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UNITED STATES NUCLEAR REGULATORY COMMISSION’S

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

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,
corrected, and edited, and it may contain

inaccuracies.
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PROCEEDI NGS
8:30 a. m

CHAI R KI RCHNER: Good norning. |'mWalt
Kirchner, Chair of today's Subcomm ttee neeting.

ACRS nenbers in attendance in person are
Ron Ballinger, Vicki Bier, Geg Halnon, Craig
Harrington, Bob Martin, Scott Palmag -- Dave Petti
will join us shortly -- and Thonas Roberts. ACRS
nmenbers in attendance virtually via Teans are Vesna
Dimtrijevic and Matt Sunseri .

Ve have one  of our consul tants
participating in person, Steve Schultz, and one of our
consultants participating virtually Via Teans. That's
Denni s Bl ey. If 1've mssed anyone, either ACRS
nmenbers or consultants, please speak up now.

M chael Snodderly of the ACRS staff is the
Designated Federal Oficer for this neeting. No
menber conflicts of interest were identified. W have
a quorum as well for today's neeting.

During today's neeting, the Subconmmittee
wWill receive a briefing on the staff's eval uation of
NuScal e Power LLC s US460 Standard Design Approval
Application, Sections 3.7, 3.8, and 3.9.2, and Chapter
5, Reactor Coolant System and Connecting Systens,

including the Conmttee's area of focus on the
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potential for density wave oscillations occurring in
t he steam generators.

W previously reviewed the certified
NuScal e US600 design, as docunented in our July 29,
2020, letter reporting the safety aspects of the
NuScal e smal | nodul ar reactor.

Li ke the staff, we are performng a delta
revi ew between the two designs, including the power
uprate from50 to 77 negawatts electric per nodul e.
W are reviewing these chapters as part of our
statutory obligation under Title 10 of the Code of
Federal Regul ations, Part 52, Subpart E, Section 141,
referral to the Advisory Committee on Reactor
Saf eguards, to report on those portions of the
appl i cation which concern safety.

The ACRS was est abl i shed by statute and is
governed by the Federal Advisory Conmittee Act, or
FACA. The NRC inpl enents FACA i n accordance wi th our
regul ati ons.

Per these regul ations and the Comrittee's
byl aws, the ACRS speaks only through its published
letter reports. Al menber coments, therefore,
shoul d be regarded as only the individual opinion of
t hat menber and not a Committee position.

Al relevant information related to ACRS
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6

activities, such as letters, rules for neeting
participation, and transcripts, are | ocated on the NRC
public website and can be readily found by typing
About Us ACRS in the search field on the NRC s hone
page.

The ACRS, consistent with the agency's
val ue of public transparency and regul ati on of nucl ear
facilities, provides opportunity for public input and
comment during our proceedings. W have received no
witten statenents or requests to nmke an oral
statenent fromthe public. However, we have al so set
aside tinme at the end of this neeting for any public
coment s.

Portions of this neeting may be closed to
protect sensitive information, as required by FACA and
t he Governnent in the Sunshine Act. Attendance during
the cl osed portion of the neeting will be limted to
the NRC staff and its consultants, applicants, and
t hose individual s and organi zati ons who have entered
into an appropriate confidentiality agreenent. Ve
will confirmthat only eligibleindividuals are inthe
cl osed portion of the neeting.

The ACRS wi | | gather information, anal yze
rel evant issues and facts, and fornulate proposed

concl usi ons and recommendati ons, as appropriate, for
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del i beration by the full Conmttee.

A transcript of the neeting is being kept
and will be posted on our website.

When addressing the Subconmmttee, the
participants should first identify thenmselves and
speak with sufficient clarity and vol une, so that they
may be readily heard. If you are not speaking, pl ease
mut e your conputer on Teanms or by pressing *6 if
you' re on your phone.

Pl ease do not use the Teans chat feature
to conduct si debar di scussi ons rel at ed to
presentations, but, rather, limt use of the neeting
chat function to report | T problens.

For everyone in the room please put al
your el ectronic devices in silent node and nute your
| apt op m crophone and speakers.

I n addi ti on, pl ease keep si debar
di scussions in the roomto a mninmm since we have
live ceiling mcrophones.

For t he presenters, t hese tabl e
m crophones are quite unidirectional. You'll need to
speak directly into the front of the m crophone,
particularly so the court reporter can transcribe
t oday' s sessi on.

Finally, if you have any feedback for the
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ACRS about today's neeting, we encourage you to fill
out our public neeting feedback form on the NRC s
websit e.

And with that, we will now proceed with
the neeting. | will turn to the NRC staff.

Pl ease go ahead, M J.

MR, JARDANEH: Good norning, Chair
Kirchner, and good norning to the ACRS Subcommittee
menbers, NuScale, the NRC staff, and nmenbers of the
publi c.

My name is Mahnoud Jardaneh, or MJ. |
serve as the Branch Chief for the New Reactor
Li censi ng Branch, responsi ble for the licensing of the
NuScal e US460 design, in the Division of New and
Renewed Licenses in NRR

Ckay. Today, the staff will be presenting
their review of a group of the SDAA Chapters,
i ncluding Sections 3.7, 3.8, and 3.9.2 of Chapter 3,
Design of  Structures, Syst ens, Conmponents and
Equi prrent, and Chapter 5, Reactor Cool ant System and
Connecti ng Systens.

Earlier this year, the staff presented to
t he Subconmi ttee on Chapters 2, portions of Chapter 3,
Chapters 7, 8, 9, 10, 11, 12, 13, 14, 16, portions of

Chapter 17 and Chapter 18. The staff al so presented
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9

on the LOCA, on the Loss of Coolant Accident
Eval uati on Model Topical Report associated with the
appl i cation.

The staff is finalizing their review of
t he remai ni ng SDAA chapters and Topical Reports, and
we will informthe ACRS on the safety eval uations on
the remaining chapters and Topical Reports that are
avai |l abl e today to the ACRS.

At today's neeting, the staff will focus
on the deltas fromthe Design Certification that the
NRC has already approved and that the Subcommittee
reviewed in the past.

Once again, thank you for the opportunity
and we | ook forward to begin the session. Thank you.

CHAI R KI RCHNER: Thank you, M J.

And with that, | think we'll turn to Tom
Giffith of NuScale. Okay?

MR. GRIFFI TH:  Thank you.

Good nor ni ng, ACRS Menbers. Good nor ni ng,
NRC count er parts and nenbers of the public, as well as
our NuScal e counterparts out on the Wst Coast.

| am Thomas Giffith, |icensing manager
for the NuScale US460 Standard Design Approva
Appl i cati on. |"ve been with NuScale for, roughly,

three years. | have a background as a former senior
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reactor operator/|1&C manager, and it's background in
re-occurrence (audio interference) as well as safety
anal ysi s.

Today, we are very excited and | ook
forward to the opportunity to present the renaining
sections of Chapter 3, as well as Chapter 5, and then,
in the closed session, we'll touch on additional
portions of the density wave oscillationtopic itself.

So, with that, I'd like to turn it back
over to nmy counterparts here to start the
present ati on.

DR. KARAOG.U:. Thank you.

Good norni ng. My nane i s Haydar Kar aogl u.
I"ma civil engineer with a PhD from Carnegi e Mellon
Uni versity. Over the past five years, | have been
with NuScale specializing in seismc analysis and
design of structures, as well as the seism c anal ysis
of the NuScal e power nodul es.

Today, we will delve into the differences
between the Certified Design and the Standard Design
Approval Application for Chapter 3, which covers
design of structures, syst ens, conmponents and
equi pnent .

MR CRIFFITH  This is Thomas Giffith.

W do appreciate the Departnent of
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11

Energy' s support for the NuScal e US460 St andar d Desi gn
Approval Application, appreciate their support and all
the efforts that they made out to the systemthus far.

DR. KARAOGLU: Thank you. Yes, thank you.

So, for Chapter 3, we will on Sections
3.7, 3.8, and 3.9.2, Seismic Design, Design of
Category | Structures, and Mechanical Systens and
Conmponents. Note that some sections, such as concrete
contai nment, are excluded because they are not
applicable to the US460 NuScal e Power Pl ant design.

Next slide, please.

This slide here is the summary of key
desi gn features and updates.

The St andard Desi gn Approval Application,
SDAA, is a derivative of the certified design, design
certification, DC

SDAA structures reflect six nodules, in
support to the 12 nodules in the certified design
And the difference necessitated updated structura
anal yses.

For the SDAA, the reactor building uses
steel-plate conposite walls, along with reinforced
concrete nenbers.

And the site | ayout reflects the updated

bui | di ng desi gns.
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Seismic analyses for the SDAA are
performed for a doubl e-buil di ng nodel, which features
the reactor building and the rad waste building and a
separate surface-based control building nodel. The
Certified Design, on the other hand, used a triple-
bui | di ng nodel and i ndi vi dual building nodels for the
sei sm c anal yses.

Finally, this presentation will focus on
the high-level design and methodol ogy changes, and
i nportant audit questions and requests for additional
information, RAlSs.

Next slide, please.

W begin with Section 3.7, which is
seism c design. Section 3.7.1 addresses seismc
desi gn par aneters.

For the percentage of critical danping,
the Certified Design used separate fully cracked and
fully wuncracked nodels, and all the reinforced
concrete nmenbers had the same danmping ratio of 7
percent for the design calcul ations.

The SDAA, on the other hand, enploys
hybri d nodel s with bot h cracked and uncracked nenbers.
The danping in the structural nenbers varies based on
their cracking status, as well as the purpose of the

cal cul ation, whether for the in-structure response

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

13

spectra cal cul ations or for design purposes.

More details of the danping values for
essential «critical danping are available in the
Topi cal Report titled Building Design and Analysis
Met hodol ogy for Safety-Related Structures.

Regardi ng the supporting medium in the
Certified Design, we had four generic soil profiles,
representing rock, firmsoil/soft rock, hard rock, and
soft soil profiles, named as Soil-7, -8, -9, and -11
respectively.

Inthe SDAA, the Soil-8 profileis renoved
and, based on the Safety Anal ysis, the soil-separation
scenario with the Soil-7 is included in the design
basi s.

There were no audit questions or RAIs for
this section.

Next slide, please.

Section 3.7.2 <covers seismc system
anal ysi s.

In the Certified Design, soil-structure
interaction, SSI, analyses were performed using the
extended subtraction nethod with the software SASSI

In the SDAA, the SSI analyses are
performed using the soil library nethodol ogy, whichis

a robust approach equivalent to the direct nethods of

NEAL R. GROSS
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SASSI. In this nethod, the soil libraries are built
using SASSI and the sinmulations are perfornmed with
ANSYS, | everagi ng fluid-structure i nteraction
t echnol ogy of the software.

As they are presented in this figure,
using this nethodol ogy, it could nodel all different
soi|l structures by soil, building, and fluid together
and simul ate the soil -structure interaction and fl ui d-
structure interaction sinmultaneously.

More details of the nethodology are
avai l abl e in the Topical Report entitled | nprovenents
in Frequency Domain Soil-Structure-Fluid Interaction
Anal ysi s.

Anot her difference between the Certified
Design and the SDAA is in the conbination of the
responses to three conponents of the ground notion.

In the Certified Design, the maxinum
responses were cal cul at ed usi ng t he squar e-root -of the
sum of the squares nethod.

I n the SDAA, the responses fromthe three,
statistically independent conponents of the ground
notion are al gebraically added.

Next slide, please.

SSI Nunerical nodels using the seismc

systemanal ysi s, you've seen this figure, the doubl e-
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bui | di ng nodel , featuring the reactor buil ding and t he
rad waste building, which are in dark gray here, and
t he engi neered backfill surrounding them in blue.

In the SDAA, the reactor pool is nodel ed
with FLUD elenments of ANSYS and using the fluid-
structure interaction technology. Andthe six NuScal e
power nodules, NPMs, are nodeled in detail using
advanced features of ANSYS.

In the Certified Design, the pool was
nodel ed as distributed mass and the 12 NPMs were
nodel ed as sinplified beam nodels, nade of nass,
spring, and beam el enents.

Thirty-three questions were resolved in
audit for this section, resulting in updates in the
Final Safety Analysis Report, FSAR Updat es cover
nodal anal ysi s, doubl e-buil di ng nodel di nmensi ons, and
pool sl oshi ng.

There were no RAIs for this section.

Next slide, please.

Section 3.7.3 addresses sei sm ¢ subsystem
anal ysi s.

The SDAA includes updates to mgjor
subsystens, including the bioshields, the reactor
bui | di ng crane, and t he NPMs.

For t he SDAA, we devel oped three different
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NPM nodel s.

A sinplified NPM nodel, which is
represented in the figure here, is used in the SSI
analysis to calculate the seismc demand on the
structural nenbers.

A detailed NPM nodel is used in the SS
anal yses to cal cul ate the seism c response around t he
pool .

And anot her detail ed NPM nodel , whi ch was
devel oped usi ng superel enent technol ogy of ANSYS, was
used in the nonlinear transient anal ysis of the NPMs.

A summary of the nodels and the
nmet hodol ogy are avail able in Appendi x 3A. Al so nore
details are provided in the Topical Report titled
US460 NuScal e Power Mdul e Sei sm ¢ Anal ysi s.

Next slide, please.

In the SDAA, the nonlinear NPM seisnic
anal yses are perforned using a conprehensive |oca
nodel that includes the six NPMs, the pool, and the
surroundi ng structural nenbers.

The | ocal nodel used in the SDAA i s shown
in this figure here.

In the Certified Design, the NPM seismc
anal yses were conducted using a l|ocal nodel which

i ncl uded only one NPMat a tine, the pool, and arigid
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pl ane under the NPM

No details of the nethodologies are
avai l abl e in the Topical Reports listedinthis slide.

For this section, four questions were
resolved in the audit, resulting in additional
bi oshiel d details in the FSAR

And there were no RAISs.

Next slide, please.

Section 3.7.4 covers seismc
i nstrunentati on.

In the SDAA, t he | ocati ons and
descriptions of the seismc instrunentations are
updat ed due to the new | ayout of the buil dings.

There were no audit questions or RAIs for
this section.

Next slide, please.

CHAI R KI RCHNER: Haydar, may | ask a few
guestions?

DR, KARAOG.U: Sure.

CHAIR KIRCHNER Onh, it went off. Let's
try again.

First, what did you see as the result of
your analyses with a different level in the reactor
bui | di ng pool versus |oads on the nodules? D d you

see any noticeabl e difference because of |ower water
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level? |In other words, is

of seismc forces put on the individual

DR KARAOGLU
on t hat
Desi gn Approva

different significantly --

18

there any inpact in terns
nodul es?

[t's difficult to comrent

computing Certified Design and the Standard

Application because the nodels are

CHAI R KI RCHNER: Ri ght.
DR. KARAOGLU: -- as well as ours with 12
modul es and the other six. So, even if we saw

di f f erences,
to the pool |evel

source of the difference.

| evel
CHAI R KI RCHNER
hi gher stresses,
| ower ?
pool on the nodul es?

DR KARAOGLU:

it's kind of difficult

focusi ng on the pool,

sei sm c stresses,

to --

of course,

| thinkit's not really possibleto point
individually to say that that is the
But | amsure that the pool

had sone i npact on sonme results.

So, overall, did you see

as a result, or

I n ot her words, what was the net inpact of the

| understand that. Yes,

just specifically

the fact that it was

| oner definitely reduces the hydrostatic forces that

we used, that's for sure,
and on the NPMs as wel | .
CHAI R Kl RCHNER

DR KARAOGLU:

on the structural nenbers

Ri ght .

However, in terns of the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
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dynam c aspect of it, as | said, there are multiple
di fferences between the nodels. So, | don't think
it"sreally possible to point to a certain difference
and say that it's because of the pool.

CHAI R KI RCHNER: What about buoyancy? So,
you have a nodul e, essentially, alittle ship inside
t he pool. What about forces, buoyancy forces, and
such, stresses in the building?

DR KARAOGLU: It's like for the --

CHAI R KI RCHNER:  The buil ding is hol ding
nore load with a lower level, right?

DR KARAOGLU:. That's true. Well, | nean
t he pool, conpared to the Certified Design, the pool

volunme is lower; hence, the mass is | ess --

CHAI R KIRCHNER: | see.
DR. KARAOGLU: -- than what we had before.
But the building size is also different. It used to

be nuch lower in one direction --

CHAI R KI RCHNER: Ri ght.

DR. KARAOGLU: -- conpared to what we have
now.

But regardi ng the buoyancy, yes, because
the pool level is |ower, the buoyancy on the NPMs is
reduced as wel .

CHAlI R Kl RCHNER: It looks Ilike the
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conpartnents are tighter. s there any sloshing
i npact that you see in a seismc event?

DR. KARAOGLU. W | ooked at sl oshing and
| don't renenber the nunbers right now exactly, but
our concl usion was that the maxi mum sl oshing that was
to be calculated in accordance with the equations
provided in the proposed standards, they were not
significant.

CHAI R KI RCHNER: Then, coul d you j ust ki nd
of summarize for wus -- you went to nuch nore
sophi sticated nodels; much nore higher fidelity is
maybe a better way to say it. Did you see any
noti ceabl e di fferences, for exanple, for forces? You
did the square root of the sum of the squares, and
t hen, the updated nethodol ogy. Now, you're going in
actually three directions, adding -- how did you say
it? -- geonetric or algebraic --

DR. KARAOGL.U. That was al gebraic ground
forces.

CHAI R Kl RCHNER: Yes. Did you see any
noticeable difference in the seismc inpact on the
nodul es?

DR,  KARAOGLU: I would say that the
differences, it's not really possible -- and again,

|"mconflicted in nyself, but it isreally in the sane
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way, | think. The nethodology may not be the only
source of the differences that we are observing

because the structural nenbers are significantly

different.

CHAI R KI RCHNER:  Ckay.

DR. KARAOGL U But regarding the
conparison of the two nmethods, |ike the algebraic

addition of the times versus the SRSS nethod, you
know, one approach is about -- this is, basically,
captured in the new behavior, the average behavi or.

CHAI R KI RCHNER:  Ri ght .

DR KARAOGLU: And both the nethods are
acceptabl e, according to the Regulatory Guides and
st andar ds.

CHAI R KI RCHNER:  Thank you.

MEMBER HALNON: Haydar, while we're off-
script, this is Geg Hal non.

Onh a previous slide, one of the
di ff erences beyond net hodol ogy, | guess, was that you
i ncluded six NPMs in the SDAA and you did the DC one
at atime. Can you tell ne what the inpact of that
decision is relative to, in a DC, theoretically, |
guess, with the seismc analysis, each NPM stands on
its own, is that correct, because you di d nodel one at

a tine. How does that translate into the six NPMs?
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Can still one nodule stand onits own froman anal ysi s
per spective?

DR. KARAOGLU:. Yes. Wll, you know, no
nodel is perfect. So, they're all approximations.
But we believe that in this approach that we foll owed
in the SDAA, by putting all six NPMs together in this
| ocal nodel, you coul d capture the interaction between
the NPMs nmuch nore accurately; also, thanks to using
the fluid and soil-structure interaction.

But in the earlier methodol ogy as well,
it's also a valid approach. Most  of these
approxi mati ons are based on engi neeri ng j udgnent. So,
for exanple, using a single NPM you woul d expect,
maybe because of the pool size getting |larger, that a
single bay becom ng nore domnant in capturing the
envel opi ng demand on a singl e NPM

And also, it's sinple to say that, you
know, in that nodel, the pool nodel was represented as
less distributed nmss. So, that's also an
appr oxi mati on.

So, | don't know if that answers the
guestion, though.

MEMBER HALNON: Yes, wel |, | nean, when we
get further into this presentation today, in the 3.9

section that we tal k about, we're going to tal k about
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prototype versus non-prototype plants with the Reg

Gui de 1. 20.

And the first NPM is going to be a
prototype. M/ question is, is this contrary -- not
contrary -- but it is conflicting a little bit that

they have to have one plant stand on its own, both
from vibration and seismc, and everything else, in
order to say that the rest of it is okay? So, you
al nrost get a non- prot ot ype.

| know we'll get to that in the future.
But | was curious, in this DC, you did a single one,
and then, you integrated the 12 together to show t hat
all 12 would be fine. |In the six NPMs, the SDAA, was
that simlar? You took all six; you nodeled all six
together, but you did still get the individual
interactions on each nodul e, adjacent nodules, and
t hat sort?

|"mtrying to get a picture in my mnd how
that's going to work down the road. Maybe when we get
to 3.9.2, we' | | talk a little nore about
pr ot ot ype/ non-prototype and how those figure into
that. | assune you'll assune be here, and if there's
any questions, you can --

DR  KARAOGLU: Ri ght. Agai n, yes, |

believe that is something that | hope to di scuss | ater
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on.

But just a brief response to your conment
here, by having all six nodules in the sanme nodel, we
are kind of trying to represent that seisnmc waves
traveling into the pool, fromthe ground to the pool
and all the interactions between the NPMs and their
structural menbers around it, we tried to capture it
as accurately as possi bl e usi ng advanced t echnol ogy or
enhanced - -

VEMBER HALNON: Ckay. So, it's a step
forward -- | nean, fromthe standpoint of the DC, Walt
said you use nmuch nore sophisticated nodules and
you're able to integrate it better.

DR. KARAOGLU: Right, right.

MEMBER HALNON: Ckay. Thanks. W'l talk
nor e about the prototype, and this question in ny head
may go ahead at that point, but we'll talk later with
the staff this norning.

Thanks.

DR.  KARAOGLU: Ckay. Continuing with
Section 3.8, which is design of Seismc Category |
structures.

Section 3. 8.2 addr esses steel containnment.

The differences of the SDAA from the

Certified Design include the follow ng:
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An increase in design pressure and
tenperature for power uprate.

Mat erial change from carbon steel wth
cladding to a conbination of austenitic and
martensitic stainless steels.

Pre-service and i n-servi ce i nspections are
changed from Cass 1 to Class M vessel wth
additional requirenents in sone areas.

Hydr ogen detonation is renmoved from | oad
conbi nati ons because of addi ti onal passi ve
aut ocatal ytic reconbiners, the details of which are
avai l able in Chapters 6 and 15.

The majority of nozzles are changed from
wel ded to integrally-forged.

Twel ve audit questions were resol ved.

And for this section, there were no RAls.

Next slide, please.

Section 3.8.4 addresses other Seismc
Category | structures.

