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P-ROCEEDI-NGS
12:59 p. m
CHAI R KI RCHNER: The neeting wi |l now cone

to order. This is a neeting of the Advisory Conmittee

on Reactor Safeguards, NuScal e Desi gn-Centered
Subcommittee. I'mWalt Kirchner, the | ead nenber for
this neeting. Menbers in attendance today are Ron

Bal | i nger, Jose March-Leuba, Bob Martin, David Petti,
Greg Hal non, Thonas Roberts, and Charl es Brown.

Do we have anyone listening in?

MR. BLEY: Vesna.

MEMBER DIM TRIJEVIC. Yes, | amhere. Hi
good nor ni ng.

CHAI R Kl RCHNER: Wl cone, Vesna. Good
af t ernoon.

MEMBER DI M TRI JEVI C. Good afternoon.
Ri ght .

CHAI R Kl RCHNER: M ke Snodderly is the
Designated Federal Oficer for this neeting. The
subcommittee will reviewthe staff's eval uati on of two
NuScale topical reports on subchannel analysis
nmet hodol ogy. W are going to reviewtwo -- pardon ne.
Let me find ny place again. The subconmittee wll
review the staff's evaluation of two NuScal e topi cal

reports on subchannel analysis nethodology and rod
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ej ection acci dent nethodol ogy.

The commttee reviewed and conmented on
Revision 1 of the subchannel analysis nethodol ogy
topi cal report in 2018 and al so on Revision 1 of the
rod ej ection met hodol ogy topical report back in 2020.
Since that time, NuScale has revised these
net hodol ogies to include a statistical subchannel
anal ysis nmethodology that wutilizes an approach, a
statistical approach in defining critical heat flux
analysis limts. It is NuScale's intent that a
statistical treatnment of uncertainty in certain areas
wi Il reduce sone of the conservatisns and treatnents
with a defendable basis to provide a better
representation of the actual core physical response.

One objective of this nmeeting is to help
prepare the full conmttee for its upcom ng revi ew of
Chapters 4 reactor and Chapter 15 transient accident
analysis of the NuScale standard design approval
application that includes a power upgrade from 50
nmegawatts electric to 77 negawatts electric for each
nodul e.

The ACRS was established by statute. It
is governed by the Federal Advisory Conmmittee Act
(FACA). The NRC inplenments FACA in accordance with

its regulations found in Title 10 of the Code of
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Federal Regul ations, Part 7. The committee speaks
only through its published letter reports. W hold
neeti ngs to gat her i nformati on and performpreparatory
work that will support our deliberations at a full
comittee neeting.

The rules for participation in all ACRS
neetings were announced in the Federal Register on
June 13th, 2019. The ACRS section of the U S. NRC
publ i c website provides our charter, byl aws, agendas,
letter reports, and full transcripts of our full and
subconmi ttee neetings, including the slides presented
there. The agenda for this neeting was al so posted
there. A portion of this nmeeting will be closed to
protect NuScale proprietary and export controlled
information pursuant to 5 U. S. Code 552(b)(c)(4).

As stated in the Federal Register notice
and in the public neeting notice posted to the
website, nenbers of the public who desire to provide
witten or oral inputs to the subconmttee may do so
and shoul d cont act t he Desi gnat ed Federal O ficer five
days prior to the nmeeting. A conmunications channel
has been opened to allow nenbers of the public to
nmoni tor the open portions of this neeting. The ACRS
is now inviting nenbers of the public to use the M

Teans link to view slides and other discussion
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mat erial during these open sessions. The M5 Teans
link i nformati on was placed in the agenda on the ACRS
public website.

We have received one set of witten
comments fromHarold Scott. Those comments have been
distributed to the nenbers, and they have been
provided to the staff at NuScal e for awareness. The
coorments will be read into the record during the
publ i c corment portion of this neeting and attached to
the transcript. W have not received any additional
requests to make oral statenents from nenbers of the
public regardi ng today's session.

Witten coments may be forwarded to
M chael Snodderly, today's DFO There will be an
opportunity for public conment, as well, and we have
set aside ten mnutes in the agenda at the concl usion
of the open session of this nmeeting for cooments from
the public listening to the neeting.

A transcript of the open portions of the
neeting is being kept, and it is requested that
speakers identify thenmsel ves and speak wi th sufficient
clarity and volunme so that they can be readily heard.
Addi tionally, participants shoul d nmute t hensel ves when
not speaking, including their cell phones.

And with all of that, we'll take a breath
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and turn to, proceed with the neeting. And I'II| cal
on Kris Cummings of NuScale to begin today's
presentations. Kris.

MR.  CUWMM NGS: G eat. Thank you very

much. So nmy nane is Kris Cummings. |'ma |icensee
engi neer with NuScale. | have been with NuScal e for
about four years. Prior to that, | have had roles

with test vendors and reactor vendors Holtec and
West i nghouse and have been familiar wth these
particul ar types of analyses in the past.

| want to thank the ACRS for having us
here. This is what | consider, in essence, the
ki ckof f of the ACRS revi ew of the SDA application and
the associated nethodol ogies that support that
application. So thank you for having us here. It has
been a pl easure working with the NRC staff during the
review of this process, and | think we've had some
good di al ogue with themduring the process and cone to
what we feel is a good resol ution of the i ssues and an
approved net hodol ogy.

| want to note that we took sone of the
ACRS s comments fromthe DCA period under advi senent,
and so we submitted these two topical reports about a
year in advance of when we submtted the SDA. So that

allows all of us, the NRC, the ACRS, and ourselves, to
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get, in essence, a nethodol ogy approved, you know,
well in advance of the approval of the SDA
application. So we took that advice fromthe DCA tinme
to heart.

So today we're focused in particular on
the two nmethodol ogies that you nentioned and the
changes t hat we made to t hose et hodol ogi es associ at ed
with the revisions were supplenent to these topical
reports. | want to note we will be back again in
front of the ACRS, as you nentioned, for Chapter 4 and
Chapter 15. So we're focused, again, today on the
nmet hodol ogies that will support the analysis or do
support the analysis in the SDA application.

Wth that, that is my opening coments,
and so what | would like to do is have ny col |l eagues
here that are presenting give an introduction of
t hemsel ves. Yes, an introduction.

M5. TURMERC Hi . So nmy name is Sarah
Turmero. |'ma licensing engineer for NuScal e, and
have been with the conpany in this position for about
a year and a half. And before conmng to NuScal e,
was a reactor engineer at Waterford 3. And | will be
covering the open portion of the statistica
subchannel anal ysi s nmet hodol ogy sli des.

MEMBER MARCH- LEUBA: The mi crophones are
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extrenely sensitive if you are close to them They
are nore concerned with mnimzing background noi se,
so do talk into them

M5. TURMERO  Ckay. Thank you.

MR LYNN. M nane is Kevin Lynn. |I'ma
licensing engineer with NuScal e. | have been here
al nrost three years. And prior to that, | was worKking

in licensing at an operating plant, a BWR operating
plant, and | al so have previous |icensing experience
with new plants, the Japanese designed the U S. APWR
that was in process a few years ago and cane to the
ACRS several tines. So that's ny background.

MR. LU TIJENS: M nane is Jeff Luitjens.
|"min the nuclear fuels group. The |ast few years,
11 years at NuScal e, junping around from validati on,
code devel opnent, testing. M background, Ph.D. in
nucl ear engi neering, focus on CHF, and today | amhere
to provide informati on on the subchannel .

M5. CALLAVAY: M/ nanme is Allyson
Callaway. |'m the senior manager of nuclear fuels.
| have been at NuScale for 13 years in various
capacities wi t hin t he fuel s and neutronics
or gani zat i on.

