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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
+ + + + +
714TH MEETING
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
(ACRS)
+ + + + +
OPEN SESSION
+ + + + +
WEDNESDAY, APRIL 3, 2024
The Advisory Committee met via hybrid In-
person and Video-Teleconference, at 8:30 a.m. EDT,
Walter Kirchner, Chairman, presiding.
COMMITTEE MEMBERS:
WALTER L. KIRCHNER, Chair
GREGORY H. HALNON, Vice Chair
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P-R-0O-C-E-E-D-I-N-G-S
8:30 a.m.

CHAIR KIRCHNER: Good morning. The
meeting will now come to order. This is the first day
of the 714th meeting of the Advisory Committee on
Reactor Safeguards.

I'm Walt Kirchner, Chair of the ACRS.
Other members in attendance are Ron Ballinger, Vicki
Bier, we expect Charles Brown, Vesna Dimitrijevic,
Greg Halnon, Jose March-Leuba, Bob Martin, Dave Petti,
Thomas Roberts, and Matt Sunseri.

I will also note our consultant, Dennis
Bley, is with us remotely, and I also note that we
have a quorum. Today, the committee is meeting in
person and virtually. The ACRS was established by the
Atomic Energy Act and is governed by the Federal
Advisory Committee Act.

The ACRS section of the U.S. NRC public
website provides information about the history of this
committee and documents such as our charter, bylaws,
Federal Register notices for meetings, letter reports,
and transcripts of full and subcommittee meetings,
including all slides presented at those meetings.

The committee provides its advice on

safety matters to the commission through its publicly
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available letter reports. The Federal Register notice
announcing this meeting was published on March, and I
don't have the date. I'm sorry. This announcement
provided a meeting agenda as well as instructions for
interested parties to submit written documents or
request opportunities to address the committee. The
designated federal officer for today's meeting is
Hossein Nourbakhsh.

The communications channel has been open
to allow members of the public to monitor the open
portions of the meeting. The ACRS is inviting members
of the public to use the MS Teams link to view slides
and other discussion materials during these open
sessions. The MS Teams link information was placed in
the agenda on the ACRS public website.

Periodically, the meeting will be open to
accept comments from members of the public listening
to our meetings. Written comments may be forwarded to
Hossein  Nourbakhsh, today's designated federal
officer.

A transcript of the presentation portions
of the meeting is being kept, and it is requested that
speakers identify themselves and speak with sufficient
clarity and volume so that they can be readily heard.

Additionally, participants and members of the public
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should mute themselves when not speaking. And let me
just amend my comments to say that the Federal
Register notice with the agenda was published on March
14, 2024.

With that, today we are going to consider
a number of topics, starting with we'll continue our
review of the NRC research programs with a
presentation on non-LWR code development. This
afternoon, we will hear report outs from members on
the NuScale SDAA, and tomorrow in our planning and
procedures meeting, we will continue our preparation
for our presentation to the commission scheduled for
June.

So, with that, I'd like to turn to other
members and see 1f you have any further opening
remarks. Hearing None, then I will turn to Dave Petti
and Bob Martin to introduce today's topic. Is it Bob
or Dave? Bob, okay, Bob Martin.

MEMBER MARTIN: I'm Bob Martin, and on
behalf of the Safety Research Subcommittee, the, you
know, kind of cherry today. As Walt noted, we'll be
talking about non-light water reactor computer code
development. And this is just one meeting in a series
of NRC research topic meetings that the ACRS will be

hosting over the next year, culminating early 2025 as
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part of our triannual review of NRC research
activities.

The focus of today's meeting is the NRC
research report entitled NRC Non-Light Water Reactor
Vision and Strategy, Volumes 1 through 5, covering the
following topics related to non-light water reactor

computer code development: plant systems analysis,

fuel performance analysis, severe accident
progression, consequence analysis, licensing and
siting dose assessment, and nuclear fuel cycle
analysis.

In addition, included in the material
provided for this meeting is a supplement document
entitled Status Update on Computer Code and Model
Development for Non-LWRs.

It is my understanding that the NRC
research near present has asked our committee to
prepare a letter expressing our perspectives related
to the completeness of the work and its future plans
as it relates to NRC safety missions.

To this end, the committee will gather
information, analyze relevant issues and facts,
formulate proposed decisions and actions as
appropriate, and we have scheduled time during our May

full committee meeting to finalize the requested
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letter.

And now at this time, well, I guess you've
already kind of opened it up for remarks from everyone
else. I guess with no further, say, member remarks,
we'll just proceed. And as I've noted, we'll hear on
several subjects related to non-light water reactor
code development.

The published agenda for today has us
going to mid-afternoon with a 60-minute recess for
lunch, and of course, appropriate breaks, you know,
based, of course, on how the flow of the conversation.
I'd like now to call on Kim Webber, Division Director
of Systems Analysis in the Office of Research, to make
introductory remarks and anything else.

MS. WEBBER: Yes, thank you for that nice
introduction, and good morning to all of you. Thanks
for taking the time to review our most recent report
that documents the progress of our code development
activities as it relates to supporting licensing for
non-light water reactors.

There are two reports that we submitted to
the committee for review. One 1s called Progress
Towards Code Development in Support of the NRC's
Regulatory Activities for Non-Light Water Reactors,

and the other is called Verification and Validation of
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the Comprehensive Reactor Analysis Bundle, BlueCRAB
Report.

My name is Kim Webber. I'm the Director
of the Division of Systems Analysis in the NRC's
Office of Nuclear Regulatory Research. We're really
happy to be here today even though it's a rainy,
cloudy day. I'm very happy to be here to talk to you
about the significant progress that we've made over
the last several years to develop our staff expertise
and also the analytical capabilities to support
licensing of non-1light water reactors.

Our meeting is the third of a series of
meetings being led by the Office of Reactors as part
of the triannual review of the NRC's safety research
program, and as with all ACRS reviews of the program,
you know, we would appreciate feedback and the final
letter that you mentioned, so that would be really
helpful to us.

In my overview presentation -- can we go
to the next slide, please -- I'll briefly introduce
the five branches that are in the Division of Systems
Analysis, provide a short history of the efforts that
we've been undertaking, and summarize some of the
major ACRS conclusions and recommendations, and then

my staff and branch chiefs will make presentations
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describing the progress we've made over the last
several years, and I'll wrap-up with some conclusions
at the end of the meeting. Next slide, please?

So, with me today are the branch chiefs
and staff who have contributed substantially to the
successes that you'll hear about during the meeting.
Before I get started, I wanted to note that we have
five branches in my division as shown on this slide.