I n the SDAA

The reactor building incorporates steel-
pl at ed conposite wal | s whi ch are desi gned according to
Al SC N690, 2018 version, using elenent- and panel -
based approaches.

Rei nforced concrete nenbers are designed
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according to ACI 349, 2013 version, using the section-
cut demands at critical |ocations.

The forces are cal culated from nunerica
nodel s with different cracked states associ ated which
are associated with different | oad conbinations.

And all the sinmulations are perforned
using ANSYS with the use of SASSI for soil library
cal cul ati ons.

A sunmary of the technology and results
are reflected i n Appendi x 3B, and nore details of the
net hodol ogy are avail able in the Topi cal Report titled
Bui | di ng Desi gn and Anal ysis Met hodol ogy for Safety-
Rel ated Structures.

In the Certified Design, the nmjor
structural nenbers were of reinforced concrete type,
and they were designed according to ACI 349, 2006
version, using an elenment-based approach. The
simulations were performed using SASSI for the SSI
anal ysi s and SAP2000 for the other | oad conbi nations.

Fifteen questions were resolved in the
audit, resulting in the updates in the FSAR The
updat es cover: dynamc soil pressure, differentia
settlenment analysis, definition of the supporting
medi um used for calculating the static |oad demands,

and the design and anal ysis procedure.
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There are no RAIs for this section.

Next slide, please.

Section 3.8.5 covers foundati ons.

In addition to the anal ysis and desi gn of
foundations, this section also covers the stability
anal ysis of the structures.

In the SDAA, the nonlinear stability
anal ysis is performed only for the Seism c Category |
portion of the surface-based control buil ding.

Al so, t he peak-bearing pressure val ues are
calculated using a nmethodology tailored to the
capabilities of the software utilized, which was
ANSYS.

Twel ve questions were resolved in the
audit for this section.

And there were no RAISs.

Next slide, please.

Okay. | will turnit over to Em |y Larsen
Now.

M5. LARSEN. Hi. |I'mEnm |y Larsen, and
ama |l icensing engi neer at NuScale. Previously, | was
a system engi neer at Braidwod Power Station, and
then, |1 did design and analysis of hydraulic
conmponents. And |'ve been at NuScal e about a year and

a hal f.
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Section 3.9.2 wll finish out the
presentations for 3.9. 3.9 was held fromthe rest of
the presentations to allowtinme for the anal yses for
the DWDO Safety Case to conplete and allow TF-3 fl ow
testing to conplete and testing data to be anal yzed.

Differences from the DC to the SDAA
i ncl ude:

Updating the conprehensive vibration
assessnment program Regul atory Guide 1.20, to revision
4.

Updating the requirenents for the ASME
Operations and Mai nt enance Code to the 2017 edition.

The conprehensive vibration assessnent
programstartup i nstructi on changed fromstrai n gauges
and accel eroneters to dynam c pressure sensors.

COL Item 3.9-14, the DC density wave
oscillation carve-out, was renoved.

React or vessel internals and fl ow i nduced
vibration analyses were updated for US460 | oads,
desi gn changes, updated flow rates, and operating
conditions, as appropriate.

An analysis case of both reactor vent
val ves actuati ng was added to t he NuScal e Power Mbdul e
Short-Term Anal ysi s Techni cal Report.

Next slide, please.
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Al audit questions were resolved and
resulted in:

Updating the Ilanguage for the NPM
prototype classifications to match the NuScale
Conpr ehensive Vi bration Assessnent Program Anal ysis
Topi cal Report.

Providing a summary of flow testing
results for review for TF-3.

And providing analyses to show the
structural integrity of the steam generator during
DWO.

There was one RAI, and we provided the
prelimnary Service Level D fatigue results for the
reactor vessel internals and the steam generator
conponent s.

And this resulted in no changes to the
SDAA.

Next slide, please.

Section 3.9.2 al so supports the anal yses
pillar of the Safety Case for DWO

Audit questions resolved on this topic
were resolved and there were no RAISs.

The DWD Service Level A transient, along
with the NPM lifetime limt for tine in DA is in

Section 3.9.1.
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And structural integrity of the steam
generator during DW supports Section 3.9. 2.

Next slide.

And t hat ends t he Chapter 3 presentati ons.

MEMBER HALNON: So, Emily, this is Geg
Hal non.

You probably heard prototype versus non-
prototype, the question that we were asking. Since
the first nodule in operation will be the prototype,
and every ot her nodul e beyond that for Reg Guide 1.20
is going to be a non-prototype, can you explain how
that's going to work with six nodul es bei ng devel oped
at the sane tine? And is it because of the huge
anount of margin that you have that you' re confident
you can re-analyze any potential paraneters that out
of scope or out of range?

MS. LARSEN: So, the first nodule is a
pr ot ot ype. All other nodules are going to be
i nstrunmented, so that, as they are prototyping, they
won't be prototyped until the first goes through its
final CVAP inspection program

VEMBER HALNON: The entry of nodels to
prototype, until you get at least one that's
identical, and the rest of themcan follow al ong, as

Il ong as they're instrunmented and everything is within
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t he bounds of the scope of the analysis, and they'l
be non-prototype fromhere on out at that point. |Is
that the proposal, | guess?

MS. LARSEN: Yes. Unl ess there's sone
changes, and then, there nay be a |limted prototype.

MEMBER HALNON:. Ckay. Well, that nakes
sense.

And | had one ot her question for you. And
I'"'m going to ask this question as a nechanical
engi neer and not civil engineer. So, the first word
out of your nouth is going to be over ny head.

The area's intensity, one of t he
nmeasurenents was outside of the 6-second range that
you | ook for strong notion. There was very little
justification why it was okay, but it seemed to be
okay. Could you just give us a quick summary on why,
when we're targeting, trying to get strong notion in
that 5 to 75 percent range in the area's intensity,
that this one is okay at 5.2? Are you famliar with
what |' mtal ki ng about ?

DR KARACGLU: Is this -- there's one
that's less than 6 seconds --

MEMBER HALNON: Yes, the stationis net in
1999. That one was 5.265 seconds.

DR.  KARAOGLU: Ri ght. Yes, it's the
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easement. Yes, well, there, the justification is that
the strong ground notion of the area's intensity is a
way of quantified the strong ground notion. And those
are some gui delines about how to calculate it.

However, if you look at the tinme history
plotted and see that strong ground notion, how much
oscillation, and what is that oscillation range? You
can see that, i ndependent of the area's intensity, you
actually can see the strong ground notion starts
earlier. 1t's because of, if, for exanple, we were to
take much |onger data for the tine series, than we
woul d see that area's intensity already catching up
with that 5 percent limt way earlier.

MEMBER HALNON:  Ckay.

DR. KARAOGLU: So, that's why, in addition
to the area's intensity, it's inportant to visually
justify if that range is good for the strong ground
not i on.

MEMBER HALNON: Ckay. Good | ob.
appreciate it.

DR. KARAOG.U:. Thank you.

DR. SCHULTZ: Emly, withregardto the --
this is Steve Schultz -- with regard to the vibration
assessnment program and the change from the

instrumentation to the dynam c pressure sensors, can
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you describe the advantage that provides for this
desi gn?

M5. LARSEN. It actually allows for the
entire steam generator to be nonitored at the sane
time, instead of just having a couple of tubes
i nstrunent ed.

DR SCHULTZ: So, that's the nmain
advant age?

MS. LARSEN:  Yes.

DR. SCHULTZ: Thank you.

MEMBER HALNON:. So, Emly, this is Geg
agai n.

Is that why you characterize this as
extensive instrunmentation as opposed to just --
anytine | see a word like extensive, it makes ne
wonder, well, what was it before, not extensive?

(Laughter.)

M5. LARSEN: | just want to add real
qgui ck, the dynam c pressure sensors also nonitor the
reactor vessel internals. And extensive is a word
used in Regulatory Guide 1.20 -- and, yes.

(Laughter.)

MEMBER HALNON: Yes. So, | guess | was
wonderi ng how you net the termextensive. And | guess

it's because you have this ability now to neasure
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whol e conponent s and whol e i nternal s, what's goi ng on.

Ckay. Thanks.

DR. SCHULTZ: Steve Schultz again

You described a |arge nunber of changes
and advances i n your seismc analysis for this design.
And there are very few RAls -- actually, no RAIs in
t he presentati ons that you nade here were provided to
the staff, but alot of audit questions were answered.
How does that relate to the changes that you' ve made?
In other words, were you targeting that kind of
performance as you nade the changes? \Wat do you
credit for the resulting review by the staff? Very
snooth, | would say, but, as you interacted with the
staff, how woul d you describe that interaction?

DR. KARAOGLU:. So, library nethodol ogy?

DR SCHULTZ: Yes.

DR.  KARAOGU: Vell, the nmethodol ogy
itself is actually, you know, it's relative, but it's,
actually, rather straightforward. It's (audio

inference) to the well-established direct nethods of

SASSI . The advantage is particularly in the
comput at i on. Initially, we paid a price for a
demandi ng cal cul ation for the soil library. However,

| ater on, when we perfornmed the harnonic analysis,

t hey are snooth and quick. And al so, we incorporated
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nost features of ANSYS into the sinmulation.

So, because the underlying theory is
straightforward, it's just a condensation of the
i npedance matrices. | believe that the eval uation of
this and, also, in the Topical Report, we al so showed

how good it works through verification tests. So,

think that's why the procedure was snmooth -- and to
justify the use of this nethodology, soil library
nmet hodol ogy. Even though it's a significant
di f f erence, t he advant ages it br ought wer e
significant. However, the nethodologies of the

underlying theory is straightforward.

| don't knowif that answers the question.

DR. SCHULTZ: That's very hel pful.

Wth regard to the seismc forces and the
dat abase that was used to derive them how would you
characterize that with regard to, if youwll -- | saw
what you' ve chosen. How does that fare with regard to
the seismc forces and systenms that need to be
eval uated, let's say, across the United States? Is it
a bounding evaluation? | know, for COLs, the

| icensees are going to have to denonstrate that their

site will either be enveloped or do additional
calculations. |s your expectationthat it will not be
a problem for COLs, I'lIl just say, in the United
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St at es, because we' ve got great experience associ ated
with that?

DR.  KARAOGLU: Ri ght . Well, there are
di fferent aspects of it, of course, beginning with the
desi gn response spectra. So, our design response
spectra, the Certified Design response spectra, it
covered nost of the sites in the U S. And also, the
rocky sites, because we had this high-frequency
version of the response spectra as well. So, that's
one aspect of it.

In regard to the response spectra, we are
envel opi ng nost sitesinthe U S., but that's just one
aspect. The other one, that soil-structure
interactionis very nmuch dependent on the soil profile
itself. And by looking at very hard rock and very
soft soil, we tried to address a w de range of soi
properties. So, it's inportant to ensure that we see
that they are calculated using the soil, local site
properties, and make sure that their denmands are
envel oped wi th what we cal cul at ed.

However, you know, just naking a general
statenent |i ke that would be really difficult because
there can be sone special sites with very different
profiles. For exanple, for nost of the site, it m ght

be envel oped by our soil profiles, but very close to
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the surface there mght be sonme |layers with, Iike,
much softer layers, and then, they mght anplify
certain frequencies. So, it's still necessary to make
sure that things are enveloped, the denands are
envel oped wi th what we cal cul at ed.

DR. SCHULTZ: It's necessary to validate
t hat ?

DR. KARAOGLU: Right.

DR. SCHULTZ: And even what you've just
described as a fairly straightforward approach to
doing the evaluation, is that fair to say, that it
will not be difficult for a COL applicant to perform
t hat eval uati on?

DR. KARAOG.U: Yes. Speaking for the SSI
anal ysis --

DR SCHULTZ: Yes.

DR. KARAOGQLU:. -- the nethodol ogy we are
following is, because it's equivalent to the direct
nmet hod of SASSI, that shouldn't be difficult.

DR. SCHULTZ: Thank you.

MEMBER PALMIAG This is Scott Pal nt ag.

| just had a question about the seismc
anal ysi s. In the NuScal e design, there's a |ot of
t hi ngs novi ng around conpared to a standard reactor,

where things are pretty nuch stationary.
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You're going to have one, two, three,
four, five, six nodules. |In addition, you're goingto
be noving nodul es around. They might be in the
refueling bay. They m ght be under a crane. How does
that go into the seismc analysis? Are those
relatively small changes that you can bound? O do
you actually have to do a seisnmic analysis for all of
these different configurations that can happen?

DR. KARAOGL U In the sensitivity
anal ysis, we look into nodularity. And our analysis
shows that it's not a significant difference. | t
doesn't make a significant difference on the demand
that will be within the structural nenbers.

Also, it mght be worth to point at the
NPMs . A single NPMs nmass is significantly snall
conpared to the whole mass of the reactor buil ding.
So, you know, all these analyses, it doesn't really
require a highly detail ed nodel to be used to address
wherever the NPMis |ocated at.

MEMBER PALMIAG Ckay. So, all the
different configurations arerelatively small conpared
to the ability to --

DR KARAOGLU:  Yes.

MEMBER PALMIAG.  Thank you.

CHAI R Kl RCHNER: Haydar, | had anot her
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guestion, just in terns of bracketing things.

So, Wi th t he steel -pl ate/ concrete
conposite structure for the reactor building, you
nmenti oned cracked/ uncracked. Could you just give us
an assessnent? Wat's the inpact if you have
significant cracking in terms of the structural
integrity, the seismc response of the building --

DR, KARAOG.U: Sure.

CHAI R KI RCHNER: -- cracked versus
uncracked? O what are you | ooking for when you do
t hat anal ysis and what does that tell you?

DR. KARAOGQLU. Sure. So, it's very good
mat eri al for conpression, but retention is weak. So,
under seismic load, it cracks. Once it's cracked,
what happens is that its thickness increases and,
al so, density increases. So, it's, basically,
absorbing nore of that seisnic energy.

So, as a result of how w despread that
cracking is, the behaviors of the structure change.

CHAI R KI RCHNER: Ri ght .

DR. KARAOGLU: It gets, for exanple, | ower
frequenci es.

CHAI R KI RCHNER: Ri ght .

DR KARAOGLU: Its natural frequency

decr eases.
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So, by addressing the cracking using
hybrid nodels, we tried to capture the dynamc
characteristics of the building, the variation in the
dynam ¢ characteristics of the building under seisnic
condi ti ons.

CHAI R KI RCHNER: And if it were fully
cracked, and hence, as you just described, do you see
any anplificationin the seismc | oads for the nodul e,
transferred to the nodule or any of the equipnent,
i ncl udi ng above? Does the dynami cs of the reactor
building response naterially inpact any of the
guestions that woul d ari se regardi ng t he safety of the
nodul es?

DR  KARAOGLU: The only time we see a
cracked scenario is in the SDAA. So, | cannot really
say rmuch about it. But | should state that --

CHAI R KI RCHNER: How do you bound that
t hen? You know, what spectrumof cracking do you | ook
at?

DR. KARAOGQ.U:. For the cracking, the way
we decide on that is, you know, we calculate the --
after SSI analysis, we look at the demands on the
structural nmenbers and, you know, conpare the stresses
with the cracking stress, obviously, on the (audio

interference) walls, and then, we assign change in the
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mat eri al properties. Seeing how wi despread it is in
the nodel, we nake it either cracked or uncracked.

Now, that definitely changes the forces --

CHAI R KI RCHNER:  Ri ght.

DR. KARAOGQU:. -- being transferred. The
| oad, you know, it changes. But how do we envel ope
that? Well, previously, by design, an uncracked node
and a fully cracked nodel we'll use to kind of | ook at
the two extrenmes, right?

CHAI R KI RCHNER: Extrenes, right.

DR.  KARAOGLU: But by |ooking at the
hybrid nodel, we are actually kind of follow ng each
of the (audio interference). Because we actually
start with an uncracked nodel and we perform this
assi gnment, and seei ng how wi despread it i s, we change
the properties, and then, we run it again.

CHAI R KI RCHNER: Ri ght.

DR. KARAOGQLU. So, that way, we are kind
of trying to followthe variation in dynam c cracking
in the building. So, it's, either way, envel oping
t hat variati on.

| don't knowif that answers the question.

CHAI R Kl RCHNER: Vell, [|'m thinking
through it. [If you have a substantially cracked --
I'"'m not sure how to phrase it. If you have a
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significant amount of cracking in the steel-plate
conposite building, ny sense is that, because it's
steel -plate conposite, youstill retainthe structural
integrity, nmuch nore so than a reinforced concrete
reactor building with a liner. In this case, we're
presum ng that the inner surfaces of the steel-plate
conposite is, indeed, also the pool Iiner. O is
there an additional |iner?

DR. KARAOGLU:. One of those, the conposite
is just the --

CHAI R Kl RCHNER: It's just the inside
surface? Right.

DR. KARAOGLU:. Part of the surface, yes.
Ri ght .

Yes, but inregardto that, maybe | shoul d
point to AC 416 or 43, that it's basically, even under
t he cracked case, you know, we are nodeling the whol e
structure as inelastic. So, even in that phase, you
know, we are not assum ng any significant danage to
the building. You know, everything is intact. The
reinforced concrete is also intact as well.

CHAIR KIRCHNER: So, to follow up on that
earlier question by Scott, what about the building
crane and having a nodule in transit, or sonething?

Yes, in the overall picture, the mass of a nodule
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isn't that much. But once you've picked it up, it's
out of order, partially out of order, whatever you're
doing with it, and it's on the crane, the crane
support structure, is that inpacted in any materia

way by significant cracking in the steel-plate
conposite structure? O is the steel-plate conposite
structure sufficient without the concrete bearing --
as you said, the concrete is creating conpression

So, holding up the crane and everything. But is the
steel-plate structure sufficient onits own to support
t hose | oads?

DR.  KARAOG.U: Yes. Based on our
calculations for the demand on the steel-plate
conposite walls, they are sufficient the way we
designed themto resist those forces. But | should
maybe point out that, conpared to the seisn c demand
created by the seismic excitation, the reactor
buil ding crane and the inpedance on the structura
nmenbers, the effects are nostly |ocal

CHAI R KI RCHNER: Thank you.

MEMBER ROBERTS: Yes, Tom Roberts.

|"m looking for a little perspective on
the renoval of the detonation |oads from the scope
containnment. | know that it's out of scope of this

di scussion. I'msure we'll get intoit with Chapters
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6 and 15, the uncertainties and the ability of the
PARs to renove hydrogen, sonme of the uncertainties in
t hat met hodol ogy or that phenonenol ogy.

So, by renoving it fromthe analysis, do
you have any sense of what the withstandability to
hydr ogen detonati on remai ns? |s that degraded by somne
design change or is it just your (audio interference)?

DR. KARAOGLU: We'll need to give that to
nmy col | eagues on the call to answer that question. |If
this is sonething that we can take on at this point?

MR GRIFFITH: Yes, Thomas Giffith,
Li censi ng Manager .

So, we do expand t he di scussi on i n Chapt er
6 on that. | would say that our position is that the
PAR provi des sufficient protection agai nst the events
that are postulated there. And | think that our
anal ysis shows the PARis safety-related. It perforns
sufficiently as sufficient design margin.

As far as your question on |loads, | would
have to confer with the Chapter 6 LEs on that specific
guestion. But | don't think it's -- you know, what we
were able to denonstrate in the review, | think, is
that the event is not going to happen. The PAR is
wel | designed for that.

MEMBER ROBERTS: Ckay. Thanks. W could
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sort of cone back to that in Chapters 6 or 15. And if
we need to cone back to the withstandability of the
structures to deal with it, we can cone back to then
subsequent | y.

Thanks.

CHAI R Kl RCHNER: Since you're show ng
acronynms, |'m presunming we're at the end of your
presentations. |Is that correct, Ton? | don't have
the slides in front of ne.

MR GRIFFITH That is correct.

CHAI R KI RCHNER: (Okay. So, Menbers, any
further questions of NuScale in these sections of
Chapter 3? No?

kay. Then, we'll just take a nonentary
pause here and change out and ask the staff to comne
forward

Thank you. Thank you.

MR, SNODDERLY: Chair  Kirchner, I
appreciate the great interaction between you and the
Applicant. Just so that you know, we're about a hal f-
hour behi nd.

CHAI R KI RCHNER: Yes. Thank you very
much.

DR. CHOWDHURY: Good nor ni ng.

This is Prosanta Chowdhury.
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If | mssed it, are we at a break right
now?

MR TESFAYE: Yes. This is Getachew
Tesf aye.

Qur lead project nanagers for Chapter 3
and Chapter 5 are not able to join us in person. So,
that they are | eading the neeting virtually.

CHAI R KI RCHNER:  Yes.

MR. TESFAYE: Thank you.

CHAI R KI RCHNER:  Get achew, who' s up first?

MR. TESFAYE: For Chapter 3, Prosanta.

CHAI R KI RCHNER: Are you first?

DR CHOADHURY:  Yes.

MR. TESFAYE: Prosanta.

CHAI R KIRCHNER:  Onh, Prosanta?

DR, CHOADHURY:  Yes.

CHAI R KI RCHNER:  Ckay.

DR. CHOADHURY: Yes. Good norning.

CHAI R KI RCHNER:  Ckay, Prosanta, go ahead,
go ahead, thank you.

DR. CHOADHURY: Okay, good norni ng, thank
you. Good  norni ng, ACRS nenbers, NuScal e
counterparts, NRC colleagues, and nenbers of the
public. M nane is Prosanta Chowdhury. | ama senior

proj ect manager in the branch of New Reactor Licensing
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under Di vision of New and Renewed Li censes at the NRC.

| have been with the NRC for about 20
years, 17 of which | have been a project manager. M
background i s | have a master’s in nucl ear engi neering
and al so a naster’s in electrical engineering. | have
previously worked for the State of Louisiana in the
radi ati on protection field for 18 years.

So | amthe project nmanager for Chapter 3,
and | will present the slides, and at the appropriate
times | wll hand the mcrophone over to the
presenters.

So with that, please let ne know if you
can see the slides. Ckay.

CHAI R KIRCHNER  Yes, we have the slides
up.

DR. CHOADHURY: Thank you, thank you. So
this is the presentation to the Advisory Conmttee on
React or Saf eguards Subconmmittee. A staff review of
NuScal e’ s US460 st andard desi gn approval application
final safety analysis report, Revision 1. And these
are sections are Chapter 3, Sections 3.7, 3.8, and
3.9. 2.