M5. TURMERO. So to kick off, | just want

to acknow edge that we are the proud recipient of
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fi nanci al assistant awards fromthe U. S. Departnent of
Energy and are thankful to identify their support of
our program

And to get started, we're going to start
off wth the statistical subchannel anal ysi s
nmet hodol ogy topical report. So for the history of the
statistical subchannel anal ysi s net hodol ogy, it starts
with the originally approved subchannel analysis
nmet hodol ogy that was approved by the NRC i n Decenber
of 2018 and previously presented to the ACRS i n August
and Septenber of 2018. And this was the topical
report that was used for the NuScale US600 design
that's codified in 10 CFR Part 52, Appendix G

And so the statistical subchannel anal ysi s
nmet hodol ogy was submitted i n Decenber of 2021, and it
serves as a supplenent to the originally-approved
nmet hodol ogy. So the staff perforned a review and
audit of the topical report where there was one
request for supplenental information, no requests for
additional information and nultiple audit questions.
The topical report was revised during the review
process to address staff feedback and t he nost recent
revision is Revision 4. That was submtted in
Novenber of 2023.

So an overvi ew of the previous subchannel
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nmet hodol ogy. VIPRE-1 was used for steady state and
transi ent anal ysis. The net hodology fulfilled the
requirenents of VIPRE-1 generic safety evaluation
limtations, and the topical report covered the
net hodol ogy appl i cati on and treat ment of uncertainties
where the objective of the topical report was to
provide a nmethodology to determne fuel therm
mar gi ns, such as critical heat flux and fuel center
line melt.

And here on the slide, we have an outline
of the general nethodology approach, and we'll be
goi ng over the differences fromthe original topical
report to the statistical method.

So the changes fromthe original nethod,
of course, the treatnment of uncertainties. There's a
statistical treatnment of uncertainties for a set of
paranmeters instead of a determ nistic approach.
radi al and axi al nodalization, and axial domain. And
what remai ns unchanged is the fuel conduction, grade
and frictional |osses, cross-flow and m xing, and the
gualification or the validation and applicability of
t he topical report.

MEMBER MARCH- LEUBA: Number one, we are
going to interrupt you all the time. \Wien you say

statistical analysis of the uncertainties, you mean
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what is called best estimte plus uncertainty type of
approach where we do kind of a Monte Carl o propagati on
of -- can you explain to a nenber of the public that
doesn't know what you' ve done what you' ve done?

MR. LUl TIENS: Yes. So we're talking
about statistical here. W're focusing just on the
CHF analysis limt, not how subchannel talks to, you
know, the systens code. So it's not a best estimate
pl us uncertainty. | would say our overal |l methodol ogy
isstill deterministic. It's just inthe CHF anal ysis
for subchannel we're talking about statistical
treat nents.

MEMBER MARCH- LEUBA: In the previous,
Revision 2, | don't renmenber the nunber, the approved
one, we used bounding uncertainties for every single
pyram d, whereas here, for the CHF, you do a Mbnte
Carlo type of sanpling?

MR LU TIJENS: Yes. For a set of those
uncertainties, you know, five or six, we do a Mnte
Carlo type uncertainty kind of based on what's the
uncertainty value and what's the distribution
associated with that uncertainty. W do a Monte Carlo

MEMBER MARCH- LEUBA: The ACRS i s here for

the public, so you' re tal king to, sonmebody is going to
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read this transcript, and they need t o under st and what
you're saying. So don't assune you're tal king to your
prof essors at university. Assune you're talking to
your students.

MEMBER MARTI N: Robert Martin, nenber.
Treatment of uncertainties specific to systems code,
nmy understanding is you run thousands of cases with
VI PRE, correct? You can --

MR. LU TJENS: So for the systens codes,
those are done determnistically, so we take the
boundi ng, you know, high flow, low flow. Those get
fed to the subchannel, and we anal yze those and get
the limting val ue.

MEMBER NMARTI N: So those paraneters are
determnistically treated while the other ones are
sanpl ed --

MR. LUl TIENS: Correct, yes. So
determ ning the CHF anal ysis --

MEMBER  MARTI N: The determnistic
subchannel is the statistical

MR LU TJENS: Correct.

M5. TURMERO Ckay. And as Jeff had
nmentioned, so the statistical subchannel analysis
nmet hodol ogy utilizes the statistical approach into

finding the CHF analysis limt, whereas nmany of the
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aspects of the methodol ogy still use a deterministic
appr oach. And so our intent of introducing the
statistical treatnment of uncertainties was to reduce
somre of the overly conservative treatnments with a
def endabl e basi s and to provi de a better
representation of the physical response.

So statistical versus determnistic. For
the determ nistic approach, the event anal ysis input
uncertainties are biased independently in a limting
direction. And so range of axial and radial power
distributions that's allowed by operations are not
treated statistically. There are variations that
could be from exposure, power, boron concentration,
control rod insertion, axial offset. And so in the
exi sting net hodol ogy, the radi al power distributionis
artificially created to preserve the tech spec-al |l owed
nmeasur ed radi al peaki ng and mi nim zi ng t he benefici al
cross flow, and the axial power distribution is
determined for the limting shape allowed by axia
of f set.

For the statistical approach, all of the
uncertainties associated with both critical heat flux
correlation and event anal ysi s i nputs are
statistically treated and accounted for with a 95-

percent probability at the 95-percent confidence | evel
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in order to deternmine the critical heat flux analysis
limt. And the statistical approach still requires
the use of a critical heat flux correlation, the
approved critical heat flux correlation with a 95/95

design limt.

Wth that, 1'll turn it over to Kevin
Lynn.

CHAI R KI RCHNER: COkay. You're going to do
a handover. Good. | just want to note the presence

of Menmber Vicki Bier. And, Sarah, since | have ny
mke on, this is -- your previous slide said
actinically created. Perhaps |I'm hanging up on the
wor d. What you're really saying is that, when you
apply the existing approved nethodol ogy, you
accurately, not artificially, nodel what the core
radi al peaking is suchthat it's representative of the
actual conditions. It's not artificially created.
" mjust stunbling over the choice of words there and
not what | believe is what you' re actually doing.

MR LU TJENS: Yes, | think that's the
correct interpretation of artificially. Wat we're
really trying to capture is what do we allow fromthe
core design aspect to make sure we're capturing what
we coul d possibly see.

CHAI R Kl RCHNER: Ckay. Artificially
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created could give one the wong inpression. You're
trying to accurately nodel what the radial power
di stributions is when you conduct your anal yses.

Ckay. Go on.

VMEMBER MARCH- LEUBA: By artificial, |
guess you nean boundi ng, right?

MR. LUl TJIENS: Yes. By artificial, we
nmean boundi ng.

MEMBER MARCH- LEUBA: So the tech specs is
really what bounds your operation. You nay never
reach that solution, but you have tech specifics, you
going to need to be under that or you'll be shut down.

Since we are the end of this presentation
and if you can say it in the open session, will this
exercise gain you a 2-percent nmargin, a 10-percent
margin, a 25-percent margin? Was it worth it? |
nmean, if you get into a factor of 500 percent, | would
be worried that you were tweaking too nuch.

MR. LUl TJENS: Yes. If you' re talKking
about the specific application, kind of going back --

MEMBER MARCH- LEUBA: Yes. You al so m ght
need to --

MR, LU TIENS: So from a sense, we're
actually nmaintaining the sane anount of margin for

di fferent designs.
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VEMBER MARCH- LEUBA: It's the sane core.

MR LU TIENS: It's the sane core with a
littl e power upgrade, but we cane back and shar pened
our pencils on some of the approaches. W had 5 to
10-percent margin last time. W still have that sane
anount of margin this time. So there's not an order
of magni tude change on the nargins that we're seeing.

MEMBER MARCH LEUBA: Let ne refresh the
guesti on. If you have a core and you are under a
license with your nmethod and with the new nethod,
what's the change in nmargin that you calculate? Is it
in the 5-percent range or is it in the 100-percent
range?

MR. LU TJENS: Yes, |1'd say that's really
hard -- it's hard to get that because you don't have
alimt that's nade for that specific nmethodol ogy, so
it's hard to go back --

MEMBER MARCH- LEUBA: Is it a big
difference in your m nd?

