom vi ewgraph shows the
countercurrent flow in the pipe between the reactor
and the break | ocation.

Next slide.

We assune the control rods went in. But
it was a |arge-break LOCA, so all the heat, all the
reactor <coolant, all the gases went into the
cont ai nment .

So, the top righthand of the slide shows
the flows in the core. The flows were slowinitially
in the core, but, eventually, they picked up a bit.
And this is natural circulation. Because it's a |oss
of coolant accident, there's no punping of the gas
around the system The bottom graph shows fuel
tenperatures predicted by MELCOR at different |evels
in the core, at different |ocations.

Next slide.

Tying to fission products, these are

fission product results. Again, the rel eases are very

small. The core didn't get that hot. | nmean, these
are 10 to the mnus 8 iodine releases. | would
characterize that as small. The bottom graph is for
cesi um

Next slide.

The third and final MELCOR npdel we

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

111

devel oped | ast year was for a pebbl e-bed reactor with
nolten salt coolant. The SCALE nodel is shown on the
left. The MELCOR nodel is shown on the right. So,
this shows the core, the reactor cool ant system and
t he reactor buil ding.

Next slide.

For this reactor, again, we did a variety
of scenarios. W did ATWS. We did station bl ackout,
and we did LOCA. W also did failure of all the -- we
pushed this one pretty hard.

So, for the ATWS scenario we ran, it was
an ATW&. So, the salt punps shut off, but reactor
fails to scram So now, you're sitting there with an
unscramred react or.

And we al so | ooked at different anpbunts of
decay heat renoval fromzero up to three full trains.
W al so included reactivity effects because, again, it
was an ATWS and we have what | would characterize as
a prelimnary analysis, including xenon transient,
because xenon is a big deal with you have reactivity
accidents. At least that's what we found here.

Next slide.

On the left side, | show the reactivity
predicted in the MELCOR point kinetics nodel using,

agai n, the SCALE inputs. The first thousand seconds,
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the reactor is heating up because of the accident and
you're getting negative reactivity insertion. And
t hen, after about a thousand seconds, you really see
an effect of xenon. The xenon really takes over. And
for the next 100, 000 seconds, the reactivity is really
down because the xenon i s addi ng all ki nds of negative
reactivity.

And so, the next graph over to the right
shows the core power going down the first thousand
seconds, and then, continuing to go down. At about
100, 000 seconds -- well, 85,000 to be nore precise
-- the xenon is kind of gone. And guess what? The
reactor's power starts com ng up again.

So, if you look at the bottom righthand
side, you'll see the power going up to up to about 20
nmegawatts-ish, and then, the core heats up and the
power comes back down again. And we get oscillatory
behavi or, which kind of ends up the core power at
around 7 or 8 negawatts thermal. That's equal to what
the decay heat renoval system has taken out. So
that's the new steady state for this reactor, assum ng
no rods in.

Next slide.

CHAI RVAN PETTI: Ch, for these sorts of

systens, that's exactly what |'ve seen in the HGIRs,
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too. You knowit's right when the power and the heat
removal bal ance. Then, it's the new steady state
until the rods get in, yes.

MR. SCHAPEROW Ckay. Next slide.

So, this just shows sone sensitivities we
ran. So, the reactor has a decay heat renopval system
called DRACS. It's got three trains. So, we ran the
accident with all three trains, as | just showed you.
And now, we al so ran the sanme accident with two trains
wor ki ng, one train working, and zero trains worKking.

And so, these just show the end trends
that you see fromthat. Maybe one of the nore obvi ous
things is on the right side. The fuel tenperatures
for the case with no trains just keep going up.
That's the red |ine.

The initial transient, though, it stops at
about 800 degrees C, but, eventually, there's no heat
removal . This reactor, wthout the decay renoval
system is kind of in trouble for a severe event like
this.

Next slide.

Summary. We denonstrated the use of SCALE
and MELCOR for three classes of non-LWRs. We're
wor ki ng on two nore classes this year.

And again, to be alittle redundant with
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what Hossei n says, MELCOR simul ates the entire course
of the accident starting with the initiating event,
with the hydraulic response, the fuel heatup, and
then, the heat transfer out of the reactor into the
reactor building, and then, into the environnment. And
then, last, but not |east, the radiol ogical release.

And certainly, MELCOR is unique in this
regard. MELCOR has got t he necessary aerosol nodeling
and simlar nodeling to handle tracking of fission
products. It was one of the reasons that the
SCDAP/ RELAP went away eventually. SCDAP/ RELAP di d
track what left the reactor, what left the core --
excuse ne -- what fission products, but that was it.
After the fission products | eft the core, they didn't
track it. So, we really needed a tool |ike MELCOR
| "' m goi ng back, again, to the '90s.

Al so, as part of this, we showed that you
coul d use MELCOR to eval uate effectiveness of passive
mtigation features, including things such as the

DRACS system

That's it.
CHAl RMAN  PETTI : Hey, Jason, just a
comment here. To ne, the results also show the

i nportance of the design of the building, right? And

there's a nmessage that has to go back to designers,
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because | think a lot of the advanced reactor
desi gners, you know, everything' s passive and |'ve got
this functional containnent, and |'ve got to nake it
by seismic, but there's an inportant fission product
mtigation capability there that, as they are
designing it, they should think about.

You guys have to assune sonet hing here to
just show the calculations, but | think that they
could be thinking about this sort of stuff when
they' re working on those designs. That's inportant,
whi ch they nmay not appreciate.

MR. SCHAPEROW Al so, and going back to
maybe the NUREG 1150 days, | wunderstand that the
anal ysi s, they included the containnment, t he
deposition and containment, but they didn't always
i ncl ude deposition in surroundi ng buil dings. Because
alot of times, well, the Mark 1, it's got a building
around it. So, sone of the fission products are going
to end up in there. O Surry, it has an auxiliary
buil ding. You know, if there's a pipe break in the
auxiliary building, the fission products -- so, even
if it's not, quote, "formally credited,” or formally
what ever, | nean, these buildings exist. And a lot of
ti mes, though, they're going to survive the accident.

You' || have deposition there.
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But thank you very nuch. Anyway, | don't
have anything el se to present today. So, | guess the
next presenter, which | believe is Mchelle Hart.

CHAI RMAN PETTI :  Yes, that's right, Jason.

M5. HART: All right. So, yes, ny nane i s
Mchelle Hart. | work in --

CHAI RVAN PETTI: Hold on, Mchelle.

Just before we start, Arlon, you have the
agenda? | don't have it open right now on ny
conmputer. \Wen are we supposed to break for |unch?
At one o' clock Eastern?

MR. COSTA: It's about this time, Dave.

MR SNODDERLY: One o' cl ock. O cl ock
Eastern. So, yes, you're 15 m nutes behind.

CHAI RMAN PETTI: Okay. So, keep going,
M chel | e.

M5. HART: Al right. So, I'm Mchelle
Hart. | work in the Division of Advanced Reactors and
Non- Power Production and Utilization Facilities.

Next slide.

And 1'Il be tal king about the accident
source termand near-termin recent applications.

So, the outline of this is:

First, 1'Il talk about sone recent

experience with SMRs and non-light water reactors.
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Then, we'll talk about the Energency
Pl anni ng Zone si ze justificati on consequence anal yses.

"1l give an exanple of an SMR design
certification source term approach

And then, we'll tal k about sone non-1i ght
wat er reactor early novers.

Next slide, please. Slide 82.

So, some of our recent experience is that
we have been seeing sonme Topical Report for the SMR
for NuScal e, for exanpl e, and the design certification
for NuScal e. W' ve al so had sonme advanced reactor
pre-application interactions, which include Topica
Report reviews and sone |icense applications, as well
as some neetings on special topics. And we have al so
contracted with the National Labs to develop sone
Source Term Devel oprment Reports.

Next slide, please.

So, when we talk about the Emergency
Pl anni ng Zone si ze justificati on consequence anal yses,
the concept is based on NUREG 0396, which is the
techni cal basis for the current regul ati on which says
you shoul d have an Enmergency Pl anni ng Zone for plune
exposure of about 10 miles in radius and an ingestion
pat hway Energency Pl anning Zone of about 50 miles in

radi us. And that is in the regulation, and it is
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based on the analysis in NUREG 0396. And it's based

on identification of an area wthin which pronpt
protective actions may be necessary to provide dose
savings in the event of a radiol ogical release.

And the feature of the analysis in
NUREG 0396 is that it cal culates dose at a distance
for a spectrum of accidents. These anal yses incl ude
t he design basis accidents and severe accidents.

Next slide, please.

There were no separate or unique source
terms devel oped especially for EPZ size analysis
expected for this. In other words, you kind of re-use
t he source terns and acci dent rel ease i nformati on t hat

were devel oped for a safety analysis report or your

PRA.

Next slide, please.

So, we've had sone interactions on this
with applicants and licensees so far. There's a

net hodol ogy that TVA devel oped for the Cinch River
ESP Energency Planning Zone size justification in
their Site Safety Analysis Report, and it supports
exenptions to the 10-m | e plune exposure pathway EPZ
side requirenent. It did not address ingestion
pat hway Energency Pl anning Zones. And it was purely

a net hodol ogy. It has not been exercised yet, and
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t hey have not sel ected an Enmergency Pl anni ng Zone for
the Cinch River site.

W' ve al so had sone interactions, and are
still undergoing interactions, with NuScale on a
Topi cal Report for EPZ sizing net hodol ogy. And that's
a met hodol ogy to support plunme exposure pathway EPZ
size determnation on a case-by-case basis for
reactors under 250 negawatts thermal, which is
currently allowed in the regul ation.

And we al so have a rul enaki ng underway f or
Emergency Planning Zone size deternmination for
energency planning for SMRs and ot her new
technologies. And that's in a proposed newregul ation
50.160. W have just issued, for Comr ssion review
and approval, the SECY that goes along with the final
rul e, and there gui dance on analysis in Appendices to
the rel ated Regul atory Guide 1.242.

| will discuss the NuScal e mnethodol ogy
next, and then, |[I'lIl talk sonme nore about the
rul emaki ng | ater.

Next slide, please. This is slide 86

So, the NuScale EPZ Sizing Methodol ogy
Topi cal Report, which, as | said, is currently under
review, it was not part of the design certification

review, but it was subnmtted at the sane tine. [t's
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currently on Revision 2. It's applicable to |ight
wat er reactor SRMs such as NuScal e, although it's not
limted to the NuScal e design.

And, in fact, in a response to a recent
RAI, the scope of Revision 2 was reduced to advanced
light water reactor SMRs. So, it's not for any
advanced reactor, as originally envisionedin Revision
2.

Revision 3 is comng. Sone recent
di scussions focused nostly on consideration of
seismically initiated events and the probability of
exceedi ng the acute dose criterion.

The applicability of this nmethod to
t echnol ogi es other than | i ght water reactors has still
been a topic of discussion with the applicant, but,
like | said, they just reduced it to advanced I|i ght
wat er reactor SMVRs.

And the Topical Report is a methodol ogy
for the analysis to determne the plunme exposure
pat hway EPZ size. It al so does not address ingestion
pat hway Energency Pl anni ng Zone si ze.

Next slide, please.

So, in this Topical Report, source term
refers to the fission product release to the

environnent as a function of tine. Unlike with
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di scussi ons of Reg. Guide 1.183 or TI D 14844, in which
the source term is released to containnment, it
i ncl udes t he cont ai nnent transport in t he
determ nation of the source term

The Topi cal Report net hodol ogy uses source
terms fromthe design basis accidents -- for exanpl e,
fromthe NuScal e design certification FSAR Chapter 15
-- and PRA severe accident scenarios that have been
scoped i nto the anal ysi s accordi ng to t he net hodol ogy.

As | had tal ked about earlier, there's no
separate or unique source terns that were devel oped
especially for Energency Pl anni ng Zone si ze anal ysi s,
and the NuScal e nethodol ogy does use core damage
frequency fromthe PRA to categorize severe accidents
and sel ect acci dent sequences to eval uate agai nst the
rel evant dose criteria. And so, that's one of the
features that makes it maybe not appropriate for non-
light water reactors which nay not have a core damage
frequency in their PRA

VEVMBER HALNON: Mchelle, this is Geg
Hal non.

M5. HART: Uh- hum

MEMBER HALNON: My understanding i s there
was a question about the threshold of that CDF and

what was bel ow regul atory concern, since there was
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such a large spectrum of accidents | ooked at. Vs
that ever resolved or is that still a question on the
t abl e?

M5. HART: So, that is still a question on
the table. The reviewis ongoing. And in fact, sone
of the attenpt to resol ve sone of that issue should be
in Revision 3. Unfortunately, 1'm not a direct
reviewer of that anynore. |'maware of what's going
on, but | can't talk about any details. And because
it is still under review, we can't talk about any
det ai | s.

MEMBER HALNON: Ckay. Because, during the
50. 160 discussions, that was one of their sticking
points on trying to get the Reg. @ide and sone
gui dance there. W kind of punted towards this
Topi cal Report coming up with sone resolution to that
i ssue. So, hopefully, that will be a resolution, but
we'll be looking at that in the future, |'msure.

M5. HART: Right. | think there should be
a caution, though, about the net hodol ogy resol uti on of
the i ssue may not be a general resol ution, because we
are taking into account the specific design and the
specific design interaction with the environnent that
may affect that. Because the major concerns that we

have are about howto account for external hazards and
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the probability of those events that are initiated by
external hazards. And that may not be a genera
concern for everyone. And so, there may not be a
single way to look at that, but, like |I said, it is
still sonmething that's still under review.

MEMBER HALNON: Ckay. Thank you.

M5. HART: Ckay. So, next slide, please,
whi ch shoul d be slide 88.

So, a different exanple -- also for
NuScal e, though -- is the design certification source
term approach that they used. |n August of 2019, we
did wite SECY-19-0079, which describes our review
approach to eval uate accident source terns for both
t he Acci dent Source Term Topi cal Report that they had
sent in, and we were reviewing at the tinme, and the
design certification application for the NuScal e SVR

That SECY tal ks about how we're going to
eval uate their change that they have just recently
proposed -- "recently" being at the begi nning of 2019
-- whi ch noved away fromnostly doi ng what was i n Reg.
GQuide 1.183 with sonme specific information fromthe
plant to sonmething a little bit nore unusual, in that
t hey wanted to use a design basis source termw t hout
core danmmge for environmental qualification of

equi pnent, and for other purposes in the plant. But
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they were still using a Reg. Guide 1.183-1i ke source
term for the offsite analysis and control room
habitability anal ysis.

Next slide, please.

So, to talk about the source term
nmet hodol ogy, it is an approved methodol ogy for the
NuScal e SMR design. |Its nmethod is to devel op acci dent
source terns that are consistent with the Reg. Cuide
1. 183 gui dance for PWRs, except for these two speci al
events that they included, which is the core damage
source term for the core damage event, which is the
equi val ent to the maxi mum hypot heti cal acci dent LOCA
that we do in Reg. Guide 1.183, Appendix A, and the
i odi ne spi ke desi gn basis source term which included
no fuel danage, but release of the coolant to the
cont ai nnent .

Thi s Topical Report is a reference in the
design certification application FSAR, and CCL
applicants will incorporate by reference the design
certification analyses that arelisted in the FSAR, if
they reference the design certification itself. The
Topical Report is not necessarily likely to be
i npl enented separately for COL applications that
reference the certified design.

The ACRS has reviewed the staff's
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evaluation of both the Accident Source Term
Met hodol ogy  Topi cal Repor t and the accident
radi ol ogi cal consequence analyses in the design
certification application. Therefore, |I'mnot going
to go into a ot of great detail about it, but I'l
sumari ze sone of the i mportant features of the source
terns.

Staff found that the nmethods described in
t he Topical Report to devel op design basis accident
source terns were acceptable and consistent with the
gui dance in Reg. Guide 1.183 for PAWRs. The two source
terns, like | have listed here on the slide -- the
core damage source term used to develop the core
damage event and t he iodi ne spi ke desi gn basis source
term for use in the evaluation of environnental
qgualification of equipnment -- do not follow specific
gui dance in Reg. Guide 1.183, but they are generally
consistent with the guidance in Reg. Guide 1.183 for
simlar types of anal yses.

On the next few slides, | wll describe
NuScal e' s methodol ogy to determ ne the core danmge
source term and inplenentation of the design
certification FSAR anal ysis.

Next slide, please. So, this should be

slide 90.
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The core danmge event was devel oped to
show conpliance with 10 CFR 50.47(a)(2)(iv), "The
Ofsite Dose Criteria" -- you know, the 25-rem that
we're all famliar with -- and also address the
di scussion of fission product release in footnote 3,
which is nmy favorite footnote in the regulation. You
know, when you tal k about doi ng this acci dent anal ysi s
to | ook at offsite consequence analysis, the fission
product release should be assuned, for this
eval uation, "should be based upon a major accident,
hypot hesi zed for purposes of site analysis or
postul ated from considerations of possible accident
events. These accidents have generally been assuned
to result in substantial neltdown of the core wth
subsequent rel ease i nto the contai nment of appreci abl e
guantities of fission products.™

NuScal e' s core danage event is simlar to
a maxi mum hypot hetical accident, in that it is not a
specific scenario, but is intended to represent an
accident with major danmage to the core. NuScal e' s
nmet hodol ogy is, in concept, simlar to that used to
devel op NUREG 1465 and the Reg. Guide 1.183 LOCA
source term It is derived froma range of accident
scenarios that result in significant danmage to the

core, inforned by the PRA, and it is intended to be
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representative or bounding of a dom nant majority of
i ntact contai nnent core damage events for the NuScal e
nucl ear power nodul e.

Next slide, please.

The core damage event dose anal ysis in the
design certification application FSAR i npl enmented the
NuScal e Topi cal Report nethodology to determ ne the
core danmage source term And so, it gave the actua
rel ease val ues.

The core inventory was cal cul ated using
the SCALE code for the core for the NuScale SMR
desi gn.

And t hey sel ected scenari os based on the
NuScal e SMR PRA, internal events only, and there were
five surrogate scenari os that were various fail ures of
ECCS, with decay heat renoval systemavail able and an
i ntact contai nnent.

Next slide, please.

In the NuScale design «certification
application and in their Topi cal Report nethodol ogy,
there was one release phase, unlike in Reg. Guide
1. 183, which has a gap rel ease phase and an i n-vessel
phase.

MELCOR was used to estinmate the rel ease

timng and magni tude for each scenario of those five
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scenari os, and the rel ease onset and duration fromthe
scenariowith the mninumtine to core damge was used
for the core damage event source term

And the core rel ease fractions were taken
from the nedian of the scenarios for each of the
release -- | was going to say, "rel ease categories";
that's not the right term-- the species.

Ti me- dependent aer osol renoval rates were,
t hen, cal cul ated using the STARNAUA code. They did
not use MELCOR for that portion of it. And those are
aerosol renoval rates within the contai nment for the
SMR.

They did use design-specific input from
thermal hydraulic conditions that were cal cul ated by
MELCOR for a surrogate scenario with the mninmumtine
to core danmge.

Next slide, please.

So now, to nobve on to source term
approaches for non-light water reactor, the ones that
we're talking to right now.

CHAI RVAN PETTIl: M chel l e, before we shift
t here, NuScal e kind of lays their own path. But you,
the staff, found that it was generally consistent with
t he met hodol ogy in 1.183. |I'mstruggling with, is the

gui dance t here adequat e enough for ot her SMR vendors?
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Because there's all sorts of stuff in here they did
that is consistent, but isit captured in a functional
away? Because there's a | ot of design-specific stuff
that doesn't make sense. |s there enough there that
anot her SMR vendor could read that and figure their
way t hrough t o get sonething that woul d be accept abl e?

M5. HART: Right.

CHAI RVAN PETTI :  So, take what NuScal e did
and think about it functionally in line with the
attributes of a source term or whatever you want to
call it. Is that all there clearly enough, do you
t hi nk?

M5. HART: So, | think, in nmy opinion, if
a light water reactor SMR or even non-SMR, vendor
woul d | ook at NuScal e's Topi cal Report nethodol ogy,
because it is a nmethodol ogy and it tal ks about howto
go about devel opi ng the source terns, that woul d give
t hem an i dea about how to go about devel opi ng source
terms. And the choices that NuScal e nmade, which is
not necessarily true that another SMR vendor nay have
t o make t he exact sanme choices, but it would tell them
what they did. And then, they could also | ook at the
information in the design certification application
and in our SE to see how it was inplenented and the

results that canme out of that.
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So, the net hodol ogy, when we revi ewed t he
net hodol ogy -- and | do admit that we were review ng
t he net hodol ogy at the sanme tinme as we were revi ewi ng
its inplenentation. So, that did help us determ ne
the i mportance of some of their assunptions.

You know, Jason talked earlier about we
did use MELCOR and RADTRAD to evaluate sone of the
guestions that we had about the nethodol ogy. And we
could do that in a nore structured kind of way because
we had nore detailed information on the designitself,
because we were revi ewi ng the design at the sane tine.

CHAI RVAN PETTI : Yes, soneti mes
nmet hodol ogi es can be abstract, right?

M5. HART: Yes.

CHAI RVAN PETTI : And it's hard to know
what it nmeans? Right. | understand that.

MEMBER Kl RCHNER: M chel | e?

kay. Go ahead, Walt.

MEMBER Kl RCHNER: Yes, thank you, Dave.

| thought what was inportant in the
NuScal e approach was, consistent with the requirenents
of 10 CFR 52, they did assune MHA, as you said, that
led to core danage. Wat happens when soneone el se
pi cki ng up this nmethodol ogy does not assune an IVHA or

assunmes that there is no core danage?
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M5. HART: Right.