This slide shows the technical reviewers
that contributed to these sections of the FSAR revi ew,

Sunwoo Park, Scott Stovall, Ata Istar, Zuhan X,
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Lui sette Candel ari o- Qui ntana, Yuken Wng, and Stephen
Hanbric is the consultant. The |ead project manager
is Cetachew Tesfaye, and | am Prosanta Chowdhury
agai n.

An overview of these sections of staff
review. So NuScal e submtted Chapter 3 of Revision 1
on Cctober 31, 2023. NRC perforned a regul atory audit
as part of its review of Chapter 3 fromMarch 2023 to
June 2024. Questions raised during the audit are
resolved within the audit. Al'l RAl responses were
accept abl e.

So this is a blanket statenent because we
are not listing the nunber of RAIs in all these
guesti ons. They have been reflected in the
appropriate sections of the safety eval uation, which
was rel eased to the public on January 30 this year.

Staff conpleted the review of these
sections of Chapter 3 and issued an Advanced Safety
Eval uati on Report to support the ACRS neeting. Now,
on January 4, staff submtted a draft Safety
Evaluation to ACRS for a prelimnary review, and there
have been sonme changes, sone updat es.

Section 3.7 was updated regarding
acceptability of strong notional tinme history being

| ess than 6 seconds. Staff will el aborate that | ater
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i f that question comes up.

Section 3.8 was updated regardi ng demand
over capacity ratio values for reactor building,
cal cul ated and assessed by both el enent-based and
panel section-based approaches.

NuScal e SDAA Chapter, FSAR Chapter 3,

t hese sections have sone subsections. As |listed here

3.7 has four subsections, 3.8 has five. And then
3.9.2 we have several topics that will be covered
| ater.

Sowththat, we start with Section 3.7.1,
and 1’d like to turn the m crophone over to Dr. Sunwoo
Par k.

Sunwoo, please go ahead.

MR. PARK: Thank you, Prosanta.

Good norning, | am Sunwoo Park, data and
ri sk anal yst (phonetic) at the NRR Division of Risk
Assessnent. | have been with the agency for 17 years
now, previously serving as a structural engineer in
the NRR Division of Engineering.

Al though nmy current role focuses on
seismic PRA, | was requested to support the revi ew of
NuScal e SDAA seisnic design because | reviewed al so
the TGA seismic design when | was a structural

engi neer. It was part of the inter-organizational
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col  aboration efforts.

Yeah, before noving into the slide that I
prepared, if | may briefly conment on the issue that
was discussed <concerning slow notion duration
Initially the staff did not explicitly eval uate that
because staff thought the -- anticipated the inpact
would be mnimal, but in the updated SER, staff
reviewed it, and then they provi ded a steady vari ation
in the SER, which was conpl eted as unacceptable. The
staff specifically reviewed the areas of intensity
curve and noted that there was a quite steep sl ope on
the curve and around 7 -- 5%and 75%tinme mark, which
i ndi cates quite strong shaki ng under that region, 5%
and 75%

So, effectively that indicates the slow
notion i nvasion practically is graded at 6 second. So
it is acceptable.

MEMBER HALNON: Sonet hi ng |'i ke that, maybe
it’s just the only thing | could find that was really
out of the norm You nentioned that you didn’t have
it inthe -- 1 didn't see the revised SER you had, so
"Il take a | ook at that.

The original SER you felt |ike, just from
your experience, that that was m ni mal inpact, so you

just didn’'t nmention it at all basically. |Is that the
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reason it wasn’t in the original SERs fromthe m nim
per spective?

MR. PARK: Yes, but you know, it was 5.3
seconds at the range of 60 second, the threshold. And
al so because there are multiple tine histories are
considered by the time histories, which are all
accounted for in devel oping design basis. So |
t hought that the inmpact would be m ni num

MEMBER HALNON: Ckay, and you conpletely
agree with the NuScal e rational e behind that?

MR PARK: Yes, | reviewed the, this case
the assertion in the FSAR and confirned that is
accept abl e.

MEMBER HALNON: Ckay, thank you for addi ng
that, | appreciate it.

MR PARK In Section 3.7.1, seismc
desi gn paraneters, there are significant differences
bet ween DCA and SDAA, including structural danping
val ues usi ng sei smc neasures. |In DCA, the reinforced
concrete was used for safety-related structures and
applied a uniform 2% danpi ng val ue for both cracked
and uncracked rei nforced concrete nmenbers to generate
in-structure response spectra.

Then SDAA, the two different types of

structural nmaterial are used, including reinforced
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concrete and steel plate conbined. And NuScal e
utilized the hybrid danpi ng scheme to generate | SRS,
including 7, 5, and 4 and 3 percent, depending on the
cracki ng condi ti on, whether cracked or uncracked, and
al so onthe material type, whether reinforced concrete
or steel conposite.

I n both cases, cracked and uncracked | SRS
i s the envel ope enough to establish design basis. And
the staff concluded that SDAA danping values are
accept abl e because they are consistent with the Reg
Quide 1.6.1, the Ilatest wupdate in Revision 2,
publ i shed in 2023, yeah. Just stop ne if you have a
guestion. Next slide please.

Anot her interest was in supporting nedia
for seismc Category | structures. DCA, as nentioned

earlier by NuScal e, considered four different

supporting media, including soft soil, firmsoil/soft
rock and rock and hard rock. By contrast, SDAA
utilized just three supporting nedia: soft soil, rock,

and hard rock.

I n both cases, seism c response fromeach
soi |l type envel oped to generate the design basis. And
staff found the supporting nmedia for SDAA are stil
accept abl e because t hey reasonably represented a range

of expected site soil conditions. Next slide, please.
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In Section 3.7.2 on seismc system
anal ysi s, significant differences include the
di fferent methodol ogies for seismc soil-structure-
fluid interaction analysis. DCA enployed a two-step
nmet hodol ogy to address the SSFI effects involving
separate soil structure fraction and fluid structure
interaction anal ysis, which involved a certain |evel
of basically sinplifications and approxi mati ons.

Whereas in SDAA, the single integrated
nmet hodol ogy was eval uated to eval uated the defense.
And the -- that new nethodol ogy used for SDAA was --
it is based on the topical report which was revi ewed
by the staff and approved in 2022. And, yeah, 2022.

And because the nethodol ogy was already
approved in the topical reports. And al so because
staff verified that the analysis was performed in
conpliance wth the applicable limtations and
conditions specified in the topical report. The
nmet hodol ogy is acceptable. Next slide, please.

The differences also included the
different analysis nodels associated with design
changes, which includes -- including six NPMs and
updat ed NPM nodel s, and the resi zed ulti nmate heat sink
with a reduced water volune, water depth. And the

rel ocated CRB and the new steel conposite walls.
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And al so, DCA enployed a Triple Building
Model, which includes reactor building, control
building and rad waste building for design basis
sei sm c demand cal cul ati ons. To whereas SDAA used a
Doubl e Bui | di ng Model , includi ng reactor buil di ng and
rad waste building and also considering control
bui | di ng i ndependent|y.

And the updated nodels were acceptable
because they adhere to applicable industry standards
and DSRS specific revi ewstandard acceptance criteria.
Next slide, please.

The differences are also identified in
different -- in the approaches to addressing the
results of paraneter sensitivity studies. Both DCA
and SDAA conducted in-structure response spectra --
spectrum sensitivity analysis to evaluate the
par amet er vari ations, i ncl udi ng struct ur e-soi
separation, enpty dry dock, and the nodularity.

I n those cases, in both DCA and SDAA, the
soi |l -separation scenario resulted in a noticeable
exceedance of the design-basis ISRS. And there are
di fferent approaches to the addressing this
exceedance between DCA and SDAA.

DCA addr essed t he exceedance by i ncl udi ng

a COL Item referring to COL applicant to nake sure
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that the site-specific | SRS soil -separation condition
i s bounded by DCA design basis | SRS.

Wher eas i n SDAA, the NuScal e i ncor por at ed
the soil-separation scenario into the design basis
anal ysi s cases, separate at the anal ysis cases, which
is a preferred approach here from staff’s point of
viewand it is acceptable -- yeah, it was acceptabl e.
It is now, it makes the, one of the design basis case.
Next slide, please.

In Section 3.7.3, on seismc soil system
anal ysis, the differences were -- was identified in
seismic analysis of a building is varied. Sei sm ¢
Cat egory | piping, conduits, and tunnels.

These dat a do not i ncl ude vari ed pi pi ng or
condui t s. But at |east have, it included tunnel
connecti ng reactor building and control building. And
the tunnel was analyzed as part of the control
bui | di ng.

In SDAA, there was -- there is a
under ground pipe long underground in first counted
duct bank containing conduits that connect -- that
connect to reactor building and to control building.
And the staff, they confirmed that the analysis was
conducted in accordance wth applicable industry

st andards and DSRS acceptance criteria.
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The Section 3.4 -- 3.7.4 on seismc
instrumentation was that reviewed by ny colleague
Scott Stovall. And he identified no significant
di fferences between DCA and SDAA. So we’'re going to
ski p that and nove on to Section 3A, presented by Ata,
unl ess there is any question on 3.7.

CHAI R KI RCHNER: Sunwoo, can | ask a
guestion? Since you highlighted this underground duct
to connect the control, main control roomwth the
reactor buildings, what's your figure of nerit for
success?

The inplication I’mreading here is just
that it neets codes and standards, but did you anal yze
whet her there was displacenment? O did you |ook at
their anal ysis to see di spl acenent? Was t here anot her
figure of nerit in terms of survivability of cabling
and so on as that’s contained in that structure?

MR PARK: The detailed cal culations on
t he underground -- the conduit, was not provided in
the FSAR, rather there was a qualitative description
how the analysis and the design were connected and
stated that NuScal e fol |l owed the gui dance provided in
t he ASTE (phonetic).

CHAI R Kl RCHNER: So from the civil

structural standpoint, it neets the applicable
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st andards and acceptance criteria?
MR, PARK: Yes.
CHAI R KI RCHNER: Ckay. Thank you.

MR. | STAR. Good norning. M nane’s Ata

Istar, I’ma structural engineer at NRR, and |’ ve been
with the NRC over, well, alnost 20 years. Prior to
NRC | worked in, | started in the nuclear industry in

1979 working at the firns Entergy and Constell ation
and NRC.

And Il be covering Section 3.8. And as
Haydar described earlier, we had 12 audit questions
for Section 3.8.2, whichis the steel contai nnment, and
15 audit questions 3.8.4 for other structural and
Category |I. So other-sized in Category | structures.

And each audit question had multiple
requests under it. In Section 3.8.2, seismc
containnment, the design paraneters are slightly
different. And of course the material, as Haydar
earlier nentioned. And what we realized in the,
during the discussions, they also changed the,
reconfigured the boundary conditions between the
bottom of, head of the CNV and the RPV.

And in the DCA space, there was a pin
connection, one single pin connection at the bottom

heads connecting from QD of RPV to ID of CNV. Wth
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shins and -- shins |ocated at each phase.

And the new configuration has three | ogs
on the OD of RPV and clevis screws on the inside
di ameter of CNW. So | think this is a better
configuration than a pin connection concentrated at
the bottom So staff ~cited that’s a better
i nprovenent supporting the reactor vessel and the
cont ai nment connecti on.

CHAI R KI RCHNER: But the ot her design was
hardly a pin. It was significant structure.

MR | STAR It was insert, sone kind of

insert.

CHAI R KI RCHNER:  Ckay.

MR. | STAR So basical |y desi gn paraneter
is slightly higher, as | listed in the presentation.

But of course the steel containnent was designed for
t hose conditions, and we had no i ssue with that. Next
slide, please, Prosanta.

The other seismc Category | structures,
and we had -- | would think this, we have sections
intothis. There s a nethodol ogy, which was presented
for the devel opnment of this approach, which is SC
wal | s. And there was a topical report that was
provided to us. W reviewed it in detail, accept it,

and it was accepted by the ACRS as wel .
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So that was a mmjor change from the
reinforced concrete design to SC wall, applicational
SC walls with conbination of reinforced concrete
substructures with it.

| think thisis abiginprovenent conpared
to the DCA design from nunerous aspects. One, it’s
faster constructability of the reactor building. And
much better seismic capability, as well as its
aircraft inpact assessnent. So those are inportant
el enents that inprove this SDAA design using the SC

Again, the one thing we found during the
review, of course the NuScale did both -- | should
credit that, elenent-based and panel -based secti ons,
which is an inportant thing.

And panel - based, section-based, panel
section-based approach is provided in the N690, in
SEN690, which is one tines the thickness of the sea
wal | at the edges, at the corners, and two tines of
t he thi ckness of the SCwalls in the mddle sections,
whi ch is accepted by these both.

And as we were reviewi ng the demand over
capacity ratios, certain very, very localized areas
were higher than 1.0. And |I’m not sure we should
el aborate this at this point or maybe in the cl osed

secti on.
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It’s up to you, sir. And just, or
NuScal e, whether we should discuss that and how we
concl uded those exceedances at three |l ocations in the
reactor building are acceptable. It's up to you, |
can el aborate this. As a matter of fact, | brought
this big picture here so | can |ocate those.

CHAI R KIRCHNER: Well, let’s, if I may, go
back to 2022, don’'t hold nme to the date exactly, when
we didreviewthe steel plate conposite topical report
from NuScal e, and you approved that. And we thought
you shoul d issue that.

One of the areas that we highlighted, and
perhaps you could take up, if not here, in the open
session and the closed session, is connections. And
| think you're hinting at that. And | think one woul d
ask about | eak-tight integrity of the structure as you
-- with fasteners and connectors and fromthe base mat
to the side walls.

Can you address that either nowor in the
cl osed session?

MR | STAR Based on the design, and |
nmean, we’'re looking at the structural integrity of
the, all of the building.

CHAI R KI RCHNER:  Ri ght .

MR. | STAR. Not the | eak-tightness here.
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The leak-tightness <cones in the construction
capability of this at the -- at the, you know, steel
plate, SC plate, goes into the reinforced concrete.
It’s buried intoit. And there, in the structure and
the plate, bottomplate, there is anot her bottompl ate
on the foundati on connecting to the vertical SCwall.

And that weld should provide, that joint
weld should provide the |eak-tightness at that
| ocati on. And that is a critical weld for |eak-
ti ght ness perspective. But we, inthis section, 3.8.4
section, we're lookingtheintegrity of the structure.
Leak-tightness is not the elenent that we will | ook
at .

W' Il assunme that weld is appropriately
done and provides structural integrity of the walls as
wel | as the foundation.

CHAI R KI RCHNER: But i n your review, then,
you would look at the -- that weld, that series of
wel ds, actually, that conprise the, in effect, the
I iner equivalent that was in the DC design where you
had a reinforced concrete building with a liner. So
at sone point, where do you look at the integrity of
that weld in ternms of a nassive |leak fromthe reactor
pool ?

MR. I STAR. | just got a question. That
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particul ar wel d does not provide any integrity of the
overal |l structure. The weld that has --

CHAI R KI RCHNER:  No, under st ood.

MR. | STAR  kay, that does not provide
anyt hi ng except the |eak-tightness, right, at that
| ocati on. And in the, | recall in the design
certification, thereis, you know, that’s a rei nforced

concrete structure that it’s a huge, | think five-foot

thick walls with pilasters. And you know, it’'s a
maj or -- the cost of that is huge conpared to this
one.

But that location is, | don’t recall

exactly howit’s -- probably it’s simlar to the SDAA

configuration. But the liner, the Iiner cones in and

butts into the -- butts into the SC wall face steel.
And it should, thereis a wldthere at the -- | think
that’s all | can tell.

And whet her there -- you know, | think, as
| understand from your question whether under any
seismc event or sonething that weld has sone --

CHAI R Kl RCHNER: Say you had a major
fracture --

MR | STAR Fracture at that |ocation.

CHAIR KIRCHNER. -- along the |ength of

the wel d.
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MR. | STAR Well, if you re | ooking at the

design over capacity ratios, and this is deeply
enbedded structure, deeply enbedded structure, and we
are -- if your design over the capacity ratios at that
location is |ow And renenber, this is a linear
el astic regine. It’s, we don’t have any plastic
deformations at that |ocation.

So as long as we are within the linear
el astic area, we should not have any cracks at that
|ocation. It’s belowthe -- | think it’s over 80 foot
bel ow t he ground Il evel. And you are kind of confined
into this space.

And they actually, which we'll hopefully
di scuss that | ater, design over capacity rati os which
are over one, they are upper sections, in the upper
sections. Not at that |ocation. They all neet the --
they are well below the --

CHAI R KI RCHNER:  The N690 or?

MR. | STAR. They're, | don’t think there's
going to be any fracture under any external |oad
condi ti ons.

CHAI R Kl RCHNER: Good, that’s what |
wanted you to answer in the public session. kay,
t hank you.

MR | STAR And | think -- should we
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di scuss the design over -- denand over capacity ratio
di scussi ons?

CHAI R KI RCHNER: Can you just sumari ze?

MR | STAR Yeah, | can summarize. There
you know, there are three locations. NuScale staff
who are nmenbers, engineers, identifiedthere -- denmand
over capacity ratios are larger than 1. Wichis, the
hi ghest one is 1.05. That will be -- the other one is
1.04. The other one is 1.02.

And we closely | ook at those |ocations.
And | can maybe -- because it’s hard to explain it.
| pull up, this is the DCA design

DR CHOADHURY: This is Prosanta, Ata. |
apol ogi ze for interruption, but | assune it’s okay,
but pl ease nake sure that we are not bringing up any
proprietary information in this section. Thank you.

MR. | STAR Thank you. This is a old
design, but | just, the reason |'’mpointing this out,
t he shear wall nunbers are simlar. So this wall is
RX1, where the main entrance is. And as you can see,
the structure’s deeply enbedded. And | think this is
83 feet underground.

And the one that is the highest demand
over capacity ratiois at this little location. And

the second one is at this location on the opposite
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side, not onthis side. On the opposite side. And it
was in the application, revised application, | should
say, this was described as due to the geonetric
di scontinuities, that was devel oped.

And in the finite el enent analysis, there
are always glitches when you have geonetric
di scontinuities. You have high peak stresses in areas
that are not -- they' re very cornered --

CHAI R KI RCHNER: Corners, fasteners, yeah.

MR. | STAR. -- openings and that kind of
thing. And please note that these, the results are
based on the high seismc conditions that, you know,
conservative | oading conbinations. And with the al
soil types, that was all soil types. So these are the
maxi mum wor st condi tions, you could see it.

You can see it, it’s in the upper
sections, in the higher elevations. And very, very
concentrated area.

They’re, you know, from a structural
perspective, if you want to, you know, if they want to
make those nunbers |lower, there are two things that
can be done. As | told your earlier panel, this is
the result for a panel section-based results.

CHAI R KI RCHNER: Ri ght .

MR. | STAR And panel section-based
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design, it can be nerged with adjacent nenbers, which
will reduce the stresses. O if that area, | don’t
believe it’s critical to the overall structural
behavi or, the face plates could be enlarged and make
t hat area reduced.

| don’t think any of these things are
necessary because these are developed due to the
mat hematical calculations in the finite devel opnment

anal ysis. And these are very, very localized. And as

you can see it, it doesn't affect the big overall
structure. It’s a very localized |ocation.
So that's all -- | can el aborate this --

CHAIR KIRCHNER I n the closed session,
t hank you.

MR ISTAR -- nore if you like. | think
next sectionis 3.8.5 foundation. | would |like to ask

Zuhan contribute to this section.

Thank you.
MR Xl: H, nmy nane is Zuhan Xi. | have
been with the agency for 18 plus years. | am

currently a geotechnical engineer --

CHAI R KI RCHNER: Pull that m crophone
cl oser to you.

MR Xl: Ckay, |I'msorry.

CHAI R Kl RCHNER: Yeah, just reintroduce
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yoursel f so the court reporter gets it.

MR Xl: Yeah. | start over again. M
nanme i s Zuhan Xi. |I’mwth agency for 18-plus years.
And |’ ma geotechni cal engineer. And previously | was
a structural engineer. Prior to joining the NRC
was a contractor at The Fairbank H ghway Research
Center. | was a research structural engineer.

| reviewed 3.8.5 and which is the
foundation. Yeah, the big difference is, you know, |
noticed for the enbedment of the control room
buil ding, which is in the SDAA. The CRB is nodel ed as
a surface-founded structure, conservatively, ignoring
the five-feet enbednment of the foundation of its
stability anal ysis.

In the DCA, the CRB with an enbednent
that’s of 55 feet is nodeled is as enbedded structure
with the backfill. So that’s the mmjor, you know,
difference between the SDAA and a DCA. So SDAA, SC
conclusion is the same as DCA SC type concl usi on.

CHAI R Kl RCHNER: Just for the record,
could you state what that conclusion is?

MR Xl: The conclusion is the safety
integrity is with the limts.

CHAI R KI RCHNER: Thank you.

MR WONG M nane is Yuken Wng, |I'm a
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seni or nmechani cal engi neer in the Mechani cal
Engi neering and |n-Service Testing Branch. | have
been with the NRC for 18 years. And prior to that,
|’ ve worked for Westinghouse for 15 years.

The review of Section 3.9.2, dynamc
testing and analysis, involves three main areas.
First is the piping vibration and thernmal expansion
testing. Second is the conprehensive vibration
assessment program or CVAP, of the reactor vessel
i nternals, which include steam generators.

The staff reviewed two technical reports
relating to flowinduced vibration analysis and
testing and inspection of reactor vessel internals.

Third area is the analysis of reactor
vessel internals wunder ASME Service Level D
conditions. Those are the earthquake events and | oss
of cool ant acci dents.

The staff reviewed two technical reports
that provide the seismc |loads and the short-term
transi ent bl owdowns. The staff also reviewed the
stress and defl ection analysis. Next slide, please.

For the DCA, there were deferred or
unresol ved i ssues. The qualification of steam
generat or conponents due to the DWD was a carve-out.

The validation testing to denonstrate the steam
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generators is not at risk to FIV. It was deferred to
the COL applicant.

The Service Level D evaluations did not
i nclude the hard rock high frequency seisnc |oads.
And those were deferred to the COL applicant. Next
slide, please.

For the SDA CVAP, there were significant
changes. Higher flow velocity lead to stronger FIV
| oads. NuScal e introduced a tenperature approach
nethod in the later part of the SDAA reviewto limt
operating conditions that, where COL may occur and
produce the DWD | oads.