MR. LU TJENS: | would say it would not be
a big difference.

MEMBER MARCH- LEUBA: I"'m going to
stipulate in the open, this statistical nethodology is
wel | devel oped and used everywhere. There's nothing

new here. You're just joining the 21st century, as
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opposed to just doing nethods --

MR CUM NGS: Yes, Kris Cummngs. |I'd
say we canme fromthe 70s to the 90s.

MEMBER MARCH- LEUBA: Yes. Not hi ng new - -

MR. CUMM NGS: Right.

MR. LYNN. Ckay Thanks, Sarah. M nane
is Kevin Lynn. 1'Il be covering the open session for
the rod ejection nethodol ogy. Rod ejection accident
nmet hodol ogy was previously approved as Revision 1 by
the NRC i n June 2020, and it was previously presented
tothe ACRS at the full comrittee neeting in March and
t he subcommittee neeting in February of 2020.

The Revi sion 1, the approved version, was
used for the NuScal e US600 design, which is codified
in 10 CFR 52, Appendix G Subsequently, we submtted
Revision 2 in Decenber 2021, and the NRC staff
performed a review and audit of Revision 2. W had no
RSIs. W had one RAl with two questions, and then we
had multiple audit questions.

So during the course of that interaction
with the NRC staff, we ended up naki ng sone changes to
t he met hodol ogy throughout the process. And so we
submtted Revision 3 in October 2023, which is the
current revision.

The previously-approved version, Rev. 1
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provi ded t he met hodol ogy for nodeling the rod ejection
accident, which is the bounding reactivity-initiated
accident in accordance with GDC 28. The rod ejection
is a bit unique conpared to other Chapter 15 events.
It has its own phenonmenon and tine scales that are
| ooked at, very conpressed tine scales, as well as its
own uni que acceptance criteria. And that sort of
lends itself to having its own special method.

The approved et hod used a conbi nati on of
codes and met hods, three codes, SI MILATE-3K, NRELAPS,
and VIPRE-01, and it also had a adiabatic fuel nodel
which was used to perform the calculation for fuel
entropy and tenperature using, essentially, a hand
cal cul ati on.

The acceptance criteria that we used in
Revi sion 1 was based on Regulatory Guide 1.77, which
was the reg guide at the tinme, and also fromthe SRP
in  NUREG 0800. And, overall, we provided a
justification for the software, the acceptance
criteria, the applicability, and the treatnent of
uncertainties.

Wien we noved into Rev. 2, what were the
changes? Well, the big change was Reg. Guide 1.77 was
replaced with Regul atory Guide 1.236, and that was in

June 2020. So, essentially, just after the old
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nmet hodol ogy was approved, the new reg gui de came out.
And t hat new reg guide had a change to the PCM fuel
failure acceptance criteria, so that was sort of the
mai n driver for why we needed to (audi o interference).

Wiile we were doing that revision, we
| ooked it up. There's stuff that we can incorporate,
and one of the things we identified was that the
adi abatic f uel nodel cal cul ati on, t he hand
cal cul ation, could be renoved and, instead, we could
use VIPRE to perform those calculations of fuel
entropy and tenperature.

In addition, as you just heard, we were
| ooki ng at the statistical anal ysis for subchannel, so
we wanted to incorporate that, as well. So bringing
that limt and nake any changes t hat we needed t o nmake
to the rod ejection nethodology to better talk and
interface with that new method. And then, finally,
changes t hat were i ncorporated duri ng the process were
details and justification that we added based on our
interaction with the NRC staff.

So we di d not change t he actual STI MJLATE-
3K anal ysis for uncertainty treatnment or the overal
gualification of the nethod. So, again, the primry
driver was the new regul atory gui de. The net hodol ogy

itself was not really inpacted by the design changes
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we made going from DCA to SDA, and the increase in
power was not really the driver for the change.

As far as a sunmary for our open session,
for the subchannel anal ysis, the statistical treatnent
of uncertainties allows for inproved results while
still mai ntaining an overal |l robust anal ysi s approach.
And for the rod ejection, we've incorporated changes
fromthe newreg guide and sinplified our analysis to
better work with VIPRE and the new subchannel nethod
while still maintaining a conservative result.

And as Kris discussed earlier, these
nmet hodol ogi es, at this stage we're tal king about the
nmet hodol ogi es t hensel ves, but those nmet hodol ogi es are
ultimately used to produce results that are identified
in Chapters 4 and 15 of the NuScal e standard design
approval application for US460. Those results wll
obviously be comng back to the ACRS when those
chapters are revi ewed.

VMEMBER MARTI N: You don't get off too
easy. NuScale is, fundanentally, a light water
reactor and, clearly, you' ve --

MR. BLEY: Can you use the m ke?

MEMBER MARTIN. |I'm pretty close to the
m ke. Fundanentally, you fol |l ow NUREG 0800. Early on

i n the devel opnent of your safety case, you woul d have
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had to eval uated uni que aspects of your design with
respect to NUREG 0800. Is there anything in this
sectionrelatedtoreactivity insertion accidents that
is unique? Anyway, if | can get ny conposure back, is
there anything unique about reactivity insertion
accidents? As an integral PWR yes, as an integral
PWR, it'salittle bit different regarding the design
inthis aspect. | would think it would, in some way,
benefit design change m ght benefit the likelihood of
such an event. Does that cone into your thinking
going into this at all, or you're just pretty nmuch
pushing the button like any LWR on this particul ar
event ?

MR, LYNN: Vell, | think one unique
aspect, right, being a snaller core and | ooking at
that certainly factors into it. And | know one
interesting thing, when we went fromthe uprate for
the power, actually, the benchnmarking that was
performed, sone of the benchmarking to the SPUR
anal ysis, for exanple, actually, when we uprated, the
power |level is actually nmore in line with sone of the
experinmental data that's out there that was perfornmed.

So sort of one unique aspect of being
smal |l and being | ow power, you know, we're sort of

nmoving up in the power range and actually bring it
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maybe nore in line a little bit with sone of those
cases in sone of the nore operating plants. So that,
you know, change, although it is an uprate, you know,
it sorts of brings us intoline with that, but they're
uni que aspects.

| knowthat during the previous ACRSt here
was sone di scussion about unique aspects, including
the design of our containnment, you know, and the
cont ai nment being closer to the vessel than it is in
a operating plant; and, therefore, does that change
anyt hing when it cane to rod ejection. But, you know,
we addressed that previously, and so there's nothing
new this time around that woul d make us revisit that,
no changes that we've nade that would nake that a
different scenario than it was before.

MEMBER MARCH- LEUBA: But, | nean, there's
no change between the approved design and the new
concept, but rawinjection can be worse can be worse.
What |' maski ng, when we're asking the questi on about
NUREG 0800, what could be -- 800 tells you take the
worst rod and eject it, right; so, in that case, you
have to do that. But, typically, if 1 renenber
correctly, rods are a |l ot heavier than typical PWR is
t hat correct?

MR.  LYNN: | don't have the answer to
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that, but I do knowthat -- Allyson, do you want to --

M5. CALLAWAY: Allyson Callaway. You're
asking if the rods are heavier in mass or --

MEMBER MARCH- LEUBA: No, no, in the
dol I ar s.

MS. CALLAWAY: Because there's fewer, each
ejected rod relative has nore worth than a PWR W
preclude fuel failures still, and so that effectively
[imts how nuch worth can be ejected, and that's al
just controlled through the power-dependent insertion
limts. So the effective worth that's being ejected
is still |ow

MEMBER MARCH- LEUBA: Because of the --

V5. CALLAVAY: Power - dependent insertion.

MEMBER MARCH- LEUBA: -- safety controls
over the rods are positioned.

M5. CALLAWAY: Right.

MEMBER MARCH- LEUBA: Similar to what BWRs
do, correct? They're all worth mnim zers.