MEMBER Kl RCHNER: Then, how do you
proceed?

M5. HART: Ri ght . And so, | think,
certainly, if somebody i s going through devel opnent of
their plant and developnent of their |icensing
strategy, it would really be helpful if they came and
talked to us about that and tried to get an early
read. You know, they could send in a white paper or
they could send in a Topical Report. And even if they
wanted to go to the extent of providing us a Topical
Report with the source terns results in it, not just
a met hodol ogy, to get really early "buy-in," quote-
unquot e, on their approach, | think, in general -- and
this is sonmething that we're tal ki ng anongst oursel ves
about and ki nd of devel oping our position on this --
you know, if it's not as obvious that it's a core nelt
source termw t h a maxi rumhypot heti cal acci dent, like
we're tal king about in the footnote, they may have to
request an exenption.

And dependi ng on the i nformati on that t hey
use to justify that, you know, if they have a ful
structured analysis of the accidents and their
facility, and the risk fromtheir facility, they may

be able to justify an exenption fromthat particul ar

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

132

requirenent. Because, as we were talking about
earlier, you know, there is this idea that, with like
t he Li censi ng Moderni zati on Proj ect, that you woul d do
that full assessment, and in conjunction wth
functional cont ai nment , the features of t he
assunpti ons behind t he regul ati on, that you woul d have
this large release into a containnent, but with a
denonstrable leak rate that you would evaluate for
this assessnent, you know, none of those features nmay
be there for your particul ar design.

Does that hel p answer the question or? |
know it doesn't necessarily give any certainty per se,
but it is certainly --

MEMBER Kl RCHNER: Mchelle, there is a
statenent that what was key, | think, when we | ooked
at this was they did assune an WMHA and core danage,
and then, proceeded.

M5. HART: Right.

MEMBER Kl RCHNER: The problem | see is
that you nmay have applicants that say, "W don't have
a source termas NuScal e designs it."

MS. HART: Correct.

MEMBER KI RCHNER: And then, you're at a
juncture where, does the staff have in its eval uation

-- like you say, the pre-application neetings between
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the applicant and the staff will be very inportant in
resolving it. But | see that as the stunbling bl ock
going forward with sone of the non-LWR concepts.

M5. HART: And | take that as a good
poi nt, yes.

Are there any nore questions about this?

CHAI RVAN PETTI : Yes. Because | think
this idea of core danage, | nean, could nmean just a
| arge fission product rel ease. Because sone reactors
don't have the same equi val ent danage as a | i ght wat er
react or.

MEMBER Kl RCHNER: Yes, that is what |
mean.

CHAI RVAN PETTI:  Yes. | nean, think of an
HTGR. They're going to cone in and they're going to
show you real ly | owrel eases under anythi ng i nsi de the
desi gn basis because the fuel is designed to handle
all that. And they conme in and go, "W don't even
have danage, but we are going to postul ate sonething
where we get nore release.” That m ght,
hypot hetically, be acceptable because it's kind of
neeting the intent of that footnote without the exact
detail .

MEMBER Kl RCHNER: Precisely, Dave, yes.

CHAI RMAN PETTI: Right. And | guess the
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guestion in nmy mnd is capturing sone of that thought
process in sone paper, the value of doing that for
some of these advanced systens. Because sonetines,
really, they read it and they go, "Ch, well, that's
LWR stuff. We don't need that."

But, no, holdit. Step back. Go through
t hat t hought process. Figure out what the real intent
is behind it, and is the intent behind it well enough
docurented on the staff side, so that you could have
productive di scussions going forward? That's sort of
a thing in nmy head.

MS. HART: Yes, those are the di scussions
that we have been having with sone of the folks so
far. | nmean, those exact points are the points that
| try toraise and | think we try to raise, that you
need t o eval uate what potential rel eases are fromyour
facility and you woul d use your boundi ng one.

And there may be different ways to go
about that. It nmay be a purely nechanistic anal ysis.
It nmay be a conservative maximum hypothetica
accident, much nore like you would see from a non-
power reactor, where you nmake unphysical assunptions
because you know it woul d bound anyt hi ng physi cal that
coul d happen.

| say that guardedly because we have to
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eval uate what potential things may actually appear.

Yes, Dr. Renpe?

MEMBER REMPE: Just call e Joy.

You've heard several of us nmention it
woul d be nice to have nore guidance, a roadnmap, or
what ever . Are you hearing that from the design
devel opers com ng in?

M5. HART: No, we haven't actually heard
that, and | think a lot of them-- | nmean, we've only
talked to a few They all have plans to do things
i ke PIRT. They all have plans to do things like
eval uate what potential accidents are capable for
their reactors. | think they all, the ones that we
have com ng soon, do plan to talk to us about acci dent
source termand how to go about that.

So, | don't know that we're necessarily
heari ng everything. You know, | can't say that. But
we haven't had any specific questions about this, |
will say, not to say that nmybe they just haven't
brought it up because they might not be in that
portion of their preparing for |icensing yet.

MEMBER REMPE: Yes, we're all kind of
saying the sanme thing, but they're not saying it.
That's kind of interesting. Thanks.

CHAI RVMAN PETTI: Yes, | agree with you,

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

136

Joy. |I'mjust wondering if it ought to be an itemon
the Part 53 or to put it on the list to try to get
nore direct feedback from a broader set of
st akehol ders. That m ght be interesting.

MEMBER REMPE: But a | ot of themare using
Part 50 and 52. So, |I'mnot sure, you know, if Part
53 is the only place to think about it.

CHAI RVAN  PETTI : But whatever is the
relevant setting to get that broad stakehol der
feedback, | guess that's -- to be nore direct and ask
that question of them instead of waiting until you
get a pre-application.

Ckay. Let's keep going then.

Ch, hold it. Sorry, | see sone hands.

John Segal a?

MR. SEGALA: Yes, this is John Segal a from
NRR.

| was just going to say, you know, we have
our periodi c advanced react or stakehol der neeti ngs and
we do ask at those neetings if there's need for
gui dance, and whatnot. So, | think that is sonething
that we could explore at a future nmeeting. | think
the next one is coming up in md-Mrch

CHAI RVMAN PETTI:  Okay.

M5. HART: All right. So now, to nove on
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to non-light water reactors. The people that we've
talked to recently and people we're going to talk to
soon -- of course, one of the nbst recent interactions
we've had is with Kairos Power. They did provide us
a Topical Report for the mechanistic source term
nmet hodol ogy. It's still under review. W did cone to
the ACRS with a presentation on our evaluation of
their Topical Report nethodology just last fall.

And it's a nethodology for applicants to

devel op event-specific radiol ogi cal source ternms for

of fsite consequence anal ysis. It does not include
control room habitability or other purposes |like
normal effluents, or things like that. [It's design

basi s accidents for the siting and safety anal ysi s and
AOCs and design basic events for the Licensing
Moder ni zati on Project process.

W are also right now going through a
revi ew of the Hernmes construction pernmt application.
It eval uat es a maxi mumhypot heti cal accident, whichis
a deterministic analysis, and it refers to the Kairos
Power Mechani stic Source Term Topi cal Report for sone
of the details about the phenonena and how the
phenonena are nodel ed.

Kairos, in their construction permt

application, did use the SRP for non-power reactors,
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NUREG 1537, in preparing its application. And the
maxi mum hypot heti cal acci dent whi ch they devel oped is
i ntended to bound al |l potential accident source terns.

| will say, in the construction permt,
t hey are not providing specific consequence anal yses
or specific highly detailed analyses; that that is
sonmething that there is an analysis, but this maxi num
hypot heti cal acci dent nmay be nore boundi ng t han woul d
be expected for an operating license application.
It's not refined for the specific design at this
poi nt . And like | said, it's under review Ve
haven't asked initial questions about it yet.

Next slide, please.

W also have talked to X-energy. They
propose to use a devel oper-nade source term code
which they call XSTERM which includes nodeling of
radi onucl i des fromgeneration in the fuel to rel ease
and dose.

The Topi cal Report was submitted in Apri
2021, after they had previously submitted a white
paper on the concepts that they were tal ki ng about for
the source term verification and validation for the
code suite, which they had submtted back in 2019 and
we had given them coments on, or not comments, but

f eedback. Wen they subnmitted their Topical Report in
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2021, they did address sone of those coments.

However, we had sonme questions about the
Topi cal Report, which was to provide the approach
t aken by X-energy to event-speci fic mechani stic source
terms for their Xe-100 plant. W had questions or
di scussions with them about the scope of the report,
and subsequently, they withdrewthe Topical Report in
order to revise it and submt a proposed revision to
the review scope request. So, we're not currently
reviewi ng anything for X-energy at this tine.

Next slide, please.

As we know, the Gklo Aurora COL
application review has recently ended wthout a
resolution at this time. They had proposed a maxi num
credi bl e acci dent wi thout rel ease.

Wth respect to the accident source term
topic, staff was focusing its review on Cklo's
determnation of the maxinmum credible accident
scenarios for the Aurora. And so, we had not
finalized our evaluation of that at the tinme we ended
our review earlier this year in January.

The staf f is in pre-application
interactions with several other designers, but we do
not currently have white papers or Topical Reports on

acci dent source termfor review at this tine.
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In a public neeting on January 13th of
this year, TerraPower presented a description of their
devel opnent of source termnmet hodol ogy for the Natrium
reactor, and stated they plan to submit a Source Term
Topical Report in April of next year. They al so
stated that they are planning a presentation to the
staff on functional containnent in April of this year.

Source terms and met hodol ogi es for other
designs have not been submitted to the NRC yet.
However, we do have sone information on what
submittals to expect. For exanple, the regulatory
engagenent plan for the \Westinghouse eVinci
m croreactor shows that Wstinghouse plans to submt
a report on nechanistic or accident source term
devel opnent t hat woul d descri be t he conput er code, the
code qualification plan, and outline the nethodol ogy
t hat woul d be used to generate the nechani stic source
terms. The submittal tinmeline is not public.

Regul at ory engagenent plans and other
information on pre-application activities, including
neetings and submttals on source term nay be found
on the NRC s public website under "Nucl ear Reactors,"

and then, "New Reactors, t hen "Advanced Reactors,"

then "Licensing Activities," then, finally "Pre-

application Activities". And if you do have a copy of
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the slides, the blue underlined is a link to that
site, and it will tell you what information we have
i n-house or are expecting.

Next slide, please.

And that ends my presentation on this
particul ar topic.

CHAI RVAN  PETTI : Thank you, M chelle.
Very hel pful

Anybody have any questi ons bef ore we break
for lunch?

MEMBER DIM TRIJEVIC.  Yes, | do.

CHAI RVAN PETTI: Go ahead, Vesna.

MEMBER DI M TRIJEVI C. | have a very sinple
guesti on. What's the relationship between maxi num
hypot heti cal acci dent and maxi mum credi bl e acci dent ?

M5. HART: You know, that's a very good
guestion. Neither termis explicitly defined in the
regul ations or even in any of our gui dance.

Maxi mum hypot hetical accident is a term
that has been used widely in non-power reactors, in
the test reactor world. And in there, if you look in
NUREG 1537, it kind of inplies that it's an acci dent
that is something greater than would be credible. It
may be a non-physical accident. You know, assune that

all of the cooling fluid just i medi ately di sappears;
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there's no specific reason for it.

Wher eas, maxi numcr edi bl e acci dent, which
is atermthat nmay have been used in the past by sone
applicants torefer tolike the TI D 14844 source term
al though sone people have called that a maxinum
hypot heti cal accident as well, isit's not an acci dent
that would be considered to be exceeded by any
acci dent considered credible. | nmean, it should be
your nost credible or the worst thing that could
happen in credi bl e space.

But credible is not, and has not been,
defined by any specific likelihood or probability of
t he event or rel ease category, or anything |like that,
unfortunately. They may or nay not be the sane
accident, but | think there is a flavor to maxi num
hypot hetical that would say that it's sonething that
you think is sonething that would not occur in the
facility.

MEMBER DIMTRIJEVIC. So, is it fair to
say t he maxi num hypot heti cal accident is probably not
credible? And what | want to say is, is it fair to
say that "credible" is not well-defined in nmaxi num
credi bl e, and "maxi munt i s not well-defined in maxi mum
hypot heti cal acci dents?

M5. HART: | think maybe the only thing
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that may be wel | -defined is "acci dent," but, you know,
| wouldn't even say that much

(Laughter.)

| understand the question, because it is
a struggl e that we've had, you know, certainly when we
wer e goi ng through the Okl o review, because they were
calling their accident "nmaxi mum credible." It's a
struggle to determ ne how have they determ ned that
and what do we think are the right things to consider
indetermning that. And so, | think it's easy to say
if sonething is obviously bounding of anything that
could happen in the facility. It's harder to say,
when you try to refine that nore and get closer to
what you think may be an actual expected credible
acci dent, whatever that may mnean.

MEMBER DIM TRIJEVI C.  Thank you. That's
a very interesting discussion, especially if you | ook
at these surrogate acci dents around NuScal e, you know.

Are they credible or maxi mum or whatever?

But t hanks.
M5. HART: Yes, | think the thing that
we're aimng for in that regulation, in that

di scussion, in that footnote is, you know, let's try
to see what woul d be a bad thing that could happen to

test the containnent. And if you don't have a
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speci fic contai nnent you're testing, well, what would
be the bad thing, the worst thing that you would
expect to use in your design basis for your siting and
for your safety systens that you're crediting in
retaining the radionuclides? It's a topic that is
very nuanced and may depend on the infornmation that
you have in front of you

MEMBER HALNON: So, wouldn't it behoove
the staff to try to define those terns, so that it's
not across the map in how peopl e use then?

M5. HART: | nean, | don't know. | nean,

it is something that we are discussing anong

ourselves. It is something that has come up severa
tinmes. | don't know that there's a specific
definition; like if you use a specific frequency of

t he event, you know, if that woul d capture everything
that's necessary, or if it's widely acceptable for al
pot enti al uses.

MEMBER HALNON:  Ckay.

CHAI RVAN PETTI: | see sone hands.

John? And then, Steve.

MR PARILLO Yes, this is John Parillo.

| just wanted to point out to the
Commttee that the Draft Guide 1389 does contain a

definition of an MHA which is simlar to the wording
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that Mchelle has used, but | can read it.

"The maxi mum hypot heti cal accident, also
referred to as a maxi mum credi bl e accident, is that
acci dent whose consequences, as nmeasured by the
radi ati on exposure to the surrounding public, would
not be exceeded by any ot her acci dent whose occurrence
during the lifetinme of the facility woul d appear to be
credi bl e. As used in this Guide, the term " LOCA
refers to any accident that causes a loss of core
cool i ng. The "MHA LOCA refers to a loss of core
cooling resulting in a substantial neltdown of the
core with a subsequent release into containnment of
appreci able quantities of fission products. These
eval uati ons assune contai nnent integrity with offsite
hazards eval uated based on design basis contai nment
| eakage. "

So, that's nowin the Draft Gui de whi ch we
will be presenting, | believe it's March 16t h.

MEMBER HALNON: Ckay. So, the argument is
going to be on “"credible,™ not “maxinmm or
"acci dent".

CHAI RVAN PETTI: But | also think that it
depends a little bit on -- that my be a fine
definition for water-cooled reactors, but, for

advanced reactors, it probably needs sone noodling.
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Because if you have functional containment, it m ght
be a degradation of containnent in sone way, nhot
necessarily failure, but some of the val ues sonehow
get degraded. | nean, there is a lot of, as Mchelle
says, nuance when you look at it through the | ens of
an advanced system | think.

MEMBER HALNON:  You're going to have to
coupl e sonme external event to it.

CHAl RVAN PETTI: Steve?

MR LYNCH: Sure. Hi . This is Steve
Lynch, the Acting Chi ef of the Advanced Reactor Policy
Br anch.

| just wanted to add a little bit of how
we' ve t hought about maxi mum hypot heti cal and credible
accidents in the non-power world, and how that m ght
be able to be extrapolated into some of the advanced
reactor concepts.

So, while we don't have an official
definition for an MHA or an MCA we do have a
di scussi on of what to consi der when devel opi ng one of
t hese accidents in NUREG 1537, both the format and
content gui de for applicants devel opi ng applications,
and the Standard Review Plan used by NRC staff to
revi ew t hese applications.

And typically, when we're thinking of a
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hypot heti cal accident, rather than trying to go down
the path of is it credible or non-credible, we've
found it helpful to think of it nore as, is it a non-
physi cal event that is what we are calling the MHA?
So, for exanple, it could be an assunption of a fuel
pin exploding in air, where there's not a physica
nmechani smthat would allow for that event to happen.
But it does provide a rel ease of fission products that
is greater than any design basis accident.

And really, when we're |ooking at MHAs,
where that concept is nobst useful is when you're
| ooking at facilities that have very | ow consequences
to begin with, where you' re | ooking at your suite of
desi gn basis accidents, and in the case of non-power
facilities, you re not finding a design basis acci dent
that's exceeding 100 mllirem at the site boundary.
So, then, in order to reduce the burden of sone of the
analysis that needs to be done, you may |ook for
somet hi ng t hat is hypot het i cal t hat stil
denonstrates, even in a non-physical way, that, hey,
we're still not exceeding this very |ow consequence
for any accident that could be anticipated at the
facility.

Then, when we start |ooking at facilities

t hat m ght be somewhat | arger, and just using exanpl es
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of sone of the medical radioisotope facilities that
are designing to be less than 1 rem at the site
boundary, that's when we've started |ooking at
consi derations for maxi mum credi ble accidents. And
we' ve | ooked at that as being derived fromthe design
basi s accidents at the facility, where there is still
an expectation that an applicant has |ooked at
initiating events and all of the accident sequences

within famlies, and then, they select a bounding

event from those. And that credible accident is
still, nmore or less, used as a conversation piece and
a way of denonstrating the overall risk of the

facility, but does not replace any other accident
anal ysis that would otherw se be expected for the
facility.

So, that's just to give sone insights of
how the staff has been treating those in sonme other
reviews; that while it hasn't relied on a specific
definition, we have had general practices in place for
consi dering these.

Thank you.

CHAI RMAN PETTI: Joy?

MEMBER REMPE: Sure. |'mgl ad you brought
this up, Steve, and |I'm glad you went and actually

nmentioned the fact that sonetimes a design basis
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accident that's been evaluated by an applicant m ght
suffice for the maximum hypothetical accident.
Because | think there are sonme good insights, and |'m
not sure that those insights are yet on the web page,
or what ever gui dance the staff's developing. And | am
not sure that the design devel opers that are com ng
for Part 53 wll be Ilooking at the non-power
applications, the inpact applications. And so, | do
think that there's a synergy that could be explored
here, especially, again, if they do a systematic
approach to cone up with the initiating events.

But, anyway, |I'mglad to hear you nention
t hese insights.

CHAI RMAN PETTI: |'ve captured all this.
| think there will be a recomendati on com ng. Good.

Anyone el se?

(No response.)

Okay. Then, let's pause her for |unch and
see everyone at 2:00 p.m Eastern tine.

Thank you all.

(Whereupon, at 1:02 p.m, the foregoing
matter went off the record for |unch and went back on
the record at 2:00 p.m)

CHAI RMAN PETTI: Okay. It's two o'clock

East er n. Let's conti nue.
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M chel | e?

M5. HART: Hi. Welcone back.

So now, for the next topic, we'll be
talking about the accident consequence-related
regulation activities, and there are several
regul ati on devel opnent activities ongoi ng wher e source
terns will be used. And that's in addition to Part
53, which, of course, is happening.

Next slide, please.

So, the first thing we want to tal k about
is there is a petition for rulenaking. It was
received at the end of 2019 and docketed at the
begi nni ng of 2020. And there is The Federal Regi ster
notice for it. It's under evaluation. There is no
di sposition on it yet.

The petition requests a voluntary rule to
al | ow power reactor licensees to adopt an alternative
to the accident dose criteria specified in 50.67
"Accident Source Term" The petition proposes a
uni form value of 100 mllisieverts, or 10 rem for
offsite |l ocations and for the control room So, they
would be equal to each other, instead of 25 rem
offsite and 5 remin the control room

Next slide, please.

CHAI RMAN PETTI: M chell e, does it say who
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petitioned this?

M5. HART: So, the petitioner is actually
an NRC enpl oyee, John Parillo. He is on the |line.

CHAI RVAN PETTI: Okay. | just wanted to
know if it came fromindustry or where it came from
That's good. kay.

M5. HART: Yes.

CHAI RMAN PETTI:  Thanks.

MS. HART: Yes, there is nore detail
online. |If you go to the rul emaki ng website, you can
see the actual petition that he sent in.

CHAI RVAN PETTI: Okay. Thanks.

MS. HART: So, the next topic is the
ener gency preparedness for small nodul ar reactors and
ot her new technol ogi es rul emaki ng. The stage we're in
nowis the final rule is in devel opment. And as | had
nmenti oned previously, there is this new section,
50. 160, and related and conform ng changes to other
portions of Part 50.

The staff presented the rule text and
supporting guidance to the Subcommttee in Septenber
and the full Commttee in Novenber of |ast year. For
the purposes of this topic neeting, | won't be
di scussing the rul enaking in detail today, but I wll

descri be how the supporting guidance in Reg. GCuide
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1.242, to be issued with the final rule, currently
di scusses acci dent consequence anal ysi s and
informati on on source terns.

W did present the draft for Reg. CGuide
1.242 to the ACRS, which, when issued for public
comment, had two appendices: Appendi x A, on the
net hodol ogy for anal yses to support determ nation of
pl ume exposure pat hway EPZ si ze, and Appendi x B, which
provi ded i nformati on on source terns.