The steamgenerator inlet flowrestrictors
wer e redesi gned and no |l onger arisk to increased fl ow
instability.

The steam generated tube supports are
changed to provide nore surface area, nore conpact
surface area and provide inproved dinensiona
variability. The secondary fl ow piping branches are
changed and inproved, mnimze the risk to acoustic
resonance.

A qualification of steamgenerator due to
the DW load is no longer a carve-out. NuScal e
performed the steam generator validation testing,

which confirned there’'s a mnimumrisk to FIV. Next
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slide, please.

In the DCA and early part of the SDA
reveal s --

MEMBER PETTI: |’msorry, go back to the
previ ous slide.

MR, WONG  Ckay

MEMBER PETTI : Last bullet suggests
there’s not a big risk of flowinduced vibration. The
previous slide basically said that it, they hadn’t
denonstrated that significant flowinduced vibration
in the steam generator tubes. Those seem
contradictory.

MR WWONG That’ s correct. This slide
refers to the SDA, what’s current now for the SDA.
And the previous slide was highlighting --

MEMBER PETTI: Onh, the DCA --

(Si mul t aneous speaki ng.)

MR WONG -- in the DCA

In the DCA or early part of the SDA
review, there were concerns that during high
anplitude, reverse DWO flow to phase region in the
st eam generator tube may approach the inlet, |eading
to a cavitation and condensati on-i nduced wat er hanmer.

There was no limt on the nunber of DWO

cycles during the life of plant, so significant
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nunber s of cycl es were nmade cumul atively. Next slide,
pl ease.

For the review of the steamgenerator due
to DW loads, it’s based on three-tiered approach
First, boiling boundaries are highly unlikely to
approach the steamgenerator inlets, even during DWO
So cavitation and condensation-induced water hammer,
highly |ikely would not occur.

The Chapter 5 review confirns that
NuScal e’ s anal ysi s provi des reasonabl e prediction of
the boiling heights. The NRC Ofice of Research
performed the i ndependent anal ysi s using the conputer
code TRACE. The results show condensati on-i nduced
wat er hammer is highly unlikely.

In the unlikely event this nechanisms
occur, NuScal e cal cul ated t he st eamgener at or tube and
inlet flow restrictor erosion due to cavitation and
the tube stress due to liquid slack (phonetic) flow
Resul ts show danage to the conponents is not I|iKke.

Finally, the steam generator program
i nspection would detect any unexpected wear for
nodul es. One hundred percent of the tubes will be
i nspected during the first refueling outage, and after
that, at least 72 effective full power nonths.

|’ mgoing to turn over for the review of
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the remai ning of Section 3.9.2 to Dr. Hanbric.

DR. HAMBRIC. Hi, everyone, |'mDr. Steve
Hanmbric. |1’ve been a consultant for the NRC for about
20 years now, going back to boiling water reactors
steamfire failures. And |’ve worked in fl owinduced
vi bration and noi se for over 35 years, primrily for
the U 'S Navy, but also US. industry, both in
managemnment s and si nul ati ons.

| will point out that we do have a bunch
of backup slides if you guys want to dig deeper into
the DWO stuff or anything |’ mabout to tell you here.
We can do that in the closed session.

A lot of work on steam generators in the
SDAA. So the next topic is making sure they were not
subj ect to significant FIV due to vortex sheddi ng and
fluid-elastic instability. Those are nechani sns that
can nmake these tubes shake around a lot and
potentially fail over tinmne.

NuScal e had built, actually several years
ago, a pretty nice scale nodel facilities, actually
full scale, but it’s not as -- it’s not all the tubes,
in Piacenza, Italy, at the SIET facility. And had not
tested it at the end of the DCA.

But they didtest it that past sumer, and

we actually went on site and | ooked at the facility,
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made sure it | ooked good to us. Had sone prelimnary
flowresults. They |ook good as well.

And the two big things we were after were,
nunber one, is it avalid facility. And so they were
able to prove to wus by looking at vibration
neasurenents that they had a nice, tightly fitting
setup. Al the tubes were really well connected to
t he support system

That’s inportant to us because if we had
a sloppy connection, that would induce a bunch of
danpi ng that would essentially invalidate the entire
t est. You'd never be able to get a flowinduced
vibrationinstability going if you had a | oose, sl oppy
system But they got a nice, tight system | ooks
good.

The ot her t hi ng we were concerned about is
when they built this, it was an old design with a
support system Newdesignisalittle bit different,
it’s better. Wanted to nake sure that the support
system wasn’t going to sonehow invalidate the test,
and it will not. It’s a good, tight facility, and
we're quite happy with it.

The neat thing they were able to do in
this facility that they couldn’t do in the real actual

NPM is they could crank up the power to 250% and
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hi gher, really get the flow noving. And did not see
any evidence of anything untoward in any of their
t ubes. So we’'re very happy about that, no vortex
sheddi ng, no FEIl.

W’ ve got a bunch of detail ed stuff we can
show you in the closed session if you like, but it
| ooks like nice, linear response all throughout. So
we're quite confident that these steam generators
shoul d not experience significant vortex sheddi ng or
FEI in service.

MEMBER HALNON: So Steve, this is Geg,
so all the clearances, everything for a | eakage fl ow
type, you looked at all those and they were, even
though it had a | ot fewer tubes, it was prototypica
enough to be able to see the, what is it, like six or
seven di fferent fl owinduced vi brati ontype phenonena?

DR. HAMBRI C. Yeah, the only two we're
worried about here are vortex shedding, which is
i ndi vi dual tubes and the vortices behind t hem shaki ng
t he tube up and down and | ocking in, and fluid-elastic
instability, where multiple tubes can kind of grab
onto each other and start noving significantly.

There’s no really concern about |eakage
flow instability in the vortex -- in the steam

gener at or. W did evaluate that phenonmenon in the
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rest of the plant. |In particular, there’s a hose in
t he support place for the CRDS tubes to go t hrough and
the ICIGs to go through. So we | ooked at | eakage fl ow
t here.

MEMBER HALNON: And the reason | ask --

DR HAMBRI C But not in the steam
gener at or .

MEMBER HALNON: Okay, the reason | ask in
t he steamgenerator is because the flowissues will be
on the outside of the tubes. And to inspect that, |
haven’t got a clear viewin nmy head how that’s going
to be inspected after a certain anmount of operation.
And it’s going to be done visually, | guess.

So that’s kind of the reason | asked. The
structures around the outside of the tubes and the
cl earances and whatnot that’'s holding in place,
whet her or not there would be any problenms. So it’s
sounds |ike you ve --

DR HAMBRIC. If there were clearances, we
woul d have seen that in the flowinduced vibration.
There woul d have been kind of a | ot of sloppiness in
the vibrational elenments we were seeing in the
spectrum We didn’'t see any of that.

MEMBER HALNON: Maybe a littl e sl oppi ness,

not a lot of sloppiness. Al right, just trying to
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put it in context.

DR HAMBRIC. Yeah, we saw al nost none.
The danpi ng was tidy. It looks like a nice, tight
fit. Wen you turn the thing on and you' ve got the
fluid in there and it’s pushing everything together,
everything’ s tight, so.

MEMBER HALNON: Good, thanks.

DR. HAMBRIC. Once again, we’'ve got nore
details. They ve put together a really nice report
sumarizing their results. And it just | ooks as good
as we could have hoped it to be. Next.

One other TF-3 rel ated test that they did
for us is, if you remenber when NuScal e presenting,
they did change pretty significantly the initial
startup testing instrunentation. In the DCA, they
were going to individually instrunment several tubes
wi th accel eroneters, strain gauges to directly nmeasure
the vibration during startup.

And i n the SDAA, they said no, we’re going
to switch to dynamic pressure sensors scattered
t hroughout the plant. And a couple of good reasons
for that.

As Emily pointed out, really able to hear
anything. If it’s an individual tube instrunented,

you mght not hear it if another tube is vibrating.
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But if you have the pressure sensors, you can pretty
much hear anything crazy happening throughout the
pl ant .

The ot her nice thing about it is you don’t

have wires and other stuff feeding through the flow

and potentially causi ng sone probl ens.
Instrunentation is falling off. [It’s a rmuch cl eaner
approach having the external for the -- or dynanmc

pressure Sensors.

But the one thing they really didn’t show
us until recently was that those were going to be
sensitive enough to hear if anythi ng bad was happeni ng
inside the plant. That’s all external stuff. | nean,
it’s close to the internal -- or the internal
conmponents, but not on the internal vibration
conponent s.

But the neat thing they did during the TF-
3 testing is along with instrumenting tubes wth
actual acceleroneters and strain gauges, they put
t hose sane pressure sensors in the TF-3 test facility
and were able to show us that when a tube did start
vibrating, not non-linearly, it was total |inearly,
t hey could actually hear that tube vibration in those
pressure Sensors.

And they coul d hear it quite clearly. And
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that proved to us that their approach for the NPMis
sound, that those pressure sensors ought to hear if
anyt hing crazy i s happening i nside the plant. So that
gave us a lot of confidence, feel good about that.
But that is not sonething we had in DCA but we have
now. Ckay, next, please.

Let’s nmove on to the Service Level D
stress analyses. And just a note, | did not perform
t he DCA revi ew, David Ma (phonetic) did. But |I worked
closely with Yuken and David during that, so | have a
pretty good feel for what they did.

There are a few differences between the
DCA and the SDAA approach. 1t’s obviously conpleted
for building. W’ve tal ked about that already. The
seismc |oads for the Service Level D calcs, the SDAA
did include both soft soil and hard rock.

Under DCAit was | think only soft soil or
sonmething internediate. But it was one condition, but
in the SDAA that they expand everything.

And the reason that’s inportant is the
hard rock shifts sone of the peak loads up in
frequency. And that ended up aligning with some of
the | ow frequency resonances of the steam generator
tubes itself, so that was sonething we | ooked pretty

cl osely at.
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They did nmake sone other changes to the
designs, not going to get into that here. But the one
thing | want to highlight is that the nodeling
approach when you conpare the DCA to SDAA, nuch, mnuch
i mproved. Muich cl eaner, sinpler, nore rigorous, nore
detailed. So it’s a nuch sinpler evaluation we were
able to do.

Also their assessnent of the overal
stresses throughout the RVI, the steam generators.
Conpr ehensi ve, quite thorough. W did not see any
significant risk of damage to worry about.

It isprelimnary, they will do an updated
cal cul ation before they actually build the thing. But
we're pretty confident they've got a bounding
eval uation and there shouldn’'t be anything to worry
about .

Now, we’ve got sone details we can get
intoif youlike, but 1’d like to skip the next couple
of slides unless you want to ask some questions.

Oh, one final point. The transient |oads
are pretty significant here, |ike the bl owdowns from
i nadvertent vent openings. It’s pretty rmuch the
sei sm c that dom nates everything by about an order of
magni t ude.

kay, | think the next two are just kind
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of backup, we can go ahead. Next one, please. Next
one, please. Gkay, so that’'s -- we are concl uded.

DR. CHOWDHURY: So thank you, thank you,
St eve. This is Prosanta Chowdhury again, Project
Manager, NRC. So this is an overall conclusion slide.
As staff already described sone of the differences
between the DCA and SDAA. The staff found that the
Appl i cant provided sufficient information to support
the staff’s safety findings.

And the staff found that all applicable
regul atory requirenments were adequately addressed.
And that concl udes Chapter 3, Sections 3.7, 3.8, and
3.9.2 formal presentations. Thank you.

CHAI R KI RCHNER:  Thank you, Prosanta.

Menbers, any questions? W can al so take
up sone of this in the closed session |ater.

kay, withthat, we'realittle bit behind
on the schedule, but we can catch up |ater. Let’s
take a break until 10:45 a.m Eastern Time. And we'll
pi ck up Chapter 5 and the NuScal e presentation.

Thank you to all the presenters.

(Wher eupon, the above-entitled matter went
off the record at 10:28 a.m and resuned at 10:45
a.m)

CHAI R KI RCHNER: Ckay. We're back in
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session, and we're going to turn to NuScale and
Chapter 5. And Wendy, are you up first? Go ahead,
pl ease.

M5. REID: Hello. M nanme is Wendy Reid.
|"ma licensing engineer with NuScal e and have been
for three years now. Previous to NuScale, | was an
engi neer with Electric Boat. | specialized in taking
first of a kind technol ogi es t hrough qualification and
installing themon the subnmarine for proof of concept
trials.

| will be introducing Chapter 5 here and
presenting Sections 5.1 and 5.2. And then | will turn
it to Erin who has Sections 5.3 and 5.4. Chapter 5is
t he reactor cool ant system and connecti ng systens.

It's where we described the reactor
cool ant pressure boundary and its conponents over
pressure protection, the reactor vessel and its
properties, and our systemconponents in the subsystem
desi gn, so DHRS and st eamgenerators, the pressuri zer.
| would like to note that Section 5.3 is where we
incorporate the Pressure and Tenperature Limts
Met hodol ogy Techni cal Report which does have an SER
although it's a technical report. And we are
including it in our presentation today.

And where changes were made in Revision 2
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of the FSAR, we have been noting that (audio
interference) as with Chapter 3. Qur presentation
focuses on the differences fromDCA In the staff's
review of Chapter 5 and the PT Linmts methodol ogy
report, we had 59 questions -- audit questions in
Chapter 5.

W had 20 addi ti onal questions agai nst the
technical report. And we had one RAlI in Chapter 5.
Al'l of these were successfully resol ved.

In Section 5.1 is our sunmmary descri ption.
W have tables describing the normal operating
par amet er s. And they do show changes in both the
primary and the secondary operating pressure,
operating tenperature, and the flow rates.

These are all a result of the power
uprate. Also, the design pressure is the sane for
primary and secondary, so both sides of the steam
generator tubes. Both those design pressures changed
from 2,100 psi to 2,200 psi.

And we nade a cl assification change to the
upper steam generator support based on feedback from
t he manufacturer. The requirenents for that support
remai n consi stent with ASME code. Finally, there was
a change to the RCS vol une.

MEMBER HALNON: Wendy, what's --
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M5. RElI D Sur e.

MEMBER HALNON: This is Geg. Wat's the
footnote there that you get --

M5. REID: Onh, the footnote?

MEMBER HALNON: You got it on every single
one of them

M5. REID: Sure. The footnote was where
Revi sion 2 of the FSAR has a markup from Revi sion 1.

MEMBER HALNON: Okay. So those are al
adds on the original one.

MS. REID: Yeah, the last two bullets are.
The first two bullets are consistent with Revision 1
of the FSAR

MEMBER HALNON:. Ckay, thanks.

M5. REID: In Section 5.2, integrity of
react or cool ant pressure boundary -- reactor cool ant
boundary. Section 5.2 is where we describe code
conpliance and it's where we adopt the 2017 additions
of the boiler and pressure vessel in the operation
mai nt enance codes. In 5.2, we also describe RCS
| eakage.

And there is a change to the requirenent
for sensitivity of detection in Chapter 5. But our
cont ai nnment evacuati on systemitsel f, that equi pnent,

and its capabilities didn't change. And there was no
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change to the limts and tech specs for |eakage.

Chapter 5 describes the reactor cool ant
pressure boundary. So we al so describe the change
fromthree to two reactor vent valves there as was
previously discussed in the LOCA presentation. The
setpoints and the design of the reactor safety val ves
had a change.

The setpoints increased with the design
pressure. W also staggered those setpoints.
Previously, they both had the same pressure.

W increased the m ni num desi gn capacity
per valve. And for the design of the valve itself, we
nmoved from pilot operated to spring operated. I n
SDAA, we added -- yes.

MEMBER HARRI NGTON: This is Craig
Harrington. For the reactor safety val ves, the spring
operated safety val ves, have the designs of those,
guess, benefitted fromthe testing that was done after
TM, spring operated safety values? A lot of testing
done.

Qobviously, these were 30 years on,
whatever. And the same valves aren't avail able, and
these were going to be snmaller than |egacy plants.
But has know edge gained fromthat testing been --

M5. REID: | know we made the change to
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spring operated because they had better CE. But Brian
Kanen is the one who can provide better context on
that. Brian, are you on the |line?

MR. KANEN:. Yeah, | amhere. The primary
reason for going to the spring operated is it
sinplified the design and made it also smaller. It
was nore conplex than it needed to be with the pil ot
oper at ed val ve.

W are currently working with a couple

suppliers. But we haven't gone into the details of

all the matter, | guess, with the testing of CE. W
haven't selected -- we haven't downselected this
specific supplier yet. So | can't speak on that
exactly.

MR. CARDILLO This is Augi Cardillo from
NuScal e. W have considered that as part of the val ve
design. And as part of the test regine, that wll
happen post -- all the testing will get done in
accordance with the OMcode, et cetera, and the design

of the valve itself as we go with the vendors. So we

are looking at that and we'll include that in our
testing reginme for the -- like the industry continues
al r eady.

MEMBER HARRI NGTON: Ckay. Thank you.

MS. REID: Al right, continuing. In
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SDAA, we added t he cont ai nnent i sol ation test fixture.
And we also introduced some augnmented exam nations
above and beyond what ASME requires for the valve
bodi es and the welds on the four chem cal and vol une
control system i nes.

And t hen t he | ow t enperat ure
overprotection -- overpressure protection setpoints
changed due to the material change in the | ower RPV.
And then last for 5.2, Table 5.2.3 is where we show
the materials for the reactor coolant pressure
boundary conponents and support materials. That table
does | ook substantially different from DCA

But it is nore of a change in how we
report the information than actual design changes to
t he conponents thensel ves. The bi ggest desi gn change
is easily the I ower RPV naterial change to austenitic
whi ch is discussed further in Section 5.3. But in how
we report that information, we added perm ssible
materials to that tabl e when an alternate materi al was
ASME approved and accept abl e.

W included it in that table to add
flexibility for the COL applicant. And then we had
some changes for consistency in conpleteness and
response to audit questions. And we al so reconciled

our nam ng conventions with internal design docunents.
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So t he nanes of sone conmponents changed in that table.

MEMBER HARRI NGTON: This is Craig. You
speak to maybe this afternoon the decision to change
the | ower vessel material. Wat drove that?

M5. REID: In the next slide --

(Si mul t aneous speaki ng.)

M5. REID: -- we have a discussion about
it, yeah.

MEMBER Bl ER: | have another question
Vicki Bier. This has cone up in sone past meetings
also. So it's not unique to this presentation.

But when vyou talk about increasing
flexibility for alternate nmateri als, howdoes that fit
with the goal of standardization? How big could the
cost pressure or other performance pressure be to
require alternate materials? And would there be any
safety or analytic i mpact, or youthink they're really
al | equival ent?

M5. REID: We see it primarily as avoi ding
a departure in the COL if it's already a licensed
mat erial and agreed to be acceptable by NuScal e and
the staff. Erin, do you want to add any context to
t hat ?

M5. WHITING This is Erin Witing from

NuScal e. | would say that in addition to that,
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everything i s ASME approved. So we're not introducing
any novel materials in this application.

So yeah, it's just to nmake sure that
peopl e have options. W have supply chain concerns,
things like that. So that was really that and
anticipating it.

MEMBER BIER. Al right. Thank you

M5. REID: Yeah, the next slide is Erin.

M. VHITING Hi, I'mErin Witing. 1've
been a |icensee engineer at NuScale for about two
years now. Prior to that, | had 15 years of
anal ytical experience at Westinghouse.

Section 5.3 is the reactor pressure
vessel. To Craig's point, we're going to discuss the
mat erial change for the |ower RPV. W noved from
ferritic steel to FXM19 austenitic stainless stee
nostly because it was a better nmaterial for fluence
concerns.

This plays out intothe PTlimts report.
The net hodol ogy we used is di fferent because we don't
have the beltline fluence concerns. W did for the PT
limts report expand the COL I[tem5.3-1in response to
audi t.

And we took exenptions for 50.60 for

fracture toughness, including Appendices G and H and
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al so 10 CFR 50. 61, pressurized thernmal shock. There's

superior ductility for the use of austenitic stainless
steel. And it is less susceptible to the effects of
neutron and thermal enbrittlement which was really
what informed that decision. And we do not have a

mat eri al surveillance programrequirenent for Appendi x

H.

MEMBER BALLI NGER: This is Ron Balli nger.
|"ve nentioned this quite a fewtinmes. FXM 19, by the
way, will crack in high tenperature water.

Tenperature is much | ower.

But all the docunents | read justifying
use -- and it's a code case too -- don't nention that
at all. So I'lIl say it again. You ought to be a
little bit cautious to nmake sure that you' re not
runni ng yourself into trouble, especially with a wel d.

M5. WH TING Thank you. Are there any
other comments on -- did | address your question?
Okay. We also renoved a COL item concerning onsite
cl eani ng of the RPV duri ng construction because that's
covered under NQA-1. It was redundant.

We renoved the flow diverter, and we
changed the seismc restraint fixture which was a
feature which was already discussed in Chapter 3.

Next slide, please. In Section 5.4 which is RC

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

90

conmponent and subsystem design, they outline the
performance requirenments of the decay heat renova
system W changed the size less for its -- sorry,
nore for manufacturing concerns and |ess about the
actual performance of the system

W do credit DHRS and safety anal ysis for
cont ai nment peak pressure response to a |oss of
cool ant accident in SDAA which is a change from DCA.
W do address this in Chapter 5 as a result of the
audit. W added details on the enmergency core cooling
systemventing to limt hydrogen accurulation in the
react or pressure vessel during containnment isolation.

And the DHRS neets the intent of SECY 94-
084 by achieving a passively cooled safe shutdown
condition within 36 hours. W added of f-nom nal cases
at staff request during the audit for worst case DHRS.
And we added details about the actuation valve
accumnul at or pressure.

W also expanded a description of the
st eam generator supports as Wendy nentioned earlier.
And we added descriptions of flow paths between the
riser and the downconer as a result of the audit. W
al so changed t he descri ption of the steamgenerator to
pl ugging criterion due to bracketing the two plug-in

val ue and techni cal specifications.
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MEMBER HALNON: So Erin, before you get

into the DW discussion, | was talking to ny
col | eagues. And one of the things that we take great
confort inis there's alot of margin in this overal
desi gn. But when you see things, like, going from
three to two val ves, higher pressures, and stuff |ike
that, | just wanted to get it on the record for you to
all say that all those things that you did actually
ei ther mai ntained or inproved that margin or at | east
sufficient margin. Let's say the same margin. But
can you nmake that statenent in public that all these
changes did not eat away any of the margin in any
significant manner?