MEMBER ROBERTS: A general question. What
| think | heard -- this is Tom Roberts -- at |east
fromJose is that, for the subchannel analysis, this
is basically what nmany people do. And for the rod
ejection, | think what you said is this is follow ng

the reg guide revision. So would you characterize
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nei ther of these topical reports as novel in scope or
i nnovative in ternms of nuclear safety?

MR. LYNN: Yes, we would agree.

MEMBER ROBERTS: Good. Thank you.

CHAI R Kl RCHNER: O her nenbers, any
coments, questions --

MEMBER MARCH LEUBA: Since we're in the
open session, | want to put on the record that |
concur with your evaluation that this is a small
evolution. A few nore years of |earning and tweaki ng
on the calculations, nothing groundbreaking in ny
opi ni on.

CHAI R KI RCHNER: Okay. Then we'll turnto
the staff for their presentation in the open session.
Thank you. Okay. Wen you're ready. Stacy, are you
| eading of f? Just pull it closer to you, please.

M5. JOSEPH |I'mgoing to turn it over to
nmy branch chief, Mhnmoud Jardaneh, to give sone
opening remarks, and then |I'Il kick off.

MR. JARDANEH. Thank you. Good afternoon,
Chair Kirchner, and good afternoon, ACRS subconmmittee
menbers. |'m Mahnmoud Jardaneh, MJ. for short. And
| serve as the branch chief of the New Reactor
Li censing Branch in the D vision of New and Renewed

Licenses in NRR | recently assuned this position and
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| ook forward to being a nenber of the teamworking on
the licensing review of the NuScal e US460 desi gn and
engagi ng with you in this and future NuScal e neeti ngs.

Thank you for the opportunity today for
the staff to present their review of the NuScal e rod
ej ection acci dent and subchannel anal ysi s
nmet hodol ogi es topical reports associated with the
standard desi gn approval application (SDAA). These
two topical reports are the last two of eight topica
reports submitted prior to the application. The
remai ni ng SDAA topi cal reports are revi ewed as part of
the application, and we will inform the ACRS when
their safety evaluation reports are available for the
ACRS.

In addition to the safety eval uation of
t hese topical reports, we have conpl eted t he Phase A,
t he advanced saf ety eval uati on, without openitens for
five SDAA chapters, and advanced safety eval uations
for themw ||l be available for ACRS in the comi ng few
weeks.

In today's neeting, the staff will focus
on the differences fromthe |ast tine we presented on
t he previous revisions of these topical reports that
supported the nowcertified NuScale US600 design.

Once agai n, thank you for the opportunity, and we | ook
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forward to a good discussion. Thank you.

CHAI R KI RCHNER: Thank you. And, Stacy,
next .

M5. JOSEPH. Thank you very much. Thank
you, MJ., and good afternoon, nenbers of the ACRS,
NuScal e, coll eagues fromthe NRC, and nenbers of the
public. M nane is Stacy Joseph, and |I'm a project
manager for the two licensing topical reports that
we're here to discuss today. |1'mjoined by our |ead
PM for the NuScal e SDAA revi ew, Getachew Tesfaye, as
well as the staff menbers from both the Ofice of
Nucl ear Reactor Regul ation and the O fice of Research,
who contributed to the reviews of the statistica
subchannel anal ysi s nmet hodol ogy and the rod ejection
acci dent et hodol ogy.

A discussiononthe statistical subchannel
nmet hodol ogy will be | ed by Joshua Kai zer and Antonio
Barrett from NRR and for rod ejection, Adam Rau and
Zhian Li will be leading the discussion from NRR,
alongwith insights fromAndrewBi el en fromthe Ofice
of Research. Andrew will be joining us virtually
today on Teanms and wll be presenting during the
cl osed sessi on.

Thank you to NuScale for giving the

overview and the histories of the topical reports that
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we'll be discussing. W'Ill try not to repeat too nuch
of what you've already heard today. So in this open
session, I'll quickly run through the time lines for
each of the topical reports, the reviews, and then
Josh and Adamwi || wal k through the regul atory basis
for each of the reports and the concl usions the staff
made at the conpletion of their reviews.

The stati stical subchannel nethodol ogy was
subnmitted to the NRCin Decenber 2021 and was accept ed
for reviewafter NuScal e addressed the staff's request
for supplenental information in April of 2022. The
staff conducted an audit between July 2022 and
Decenber 2023; and, as NuScal e previously nentioned,
the topical report was revised during this tinme period
to address staff feedback. NuScal e submitted the
final revision to the topical report just this past
Novenber, and the staff's advanced SER was i ssued
shortly later.

Wth that, 1'll turn it over to Josh
Kai zer.

MEMBER MARCH- LEUBA: These four revi sions,
wer e t hey a consequence of deficiencies that the staff
identified during the review, where there were points
of finding of signs that was not conpleted and the

extra features, or can you explain why we were not

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

30

happy with Revision 1?

MR KAl ZER Sur e. That's for the NRC
staff. This is my answer to that, and NuScale is free
to junp in and correct ne. Everyone does quality
control of their docunents a little bit differently,
so, if you're looking at a GE topical report or a
West i nghouse topical report, you can generally expect
to see Rev. 0, it cones in the door. Maybe if there's
a maj or change to the topical, they m ght nake a Rev.
1. And that is one way to do it.

O her peopl e deci de to update the topical
report, as information conmes in, change the
information in the topical report. A lot of tines,
t hat i nformati on woul d have been in the RAl's, it would
have been in the Dash A version. Everything that we
ki nd of saw here, there were sone areas where we said,
hey, we need nore information, but it's really up to
them whether they want to rev the topical, just
provi de the informati on and say, okay, we're going to
attach it at the end of it. And I thought a |ot of
this came out of the QA program NuScal e uses for its
docunent generation, so there was nothing, 1'd say,
extra special about this topical report that it
required four revisions before it even got there. It

was just this is the way they chose to address the
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i nformation.

MEMBER MARCH- LEUBA: So t here was no nmj or
deficiency. It was just tweaking.

MR. KAI ZER. Correct. Gkay. So I'll give
the regul atory basis for the statistical subchannel.
It nostly cones from GDC 10 of Appendix A, so,
basically, saying, hey, you need SAFDLs. Critica
heat flux is a SAFDL. This gets a little bit broken
down nore in the standard revi ew plan, SRP 4.4, which
tal ks about the 95/95.

| can gointo alot nore detail because we
actually did a presentation on this to the staff a
coupl e of years ago where we tried to track down where
does the 95/95 conme fromand all that kind of stuff.
But suffice to say, there is this 95/95 requirenent,
wel |, not requirenent, but there's 95/95 in the SRP
Everybody says, yes, we want to satisfy that. And for
direct correlations, it's a little bit nore
straightforward when you start to do statistical
stuff. It is alittle nore challenging, but, like a

| ot of peopl e have pointed out, this was a concern and

a chal |l enge that we have | ong since resolved. 1| think
the earliest |I've seen it used, | thought the topical
was, |ike, sonetime fromthe 1980s, the | ate 80s. So

using 95/95 in the statistical sense is sonething
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we're very famliar with, especially in DVB
And | wanted to add the staff's
conclusions, we found an acceptable nethod for
conmbining all these uncertainties. W did have two
[imtations and conditions. The first one was,

basically, saying that your correlation has to be

appr oved. This was just a carryover from the
original, the NuScale, the subchannel analysis
nmet hodol ogy. 1t's kind of a general statenment you'l

see a lot of tines. Any time you see a CHF

net hodol ogy, hey, your CHF correlation has to be
approved for the fuel you' re using, so that's not that
really big of a deal

The next one, a little bit nore conpl ex,
but we just basically said you have a whol e bunch of
nodel s in this nethodol ogy that NuScal e wanted to say
we're going to nodel this, we're going to capture the
uncertainty of this paranmeter. W' re not really ready
totell you yet howwe're going to do that. And so we
kind of |ooked through it and said, okay, that's
reasonabl e, but, before you actually apply this, you
have to tell us how you' re going to nodel this and we
have to approve it. And there's a nunber of ways we
can do that. W can either approve the equation or we

can approve the direct uncertainty itself. So those
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were the two conditions, limtations, on the staff's
SER, and that was pretty nuch the najority of the
review.