The technical Dbreadth of the division

includes fuel performance, reactor systems analysis,

source term, accident progression, accident
consequences, radiation ©protection, and health
physics.

The names of my branch chiefs are noted
here below the name of the branch, and also identified
are the 1lead Dbranches and branch chiefs for the
various volumes that are included in that orange-
colored row at the bottom.

I want to express my sincerest gratitude
to all of my staff and their contractors for planning
and doing the hard work to achieve the successes that
we've attained to date. Next slide, please?

So, to facilitate the agency's readiness,
the NRC's near-term implementation action plan -- you

can skip through the other -- there you go. The near-
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term implementation action plan was completed in the
summer of 2017 by NRR.

The IAP is the wvehicle to execute the
NRC's vision to safely achieve effective and efficient
non-light water reactor mission readiness. The IAP
includes six strategies, and strategy two on computer
codes and knowledge to perform regulatory reviews is
the focus of today's presentation. Next slide? You
can skip again. There we go.

In March 2021, we completed a set of six
reports, which you can see on the left side of the
screen, and those included an introduction and five
volumes that identify computer codes we plan to use
for our independent safety analysis. They contain
information about gaps, code development capabilities
and data, verification and validation needs, along
with specific code development tasks and methods.

Each of the wvolumes is focused on a
different type of =safety analysis capability,
including reactor systems in volume one, fuel
performance in volume two, severe accident progression
source term and accident consequences in volume three,
licensing and siting dose assessment in volume four,
and front-end and back-end of the fuel cycle

considerations in volume five.
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I'd like to thank the ACRS for conducting
in-depth and thorough reviews of our plans and
progress over the last several vyears, which has
significantly contributed to our success, I believe.

During today's meeting, you'll hear about
our code development progress, which is documented in
a single report that you can see on the right side of
the screen. So, we'll no longer be updating the
individual documents as we go forward. We'll update
the document on the right side of the screen that you
see occasionally. Let's go to the next slide? This
is one of my favorite slides.

I thought I'd take a few moments to
summarize our interactions with the ACRS since 2018
and to highlight key conclusions and recommendations
as documented in several letters over the last few
years.

In 2018, there were two ACRS meetings, one
with DOE and the other primarily with industry, and
that was focused on information about the DOE Office
of Nuclear Energy-funded code development programs,
which at that time included The Hub or the Consortium
for Advanced Simulation of Light Water Reactors, or
CASL, and the Nuclear Energy Advanced Modeling and

Simulation or NEAMS programs.
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Following those meetings, we participated
in eight ACRS meetings to describe our code
development plans and progress at various stages. In
the back-up slides to this deck, there's a really nice
synopsis of the meetings and links to associated
documents.

I've paraphrased many of the ACRS
conclusions as documented in the letters, which also
dovetail nicely with, I think, our assessment of where
we're at today. In general, the approach we've taken
has been to update NRC codes like SCALE, MELCOR, and
MACCS, and the licensing and siting dose assessment
codes, plus leverage DOE codes to fill computational
gaps in NRC's reactor systems analysis codes.

Since 2018 when we started in earnest to
build out these tools, we actively followed the
priorities of the non-light water reactor community
and industry, DOE funding streams, and feedback from
NRR to ©prioritize budgeted resources for code
development activities.

A key aspect of our success has been to
leverage NRC DOE memorandum of understanding to gain
access to the deep technical expertise and other
resources at the National Laboratories. We're

extremely grateful for the opportunities to
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collaborate with our colleagues at DOE and the labs.
We've been given access to the whole suite of the
NEAMS codes, along with many training opportunities
cost free. Additional collaborations with personnel
in DOE's National Reactor Innovation Center have
yielded the cost-free development of many reference
plant models that complemented the NRC's existing
libraries.

In general, we feel that we've got the
capabilities to perform independent confirmatory
analysis when requested. Having design-specific
information and the time to update the codes will
ensure that they produce reasonable results, which
will support shorter schedules for non-light water
reactor reviews.

Later in the presentation, you'll hear
about a recent success we've had in using our codes to
support the Hermes construction permit application
technical review. That work was presented at an ACRS
meeting and I think you'll be familiar with it when
you hear about it.

For many of the codes and code suites
you'll hear today, we embarked on a plan to use
publicly available plant design information to build

what we call reference plant models. They have been
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used to test and verify the codes, identify
information and data gaps, and help train the staff,
which has been critically important.

The shift, I'm sorry, the siting and
licensing dose assessment area, we consolidated many
of our codes into a new code called SIERRA, which
you'll hear about later, and we also undertook an
effort to assess analytical capabilities in our SCALE
and MELCOR codes to support licensing the front and
back-end of the fuel cycle.

For many of the codes, we've completed a
significant amount of code validation, although there
is still more work to do. For some non-light water
reactor designs, there has been more experience and
data, such as for sodium fast reactor technologies,
although for other non-light water reactor designs,
there is much 1less experience and much less data
that's available to us.

We believe we could do a reasonable job
using our codes to assess the margins relative to
safety limits and key figures of merit, and also to
characterize wuncertainties. An equally important
aspect of the work on our codes over the last few
years has been to build staff expertise, enhancing

knowledge related to the designs, operation, and
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accident sequences for non-light water reactors.

Many thanks go to Idaho, Argonne, and
Sandia National Labs, as they've led many formal and
informal sessions for the staff and public to train on
the BlueCRAB suite of codes and also conduct public
code demonstration workshops. Next slide?

Regarding ACRS recommendations, I note a
few on this slide. Overall, I think we have a broad
range of analytical capability to support NRR's
request for less detailed safety studies, such as to
demonstrate how a new reactor design may operator, or
requests for more detailed confirmatory analysis for
situations where there are small margins or large
uncertainties. As an example, I referenced the Hermes
construction permit application in which MELCOR was
used to help understand the progression of certain
accident sequences.

As I mentioned previously, we've used
reference plant models with our codes to perform pilot
studies and perform demonstration calculations, such
as was done with SCALE, MELCOR, and MACCS. We are
also performing pilot studies using reference plant
models with the BlueCRAB suite of codes.

Regarding the last recommendation, which

was made several years ago, identification of the
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level of effort of the licensing reviews is really not
the role of the O0Office of Research. NRR has
successfully demonstrated their use of core teams and
newly-developed guidance to appropriately size the
level of effort for their reviews. They also have
made many presentations to ACRS on a wide range of
topics, including the Kairos Hermes construction
permit review, Part 53, ARCAP, and microreactors.