M5. WHITING There's several --

MEMBER HALNON: It's a broad question.

MB. WH TI NG Yeah, | was going to say
it's a broad question and it's also -- it's hard to
say that we didn't sacrifice any margi n when we made
changes to the design

MEMBER HALNON: Sufficient margin.

MS. WH TING  Yes.

MEMBER HALNON: And we took confort in
fromthe standpoint of the overall NuScal e design is
-- got a high level of wmrgin just Kkind of

generically.
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M5. WHI TING Yes, and | think throughout

the FSAR, we're neeting the requirenents and mai ntain
margin limts for safety.

MEMBER HALNON: | just don't want people
to m sunderstand going from three to two, changing
system pressures, and other things. You' re not
tightening up on this to the point where you're just
barely acceptable. It's still --

(Si mul t aneous speaki ng.)

M5. WHITING No, we optimze things to
mai ntain margin and also we're neeting all the ASME
code requirenents in Chapter 5 as well.

MEMBER HALNON: | just wanted to get that
out. Appreciate it.

M5. WHI TING Any other questions?

MEMBER HARRI NGTON: This is Craig
Harri ngton again. Just a question on the heat
exchange -- heat renoval, heat exchanger system
There's level instrunentation to look for the

noncondensi bl e gas, water interface.

But what does the operator do if they see
that here or there? |Is there any intended operator
action in response to that? O they just note that
that's where it is and nove on? You' ve analyzed

presumably a limting anount of noncondensi bl e gas.

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

93

But just kind of what does the operator do with that
information other than wite it down?

M5. WHITING There's a DHRS operability
technical specification which would be where we
mai ntai n that.

MEMBER HARRI NGTON: Do they have the
ability, like, crack the valve open and flow water
t hrough our steam through to sweep out the gases?

M5. WH TI NG | think Ben Bristol can
address that.

MR BRISTOL: Sure. This is Ben Bristol
wi th NuScal e. So there's a couple of options.
Certainly we can down power and do sone maneuvering
that way in order to bleed that.

The other option at power conditions,
there's a certain pressure drop across the steam
gener at or. So operators can actually optimze the
pressure drop in such a way that they can bleed the
DHRS side by cracking the valve open and causing
reverse flow and recover the |level once the
noncondensible is filled up. Bleed it out through the
st eam syst em

MB. VH TI NG Does that address your
guestion?

CHAI R KI RCHNER: Denni s, go ahead.
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DR. BLEY: Yeah, | want to address a

guestion to Ron because | nosed around just a little
bit. | don't know nuch about FXM 19. And | saw
somet hing about cracking in a chlorine-rich
envi ronment .

What kind of tenperatures, Ron, are we
tal king about? And what kind of cracking? NuScale
hasn't really responded to your statements here. |'m
just curious if you can fill the conmtteeinalittle
bit on that history and what the problens n ght be.

MEMBER BALLI NGER: It's -- FXM 19, it's
basically a better stainless steel than 304 or 360.
It's cracked in sonme environnents, and | have a paper
which | sent them But the tenperature is way higher.

It's in PWR steam generator tenperatures
which is lower -- which is higher than the NuScal e
st eam generator tenperatures. And the rule of thunb
is they're probably closer to, let's just say,
mlitary applications for PWNRs. And so while you can
crack it and it has -- there have been instances of
cracking at PWR, U 'S. PWR tenperatures, the |ower
tenperatures at NuScal e operates at mtigates agai nst
havi ng t he sanme problem although | think they need to
be aware of it, especially when you do wel ding on this

stuff where you get very high residual stresses.
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DR. BLEY: GCkay. That helps nme a little

bit. Thank you.
MEMBER BALLI NGER: It's also known as

Nitronic, | think, 50, yeah. And that's been used by

DR BLEY: Yeah, | saw that.

MEMBER BALLI NGER: That's been used
forever.

M5. VHITING Next slide. And finally in
Section 5.4, we address of the pillars of the DWO
safety case. Both the real tine nonitoring and
physi cal inspections are addressed in Chapter 5. For
the DCA, the inpetus of DADis, as this body probably
knows, there was a carve out that asked us to eval uate
secondary site instabilities and also ensure steam
generator integrity that was neant to -- that the CCL
applicant has to address that for the US-600 design.

We renoved that COL item for SDAA.  And
our initial intent was to wuse the inlet flow
restrictor to say that DWD is precluded across all
operation. As we noved through the SDAA and gat hered
nore i nformati on about DWO, we deci ded that, well, we
couldn't preclude DWO t hroughout operation.

And so we used real tine nonitoring which

i s an approach tenperature that's di scussed in Section
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5.4. There's a figure and a description of what it
is. The use of safety signals ensures that we know
when we are likely to have DWO

And then there's a lifetinme limt as was
di scussed in Chapter 3. And we ensure that the steam
generator integrity is insured throughout that
lifetime [imt. W also added extra inspections for
the steam generator tubes and the inlet flow
restrictors to ensure that we are aware of degradati on
occurring. And we added a | oss coefficient range as
part of the audit because of audit questions where it
made it easier for the staff to review exactly what
that particular performance the I FR woul d be doi ng.

CHAI R KIRCHNER: So Erin, because of the
appr oach tenperature concept that you' re using to kind
of (audio interference) nost of the operating range to
ensure that you don't get into these DWD situations,
does that then get reflected in tech specs sonehow?

M5. WHITING Yes. The requirenment for
the cyclic and transient limts in Chapter 3 are in
Tech Specs 543, | believe. And Tech Specs 544 has the
steam generator program which is the inspection
requirenents --

(Si mul t aneous speaki ng.)

CHAI R KI RCHNER: Yeah, so those are kind
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of -- howshould | say it -- not sonething that you --
that's something you nonitor and inspect for after
service. But during normal operation, is there a tech
spec that requires that wthin a certain power
operating profile that approach tenperature has to be
such and such?

M5. WHI TING Yes, there are regions that
we'll discuss in the closed session. And actually in
the FSAR, the Figure 5.4-16, | believe, has a region
where DWD is precluded during operation and also a
regi on where you could count tinme in DWO

CHAI R KI RCHNER: Woul d the operator then
have that figure or sonething equivalent, nmuch |ike
you have pressure, tenperature limts and you operate
wi t hin that band when you' re operating a PWR | i ke this
design? Wuld there also be then sonme kind of tech
spec operating limt sonehowthat the operator -- sone
reincarnation of that or --

M5. WHITING There's no restriction on
operating with DAD. W're just counting tine in DWO
in Chapter 3 and through those tech specs. And it's
5.5.3 and 5.5.4. | msspoke. | apologize. So it's
not like a pressure-tenperature limt where you have
to stay under the curve for operation. [It's not an

LCO
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CHAI R KI RCHNER:  You woul dn't -- why woul d

you not have an LCOfor the operators that check that?
You had sufficient -- 1'Il call it subcooling or
tenperature difference between the nmain average
coolant tenperature and in that water inlet
t enper at ure.

M5. WHITING So the limt of tinme in DWO
for the lifetime of the NPMis 2,840 days. So it's
over six years. And we can show that the steam
generator integrity is nmaintained over that period.

So there's, first of all, not a safety
concern saying we can't operate there until we hit
that Iimt. Then we would not be able to. Does that
answer your question?

CHAI R Kl RCHNER: Yes and no. ['"m just
t hi nki ng from an operator standpoint, yes, we can go
t hrough the cycl e and have sone confidence that we're
not going to eat up our nmargin in terns of fatigue and
vibration and wear and so on. But that's sonething
you inspect for after, say, a refueling cycle or
what ever. But as the operator, what guidance is out
there to the operator to support this safety case?

M. VH TI NG The operator would be
counting tine in DWD agai nst the tech specs limts for

the cyclic and transient operations. So that's a
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normal thing that operators do. So they'd be counting
time in DD to ensure that they're not hitting the
2,840 days.

CHAI R KI RCHNER: How woul d they neasure
time in DN while you' re operating the plant? 1 get
t he shut down you i nspect and all the rest. And you've
done anal ysis to show you're not eating up the margin
in ternms of structural integrity. But what does the
operator do with this?

M5. WHITING So they would evaluate the
approach tenperature. And if they're above the imt
where they have to count tine, they're fine. There's
really no chance of DD in t hat operating space. Wen
they' re bel ow the curve, they would count time in DWD
agai nst the cyclic limts in Chapter 3.

CHAI R Kl RCHNER: Ckay. So they're
counting time. But that suggests to nme then there's
a tech spec that sonmehow they're nonitoring at
tenperature and --

(Si mul t aneous speaki ng.)

MEMBER HALNON: Yeah, this is Geg. The
tech spec or if you will those limts could be not in
days. But you have an operating curve that they'l
probably be operating their plant to.

And they're in the region of concern. A
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ticker will go off, probably automated to sone extent
| woul d i magi ne. And then when they get above it, the
ticker stops. And at the end of the day, you say,
okay, | added one day to the 200,000, whatever hours
| can have. So ny sense is it's an operating curve
that applies towards a |limt, whether it be in tech
specs or a safety limt, whatever the case may be.

M5. WHITING Yes, and so --

MEMBER BALLI NGER: This is not wunlike
counting fatigue cycles in PWRs. And yeah, it's the
same concept.

CHAI R KIRCHNER: No, | get that part. 1'm
just in ny own sense of operating a plant and you have
t he peak heat curves you typically use. There would
be some three dinensional plot that shows steam
generator feedwater inlet tenperature versus --

M5.  VHI TI NG That's not one of the
par amet er s. The approach tenperature 1is the
difference between RST hot and being steam
t enper at ur e.

CHAI R Kl RCHNER: Yeah, |'m sorry. I
m sspoke. So yeah, main steamexit. So anyway, in mny
m nd for an operator, that's sonething that they would
be nonitoring.

MB. WH TI NG Yes. | guess the cyclic
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limts in Tech Spec 5.5. 3.

MR. BRISTOL: This is Ben Bristol. So a
little context to howwe anticipate this folding into
t he operati onal schenme. W will have control systens,
and we' Il get into in the closed section.

But we' re planning to define the operating
path of the steamgenerator a |l ong way fromwhere the
[imt is. As Erin kind of nmentioned, we view the --
the concern is nostly being a long term accunul at ed
degradation type concern. Therefore, we don't
necessarily want operators i medi ately responding to
space where we're getting close or may dip into that
regi on.

That's something that can be anal yzed on
the back end. So it's not something that is acutely
inmportant to safety and sonething that operators
shoul d be worried about. But we will devise control
systens that maintain a | evel of margin and keep the
steam generator controlled in the stable zone, the
Regi on 2.

M5. WVHHTING And we'll discuss this nore
in closed session --

(Si mul t aneous speaki ng.)

CHAI R KI RCHNER:  Thank you.

M5. VHITING And | believe that concl udes
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our open presentation. Are there any further
guestions?

CHAI R KI RCHNER:  Menmbers? (Okay. Thank
you very rmuch, Wendy and Erin. And we'll just pause
here a nonent and ask the staff to cone forward.

MR. DRUCKER: Hey, M ke Snodderly. Can
you see the screen? |'msharing ny screen right now.

MR, SNODDERLY: Yes, we can see your
screen. Can you make it presentation node?

MR DRUCKER:  Yes.

MR.  SNODDERLY: That's good thank you.
Yes, better.

CHAI R KI RCHNER: kay. Who's going to

| ead off for the staff?

MR. DRUCKER: | am Good norni ng. My
nanme is David Drucker. |'ma senior project manager
in the new reactor licensing branch at NRR and the

| ead project manager for the Chapter 5 review.

Thi s slide shows the main contributors for
the review of Chapter 5. And nanes in shown in blue
are today's presenters. The NRC staff conpleted the
review of Chapter 5 and issued an advanced safety
eval uation to support this ACRS subconmittee neeting.

There are no significant changes between

the draft safety evaluation provided to ACRS on
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January 4th and the safety evaluation published on
January 29th. There are four sections that constitute
Chapter 5. And the remainder of this briefing wll
focus on the deltas between the design certification
and the SDAA. Next up is N ck Hansing.

MR. HANSI NG M nane i s N chol as Hansi ng.
| "' ma nechani cal engi neer.

MR. DRUCKER: (Audio interference.)

MR. HANSING  Excellent, thank you. M
name i s Nicholas Hansing. |'ma nechanical engineer
in the Mechani cal Engineering and In Service Testing
Branch. [|'ve been with the NRC for over ten years.

Again, Section 5.2.1 which is conpliance
with the codes and standards rul e and SVE code cases.
Significant differences between the DCA and t he SDAA
i nclude the particular codes of record that are used
as discussed in the NuScale presentation. They use
the 2017 edition as opposed to the earlier editions
that were for the DCA.

Additionally, the selection of ASME Code
Cases that used are different in this application
However, they are all accepted for wuse in the
appropriate NRC regul atory guides. The concl usions
remain the same for the SDAA as conpared to the DCA

There are no matters to di scuss for 5.2. 2,
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5.2.4, or 5.2.5. So ny next slide will be on 5.2.3.

This is the reactor coolant pressure boundary
materi al s.

As we heard earlier from NuScale, the
mat eri al s have changed. They're outlined here. NRC
has found them acceptable for the particular
appl i cati ons.

They're conpatible and suitable for the
intended use. And the conclusions remain the sane
bet ween the DCA and the SDAA. That concludes the 5.2
sli des.

MEMBER PALMIAG  This is Scott Pal ntag.
So you nentioned the FXM 19 | ooks just fine for this
application. And Ron says there may be issues with
cracking. So how do you reconcile this?

MR HANSI NG | wll note | am a
nmechani cal engineer, not a materials engineer for
this. So I'mgoing to turn to nmy coll eague here.

MR WDREVITZ: We'll discuss that nore in

5.3 --

MEMBER PALMIAG  Ckay.

MR WDREVITZ: -- which is next.

MEMBER HARRI NGTON: This is Craig
Harrington. One quick comment. In the version of the
SER that | reviewed, it still speaks to the reactor
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safety valves as pilot operated. Does that nean
updated to spring operated?

MR. TESFAYE: This is Getachew Tesfaye
Yes, those have been changed to spring valves. They

put that in the final version and change it to spring

oper at ed.

MR DRUCKER: Dan, are you ready? Next
slide?

MR WDREVITZ: Take it forward to 5. 3.
Al right. Section 5.3 is focused on materials,
ensuring aspects of the reactor vessel itself. The

significant differences between the DC and SDAA were
principally the use of FXM19 austenitic stainless
steel for the | ower reactor vessel. Also, there were
several exenptions, 6 and 15. The slides are correct
here fromthe ferritic steel requirenents which are
i nappl i cabl e to austenitic stainless steel throughthe
mat eri al change.

These general ly interact with requirenents
of 10 CFR 50.60, 10 CFR 50.61, and 10 CFR 50
Appendi ces G and H which don't apply to austenitic
stainless naterial. So we had to find a way of
synci ng that back up which the applicant did for their
exenptions. Also, you'll notice that there's afairly

large COL item 5.3-1 which is partially transcribed
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here on the slide.

That gets to a nunber of renmining details
t hat woul d have to be verified at the COL stage versus
the information that was avail able during the SDAA
review. Next slide, please. So if we went two slides

MEMBER BALLI NGER: Can you go back a
slide?

MR W DREVI TZ: So the NuScal e SDAA SE
conclusionis different fromthe DCA general |y because
of the nmaterial change for the |ower RPV.
Consequently, there's a whol e di scussi on of exenpti ons
that do not exist in the design certification
application. In addition, there are sone differences
in how pressure-tenperature limts nethodol ogy was
constructed and reviewed. Next slide, please. 'l
take a significant pause.

MEMBER BALLINGER. This is Ron Ballinger
again. 1'mgoing to keep pounding this dead horse.
2017 version of the ASME code, now |'ve got to
remenber whether that's true or not. |If you go from
2017 to 2019 version of the code, there are changes
related to APl 579 and 580, including it's called FM
1

These nunbers that require you to deal
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with environmental effects which didn't -- which were
required in past times. So |I'mcurious as to whether
-- | don't see anything in there in the SE and
everything that says other than the issues, the
di f ference between stainless steel and ferritic steel
with respect to enbrittlenent and those kinds of
things. There's nothing in there where it said did
you look at environnental effects and did you
di sposition those environnental effect possibilities
and the reasons for doing that.

MR. W DREVI TZ: Vell, |1 can't speak
directly to that because that is the 2019 edition.
That's talking off the top of ny --

MEMBER BALLI NGER: Vell, we're talking
about --

MR WDREVITZ: ['Ill try and answer you in
a technical way which is noving to FXM19 is totally
uni que because everyone else is using these
traditional OLI ferritic steels, right? Cad wth
st ai nl ess, nobody i s naki ng a vessel in our comerci al
i ndustry yet until NuScal e does out of N tronic 50.
So what we did do is we tried to conduct a -- |'lI
call it thorough, you can debate that term W try to
conduct independent literature research. And al so

quite a bit of information was provided by the
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applicant as part of their support for the exenptions.

And so we were | ooking for things |i ke how
does it age, particularly the tenperatures of
interest, right? Now we know that austenitic
stainless steel is obviously going to be better in
corrosion properties. It's a lot nore tough than
ferritic materials that use vastly nore fluence before
you can neasure any effects in terns of toughness,
right? And we were looking to verify those through

essentially literature review, and that's what we did.

MEMBER BALLI NGER: Yeah, | nmean, and
that's perfect. All 1'm saying -- that's perfect.
Al I"msayingis, isthat there's not much nention in

there of the potential for environnmental effects which
| just didn't see it.

MR WDREVI TZ: Yeah, we don't --

MEMBER BALLI NGER  So - -

MR. W DREVI TZ: -- specifically address
t hat, no.

MEMBER BALLI NGER:  Yeah, but that's not
necessarily a good thing.

MR WDREVI TZ: If the -- if our
literature indicated aging considerations, you' d bet
they'd be in there.

MEMBER BALLINGER: |'msitting on ny desk
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in ny office here. kay, thanks.

MR WDREVITZ: | can only speak to what
we did and | don't have ny tine machine handy. So
that brings us to the pressure-tenperature limts
nmet hodol ogy itself. There were a |lot of significant
di fferences mainly because of the change in material .

And | think froma -- |I'mgoing to say the
words that mght get folks excited -- fracture
nmechani cs standi ng, changing to austenitic stainless
steel gives you a | ot of advantages. And that sort of
change where you're interested in | ooking in terns of
pressure-tenperature limts where you're limting
| ocations are change from what is traditionally
ferritic materials are outlined where you' re receiving
a lot of fluence just near the fuel and | ower reactor
pressure vessel to some sort of geonetric
di scontinuity where there's a stress riser inthe rest
of the power nodule. And so that was quite a big
di fference in pressure-tenperatures.

It's in sonme sense nore robust design
whi ch makes verification pressure-tenperatures just
nove t o a nore sophisticated anal ysis questi on but not
necessarily a riskier question. So with that, the
SDAA design is never beltline limted in the |ower

reactor pressure vessel. That's very different from
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every other design that's operating in the fleet.

The pressure-tenperature limt curves are
limted by geonetric discontinuities and |ocations
where potentially no neutron enbrittlenent. The agi ng
of those thernmal and neutron is going to be
i nconsequential based on our review relative to what
you' d expect fromlimting locations in a traditional
design. And of course, there's this enlarged COL item
5.3-1 with a lot of details that need to be verified
because the | ocation of interest is very different and
howit interacted with the i nformati on and the vari ous
things that were presented for our review.

So ultimately, the SDAA SE conclusion is
different from the DCA, not because of anything
necessarily nore risky or safety considerations but
just how the whol e case and the details that need to
be validated for the COL stage are di fferent fromwhat
you'd expect from all of the other designs. And
that's a bad thing. That concludes ny slides for 5. 3.
"1l take a significant pause here.

MEMBER PALMIAG Scott Palmtag. | didn't
really hear an answer to that question. |Is there a
cracki ng issue?

MR. W DREVI TZ: Not that |'m aware of,

though | would love to see that paper because | did
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not find it.

MEMBER BALLINGER: So let it be witten,
so let it be done.

(Laughter.)

CHAI R KI RCHNER:  Ckay.

MR. WDREVI TZ: Next up is G eg Mkar.

CHAI R KI RCHNER: Go ahead, G eg.

MR MAKAR. My nanme is Geg Makar. |I'ma
mat eri al s engi neer in the D vision of New and Renewed
Li censes and Corrosion and Steam Cenerator Branch.
And I'd Iike to thank and acknow edge ny cowor ker on
this review, Leslie Terry, also in Corrosion and St eam
Generator Branch, and also a reviewer for the thernal
hydraul i cs area for the approach tenperature limts,
Tim Drzewi ecki, who's in the senior reactor systens
and engi neer in the D vision of Advanced Reactors and
non- power production and utilization facilities.

The regulatory basis for our review
focuses on the integrity and the inspection of the
reactor cool ant pressure boundary. Staff reviewed
FSAR Section 5.4.1 in accordance with the design
speci fic reviewstandard, Section 58.21, to ensure the
integrity of steam generator nmaterials is naintained
and that the steam generator materials neet the

rel evant regulatory requirenent. W al so reviewed

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

112

Sections 5.4.1 and 5.4.1.6 in accordance with the SRS
Section 5.4.2.2 to ensure the steam generator is
designed to permt periodic inspection and testing of
the tubes and other critical areas and that it
includes features to assess structural and | eakage
integrity of the tubes.

And we also reviewed the tech specs and
bases as they relate to incorporating the steam
generator program This slide focuses on the
differences from certified design that we consider
nost significant. "Il start with the inlet flow
restrictors.

These are a different design in that they
-- inthe certified design, they were -- the fl ow was
around the restrictor. Now it's through a centra
orifice. And there's now contact with the inside
surface of the tube.

But the nmaterials are 300 series
austenitic stainless steel. They're conpatible with
the secondary cool ant. Al though the new design
involves contact with the tube, there are design
features designed to prevent it fromcom ng | oose and
becom ng a source of |oose parts in the tubes or from
damagi ng the inside of the tubes.