MEMBER MARCH- LEUBA: Revi si on nunber 2 is
nore a condition fromthe first --

MR KAl ZER  Yes.

MEMBER MARCH- LEUBA: -- license, and then
t he second can just --

MR. KAI ZER Correct, yes. And there's a
bunch of ways that we can resol ve those i ssues. W're
just saying, hey, these have to be reviewed and
approved by the staff.

VMEMBER MARCH LEUBA: It's not really
[imting.

MR KAl ZER: Correct.

MEMBER MARCH LEUBA: W need to | ook at
the test at |east once.

MR KAl ZER  Yes.

MEMBER MARTIN: Wth statistical nethods,
the presentation of information will be a little bit
different from a determnistic presentation of
information. And there might be a tendency to just
kind of globally look at results from thousands of
cases in a statistical sense. Do you still expect or

require that NuScale present sone deternministic
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representative type of results of what exists after
95/95, or you'd be satisfied with for just the
statistical presentation of information?

VR. KAl ZER: I want to ask one
clarification on your question because this is
something that | get into alot of conversati ons about
this, and | don't quite understand sonetinmes when
peopl e use -- to nme, the determnistic analysis is any
anal ysis where you put in the input and you get out
t he sane out put, and a non-determ nistic anal ysis will
literally be if | give ny conputer code three, one
time | get the nunber five, one tine | get the nunber
seven.

So | have always viewed that even
statistical methodol ogi es are determ nisticinnature.
It's just what we're doing is we're feeding them
i nstead of a constant, a randomvariable, and they're
going to give ne a different outcone. But if | give
it that same initial input, | get the same thing. So
| want to clarify that when | hear determnistic in
this sense, I'mthinking nore of do they have to do,
i ke, the worst-case scenario type thing.

MEMBER MARTI N: No. That's a trick
guestion, and we're aligned on that perspective.

Determnistic is a term because of Chapter 15
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accident analysis in the old school, was truly
boundi ng in a sense, and we've evolved to a different
approach now.

But, yes, | was just really wondering
whet her, if an ol d school reviewer picked it up, would
t hey recognize it?

MR. KAIZER: Well, one of the chall enges
with statistical CHF is it's been around for so | ong.
| nmean, you're talking 1980s, so | took over this
position fromTony Attard. | think he started in the
NRC in the md 90s, so, yes, he would have already
been famliar with that.

The ot her thing about statistical
subchannel is it's not a replacenent nmethod, it's an
al ternative approach, so we' || tal k about their nornal
subchannel anal ysi s nmet hodol ogy. And | never thought
of the statistics in it as giving you, |'d say the
maj or benefit that | feel like you would get from a
statistical LOCA where you're |ike ranging that break
size. | mean, normally, what you're doing is you are
t aki ng a whol e bunch of uncertainties and, instead of
just adding them as strai ght adders, you're saying,
okay, we can treat these as random variables and
conmbine their things statistically.

Soit is astatistical nethod, but | don't
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think of it as sonething as far afield from a
determi ni stic one because you're still going to find,
I nmean, you're treating t he uncertainties
statistically but not --

MEMBER  MARTI N: t hi nk you're
overt hi nki ng nmy questi on.

MR. KAl ZER:  Ckay.

MEMBER MARTI N: An uncertainty is a
tendency with statistical nethods that kind of present
the cloud of results, and that is useful to sone
extent. But ny point about kind of old school
approach is people still kind of want to see, you
know, plots of behavi or because the trends give you a
feeling of rate processes and what have you, and, you
know, certainly, an expert analyst gets insight. It
just doesn't cone out of a statistical presentation
of , you know, various netrics that m ght be val uable
t o measur e agai nst acceptance criteria. But toreally
assess as evidence, which, of course, ultimtely, al
t hese analyses are, there needs to be a tangible
event. But when you're running thousands of cases,
it'"s difficult to do so, so you're really | ooking for
sonmet hing representative. In this case, that's
sonmet hing at the 95/ 95 confidence probability.

As a throwback, | just wouldn't expect it
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to kind of look like a traditional analysis. For
instance, what's difficult, where this kind of cones
from you know, conparing it to LOCA where they may
only run 59, certainly, you can look at a limting
case. But in those limting cases, the sanples
t hensel ves, you know, particul arly, say, | ess
i nportant than the nore dom nant ones, they nay not
| ook right, you know, because they're in the wong
direction of what mght be otherw se considered
conservati ve.

Now, maybe in a case like running
t housands of cases, that woul d be so much of an issue.
Truly, a 95 case would capture the nore bounding
conditions, you know, associated with the nmjor
paraneters that you are looking at. So, again, it's
a sinpler question. You know, are there, basically,
you know, results that, while they nay be, you know,
of one representative event, they're still there, just
to throw back to the old ways these things were
presented in safety analysis reports. | still think
that's value inthat. That's ny point. There's still
val ue, as opposed to statistically presenting
i nformati on.

MR. KAIZER. Ckay. | have just a -- is

there a question that | should be answering? The
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reason |I'masking is because, like, this, tonme, is a
very interesting topic, as a lot of tinmes things
usually are. And | want to make sure |'m not going
into down a rabbit hole that the ACRS, you guys,
aren't asking us to go down to answer the question or
j ust accept the comrent.

MEMBER MARTIN: I1t's sinply an expectation
of content of a safety analysis report. And ny
expectation is that it truly | ooked |ike an anal ysi s,
even though there is, of course, the statistical
conmponent toit. It should still look |ike, you know,
here's an event and this was the outcone, these were

trends, inputs in affect, you know, the transi ent over

tinme.

MR. KAIZER: | think what | woul d expect
that in the transient analysis that they're
performng, but | don't know if | would necessarily

expect that in the nmethod they would use to generate
the statistical limt.

MEMBER MARTI N: That's fine. That's fine.

MR. KAl ZER:  Yes, okay.

VEMBER MARTI N: But a reasonabl e person
coming fromthe outside picks up the safety anal ysis
report. They want nore than just a --

MR KAl ZER: Correct.
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VEVBER MARTI N: - - statistical

presentation of informati on. They want sonet hi ng t hat
they wunderstand really from kind of a science,
engi neering basis, as opposed to a nmath based.

MR, KAI ZER  Correct.

CHAI R KI RCHNER: Josh, coul d you put your
[imtations and conditions in nunmber two in sone
perspective, given this is an open neeting? There are
numerous equations that are referenced in the
subnodel s and such. What you're really saying is
when it conmes to applying this nethodol ogy i n Chapter
15, we are going to go back and revi ew what ?

MR. KAIZER Sure. So there are a |lot of
i nput parameters or input variables that inpact your
statistical limt, and there's a question of how do
you treat the uncertainty of those. Wen we say how
do you treat the uncertainty, what equation are you
going to use? Are you going to assune it's nornally
distributed, uniformdistributed? If you are, what
are the paraneters of that distribution? Are you
going to assume there's a Ilinear relationship?
There's a whol e bunch of questions.

In the initial topical report, NuScale
gave exanples of how they would treat those

uncertainties, but they hadn't finalized that
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information yet. So we pretty much said, okay, for
these variables, and I think we |isted however many
there were, there was a handful, okay, that you would
have to cone in and tell us how you're going to
capture that uncertainty. And there's just a bunch of
different ways to do it. The one way is, well, we're
going to assune a conservatively high or |ow val ue.
You can do that, but, if it's statistical, you're
probably going to say, well, we think that this is
going to be nornmally distributed, and we think this is
the way to determne the nmean and this is the way to
determ ne the variance. W think that it's best to
treat this as a uniformdistribution, so here's its
lower limt, here's its upper limt. And that is,
wel |, | guess, the further details of that nunber two.