Reg. GQuide 1.242 includes further
clarifications and consideration of the public
comments. The changes incorporated into Reg. Guide
1.242 were presented to the ACRS | ast fall.

Next slide, please. This should be slide
101.

Appendix A to the Reg. Guide, "GCeneral
Met hodol ogy for Establishing the Plunme Exposure
Pat hway Emer gency Pl anni ng Zone Si ze, provi des general
gui dance on the consequence analysis and discusses
event selection and consideration of accident
likelihood in determ ning the scenarios to be used in
Emer gency Pl anni ng Zone size eval uation.

In selecting events for the Energency
Pl anni ng Zone si ze eval uati on, an appli cant shoul d use

|icensing basis events, such as design basis events,
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beyond design basis events, and DBAs that they would
determ ne through the LMP process, or the VHA, if they
chose to use that in their licensing schene, and
severe accidents, as candi date radiol ogical release
scenari o0s.

Consi derations include internal and
external initiators, all sources of radioactivity
rel ease, nulti-nodule and multi-unit considerations,
and the event Iikelihood, including uncertainty, as
well as the timng of the rel eases.

Next slide, please.

Appendi x Bto the Reg. Gui de, "Devel opnent
of Informati on on Source Terns," provides high-Ievel
gui dance on how to develop source terns for plune
exposure pathway EPZ size evaluations. It does not
provide specific source terns, but it does give
reference to information that could be used to devel op
source terms. And like we had said previously, the
source terns that they would use for these Enmergency
Pl anni ng Zone size determ nations would be reuse of
source terns they've already analyzed for safety
anal ysi s and/ or the PRA

Next slide, please.

Anot her rul enaki ng activity that's ongoi ng

right now is the alternative physical security for
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advanced reactors. It is adraft rule and gui dance in
devel opnent right now.

The proposed rule would establish
alternative physical security requirenents for
advanced reactor technol ogi es that woul d i ncl ude SVRs
and ot her non-light water reactors to protect against
adversary attack resul ting in r adi ol ogi cal
consequences to public health and safety.

So, vol unt ary alternative physi ca
security requirenments would be comensurate wth
pot enti al consequences to the public health and safety
and t he common def ense and security. The idea is that
there would be site-specific anal yses denonstrating
how the identified alternative physical security
requi renents neet t he appl i cabl e per f or mance
requirenents.

This rule has not been issued as a draft

rule yet. It's still under developnent. |t should be
com ng out soon. And so, | can't really describe the
details yet, but they will be available for public

comment before | ong.

However, | can give you sone flavor as

CHAI RVAN PETTI: M chel | e?

M5. HART: Yes?

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

155
CHAl RMAN PETTI : Soon? A nont h? Si x

mont hs? What is "soon"?

M5. HART: So, it's in the fina
concurrence kind of status right now. So, | don't
have the schedule up in front of ne, I'msorry to say.

CHAI RVAN PETTI:  Okay.

MEMBER BROAWN: This is Charlie Brown.

What ' s driving a physical security change
for advanced reactors? | nean, a plant is a plant;
barbed wire is barbed wire, and fences are fences. |
nean, they're still reactors.

M5. HART: Right.

MEMBER BROVN: That's all 1'm curious
about .

M5. HART: So, you know, the rul emaking
plan for this, and the Comm ssion direction on this,
was to do a limted-scope rul emaking to address the
concerns that some small nodul ar reactors would have
in the near term Before we develop Part 53, there
may be a further investigation of how you would
i ncl ude consi derations for designin your security for

your facility.

VMEMBER BROWN: | guess | still don't
under st and. I nean, you're still going to have
guar ds. You've got to have sone type of
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adm ni strative requirenments in buildings.

M5. HART: So, | amreally only here to
tal k about the source terns.

MEMBER BROWN:  Ckay.

M5. HART: | can't really speak to the
alternative requirenents.

MEMBER BROWN:  All right. [|'ve got it.

M5. HART: That's not what this neetingis
about .

MEMBER BROWN: Thank you. Ckay. " m
done.

MEMBER REMPE: M chel | e?

MS. HART: Yes, Joy?

MEMBER REMPE: |' msorry, nmaybe you' re not
allowed to answer the question, but there are Reg.
Gui des and SRP changes, or is it just Reg. Cuides?
And can you say which ones?

M5. HART: So, we are devel oping a new
Reg. Guide to go along with this rule, and when there
are sone revisions to a current Reg. Guide on like
target set analysis. And so, | don't recall the
nunbers of the Reg. Guides right off the top of ny
head, but there are two Draft Guides that would go
along with this rul emaking.

MEMBER REMPE: Okay. That hel ps. Thank
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you.

MS. HART: Uh- hum

To give you a little bit of flavor about
the stuff that we're thinking about, though, it is
that, you know, kind of simlar to --

MR. SEGALA: Hey, M chelle?

M5. HART: |'msorry. Yes?

MR. SEGALA: Yes, this is John Segal a.

| just wanted to say, the proposed rule
publication date is Novenber 14th, 2022.

M5. HART: Thank you, John. | couldn't
remenber.

MR. SEGALA: But it's just nowstartingto
go through the concurrence process as of right now.

M5. HART: Yes. Thank you, John.

So, with regard to source terns and
consequence analysis that may be used -- and, of
course, you know, it still hasn't been issued -- but,
like with the energency preparedness rule, we are
reusing safety analysis source ternms and just
determ ning which scenarios we need to use for that
assessment .

So, | think you would start with that sane
basis for the security rule, but there are other

consi derations you woul d have to bring into play, such
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as potential different rel ease pat hways and different
initiators. So, that will be sonmething that we woul d
expect to discuss in the Reg. Guides that would go
with that rule.

Next slide, please.

So, that is all the slides | had on this
particular topic. Are there any other questions?

(No response.)

CHAI RVAN PETTI: Hearing none, let's just
keep on novi ng.

M5. HART: Al right. So, the next topic
that we have 1is guidance and information for
devel opi ng source terms for non-1ight water reactors.
And in this one, | will have sonme coworkers that wll
help with the presentation.

Next slide, please.

So, the woutline of this particular
presentation is that we are going to, first, talk
about accident consequence analysis for advanced
reactors in a general sense.

Then, 1'I1 describe mechanistic source
term

Next, 1'll talk about recent reports on
non-1i ght water reactor source termdevel opnent, those

Nat i onal Lab contractor reports.
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W'll talk a little bit about the non-
light water reactor PRA standard and the source term
di scussion in there.

And then, Bill Reckley will tal k about the
Li censi ng Moderni zation Project and the source term
that goes along with that.

Ti mDrzewi ecki will tal k about an overvi ew
of the nethod in NUREG 2246, "Fuel Qualification for
Advanced Reactors,” and how that nmay interact wth
source term We'll also discuss that.

And then, the last topic, we will talk
about this non-light water reactor accident source
terminformati on web page that we are devel opi ng.

Next slide, please.

So, when we talk about source terns,
i ncl udi ng devel opnent of nechanistic source terns,
we're tal king about the source ternms for accident
assessnent. Just as a remnder, there are other
source terns and ot her radiol ogical sources that are
part of regulatory assessnent, such as those for
shielding design or effluents and rad waste system
design evaluation, worker protection, things Iike
that. So, when we're tal ki ng about source termtoday,
we have only been talking about the accident

assessment, and nmainly, the offsite consequence

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

160

anal ysi s.

The siting and safety anal ysi s
requirenents are the same as used in previous
licensing of large |light water reactors. W have not
changed the regulations for advanced reactors and
other new technologies, and the offsite dose
consequence reference values and the evaluation of
pl ant design and siting remain the same currently.

Newer uses for advanced reactors i ncl udi ng
t he Li censing Moderni zation Project process for non-
| ight water reactors to sel ect |icensing basis events;
classify system structures and conponents, and
eval uat e t he adequacy of defense-in-depth as descri bed
in NEI 18-04 and endorsed in Reg. CGuide 1.233.

As we discussed earlier, conseguence
anal ysis may be used to aid in plune exposure pat hway
EPZ si ze determ nations; to support exenptions, or to
provi de a case-by-case basis for gas-cool ed reactors
or reactors with rated thermal power |ess than 250
nmegawatts thermal, in conpliance with the current
regulations; or, to support applications of the
alternative framework for energency preparedness for
SMRs and ot her new technol ogies, the 10 CFR 50. 160
rul emaki ng, once the rule is issued as final

And as | just discussed, there's an
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ongoing limted-scope rulemaking for alternative
security requirenments that use a consequence
assessnment to say that use of alternative security
requirenents i s acceptable. And the proposed rul e and
gui dance has not been issued yet.

Next slide, please.

So, sone consi derations inthe devel opnent
of accident source ternms is, of course, you have to
determ ne which events you're going to | ook at, which
scenarios you're going to use for your particular
anal ysis that you're looking for. And | know we've
kind of alluded to that a little bit before. Li ke
what scenarios do you use for maxi mum hypothetica
acci dent ? If you're going to use the maxinum
hypot heti cal acci dent, shoul d you anal yze radi ol ogi cal
consequences for all of your accidents and provide
that as your safety analysis? So, the determ nation
there is a part of the basis for determ ning which
source terns you need to devel op.

When you go through determi ning which
phenonena you need to nodel, and which systens,
structures and conponents, you would credit in these
anal yses, there is a balance of prevention versus
mtigation of the event. So, certain SSCs are safety-

rel ated or nust be managed in a different way because
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they prevent the accidents from occurring. Then,
other SSCs are there to reduce the radionuclide
rel ease or increase the contai nment of radi onuclides.
And so, they have special treatnment as well.

There's a relationship in determning
source terns to the functional contai nment concept,
and the functional contai nment, as taken fromthe SECY
paper, is a barrier or set of barriers taken together
that effectively limt the physical transport of
radi oactive material to the environment. And that's
in place of like a leak-tight physical structure
necessarily being required.

There's also relationship to PRA, the
deci sions that you woul d nake with a PRA. You have to
devel op source terns for some of those decisions.
Like if you were to use the non-light water reactor
PRA standard, it goes all the way to consequence.
You' re not nmking decisions based on proxy netrics
such as CDF or LERF. And, of course, in all of this,
you need to have a good determ nation of uncertainty
around the physical phenonena and the anount of
rel ease and the |ikelihood of the event.

Next slide, please.

So, as | had just kind of discussed,

there's no requirenent that you have a nmechani stic or
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determ ni stic valuation. That's a choice that a
desi gner can nmake. If you do use the Licensing
Moder ni zati on Project, that assunes that you would
devel op a nechanistic source termand use a PRA

However, there are some non-light water
reactors that may choose to provide a postulated
maxi mum hypot heti cal accident, simlar to non-power
reactor |icensees. The staff acknow edges that
t here's no specific gui dance on devel opment and revi ew
of non-1ight water reactor source terns or nmechanistic
source terns.

However, there is useful information
avai |l abl e. Reg. Q@uide 1.183 has a section
"Attributes of an Acceptable AST," that may be useful,
and it describes what attributes are expected for an
acceptable alternative source term for light water
reactors. Though sone aspects of the discussion may
not be applicable to sone non-light water reactor
desi gns, the guidance is nostly general in nature and
should help them be able to address regulatory
requirenents, if they do | ook at that.

| also note that the guidance in Reg.
GQuide 1.183 on radiological assessnment, in other
words, the portions that do not describe the |ight

wat er reactors source termitself, such as gui dance on
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dose conversion factors, briefing rates, atnospheric
di spersion, things |ike that, is technol ogy-incl usive
i n manner, and non-1light water reactor applicants may
find it useful in perfornmance consequence anal yses.
And we are planning to clarify that inthe revisionto
Reg. CGuide 1.183.

SECY-93-092, which is a discussion about
i ssues pertaining to advanced reactor designs and the
relationship to current regulatory requirenents,
i ncluded staff recomendations on non-light water
reactor source terns. |"m going to discuss these
recommendations starting on the next slide.

| f there are any questions?

(No response.)

| f not, next slide, please. It should be
slide 110.

So, this is the SECY-93-092 definition of
nmechani stic source termthat the staff put forward.
"A mechanistic source term is the result of an
anal ysis of fission product release based on the
anount of cladding danmage, fuel damage, and core
damage resulting from specific accident sequences
bei ng evaluated. |It's devel oped using best-estimte
phenonenol ogi cal nodels of the transport of fission

products fromthe fuel to the reactor cool ant system
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for all holdup volunes and barriers, taking into
account mtigation features, and finally, into the
environs. "

Appl i cants can choose to provide either a
nmechani stic scenario -- I'msorry. In the SECY, we
recomrended t hat advanced reactor source ternms should
be based upon a nechani stic anal ysis, and based on t he
staff's assurance that certain provisions are nmet.
The SECY defined a nechanistic source termin this
manner. As you can see, this definition has a clear
relationship to the discussion of functi onal
cont ai nment and the barrier assessnent that you woul d
do there.

Next slide, please.

So, the SECY paper also provided these
provi sions for staff assurance the nechanistic source
termwas acceptable, or that they were considered.

And the first thing is that you should
sufficiently well understand the perfornmance of the
reactor and fuel under norrmal and of f-norma
conditions, so that you can do a nechani stic anal ysi s;
and that you should have sufficient data to provide
adequat e confidence in the nmechani stic approach

Transport of fission products can be

adequately nodeled for all barriers and pathways to
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the environs; and that the calcul ation should be as
realistic as possible, so that the values and
limtations of any nmechanism or barrier are not
obscur ed.

And t hat events considered inthe anal ysis
to devel op the set of source terns for each design are
selected to balance severe accidents and design-
dependent uncertainti es.

The SECY went on to say that design-
specific source terns for each acci dent cat egory woul d
constitute one conponent for evaluating the
acceptability of the design.

Next slide, please.

So, to go on now to nobre recent
information, we contracted with the National Labs to
address accident source terns for non-light water
reactors as part of the NRC s non-1light water reactor
vision and strategy near-term inplenentation plans,
and to respond to the Nuclear Energy Innovation and
Moder ni zation Act, or NEIMA. This resulted in these
two recent reports that I'll describe now-- one from
| daho National Lab and the other from Sandi a.

They are technol ogy-inclusive and they
tell what to do to devel op acci dent source terns, and

not specifically on how to do it. There are no
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speci fic methods or phenonenol ogi cal nodels that are
presented as "the way to do things." And they do not
provi de technol ogy-rel ated source ternms or rel eases.
In other words, they don't provide specific values
that you woul d expect to see.

Next slide, please.

The first report is the one from |Idaho
Nat i onal Lab. It's titled, "Technology-Inclusive
Det ermi nati on of Mechanistic Source Terms for Ofsite
Dose- Rel at ed Assessnents for Advanced Nucl ear Reactor
Facilities." And it sunmarizes a risk-inforned,
per f or mance- based, and technol ogy-i ncl usi ve approach
to determ ne source terns. This report was issued in
June of 2020, and there is the ADAMS Report Nunber
Accessi on Nunber.

It's a graded process that all ows both the
non- nechani stic source termcal cul ati on net hods whi ch
adopt conservative approaches and assunpti ons based on
known physical and chemcal principles, and nore
importantly, the mechanistic source termcal cul ation
nmet hods, whi ch consi der desi gn-specific scenarios and
use best - esti mat e nodel s with uncertainty
guantification for a range of licensing basis events
to be used for the design and |icensing of advanced

nucl ear technol ogi es.
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Acci dent source terns are developed to
address licensing issues to support the application
processes of 10 CFR Part 50 for a construction permt
and operating |icense or 10 CFR Part 52 for conbi ned
operating license, standard design certification,
early site permt, or standard design approval, or
manufacturing |icense. They can also be used for
ot her purposes, including equi prent and envi ronment al
qgualification, control roomhabitability analysis, of
assessnents of severe acci dent risks and Envi ronnent al
| npact Statenents.

Next slide, please.

This is taken from page 6 of the INL
report. It's a picture of the nechanistic source term
as bei ng devel oped t hrough a systemati c eval uati on of
transport through barriers to the radi ol ogi cal rel ease
to the environment. |It's a picture that they took,
reproduced from a Sandia report, which is the next
report I'll be tal king about.

As you can see, it |ooks at each of the
barriers, and once you figure out what the rel ease is
fromeach barrier and the retention in that barrier,
it would result in the release to the environment.

Next slide, please.

This is another figure that is taken from
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the INL report. And it shows all of the different
considerations and information that you would use to
develop source terms to <conpare to regulatory
criteria. And | knowit's a nice picture, and it is
described in nore detail, or the concepts are
described in nore detail in the paper.

Next slide, please.

So, the I NL report descri bes sonme steps in
t he net hodol ogy to devel op nmechanistic source term
The steps to devel opi ng a conpl ete nechani stic source
term were devel oped with the Licensing Mdernization
Project in mnd. So, it includes determnation of
licensing basis events, as the term is wused in
NEI 18- 04.

The steps allow for flexibility to
acconmodat e refinements in t he source term
determi nation, as needed for the specific purpose,
i ncluding allowi ng for non-nechanistic or sinplified
nmechani sti c approach.

One approach is to use the initial
bounding calculations from step 4 to neet
requi renents. If they neet requirenents that are
sufficient for your licensing purpose, that should be
sufficient.

This is intended for facilities that have
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a small enough initial inventory of source terns to
neet radi ol ogi cal requirenents upon a full rel ease of
the initial inventory. So, we don't expect it's
something that the majority of designs nmay be able to
use.

The second pathway can use the System
Hazard Analysis, or SHA and perform sinplified
calculations, as notedinstep 5, toidentify barriers
and a maxinmum fractional release to perform a
sinplified mechanistic bounding analysis that could
neet r adi ol ogi cal cont rol requi renents  -- or
radi ol ogi cal consequence requirenments. Excuse ne.

Athird pat hway, whichis still not a ful
nmechani stic source term approach, is to use the | oop
of redesignin step 6, after going through step 5, and
foll owi ng through back again to step 4, and then, back
to step 5, to continue to refine your analysis. |If
these pathways are not sufficient, a conplete
nmechani stic source term approach going all the way
through to, well, 14 -- you should always docunent
your source term devel opnent -- would be included.

So, as you can see fromthese steps, there
is aset of systematic eval uations that you go through
and you refine and you nake it nore detailed, and

consi der the uncertainty and the design goals, as you
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go through this assessnent.

And | know | went through that really
fast, and | don't knowthat it necessarily made sense.
So, do you have any questions?

(No response.)

If not, we'll go to the next slide.

Now | will talk about the | ab report that
we've gotten, which is a "Sinplified Approach for
Scopi ng Assessnent of Non-Light Water Reactor Source
Ternms." And this was issued by Sandia in January of
2020. And that's the ADAMS Accessi on Number for that.

This approach is intended to identify the
characteristics of reactor design concepts, release
mtigation strategies that are nobst inportant to
di fferent classes of accident scenarios. And it uses
a scoping nmethodology to provide an approxinate,
order-of -magnitude estinate of the radiologica
release to the environment and associated offsite
consequences.

The scoping nethod is appliedto different
reactor concepts, considering the perfornmance of
barriers to fission product rel ease for these concepts
under sanple accident scenari os. The acci dent
scenarios and sensitivity eval uations are selected in

this report to evaluate the role of different fission
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product barriers in reducing the source termto the
envi ronnment and associ ated of fsite consequences.

It did not devel op quantitative estimates
of radiol ogi cal rel ease magni tudes and conpositions,
and | didsay it | ooked at several different concepts.
Those concepts were high-tenperature gas reactors,
sodi um fast reactors, and |iquid-fueled nolten salt
reactors. And it is primarily qualitative.

Do you have any questions about this
report?

(No response.)

Okay. The next slide. This is slide 118.

And, of course, there's the non-light
wat er reactor PRA standard, which was just issued | ast
year. This standard describes a full-scope PRA, which
i ncl udes consequence anal ysis, and there's a
nmechani stic source termanal ysi s el enent, or MS, which
provi des useful information on what to do to devel op
mechani stic source ternmns.

M5 describes the objectives and the
characteristics and attributes of the nechanistic
source termanal ysis for the PRAelenent. It provides
information on what to do to develop nechanistic
source term not specific assunptions, mnethods,

nodel s, or conputer codes. And it describes such
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considerations such as timng, |location, anount
rel eased, and the radi onuclide transport barriers and
transport nechani snms and associ ated uncertainties.

| f an applicant is usingthe PRA standard,
| think there's good information in there that they
could reuse for their safety analysis beyond their
PRA.

Are there any questions on this aspect of
t he PRA standard?

(No response.)

If not, | would like to hand the
presentation off to Bill Reckley to talk about the
Li censi ng Moderni zati on Project.

MEMBER REMPE: So, | didn't realize you
weren't going to be the next presenter, Mchelle. So,
| do have a question

M5. HART: Yes. Sure.

MEMBER REMPE: Are you planning, is the
staff planning to endorse the INL or Sandia reports,
or sonet hi ng?

MS. HART: So, we haven't decided if we're
going to endorse them or not. Ri ght now, we're
putting themout there as infornmation that is useful
and coul d be used by a designer to help develop their

source terns.
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So, they weren't witteninthe sense that
they would be like a Regulatory Guide on acceptable
anal yses to do a siting analysis, or anything like
that. They weren't witten in that nmanner.

MEMBER REMPE: It just seens like you're
putting it out there, but it's not endorsed, or
there's no NUREGto say these are different approaches
that are acceptable to the staff. But if somebody
goes and follows that approach, and says, "Well, it
was on the website as sonething good to do, we
t hought,” and then, it's "No, no, it doesn't work."
So, | guess |I'msurprised that they' re not asking for
some sort of additional guidance. But, again, if
t hey' re happy, | guess they're happy.