And so, now 1let me introduce Steve
Bajorek. Steve is no stranger to the ACRS and has
presented many times. He's our senior level advisor
for thermal hydraulics and he'll lead the next part of
the presentation.

MEMBER MARTIN: Before vyou make that
transition --

MS. WEBBER: Sure.

MEMBER MARTIN: Historical context, and
the executive summary mentions the 2016 commission has
a vision statement on --

MS. WEBBER: Okay.

MEMBER MARTIN: So, it's eight years --

MS. WEBBER: Yeah.

MEMBER MARTIN: -- since that has
happened.

MS. WEBBER: Okay.
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MEMBER MARTIN: I guess I'd be curious as,
you know, as the day goes on, any insights on whether,
you know, what extent maybe that vision statement
needs to be updated given all the water under the
bridge --

MS. WEBBER: Yeah.

MEMBER MARTIN: -- at this point.
Certainly, you've done a lot, you've learned a lot,
and that synthesis of that experience should translate
into the next vision statement.

MS. WEBBER: Correct.

MEMBER MARTIN: But keep that in mind, and
it's kind of a question you could ask anytime, but
obviously at the end, maybe we'll be a little worn
out, so --

MS. WEBBER: Yeah, the one thing I'll say
right now is that in large part, we're ready now. So,
over the last eight years, the focus has been on
getting ready, but now we have the capabilities, we
have the experience, so we're ready now.

And I think, you know, our counterparts in
NRR feel the same way. You know, with the regulatory
strategies, they feel 1like we're ready now. So,
there's probably an appropriate need to update that,

although that document was a point in time.
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MEMBER MARTIN: Right.

MS. WEBBER: And it's not -- you know, it
took a 1lot of work and resources to update that
document or prepare that document, and with all of the
flurry of activity going on, I'm not sure that that's
a very high priority given everything else that NRR
needs to accomplish. So, anyway, I just put that out
there.

MEMBER MARTIN: I guess the side thought
I had to that, the timing of 4068. It was a little
bit before this middle switch towards more risk-
informed, performance-based approach to things, maybe
a little more emphasis on source term and dose
consequences than we've had historically, and so it's
a little bit of a different flavor of an emphasis on
how to use these codes. That's really what was in the
back of my mind when --

MS. WEBBER: Yeah.

MEMBER MARTIN: -- when I mentioned that,
but I do appreciate everything that I've seen and the
work you've done that you've provided us. You know,
it seems very thorough and I can see where you'wve come
with this comment that we are ready now.

MS. WEBBER: Yeah, one last thing I would

like to mention, so the NRC is in what I would
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consider a very unique position to have to perform
safety analysis for all the different kinds of non-
light water reactors that come in for review, whereas
an individual vendor or applicant, they're focusing
their codes and their capabilities on one particular
design.

So, we have that added complexity of
having to be ready to look at that wide range of
technologies that we'll likely receive in applications
over the next coming years, so thanks for the
comments. Steve?

MR. BAJOREK: Thank you, Kim, and first
let me share my screen. And the slideshow from the
beginning, and I don't have to ask because I can see
the slides right up there.

Anyway, well, good morning, everyone, and
it's a real pleasure to be back and to be able to
brief everyone on the progress we've made, which we
call the volume one system analysis codes which we've
been calling BlueCRAB.

There are four things that I'd really like
to accomplish this morning. First, I want to go back
through a little bit of background information on how
we got to where we're at today. Why did we come up

with BlueCRAB and why do we feel that we need to go in
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this direction to look at the non-LWRs? In
particular, how do we see its use in the review and
whether it's going to be those intended applications?

I know we've had -- there are several new
members that may have not been for those original
meetings, and it's been a good five years since we've
talked about this, so I want to spend a few minutes on
that.

When we were starting off five, six years
ago, one of the questions was validation, how much
assessment's been done, and the answer at that point
was well, there's some out there. We didn't know
where it was at because in one case, rather than being
like in a wvendor as Kim pointed out, it's spread
around. The labs are doing different codes. Some of
them are being assessed by the NEUP program, some by
the NRC. TIt's not all in one place.

So, what we started about a year ago is
let's put together a V&V report that would at least
put a wrapper around what has been done, and use that
as a way and a means to identify what else needs to be
done before we can move on. So, I'm going to talk a
little bit about the V&V report, what's in there, what
the status is, and I think it's interesting as you go

from technology to technology, you get a better feel
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for what's more mature than some of the others.

And then I'm going to go into some of the
reference plant models that we've developed with
BlueCRAB. There are six of them that we're actively
working on. I can't go through all of those in a
whole lot of detail.

I can take any one of these models and we
could spend at least two or three hours on it to look
at what we've done, how we model it, what the issues
are with each one of those, but I want to give a
status on where we're at, what we've done, and
indicate where we need to go. So, I'm going to spend
some time on that, and then we'll wrap-up with a
summary and some next steps.

But before going on, I really got to put
an acknowledgment out there to colleagues at Argonne
National Lab and Idaho National Lab. This has been a
coordinated effort over the past several years.

We really have to compliment Rui Hu and
his coworkers at Argonne, principally in the area of
the thermal fluids' development that we're doing,
Javier Ortensi and his coworkers at Idaho with his
work on the Griffin Code and the neutronics. Putting
it together has been -- we've had to have the labs

work together and we've had to work together to come
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to an understanding on how this all should come
together.

As Kim mentioned, one of the biggest
benefits working with the labs has been the expertise
that we've been able to gain from them. When we
develop a reference model, we bring it in-house, but
we have a hands-on workshop, multiple workshops, where
either remotely or people come here, we get the people
who are working on it at the NRC to take the codes,
run them, okay, understand the model, adopt those, ask
questions on what's going on within the model and how
they're getting some of the results that we're
getting.

And over the last few years, I think I'm
very pleased to see that we're now starting to get a
sizeable number of staff members here at the NRC that
understand the codes. They understand how they go
together. They can independently take those things
and make some changes. We still need a lot of help on
that.

And more importantly, when you take those
tools and you use them, you start to really understand
the technology. As we've gone from model to model,
that has been vital because as we pointed out five,

six years ago, we were a very water-centric

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

24

organization.

We understand light water reactors for the
most part. There's still some questions on that, but
except for the work that had been done in gas cooled
reactors with NGNP, we were a little bit behind on
there. So, I really have to point out the
contributions that everyone has helped us with.

Now, volume one is about systems analysis.
We want to be able to analyze the entire system, the
various conditions that we might encounter. In volume
one, 1f we go back and look at it, we were at the
state of defining what codes we felt we needed to use
with the non-LWRs.