CHAI R KI RCHNER: Thank you.

MR KAl ZER If there are no further
guestions, I'Il turn it over to Adam

M5. JOSEPH: Just quickly. Thanks, Josh.
Stacy Joseph again. The tine franme for rod ejection
topical report is simlar to that of subchannel.
NuScal e submitted Revision 2 of the rod ejection
topi cal report in Decenmber 2021. The staff issued an
RAI and recei ved NuScal e' s response i n Sept enber 2022.

The staff performed an audit between April and
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Sept enber 2023. And following conpletion of the
audit, NuScal e revised the topical report to address
t he feedback fromthe staff. The staff then conpl eted

t he revi ew and i ssued t he advanced SER on January 4t h,

2024.

Adam

MR RAU. Al right. Thank you, Stacy.
Ckay. And so, as NuScale nentioned in their

presentation, the regulatory basis for the rod
ejection accident is GDC 28. It requires an
eval uation of limting reactivity insertion accidents
for the effect on the reactor coolant pressure
boundary and for core coolability. In NuScal e's case,
rod ejection is the limting accident in their case.

So the regulatory guidance for this
accident is given in, primarily, Reg. Guide 1.236.
You know, it was nmentioned in their presentation that
this is the new guidance that's cone out since the
previ ous revision of the topical. There's additional
information in SRP 4.2, Appendi x B, as well|l as 15. 4. 8,
as wel | .

And so the NRC staff conclusions for the
eval uation was that the rod ej ecti on acci dent anal ysi s
nmet hodol ogy is a systemati c net hodol ogy for anal yzi ng

this accident. W did place three limtations and
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conditions on the topical report that are primrily
concerned with, if | could draw a trend between them
| woul d say articulating the scope of our approval for
this, and | think, hopefully, that comes through as a
through line through the three I|imtations and
condi ti ons.

So the first is related to the
application. So when this is applied, it just states
that applicability needs to be denonstrated. So this
is, you know, a generic nethodology that's applied to
a new design that maybe NRC staff hasn't had a chance
to look at yet, and that's just a question that would
have to be answered at that tine.

So limtation and condition nunber two.
| know ACRS nenbers had sone questions on this, and,
you know, we'll definitely get a chance to tal k about
the basis in the closed session. Just to try to say
a bit about it in the open session, | think the
notivation here is that there's a sensitivity to the
axial offset in the code, and so the -- well, again,
trying not to get into too many details in the open
session, we wanted to have a condition refl ecting that
saying if this is applied to a design that operates
with control rods inserted for a |ong period of tine

or has a | oad foll owi ng schenme that involves this sort
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of operation, that this is sonething that should be
addressed and nmay be outside the scope of staff's
approval .

MEMBER MARCH LEUBA: Your efficient

eval uation that if we allowed 1:53:20 operation, the

uncertainty of the equation will increase because now
you will have the offset, the axial offset, and all
t hat --

MR. RAU. That's right, yes. Not sure if
| say uncertainty or bias or conservatism but one of
t hose, something in that famly would --

VMEMBER MARCH LEUBA: Another thing |
wanted to place on the open session is, in my mnd,
there are two extrenes. On one extreme, you can
provide a link to the control rod position to the
grade di spatcher and he controls the power of your
reactor at any time he wants. On the other extrene,
you have a power plant that is co-located with solar
and wi nd, and you knowin the m ddl e of the day you're
goi ng to have | ower power, and you have a pre-pl anned
hour of shade during the day. And if you're in that
way, you can probably control the power w th boron,
and it wouldn't cause such problenms. And that's the
nost |ikely one.

So | understand what I|imtations are
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there. And if you decide to do | oad follow ng, cone
talk to me and we'll decide if it's okay. Most
likely, it will be reprogrammed during the day and
many plants are doing that already.

MR. RAU. Yes. And, you know, hopefully,
we provi ded enough in the SE and the condition itself
that, you know, if that cones into a future revi ewer,
they' Il understand where we --

MEMBER MARCH- LEUBA: It's good, like, in
t he SRP i n NUREG 0800 you provided hints to the future
revi ewers, which m ght be younger 20 years fromnowto
| ook for. M principle concernis if it's placing an
undue burden on NuScal e because we are limting them
to bystanders and say, well, we won't bother when
maybe you can do it.

MR RAU Yes, that makes sense. The
third limtation condition is just recognition that
the NRC staff considered sone of the nethodol ogies
cited in the topical report to be integral parts of
t he net hodol ogy, so that particul ar nucl ear anal ysis
nmet hods that were cited, as well as the subchanne
nmet hodol ogy, you know, played into our review. And so
if these were to, you know, if you were to try to
change these out, we would consider this a change to

t he net hodol ogy itself.
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Wth that, | wll turn it back over to
St acy.

CHAIR Kl RCHNER: Menber s, further
guestions, statenents, comrents? I note for the
record | detected Dennis Bley, our consultant, and

Steve Schultz also are participating today.

So then thank you. At this juncture, |
think we'll change to, turn to public comments. And,
with that, we have Harol d Scott, | see, on our screen.
Good afternoon, Harold. Since you already submtted
a comment, do you wi sh to rmake any public statenent?
You have to unnute yourself.

MR SNODDERLY: Well, | think Harold did
request that someone, and |I can do it for you --

CHAIR KIRCHNER W can read it.

MR SNODDERLY: Yes, that we would read it
for Harold, and then we'll follow up and see if --

CHAI R KIRCHNER: Okay. So, Harold, I'm
going to ask M ke Snodderly, the Designated Federa
Oficial, to read your conments into the record.

MR. SNODDERLY: Thank you, Chair Kirchner.
This is Mke Snodderly. This is an enmmil that we
recei ved yesterday, Mnday, February 5th, fromHarold
Scot t. It reads as follows: My topic is amount of

proprietary marking redaction. Can you or anot her NRC
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staff read out this nmessage during public conment
period NuScale neeting? | have trouble speaking.
What is it about plots of conputer code output that
makes themproprietary? | think the public would find
value in seeing explicit margins. | would appreciate

ACRS nenbers considering if the topic is a concernto

be raised with the conm ssioners. Thanks for
| i stening.

That was the end of the email. This enai
will also be included in the official transcript.

CHAIR KIRCHNER: Now it's our, not policy
but practice, | think, is nore accurate to say that
the commttee doesn't respondinrealtinme. W address
comment s rai sed by the public and usually i ncl ude t hem
in our considerations for a letter. In this
particul ar case, though, | just woul d observe that the
cormmittee in the past, as a general practice, has
encouraged all applicants to make as nuch materi al
publicly avail abl e as supports their safety case, and
we' ve had nunerous interactions over the |ast years
with applicants to encourage themto do so.

So, Harold, your coment is duly noted.
It is not in our control to decide what is proprietary
or not, but it is in our, | think, the comittee's

interests to encourage all applicants to make as much
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of their safety case publicly available, and that
woul d i nclude such detailed plots as you were asking
for.

MR. SCOIT: Thank you very nuch. Thank
you. So thank you very much. Thank you

CHAI R KI RCHNER: Thank you, Harold. Are
t here any ot her nenbers of the public or those present
here in the roomwho wi sh to make a conment? Pl ease
come forward or unmute your line and identify yourself
and affiliation, as appropriate, and mnake your
corment. Sarah. kay, Sarah. Go ahead.

MS. FI ELDS: Yes, this is Sarah Fields
wi th UraniumWatch in Mbab, Uah. To follow up on M.
Scott's emnil comrent, | found recently that |arge
sections of applications relatedto so-call ed advanced
reactors and also the NuScal e small nodul ar reactor
project that you're reviewing now, they're just
redacting. You | ook at an application, you | ook at a
submttal, and nost of it is redacted. So | think
information that used to be readily available to the
public is now bei ng redact ed.

So if you're under the illusion that the
industry is making everything available possible
avai lable to the public, you're mstaken. Al this

stuff is just missing. Thank you.
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CHAI R KI RCHNER:  Thank you, Sarah. Any

further coments?