M5. HART: Well, | think the thing with
t hese, both of those reports, is that, much like with
the PRA standard, there's a lot to be left to the
i mpl enent ati on. It doesn't give specific nodels.
It's doesn't say, you know, "This is the way to do
things." It says, "These are the considerations that
you shoul d use when you' re devel opi ng a net hodol ogy. "

And so, | think it's like a pre-step to
you determ ning how you're going to do that. And
t hen, you could cone talk to us and say, "This is what

we're planning." And we're saying, okay, yes, if you
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use this information fromthese gui des, we understand
where you' re com ng from

MEMBER BROWN: How does that help an
applicant? | nean, to nme, it would be just confusing.
| wouldn't know what would be acceptable and what
woul d not be acceptabl e.

This is Charlie Brown.

M5. HART: Right. | think --

MEMBER BROWN:  You' ve gone t hr ough a whol e

nmess of possibilities, and, | mean, |'m confused.
apol ogi ze.

M5. HART: So, they all have -- I'msorry
-- they all have simlar features. They all talk
about considering the sane things. They all talk

about, you know, you need to quantify these things
-- "these things" being, you know, whatever they are.

| think there are some issues, but there
are so many different technol ogies; there are so many
di fferent approaches that they can take to |icensing
-- 1 mean, like they can determne to do a full
nmechani stic source termor they can determne to do
something in between. O they can determne to do a
maxi mum hypot heti cal accident, which has a non-
physi cal, obviously, bounding analysis, where they

woul dn't have to do as nuch, | guess, justification of
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the assunptions that they had done, or detailed
analysis to supply the justification, is probably a
better way to say it.

So, | think we're trying to remin
flexible for these different approaches for these
different designs and different goals that these
appl i cants woul d have.

MEMBER BROWN: Wll, one of them is
gualitative. Some of the other ones are nore
guantitative.

M5. HART: Uh- hum

MEMBER BROMWN: It just seens --

MEMBER HALNON: So, this is Geg. Let ne
try to frane it just alittle bit.

These smal | reactors are technol ogi es t hat
are wusually -- 1'Il just say they're probably
conmerci al reactors or cormercial facilities that will
be out there trying to make a profit. And in that,
there's going to be a trenendous econom c pressure to
have extrenely certain design paraneters.

And when you get into these situations --
and I'mnot sure if there's an answer to it or not --
where you get this sort of "bring ne a rock, and we' ||
let you know if we think it's okay," wthout that

bright line to design to, there's inefficiencies and
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there's potential econonic issues.

So, there's going to be this drive to push
back. And | would hope that at sonme point we would
get, after enough technol ogi es have cone in, that we
could seethe simlarities in all of these and cone up
with a process that gives nore certainty to the
desi gners. That's the pressure, and there is
frustration anongst the designers because we don't
have, you know, how do you slice and dice the
licensing basis events, you know, get rid of the 10-
to-the-mnus-12 events and talk to 10-to-the-m nus-5
events, and that sort of thing?

So, that's the frustration | think that at
| east |I'm experiencing through this. It came out in
droves when we were doing the 50.160 P rule. And |
think you're going through the same type of

di scussions with NuScal e.

M5. HART: Right. | think, you know, this
transition period we're in -- or | don't even know
that that's the right term-- but, yes, | nmean, it's

hard to be efficient right out of the gate. W're
trying to be as flexible as possible and allow for
different concepts to conme in. So, that does | eave
sone room for future refinenents. And if we do see,

as we do see commnalities and obvious -- well, |
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won't even say, "obvious." As we |earn |essons as we
go through, we may find in the future that there is
some gui dance that we can give that could help refine
things and bring things into a nore efficient space.

MEMBER  HALNON: Wll, | think it's
essential that we | ook for themand we have a project
in play that every tine we do find one, that we can
refine the guidance, so that it gets nore certain, we
shoul d do that. W shouldn't wait five years, and
say, okay, now what did we learn? Each tinme we find
something that's going to be advantageous to the
certainty of a designer, we should allow that to be
used.

And | think the nature of Topical Reports,
and being able to use themacross the board, is good,
except | keep on hearing, you know, this is very
specific to NuScale, or very specific to Kairos, or
it's very specific, and it causes a problemin the
transposition of these types of nethodol ogi es to ot her
reactors.

MR. SEGALA: This is John Segala with the
staff in NRR

| just wanted to add on the question that
Joy had on the endorsenment, | did want to add that,

for the non-light water reactor PRA standard, we're
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getting very close to putting out a trial use Reg.
Qui de endorsing that standard. So, yes, we're not
endorsing the other two industry guidances, industry
docunents -- I'msorry -- the National Lab docunents
that Mchelle just presented on. Those are really
just being provided for information to help the

devel opers.

MEMBER REMPE: | get it, but it would be
nice if -- again, it's their bailiwick. |If they're
not asking for it, | guess all you can do is say that

and be very careful to say, "These are just out here
for information. Use it. It doesn't mean that we're
going to approve it." But, anyway, that's what |'m
heari ng.

MEMBER BROMWN:  Well, in ny mnd, this is
simlar -- one of the concerns |'ve had with Part 53,
it's nmore generalized requirenents as opposed to
general design criteria. And if sonebody submits
that, then, all of a sudden, the NRC decides, well,
that's not quite good enough.

And t he source termissue, it seens to ne,

is going in the sane direction: "Tell us what you'd
like to do and we'll figure out whether it's okay or
not." Flexibility is great, but that's really tough

to design hardware, plants, anything to get that work
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done. It's alnmost |ike nobody wants to have any
specific requirements at all. | "' m exaggerating
slightly, but that seens to be, if you'relisteningto
these slides, it seenms to be where we're going. |'m

glad I'mnot a designer.

So, I'll pass. | just think this is a
concern. |'ve spoken ny piece.
CHAI RVAN PETTI : So, to nme, ny bigger

concern is the diffused nature of what's called,
guote, "requirenents.” They're there, but you' ve got
to go read six, seven, or eight docunments -- and it's
only the source term the nost inportant thing we care
about in terns of protecting the public.

And that's why the idea of consolidating
it, you know, a website, whatever, so that soneone
doesn't overl ook sonething, (a) | think is good, but
(b) it woul d provi de confidence, right, that, yes, the
NRC is doing its job and doing it well, and here's
what it |ooks Iike.

| would think NEI would be interested in
trying to put out sonething. Yes, it may be
functional, it may be higher |level, because it goes
across technol ogies, but, as it is now, it is somewhat
diffuse. And this has to do with the NPUFs versus

power reactors. It has to do with the history of how,
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what's called the "source termtree" has grown, but it
seens like it's worth stepping back and asking these
sorts of questions at this juncture, given what the
future may hold in terms of advanced reactor
applications comng in.

Keep going, Mchelle.

M5. HART: |I'msorry. Ckay.

So, | will be handi ng off the presentation
to Bill Reckley now.

MR. RECKLEY: Okay. Thanks, M chelle.

So, thank you, everyone.

And | only have a fewslides, but I'lIl go
back and visit a few of the comments, and not
di sagreeing with anyt hi ng anybody has sai d.

Part of the challenge is, as you provide

flexibility and try to make things technol ogy-

i ncl usi ve, addr essi ng a variety of react or
technologies, it gets harder to be specific and
produce anything like a TID docunent or even

NUREG 1465 and say, "Use this source termand it's
going to be used as a confirmation of a specific
barrier like the primary containment for a BWR or
PVZR. "

But, that said, just to kind of summari ze

licensing nodernization -- and we've talked to the
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Conmittee and this Subcommttee a few tinmes on this
-- it provides a risk-informed approach to the
selection of licensing basis events and categorizes
them into the categories we've talked about
-- anticipated operational occurrences, design basis
events, beyond design basis events, and then, another
category of design basis accidents that are used ki nd
of in a traditional determ nistic nethod.

Those event categories are assessed and
conpared to acceptance target figures to test specific
barriers and to assess the nmargin to the frequency
consequence target and design objectives, such as a
| oner-dose value to justify an Energency Planning
Zone, as Mchelle talked about under the 50.160
rul emaki ng.

And this also includes an assessnent
agai nst curul ative risks, using the QCs and sone
ot her measures introduced by the NEI 18-04.

And then, just a sunmary that there are
key roles in the LMP, as we've tal ked about before,
for probabilistic risk assessnent and, al so,
nmechani stic source term So, | don't know.

If we can go to 1207?

This is afigure simlar to what Mchelle

showed from the lab reports, and that's not a
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coi nci dence. W were all starting from the sane
fundament al source document, which is a DOE order on
assessing radiological releases from any facility.
And so, it's sinply nodel ed as an i nventory, and t hen,
various barriers, and then, the integrity or the
per f ormance of those barriers for particul ar scenari os
as it relates to particular radionuclides, and as it
relates to tinme, as the transients are bei ng nodel ed.
So, Mchelle had the sane equation.
Qobvi ously, we don't have it down yet to being able to
nodel things using an equation like this. But you
can, if you go back to Hossein's presentation and
Jason's presentation, you can see that these things
are what's being nodeled in things Iike MELCOR, the
transi ent response of particular barriers and the
transport of radionuclides against those barriers.
So, one way to | ook at this, for exanpl e,
when Mchelle talked about the Sandia report, in
| ooking at a first systematic way to look at it, it
woul d be, for a particul ar design, where aml going to
put the enphasis on retaining fission products? So,
under the current |light water reactor nodel, a | ot of
enphasis is put on barrier four, the containnment
bui l di ng. Under HTGRs, there's a nuch | arger focus on

barrier one, the fuel, and nmaybe barrier two, the
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matri x around the particles. |In other cases, or for
ot her transient scenarios, since nechanistic source
termis done on a scenario basis, it mght be the
pressure boundary or sone ot her consideration.

And | know it's conplicated. And | have
said, when it cones to hel ping the devel opers, if they
don't knowit's conplicated, they' re getting into the
wrong business. They have to understand that, when
they're given these design choices and flexibility,
t hen they have responsibilities.

So, when you go to howthey i nplenment this
maze, if you wll, let's say they are going to
enphasi ze barrier one in their design. That's where
they want to put the enphasis.

Then, Arlon, if you could do nme a favor
and go back up to 115? Ckay.

This is another conplicated figure, but
what does it nean? It neans, where are they going to
have to do their research? Were are they going to
have to put their enphasis? Wat does the R& have to
go? \Wiere are they going to try to mnimze the
uncertainties in any particular barrier? I1f they're
putting the enphasis on the TRI SO particle, there's
got to be a lot of work by DCE and by the devel opers

to show that they've addressed that qualification of
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the TRISOfuel. On the other hand, shoul d t hey choose

to say, "lI'm going to put my enphasis on another
barrier,"” then, they're going to have to do the R&D on
t hat other barrier.

So, again, it is conplicated and it's
iterative, how a designer is going to have to walk
through this. But, again, given that we're trying to
address a lot of different technologies, and we're
trying to give flexibility to the designers as to
where they put the enphasis in their design and in
their analysis, it's just the nature of the beast that
it won't be as clear as giving thema spreadsheet with
radi onucl i des and saying, "Here, put this into this
vol une and nodel your contai nment.”

And | oversinplified. | don't nean to --
even the current process is not as sinple as that,
but, anyway --

So, Joy, | see you've got your hand up.

VEMBER REMPE: Yes. You're right, and
what you just said woul d be good to have i n a docunent
sonewher e.

CHAI RVAN PETTI:  Anmen, anen, anen.

MEMBER REMPE: The other thing | have to
say is --

CHAI RVAN  PETTI : | conpletely agree.
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Bill, it was good.

MEMBER REMPE: Let ne finish, Dave. Let
me finish, Dave. Ckay?

CHAI RVAN PETTI:  Okay.

MEMBER REMPE: add farts like me can
recogni ze this equation really cones fromNUREG 1150.
This is not sonmet hing new. But perhaps the new design
devel opers are not old farts like nyself. Ckay?

(Laughter.)

So, yes, and what you're saying is very

good, Bill, and as Dave i s saying, "Amen," and singing
a chorus here. It ought to be witten sonmewhere. |Is
it witten sonmewhere?

MR. RECKLEY: | think the reports that we
commi ssioned talk about it in this sense, when you
| ook at them And, for exanple, the Idaho report,
t hen, goes on to further say things |ike Mchelle was
descri bing. You have an option in there at sone point
to say, "lI'mgoing to address the uncertainty by being
conservative. There's things | don't knowin ternms of
t he behavi or of the radionuclide, or the behavior of
a barrier. [|'ll just be conservative," and that's an
option that's available to the designer as well to get

t hrough the |icensing process.

So, whether it's as clear as it shoul d be,
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" mnot sure. As John was sayi ng, one thing we can do
-- or even sonme of the nenbers were saying -- bring
this up at a public neeting and ask the devel opers,
who are the ones we're trying to do this for, is it
clear; is this understandabl e? Between the website,
the reports, the history, is it clear? 1 don't know.

MEMBER REMPE: kay. | think you' ve got
our point. But Dave may want to expand --

CHAI RMAN PETTI: No, no, | agree. That's
why | keep thinking of this, sort of an executive
summary that pulls all this together. |'m thinking
three-, four-, five-page nmanual, heavily annotated.
So, it's kind of a roadmap, but the inportant things
get put there, so that it helps them put all these
di fferent docunments in context.

Because, you know, it is diffused right
now, and |"mjust trying to figure out, is there a way
to better focus it, just to help then? | agree with
you that you still need the flexibility, and it's
never going to be as cut and dry as "Do X, and then,
do Y, and then, do Z. " But if we can make sure that
t hey know what the considerations are in each step
and what's inportant, that's, | think, the best you
can do at this point.

MR. RECKLEY: kay. Well, | guess -- and
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John will pick this up nmaybe at the end with the
website -- that's a step; that's our effort to take a
step in that direction. And you guys haven't had a
chance to look at it vyet, and neither have the
external stakehol ders. Maybe the next step is to see
if that provided additional <clarity where we're
seeking it.

So, Arlon, if you can go back up to 1207?

MEMBER REMPE: While you're going up
there --

MR. RECKLEY: Yes?

MEMBER REMPE: -- again, |'m thinking
about websites and how they can easily be changed.
And it's nice to have the website, but you al ways have
to say, "lLast accessed,” and what date you did,
because - -

MR, RECKLEY: Yes.

MEMBER REMPE: -- it can easily be
changed. And so, again, | think sonmething that's a
little nore concrete mght be a good idea.

MR. RECKLEY: Ckay.

MR, SEGALA: Yes, this is John Segal a,
Bill.

| just wanted to add, | mean, now that we

made the website, the web page on source term
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publicly available just earlier this week, you know,
we were planning to share that at an upconing
st akehol der neeting, just to nmake everybody awar e t hat
we have this new page. So, just throwi ng that out
t here.

MR. RECKLEY: kay. And, Arlon, if we can
go to 1217

It's basical |l y a very simlar
representation, just comng at it from a different
direction. And as | just nentioned, and the bull et
enphasi zes here, there is flexibility provided on how
t hey want to devel op the safety case, both to reflect
the design and within the anal ysis.

And t hat invol ves comnbi nati ons of acti ve,
engi neered safety features, passive safety features,
and increasingly, reliance on inherent properties of
materials in the reactor cores. And that's
consistent, as it says here in the second bullet, with
the Advanced Reactor Policy Statenment encouraging
passi ve and i nherent features.

But sonetinmes, those also bring in
uncertainties and things you need to address in both
the design and in the anal ysis.

So, that's just a qui ck sunmary, again, of

i censi ng noderni zation; the key role that nodeling

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

190

t he mechani stic source termhas in that.

So, wth that, if there's no other
guestions or suggestions, we can go on to fuel
gualifications and Tim

MEMBER Kl RCHNER: Dave, nmay | nake an
observation? This is Walt Kirchner.

CHAI RVAN PETTI:  Sure.

MEMBER Kl RCHNER: You know, Dave, and
goi ng back to this norning, we have this DG -- let ne
make sure | get the nunmber right -- DG 1199. Is that
an appropriate place to at |least lay out this generic
approach to source termanalysis, identification and
anal ysi s?

CHAI RVAN PETTI : | think that's RAR- based.

MEMBER Kl RCHNER: I know it is, but,
conceptually, it seens to nme, at least what | do is,
each ti ne we see a new docunent for non-LWRs, ny first
proof of concept or test of the docunment is, would it
wor k for an advanced LMR? And | think they will, npst
of them

And t he advanced LWR, of course, is where
we' ve got the nost experience. W've got very nature
PRAs. W' ve got equipnent reliability to feed into
t he PRAs. We've got a good understanding of the

technol ogy and vulnerabilities, et cetera, et cetera.
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So, you know, in rmy mnd, when we | ook at
t hese new approaches, |I'mtesting themon an advanced
LWR, and | think they will work. So, conceptually,
the charts we were just |ooking at on nechanistic
source term | mean, those could be used for an
advanced LWR as wel | .

| thought what M chel |l e was covering, that
synopsis of the nmethodology fromthe INL report was
useful because you started off trying to bound the
probl em and then, you worked further down. If you've
got the data, if you' ve got the experinental data, if
you' ve got the experience with the technol ogy, you can
probably go down further. As Bill was saying, thisis
conplicated, especially for newer technol ogi es where
you don't have the kind of databases, and such, and
experi ence.

It just seens to ne that this DG 1199
m ght be a good place to put the conceptual approach
in, in a technol ogy-inclusive manner, and then, go on
to --

CHAI RMAN PETTI: MW viewis, if there was
a place that it needed to be put, it would be in an
appendi x to the NUREG on fuel qualificationthat Tims
going to talk about. Sorry, Tim To ne, that was

where it made nost sense. But | would | eave that up
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to the staff to decide where to put it. But there's
alot of --

MEMBER Kl RCHNER: But that's just fuel
To do the source term --

CHAI RVAN PETTI: No, the source termis --

MEMBER KI RCHNER: -- you've got to have

the barriers.

CHAl RMAN PETTI : It's tal ked about in
t here. You'll hear it. You'll hear it from him
That stuff is in there. But, again, |'d | eave those

details sort of to the staff, but --

MEMBER Kl RCHNER: That was just a comment .
No need -- no answer required.

MR. DRZEWECKI: COkay. So, this is Tim
Drzewi ecki fromthe staff.

Sorry, can you guys hear nme?

CHAI RMAN PETTI: Yes, go ahead.

MR. DRZEW ECKI: Okay. Wonderful. GCkay.
Yes. So, yes.

So, |I've got a fewslides to just kind of
give an idea of what's in this docunent. This is the
fuel qualification guidance that we cane out with and
we tal ked about at the end of |ast year.

And what it kind of |lays out is atop-down

nmethod to kind of highlight a list of goals or
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criteria the staff could evaluate to say that this
fuel is qualified and it does have certain aspects
that 1'mgoing to touch on source term So, I'll kind
of wal k through how it relates to the source termin
t he next couple of slides.

So, may | have the next slide, please?

So, how it starts out is we're trying to
make a finding that the fuel is qualified for use.
And there are two kind of conceptual things that we
want to nmake findings on for that. One, that you have
the manufacturing specification to control the key
fabrication paranmeters, and the other puts that the
safety criteria can be specified. Qobvi ously, the
safety criteria are not well-defined. So, we break
t hat down nore on the next slide.

So, the next slide, please.

And in here, specific criteria are com ng
fromthe NRCregul ations. The box onthe left, that's
t al ki ng about margin on the safety |imts under nornal
operation and the ACOs. And the one in the mddle,
which is the focus of this presentation, is show ng
that you can maintain the margin of a radionuclide
rel eased when it's under accident conditions.

Now t he point is, for this report, we were

focused on the fuels role, but it does tal k about
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ot her barriers, too. And this goes into the role that
fuel plays in the protection against the rel ease of
radi onucl i des.

And the box on the right, that just goes
into, basically, showi ng that you can naintain a safe
shut down condi ti on.

Next slide, please.

Ckay. And so, that box that was in the
mddle, it's broken down into four other criteria. |
want to say that the boxes that are gray are gray
because they're considered these base goals, in the
sense that we woul d expect to be able to have enough
evidence to nake a finding on that itemand not have
to break it down any nore.

So, in terns of the box on the left, we
want to make that the fuel performance envel ope is
defined. In other words, for this goal, it's know ng
what kind of accidents that the fuel is going to be
credited to performunder. So, whether it's under-
cool ing events, overpower events, things |ike that.

The box second to the left is, basically,
speci fyi ng what ' s t he radi onucl i de retention
requi renents of the fuel under accident conditions.
This is goingintothe role of fuel as it plays in the

safety case, in the sense that, if vyou're not
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crediting your fuel, if you have other barriers,
that's going to have an inpact on the kind of data
that you woul d need to support that.

These ot her two boxes on the right, these,

| think, line up pretty well with the source term a
slide that was shown on -- both Bill and M chell e had
shown it. So, these are associated with, one, the

barriers to the rel ease of radi onuclides, show ng t hat
you're conservative on criteria there. So, this
should be things |I|ike propellant/clad/ mechanical
interaction, your limts, or it woul d be ot her things,
too, like whether it's, say, like nelting, and things
like that.

And then, the box on the right, that's
tal king about the release of radionuclides or the
m gration of radionuclides within the fuel matrix.

So, | was going to break down the box,
that whole &.2.2 on the next slide. Yes.

Essentially, this has two boxes. One is
t hat you can showthe criteria are conservative, which
we think is sonmething that can be shown, as |ong as
you have data. This assunmes that you' re conparing it
agai nst experinental data.

Then, the box on the right is just nmaking

a statement that experinmental data is appropriate
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And that box is blue because there's a whol e separate
framework that's going to break that down. And that
goes into things |ike data i ndependence. 1Is that data
applicable to the scenario, things like that?