We started that off wusing our EMDAP
process, evaluation model development and assessment,
by first going through the available PIRTs at the
site, phenomena identification and ranking tables.
What are those phenomena out there that are new and
different, things that would give us challenges, both
with the NEAMS codes that we're using and with the NRC
codes? Should we have gone and tried to develop them
along those lines? And also use those PIRTs to help
identify where there are shortcomings either in the
experimental database or our knowledge base.

The intended applications for the BlueCRAB
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codes are first obtain steady state conditions with a
fair amount of detail, power, both radial and axial,
temperature distributions, velocity, flow
distributions within the core of the wvessel, the
entire system, primary, secondary, tertiary systems if
we need to go in that direction.

That's your starting point, but then we
would move onto accident analysis for scenarios that
don't result in core disruption, okay, but for these
types of designs with the margins that are being
claimed and proposed, this would be unprotected loss
of flow, unprotected loss of heat sink.

LOCAs for the most part have been designed
out of the system, but we would look at those,
reactivity insertions, heat pipe failures, this whole
gamut of things that really help us understand how the
machine works if it operates based on the applicant's
claims, and this is where the staff education really
comes into play because we want to make sure that we
understand the system. If there is an offset, a
problem, a scenario, we understand what goes on and
how that system should mitigate it.

MEMBER MARTIN: Question.

MR. BAJOREK: Sure.

MEMBER MARTIN: So, Kim noted in her
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overview the biggest challenge, of course, in
preparing for, you know, non-light water reactor
applications is the fact that you don't know exactly
what you're going to get.

Now, the nature of PIRT and EMDAP is that
when you're doing the PIRT, you've kind of already
paired up a particular plant and even a particular
event, that you've already kind of embedded the
scenarios. I mean, don't you expect some gaps
inherently? And in the eight years, I guess, you've
been looking at this, I mean, have you identified
those?

MR. BAJOREK: Oh, absolutely. I think
EMDAP takes you through the whole process. The PIRT
kicks things off. It doesn't always solve things for
you, okay? It helps you get started. Assessment is
part of that, but as we go through this, we have to
make sure that we have consistency in the assessment
and how it's being used in the plant model.

We think in the long run, we will probably
need to look at some uncertainty methodologies because
we have a lot of these phenomena that we haven't
investigated to the degree that we have in light water
reactors. We have some things out there 1like

vigcosity in a molten salt reactor that you don't know
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within plus or minus 20 percent. How that does that
effect your analysis?

So, even though we have done the PIRTs,
we've done the assessment and things like this, we
need to make sure that we go back, and as we look at
a particular application, it all applies. Scaling has
to be brought into there. We have to look at the
uncertainties.

And at this point, we only can deal with
the known unknowns, okay? Things like solidification,
we didn't have that in the codes from the start. It's
in there now, okay? So, we can deal with those things
as we see it.

But if an applicant comes in with a
particular type of reactor cavity cooling system that
we haven't encountered before, a DRACS system that we
haven't really looked at, or a type of geometry that
is out there -- a lot of these plants now are going
away from a loop type design, pump things out of the
system through a heat exchanger, back to a pool type
design where it's all within the wvessel.

That gets rid of LOCA, but it puts a
greater burden on you to understand natural
circulation and a complex geometry. We haven't faced

that yet, and when we see these new designs, those are
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some of the questions that we're going to have to look
at.

MEMBER MARTIN: So, you mentioned
uncertainty resonates because, of course, the points
you made there are inherent in this work. There are
a lot of uncertainties. In the previous generation of
computer codes, obviously Jjust 1like the current
generation, all of the emphasis was on development,
just trying to get the physics down, and then the
hooks to be able to actually do, say, a best or plus
uncertainty, we'll put in afterwards.

Is that the same situation we have here
today, that maybe the codes that you all are working
with do not have the capability to really incorporate,
say, a plus or minus 20 percent on a core heat
transfer or something like that? I mean, where --

MR. BAJOREK: 1It's sort of a mixed bag.
There has been some work, but we're also going to be
dealing with a coupled multi-physics environment.

MEMBER MARTIN: It makes it even harder.

MR. BAJOREK: And in some of these, it's
the reactor dynamics, the neutronics which is going to
maybe dominate the uncertainty along with things like
how well we can model the thermal fluid environment or

even the tensor mechanics in a fast reactor. So,
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there's still work that's going to need to be done in
uncertainty analysis that I think is going to be more
complex than what we had to deal with --

MEMBER MARTIN: Right.

MR. BAJOREK: -- on light water reactors.

MEMBER MARTIN: Well, I think, to throw in
my personal opinion, this is why the, you know, lower
fidelity, I hate to call system codes lower fidelity
because they were the high fidelity ones, but the
value, of course, to be able to be agile and to
incorporate uncertainties, of course, has been
tremendous for the industry, which, of course, we have
the best estimate methods for light water reactors.
They give you insights that you just can't get.

The tools that, you know, a lot of the
tools that DOE has, including the system codes, which
are higher fidelity, I would say, than, say, the
traditional on-a-volume approach that we've had,
there's significant complexity making it difficult to
incorporate uncertainties.

So, you need tiers of capability and, you
know, I'm going to be sensitive to maintenance of old
as well as, of course, bringing the new up to speed.
I mean, that's always the challenge, so.

MEMBER MARCH-LEUBA: Bob, Dennis raised
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his hand.

MEMBER MARTIN: Yeah, oh, okay, Dennis?

MR. BLEY: Yeah, I took it down, but I was
just trying to reconcile this discussion and Kim's
statement that we're now ready. We don't really need
a plan for going forward. I expect she was intending
that to be for the applications you expect maybe in
this year.

But I think from what I've understood, you
guys are really feeling competent with the codes as
they exist now, but some of the things 1like the
complex geometry for natural circulation, some of the
places where we were very sparse on data and probably
still are remain, and I don't know if you want to talk
to that, Steven, or if that will come up later for
somebody else.

MR. BAJOREK: I think we'll get to it
later. I think what we'll say --

MR. BLEY: That's good.

MR. BAJOREK: I'm sorry, go ahead? Okay.

MR. BLEY: Go ahead. Yeah --

MR. BAJOREK: Okay.

(Simultaneous speaking.)

MR. BAJOREK: We think the state of the

codes are good at this point, that we can do a, I'll
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call it a singular analysis. If you asked me to do an
unprotected loss of heat sink for a system, we can go
and do that, and we probably have enough assessment to
feel confident that we're on the right path, but
there's more work we can do because some of the
uncertainties come in a couple of different ways.