MEMBER MARCH- LEUBA: Yes. Mneis related
to this, too.

CHAI R KI RCHNER: kay. This is Menber
Mar ch- Leuba.

MEMBER MARCH- LEUBA: One consideration
that we need to have here is the export control is
often nore restricted on proprietary nmeasures, and al |
of this, the science, are on export control. And if
you rel ease this information, you can go to jail much
easier. Proprietary, NuScal e can sue you. But if you
rel ease export control information, you can go to
jail. So people are nore careful because of that.

CHAI R Kl RCHNER: Thank you. Furt her
comments fromthe public?

MR SNCODDERLY: Excuse nme, Chair Kirchner.

CHAI R KI RCHNER:  Yes.

MR, SNODDERLY: If 1 could add, M.
Fields, this is Mke Snodderly fromthe ACRS staff.
You mght find it interesting, if you look at the
recent Revision 1 to the publicly-available non-
proprietary version of Chapter 15, accident anal ysis,
and Section 15.4 on the rod ejection accident, there

is the description of the sequence of events and
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results that may give you, you nay find them of
i nterest. So there are nore results that are
avai l able concerning the rod ejection accident
i nterview he publicly-available FSAR chapter. And if
you have trouble finding that, Sarah, you have ny
email and | can help you find that.

MS. FIELDS: | was tal king generally, not
specifically about this issue that you're discussing
today. |'mtalking generally about applications.

MR. SNODDERLY: Ckay. Thank you for the
clarification.

CHAI R KI RCHNER: Thank you. Not hearing
further conments, we are going to take a short break

here and go into a closed session with a different

Teans |ink. And those that need to know to
participate will have access to that Teans |link. And
with that, we are on a break for 15 minutes. It is
currently five mnutes after two. W' |l take a break

until 2:20 Eastern Tinme.
(Wher eupon, the above-entitled nmatter went

off the record at 2:03 p.m)
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Statistical Subchannel Analysis Methodology — History

« “Subchannel Analysis Methodology,” TR-0915-17564-P-A, Rev. 2

o Approved by NRC in December 2018 and previously presented to ACRS
= August 24, 2018 subcommittee meeting
= September 6, 2018 full committee meeting

o Used for the NuScale US600 design codified in 10 CFR 52 Appendix G

“Statistical Subchannel Analysis Methodology,” TR-108601-P, Rev. O submitted in December 2021
o Serves as a supplement to TR-0915-17564-P-A, Rev. 2

NRC staff performed review and audit of TR-108601-P
o One request for supplemental information (RSI)
o No requests for additional information (RAIS)
o Multiple audit questions

TR-108601-P was revised during the review to address NRC staff feedback
Current revision is TR-108601-P, Rev. 4 — submitted November 2023
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Overview of Previous Subchannel Methodology in TR-0915-17564-P-A, Rev. 2

 VIPRE-01 used for steady-state and transient analysis

« Methodology fulfills requirements of VIPRE-01 generic safety evaluation report (SER) limitations
 Methodology application and treatment of uncertainties

* Obijective: critical heat flux (CHF) and fuel centerline melt

« General methodology approach:
o Input uncertainties treated deterministically; no credit for statistical randomness
o Conservative basemodel development
o Generic cycle-independent radial power distribution
o Bounding axial power shapes
o Detailed radial and axial nodalization evaluations
o Detailed checklist to ensure compliance with method
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Subchannel Methodology Changes in TR-108601-P

* Changes from TR-0915-17564-P-A, Rev 2:
o Treatment of uncertainties — statistical for a set of parameters instead of deterministic approach
o Radial nodalization
o Axial domain
o Axial nodalization

* Unchanged:
o Fuel conduction
o Grid and frictional losses
o Cross-flow and mixing
o Qualification (validation and applicability)

« The Statistical Subchannel Analysis Methodology utilizes a statistical approach in defining the CHF
analysis limit; but, many aspects of the methodology continue to employ a conservative
deterministic approach (e.g., axial and radial power profiles)

« The intent of introducing a statistical treatment of uncertainties in certain areas was to reduce some
of the overly conservative treatments with a defendable basis and to provide a better
representation of the physical response
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Subchannel Methodology: Statistical vs. Deterministic

 Deterministic: Event analysis input uncertainties (power distributions, boundary conditions,
tolerances, etc.) are biased independently in the limiting direction

o Range of axial and radial power distributions allowed by operations not treated statistically
o Variations possible from: exposure, power, boron concentration, control rod insertion, axial offset, etc.

o As in existing approved methodology:

= Radial power distribution: Artificially created to preserve measured Technical Specification allowed radial peaking
and minimize beneficial cross-flow in analysis

= Axial power distribution: Search performed for limiting shape allowed by axial offset
o Statistical: All uncertainties associated with both CHF correlation and event analysis inputs are
statistically treated in order to determine the CHF analysis limit

o Statistical approach accounts for all uncertainties with a 95% probability at the 95% confidence level
o Statistical approach continues to require use of an approved CHF correlation with a 95/95 design limit
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Rod Ejection Accident Methodology — History

* “Rod Ejection Accident Methodology,” TR-0716-50350-P-A, Rev. 1
o Approved by NRC in June 2020

o Previously presented to ACRS
» February 19, 2020 subcommittee meeting
= March 5, 2020 full committee meeting

o Used for the NuScale US600 design codified in 10 CFR 52 Appendix G
« TR-0716-50350-P, Rev. 2 submitted in December 2021

 NRC staff performed review and audit of TR-0716-50350-P
o No RSIs
o One RAI with two questions
o Multiple audit questions

« TR-0716-50350-P was revised during the review to address NRC staff feedback
Current revision is TR-0716-50350-P, Rev. 3 — submitted October 2023

PM-154736 Rev. 0
Copyright © 2024 NuScale Power, LLC. Template #: 0000-21727-F01 R10
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Overview of Previous Rod Ejection Methodology in TR-0716-50350-P-A, Rev. 1

* Methodology for modeling rod ejection accident (REA)
* Bounding reactivity initiated accident (RIA) from General Design Criteria (GDC) 28

 REA s unique in comparison to other Chapter 15 events
o Phenomena, time-scales, acceptance criteria, methods

 Combination of codes and methods:
o SIMULATE-3K: Transient nuclear physics simulations
o NRELAPS: Transient systems thermal-hydraulics
o VIPRE-01: Transient detailed core thermal-hydraulics
o Adiabatic Fuel Model: Conservative analytical model of fuel enthalpy and temperature

* Unique acceptance criteria from Regulatory Guide (RG) 1.77, NUREG-0800
« Justification for software, acceptance criteria, applicability, and treatment of uncertainties

PM-154736 Rev. 0
Copyright © 2024 NuScale Power, LLC. Template #: 0000-21727-F01 R10
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Rod Ejection Accident Methodology Changes

* Changes from TR-0716-50350-P-A, Rev. 1.

o Replacement of RG 1.77 with RG 1.236 (issued in June 2020)
Change to pellet clad mechanical interaction (PCMI) fuel failure acceptance criteria from RG 1.236
Calculation of fuel enthalpy and temperature via VIPRE-01 instead of adiabatic fuel model
Subchannel statistical analysis limit
Other minor changes to accommodate updated statistical subchannel method

Incorporate content from previous RAIs and add new detail, justification, and explanation to address NRC
staff questions during review

O O O O O

« Unchanged:
o SIMULATE-3K analysis and uncertainty treatment
o Qualification (validation and applicability)

* Primary driver of the revision was the new RG 1.236

 REA method effectively not impacted by design changes
o Increase in power was not a driver of the changes

PM-154736 Rev. 0
Copyright © 2024 NuScale Power, LLC. Template #: 0000-21727-F01 R10
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Summary and Conclusions