And so, what | have on this next slide
-- may | have the next slide, please? -- so, this is
not really neant to be read, but it kind of shows you
what this framework is. It takes a high-1level goa
and it breaks it down into, effectively, like a
checklist, a bunch of things that we want to make
findings on. And if we can nake findings on all of
t hose gray boxes, then we can say that the fuel is
qgual i fi ed.

And there is some overlap here. And what
| mean by that is the nmain framework is the one on the
left, and that relies on things |ike having eval uati on
nodel s in a couple of sections and experinmental data
is used to support multiple goals as well.

So, that's all that | had for NUREG 2246
unl ess there's any questions.

(No response.)

Arlon, can you hear ne? Ckay.

MR. COSTA: Yes, we can hear you.

M5. HART: | guess if there are no

guestions, we can go to the next slide.
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So, | wanted to talk a little bit about
this web page that we keep referring to, the non-Iight
water reactor accident source term web page
i nformation. At the top, there's the link to it.
It's on the public website and it's underneath the
advanced Reactor-rel ated docunents.

And it's a one-stop shop for existing
information, and it's discussion of accident source
ternms. There's a link list of docunments relevant to
devel opnent of non-1ight water reactor acci dent source
terms for licensing. It includes sonme of the |ight
wat er reactor information. W're not trying to be
conprehensive. Right now, we are putting information
out there and we will keep it up-to-date and keep
adding to it, as we continue to go through this
process.

Arlon, if you could open the website, so
they can take a look at it?

So, we have a little bit of a preanble
that tal ks about what a source termis and a little
picture of the barriers and kind of the barriers
assessnent .

And next, we go through the history and
evolution of the light water reactors source term

So, you have sonme of that history.
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And then, it kind of follows along the
lines of what we've been tal ki ng about today. W do
have the links in the text here to Tl D 14844 and Part
100, Reg. Guide 1.183.

W talk alittle bit about the anal yti cal
tools and past studies. So, we have references to
RADTRAD and MELCOR.

And then, we talk about information on
SMRs and non-light water reactors. So, we do have a
di scussion to our nechanistic source termand how it
interacts with the regul atory anal ysis and the siting
anal ysis that we tal ked about in SECY paper 16-0012.

And then, we tal k about the SECY-93-092,
whi ch was ki nd of the base for the i nformation on what
a nmechanistic source termis and the considerations
for what the staff would look at for a good
mechani stic source term

And then, further down on the page, we
have a section where we would tal k about accident
consequence-rel ated regulation activities. W don't
have links to those right now at the nmonent, but it
says that there are things that we're going through
now.

And then, we have the guidance and

information for devel oping advanced reactor source
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termwith reference to the LMP, is the first thing,
t he Regul atory CGui de that endorses the LMP.

And then, we go through docunent |inks.
And so, you can see that we have a link to Tl D 14844,
NUREG 1465, Reg. GCuide 1.183. And then, Hossein's
di scussi on about the history of source terns.

W have a link to our vision and strategy
code devel opnent plans for severe acci dent anal yses.

W have sone |inks to those denonstration
projects that Hossein and Jason discussed earlier
t oday. So, we do have the slides and a video
recording of those presentations from the workshops
avail able on this site.

Alittle bit further down, another link to
SECY- 94- 302, which is about source termrel ated, you
know, the i nformati on on source terns for evol utionary
and passive light water reactors. So, it's not non-
light water reactors, but it's that kind of
i nformation.

And we have the wong SRP here. It should
be 15.0.3 for new reactors. W can fix that.

W do have a link to the approved NuScal e
Topi cal Report for Accident Source Ter mMet hodol ogi es.
So, if sonebody wanted to see an exanple of an

approved nethodol ogy for Iight water reactors SMRs,
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and we do have the SECY, our staff approach to
eval uating the source terns for NuScal e.

And then, here, we have sone SECYs and
sone NUREGs and ot her information on the source term
approach for non-light water reactors, including
SECY-93-092 and it's SMR, sone pre-application Safety
Eval uati on Reports for several of the designs, and
t hen, an assessnent of a white paper fromNGNP on fuel
gualification and nechanistic source ternmns. So,
that's our staff assessment.

I n the next section, we have some gui dance
on devel opi ng advanced reactor source term And so,
for that, we have the endorsenent Reg. Guide for
NEI 18- 04.

W do have the Reg. @ide for the
per f or mance- based energency preparedness for snall
nodul ar reactors and ot her new t echnol ogi es.

And then, we have the |l ab reports that |
described today and a link to the ANS standard, which,
of course, we are worki ng on an endorsenment Reg. Cuide
for that as well.

And then, the next section has severa
reports fromlabs and from ot her places about source
term informati on on designs that we've seen in the

past .
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And t hen, t he next section is
presentations on non-1light water reactor source term
and | expect that we will probably be putting this
presentation and transcript, a link to that here as
wel | .

Like | said, this is what we put so far.
And we do i ntend on keeping that up-to-date. And | do
like the idea that Joy was tal ki ng about, that maybe
we need to have a "l ast updated" note on there.

CHAI RMAN PETTI: Yes, the other thing you
could do is, if sonething's new, sonetinmes |Iike
websites put a little tag, "New' next to it.

MS. HART: Uh- hum

CHAI RMAN PETTI: So, it draws the eye of
people visiting it.

M5. HART: Yes.

CHAI RVAN  PETTI : |"m just wondering,
nothing is there about NUREG 1537 for the NPUFs, and
that m ght be useful, to consider bringing in sone of
t hose docunents, too.

M5. HART: Right. And | think that's a
good piece of information. | think there's al so been
some di scussi on about maybe sone i nformati on that they
had used when t hey devel oped the source terns for |ike

SHI NE, or whatever. W can | ook into what i nformati on
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we can include on that.

CHAI RMAN PETTI: Right, right. | think
t hat woul d be good.

And, | nmean, | Ilike that introduction
stuff. That's what | was kind of thinking of as
needed. So, | think it's a good flow of all that.

M5. HART: Yes. And it's a very high
| evel right at the nonent. As we go through | earning
t hi ngs again, you know, and as we get sone coments
from folks as they look at it, not that we're
requesting conments officially, or anything like that,
but if there's missing pieces of information or
i nformation that doesn't make sense, certainly, we'll
take that comment into consideration.

MEMBER REMPE: The intro i s good, but some
of the things that Bill nentioned about where you

enphasi ze and the barrier diagram night be good to

consi der --

MS. HART: Uh- hum

MEMBER REMPE: -- in the actual formation,
the introduction. But, again, that's just one

menber' s comment .
M5, HART: Sur e.
MEMBER REMPE: And we're getting into

designing your web page, which | don't think ACRS
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nmenbers should be doing. But it's just sonething to
t hi nk about .

M5. HART: Right. No. No, | understand.
You know, there could be nore pictures and nore
di scussion. O they could be nore callouts to other
docunents, as necessary.

So, as we go through this, and if we hear
from industry or anybody about what they think is
useful, we can take that into consideration. | can't
make any prom ses necessarily, because we're not
asking for guidance on how to do our website
necessarily, but we thought that this woul d be a good
way to gather this information. And it may be a
little bit nore flexible than trying to wite like a
series of white papers or SECY papers, or sonething,
which takes a lot of tine and effort totry to get al
t he | anguage correct.

MEMBER REMPE: And | do want to say, |
were a devel oper, having all the docunments in an
accessi bl e pl ace woul d hel p big tine, and shari ng your
knowl edge this way is good. It's just it's very
fluid, | guess. I'mstill thinking that sone sort of
paper docurent mi ght be good to be thinking about.

M5. HART: Yes, we can also think about

this as we go through things. | will say, you know,
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a certain anount of what is on this web page is
constrained by the way that the NRC website is
generally configured. So, there may be sone of these
good ideas that you have that naybe aren't
i npl enent abl e or general |l y haven't been i npl enent ed on
our website. So, I'll just add that as a thought to
t hrow out there.

MEMBER REMPE: Good point.

M5. HART: Are there any ot her questions?

DR. BLEY: Mchelle, yes, this is Dennis
Bl ey.

After you introduced it, I went over and
found it and have been poking around in it. And |
think it's a great start. And it's the kind of thing
| think the Conmittee has been |ooking for for a
while, and | think it will be very hel pful to people.
Thanks.

M5. HART: Right. And sonebody did tel
nme that there is a tinmestanp on the page near the
bottom that says the last tine it was updated. So,
it'"s not in big print or anything like that, but it
does have it.

MEMBER REMPE: It is on there. But |
guess | was thinking, if a person canme in and said,

"Well, | used docunent X that was avail abl e on January
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15t h, 2021," or 2022, and in the ensuing two years
before they came in, that docunment has been renoved
because t he NRC has deci ded that wasn't a good idea to
post it, they're kind of stuck. If you say, | used
Reg. Quide 1.-whatever that was Rev. 3, the fact
you've updated it, well, it was there at that tine and
there's nore certainty with the docunent.

M5. HART: Right. | think, right now, we
only have things that already existed. W haven't
added new, different information, other than this
i ntroduction/preanble stuff. So, if you're using a
link that's on the page, you should be able to find
that again later, if you ve taken down the
information. Mst of them are ADAMS documents; not
all of themare, though.

And, of course, there are sone pl uses and
mnuses to that as well. I"m thinking of Ilike
specifically Reg. Guide 1.183. Right now, we have a
link to Rev. 0. What happens when we have Rev. 1? W
have to make sure that that's up-to-date.

MEMBER REMPE: And again, these are just
comments, and you' ve enphasi zed ACRS nenbers shoul dn' t
be designing a website. But it's just, you know, we
can't hel p oursel ves sonetines.

M5. HART: No, | get it.
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Are there any ot her questions or concerns?

(No response.)

Al right. If not --

DR. BLEY: well, vyes. Now that you
mention that there are constraints on NRC websites,
|'"'m rem nded of the briefings we've had on NRR s
Venture Studi os, and naybe they can be of help to you
guys. And maybe you' ve al ready used themto nake this
nore flexible and easier to use, and flexible in areas
where you're |l ooking for nore flexibility.

M5. HART: Al right. Thank you.

So, if there are no further questions,
guess we can nove on to the next topic, and that wll
go to Bill Reckley.

MR. RECKLEY: Okay. Thanks, M chelle.

And | think the only reason |'mdoing this
is because | was gone in January. So, | stepped
forward or everyone st epped backwards, or however that
wor Kks.

So, just kind of sunmari zing things -- and
"1l ask Mchelle or John to junmp in whenever it's
appropriate -- but if we want to go to 131, Arlon?

Just kind of, as a sunmary and a gener al
approach, using that sane kind of conplicated figure

that M chell e used, but it does enphasize the | evel of
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effort that needs to go into this.

And we understand t he general observation
t hat reactor devel opers, and especially those that may
be sonewhat newer to this kind of interaction with the
NRC, it's conplicated and nmaybe it could be nade
sinpler. On the other hand, this is really what it
comes down to, right? | nean, this is, as | think
Mark said in the very beginning, this is why the NRC
is here, and that's to address the potential hazards
of nuclear reactors and radioactive materials, and
ensure that they aren't released to the environnent.

And so, as you |look at how that evolved
for light water reactors since the 1950s or the TIDIn
1962 to present day, that reflected the way that it
was done, the inportance of the containnent, all the
way back to the genesis of that, as part of the siting
deci sions of the Atom c Energy Comm ssion. And it's
wor ked over that period of tine.

And so, as the first bullet says, if a
devel oper wants to use that kind of an approach, if
they're a non-light water reactor, they're going to
have to show a conservative source term and it may
not be the sane as NUREG 1465 because of the
technol ogy differences. But if they want to put an

enphasis on a barrier like a contai nnent and use that
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same approach, that remains available to them

The other thing that the second bull et
starts to go into is they can, also, decide to use a
nore mechanistic source term and a nore LMP-type
approach, where you are assessing the performance of
barriers and the behavior of radionuclides for
parti cul ar scenari os and assessi ng t he systemoveral | .
That's the functional containment concept. You're,
basically, looking at all of the barriers and their
performance for various scenarios, as the LMP would
all ow you to do.

In either case, the third bullet, when
you're dealing with a variety of technologies and
designs, the actual inplenmentation is going to be
specific to that technology and that design. The
source term for a nolten salt reactor, and what
radi onucl i des stay in the salt and what gets rel eased,
and what barrier they're goingtorely on, is goingto
be different than a gas reactor or a sodium fast
reactor. And that will go to ny next slide to somne
degr ee.

The last bullet is the NRC is not
currently planning to do the equivalent of a TID
assessment or a 1465, where we give source terns to

applicants and say, “If you wuse this, it's
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acceptable.™

As Jason and Hossein mentioned, the work
we do, we share, but that's sonewhat different than
giving them sonmething in a Regulatory Cuide and,
basically, saying, "Use this as an input.” And the
reason we're not planning to do that is for a couple
of reasons. One, the variety of technol ogies, and
two, a general trend where that kind of scientific
wor k, the burden of doing that is put over onto the
appl i cants.

And if you want to go to 132, Arlon?

Qobvi ously, the Departnment of Energy and
the National Laboratories play a role in this. And
so, as you know, the National Labs are organized into
vari ous canpai gns for different technologies. Al the
| abs associated with taking the lead for a particul ar
technology are |looking at the behavi or of
radi onucl i des and barriers and materials, and howt hat
pl ays into source term

| just threw up a couple of reports. The
HTGR, that dates back fromthe NGNP, Next Generation
Nucl ear Pl ant, project from10 years ago. Argonne and
Cak Ridge are doing work on nolten salt. Argonne is
doi ng work t o devel op nodel s for sodi umfast reactors.

So, if we go to 133.
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The NRC s activities have been nore
focused on the nethodology and how to use that
scientific data, or how an applicant m ght use that
scientific data, that they do by their own experi nents
or through reference to DCE activities, to support
their design and to support their safety case, again,
goi ng back to the previous di scussi on of where they're
going to put their enphasis. And both of these
reports kind of echo the flexibility that designers
have and where they m ght want to put their enphasis.

Joy?

MEMBER REMPE: So, |I'm hearing a little
bit different fromyou in the prior slide discussion,
whi ch maybe you're right, but | also think that the
desi gn devel opers need to understand that, too. I
still think I |ike the discussion about, if you rely
on that barrier, you' d better have nore research.
That' s technol ogy-i ndependent, and | think that to be
vetting gui dance.

But you said, | believe -- and [|I'm
paraphrasing -- that, because we've got so nany
technologies comng in and they're not using the
standard LWR stuff, the burden is on the new design
devel oper to come up with a source term That's just

the way it's going to be. |If you're going to pick a
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new t echnol ogy, you've got to realize you' ve got to
have enough noney to get the data and t he approach for
your source term And nmaybe that ought to be in sone
guidance. O is it communicated well to them so they
under stand that?

MR. RECKLEY: Well, yes.

MEMBER REMPE: Am| m squoti ng you, by the
way ? Because | am kind of paraphrasing what |'m
heari ng.

MR RECKLEY: No, no. | think it's an
accurate paraphrase. The only thing -- Arlon, if you
can go back to 132? -- is, and | think you guys are
aware of this, all of these are conpl ex rel ati onshi ps,
right?

The Departnment of Energy is not an
i nnocent bystander. They are a key player. And they
do this through their own work. They do it through
wor ki ng with devel opers. They solicit input fromthe
devel opers on where to do the research through things
like Project GAIN They work wth individua
devel opers, and sone of the Project GAIN grants have
related directly to devel opi ng source ternms.

And we're not just standing by, either.
W're interacting with DOE on where to do sone of the

research. And so, you do have all parties kind of
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trying to stay cogni zant of what each other is doing
to make sure this works out. | don't want to make it
sound Ii ke we're just stepping back. W're talkingto
t he devel opers, as Mchelle and others have said, in
this pre-application discussions. Those sane
devel opers are talking to DOE. W're tal king to DOCE.
And so, the hope is that, although it is conplicated,
that it is kind of an organi zed approach to this.

So, I'll leave it there, unless John or
M chell e want to weigh-in on the interactions we have
with the developers and the |aboratories and DCE
kay?

MEMBER REMPE: It hel ps. Again, it's just
something I' mthinking about. |1'mreacting to things
| see in the popul ar press.

MR. RECKLEY: Right.

MEMBER REMPE: And |' mthinking that some
poi nts are worth enphasi zi ng.

MR. RECKLEY: No, and | don't think any of
us really have nmuch different thoughts. | nean, in
ternms of the devel opnment of a technology, it's like a
3-di mensional chess gane here -- working with the
devel opers, the DOE, the NRC, and other entities. As
Hossein was nmentioning, you can bring in the

international elenents. It's a conplex set of
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activities to support any of these technol ogies.

MEMBER REMPE: Go ahead. Thank you

MR, RECKLEY: Sure.

So, Arlon, if we want to go to 1347

You know, this is just kind of reinforcing
that conplexity. This is maybe the nobst fanous
sinple, well, single figure representing a source
term and it goes back to the NG\P and HIGR
di scussi ons.

But, if you |l ook at those DOE reports, you
will see simlar representations for nolten salt
reactors, simlar representations for sodi um cool ed
fast reactors. And you can do this for any of the
designs and the technologies. And it's just another
way to try to represent sort of what was going into
the barrier diagram and just another way to try to
represent nechanistic source term and, again, the
conplexities of trying to, for individual scenarios,
say which of these is going to conme into play; which
of these are going to contribute? In this particular
case, when are the contam nants going to cone off of
the primary circuit and get rel eased into the reactor
bui | di ng? When m ght they be retai ned, and so forth?

So, | didn't really have nmuch of a

nessage, other than just using this sonmewhat famliar
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capsul e diagram to kind of reinforce the nunber of
t hi ngs going on and the conplexities of devel oping a
source term

So, go to 135.

This is just, again, sunmarizing what
Jason and Hossein were saying. Qur activities in
regards to this, developing the nodels, which we
share, for at least the consideration of the
devel opers, whet her they're usi ng MELCOR or sone ot her
system analysis code to support the design and
licensing of their plant.

So, 136.

Again, this is, to sonme degree, just
sumari zi ng t he previ ous di scussi ons, as M chel | e went
t hr ough. W have had both applications and pre-
applications with NuScale, along with Kairos, and
t hen, pendi ng di scussi ons Wi th West i nghouse,
TerraPower, X-energy. And we'll consider those in
terms of a step forward; what is useful to share.

As anot her devel oper conmes in, we can tal k
to them about at l|east the public versions of the
interactions with these other vendors, to say, you
know, this is one approach that was taken. And if
it's an approved Topical, then so much the better;

that this approach was found to be acceptabl e.
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Slide 137.

So, noving forward, we, the staff, wll
continue to follow the scientific work being done by
t he National Labs and the devel opers. W continue to
engage with t hose devel opers on t he approaches they're
taking in both the design and for presenting a safety
case.

We'll continue, as Hossein and Jason
nmenti oned, to devel op, refine what we' ve done to date,
and to devel op nodel s for the | ast two technol ogi es we
pl an to do.

And in ternms of the MELCOR workshops, we
wi | | engage stakehol ders, including the neeting here
t oday, and consider additional guidance, if we get
feedback |i ke the last bullet: the web page maybe was
useful. But if stakeholders are commenting that it
needs to either be revised, we'll take that into
account, or we need to do sonething nore, then we'll
consi der that, based on the feedback we get from our
engagerment wi th stakehol ders, individual devel opers,
and so forth,.

So, | think that's the last slide.

Questions?

MEMBER HALNON: Bill, this is Geg.

Gven that last bullet there, mybe an
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i nclusion on the web page would be a link that emails
a certain person that could take those kind of
coment s. | don't know if that's possible in the
public world, but it seens it would be an easy way to
get sone feedback on it, rather than just wait for
public neetings or someone to get so frustrated that
they call you. It mght be a good way to get sone of
t hat feedback

MR. RECKLEY: Al right. wWe'll  put
Arlon's nanme right on there.

MEMBER  HALNON: That's what | was
t hi nki ng.

MR. COSTA: Appreciate that.

DR. BLEY: Hey, Bill, it's Dennis Bley.

| haven't | ooked up what's on the public
web about Part 53 lately, but have you thought about
doing anything simlar to support Part 537

MR. RECKLEY: W have quite a bit on Part
53. | think this one mght flowa little better than
our current Part 53. So, we'll take a look at it.
But we do have a lot of information on Part 53
currently on the public website.

DR. BLEY: And I was just thinking about
t he roadmap, and we've tal ked about that before.

MR, RECKLEY: Yes.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

217

DR. BLEY: But that m ght be a place to do
t hat .

MR. RECKLEY: Ckay. Thank you.

Hey, John, I'm not sure if you had any
addi tional kind of --

MR. SEGALA: Yes, this is John Segal a.

| nmean, | appreciate all the discussions
and the feedback, and | appreciate the opportunity
that we had today to present on all the activities
that we've been working on, and the new web page
ever yt hi ng.

| think "Il let you guys concl ude and how
you want to nove forward. But | guess |I'mjust kind
of hearing that sone of the things that we're thinking
about as sharing the new web page at our upcom ng
st akehol der neeting in March, you know, reaching out
to stakehol ders at that nmeeting and see if there's a
need for sonething else in terms of source term

It seens |like, fromwhat |'ve heard, that
there seens to be a general flavor that there's a |l ot
of good information out there. [It's just, you know,
there's alot of information scattered. So, it's hard
for a new developer to look at in nore of a
consol i dat ed manner.

Qur attenpt with the website was an
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attenpt to try to pull it all together and make it
easy for people to find. And as Mchelle and Bil
said, we're going to continue to refine that web page
and enhance it, and add to it as new informati on cones
out .