One, we're dealing with a higher fidelity
system of codes and they have meshing capability that
we haven't had to really deal with a whole lot for the
systems codes. That's a question mark. There's the
scaling of that assessment data to the new design
that's out there, and the uncertainties in the models
and correlations, okay, we haven't really used that to
the extent we can at this point.

There's nothing in our regulations that
say you have to go that way, okay, so we think we can
do it without it. My recommendation is that we
absolutely incorporate that because I want to know how
much that eats into the margin.

And secondly, with these uncertainty
methodologies, you can point to things that dominate
your uncertainty, and hopefully that's where we focus
our reviews in the future and not just open it up to
everything that's interested to these plants.

MEMBER MARCH-LEUBA: At this point -- this
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is Jose -- I'd like to bring back the discussion two
or three years ago, the last time we talked, and if
you remember our recommendation. In my mind, if these
advanced reactors don't bring oodles and oodles of
safety margin, you don't have no business bringing
them in.

MR. BAJOREK: Yeah.

MEMBER MARCH-LEUBA: So, in a sense -- I
mean, we have some reactors that say we don't even
need control rods. You just let the reactor heat up
and it will shut down itself. So, I don't think the
problem is determining uncertainty or validity. And
I'm with you.

I mean, we've worked together, Steve, and
as a model, low fidelity and everything, but do we
need it? Do we need the complexity? If you can get
ahead with a back of the envelope calculation and
worst case scenario for heat depth, why spend ten man
years on a calculation?

MR. BAJOREK: Yeah, I mean, our approach
with the volume one is to try to keep it simple, but
not simplistic. Do we --

MEMBER MARCH-LEUBA: Yeah, good.

MR. BAJOREK: Yeah, but we're also

exploring some other questions. We'll see it later
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on. Yes, we think we can probably do with a one-
dimensional model of the core. That's probably good
enough, but you can't answer that question unless you
try it three-dimensional and see if it makes a big
difference, so we're trying to --

We'd like to sort some of those problems
out now and look at the complexity in the hopes that
we can throw it away eventually. So, it's -- you
know, we're not there yet, but hopefully when we get
into production mode, we wind up with models and
capabilities that are relatively simple and you can do
lots of calculations quickly, okay, without the burden
of the expensive overhead that you can build in.

MEMBER MARCH-LEUBA: I'm just being an old
wise guy, although I don't look or I don't act like
it.

MR. BAJOREK: Keep doing it.

(Laughter.)

MEMBER MARCH-LEUBA: There's a danger of
getting lost in the roots of the problem, but where
you need to go is see the line above the trees and see
the forest.

CHAIR KIRCHNER: One way to look at it is
what your role in support of the agency is, which is

confirmatory work. The kind of thing where we are in
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the LWR business with best estimate, and uncertainty
is all about chasing margin and extracting a little
higher performance out of the existing systems and
still have an adequate assurance, whereas here, we're
dealing in many cases with first-of-a-kind, and it
seems to me that, just as you said it, Steve, you can
bound many ways the general physics of a problem.

If there are questions, it's more on the,
the onus is on the applicant to demonstrate the safe
performance of the machine, not necessarily the staff,
and so that allows, as Jose was saying, you know, to
step back and take the kind of approach that you're
suggesting --

MR. BAJOREK: Yeah, we're --

CHAIR KIRCHNER: You don't have to design
the machine for the applicant.

MR. BAJOREK: No, but the word flexibility
came in and I just want to put this slide on here.

MEMBER MARTIN: I just want to throw in.

MR. BAJOREK: Sure.

MEMBER MARTIN: The applicants, to Jose's
point, will more than likely have simpler models and
incorporate a lot of uncertainties. If you don't have
a tool they can incorporate uncertainties in the same

kind of way, you kind of get an apples and oranges
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type of comparison, which, you know, more than likely,
your kind of more best estimate should actually show
more margin, but you're not really confirming the
uncertainties if you don't have the capability.

Now, I'm going to say that I think 90
percent of the uncertainties probably could be handled
somehow relatively easy. There's going to be just a
few very important ones that you'll want to be able to
pull out, like the heat transfer ones that are a bit
more challenging that really probably need emphasis
and explicit effort, you know, its own project to
cover.

MR. BAJOREK: I agree. I'm anxious that
we actually get into the review and do that work,
because I think as we see in some of the reference
models, there does appear to be a lot of margin in
these technologies.

If we get something that we think is
fairly close to where the applicant's going, it looks
like, yeah, there is going to be sufficient margin,
then that allows you a lot of benefits in your
analysis. I can use some conservatism to bound things
that I don't understand.

The only caveat on that is that if I'm a

utility and if I see there's lots and lots of margin,
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I'm going to eventually try to find a way of using
that margin. So, we have to look at the future on
what happens when that margin does disappear, but
we're well off on that.

MEMBER MARCH-LEUBA: The utilities have
been having, knowing that two, three, five percent
margin, because it's a lot of money for them. These
reactors have two, three, 500 percent margin. They
will not have the electrical generation capability to
-- I'm changing the subject a little bit and I'm being
nice to you.

In my mind, when the staff, NRC, reviews
these advanced light water reactors, not light water,
advanced reactors, the problem is not going to be the
uncertainty of the calculation of your code. The
problem is going to be the unknown unknowns. What
have you not thought of?

And the only way the staff can do at least
an attempt to do the review is be very familiar with
the design, and you become very familiar with the
design by having all of these codes, running them, and
see what can possibly go wrong.

So, even though -- I mean, we've always
said yeah, this reactor has the types of fuel, there

is no way you can break it. Even if you take a
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hammer, it cannot break it. So, it has a lot of --

(Laughter.)

MEMBER MARCH-LEUBA: Wow, okay.

(Simultaneous speaking.)

MEMBER MARCH-LEUBA: But what else can go
wrong? Therefore, we need to have the confidence that
we understand the system, that you understand the
system.

MR. BAJOREK: Right, its flexibility at
being able to do lots of calculations, okay, and using
that to identify here's a problem or there's a
problem, and then if you need the detail, you go after
that.

MEMBER MARCH-LEUBA: In those reviews,
think outside of the box. It's important.

MR. BAJOREK: The reason I put this up
here is just so that hey, we do need a lot of
flexibility in our ability to model lots of different
systems. Our mission right now is to be ready for any
of them and all of them within the next two years, and
that was also one of the driving points. We don't
have that time to take our old NRC codes and develop
them to do all of this.