They will be inspected visually during
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st eam generator tube inspections or cavitation. And
based on the |IFR design, those naterials approved by
ASME code, conpatible wth the environnment and
features to prevent tube danmage and the proposed
periodic inspections, staff found this design
acceptable with respect to tube integrity. Added to
the steam generator program conbined license item
5.4-1 is additional inspections in between the first
-- the inspection of the first refueling outage which
is 100 percent of the tubes.

And t he next inspectionthat's requiredin
the tech specs which is no tube can go beyond 72
effective full-power nonths. There's an addition of
at |l east 20 percent of the tubes being inspected at
each refueling outage for the first nodul e to undergo
a refueling outage. This was introduced in the
context of density wave oscillations, DWO

But it's a good i dea regardl ess of whet her
DWOis a concern. Wthout operating experience early
in life, it's more difficult to assess the
significance of tube degradation or the |ack of tube
degradation. And so these additional inspections wll
be val uable for understanding the form and rate of
degradation that's needed for condition nonitoring and

the forward | ooki ng operational assessnent.
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And it's also -- | also want to nention
these are primarily performance-based tech specs that
arerequired to maintaintube integrity. So we really
can't say goi ng i n when the second i nspection will be.
But it's -- because it's going to depend on the
findings of the first inspection. But we know that
there will be at least this mninum anmount of
i nspectioninthe subsequent i nspections tothe first.
And so we find these as an acceptable way to address
the uncertainty early inlife of the steamgenerators
and to help ensure integrity is maintained.

MEMBER HALNON: Geg, this is Geg.
Qutside of the tubes, you nmentioned visual. |Is that
the expectation is that there'll be a conprehensive
visual inspection on the outside of the tubes
supports?

MR.  MAKAR: Wll, |I'm not sure any --
their conprehensive visual i nspection is very
difficult in steam generators on the outside because
of the proximty of the tubes to one another.
Normal |y, there are lanes wthout tubes installed
these long vertical passes that they have in
traditional steamgenerators. So there are -- you can
put caneras in and ook intothis. The expectationis

that they'll do that, tube sheets and where they can
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at supports. But I'mnot sure there's a way to | ook
-- I'"'m not sure it would be possible to |ook
ever ywher e.

MEMBER HALNON: | guess -- sO we're going
to rely on eddy current through the tubes to tell us.
If we are seeing any kind of flow issues between the
out si de of the tubes, you nay not see those after only
one cycle. So nmy question is, you think the 72 nonth
-- it was 72 long nonths -- do you think that's going
to be adequate to prevent any kind of failures if
there is something starting to occur?

MR MAKAR | think not 72 nonths al one.
| think that's the inportance of this. WlIl, there's
the first outage where 100 percent of the tubes.

And then the tech specs say you could go
up to 72 effective full-power nonths until your next
i nspection provided that you have an operational
assessment to support that. |It's not automatic. Now
with this first nodul e having additional inspections
at 36 nonths, 54 nonths, 72 nonths, then it gives you
sone nore -- a better idea of what -- if there's
not hi ng happeni ng.

That' s one of our concerns is that nothing
happens in the first cycle. And then it |ooks like

not hing i s going to happen forever. And this helps to
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prevent that scenario. And | would say the COL item
al so has subsequent nodules. The CCOL applicant will
have to justify if they believe at that 20 percent
doesn't apply to them

MEMBER HALNON: W' ve heard earlier that
t he subsequent nodules will be treated as prototypes
until such tine that the first nodul es proves it's an
adequate prototype. |'mkind of paraphrasing. How s
that going to work with this schenme?

MR MAKAR As far as | know, that

prototype system does not affect this tech spec

program

MEMBER HALNON: It's only the CVAP, not
the inspection portion. 1'Il have to think on that.
Thanks.

MR MAKAR And one scenario for the
outside of the tubes is sonetinmes you -- if there's --
of course, we're looking for -- and a very common

thing to see is where from support structures. But
there's al so where it could occur froma | oose part or
a foreign object. And sonetines those are protected
fromthe inside with eddy current.

MEMBER HALNON:  Yeah.

(Si mul t aneous speaki ng.)

MEMBER HALNON: -- that all bets are off.
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You're going to find it --

(Si mul t aneous speaki ng.)

MR. MAKAR: And then you have a targeted
area where you can try to get a canmera in and see
what's goi ng on.

MEMBER HALNON:. Ckay, thanks.

DR SCHULTZ: Geg, thisis Steve Schultz.
The inspection program is described in a nunber of
different places now. And in one place, | thought |
saw t hat there was a pre-operational inspection, a 100
percent inspection, pre-operational so that when you
performthat first 100 percent inspection after the
first outage that you would know that sonething had
changed, not that sonmethi ng was w ong because you' ve
done it pre-operational.

VR. MAKAR: Yeah, or pre-service
i nspection --

DR SCHULTZ: Pre-service.

MR MAKAR -- PSI. That's done after the
tubes are installed and after hydrostatic pressure
testing has been perforned, either in the shop or in
the field. So you get that |ook at any flaws in the
tubes or inperfections in the tubes before they go on
t he surface.

DR, SCHULTZ: Then | thought | saw
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somet hi ng that suggested that if you're performng a
20 percent inspection anywhere in the process and you

find sonething, then your inspection program is

advanced. |In other words, you need to | ook in other
areas right away. |Is that true?
MEMBER BALLI NGER: | think that's a

Section 11 requirenent, right?
MR. MAKAR | don't know. The industry

does have guidelines for how to expand the scope of

the --

(Si mul t aneous speaki ng.)

DR. SCHULTZ: Ckay.

MR MAKAR: And the details of the 20
percent, I'msorry, | don't renenber. But yes, there

are in the steam generator program the industry
f ramewor k. There are expansion guidelines. And
that's the expectation here. And that's why | say we
can't say for these steamgenerators any for sure when
a second 100 percent i nspection woul d occur because it
depends on what they find in that first inspection.

DR SCHULTZ: kay. That's fair. | think
we' ve got another presentation that's going to cone
back to this. Thank you.

MR.  MAKAR: kay. The next topic was

changes in the technical specifications. There's one
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that is a change in the structural integrity
performance criterion. The structural integrity
performance criterion include a safety factor on
primary, secondary pressure differential for nornal
st eady-state full-power operations which is the nost
l[imting of the criteria for NuScale. This is -- for
conventional steamgenerators, thisis afactor of 3.0
for burst because higher pressure is on the inside.

And that was al so used for NuScale in the
DCA, al though they applied it to collapse or external
pressure. But NuScale is -- the thickness of the
t ubes are determ ned by the ASME code case and 759- 2.
And that allows a stress reduction factor of 1.7 to
2.0, so lower than 3 for externally pressurized
cyl i nders.

That's not different. That code case was
al so used for the DCA. But they didn't make use of
that provision for the lower safety factor. So
they're doing that now, but they're not taking any
exceptions.

That's the code case approved by the NRC
wi thout conditions. [It's consistent with sonme other
parts of the ASME code such as pressure vessel design.
So the staff finds this acceptable based on being

designed in accordance with the approved code case
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with no exceptions and because the other safety
factors and structural integrity performance criterion
wer e not changed.

MEMBER BALLI NGER: | have sort of a
t echni cal question which it may have been addressed in
the B&C. These are externally pressurized tubes. And
there's this 40 percent through-wall requirement which

is basically for original other internally pressurized

t ubes.

And it's for environnmental degradation.
Now t he i ssue you're going to have is not that. |It's
wear. So if you have 40 percent through-wall wear,
does that affect the collapse criteria? | s that

safety factor in the ASME code that allows you to
reduce the differential pressure on everything, if you
had a 40 percent through-wall regi on now, wear region,
woul d that affect the coll apse criteria? Because it's
really collapse, not rupture.

MR. MAKAR: Well, I'mgl ad you asked about
t hat because the 40 percent plug-in criterion has not
changed from the DCA.

MEMBER BALLI NGER: Yeah, that's what | was
t hi nki ng.

MR MAKAR: And it's a bracketed value in

the technical specification which nmans a COL
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applicant has to either justify its use or justify
something else. But what's different, and the reason
|"m presenting it on the slide, is that the -- it's
based on a new analysis. Now the 40 percent wi dely
used in the industry is a value that's found to be
bounding. And it is thinning around the tube fromthe
outside. So that's limting over --

(Si mul t aneous speaki ng.)

MEMBER BALLI NGER: It's the volunetric
criteria.

MR. MAKAR: Yes, yeah, yeah. And so they
apply that sane -- the sane concepts that were used

and t he same approach that's used in the determ nation
of the plugging criterion here when operating plants
| ook at that because the thinning is comng fromthe
-- still comng fromthe outside.

MEMBER BALLI NGER: I"m just wondering
about the collapse criteria.

MR MAKAR Wll, and NuScale has
performed an analysis, looking at those criteria,
| ooking at the different | oading conditions. And with
thinning what they expect to be the nost likely
| ocation of where in the di nensions they expect that
wear to take. And then they performed an anal ysis --

finite element analysis to calculate the collapsed
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pressure.

MEMBER BALLI NGER: We're kind of using a
set of rules that were designed for one configuration
and applying it to a different configuration.

CHAI R Kl RCHNER: Geg, isn't the wal
t hi ckness or wall thinning allowance different than
the crack depth all owance?

MR. MAKAR: Cracks are normally not
allowed to stay in service because of the difficulty
sizing them and evaluating them There are sone
exceptions. But in this case, NuScale did |ook at
cracki ng.

It's hard for them to get -- they' ve
| ooked at conditions where they could potentially get
atensile stress in the presence of different types of
cracks and found that this thinningis still boundi ng.
And cracks will be -- would be plugged on to (audio
interference) for protection. And in |ooking at this
pl ugging criterion, the staff, we reviewed NuScal e's
anal ysi s.

W al so perforned sone cal cul ati ons of our
own based on our rel ati onshi p between yield stress and
geonetry fromcol |l apsed tests that were perfornmed at
Paci fic Nort hwest Laboratories years ago. And we had

-- during the DCA review, we had a finite elenent
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anal ysi s support to justify using that data, applying
that data for a coll apsed test on Alloy 600 to All oy
690. So our calculations indicate that they can
maintain this factor of 2.0 when we |ooked at nore
wal | thinning than in their analysis.

CHAI R Kl RCHNER: And Greg, that also
i ncl udes the higher operating approach?

MR,  MAKAR: Yes, yes. So for those
reasons, we found that 40 percent bracketed through-
wal | . Plugging criterion and a reasonabl e prelim nary
value is that COL applicant will have to justify that.
Next slide, please. And so the next slides are on the
density wave oscillations and our staff's eval uation
of approach tenperature limt.

The definition and use and the definition
of approach tenperature is here which is the
di fference between the reactor coolant system hot
tenperature and the exit tenperature from the steam
generators. And so the revi ewfocused on whether this
approach tenperature limt is a way to protect agai nst
t he onset of -- the effects of the onset of DAD. Next
slide, please. This is an organization chart to show
how our review was organi zed.

See the main questionnaire is -- the goal

of the eval uation, the finding we were seeking to make
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is whether the approach tenperature provides
reasonabl e assurance or protection against the onset
of DAWD, not to -- not a finding on that DWO onset
itself is accurate predicted. So a little different
t here. The next two slides have nore information
about three of these four topics.

You see that there are different el ements
identified for each topic. For the third one, static
instability coupling, staff determned that no
detail ed revi ew was necessary for that one. And then
on the last slide, it summarizes the concl usions.

Next slide, please.

This has two topics. They're not in
order. | think that probably because they fit on the
slide well in this configuration. But this first

topic is whether there is nargin between the
approached tenperature linmt and cal cul ati ons of DWD
onset.

And there's a table added to in the SER
that lists the five paraneters and conpares operating
range to the analysis range. And this shows that
there were different elenents. This shows the
el enents that were applied to this review area, 1.1,
t he approach tenperature.

And we' || get back to the second one, 1.2
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on the next slide. But here, 1.4 address the
uncertainties and whether the uncertainties in -- if
we | ook at risk associated with DWDO onset, are they
reasonabl e? The uncertainty and t he predicti on of DWO
onset, are they reasonable considering the risk
associated with DWD? And there are these four
el ements that we | ooked at in our review Next slide,
pl ease.

DR. BLEY: This is Dennis Bley.

MEMBER DI M TRI JEVI C. | have a question
about risk associated with the DWO This is Vesna
Dmtrijevic. So ny questionis, did you -- what the
sensitivity performed for these estimates? Wl l, when
you risk is small, is this risk associated with DWW
was eval uated to be small?

MR. MAKAR: Wen we speak of risk inthis
part of our -- in this safety evaluation section, |
think it refers to the risk that was determ ned --
associated with the failure of a tube which we're not
presenting that here. But | think it's risk
associated with tube failure.

MEMBER DI M TRIJEVI C. Wl |, so ny question
is related to this. This is just associated with a
frequency of estinmated steam generated tube failure.

I[t's not associated with the nunber of the tubes which
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assune fail or the likelihood that those tubes can be
in both steam generators.

MR MAKAR | don't think so. But | don't
know. I'msorry. | didn't -- | wasn't -- | didn't
performthe review So | think we can --

MR. TESFAYE: This is Getachew Tesfaye
So risk associated with the failure of steamgenerator
i s discussed in Chapter 19.

MEMBER DIM TRIJEVIC. And --

(Si mul t aneous speaki ng.)

MEMBER DI M TRI JEVI C.  Yeah, finishing the
Chapter 19 and then how t hey address in Chapter 19 is
di fferent than where we di scussed the phenonena. So
this is why | want to bring it here because in the
Chapter 19, already DWO was consi dered, is shown to be
unsensitive to frequency or steam generator tube
failures, approximtion. However, there is no
analysis of the sensitivity to map out the tubes
assune fail.

Sointherisk analysis, it's assumed t hat
only one tube is fail and it's only in the steam
generator. So |l was really -- ny question was, was it
considered that this DAD could affect this -- the DWD
consideration will affect those assunptions. That was

my question.
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MR. TESFAYE: This is Getachew again. |

believe that will be addressed in Chapter 19. W just
t ake advantage of the results in Chapter 19 to justify
the DWD condition here. There's no specific risk to
my know edge. We can get back to you on that.

MEMBER DIM TRIJEVIC. | understand this,
Getachew. | just want to say using this as one of the
t hi ngs whi ch nmakes you feel nore sure that this issue
can be closed. But this is without | ooking and what
assunpti ons were done.

So | nmean, the Chapter 19 would not
address the closure of DWOD issues. Chapter 19 is
separate thing. So | just thought it will nake sense

to bring it here. But it's all right. Chapter 19 is

coming in two weeks. So we will look init.

MR, SNODDERLY: M. Chairman, | think
soneone from-- Tom Giffith from NuScale would |ike
to speak.

MR GRIFFITH This is TomGiffith from
NuScal e. | think Sarah Bristol can add a little
context here. | do think it's appropriate maybe to
talk of 19. But | think nowis a fine a tine as any
totalk alittle bit about one of the audit responses
that we have related to, | think, this question. So

Sar ah, can you step in?
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MS. BRI STOL: Yes, this is Sarah Bristol,

manager of PRA. Can you hear nme?

MEMBER DI M TRI JEVI C.  Yeah.

(Si mul t aneous speaki ng.)

M5. BRISTOL: Al right. H, Vesna. Yes,
we did get three audit questions related and
supporting this DWD topic. U timtely, as you know,
we do look at the single tube failure in our PRA in
Chapter 19.

But ultimately, we did do and | ook at
additional failures or other potential considerations
because of DWO And so ultimately, we do a
sensitivity in 19 where we increase the initiating
event frequency. So therefore, if, for instance, DWO
were to result in additional initiating events, we do
| ook at that inpact.

And again, that is in the sensitivity
table in Chapter 19. But ultinately, |ooking through
the various data and the history, NuScale knows no
known failure nechanismthat could lead to this. And
there hasn't been those exanples in the industry as
descri bed in SECY 93-87.

So we started there. However, we stil
did look at initiating event frequency and the

potential for an increase there. In addition, we al so

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

129

do the various failures of systemresponse.

And so we also ook at all DHRS failing
and t he i npact of what happens if we didn't have steam
generators at all to respond. And al so based on t hat,
there still was nothing substantially different
between a single tube failure and nultiple tube
failures. So we looked at it frominitiating event
frequency.

W | ooked at it from plant response. W
| ooked at it frommultiple tubes. W had about three
audit questions with nultiple questions asked that we
worked with the staff to confirm that there was no
safety or risk concern with respect to this potenti al
phenonena.

MEMBER DI M TRI JEVI C. Thanks, Sarah
W' re | ooking forward to check those when we revi ewed
t he Chapter 19 and discussed it. | just thought since
this was one of the -- on the previous slide, this was
one of the el ements which were supporting findingthe
(audio interference) to discuss here.

So because let's say in Chapter 19 you
find there's sonme sensitivities where no kind of
i npact . | don't believe that will be the case. I
nmean, that will have to go back to reflect on the

conclusion on this. So that's why | think even this
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is a part of Chapter 19. The results of this bel ongs
here as long as they're presented as one of the
el enents supporting finding. Okay. Thanks.

M5. BRI STOL: Understood. Thank you.

DR. BLEY: This is Dennis Bley. Just a
followup on that one. If, in fact, what we're
| ooking at is uncertainties in the prediction of DWO,
if the problemis in sone systematic error that's
hi dden in the uncertainties, then certainly you could
get multiple tube failures. And |I'mnot sure why we
think it'd be two or three or sonething |i ke that. So
| ook forward to Chapter 19 too.

MR MAKAR: Any suggestions for -- |
wonder. Did | hear a suggestion that there should be
nore in Chapter 5, safety evaluation, about this
t opi c?

MEMBER DI M TRI JEVI C. My suggestion was
the reference to this one shoul d be naybe provided in
Chapter 5. But in that case, our review would not be
conpl eted until we conplete the revi ew of Chapter 19.
The sane thing happened with the LOCA t hi ng when the
sensitivity to DHRS was said it will be addressed in
Chapter 19.

And a | ot of those risk analysis refer to

Chapter 19. But then there is no feedback connection
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back to the chapters where they have been initiated.
So they sort of go as | say to Chapter 19 to die
there. |It's just like there should be sone feedback
i n connection between those.

MR. MAKAR: Well, we've noved to the next
sli de. And this is on the -- whether the onset
calculations find reasonable insight into the
i kelihood. And so that's made up of two main parts,
adequacy of the nodeling capabilities and assessnent
of the nodel against experinental data.

So there were a nunber of areas we | ooked
at. You can see there are 15 elenents that go into
these two parts. Next slide, please. The first four
bullets on this say that based on these four review
areas and all those 23 elenents that we reached a
conclusion that the approach tenperature [limt
provi des reasonabl e assurance of adequate protection
agai nst DWD onset. But it goes on to say the finding
does not extend to the general use of NRELAPS
eval uati on nodel for DWOD cal cul ations or for thernmal
hydraulic condition calculations during the DW
condi ti ons.

MEMBER HALNON: This is Greg. Wat | take
away from this is that this approach limt that

they' re neasuring days against in concert with the
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i nspections you tal ked about earlier provides a real
solid margin for us to present. Is that fair to say?

MR. MAKAR: That's fair to say, yes.

MEMBER HALNON:. Because if you take any
one in isolation, you can say it's okay to put them
together. It's really solid.

MR. MAKAR: Ckay. Well, next, Brian Nolan
is going to present the staff review on the heat
removal system

MR. NOLAN: Thanks, Greg. M nane i s Ryan

Nolan. I'min the Nucl ear Met hods Systens Branch for
new reactors. |'ve been doing new reactor |icensing
reviews for 15 years now. Prior to that, | was a

systens engineer in the NSSS group licensee in the
nort heast .

| was one of the reviewers who perforned
t he systens review for the decay heat renoval system
While there are changes to the system overal
functionally, it has not changed. The purpose of the
DHRS is to renpbve decay heat when the secondary side
is not avail abl e.

So that all stays the sane. Regarding the
changes, it kind of falls into three different
categories, actual physical design changes, sone

anal ytical approach changes, and, in addition
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nodel i ng changes. And so for the physical changes, |

note them here.

There's things like increases in the
nunber of tubes. They shorten the tubes. The
condenser sits a little bit |ower. And then the

ultimte heat sink water level, the initial water
| evel has decreased.

As far as changes to anal yti cal approaches
as the staff briefed the subconmttee | ast nont h when
it presented the LOCA topical report, DHRS is now
credited in the LOCA evaluation nodel. It is a
safety-related system It was a safety-rel ated system
in the DCA

NuScal e i s just taking credit for that for
t he SDA. And then regardi ng nodel i ng changes, thisis
atopicthat will be covered in nore detail next nonth
when the staff presents the non-LOCA topical report.
But there were sone significant nodeling changes with
respect to DHRS.

| note a couple here such as additiona
heat structures, changes to pool nodalization.
Overall, taking a nore realistic |look how the plant
responds and how DHRS functi ons. So as far as the
concl usi ons are concerned, they're very, very sinlar

conclusions to the SDAwith respect to the functional
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requi renents and neeting typical GCs too for 34, for
exanpl e.

W just -- because it's now credited in
the LOCA EM we al so i ncl ude sone expl anati on on 50. 46
and GC 35. And that's all | had to share on DHRS
"1l pause for sone questions.

CHAI R KI RCHNER: G ven t he previ ous topi c,
have you t hought t hrough what woul d happen to t he DHRS

performance with a tube rupture or nultiple tube

ruptures?

MR, NOLAN: Yes, the staff did |ook at
that. | was not the one to performthat review. So
| can't speak to it in detail. But we certainly did

ask questions, not just on tube ruptures thensel ves.

But if you do enter a DWO condition, does
that inpact DHRS? And we concluded it would not
i npact the DHRS overall and particularly sonme of the
| oss coefficients fromthe IFR And ensuring that is
captured in the FSAR was sonething that the staff did
do as part of this review

CHAI R KI RCHNER: So t he DHRS perfornmance
i s based on evaporating, essentially condensing. |If
you just pressurize the systemfromthe primary side,
then you woul d just have single phase heat transfer

conditions which is nowhere near as good as
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condensation in the heat exchanger and then draining
the fluid back, so --

MR NOLAN: This is in reference a tub
rupture scenario?

CHAI R KI RCHNER:  Yes.

MR. NOLAN: |f sonmeone wants to correct ne
in the back, feel free to step up. But in those
i nstances, you woul d just consider that train | ost and
not effective anynore.