So, anyway, again, | appreciate the
di scussion and even Joy saying that ACRS providing
f eedback on our websites -- we're open; any sort of
feedback for things that we can do better to
communi cate externally, you know, that's sonething
that we're interested in.

Wth that, | think that sort of concl udes

the staff remarks.

MEMBER REMPE: Again, it was just
i ndi vi dual rmenber comrents. This is a work-in-
progr ess. John, do you think it's appropriate, |

mean, knowing that this is a work-in-progress, do you
think an ACRS letter is really going to help the
staff? You've got our individual conments.

But | heard you say at the beginning of
this nmeeting, "We hear there's going to be a letter."
You guys were not asking for a letter. Wat's your
t hought on this? | nean, we're doi ng individual, fly-
by-ni ght comments here. Do you want us to be nore

neasured and conme up with a letter? O do you think
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you' ve got enough?

MR SEGALA: well, 1 think, from our
perspective, we feel |ike we have enough for
devel opers. W feel that the early-noving devel opers
t hat were engagi ng with or devel opi ng source term we
haven't really heard any strong interest from the
devel opers through our interactions with themin pre-
app, or even in the public neetings, that there's a

need for additional guidance.

And so, we kind of feel like we don't
really need a letter. W tried to listen to the
feedback that you all provided to us at earlier

neetings on EP and other things. And we've tried to
do all sorts of activities, |ike devel op gui dance and
devel op the MELCOR- SCALE denonstration projects, and
make the videos and information available, and the
contractor reports.

So, | think what we deci ded sort of at the
end was, you know, that that's where we kind of ended
up with a web page. W thought, well, nmaybe we do
need to pull all this information together and nake it
easy access. And so, that was sort of what we t hought
was ki nd of the piece that was needed to ki nd of pul
it all together. And it is a work-in-progress, and

we're going to continue to engage wth these
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devel opers and appl i cants, as they submt applications
and do the reviews.

You know, we've been devel opi ng gui dance,
as you can see from this whole presentation, we've
been devel opi ng guidance for LWRs since the early
'60s, and we continue to devel op gui dance for LWRs.
And | imagine that we will continue to do that for
non-light water reactors, as well as SMRs and ot her
new t echnol ogi es that cone forward.

So, | think we're trying to remin
flexible. W'retryingtorenmainagile. Wretrying
to optimze and enhance our guidance, as we nove on
and as we |earn new information.

So, I'm not sure if that answered your
guestion, but that's kind of our view

VEMBER REMPE: It helps to understand.
Again, we do this now with the research folks; that
we' re having nore frequent neetings, which takes nore
staff tinme to come and talk to us, and individual
nmenbers provide comments. And we hear from your
personnel that's nore helpful to them than having
formal letters coming out. And | just wondered where
you guys were on it.

Personally -- and again, |'m sure Dave

will have us go around -- but | think you guys have
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done a great job. You ve made good progress. But,
you know, interacting, we have sone ideas. | think it
will be interesting to see what the public conments
are at the end of this neeting, as well as what you
learn in the m ddl e of March, when you go back to t hem
and talk to them

Anyway, that's just ny thoughts.

CHAI RMAN PETTI: O her nenbers?

MEMBER DI M TRI JEVI C. Yes, Dave. Hi .
This is Vesna.

| wanted to nake one general comment in
t he end about sonething which is very inportant for
me, sort of ny hangup. And that was not addressed so
much in the source data or it was stressed in the
begi nning of | ooking. And that's uncertainty
associated with results.

So, we saw sonme of your results where
there was a play with the paranmeters in Mnte Carlo
and produced sone uncertainties. But is just a
t hought for an ice break. There is sone rmuch
uncertainties in these results which are associ ated
wi th nodels, you know, the radionuclides, barriers,
the facilities, the nethodol ogy which is used. So,
uncertainties are so nuch bi gger than these paranetric

uncertainties. And maybe there we see results
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presented with uncertainties, the brackets.

So, | would like, actually, you know, and
this is also ny personal opinion, but | think that
everybody agrees the uncertainties is a necessary part
of the gane and sonething starting to be used in
regul ati on. You know, in ny opinion, my persona
opi nion, the uncertainties from the PRA Level 1, |
don't know if they necessarily are handl ed well, but
they are nuch better and astute, and they always
address and we talk about nean values and 95 and
nmedi an and poi nt esti mates.

However, as we progress through the Level
Il and Level 11, in ny opinion, uncertainties triple.
They become a nuch bigger and nuch |arger, and we
don't really see that yet, because these uncertainties
are not as well and astute, and they're not |ooking to
in the |l evel of details necessary.

So, | understand that this is just in the
begi nning and naybe it's too early to want a |ot of
attention to uncertainty, but | definitely think that
that's something we should be very seriously | ooking
to.

Al right. That was my coment. You
know, | don't think we really wunderstand the

uncertainties associated with this and we need to
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devote nuch nore attention to wunderstand these
nmet hods, nodel s, and net hodol ogy associated with it.

CHAI RVAN PETTI: O her menbers?

Ch, go ahead, John. No, John, go ahead,
if you want to respond.

MR. SEGALA: Yes, | was just going to say
that | think we agree that wuncertainties are
i mportant. | think nodeling and understanding the
uncertainties and accounting for the uncertainties are
something that's acknowl edged in the Licensing
Moder ni zati on Project, as well as the non-1ight water
reactor PRA standard. | think that that is sonething
that is going to have to be accounted for in the
desi gn margi ns, and whatnot, as we nove forward.

So, thank you for the comment.

CHAI RVAN PETTI: Anyone el se?

MEMBER Kl RCHNER: Dave, this is Walt.

CHAl RMAN PETTI:  Yes?

MEMBER Kl RCHNER: | m squoted the nunber
of the Draft Reg. Guide earlier. | should have been
saying Draft Guide 1389. |Is that the topic of your
Subconmmittee's neeting in March? Are we going to
review that docunent ?

CHAI RVAN PETTIl: Yes, | think so. That's

-- we gave up on 1.138 one -- what it will evolve to,
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| believe.

MEMBER Kl RCHNER: Yes. Well, just a
t hought and observation. | want to go away and study
it mnmore closely. But it seens that, echoing an

earlier observation, that the nethodology used to
devel op an alternate source termfor an LWR where we
have a | ot nore data, we have a | ot nobre experience,
should, in general, and conceptually, apply for
advanced react ors.

And 1'Il take a look at the Reg. GCuide
Draft, but it seens to me the LWR specifics could be
i n appendi ces and t he net hodol ogy or the recomrended
approach, much like was covered earlier fromthe INL
report, could find its way into at | east an executive
sumary or an i ntroduction to the Reg. Guide. 1'Il go
and take a look, and I'll give you sone coments
perhaps that could be used for that interaction.

CHAI RVAN PETTI: Ckay.

MEMBER Kl RCHNER: And the other thing
Vesna, | agree with you. Having had sone experience
in this nodeling and sinulation business, once you
| ose the fuel geonetry, then the uncertainties in the
nodels are nmuch greater than the paranetric
uncertainties. You get into stochastic and random

kind of results.
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So, once you're in that territory, so to
speak, once the uncertainties expand, and bounding
anal yses are probably a wise choice to try and get
some sense of the consequences -- this is true of even
thermal hydraulics for existing plants. Once you go

i nto two-phase fl ow and t he phases separate, then the

uncertainty in t he nodel results i ncreases
substantial ly. And that has nothing to do wth
parametric uncertainties. |It's just the uncertainty

in terns of our ability to nodel what is happening
physically. Fuel fragnentation is a good exanpl e of
t hat .

MEMBER DI M TRI JEVI C: Yes. You know,
Walt, | was thinking, how can this be addressed? |
was t hi nking that, maybe since this is international,
there are other programs which do simlar naybe
conmputing results, or in the case of Fukushim, we
have real data to conpare with the results of the
nodel s.

| don't know how to estimate that. |It's
not an easy thing to do. | mean, even | don't think
the bounding things always is a way to address
somet hi ng, especially as these becone a nore i nport ant
part in the regulation. | nean, how are we going to

do the risk-infornmed applications based on, you know,
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source term and the dose and di spersions, and things
i ke that?

So, I'mnot sure howto address that, but
it's exactly what | thought, what you said. Thanks.

MEMBER Kl RCHNER: And, Dave, | woul d just
like to thank the staff for this great presentation
today. There's a lot of infornmation here.

CHAI RVAN PETTI :  Yes.

MEMBER KIRCHNER  So, | look forward to
browsi ng or grazing on their website.

CHAI RVAN PETTI :  Yes.

MEMBER Kl RCHNER:  Thank you.

CHAI RMAN PETTI: You took my conment.
really want to reiterate what Walt just said. This
presentation, you know, the depth and breadth is
fairly uni que fromwhat we've heard, | think, in other
presentations. It required a lot of different folks
to cone together, and | really appreciate it, given ny
background, of course, in this area. ' ve thought
about these things as well, and | really do appreciate
t he slides.

That said, we should discuss, anpbng
ourselves | guess, the need for a letter. M letter
was going to be --

MEMBER REMPE: Can we do public comments

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

227
first, though?

CHAI RVAN PETTI:  You want coments first?
Ckay. Sure.

MEMBER REMPE: Yes. Because | think that
|'"d like to hear what the public has to say.

CHAI RVAN PETTI: Okay.

MEMBER REMPE: |s that okay?

MR. SNODDERLY: Yes, that's the way we had
-- we had it set wup that way, before nenber
di scussi on.

CHAI RMAN PETTI: Okay. So, for nenbers of
the public, *6 to unnute yourself. G ve us your nane
and your comment.

MR. SNODDERLY: |'msorry. Dave, we did
sormet hing different today. So, the nenbers of the
public are on. So, you just have to unmute yourself.

CHAI RVMAN PETTI: On.

MR. SNODDERLY: Yes. Yes.

CHAI RVMAN PETTI:  Okay.

MR SNODDERLY: | don't knowif Ms. Fields
is still there, but I saw sonme nenbers of the public
in.

MS. FIELDS: Hi. Yes, thisis Ms. Fields.
Can you hear ne?

CHAI RMAN PETTI : Yes, we can.
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MS. FI ELDS: Oh, okay. Because of anot her

appointnment, | didn't hear the whol e presentation, but
what | did hear and see was very, very informative.
So, | just have a few comments.

As you know, there's still no permanent

repository for irradi ated nuclear fuel. Andto ne, it
does not make sense for the United States to keep
maki ng used or spent nuclear fuel when there is no
per manent repository and none anticipated in the near
future, and | believe none in ny lifetine.

Al so, the NRC should not use the term
"advanced" i n these vari ous rul enaki ngs and docunents.
"Advanced" is a public relations term It doesn't
have a regul atory or a statutory or a technical basis.

The NRC has already dropped the term
"advanced" in the Part 53 rul emaki ng. The rul emaki ng
is not for advanced nucl ear reactors; it's just for
conmerci al nuclear reactors. And the NRC has taken
the definition of "advanced"” out of that rul emaking.

And there are sone various reasons for
that -- in part, | inagine, because the NEI VA
definition of "advanced" just does not nmake sense.
There's just no real basis for that.

Al so, I'mstill concerned that the NRC has

not been able to accession properly the docunents
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related to these pre-application and application
submittals to the NRC Many of the docunents have
been accessioned to ADAMS, but they have no docket
number, or the docket nunber should be on an
application docunment for an application docket, but
it"'s still onthe pre-application docket. The NRC has
been paying attention to this and nade some changes,
but there's still a big issue.

| also think that the NRC and the ACRS
shoul d pay nore attention to the needs of the public.
Qobvi ously, this whol e process and t he di scussi on t oday
was really to satisfy the needs of the industry, as
they nmove forward with these new reactor designs and
proposal s.

But there's little information avail able
to the public that would give them an idea of what
exactly they should look for, if there is an
application to site one of these new reactor designs
in their conmunity. There's just really not nmuch
there that would guide the public, as they review
t hese applications and they consider whether this is
appropriate for their community.

So, | definitely think that the NRC shoul d
think -- well, naybe even have a public neeting for

public input on what exactly the public, information
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the public needs, not so that the industry can site
something in their community, but so the community has
the tools it has to actual ly eval uate what's goi ng on,
i ke the amount of water that might be needed. O is
it really appropriate to reduce the EPZ and not have
it at the traditional 10 m|es?

So, it's just something for you all to
t hink about in the future. Thank you.

CHAI RVAN PETTI: Thank you.

| believe Kati Austgen is next.

M5. AUSTGEN: Yes, thank you. Kat i
Austgen with the Nucl ear Energy Institute.

First, | just wanted to thank the ACRS and
the NRC staff for trying sonmething new and |l etting us
participate in the Teans webcast this time around. It
was nuch easier to follow along on the slides and
under st and whi ch nmenbers and which staff were making
whi ch conments. So, we very rnuch appreciate that.

And then, | agree with the ACRS that this
was a very informative presentation, and | | ook
forward to sharing the information about the new
website wth our nmenbers, and continuing our
conversations with the staff on guidance in this area
and how we can all make sure we're on the sane page

about what's required.
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Thank you.

CHAI RVAN PETTI: Thank you.

Jan Boudart?

MS. BOUDART: Jan Boudart, and |' ma Board
nmenber of the Nuclear Energy Information Service in
Chi cago.

And apropos to what Sarah Fields said,
there is being considered an experinmental reactor at
the University of Illinois in Chanpaign-Ubana. And
the question that NEIS is asking is, how do people
feel about sending their kids to that University if
there's going to be a fission project on the
University canpus? And how is the NRC, or whatever
appropriate agency -- maybe it's the DCE -- how are
they going to present this to the public and to the
peopl e who are considering sending their kids there?
And is there going to be a public hearing? And wll
the ram fications of having this on the canpus be
explored, et cetera, et cetera?

But | think this is very appropriate to
what Sarah sai d, because the people who are going to
be affected by these snmall nodul ar nuclear reactors
and the experinmental reactors, like the one that's
bei ng considered with the TVAin Tennessee, the people

i n the nei ghborhood and t he peopl e who are going to be
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in the area need to be consulted as to whether they
think it's appropriate to have these things near them

That's the end of my conment.

CHAI RVAN PETTI: Thank you.

Any other comrents from nmenbers of the
public?

MEMBER REMPE: Dave, am | -- oh, I'm
sorry, | interrupted. Yes.

CHAI RVAN PETTI: Pl ease go ahead.

MR STEIN:. This is Adam Stein from the
Br eakt hrough Institute. | have a conment and a
clarifying question, if you are willing to entertain
t he questi on.

To what extent does the staff expect to
require a MELCOR nodel to be devel oped for specific
advanced reactors? Because, as was presented today,
the nodels that have been created so far are not
direct replicas of the various devel opers; they are
based on other simlar technologies, or simlar
designs, | should say. But, as the staff nentioned
t oday, a significant anount of tinme and effort was put
into devel oping those nodels. So, to what extent is
the staff expecting to require a MELCOR nodel that is
simlar to an applicant's design to be devel oped? And

if not, how closely resenbling results are they
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expecting between the existing MELCOR nodels or the
ones that are being developed and an applicant's
submi ssion of results?

CHAI RVAN PETTI : Thank vyou. W don't
respond to conments fromthe public in our neeting.
But you can send an email to Mke Snodderly, the
Desi gnated Federal Oficial. Mke can tell you his
emai |, and take it fromthere.

MR. SNODDERLY: Yes, Adam | think if you
want to send ne a witten conment, then we can add
that to the record. But the other option is you just
turn your question into a comment, and that also is
bei ng transcri bed.

So, what | heard could be your comment is
that MELCOR nodels, as they' ve been devel oped, are
val uabl e and shoul d be required or part of any review
of a confirmatory analysis of a review of advanced
reactors.

But you just need to formit in that kind
of a phrasing. And if you want nore tinme to do that,
you can do that, and then, send nme an enmmil to
m chael . snodderly -- SNODDERL-Y -- @rc.gov.

MR. STEIN. Thank you.

| would also like to comment that it is

important to consider that, when you are | ooking at
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the differences between a MLCOR nodel and a,
potentially, applicant-developed nodel, that it is
i nportant to consider and di sposition why and how t hey
may differ in results. Because, as was discussed
today, there are still wvarious considerations or
physi cal paraneters that are not in both nodels
identically, and there will still be dispositions.

Thank you for your tine.

CHAI RVAN  PETTI : Any other public
comment s?

| see a hand. Jan?

M5. BOUDART: It's ne again.

|  wanted to ascertain whether M.
Snodderly's email, does it say @crs.nrc.gov or is it

just nrc.gov?

MR. SNODDERLY: Yes, Jan, it's @rc. gov.

M5. BOUDART: Ch, good. Ch, thank you
That's what | thought. Thanks.

MR. SNODDERLY:  Thanks.

CHAI RVMAN PETTI:  Okay.

MEMBER REMPE: M ke, is your hand up?

MR. SNODDERLY: Yes. |If you don't m nd,
Dave, | just wanted to remnd the Commttee, as you
start your nenber discussion, | went back to your

presentation on Cctober 8th to the Commi ssion. And in
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that, just to rem nd everybody, in your slides that

you presented -- let's see -- the second-to-I|ast slide
that you presented, you said that, "Nunerous recent
and upcoming source-termrelated activities. A

roadmap showi ng how all the pieces fit together would
be worthwhile"; and that "Many different pieces are
com ng together, and that the ACRS pl ans an i ntegrated
review | ater this year."

So, | just wanted to renmind the Conmttee
that, well, you didn't make a comm tnent, but you told
them that you were going to have this interaction.
You've had it. It doesn't require a letter, of
course. But | think the staff has done sonething to
provi de sonewhat of a roadmap, and you may want to
comment on how good or bad it is. But you, of course,
can say nothing. But | just thought that m ght be a
good ki ckoff point, and now, |'ll be quiet.

MEMBER REMPE: M ke, al so, while you're on
the line, just so | wunderstand the new process,
everyone can just -- does anyone need to press *6 now?
Because there are a | ot of phone |ines out there.

MR. SNODDERLY: No, they're on just like
you and |, and it's nmute and unmute.

MEMBER REMPE: (kay.

MR. SNODDERLY: Now | can nmute fol ks, any
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partici pate, but --

MEMBER REMPE: Right, but the phone line

fol ks --

MR. SNODDERLY:  Yes.

MEMBER REMPE: | understand the fol ks t hat
are linked in. Like Sarah has a real Iink.

MR. SNODDERLY:  Yes.

MEMBER REMPE: But the phone line fol ks
can it thensel ves? kay. Just wanted to rmake sure we
weren't | eaving anyone out. Thank you.

MR. SNODDERLY: That's my under st andi ng,
but Tom Daschl e (phonetic) -- you know, correct nme if
l"'mwong -- but |I think that --

MR. BURKHART: This is Larry.

One of the commenters, our |ast comenter
was on the phone. So, | think it's working.

MR. SNODDERLY: Yes. Thank you, Larry.

MEMBER REMPE: Great. Thank you.

CHAI RVAN PETTI : Ckay. So, Menbers, let's
talk a little bit about the need for a letter; what
your thoughts are.

| have, as | always have, put together
what | call the guts of a letter. [It's just a bunch
of points and starting points.

VWiile | don't think the staff needs a
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letter, nmy opinion is that, in light of everything
that's going on right nowin the area with non-LWRs,
that a pointer letter, which is what the letter would
be, pointing out some of the inportant things that
they've done, mnmight be quite helpful. And |'m
certainly willing to wite the letter, given the
i nportance of the topic, as we heard from (audio
interference) for the NRC

So, conments, Menbers? And consul tants?
|"d be interested in hearing their perspectives, too.

MEMBER BROWN: It's Charlie.

Based on ny listening, this was kind of a
pot pourri-type presentation. | head alot of comments
fromus, but unless we have sonme specific things that
should go on in this general, multiple opportunities
for people, | don't see where a letter would really
add a whole lot, other than just saying, "Continue."
My opinionis | wouldn't wite a letter based on this
nmeet i ng.

MEMBER Kl RCHNER: Dave, this is Walt.

| guess | would concur with Charlie. |
woul d wait until you heard, we hear about DG 1389 and
its status. Because what |I'mthinking is, although
this set of presentations today primarily 1is

addr essi ng, quote-unquote, "advanced" reactors and

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

238
applicants comng in, it's likely that they're going
togo inthe near term while 10 CFR 53 rul emaking is
in progress, that they are going to cone in under
10 CFR 50 or 52. And if they do so, then they can
ei ther do exceptions to gui dance and the regul ati ons
or they'll follow the spirit of the guidance that's
out there. And that's why I'mvery interested i n what
DG 1389 contains and whether it's a broader tenplate
for other advanced reactor applications.

Thank you.

CHAI RVAN PETTI: Go ahead, Ron.

MEMBER BALLI NGER: This is Ron.

| think that, unless we want to reinforce
sonet hi ng that we' ve al ready comruni cated on at | east
two occasions -- the first with the Conm ssion

presentation and t he second, at | east the second today

-- | think that we should probably -- | think the
staff has got the nessage. And so, | think I'min
agreenent with Valt -- waiting until we have sonet hi ng

whi ch we can actually review in detail

Thank you.

CHAI RMAN PETTI: My only concern, having
read that Draft Guide, is that it's extrenely |ight-
wat er-reactor-specific and we're going to focus on

t hat . So, | don't see us getting into non-LWRs in
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t hat review because that's not where that is.

MEMBER BALLI NGER. That woul d not keep us
from maki ng a corment, does it?

MEMBER Kl RCHNER: That's what | was
t hi nki ng, Dave. You can build on that to say what ever
we feel -- nore, |ess, or keep on going, or whatever
-- for the non-LWR reactors or something new,
conpl etely new and different is needed. That woul d be
a good juncture to make that kind of observation.

MEMBER HALNON: Dave, this is Geg.