We needed to jumpstart this by adopting

some of the NEAMS codes, but this kind of gives you a
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gamut of what we're faced with, which i1is an
interesting and kind of fun challenge in a way because
you have lots of different designs, lots of variations
in those designs, and some of those, there are going
to be those unknown unknowns because there's only a
handful of those that we have enough public or private
information to really see where they're going, and
that is going to be one of the things for the future.

VICE CHAIR HALNON: So, Steve, back on
that graph, I mean, these are all first-of-a-kind
reactors, no operating experience. What role do you
see or do you even see a role, a major role in these
code developments for Nth-of-a-kind licensing? I
mean, are we going to get to a point where we can just
plug in the site-specific parameters and say it's good
to go? I mean, that's obviously an extreme, but --

MR. BAJOREK: It depends on whether that
Nth-of-a-kind is really like the first one or whether
there are deviations from that. I would see that the
use -- maybe I'm going back to my light water reactor
days. It's like okay, we have it operating. Can we
upgrade it? Okay, how can we --

VICE CHAIR HALNON: Right.

MR. BAJOREK: -- use that margin to

improve the economics either by a power-up rating, or
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at least in the light water reactor world, looking at
higher peaking factors, higher F delta H. I don't
know what the equivalent is for non-LWRs.

VICE CHAIR HALNON: But what I anticipate
is a future argument of what Nth-of-a-kind means --

MR. BAJOREK: Yeah.

VICE CHAIR HALNON: -- and what is the
boundaries and definition of it? Because all of those
unknown unknowns that you're designing extra margin
for, you're going to reduce those as you get operating
experience, and so the second-of-a-kind, third-of-a-
kind, fourth-of-a-kind, when is Nth-of-a-kind? And
it's at some point.

So, my sense is that the codes will become
very, very important down the road, especially as the
staff tries to figure out what's the most efficient
way of licensing the Nth-of-a-kind? Now, somewhere in
there, you get away from this is different to exactly
or enough the same. So, anyway, just a thought as you
go through this because a lot of work here. Maybe at
some point, we'll get to plug and chug and --

MR. BAJOREK: It may be. You know, this
also, I think if you go back and you look at like the
auto industry about 1900, there were 1like 200

different makers, and then after a few years, it went

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

40

down to a handful.

VICE CHAIR HALNON: Right.

MR. BAJOREK: You sort of suspect that
might happen here, and once that consolidates to a
particular design or design type, that's when we can
maybe put -- maybe that's when we put more detail and
more emphasis on getting higher accuracy because you
see that one going forward.

CHATIR KIRCHNER: Well, Steve, I think,
just one person's opinion, you know, each and every
one of these proponents will come in with their first
design, and you already hinted and what typically
happens. They then look to take that margin and
extract more power because there's an economic overlay
to all of this, obviously. And the way I see it, I'm
surprised -- let me -- we shouldn't 1lead the
presenters, but I'll lead you back --

(Laughter.)

CHAIR KIRCHNER: -- at the RIC, because I
think when you put the left-hand column aside where we
have fairly mature codes and so on, and we're dealing
with two-phase flow, as you were setting up your
presentation, you're saying well, we're looking at,
you know, design basis, no core disruption.

One of the things you said, I think it was

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

41

at the RIC, is that these are all single-phase flow,
and that indeed makes the computational modeling, at
least from the thermal hydraulics part, simpler, more
straightforward. You don't have the complications of
two-phase flow.

But I suspect what will happen in answer
to Greg's leading question is -- let's just assume
that each of these are successful in getting a
prototype first-of-a-kind plant out there. They will
then come back to you and say okay, we've got this
now, but we want to extract 50 percent more power or
whatever, and then the capability of the codes that
you need, we can pick on one, like LWRs.

They are going to be naturally limited in
size 1f they follow the basic design approach that's
used now where leakage is an important characteristic
in shutting down reactivity insertion kind of events
and such, and so they will be pushing against -- this
comes back to uncertainty now. Then more
sophisticated analyses that take into account things
like uncertainties Dbecome more important because
they'll push up on the envelope of their passive or
inherent safety characteristics as they start trying
to extract more power out of the machine.

MR. BAJOREK: I agree.
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MEMBER PETTI: But you can also --

(Simultaneous speaking.)

CHAIR KIRCHNER: Their codes will be, not
more robust, but more mature, more refined.

MEMBER PETTI: But also I think beyond
just say power uprates, some of these concepts have
advanced fuels down the line, advanced materials, and
so it might not be they're going to change the total
power, but they want to have a higher burnup like we
see with the water reactor, or even higher linear heat
rates, and step that way before they change sort of
the fuel. So, there's multiple dimensions here in
terms of how they're going to evolve their
technologies, and that makes it really --

MR. BAJOREK: That's a good point because
you've heard some applicants come and say well, we're
going to run the reactor, run this for five years, and
then we're going to truck it away. Well, if there's
a lot of economic wvalue at the end of five years,
they're going to come and say how about year six, yeah
seven?

CHAIR KIRCHNER: Yeah, vyeah, 12 years,
yeah.

MR. BAJOREK: So, it's -- you know, I wish

we had a crystal ball and could see some of that, but,
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yeah, we're going to see a lot of issues that grow
with time as we do those Nth-of-a-kind, which I hope
we see.

MEMBER MARTIN: Code development in this
area has been going on, not necessarily in light
water, since before I was born, and the sustainability
of these efforts, I think, is self-evident. All of
the things that you're saying, you know, that we draw
from light water reactor experience, I think we'll see
it with non-light water. We're building these things
with a lot of margin, almost deterministically.
Eventually, we'll eat into those margins just like we
have with light water. They'll be around for a while.

MR. BAJOREK: Okay, I want to move ahead,
so I'm going to go through a couple of these slides
pretty quickly here because I want to get to some
other work.

When we were going through volume one, we
identified a lot of phenomena that were, I wouldn't
say they're really new. The phenomena has been around
a long time, but they played a lesser role in the
light water reactor world, but they were going to be
very important for non-LWRs.

And this went everywhere from

stratification, to striping that we saw on gas
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reactors, chasing the placement of neutron precursors
in the fuel salts, solidification, which we almost
never worry about in the light water reactors, to, I
phrase it as 3D conduction and radiation, but it's
really heat transfer through a complex structure to
the environment. I lose my heat sink. I lose my
flow. I can get rid of that energy just from the
grounding.

So, those are things that, you know, our
codes just weren't really equipped to do because you
throw that away because we're conservative to ignore
some of those, and that's how we wound up with the
comprehensive reactor analysis bundle, BlueCRAB, blue
for federal.