MEMBER DI M TRI JEVI C. So if you have a
tube rupture in both steam generators, you wll
consider total |oss of decay heat renoval

MR. NOLAN. Right. | don't believe that's
sonmething that's considered within the design basis.
So we're getting into, like, Chapter 15 area.

(Si mul t aneous speaki ng.)

MEMBER DI M TRI JEVI C. Vll, 1'mgetting
into Chapter 19.

CHAI R KI RCHNER:  Yes, Vesna.

(Si mul t aneous speaki ng.)

CHAI R KI RCHNER: Thanks, Ryan.

MR. NOLAN. Yeah. Like, the main purpose
of thisisreally establishing the design criteriathe
system has regarding response to the system the

various transients that will cone in future
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subconm ttee neetings. And if there's no further
guestions, I'll pass it back to David to cl ose out the
present ati on.

CHAI R KI RCHNER: Dave, do you want to nmake
a sumuary statement or just let us read the view
graph?

MR. TESFAYE: David, you're on nute.

MR DRUCKER: Thanks. So overall for
Chapter 5, the staff found that all applicable
regul atory requirenments were adequately addressed.
And this concludes the Chapter 5 presentation.

CHAI R KI RCHNER: Thank you. Menbers, any
pressi ng questions right now?

Ckay. We've gone over schedule. | take
responsibility for that. But -- oh, | didn't see you.

M5. WHITING That's okay. Erin Witing
fromNuScale. As it relates to FXM 19 and the | ower
RPD, we do have a technical report in SDA, TR130721,
entitled Use of Austenitic Stainless Steel for NPM
Lower Reactor Pressure Vessel, which assesses the
i mpact of using FXM 19 and a | ocation of welds within
the RPD when subjected to radiation and thernal
enbrittl enent.

And we have docunent ed t hat concl uded t hat

FXM 19 is substantially safer than use of ferritic
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mat eri al . And there are no safety concerns when
revi ewi ng al | of t he appl i cabl e avai |l abl e
docunent ati on. Chapter 5 does require pre-service

i nspection and in-service inspection of each vessel
and the welds on the vessel. And in addition, the
| oner RPD was anal yzed for all applicable ASME code
and environnent al fatigue criteria. And we
denonstrated that the design neets those criteria.

MR. DRUCKER: Thank you.

CHAI R KI RCHNER: Thank you, Erin. So at
this point, we'll take the opportunity to ask for
public comments. Anyone in the roomor anyone on the
l'ine, j ust state your narne, affiliation as
appropriate, and make your conment.

Not hearing anyone trying to nmke a

comment. kay. Then at this point, we have conpl et ed

our open session. And we are going to break for
| unch. For those Ilistening online, if you are
aut hori zed access, we will re-engage at 1:00 o' clock

Eastern Tine. And with that, we are recessed.
(Wher eupon, the above-entitled nmatter went

off the record at 12:09 p.m)
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This material is based upon work supported by the Department of Energy under Award Number DE-NE0008928.
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Government. Neither the U.S. Government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the U.S. Government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the U.S. Government or any agency thereof.

PM-178795 Rev. 0
Copyright © 2025 NuScale Power, LLC. Template #: 0000-21727-F01 R10



NuScale Nonproprietary

Chapter 3

Design of Structures,
Systems, Components
and Equipment

(Sections 3.7, 3.8, and 3.9.2)

February 4, 2025

Presenters:

Haydar Karaoglu and Emily Larsen

Template #: 0000-21727-F01 R10



NuScale Nonproprietary

Chapter 3 - Design of Structures, Systems, Components and Equipment

» Section 3.7 — Seismic Design
» Section 3.8 — Design of Category | Structures

e Section 3.9.2 — Mechanical Systems and Components - Dynamic Testing and Analysis of Systems,
Components, and Equipment

Note: The presentation does not include Section 3.8.1, Concrete Containment, and Section 3.8.3, Concrete and Steel
Internal Structures of Steel or Concrete Containments. The US460 NuScale Power Plant design does not use concrete
containments or internal structures.
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Overview of Key Design Features and Updates

 The Standard Design Approval Application (SDAA) is a derivative of the certified design.
 SDAA structures reflect 6 modules (12 modules in the DC), which necessitated updated structural analyses.

« For the SDAA, the Reactor Building (RXB) uses steel-plate composite (SC) walls along with reinforced
concrete (RC) members.

* The site layout in the SDAA reflects the updated building designs.

« Seismic analyses for the SDAA are performed for a double-building model, featuring the RXB and Radioactive
Waste Building (RWB) and a separate surface-based Control Building (CRB) model, while the design
certification (DC) used a triple-building model and individual building models.

* Presentation will focus on high level design and methodology changes and important audit questions and
requests for additional information (RAIS).

PM-178795 Rev. 0
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Section 3.7 — Seismic Design

Section 3.7.1 — Seismic Design Parameters

« Percentage of Critical Damping

o The DC used separate fully cracked and fully uncracked models, and the RC members had the same damping
ratio of 7 percent.

o The SDAA employs hybrid models with both cracked and uncracked members. The damping in the structural
members varies based on their cracking status and whether the calculation is for developing in-structure
response spectra (ISRS) or performing design calculations.

“Building Design and Analysis Methodology for Safety-Related Structures”, TR-0920-71621-P-A

e Supporting Medium

o The DC included four generic soil profiles, Soil-7 (Rock), Soil-8 (Firm Soil/Soft Rock), Soil-9 (Hard Rock), and Soil-11
(Soft Sail).

o Inthe SDAA, Soil-8 is removed and the soil-separation scenario with the Soil-7 profile is introduced.

« No audit questions or RAIs for Section 3.7.1

PM-178795 Rev. 0
Copyright © 2025 NuScale Power, LLC. Template #: 0000-21727-F01 R10
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Section 3.7 — Seismic Design (Continued)

Section 3.7.2 — Seismic System Analysis

e Seismic Analysis Method

o Inthe DC, soil-structure interaction (SSI) analyses were
performed using the extended subtraction method with SASSI.

o Inthe SDAA, the SSI analyses are performed using the soil
library methodology, a robust approach equivalent to the direct
method. The soil libraries are built using SASSI and the
simulations are performed with ANSYS.

“Improvements in Frequency Domain Soil-Structure-Fluid
Interaction Analysis”, TR-0118-58005-P-A

 Three Components of Earthquake Motion

o Inthe DC, the maximum responses were calculated using the
square-root-of-the-sum-of-the-squares method.

o Inthe SDAA, the SSI responses from the three, statistically
independent-components of the ground motion are algebraically
added.

PM-178795 Rev. 0
Copyright © 2025 NuScale Power, LLC.

TR-0118-58005-P-A, Figure 4-1:
Idealized Soil, Structure, and Fluid Substructures
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Section 3.7 — Seismic Design (Continued)
Section 3.7.2 — Seismic System Analysis (Continued)

e SSI| Numerical Models

o Inthe SDAA, the reactor pool is modeled with FLUID elements of
ANSYS and using the fluid-structure interaction (FSI) technology.
The 6 NuScale Power Modules (NPMs) are modeled in detail using
advanced features of ANSYS.

o Inthe DC, the pool was modeled as distributed mass. The 12
NPMs were modeled using mass, spring, and beam elements
(simplified beam model).

e Audit Responses

33 questions resolved in audit, resulting in the following details and
updates added to the Final Safety Analysis Report (FSAR)

o modal analysis, double building model dimensions, and pool
sloshing

* No RAIs for Section 3.7.2

PM-178795 Rev. 0
Copyright © 2025 NuScale Power, LLC.

Figure 3.7.2-2a: Isometric View of the Double Building (DB) Model
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Section 3.7 — Seismic Design (Continued)

Section 3.7.3 — Seismic Subsystem Analysis

The SDAA includes updates to major subsystems,
including the bioshields, the reactor building crane, and the
NPMs.

Three different NPM models have been developed

o Simplified NPM model is used in SSI analyses to calculate
seismic responses on RC and SC structural members.

o Adetailed NPM model is used in SSI analyses to calculate the
seismic response around the pool.

o A detailed NPM model with the use of the superelement
technology of ANSYS is used for the nonlinear transient
analysis.

(content reflected in Appendix 3A)
“US460 NuScale Power Module Seismic Analysis”, TR-121515-P

PM-178795 Rev. 0
Copyright © 2025 NuScale Power, LLC.

Simplified NPM Model
(TR-121515 Figure 3-1)
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Section 3.7 — Seismic Design (Continued)

Section 3.7.3 — Seismic Subsystem Analysis (Continued)

. . ) ) Figure 3.7.2-7: NPMs within UHS
* |Inthe SDAA, the nonlinear NPM seismic analyses are conducted using (Local Seismic Model)

a local model that includes the 6 NPMs, the pool, and the surrounding
structural members.

“US460 NuScale Power Module Seismic Analysis”, TR-121515-P

* Inthe DC, the NPM seismic analyses were conducted using a local
model that included only one NPM at a time, the pool, and a rigid plane
under the NPM.

“NuScale Power Module Seismic Analysis”, TR-0916-51502-P-A

e Audit Responses
4 questions resolved in audit, resulting in additional bioshield details in the FSAR

e No RAIs for Section 3.7.3

PM-178795 Rev. 0
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Section 3.7 — Seismic Design (Continued)

Section 3.7.4 — Seismic Instrumentation

* Inthe SDAA, the locations and descriptions of the seismic instrumentations are updated due to the new
layout of the buildings.

* No audit questions or RAIs for Section 3.7.4

PM-178795 Rev. 0
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Section 3.8 — Design of SC-I Structures

Section 3.8.2 — Steel Containment

« Differences from DC
o Increase in design pressure and temperature for power uprate

o Material change from carbon steel with cladding to combination of austenitic and martensitic stainless steels
o Changed pre-service/in-service inspections from Class 1 to Class MC vessel with augmented requirements in some

areas

o Removed hydrogen detonation from load combinations because of added passive autocatalytic recombiners

(Chapters 6 and 15)
o Majority of nozzles changed from welded to integrally forged

* Audit Responses
o 12 questions resolved in audit

e No RAIs for Section 3.8.2

PM-178795 Rev. 0
Copyright © 2025 NuScale Power, LLC.
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Section 3.8 — Design of SC-1 Structures (Continued)

Section 3.8.4 - Other SC-| Structures

* Inthe SDAA
o The RXB incorporates SC walls designed according to AISC N690-18 using element- and panel-based approaches.
o The RC members are designed according to ACI 349-13 using the section-cut forces at critical locations.

o The forces are calculated from numerical models with different cracked states associated with different load
combinations.

o The simulations are performed using ANSYS with the use of SASSI for soil library calculations.
(content is also reflected in Appendix 3B)
“Building Design and Analysis Methodology for Safety-Related Structures”, TR-0920-71621-P-A

* |Inthe DC, the major structural members were of RC type and designed according to ACI 349-06 using an
element-based approach. The simulations were performed using SASSI and SAP2000.

e Audit Responses
15 questions resolved in audit, resulting in the following updates to the FSAR

o dynamic soil pressure, differential settlement analysis, definition of the supporting medium used for calculating
the static load demands, and the design and analysis procedure (Appendix 3B)

e No RAIs for Section 3.8.4

PM-178795 Rev. 0
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Section 3.8 — Design of SC-1 Structures (Continued)

Section 3.8.5 - Foundations

« Differences from DC
o Inthe SDAA, the nonlinear stability analysis is performed only for the SC-I portion of the surface-based CRB.

o Inthe SDAA, the peak bearing pressure values are calculated using a methodology tailored to the capabilities of the
software utilized, ANSYS.

* Audit Responses
o 12 questions resolved in audit

e No RAIs for Section 3.8.5

PM-178795 Rev. 0
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Section 3.9.2 —
Dynamic Testing and Analysis of Systems, Components, and Equipment

» Differences from DC

0]

0]

PM-178795 Rev. 0

Updated requirements from Regulatory Guide 1.20 Revision 3 to 1.20 Revision 4

Updated requirements from the American Society of Mechanical Engineers (ASME) Operations and Maintenance (OM)
Code, 2012 Edition to ASME OM Code, 2017 Edition

Comprehensive vibration assessment program (CVAP) startup instrumentation changed from strain gauges and
accelerometers to dynamic pressure sensors

Removed Combined Operating License (COL) Item 3.9-14 (DC density wave oscillation (DWQO) carveout)
Reactor vessel internals (RVI) were evaluated for updated US460 loads

Revised flow-induced vibration (FIV) analyses with US460 design changes and updated flowrates and operating
conditions

Added inlet flow restrictor (IFR) cavitation evaluations with consideration of DWO to CVAP analysis report

Added an analysis case of both reactor vent valves (RVVs) actuating to TR-121517-P, "NuScale Power Module Short-
Term Transient Analysis"
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o |

Section 3.9.2 —
Dynamic Testing and Analysis of Systems, Components, and Equipment (Continued)

* Audit Responses
o 35 audit questions resolved

Added reference to startup test abstracts from Section 14.2 to FSAR 3.9.2.1

Updated language of NPM prototype classification options to match TR-121353-P, “NuScale Comprehensive Vibration Assessment
Program Analysis Technical Report”

Provided summary of TF-3 (steam generator fluid-induced vibration (SGFIV)) flow testing results for review
Provided tube sliding and wear evaluation caused by the DWO transient
Provided DWO fatigue usage for tube-to-tubesheet weld, tubes, and tubesheet in the feedwater plenum

» RAI Results

o RAI 10111 (Question 3.9.2-1) - Confirmation that steam generator (SG) integrity is maintained during Service Level D
events

PM-178795 Rev. 0

Copyright © 2025 NuScale Power, LLC.

Provided preliminary Service Level D fatigue results for RVI and SG components
Resulted in no changes to the SDAA
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Section 3.9.2 —
Density Wave Oscillation

« 10 audit questions resolved
o 1in Section 3.9.1, 9 in Section 3.9.2

« No DWO RAls in Chapter 3

* Analyses

o Section 3.9.1
= DWO Service Level A Transient
= NPM lifetime limit for time in DWO

o Section 3.9.2

NuScale Nonproprietary

= Structural integrity of steam generator during DWO

PM-178795 Rev. 0
Copyright © 2025 NuScale Power, LLC.
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Acronyms

ASME American Society of Mechanical Engineers NPM NuScale Power Module

COL Combined Operating License NRC Nuclear Regulatory Commission
CRB Control Building OM Operations and Maintenance
CVAP Comprehensive Vibration Assessment Program RAI Request for Additional Information
DB Double Building RC Reinforced Concrete

DC Design Certification RVI Reactor Vessel Internals

DWO Density Wave Oscillation RVV Reactor Vent Valve

FIV Flow-Induced Vibration RWB Radioactive Waste Building

FSI Fluid-Structure Interaction RXB Reactor Building

IFR Inlet Flow Restrictor SC Steel-Plate Composite

ISRS In-Service Response Spectra SG Steam Generator

ITP Initial Test Program SGFIV Steam Generator Fluid-Induced Vibration

SSI Soil-Structure Interaction
SDAA Standard Design Approval Application

PM-178795 Rev. 0
Copyright © 2025 NuScale Power, LLC. Template #: 0000-21727-F01 R10



NuScale Nonproprietary

Chapter 5

Reactor Coolant System
and Connecting
Systems

February 4, 2025

Presenters:

Wendy Reid and Erin Whiting
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Chapter 5 — Reactor Coolant System and Connecting Systems

e Section 5.1, Summary Description
e Section 5.2, Integrity of Reactor Coolant Boundary

e Section 5.3, Reactor Vessel
o Pressure and Temperature Limits Methodology Technical Report (TR-130877-P, Revision 1)

« Section 5.4, Reactor Coolant System Component and Subsystem Design

1 Denotes changes made in revision 2 of the Standard Design Approval Application (SDAA) Final Safety Analysis Report
(FSAR)

PM-178795 Rev. 0
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Chapter 5 and Pressure and Temperature Limits Technical Report Review

e Audit Questions
o 59 questions in Chapter 5
o 20 questions on Pressure and Temperature Limits Methodology Technical Report (PTLR)

* Request for Additional Information (RAI)
o 1 RAIlin Chapter 5
o No RAIson PTLR

PM-178795 Rev. 0
Copyright © 2025 NuScale Power, LLC.
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22 I

Section 5.1 - Summary Description

« Change in primary and secondary operating pressures, temperatures, and flow rates as a result of the power
uprate

» Design pressure is the same for primary (inside the reactor vessel) and secondary (inside the steam generator
tubes. Both design pressures changed from 2100 psi to 2200 psi

» Classification change for upper steam generator (SG) support for manufacturing concerns, requirements are
consistent with American Society of Mechanical Engineers (ASME) code. ?

* Reactor coolant system (RCS) volume change !

PM-178795 Rev. 0
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Section 5.2 - Integrity of Reactor Coolant Boundary

* Adopted 2017 ASME Boiler and Pressure Vessel and Operation and Maintenance Codes

« Change to leakage detection sensitivity requirement
o No change to the equipment or system capabilities
o No change to Technical Specifications for RCS leakage

« Change from three to two reactor vent valves

* The set points and design of the reactor safety valves (RSVs) changed
o Setpoints increased with the design pressure increase and staggered
o Minimum design capacity per valve increased?
o Design change from pilot operated to spring operated RSVs

« Added the containment isolation test fixture (CITF) 1

« Augmented preservice examination for the Class 1 containment isolation valves (CIVs) and CITF on each of
the four chemical and volume control system lines ?

« Augmented examinations applied to welds between containment vessel (CNV) and CIVs to support Branch
Technical Position 3-4 requirements as discussed in Section 3.6 1

« Low temperature overpressure protection setpoints changed due to material change for lower reactor
pressure vessel (RPV)

PM-178795 Rev. 0
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24 I

Section 5.2 - Integrity of Reactor Coolant Boundary (Continued)

Changes to Table 5.2-3 reporting materials for reactor coolant pressure boundary components and support
materials

Lower RPV change discussed in Section 5.3

Added additional permissible materials to increase manufacturing flexibility for the combined license applicant
Changes for consistency and completeness in response to audit questions

Reconciled naming conventions with internal design documents

PM-178795 Rev. 0
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Section 5.3 - Reactor Pressure Vessel

« Material change for the lower RPV to FXM-19 austenitic stainless steel

o Change reflected in the PTLR methodology Technical Report
o Upper RPV limiting ferritic component susceptible to fluence effects 1

o Expansion to Combined Operating License (COL) Item 5.3-1 for PTLR 1

o Exemptions for 10 CFR 50.60 fracture toughness (Appendices G and H) for and 10 CFR 50.61 pressurized thermal

shock

o Use of austenitic stainless steel in lower RPV
o Superior ductility compared to ferritic materials
0 Less susceptible to the effects of neutron and thermal embrittlement than ferritic materials
0 Regulatory beltline concerns not an issue
o No Appendix H material surveillance program required

« Removal of COL Item concerning onsite cleaning of the RPV during construction
 Removal of the flow diverter 1
« Change to seismic restraint feature between lower CNV and lower RPV 1

PM-178795 Rev. 0
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Section 5.4 - Reactor Coolant System Component and Subsystem Design

» Decay heat removal system (DHRS)
o System size change

o Credited in safety analysis; required for containment peak pressure response to a loss-of-coolant accident (LOCA)
(added to Chapter 5)1

o Details on emergency core cooling system (ECCS) venting to limit hydrogen accumulation in the RPV during
containment isolation ?

o Design meets the intent of SECY 94-084 by achieving passively cooled, safe shutdown conditions within 36 hours 1
» DHRS performance cases achieve a passively cooled, safe shutdown condition within 36 hours.

» Added off-nominal cases, including the worst case DHRS case (single train, high inventory), which provides sufficient cooling to
below 450 degrees Fahrenheit RCS average temperature in 36 hours.

o Actuation valve accumulator pressure details added ?*
« Expanded description of SG supports ?
» Added description of flow paths between the riser and downcomer !

« SG tube plugging criterion description changed due to bracketed value in Technical Specifications *

PM-178795 Rev. 0
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27I

Section 5.4 - Reactor Coolant System Component and Subsystem Design
(Continued)

» Design Certification (DC) approach
o Ensure density wave oscillation (DWO) preclusion
with inlet flow restrictor (IFR) sizing /
o DWO onset evaluation subject to future analysis

o SG integrity to be determined during operation with
DWO

o COL Item 3.9-14 (DC DWO carveout)

« DWO Safety Case !

o Three pillars provide defense-in-depth safety case
o Real-Time Monitoring

= Approach temperature description and figure

= Link to Section 13.5.2 procedure development
o Physical Inspections

= Augmented examination requirements for SG tubes
and IFRs

o Added IFR loss coefficient range /

PM-178795 Rev. 0
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Acronyms

ASME American Society of Mechanical Engineers RSV Reactor Safety Valve

CITF Containment Isolation Test Fixture SG Steam Generator

Clv Containment Isolation Valve SDAA Standard Design Approval Application
CNV Containment Vessel

COL Combined Operating License

DC Design Certification

DHRS Decay Heat Removal System
DWO Density Wave Oscillation

ECCS Emergency Core Cooling System
FSAR Final Safety Analysis Report

IFR Inlet Flow Restrictor

LOCA Loss-of-Coolant Accident

NRC Nuclear Regulatory Commission
PTLR Pressure-Temperature Limits Report
RAI Request for Additional Information
RCS Reactor Coolant System

RPV Reactor Pressure Vessel
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Reactor Safeguards Subcommittee

Staff Review of NuScale’s US460 Standard
Design Approval Application Final Safety
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NuScale SDAA FSAR Chapter 3 Review
(Sections 3.7, 3.8, 3.9.2)

Contributors

+* Technical Reviewers
Sunwoo Park (NRR/DRA/APLC)
Scott Stovall (RES/DE/SGSEB)
Ata Istar (NRR/DEX/ESEB)
Zuhan Xi (NRR/DEX/ESEB)
Luissette Candelario-Quintana (NRR/DEX/ESEB)
Yuken Wong (NRR/DEX/EMIB)
Stephen Hambric (Consultant)
** Project Managers
Prosanta Chowdhury, PM (NRR/DNRL/NRLB)
Getachew Tesfaye, Lead PM (NRR/DNRL/NRLB)
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NuScale SDAA FSAR Chapter 3 Review
(Sections 3.7, 3.8, 3.9.2)

Overview

NuScale submitted Chapter 3, “Design of Structures, Systems, Components
and Equipment,” Revision 1, of the NuScale SDAA FSAR on October 31, 2023.