* Subchannel:
o Statistical treatment of uncertainties allows for improved results while maintaining overall robust analysis
approach
* Rod ejection:
o Incorporate changes from RG 1.236 issuance
o Simplify analysis structure to use VIPRE-01 for fuel calculations
o Interface with updated subchannel method

* Improvements in methods while maintaining conservative results

* Results from calculations utilizing these methodologies are contained in Chapters 4 and 15 of the
NuScale standard design approval application (SDAA) for the US460 design

PM-154736 Rev. 0
Copyright © 2024 NuScale Power, LLC. Template #: 0000-21727-F01 R10



Acronyms

ACRS Advisory Committee on Reactor Safeguards
CFR Code of Federal Regulation

CHF Critical Heat Flux

GDC  General Design Criteria

NRC Nuclear Regulatory Commission
PCMI  Pellet Clad Mechanical Interaction
RAI Request for Additional Information
REA Rod Ejection Accident

RG Regulatory Guide

RIA Reactivity Initiated Accident

RSI Request for Supplemental Information
SDAA Standard Design Approval Application
SER Safety Evaluation Report

PM-154736 Rev. 0

NuScale Nonproprietary

Copyright © 2024 NuScale Power, LLC.
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NRC Technical Review Areas/Contributors

= Statistical Subchannel Analysis Methodology
Rebecca Patton (BC), Reactor Systems NRR/DSS/SRNB
Antonio Barrett, NRR/DSS/SRNB
Joshua Kaizer, NRR/DSS/SFNB
Peter Lien, RES/DSA/CRAB Il

= Rod Ejection Accident Methodology
Rebecca Patton (BC), Reactor Systems NRR/DSS/SRNB
Zhian Li, NRR/DSS/SRNB
Ryan Nolan, NRR/DSS/SRNB
Adam Rau, NRR/DSS/SNSB
Andrew Bielen, RES/DSA/FSCB

* Project Managers
= Stacy Joseph, TR PM
» Getachew Tesfaye, Lead PM



SSAM Staff Review Timeline

NuScale submitted its Topical Report (TR) TR-108601-P, Rev 0 on
December 30, 2021 (ML21364A133) as supplemented by letters dated
April 25, 2022 (ML22115A222) and December 13, 2022
(ML22347A314).

Staff performed an audit between July 13, 2022 and September 27,
2023 (ML23295A001).

Following the audit, NuScale submitted Revisions 3 and 4 on October
12, 2023 (ML23285A341) and November 6, 2023 (ML23285A341) of
the TR.

Staff issued the Advanced Safety Evaluation Report (SER) on
November 6, 2023 (ML23277A007)



SSAM Regulatory Basis

« General Design Criterion 10, “Reactor design,” of Appendix A

The reactor core and associated coolant, control, and protection systems shall be
designed with appropriate margin to assure that specified acceptable fuel design limits
are not exceeded during any condition of normal operation, including the effects of
anticipated operational occurrences.

« Standard Review Plan, Section 4.4, “Thermal and Hydraulic Design”.

..there should be a 95-percent probability at the 95-percent confidence level that the hot
[fuel] rod in the core does not experience a DNB [departure from nucleate boiling] or
boiling transition condition during normal operation or AOOs.

4 Non-Proprietary



SSAM Staff SER Conclusions

« The SSAM is an acceptable methodology to calculate the margin to fuel

thermal limits such as the critical heat flux ratio through a statistical combination
of the uncertainties.

e There were two limitations and conditions:

1. An applicant referencing [the SSAM] in the safety analysis must also
reference an approved CHF correlation which has been demonstrated to be
applicable for use with [the NSAM]. (Carry over from NSAM)

2. The SSAM relies on multiple submodels to calculate the statistical critical
heat flux analysis limit. While some of these submodels have been reviewed
and approved as part of the NRC staff’s review and approval of the SSAM,
the submodels listed in the SER would need to be reviewed and approved
before the application of this methodology for a licensing analysis.



Staff Review Timeline

TR-0716-50350-P, Rev 3
“Rod Ejection Accident Methodology”

NuScale submitted its Topical Report (TR) TR-0716-50350-P, Rev 2
on December 21, 2021 (ML21351A400).

NuScale supplemented its submittal by letter dated, September 14,
2022 in response to requests for additional information (RAI), RAI
No. 9936 from the NRC staff.

Staff performed a limited scope audit between April 19, 2023 and
September 27, 2023 (ML23295A001).

Following the audit, NuScale submitted Revision 3 of the TR on
October 20, 2023 (ML23293A292)

Staff issued the Advanced SER on January 4, 2024
(ML23310A166)



Regulatory Basis

e General Design Criterion 28, “Reactivity Limits,” of Appendix A

Criterion 28—Reactivity limits. The reactivity control systems shall be designed with
appropriate limits on the potential amount and rate of reactivity increase to assure that the
effects of postulated reactivity accidents can neither (1) result in damage to the reactor
coolant pressure boundary greater than limited local yielding nor (2) sufficiently disturb the
core, its support structures or other reactor pressure vessel internals to impair significantly
the capability to cool the core. These postulated reactivity accidents shall include
consideration of rod ejection (unless prevented by positive means), rod dropout, steam
line rupture, changes in reactor coolant temperature and pressure, and cold water
addition.

« Standard Review Plan Sections 4.2 and 15.4.8 and Regulatory Guide 1.236,
“Pressurized-Water Reactor Control Rod Ejection and Boiling-Water Reactor
Control Rod Drop Accidents” for reactivity-initiated accidents.



Staff SER Conclusions

TR-0716-50350 P, Revision 3 provides a systematic methodology for

performing rod ejection accident (REA) analysis subject to the following
limitations and conditions:

1.

An applicant or licensee referencing this report is required to demonstrate the
applicability of the REA methodology to the specific NPM design. The use of
this methodology for a specific NPM design requires the NRC staff review
and approval of the applicant or licensee determination of applicability.

The REA methodology is limited to evaluation of REAs for fuel that has not
experienced significant depletion with control rods inserted, such as from
non-baseload operation.

The staff's approval is limited to the use of the rod ejection methodology with
TR-0616-48793-P-A, Revision 1 (Reference 14), “Nuclear Analysis Codes
and Methods Qualification,” and TR-108601-P, Revision 4 (Reference 13),
“Statistical Subchannel Analysis Methodology, Supplement 1 to TR-0915-
17564-P-A, Revision 2, Subchannel Analysis Methodology.”



Questions/comments from members
of the public before the closed
session starts?



From: Harold Scott

To: Michael Snodderly
Subject: [External_Sender] public comment for 2/6/24 ACRS SC
Date: Monday, February 5, 2024 12:14:24 PM

My Topic is amount of proprietary marking (redaction)

can you or another NRC staff read out this message during
public comment period NuScale meeting ? | have trouble speaking

What is it about plots of computer code output
that makes them proprietary ?

| think the public would find value in seeing the explicit margins

| would appreciate ACRS members considering if the topic is a concern to be
raised with the Commissioners.

Thanks for listening


mailto:hhscott1204@gmail.com
mailto:Michael.Snodderly@nrc.gov

	ACRS SC Slides (Open Session) TR-108601-P and TR-0716-50350 P.pdf
	�Presentation to the ACRS Subcommittee �Staff Review of NuScale Topical Reports��TR-108601-P, REV 4,�“STATISTICAL SUBCHANNEL ANALYSIS METHODOLOGY, SUPPLEMENT 1 TO TR-0915-17564-P-A, REVISION 2, “SUBCHANNEL ANALYSIS METHODOLOGY””�& �TR‑0716‑50350‑P, REV 3, �“ROD EJECTION ACCIDENT METHODOLOGY”��� 
	NRC Technical Review Areas/Contributors�
	SSAM Staff Review Timeline�
	SSAM Regulatory Basis�
	SSAM Staff SER Conclusions�
	Staff Review Timeline�TR-0716-50350-P, Rev 3�“Rod Ejection Accident Methodology”�
	Regulatory Basis�
	Staff SER Conclusions�
	Slide Number 9