It's built around the MOOSE framework.
MOOSE handles data transfers, numerical solutions. It
handles some engineering, physics, tensor mechanics,
and conduction, but it primarily handles the data
transfers, the types of things that as code developers
we don't want to spend a whole lot of time on because
we want to deal with the physics.

And that physics is embodied in, we use
SAM for the loop thermal hydraulics. We can use
PRONGHORN is we need more detail. We haven't explored

that yet because we're trying to stay more simple at
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first, but we're going to test that out, Griffin for
the reactor dynamics.

And because we saw some systems that were
going to use Rankine cycles, water-cooled RCCS, and
we're real comfortable with our staff using TRACE for
those types of designs, we said well, let's make TRACE
part of the NEAMS environment by making what they call
MOOSE wrapped. So, we can transfer information from
these codes to TRACE so that as we have to deal with
these other types of systems, we have a staff that
already understands TRACE and we can model it that
way .

We have two fuel performance codes which
are part of the mix, BISON, which is part of the MOOSE
framework. We have coupled of FAST code in on that.
Now, what I'm going to show in the reference plants,
we don't really use the codes for fuel performance.
We use BISON for thermal mechanical expansion, but not
fuel performance and how fission gas release occurs
and thermal conductivity degradation. So, that's not
really in our non-LWR work right now.

However, I do want to point out that hey,
having FAST and BISON coupled through MOOSE to TRACE
does give us some nice flexibilities as we're looking

at situations in light water reactors where maybe we
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do want the detail that goes on in one of those codes
and don't have to rely on relatively simplistic models
within TRACE.

We also have incorporated Sockeye into the
mix when we're looking at heat pipe performance. Five
years ago, we said no, we're keeping Sockeye over on
the side as a side thing, but it's come along enough
over the last year that we have confidence that we can
use it, although we have simplistic models built into
SAM to do the same thing for the heat pipes.

Nek5000 CFD code, or NekRS, the more
modern version, it's there. We're trying to avoid
using it. We want to stay simple, but if we got to go
to that, we'll do that.

You see SERPENT on there right now for
doing cross sections. Our goal here over the next
couple of years is to phase it out, incorporate SCALE
Shift by cross sections into Griffin, or make use of
the work that they're doing right now to build an MC-2
built into Griffin. So, SERPENT has been a convenient
thing in the workflow process, but that's eventually
going to go away.

MEMBER MARCH-LEUBA: And now for something
completely different.

(Laughter.)
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MEMBER MARCH-LEUBA: You're probably old
enough like me to remember when vendors could only run
their version of the code in a VACS system, or PDP, or
on a deck.

MR. BAJOREK: Yeah.

MEMBER MARCH-LEUBA: I assume --

MR. BAJOREK: Cray.

MEMBER MARCH-LEUBA: I assume we have
moved all of these codes to a cold environment.

MR. BAJOREK: Cold, yeah. I mean, that's
a good point because one of the other questions, how
are you going to run this stuff? You know, if you
look at somebody running Nek5000 and they have a
billion cells and thousands of processors, are you
going to have to do that? The answer is no.

We typically run these references models
on a MacBook Pro, a dozen processors. You know, I can
go down to the mall here and buy one and start running
things that night, okay? You know, it chugs along and
it does fine. We can run it on our own RES GOV cloud
where we can compile the codes on there, we can run
those, and we've got hundreds of CPUs at our disposal.

Now, right now, a lot of our users like to
go and use the HPC on demand system on INL, and

they've been letting us use it, so we can go through

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

48

that portal. It has a very nice interface and we run
it on there. So, if we need the thousands of cores,
we can use that.

We can also get that from our own Gov
cloud, which is going to be important because we want
to make sure proprietary information stays here. We
don't want to ship that to the labs or anything. So,
we're run it that way, and we can also run most of
these problems right now on MacBooks. We haven't
encountered anywhere it has been unfeasible to do
that.

MEMBER MARCH-LEUBA: Yeah, where I was
trying to go is obsolescence, specifically when you
have these complicated, dense communications in
different codes. When you have a single code and you
compile it, and you have a single memory block, you're
going to surely need it, but when you have things this
complicated, are you designing the systems so that

five years from now, it will still run?
MR. BAJOREK: 1 hope so.

MEMBER MARCH-LEUBA: Let"s think about

MR. BAJOREK: The MOOSE codes have at
least been parallelized to the extent possible.

And they seem to be very portable.
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TRACE, we could try to do that, to get
there. But yeah, you®"re right, we have some of
these serial codes, a one-on-one processor, and
iIf you add the complexity, you are stuck with
that processor speed.

So, that"s probably more of a question
mark for our codes than it 1s (audio
interference), although we"re trying to catch up.

MEMBER MARCH-LEUBA: I"m quite sure
that we don"t run off just iInto the box corner.
So, you"re just kind of updating, because 1t
doesn"t run.

MR. BAJOREK: It used to run on a vax.

MEMBER MARTIN: Okay, and one question
on capability. Among all those codes you have
there on that slide, at least (audio
interference), | probed a few years ago, when it
came to, say, a balanced plan modeling, really
triple machinery modeling, the codes -- maybe SAM
has something now.

Obviously, a code like TRACE has the
old simpler models. Where do we stand iIn code
capability on modeling balance of plant, triple
machinery?

MR. BAJOREK: There®s some of that iIn
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SAM.
MEMBER MARTIN: 1It"s coming.
(Simultaneous speaking.)
MR. BAJOREK: Various types of heat
exchangers, pumps. It probably needs a little

work on the valves. Okay?

MEMBER MARTIN: Urban model
compressor --

(Simultaneous speaking.)

MR. BAJOREK: No. That"s not 1n
there. That"s another reason why we have TRACE
part of the mix right now.

MEMBER MARTIN: Right.

MR. BAJOREK: So, as we do the
secondary tertiary systems, or i1f we have
hydrogen production, and some of the other ideas
on distributing the heat, well, we can do that
with a TRACE --

(Simultaneous speaking.)

MEMBER MARTIN: We can do 1t with,
say, like a gas? So, 1f you had a gas cycle so
we can run air, or --

MR. BAJOREK: Actually, we have some
updates for super-critical CO, systems to put in

the TRACE. They haven®t been tested. | wouldn®t
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try to run out and use them.

But we have properties for sodium, a
transfer for sodium, we have some lead, we have a
variety of molten salt properties within TRACE,
helitum, a couple of other gases.

MEMBER MARTIN: Okay.