CHAI RMAN PETTI: Dennis? GCh, go ahead,
G egq.

MEMBER HALNON: No, well, Dennis had his
hand up. | couldn't see that.

Go ahead, Dennis. [|'Il come after you.

DR BLEY: kay. Yes, Dave, well, first,
|'"d say | found today very useful, and |'ve played
around on that website already this afternoon. I
think that's going to be especially nice.

Now we sonetines get tricked in things we
read, as Joy said, in the popular press and i n papers
people send to us to look at. |'mnot sure how much
of what | read is politics and how nuch is real, where
peopl e are technically.

There's a lot of things passing around
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that kind of say, "Gee, the NRCis stuck in the Dark

Ages and they ought to just say, alnpbst, you don't
need to do anything with these newreactors. Just |et
t hem operate. "

| think what we saw today ties a |lot of
very inportant information together. And if | had a
new design and it had extrenely | ow consequences and
I'i kelihood of danage, | think I could do sonethi ng not
terribly elaborate to prove that point within those
constructs.

So, | think what they' ve put together
today is really useful, integrating all these pieces.
| woul d have agreed with Walt and Ron that we ought to
wait for the neeting next nonth, and there's when it
woul d be nost useful for you folks to wite a letter.
But | didn't read the draft and you have. And if they
aren't closely coupled, then, naybe it nmakes sense
separately.

| nmean, this isn't at a point where this
rates a 10-page letter. A one-page letter mght be
appropriate to acknow edge what's being done and its
value. So, | think we shouldn't let this pass w thout
-- | don't think you should let it pass w thout somne
conment .

CHAI RVAN PETTI : So, vyes, ny talking
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points are all of 80 lines. You know, it's not a big
letter. But we're viewed as sort of an independent
| ook at things, and there's these questions out there
by all sorts of folks about NRC, as you say, being in
the Dark Ages and they don't really understand these
non-LWRs. And | think nothing could be further from
the truth. They've done an awful ot of work to get
t hensel ves ready to accept an application. And to
recogni ze that, | thought, personally, was of val ue.

MEMBER HALNON: This is Geg.

| look at it from a perspective of the
Comm ssioner sitting in his or her office, and
sonmebody wal ki ng i n wanting a drop-i n neeti ng and have
di scussi on about sone iterations they' re goi ng through
with reviews, and whatnot.

And | guess there's a couple of nuggets
that cane out today. And notw t hstanding the one
about t he burden of devel opi ng t he nmet hodol ogi es i s on
t he devel oper and expect it to be conplicated, and
those sorts of things, there's a couple of messages
that | think the Conm ssioners need to hear, so that
they're arned with sone information

And I'm not sure if it gets to them or
not, but the fact that there is an integrated website

and it's inprocess; it'sinreally pretty good shape,
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but we're taking comments onit; the fact that there's
a coupl e of nuggets in there that we heard today that
we' re either expecting or antici pating or have | ear ned
-- 1 think those type of things, going to the
transcripts, mght be useful

And |I'm not tal king about a long letter,
but a couple of sentences here and there that
acknowl edge that we're in an iterative-plus process
that's going to be getting better every tinme we have
interaction with a new technology and we all learn
nore about it. | think those types of things are
pretty inportant.

So, I'mkind of in with you and Denni s,
Dave, that there could be a very short letter that has
some of the things that we heard, sone of the things
t hat we anti ci pate, and woul dn't negat e havi ng anot her
| etter down the road for a specific Reg. Guide, but,
certainly, fromthe topic itself, could use sone, |
guess, collation into a concise letter.

CHAI RMAN PETTI: Steve? | see your hand
up.

DR. SCHULTZ: Yes. For the Commttee,
do appreci ate the di scussion here about a letter, but
| don't think it's letter or no letter. Because |

think the Commttee has made these comments to the
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Comm ssionintheir last neeting; that thisis atopic
that is extrenely inmportant to the advancenent of the
new reactors; and al so, to the work that is being done
associated with their devel opnent and application.

And | think a followp to just those
cooments to the Commission would be very useful,
especially in light of the excellent presentations
that were nmde today. A very well-integrated
presentation and very useful to the Conmttee and,
also, in the public forum

My ot her coment woul d be that not only is
this of interest in the United States, but the
i nternational community. The regulatory agencies in
t hose areas are al so working on the sanme thing. And
for the ACRS to not conme out with a continuing
statenent about what is ongoing and what s
appreci ated and associated with this work -- | think
that's inportant for the Committee to do. Whet her
it's one letter or two letters, it's up to the
Conmittee. | think that an individual letter on this
topic would be not the last letter the Conmittee
wites, but very inportant to continue to endorse.

CHAI RVAN PETTI: Joy?

MEMBER REMPE: So, I'mtorn. Cdearly, we

need t o deci de because the nmonth is com ng up and the
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staff needs to knowif they're going to be com ng back
to us.

But, listening today to the public
coments, it seemed to me, and what the staff said,
that they're going to have an upcom ng stakehol der
neeting in March, where they' ||l maybe | earn nore about
whet her nore guidance is needed -- | nean, clearly,
they' ve made a | ot of good progress and they've got a
good -- you know, | really do like the reference pl ant
evaluations. |I'dliketoseealittle nore com ng out
of it, which | think the staff was receptive to.

| think that sone of our comments about
the need for guidance is inportant, but |I'mnot sure
whet her we should be telling the staff to do that,
when | really appreciate that there's so nany
di fferent designs out there, that maybe the staff is
at the right -- that what they're doing is correct.
Because why waste resources on doi ng gui dance for so
many di fferent designs and flexibilities?

And one of the public comments, to ne,
indicated that the person didn't wunderstand the
staff's broad perspective. | don't think the staff is
trying to say, by any neans, that a MELCOR nodel is
needed in what we've heard today. So, | think

comuni cation with the stakehol ders is very inportant.
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But that was ny inpression of it and all,

but I don't knowif thetimngisright. | definitely
would put "Interim Letter on Staff Progress," or
something like that, as the title of whatever is
i ssued. But |I'm open to whatever the Conmittee

decides, but | don't knowif thisis theright tinme or
not .

I'"'m not sure that's a very helpfu
conment .

CHAI RVAN PETTI : My bi ggest concern is,
you know, there's probably never a good tine. And we
know the bow wave of what's coming in front of us
starting in April. There just seened to be a w ndow
of opportunity here, given what's on the plate for
Mar ch.

MEMBER REMPE: But what will we say ot her
than, "Good job."? And we can do that in the m nutes
of the nmeeting summary, when you cone back and do
sonmething |i ke what Jose often does. | don't know, |
just am wondering if we're nmaking them conme back to
present to us and things like that. So, anyway, |'m
just kind of thinking about it.

CHAI RVAN PETTI : Anybody el se? Mat t ?
Jose?

MEMBER MARCH- LEUBA: Yes, Jose. Jose has

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1716 14th STREET, N.W., SUITE 200
(202) 234-4433 WASHINGTON, D.C. 20009-4309 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

246

hi s hand rai sed because Joy used ny name in vain, and
she took my argunent out of it.

W have an i nternedi ate nmet hod of dealing
with this. First, let me say that |I'm anbival ent on
the letter. On the one side, the person that knows
and cares nore about this is Dave, and he thinks we
should have a letter. And that nakes ne want to
support it. On the other side, | see all the other
argunments from the people that maybe we should wait
for a real Reg Cuide.

But we have a mddle ground, which is
witing a couple of paragraphs to be included in the
summary of this nmeeting. And they get presented to
P&P, and they becone the property of ACRS. It's not
a subcommittee any longer. | mean, once P&P approves
t hose two or three paragraphs, it's half aletter, and
t hose paragraphs can be submitted by emil to
whonever .

So, if we are voting, | will vote for the
hal fway and go for the summary.

MEMBER REMPE: And that avoids the staff
having to come back and do anot her presentation.

CHAI RVAN PETTI: WMatt, you' ve been silent.

MEMBER SUNSERI : |"ve been |istening,

Dave. You know, | think it was a very inportant
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topic. W' ve been asking for howthese vari ous source
term activities integrate each other towards the
topic. And so, I'd be in favor of a letter.

MEMBER BIER  This is Vicki

It's kind of out of my area. | feel sort
of simlar, in between Charlie and Dennis; that, you
know, on the one hand, there was not hi ng burni ng t oday
that inspired nme that we have to wite a letter, but
| could certainly go with a short letter that just

sai d, "W support the progress being made, " et cetera.

CHAI RVAN PETTI:  Okay.

MEMBER DI M TRIJEVI C.  Dave?

CHAl RVAN PETTI:  Yes?

MEMBER DI M TRIJEVI C.  You know, | believe
in Jose's philosophy. You know nost about that and
you put the letter together, and you think it should
be witten. So, | support that.

MEMBER SUNSERI: Dave, this is Matt. One
nor e t hing.

| think that we have precedents, al so, for
not having to have staff come back and nake anot her
presentation to the Conmttee. | think naybe al nost
everybody from the Comrittee is here, and that you

coul d nake sone kind of presentation, a short one, at

the full Conmmttee neeting, and we could wite the
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letter fromthat. | think we've done that before on
a lot of the license reviews that we did for design
certifications.

MEMBER REMPE: W did it for MELLA+,
actual ly, and that woul d nake it easier for the staff.
| don't know.

CHAI RMAN PETTI: Yes. | certainly don't
-- | mean, we would need a very, very, 100, 000-f oot
| evel presentation, because this here, I'mthinking |
woul d have thought no nore than five slides sort of
thing. You know, what were the things you touched on?
But if we can even get rid of that, maybe, then, |
could put a draft together, and then, when we see it,
that m ght even informus better. To bring it to the
full Committee, and then, people nake a decision? Is
t hat al | owabl e?

MR SNODDERLY: Yes, | believe that's
consistent with the Byl aws. The Subconm ttee needs to
make a recommendation to the full Conm ttee on whet her
to wite a letter or not. This would al so give sone
nore tine to digest it and think about it.

But, Dave, you woul d, when we cone to this
item on the agenda, you would make, as a nenber, a
recommendation to the Committee, and then, the

Comm ttee woul d vote whether to take it up further and
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wite the letter or not, or to do some hybrid thing.

And it's already been discussed or the
precedent has been set. The staff could be there or
not be there. But, of course, we would like them
there to support letter witing as usual, anyway. But
| don't even know what, if any, presentation would be
needed, unless you requested it, what you think you
need to support the letter.

CHAI RVAN PETTI: All right. | don't think
we need themto be there to nake a presentation.

But let me try to wite --

VMEMBER REMPE: Let ne interrupt for a
mnute, and | think Larry is going to have to weigh-in
because the agenda i s al ready published in The Feder al
Regi st er.

If we were to do this in P&P, that puts

this on Friday norning, just to be thinking

processwi se here and the mechanics of it. | don't
think we can have -- or maybe we can; |'m asking
Larry. Is it acceptable for Dave to give a

presentation during that allocated tinme for this
topic, Larry, instead of the staff, and go ahead with,
if the Comittee at that point decides to do a letter,
is it acceptable to go ahead and go right into letter

witing?
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MR.  BURKHART: | think it's perfectly

acceptabl e for the Chair of the Subcomrittee to orient
the full Commttee on the topic, and then, nove into
report witing, if that is decided.

VEMBER REMPE: Ckay. | just wanted to
make sure, because this is a little different than
what happened with the MELLA+ thing. But that's
great. | just wanted to nake sure we weren't going to
go forward with sonething that wasn't all owed. Thank
you.

CHAI RVAN PETTI: The other thing is what
M ke raised. You know, we did talk about this with
t he Commi ssioners, and it would be nice to kind of
close the loop on that. Again, a shorter letter, that
both sides recognize this issue; thought it was

timely, and we did.

So, it's on the agenda. I will,
basically, | guess, during that slot, tal k about the
maj or points in the letter. And we can have a

di scussion there, and then, nmake a decision, as the
full Conmittee, whether we want a docunent for the
record or, in a sunmmry sense, in the nmeeting sumary.
| s that reasonabl e?

MEMBER SUNSERI: Sounds good to ne.

VEMVBER DI M TRI JEVI C. Absol utel y.
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Absol utel y.

CHAI RVAN PETTI : Ckay. Il will work on
this next week, and I'Il actually try to get sone of
the stuff to fol ks before the neeting, so they' re not
seeing for the first tine at full Conmttee.

kay. Then, with that, | guess if there
are no other comments, we're ready to adjourn the
nmeet i ng.

And | thank everyone and, agai n, thank the
staff. This was a Herculean effort. W really do
appreciate it.

So, everybody have a good evening. Thank
you.

(Wher eupon, at 4:28 p.m, the neeting was

adj our ned.)
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AGENDA

* Opening Remarks

e Staff Introduction

e History and Evolution of LWR Source Term

 NRC analytical tools and past studies

e SCALE/MELCOR non-LWR reference plant analysis

Break

 Agenda Item IV Continued

* NuScale EPZ Sizing Methodology Topical Report, Rev. 2

e Light water SMR design certification source term approach

e Source term approach for early non-LWR movers

Lunch

e Accident-consequence-related regulation activities

Break

e Guidance and information for developing advanced reactor source term
* Guidance for developing advanced reactor source term (long-term)
e Opportunity for Public Comment

e Member Discussion

Adjourn
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Staff Introduction

e Determining source terms is a critical
component in the NRC’s licensing process

e NRC team presenting today:
— Mark Blumberg — NRR/DRA
— Michelle Hart — NRR/DANU
— Jason Schaperow — NRR/DANU
— Bill Reckley — NRR/DANU
— Tim Drzewiecki — NRR/DANU
— Hossein Esmaili — RES/DSA
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022



History — Regulatory Use of Source Terms

Siting critical issue

— Safety & Cost

Principle hazard — Public Exposure

— Siting key element in protecting public health
Earliest reactors used containments

Atomic Energy Commission proposed siting on population
densities

Ultimately decided siting would be based upon dose
calculations

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 3
Reactor Initiatives, 02/17/2022



10 CFR 100.11

Footnote to 10 CFR 100.11(a) is a performance-based rule to evaluate the
defense-in-depth provided by the containment

Nearly all current reactors were licensed originally to the Technical
Information Document (TID) -14844 which provides guidance on the
containment source term for the Loss of Coolant Accidents (LOCAS) involving
fuel melt

— Based on heating fuel ‘chips’ in a furnace

— 100% noble gases (Xe, Kr)

— 50% iodine (half deposits instantaneously)

— 1% of other radionuclides as particles

lodine Chemical Form

— 91% as |,(g) (elemental); 5% particles; 4% CH,l (organic)
All instantly available from start of accident in the containment

Source terms for Non-LOCA events are provided in RG 1.195, “Methods and
Assumptions for Evaluating Radiological Consequences of Design Basis
Accidents at Light Water Reactors”

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 4
Reactor Initiatives, 02/17/2022



NUREG-1465 Source Term

Radionuclide behavior observed during the Three Mile Island
Unit 2 accident in 1979 did not appear at all to be like the
Technical Information Document (TID)-14844 source term

NRC initiated research effects in the area of severe accidents
which culminate in publication of NUREG-1150, “Severe
Accident Risks: An Assessment for Five U.S. Nuclear Power

Plants.” (1990)
Source term depends on the nature of the accident

The NUREG-1465, “Accident Sources Terms for Light-Water
Nuclear Power Plants” (1995) source term was derived from
the risk significant sequences in NUREG-1150



10 CFR 50.67, RG 1.183

NRC staff developed RG 1.183 Rev. 0, “Alternative Radiological
Source Terms for Evaluating Design Basis Accidents at Nuclear
Power Reactors.” (July 2000) to support implementation of 10 CFR
50.67, “Accident Source Term”

— Applicable to nuclear power reactor applicants and licensees
who voluntarily adopt 10 CFR 50.67

— Provides assumptions and methods that are acceptable to the

NRC staff for performing design basis radiological analyses using
an AST

— Used the NUREG-1465 early in-vessel fuel melt source term for
LOCAs

— RG 1.183 also provides Non-LOCA release fractions
— |dentified the significant attributes of an acceptable AST

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 6
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
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Source Term Updates Proposed in DG-1199

* |n October 2009, the NRC issued for public comment DG-1199
as a proposed Rev. 1 of RG 1.183

* Addressed fuel utilization at the time for Non-LOCA accidents

* The NRC staff has elected not to finalize DG-1199 and is
issuing DG-1389 as a replacement

12



Source Term Updates Proposed in DG-1389

» Staff plans to include changes proposed in DG-1199 as modified by
public comments

* Provides guidance to address the review of near-term accident
tolerant fuel (ATF) designs with burnups up to 68 GWd/MTU peak
rod-average) and U-235 enrichments up to 8.0 weight percent.

* Considered impact of fuel fragmentation, relocation and dispersalt

* On going research efforts is underway to update the SAND2011-
0128 accident source term to accommodate higher burnup and
increased enrichments for LOCA releases.

NRC Memorandum, “Letter Report on Evaluation of the Impact of
Fuel Fragmentation, Relocation, and Dispersal for the Radiological
Design Basis Accidents in Regulatory Guide 1.183 (ADAMS
Accession No. ML21197A067)”

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 9

13 o
Reactor Initiatives, 02/17/2022



Source Term Updates Proposed in DG-1389
(cont.)

» Afuture RG 1.183 update is expected to accommodate higher
burnups and enrichments

* An acceptable analytical procedure for predicting plant-
specific non-LOCA radionuclide release fractions has been
included and provides flexibility and margin recovery

* Separate BWR and PWR non-LOCA steady state release
fractions

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 10
Reactor Initiatives, 02/17/2022
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Key Messages

One of the ways the NRC staff and licensees determine what
measures and barriers are needed to protect the health and safety
of the public is to perform design basis accident dose analyses.

A key component of these analyses is the determination of the
release source term.

The NRC has developed regulations, source terms and regulatory
guidance to provide licensees and the staff with an efficient method
of performing these dose analyses.

Ongoing efforts by the NRC continue to revise these source terms
and methods to address modern fuel utilization and the use of
accident tolerant fuel.

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 11

15 o
Reactor Initiatives, 02/17/2022



NRC Analytical Tools and Past Studies-
Severe Accident Progression and
Source Term



Key Messages
Decades of NRC and international investments in the
state-of-practice SCALE and MELCOR modeling including
development, assessment and application

Importance of analytical capabilities in a system level code
and being ready to resolve regulatory issues and help
decision making

Leverage international collaboration through severe
accident research and code sharing programs

Application to a wide variety of nuclear technologies

17



Outline
Introduction

MELCOR Code Overview
International Collaboration (Severe Accidents & MELCOR)

Applications to Regulatory Decision-making
— Examples: Design Certification, SOARCA, Post-Fukushima activities

Application to New and Advanced Reactors
— SCALE/MELCOR demonstration calculations

18
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Introduction

ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022



21

ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022



MELCOR Overview
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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MELCOR State-of-the-Practice Modeling

Timeline for Evolution of MELCOR Modeling Practices

Circa 1985 : Circa 1990 Circa 1995 Circa 1998 Present Future

n am n
=
Nnanane="
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n
R

STCP A HHF JHHHAR

* NUREG-1150 : - AP-600 design : + Begin SGTR : + Finish SGTR « MOX source : + Emerging user
+ Basis for = certification - : : terms *  needs
NUREG-1465 : » ESBWR design = : : « High burn-up :
revised source certification *  source terms
term =+ AP-1000 design : : : ;
= certification . : :
ACRS meeting on Integration of Source
”7 Term Activities in Support of Advanced 12

Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022

13



29

ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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International Collaboration
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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MELCOR Applications

ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022

20



36

ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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BREAK

ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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Summary

« Decades of experimental and analytical research in
severe accident progression and source term

» Validated state-of-practice MELCOR code ready for
application to a wide variety of nuclear technologies
Including advanced designs

 MELCOR has been an essential tool for resolving
safety issues and informing regulatory decision making



MELCOR application to new reactors
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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SCALE/MELCOR non-LWR source term
demonstration project



Outline
NRC strategy for non-LWR source term analysis
Project objectives
Public workshops

Sample results
* Heat pipe reactor (HPR)

* High-temperature gas-cooled reactor (HTGR)
» Pebble-bed molten-salt-cooled reactor (FHR)

. Summary

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 41
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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Project objectives

Understand severe accident behavior and provide insights for
regulatory guidance

Facilitate dialogue on staff's approach for accident progression
and source term

Demonstrate use of SCALE and MELCOR

+ |dentify accident characteristics and uncertainties
« Develop publicly available input models for representative designs

ACRS meeting on Integration of Source
5o Term Activities in Support of Advanced 43
Reactor Initiatives, 02/17/2022



Scope

Full-plant models for representative non-LWRs
« Heat pipe reactor — INL Design A
« High-temperature gas-cooled reactor — PBMR-400
« Pebble-bed molten-salt-cooled — UCB Mark 1
« Molten-salt-fueled reactor - MSRE
« Sodium-cooled fast reactor - ABTR

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 44
Reactor Initiatives, 02/17/2022



Approach

Use SCALE to calculate core decay heat, radionuclide inventory,
reactivity feedback

Build MELCOR full-plant input model

Select accident scenarios

Perform MELCOR simulations for the selected scenarios

Public workshops to discuss the modeling and sample results

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 45
Reactor Initiatives, 02/17/2022



https://www.nrc.gov/reactors/new-reactors/advanced/details.html#non-lwr-ana-code-dev

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 46
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Sample Results

calculations by ORNL and SNL

ACRS meeting on Integration of Source
Term Activities in Support of Advanced
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022

50



67

ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022

54



71

ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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FHR = ATWS

Loss-of-onsite power with failure to SCRAM
« Salt pumps shut off
 Reactor fails to SCRAM
« Secondary heat removal ends
* 0 to 3 trains of DRACS operating