NRC performed a regulatory audit as part of its review of Chapter 3, from
March 2023 to June 2024.

Questions raised during the audit were resolved within the audit. All RAI
responses were acceptable.

Staff completed the review of Chapter 3 (Sections 3.7, 3.8, 3.9.2) and issued
an advanced safety evaluation to support the ACRS meeting.

Since providing draft SE to ACRS on 1/4/2025, Section 3.7 was updated
regarding acceptability of strong-motion time history being less than 6
seconds; Section 3.8 was updated regarding demand over capacity ratio (DCR)
values for Reactor Building (RXB) calculated and assessed by both element-
based and panel section-based approaches.

Non-Proprietary



NuScale SDAA FSAR Chapter 3 Review

% 3.7 — Seismic Design
O Section 3.7.1 — Seismic Design Parameters
O Section 3.7.2 — Seismic System Analysis
O Section 3.7.3 — Seismic Subsystem Analysis
O Section 3.7.4 — Seismic Instrumentation

s 3.8 — Design of Category | Structures
O Section 3.8.1 — Concrete Containment (N/A)
O Section 3.8.2 — Steel Containment

[ Section 3.8.3 — Concrete and Steel Internal Structures of Steel or Concrete
Containments (N/A)

O Section 3.8.4 — Other Seismic Category-I Structures
O Section 3.8.5 — Foundations

% Section 3.9.2 — Dynamic Testing and Analysis of Systems, Structures,
and Components
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Section 3.7.1 — Seismic Design Parameters
Significant Differences Between NuScale DCA and SDAA:

1. Structural Damping Values Used in Seismic Analysis:

% DCA used reinforced concrete (RC) for safety-related structures and applied
a uniform 4% damping for both cracked and uncracked RC members to
generate in-structure response spectra (ISRS).

% SDAA used RC and steel-plate composite (SC) for safety-related structures,
utilizing a hybrid damping scheme to generate ISRS; 7% and 5% for cracked
RC and SC, and 4% and 3% for uncracked RC and SC, respectively.

» In both cases, cracked and uncracked ISRS are enveloped to establish
design-basis ISRS.

» Staff finds the SDAA damping values (percent of critical damping) for both
cracked and uncracked RC and SC cases acceptable, as they align with the
guidance in RG 1.61, "Damping Values for Seismic Design of Nuclear Power
Plants."
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Section 3.7.1 — Seismic Design Parameters

Significant Differences Between NuScale DCA and SDAA:
2. Supporting Media for Seismic Category | Structures:

¢ DCA considered four supporting media types: soft soil, firm
soil/soft rock, rock, and hard rock.

** SDAA, by contrast, utilized three supporting
media types: soft soil, rock, and hard rock.

¢ In both cases, seismic responses for each soil type were
enveloped to generate the design-basis seismic demand.

+»» Staff finds the SDAA supporting media for Seismic Category
| structures acceptable, as they adequately represent the
range of expected site soil conditions.
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Section 3.7.2 — Seismic System Analysis
Significant Differences Between NuScale DCA and SDAA:

1. Different Methodologies for Seismic Soil-Structure-Fluid Interaction
(SSFI) Analysis:

+* DCA employed a two-step methodology to address SSFI effects,
involving separate soil-structure interaction and fluid-structure
interaction analyses, which included simplifications and
approximations.

+* SDAA adopted a single, integrated methodology to evaluate SSFI
effects under design-basis ground motion.

% SDAA methodology is based on Topical Report (TR-0118-
58005), “Improvements in Frequency Domain Soil-Structure-Fluid
Interaction Analysis,” which was approved in 2022.

s Staff verified that seismic SSFI analysis for US460 standard design
was performed in compliance with the applicable limitations and
conditions specified in the approved topical report.
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Section 3.7.2 — Seismic System Analysis
Significant Differences Between NuScale DCA and SDAA:

2. Different Analysis Models Due to Design Changes:

** SDAA incorporates significant design changes from DCA, including six
NPMs, updated NPM models, resized UHS, relocated CRB, and new SC

walls.

»* DCA employed a Triple Building Model (including RXB, CRB, and RWB)
for design-basis seismic demand calculations, whereas SDAA used a
Double Building Model (including RXB and RWB) with an
independently modeled CRB.

% Staff determined that updated models used in seismic system analysis

for US460 standard design are acceptable, as they adhere to
applicable industry standards and DSRS acceptance criteria.
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Section 3.7.2 — Seismic System Analysis

Significant Differences Between NuScale DCA and SDAA:
3. Different Approaches to Addressing the Results of Parameter

Sensitivity Studies:

Both DCA and SDAA conducted in-structure response spectrum (ISRS)
sensitivity studies to evaluate parameter variations, including
structure-soil separation, empty dry dock, and modularity.

In both cases, the soil-separation scenario resulted in a noticeable
exceedance of the design-basis ISRS.

DCA addressed this exceedance by including a COL Item, requiring that
site-specific ISRS in soil-separation conditions be demonstrated to
remain bounded by the DCA design-basis ISRS.

SDAA addressed the exceedance differently, incorporating the soil-
separation scenario into the design-basis ISRS analysis cases. The staff
found this approach acceptable, as it directly integrates soil-
separation effects into the design basis.
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Section 3.7.3 — Seismic Subsystem Analysis

Significant differences between NuScale DCA and SDAA:

*¢* Seismic Analysis of Buried Seismic Category | Piping,
Conduits, and Tunnels:

(d DCA did not include buried piping or conduits, and the tunnel
connecting RXB and CRB was analyzed as part of CRB.

(d SDAA, however, included an underground reinforced-concrete
duct bank containing conduits that connect RXB and CRB.

1 Staff determined the seismic analysis of SDAA buried Seismic
Category | structures and systems is acceptable, as it was
conducted in accordance with applicable industry standards and
DSRS acceptance criteria.
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Section 3.8 - Design of Category | Structures
(Control Building (CRB) and Reactor Building (RXB))

» Section 3.8.1 - Concrete Containment: N/A

4

L)

L)

4

L)

» Section 3.8.2 - Steel Containment
O Significant differences between NuScale DCA FSAR and SDAA FSAR include:

— Reconfigured boundary condition between the bottom heads of CNV and
RPV.

— Design parameter
» [operating parameters: (50 psig/1,200 psig/600 °F vs. 60 psig/1,050
psig/550 °F)*
*(external design pressure/internal design pressure/design temperature)
SDAA SE conclusion is the same as DCA SE conclusion.

L)
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Section 3.8.4 - Other Seismic Category | Structures

¢ Significant differences between NuScale DCA FSAR and
SDAA FSAR include:

(1 Methodology for the evaluation of seismic Category |
and Il structures (RXB and CRB) is per the requirements
provided in TR-0920-71621-P- A, Rev. 1, "Building
Design and Analysis Methodology for Safety-Related
Structures.”

+¢» SDAA SE conclusion is the same as DCA SE conclusion.
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L)

L)

Section 3.8.5 - Foundations

Significant differences between NuScale DCA FSAR and
SDAA FSAR include:

JThe embedment of CRB:

» In the SDAA, the CRB is modeled as a surface-founded
structure, conservatively ignoring the 5-ft embedment
of the foundation for its stability analysis.

» |n the DCA, the CRB with an embedment depth of 55
feet is modeled as an embedded structure with backfill
surround it for its stability analysis.

SDAA SE conclusion is the same as DCA SE conclusion.
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Section 3.9.2 - Dynamic Testing and Analysis
of Systems

¢ Piping Vibration, Thermal Expansion, and Dynamic Effects
s Comprehensive Vibration Assessment Program (CVAP) of Reactor Vessel Internals
(RVI) and Steam Generators (SG)
L Dynamic Response Analysis under Operational Flow Transients and Steady State
Conditions
e TR-121353, Revision 2, “NuScale Comprehensive Vibration Assessment Program
Analysis Technical Report”

O Flow-Induced Vibration (FIV) Validation Testing and Inspection

e TR-121354, Revision 1, “NuScale Comprehensive Vibration Assessment Program
Measurement and Inspection Plan Technical Report”

¢ Dynamic System Analysis of the RVl and SG under ASME Service Level D Conditions

O Seismic Loading Analysis
e TR-121515, Revision 1, “US460 NuScale Power Module Seismic Analysis”

O Short-Term Transient Loading Analysis
e TR-121517, Revision 1, “NuScale Power Module Short-Term Transient Analysis”

[ Stress and Deflection Evaluations
e RAI 10111, Question 3.9.2-1 (Resolved)
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Section 3.9.2 — DCA Deferred or Unresolved

** CVAP-Steam Generator Qualification

J Qualification of SG components due to DWO-induced
dynamic loads carveout in the DCA

1 SG validation testing deferred to COL applicant

e Elimination of significant SG tube FIV not
demonstrated

**Service Level D evaluations

[ Did not include hard rock (there is a COL item for site-
specific seismic analysis)
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Section 3.9.2 — CVAP - Dynamic Response Analysis

¢ Significant differences between NuScale DCA and SDAA FSARs:

Higher flow speeds (25% more power) —> stronger FIV loads
Reduced DWO-induced dynamic loads and impacts on SG

SG inlet flow restrictors (IFRs) redesigned — no longer at risk for FIV

SG tube support system redesigned

Iy Iy Iy Wy

Secondary flow piping and valve systems redesigned to minimize
FIV risk

¢ SDAA SE conclusion is complete, unlike DCA SE conclusion

[ Qualification of SG due to DWO-induced dynamic loads is no longer
a “carveout”

d TF-3 SG validation testing shows minimal risk of significant FIV
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Section 3.9.2 — CVAP — DWO-Induced Loads

** DCA (and early SDAA) concerns:

J During reverse DWO flow the boiling boundaries in SG
tubes might approach the SG inlets leading to:

e Cavitation erosion
e Condensation-induced water hammer (CIWH)

d Significant number of DWO cycles initially allowed over
plant life
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Section 3.9.2 — CVAP — DWO-Induced Loads

** Three-tiered SDAA safety finding:

M Boiling boundaries are highly unlikely to approach SG inlets; cavitation
and CIWH are therefore highly unlikely

e Chapter 5 finding confirms NuScale’s analysis methods are acceptable for
simulating boiling boundary heights

* NRC Office of Research independent analysis confirms CIWH is highly unlikely

 In the unlikely event cavitation or CIWH occurs, NuScale estimates low
tube and IFR wear
e Reduced number of allowable cycles, small loads

O Finally, the SG inspection program is sufficient to capture any
unexpectedly high wear (Section 5.4.1)

* Fullinspection during first refueling outage
e Afterwards, full inspections over 72 effective full power month intervals
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Section 3.9.2 — CVAP - TF-3 SG Validation Testing

¢ On-site staff audit of facility and flow testing at SIET in
Piacenza, Italy in October 2024

dFacility is a reasonable representation of a partial NPM SG

e Tightly fitting SG tubes and supports, no need to account for SG
support system design differences

dTest data are sufficient to evaluate risk of significant FIV

*»* Tested over a comprehensive range of flow rates up to
250% of equivalent NPM 100% power

(A No evidence of Vortex Shedding (VS) or Fluid-Elastic Instability
(FEI)
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Section 3.9.2 — CVAP - FIV Validation Testing and
Inspections

¢ Significant differences between NuScale DCA and
SDAA FSARs include:

J Replaced internal vibration sensors with dynamic
pressure sensors for initial startup testing

*s* SDAA SE conclusion

J SG TF-3 testing demonstrated that dynamic pressure
sensors should “hear” unexpectedly high RVI or SG
vibration during initial startup testing
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Section 3.9.2 — Dynamic System Analysis of the

RVI and SG under Service Level D Conditions
+*» Significant differences between NuScale DCA FSAR and SDAA FSAR:

U Different building, fewer NPMs (6 vs 12)

1 Seismic loads include soft soil and hard rock ground conditions

e Hard rock events include significant higher frequency loads which align with SG
modes of vibration

W Upper and lower riser interface redesigned
 RVI hanger plate interface redesigned
[ Different (but improved) modeling approaches

*¢* SDAA SE conclusion is more comprehensive, unlike DCA SE conclusion

[ Thorough assessment of RVI and SG stresses and deflections show
minimal risk of damage
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Section 3.9.2 — Dynamic System Analysis of the
RVI and SG under Service Level D Conditions

*»* Seismic loads:

A Simpler, more comprehensive and accurate modeling
approach than in DCA

dBound all soil types and NPM locations
*** Transient loads:

dShort blow-down events
(JLoads order of magnitude lower than seismic

Non-Proprietary



Section 3.9.2 — Dynamic System Analysis of the

RVI and SG under Service Level D Conditions

*¢* RVI stress analyses:

dBounding response spectrum method for overall structure

e Confirmed to be reasonably bounding by comparing to single
transient analysis

A Bounding engineering calculations for joints and simple
structures

e Highly conservative

¢ SG stress analyses:

A Full transient analyses for bounding soft soil and hard rock
load cases — comprehensive and accurate

**» All stresses within allowable limits
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NuScale SDAA FSAR Chapter 3 Review
(Sections 3.7, 3.8, 3.9.2)

Conclusion

** While there are some differences between the
DCA and the SDAA, the staff found that the
applicant provided sufficient information to
support the staff’s safety finding.

** The staff found that all applicable regulatory
requirements were adequately addressed.
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Presentation to the Advisory Committee on
Reactor Safeguards Subcommittee

Staff Review of NuScale’s US460 Standard
Design Approval Application Final Safety
Analysis Report, Revision 1

Chapter 5
“Reactor Coolant System and Connecting Systems”
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NuScale SDAA FSAR Chapter 5 Review

Overview

** NuScale submitted Chapter 5, “Reactor Coolant System and
Connecting Systems,” Revision 1, of the NuScale SDAA FSAR
on October 31, 2023

* Responses to Audit questions and RAIs were acceptable

4

L)

L)

4

1)

* NRC staff completed the review of Chapter 5 and issued an
advanced safety evaluation to support the ACRS
Subcommittee meeting

L)

** No significant changes between draft SE provided to ACRS
on 1/4/25 and SE submitted on 1/29/25



NuScale SDAA FSAR Chapter 5 Review

Sections

*

4

* Section 5.1 — Summary Description

®

4

*

» Section 5.2 — Integrity of Reactor Coolant
Boundary

®

*¢* Section 5.3 — Reactor Vessel

¢ Section 5.4 — Reactor Coolant System
Component and Subsystem Design



NuScale SDAA FSAR Chapter 5 Review

Section 5.2.1 Compliance with Codes and Cases

¢ Significant differences between NuScale DCA FSAR
and NuScale SDAA FSAR include:

1 ASME Codes of Record (2017, vice 2013 BPV/ 2012 OM)

d Use of ASME Code Cases used (while different, all
approved in RGs)

*¢* SDAA SE conclusion same as DCA SE conclusion
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NuScale SDAA FSAR Chapter 5 Review

Section 5.2.3 Reactor Coolant Pressure Boundary Materials

+ Significant differences between NuScale DCA FSAR and NuScale SDAA
FSAR:

g

a

Lower RPV section flange shell RPV bottom head was SA—508 Grade 3,
Class 1 for the DC vs. Lower Vessel (Lower Head, Shell and Flange) is SA-
965 FXM-19 for the SDAA. This material is acceptable for ASME Code
Class 1 applications

Welding material is SFA-5.4 Type E209, E240/SFA-5.9 Type ER 209,ER240
and is compatible to SA-965 FXM-19

FXM-19 and Type 2XX weld filler metal specify 0.04 maximum carbon and
a Ferrite Number in the range of 5FN to 16FN which meets ASME Code

TR-130721 Use of Austenitic Stainless Steel for NPM Lower
Reactor Pressure Vessel concludes the US460 SDAA design meets the
requirements of GDC 14, GDC 15, GDC 31 and GDC 32

Section 5.3 covers additional technical information in more detail

+¢* SDAA SE conclusion same as DCA SE conclusion
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NuScale SDAA FSAR Chapter 5 Review

Section 5.3 Reactor Vessel

/

+* Significant differences between NuScale DC FSAR and NuScale SDAA FSAR
include:

d Use of austenitic stainless steel for the lower NPM

d  Exemptions 6 and 7 from ferritic steel requirements inapplicable to
austenitic stainless steel lower NPM

» Requirements of 10 CFR 50.60; 10 CFR 50.61, and 10 CFR 50
Appendices G (fracture toughness requirements) and H

(reactor vessel surveillance program), do not apply to the
lower NPM

At the COL stage, the final as-built design transients, and material
properties of the reactor pressure vessel will be evaluated to confirm

that they are bounded by those used in the PTL methodology (SDAA
COL Item 5.3-1)
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NuScale SDAA FSAR Chapter 5 Review

Section 5.3 Reactor Vessel (contd.)

\/

** NuScale SDAA SE conclusion is different from NuScale
DCA SE conclusion because the SDAA design includes
austenitic stainless steel lower NPM instead of ferritic
steel lower NPM in the DCA

d Consequently, the SDAA SE includes granting
exemptions from some ferritic requirements for the
lower NPM

J In addition, pressure-temperature limits methodology
approval differs (next slide)
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NuScale SDAA FSAR Chapter 5 Review

Pressure Temperature Limits Methodology Report

s Significant differences between NuScale DCA FSAR and NuScale SDAA FSAR
include:

(d SDAA design is never beltline limited in the lower NPM

d Pressure-Temperature curves are primarily limited by geometric
discontinuities in locations with essentially no neutron embrittlement

d At the COL stage, the final as-built design transients, and material
properties of the reactor pressure vessel will be evaluated to confirm
that they are bounded by those used in the PTL methodology (SDAA
COL Item 5.3-1)

* SDAA SE conclusion is not the same as DCA SE conclusion because of changes
to the design and expanded COL Item 5.3-1

4

L)

L)
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Section 5.4.1 Steam Generators
+* Significant differences between NuScale DCA FSAR and NuScale SDAA FSAR

a

Inlet flow restrictor (IFR) design
* New center-flow orifice design

* |FRs expanded against the tube inside surface, not attached to a plate outside the
tubes

 Removed for SG inspection and maintenance activities, including IFR inspection

SG Program COL Item 5.4-1 includes additional inspections for first module to
undergo a refueling outage

e 20 percent of the tubes will be inspected during each refueling outage over the
72 effective full-power months after the first refueling outage (100 percent
inspection)

SG Program technical specifications

e Structural integrity performance criterion (SIPC) for steady-state full-power

operation is based on ASME Code for external pressurization (2xAP) rather than
burst (3xAP)

e Tube plugging criterion not changed from [40%] through-wall, but new analysis
based on new support design and SIPC

Non-Proprietary
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Section 5.4.1 Steam Generators (Continued)
Approach Temperature Limit for Density Wave
Oscillation (DWO) Instability

‘0

% FSAR Section 5.4.1.3 describes the approach temperature

4 ATapproach= Tresnot — Tsg exit
» Adequacy of approach temperature limit demonstrated through NRELAP5
calculations

L)

L)

e Approach temperature limit demonstrates margin to DWO onset
with respect to NRELAP5 predicted DWO onset
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Section 5.4.1 Steam Generators (Continued)

Approach Temperature Limit Review Framework
< NRC staff evaluated 23 elements to support finding

Approach temperature
provides reasonable
assurance of protection
against onset of DWO

DWO limit DWO calculations
provides margin provide Static instability
to DWO with reasonable coupling is
respect to DWO prediction of precluded
onset DWO onset (1 element)
calculations (15 elements)
(3 elements)

Uncertainties in the
prediction of DWO
onset are reasonable

considering the risk
associated with DWO
(4 elements)

36 .
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Approach Temperature Limit Review Framework
(continued)

5.4.1.4.2.1.1 | The approach temperature limit provides margin to DWO with respect to
DWO onset calculations

Approach temperature limit is always reached before DWO onset is predicted
to occur

Calculations cover an adequate range of operating conditions for the NPM
steam generators

_ Calculations use suitably conservative input

5.4.1.4.2.1.4 | Uncertainties in the prediction of DWO onset are reasonable considering

the risk associated with DWO

Consistent with defense-in-depth philosophy
Maintains sufficient safety margins

Risk is small and consistent with the intent of the Commission’s Safety Goal
Policy Statement
Performance measurement strategies

Non-Proprietary
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Approach Temperature Limit Review Framework
(continued)

5.4.1.4.2.1.2 |DWO onset calculations provide reasonable insight into the likelihood of

DWO

5.4.1.4.2.1.2.1  The evaluation model contains the adequate modeling
capabilities

4 elements

5.4.1.4.2.1.2.2 The evaluation model has been adequately assessed
against experimental data
The experimental data used for assessment is appropriate

7 elements

The evaluation model has demonstrated the ability to
predict DWO over the analysis envelope
4 elements
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Conclusions - Approach Temperature Limit Review

/

s Approach temperature limit provides reasonable assurance of adequate
protection against DWO onset for the SG design

O Approach temperature limit provides margin to DWO with respect to DWO
onset calculations (see SER Section 5.4.1.4.2.1.1)

d  DWO onset calculations provide reasonable insight into the likelihood of
DWO (see SER Section 5.4.1.4.2.1.2)

d Static instability coupling is precluded (see SER Section 5.4.1.4.2.1.3)

O Uncertainties in the prediction of DWO onset are reasonable considering
the risk associated with DWO (see SER Section 5.4.1.4.2.1.4)

s The staff approval of the approach temperature limit does not approve the
general use of the NRELAP5S evaluation model for use in DWO calculations

O Limitation includes the prediction of DWO onset or the prediction of
thermal-hydraulic behavior during DWO

O  The staff is unable to determine the adequacy of the evaluation model due
to gaps in model assessment (see SER Section 5.4.1.4.2.1.2)
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Section 5.4.3 Decay Heat Removal System

** Notable changes between NuScale DCA FSAR and NuScale
SDAA FSAR include:

L increase in number of condenser tubes, average shorter tube length,
lower condenser elevation, lower UHS water level

[d credited in the revised LOCA evaluation model

d new NRELAP5 basemodel changes related to DHRS such as additional
heat structures and changes to pool nodalizations

** SDAA SE conclusion similar to DCA SE conclusion except with
inclusion of LOCA-related requirement
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Conclusions

** While there are some differences between the
DCA and the SDAA, the staff found that the
applicant provided sufficient information to
support the staff’s safety finding

** The staff found that all applicable regulatory
requirements were adequately addressed

Non-Proprietary
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