Includes preliminary analysis with xenon transient
 Guided by ORNL calculations

« Xenon reactivity feedback model being implemented into MELCOR

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 56
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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ACRS meeting on Integration of Source
Term Activities in Support of Advanced
Reactor Initiatives, 02/17/2022
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Summary

» Demonstrated use of SCALE and MELCOR for safety analysis
for 3 classes of non-LWRs
» Working on demonstrations for 2 more classes

+ Simulated the entire accident starting with the intiating event
+ system thermal hydraulic response
* fuel heat-up
* heat transfer through the reactor to the surroundings
+ radiological release

+ Evaluated effectiveness of passive mitigation features

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 59
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NuScale EPZ Sizing Methodology Topical Report, Rev. 2
Light Water SMR Design Certification Source Term Approach
Source Term Approach for Early non-LWR Movers

79



Accident Source Term in Recent
and Near-term Applications



Outline

SMR and non-LWR accident source terms recent
experience

Emergency planning zone size justification
conseqguence analyses

Example: SMR design certification source term
approach

Source term approaches for non-LWR early
movers

81



SMR and Non-LWR Accident Source Terms
Recent Experience

e SMR topical report reviews and SMR DC
application review

 Advanced reactor pre-application interactions,
topical report reviews, and license
applications

* Source term development contractor reports



Emergency Planning Zone Size Justification
Consequence Analyses

e Concept based on NUREG-0396

— Technical basis for plume exposure and ingestion
pathway EPZ radius of ~10 and ~50 miles, respectively

— |ldentification of area within which prompt protective
actions may be necessary to provide dose savings in
the event of a radiological release

e Calculate dose at distance for a spectrum of

accidents
— Analysis includes design basis accidents and severe
accidents
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Emergency Planning Zone Size Justification
Consequence Analyses

 No separate/unique source terms developed
especially for EPZ size analysis

— Re-use source terms and accident release
information developed for safety analysis report
and PRA
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Emergency Planning Zone Size Justification
Consequence Analyses

Methodology to support exemptions to 10-mile requirement
— Clinch River ESP EPZ size methodology described in SSAR

Methodology to support plume exposure pathway EPZ size
determination on case-by-case basis for reactors <250 MW+t

— NuScale EPZ sizing methodology topical report (under review)
e EPZ size determination required in EP for SMRs and ONTs
alternative framework, once issued

— SECY-22-0001 issued for Commission review and approval

— Guidance on analysis in appendices to RG 1.242
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NuScale EPZ Sizing Methodology Topical
Report

e TR-0915-17772, Revision 2, submitted in 2020,
currently under review
— Not part of DC review

— Applicable to light-water SMRs such as NuScale,
although not limited to the NuScale designs

— Rev. 3 under development

* Analysis methodology to determine plume
exposure pathway EPZ size



NuScale EPZ Sizing Methodology Topical
Report

“Source term” refers to fission product release to
the environment as a function of time

Uses source terms from DBAs (DC FSAR Ch. 15)
and PRA severe accident scenarios scoped into
analysis

— No separate/unique source terms developed
especially for EPZ size analysis

— Uses CDF from PRA to categorize severe accidents and
select accident sequences to evaluate against relevant
dose criteria
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Example: SMR Design Certification Source
Term Approach

 SECY-19-0079, August 16, 2019

—Describes staff review approach to evaluate
accident source terms for both the TR and the
NuScale SMR DC application

—Provides basis for using source term without core
damage for environmental qualification

88



Example: SMR Design Certification Source
Term Approach — NuScale TR

e NuScale TR-0915-17565, “Accident Source
Term Methodology,” Revision 4, February
2020
— Methods to develop accident source terms are

consistent with RG 1.183 guidance for PWRs
except for:

e Core damage source term for Core Damage Event
 lodine spike design basis source term (no fuel damage)
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NuScale TR: Core Damage Event

* Derive source term from range of accident
scenarios that result in significant damage to the
core

— Informed by NuScale SMR PRA

 NuScale-design-specific analyses using MELCOR
to be performed by applicant referencing the TR

 Radionuclide transport phenomena
— lodine retention in containment based on pH
— Aerosol natural deposition in containment

90



NuScale SMR DC Application: Core Damage
Event

 Implemented the NuScale TR methodology to
determine the core damage source term

e Core inventory calculated using SCALE code

e Scenario selection
— Based on NuScale SMR PRA, internal events

— 5 surrogate scenarios

e Various failures of ECCS, with decay heat removal
system available

e Intact containment

91



NuScale SMR DC Application: Core Damage

Event

e MELCOR used to estimate release timing and
magnitude for each scenario

— Release onset and duration from scenario with
minimum time to core damage

— Core release fractions taken as median of scenarios

e Time-dependent aerosol removal rates calculated
using STARNAUA code

— Design-specific input thermal hydraulic conditions
calculated by MELCOR for surrogate scenario with
minimum time to core damage

92



Source Term Approaches for Non-LWR
Early Movers

e Kairos Power
— MST methodology TR (under review)

e Methodology for applicants to develop event-specific
radiological source terms

— DBAs for siting and safety analysis
— AOOs and DBEs for LMP

— Hermes CP application (under review)

e Evaluates MHA, deterministic
e Refers to MST TR

93



Source Term Approaches for Non-LWR
Early Movers

e X-energy

— Proposed to use developer-made source term
code (XSTERM) which includes modeling of
radionuclides from generation to release (and
dose)

— TR was submitted, but withdrawn to clarify and
resubmit in future (not currently under review)
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Source Term Approaches for Non-LWR

Early Movers

e Oklo Aurora COL application (review ended)
— Proposed maximum credible accident without release

e TerraPower

— Development of source term methodology described
in 1/13/2022 public meeting (ML22011A072)

— Topical report planned for April 2023
e Terrestrial, Westinghouse, Others

— Source terms to be determined

— Public website information on non-LWR pre-
application activities
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https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML22011A072
https://www.nrc.gov/reactors/new-reactors/advanced/ongoing-licensing-activities/pre-application-activities.html

AQOO
CDF
COL
CP
DBA
DBE
DC
ECCS
EP
EPZ
ESP
FSAR
LMP
MHA
MST
MWt
Non-LWR
ONTs
PRA
PWR
RG
SMR
SSAR
TR
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Acronyms

anticipated operational occurrence
core damage frequency
combined license

construction permit

design basis accident

design basis event

design certification

emergency core cooling system
emergency preparedness
emergency planning zone

early site permit

final safety analysis report
Licensing Modernization Project
maximum hypothetical accident
mechanistic source term
megawatts thermal

non-light water reactor

other new technologies
probabilistic risk assessment
pressurized water reactor
regulatory guide

small modular reactor

site safety analysis report
topical report
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Accident Consequence-Related
Regulation Activities

Michelle Hart
NRR/DANU/UTB2



Petition for Rulemaking

e PRM-50-121, Voluntary Adoption of Revised Design
Basis Accident Dose Criteria
— Received 11/23/2019, docketed 2/19/2020 (85 FR 31709)
— Under evaluation — no disposition yet

e Requests voluntary rule to allow power reactor

licensees to adopt alternative to the accident dose
criteria specified in § 50.67, “Accident source term.”

 Proposes a uniform value of 100 milli-Sieverts (10 rem)
for offsite locations and for the control room
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https://www.govinfo.gov/content/pkg/FR-2020-05-27/pdf/2020-10599.pdf

Emergency Preparedness for SMRs and
Other New Technologies Rulemaking

e Final rule in development

— New section 10 CFR 50.160, and
related/conforming changes

— ACRS meetings in September and November 2021

e RG 1.242 (to be issued with final rule)
— Appendices

e Generalized analysis methodology
* Information on source terms
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Emergency Preparedness for SMRs and
Other New Technologies Rulemaking

 Appendix A, “General Methodology for
Establishing Plume Exposure Pathway
Emergency Planning Zone Size”
— Provides general guidance on the consequence

analysis to support plume exposure pathway EPZ
size determination

— Discusses event selection and consideration of
accident likelihood



Emergency Preparedness for SMRs and
Other New Technologies Rulemaking

 Appendix B, “Development of Information on
Source Terms”

— Provides guidance to develop source terms for
plume exposure pathway EPZ size evaluations

102



Alternative Physical Security for Advanced
Reactors Rulemaking

e Draft rule and guidance in development

e Voluntary alternative physical security
requirements commensurate with potential

safety and security consequences
e Analyses (guidance under development)

— Develop relevant scenarios

— Site-specific potential offsite radiological
consequences
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CFR
EPZ
FR
PRM
RG
SMR
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Acronyms

Code of Federal Regulations
emergency planning zone
Federal Register

petition for rulemaking
Regulatory Guide

small modular reactor



Guidance and Information for
Developing Source Terms for
Non-LWRs

Michelle Hart, NRR/DANU/UTB2
Bill Reckley, NRR/DANU/UARP
Tim Drzewiecki, NRR/DANU/UTB1




Outline

Accident consequence analysis for advanced reactors
Mechanistic source term

Recent reports on Non-LWR source term development
Non-LWR PRA standard and source term

Licensing Modernization Project and source term

Overview of method in NUREG-2246, “Fuel
Qualification for Advanced Reactors”

Non-LWR accident source term information website
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Accident Consequence Analysis for
Advanced Reactors

e Regulatory nexus
— Siting and safety analysis regulatory requirement

— Newer uses for advanced reactors
e LMP
* Plume exposure pathway EPZ size determination
e Alternative security requirements — ongoing rulemaking
e Part 53 — ongoing rulemaking
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Accident Consequence Analysis for

Advanced Reactors

e Accident source term development
considerations
— Event selection, scenarios
— Balance of prevention vs. mitigation

— Relationship to functional containment

e A barrier, or set of barriers taken together, that effectively
limit the physical transport of radioactive material to the
environment (SECY-18-0096)

— Relationship to PRA
— Uncertainty
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Accident Consequence Analysis for
Advanced Reactors

e Mechanistic or deterministic evaluation
— LMP assumes MST and use of PRA

— Some non-LWRs may choose to provide a postulated
MHA, similar to non-power reactor licensees

 No current specific RG on MST or non-LWR
source terms, however

— RG 1.183, regulatory position C.2, “Attributes of an
Acceptable AST,” may be useful

— SECY-93-092 included staff recommendations on non-
LWR source terms
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Mechanistic Source Term

e SECY-93-092 definition of MST

A mechanistic source term is the result of an analysis
of fission product release based on the amount of
cladding damage, fuel damage, and core damage
resulting from the specific accident sequences being
evaluated. It is developed using best-estimate
phenomenological models of the transport of the
fission products from the fuel through the reactor
coolant system, through all holdup volumes and
barriers, taking into account mitigation features,
and finally, into the environs.



SECY-93-092: Provisions for Staff Assurance

* The performance of the reactor and fuel under normal and off-normal
conditions is sufficiently well understood to permit a mechanistic analysis.
Sufficient data should exist on the reactor and fuel performance through
the research, development, and testing programs to provide adequate
confidence in the mechanistic approach.

» The transport of fission products can be adequately modeled for all
barriers and pathways to the environs, including specific consideration of
containment design. The calculations should be as realistic as possible so
that the values and limitations of any mechanism or barrier are not
obscured.

* The events considered in the analyses to develop the set of source terms
for each design are selected to bound severe accidents and design-
dependent uncertainties
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National Lab Non-LWR Source Term
Reports

 Technology inclusive, what to do to develop
accident source terms, not specific on how to
do it

* No specific methods or phenomenological
models

* Do not provide technology-related source
terms or releases



Technology-Inclusive Determination of Mechanistic
Source Terms for Offsite Dose-Related Assessments for
Advanced Nuclear Reactor Facilities

INL/EXT-20-58717, Revision 0, June 2020, ML20192A250

e Summarizes a risk-informed, performance-based, and
technology-inclusive approach to determine source terms

Graded process
— Conservative non-mechanistic approach
— MST calculation methods

e Design-specific scenarios for a range of licensing basis events
e Best-estimate models with uncertainty quantification
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https://adamsxt.nrc.gov/navigator/AdamsXT/content/downloadContent.faces?objectStoreName=MainLibrary&vsId=%7bB57D2A1A-AA32-CE2D-853F-7339EA800000%7d&ForceBrowserDownloadMgrPrompt=false

MST Formulation

Figure 1-2 INL/EXT-20-58717, Revision 1. From lllustration of radionuclides retention
and removal process for one non-LWR concept (reproduced from SAND2020-0402)
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Technology-Inclusive Source Term
Methodology Determination



INL Report Methodology Steps

1: Identify Regulatory
Requirements

2: ldentify Reference Facility
Design

3: Define Initial Radionuclide
Inventories

4. Perform Bounding Calculations

5. Conduct SHA and Perform
Simplified Calculations

6. Consider Risk-informed System
Design Changes

7. Select Initial List of LBEs and
Conduct PIRT
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8. Establish Adequacy of MIST
Simulation Tools

9. Develop and Update PRA
Model

10. Identify or Revise the List of
LBEs

11. Select LBEs to Include Design
Basis External Hazard Level for
Source Term Analysis

12. Perform Source Term
Modeling and Simulation for LBEs

13. Review LBEs List for Adequacy
of Regulatory Acceptance

14. Document Completion of
Source Term Development



Simplified Approach for Scoping

Assessment of Non-LWR Source Terms
SAND2020-0402, January 2020, ML20052D133

Primarily qualitative means to identify the dominant
considerations that affect a release mitigation strategy

Classifies release mitigation strategies based on a range
of barriers, physical attenuation processes, and system
performance under sample accident scenarios

Did NOT develop quantitative estimates of radiological
release magnitudes and compositions to the
environment

Looked at high temperature gas reactors, sodium fast
reactors, and liquid fueled molten salt reactors
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https://adamsxt.nrc.gov/navigator/AdamsXT/content/downloadContent.faces?objectStoreName=MainLibrary&vsId=%7b8583CA24-0300-C501-8432-706858300000%7d&ForceBrowserDownloadMgrPrompt=false

Non-LWR PRA Standard
ASME/ANS RA-S-1.4-2021

e Full scope PRA (includes consequence
analysis)
 Mechanistic Source Term Analysis (MS)

element provides useful information on what
to do to develop mechanistic source terms



Licensing Modernization

e Risk-informed
approach to selection
and analysis of
licensing basis events

e Combined with
assessment of
cumulative risks

e Key roles for PRA and
MST
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Licensing Modernization

See: SECY-18-0096, “Functional Containment Performance Criteria for Non-Light-Water-Reactors,” and INL/EXT-20-58717, “Technology-
Inclusive Determination of Mechanistic Source Terms for Offsite Dose-Related Assessments for Advanced Nuclear Reactor Facilities”

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 40
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Licensing Modernization

e Flexibility provided
on how to develop
safety case

e NRC Advanced
Reactor Policy
Statement
encourages use of
passive and inherent
features
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Assessment Frameworks
Fuel Qualification (FQ

e Top-down approach
to identify criteria
(goals) to support a
finding that “fuel is
qualified”

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 42
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FQ Assessment Framework

Goal: Fuel is qualified for use

a

A fuel manufacturing
specification controls the key fabrication
parameters that significantly affect fuel Safety criteria can be satisfied [G2]
performance [G1]

ACRS meeting on Integration of Source
Term Activities in Support of Advanced 43
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G2: Safety Criteria

Safety criteria can be satisfied [G2]

Margin to design limits can be
demonstrated under conditions
of normal operation, including
the effects of anticipated
operational occurrences [G2.1]

Margin to radionuclide
release limits under accident
conditions can be
demonstrated [G2.2]

Ability to achieve and
maintain safe shutdown can
be assured [G2.3]

]

]

¢
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G2.2: Radionuclide Release Limits

Margin to radionuclide release
limits under accident conditions
can be demonstrated [G2.2]

7 Y

T~

d ~

The fuel performance
envelope is defined
[G2.1.1]

[ 4

Radionuclide retention
requirements of the fuel
under accident
conditions is
specified [G2.2.1]

Criteria for barrier degradation
and failure under accident
conditions are suitably
conservative [G2.2.2]
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e

Radionuclide retention
and release behavior of
the fuel matrix under
accident conditions is
modeled conservatively
[G2.2.3]
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G2.2.2 Criteria for Barrier Degradation

Criteria for barrier degradation
and failure under accident
conditions are suitably
conservative [G2.2.2]

Criteria are shown to
provide conservative Experimental data is
prediction of barrier appropriate
degradation and failure [G2.2.2(b)]
[G2.2.2(a)]
*

Note: Testing at environmental conditions
consistent with accident conditions is
expected (e.g., elevated temperatures)

ACRS meeting on Integration of Source
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Complete FQ Assessment Framework

GOAL Fue_l IS quallfle_d for use . — GOAL | Evaluation model is acceptable for use
G1 Fuel is manufactured in accordance with a specification - - - - ——
G1.1 | Key dimensions and tolerances of fuel components are specified EMG1 Evaluation model contains theﬁ appropriate mOdel!ng capabilities
G1.2 K tuent fied with all for | T EM G1.1 | Evaluation model is capable of modeling the geometry of the fuel system
- EYICONSIUEMSIAIels ECMEcivINa loWancEeNOMMPUNTEs — EM G1.2 | Evaluation model is capable of modeling the material properties of the fuel
G1.3 | End state attributes for materials within fuel components are specified or system
| otherwise justified EM G1.3 | Evaluation model is capable of modeling the physics relevant to fuel
G2 Margin to safety limits can be demonstrated performance
G2.1 | Margin to design limits can be demonstrated under conditions of normal EM G2 | Evaluation model has been adequately assessed against experimental data
operation and AOOs EM G2.1 | Data used for assessment are appropriate (see ED Assessment
G2.1.1 Fuel performance envelope is defined Framework)
G2.1.2 Evaluation model is available (see EM Assessment Framework) EM G2.2 | Evaluation model is demonstrably able to predict fuel failure and
G2.2 | Margin to radionuclide release limits under accident conditions can be degradation mechanisms over the test envelope
demonstrated EM G2.2.1 Eva_luation quel error is quantified through assessment
G2.1.1 | Fuel performance envelope is defined against experimental data _
G221 Radionuclide retention requirements are specified EM G2.2.2 | Evaluation model error is determined throughout the fuel
G2.2.2 | Criteria for barrier degradation and failure are suitably conservative performance envelope
@ Critelia are conservative EM G2.2.3 | Sparse data regions are justified
(b) Experimental data are appropriate (see ED Assessment EM G2.2.4 | Evaluation model is restricted to use within its test envelope
Framework) - -
G2.2.3 | Radionuclide retention and release from fuel matrix are modeled GOAL | Experimental data used for assessment are appropriate
conservatively ED G1 Assessment data are independent of data used to develop/train the evaluation model
(a) Model is conservative ED G2 Data has been collected over a test envelope that covers the fuel performance
(b) Experimental data are appropriate (see ED Assessment envelope
Framework) ED G3 Experimental data have been accurately measured
G2.3 | Ability to achieve and maintain safe shutdown is assured ED G3.1 | The test facility has an appropriate quality assurance program
G2.3.1 Coolable geometry is ensured ED G3.2 | Experimental data are collected using established measurement techniques
(a) Criteria to ensure coolable geometry are specified ED G3.3 | Experimental data account for sources of experimental uncertainty
(b) Evaluation models are available (see EM Assessment ED G4 Test specimens are representative of the fuel design
Framework) ED G4.1 | Test specimens are fabricated consistent with the fuel manufacturing
G2.3.2 | Negative reactivity insertion can be demonstrated specification : :
@) Criteria are provided to ensure that negative reactivity ED G4.2 | Distortions are justified and accounted for in the experimental data
insertion path is not obstructed
(b) Evaluation model is available (see EM Assessment
Framework)

* For illustrative purposes only. Please see Appendix A to NUREG-2246 for a legible list.
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https://www.nrc.gov/docs/ML2116/ML21168A063.pdf

Non-LWR Accident Source Term
Webpage Information

https://www.nrc.gov/reactors/new-reactors/advanced/related-
documents/nuclear-power-reactor-source-term.html

* One-stop shop for existing information, on public
website under advanced reactors

— Discussion of accident source terms

— Linked list of documents relevant to development
of non-LWR accident source terms for licensing

o Staff will keep up to date
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AST
EPZ
INL
LBE
LMP
LWR
MHA
MST
Non-LWR
PIRT
PRA
RG
SHA
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Acronyms

alternative source term
emergency planning zone
Idaho National Laboratory
licensing basis event

Licensing Modernization Project
light water reactor

maximum hypothetical accident
mechanistic source term
non-light water reactor
phenomena identification and ranking table
probabilistic risk assessment
regulatory guide

system hazard analysis



Guidance for developing advanced
reactor source term (long-term)

Bill Reckley
Michelle Hart

John Segala
NRR/DANU



General Approach

Maintain traditional LWR
approach (RG 1.183) as an
acceptable option

Technology-inclusive
methodology available as
an option

Actual implementation is
technology/design specific

NRC not planning to
provide analytical inputs
to applicants (beyond
making available NRC
developed models)
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DOE/National Laboratories
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NRC Activities

ACRS meeting on Integration of Source
Term Activities in Support of Advanced

138 Reactor Initiatives, 02/17/2022



Next Generation Nuclear Plant (NGNP)



Model Development



Applications & Pre-App Interactions



Moving Forward
Following the scientific work being done by
national laboratories and developers
Engaging with developers

Continuing to develop NRC models and
identify related uncertainties

Consider additional guidance based on
experience with ongoing interactions

Consider feedback on the new webpage



Opportunity for Public Comment
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Member Discussion

ACRS meeting on Integration of Source
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Adjourn
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