MR. BAJOREK: They"re there. So, as
we deal with those other systems, 1f it"s a
secondary salt system and we have to deal with
valves and pumps and things, we can do that.

And whether the pump Is the same type
of -- and for molten salt, | really don"t know.
But that"s been one of the ideas about this whole
thing, 1s that we"ll use TRACE for those other
systems, where you can model 1t In a simplistic
fashion, but you want to see the effects of
tertiary systems that can also fail, or have
glitches, as we understand these plants.

And 1 mentioned the importance here,
and the complexity comes iIn because so many of
these systems are coupled neutronically, done
Ffluid-wise, where the fast reacts with the tensor
mechanic. That"s one of the newer twists with
these non-LWRs and why we went In that direction.

Verification and validation. As 1
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mentioned earlier, that was a question mark five
years ago.

What"s out there? How much 1i1s out
there? And i1s it really sufficient to understand

what"s going on in these technologies In these

codes?

So, we put together a V&V Report. It
says draft on there. I think 1t"s still on
there. 1It"s draft in the sense that we intend to

update this.

As more assessment 1s done, as other
verification, as we get more PIRTs, and things
like that, we"re going to build those into the
document.

I"11 go through some of the contents
to describe 1t a little bit better. But the i1dea
was, okay, let"s (audio interference), available
PIRTs, and there have been two or three
additional ones developed since we did volume 1.

We did a couple of our own for molten
salts. There"s a new one by Westinghouse on
event sheet. So, | wanted to make 1t easy for
others who are Ilooking at this to see what®s
really out there.

Verification standards, that was a
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question mark. How do you verify things? And
how do you make sure that i1f you add an update,
you haven®t broken something else. So, we wanted
to at least pay some attention to that.

And then go by major technology. What
assessment has been done to collect all that?
And at least get citations on where i1t"s at. And
as | mentioned earlier, 1t"s spread around.

IT you"re developing a code, an Idaho,
if 1"m doing GRIFFIN, I"m worried about GRIFFIN
and I"m assessing that. (Audio interference)
SAM, 1"m doing SAM.

I"m doing a whole system, and 1t may
not pay much attention to that. So, I"m looking
for things that have these coupled assessments
along with those that help benchmark individual
code.

At the end of the day, 1 think 1t
helps us 1dentify what assessments are out there,
what®"s been done, and what work do we still need
to do?

Okay, there"s still stuff out there
that needs to be shored up. And in doing this, |1
kept getting confused on what i1s HTR, HTTR, HTTF,

HTRPROTEUS, and everything else that starts with
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HT. So, we wanted to put a quick reference on
test facilities and benchmarks, to just identify
what each of those can do.

The contents we go through, and much
like volume 1, we describe the BlueCRAB codes,
make some reference to our integrating scale
shift and incorporating sockeye, a little update
on that, PIRTs and scenarios.

And then we go by technology, with
some separation TfTor neutronics and individual
components -- heat pipes, pumps, what 1 call
local phenomena, because what goes on iIn an upper
or lower plenum has i1mportance to several
systems.

So, we separated that down there and
identified the various tests and code-to-code
benchmarks that have been performed.

Ms. Bier, real quick, when 1t comes to
verification of these codes, vyou"re really
relying on DOE and their own methods.

My experience with them interfacing
with industry, obviously, a big selling point was
that they were coming i1n within QA-1 approaches
to everything, and that industry would never

need, say, source code to verify.
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Now, we"re also getting into a time
where export control becomes a particular
challenge. The days of our previous light-water
reactor vendors having access to all the codes
and doing everything i1s probably going away.

That, maybe from an industry
standpoint, should be a good thing i1f they are no
longer responsible for the first V.

Where do we see the evolution, and
who"s responsible for what, given the realities
of doing nuclear assimilation?

MEMBER MARTIN: That"s a real good
question. Because | think the issue that could
arise i1s 1f I"'m an applicant and 1"ve done an
analysis, and somebody over here has astutely
identified code error iIn one of those means
tools, or whatever tool I"m using, who owns 1t?

Okay? Well, 1 think the NRC will
ultimately go back to the applicant. It"s your
analysis. You own i1t. Okay?

How you resolve 1t by working with
whoever developed the code, 1s going to have to
be a problem between those.

But we all want the codes to be

accurate. And we"re going to see the same
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problem.

IT we see a code error in TRACE, well,
we go and fix i1t. |[If there®"s any that messes up
an analysis, well, we report that.

IT 1t"s out there when we"re going to
have to work with DOE to get it resolved, and it
we made conclusions that were erroneous because
of that, we"re going to have to deal with 1it.
So, 1t"ll be a more complex situation.

MR. BAJOREK: Right. And certainly
less agile. When the companies that are
advancing these things don"t have some control
over the source code, 1t will invariably create
delays and heartaches, and there will be errors.

MEMBER MARTIN: Yeah, you have to fix
them. The other issue that I don"t know 1f some
of the applicants have thought about, is that i1f
a public code 1s being used to analyze their
design, anybody can go get that and analyze their
design.

One of the reasons you bring that code
in-house as a vendor, is to put your own stamp on
it, you own it, but now it becomes proprietary.
And you don*"t have to worry about some job shop,

or going out there and doing your reload
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analysis.

MR. BAJOREK: I don"t know. 1It"s just
different.

MEMBER MARTIN: It"s just different.

MR. BAJOREK: Faustian deal, you know,
you may get some benefit that you don"t have as
much responsibility. But when there®s a problem,
then you could be stopped.

MEMBER MARTIN: Okay, the content of
the V&V Report, 1 just put a snippet of one of
the tables over here.

And what we try to do i1s go through,
identify the test, the test fTacility, TFK&M,
whether 1t"s certain fluids, kinetics, fuels, or
a mechanic"s -- what got exercised, what codes
got involved iIn that particular analysis, whether
It was a separate effects test or integral
effects test, 1s more separate effects test than
what"s indicated here.

What design type it likely pertains
to, and then the validation references that are
on there. And then the references are not
consecutive in order, because they all came i1n at
different times, and they couldn®"t get them done

INn consecutive order.

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

58

But we wanted to identify some by
placeholders. As you see down for HTR10, there-s
some analysis that planned using SAM. That work,
when 1t"s done, will Tfill 11n that missing
reference.

So, you can see what"s there. The
yellow highlights, that"s the stuff that"s out
there that people would like to do, or iIntend to
do, or possibly could do.

There are some, like THTR300, which is
a thorium high-temperature reactor. Now,
everyone may look at that and say that doesn"t
really quite have the applicability. It"s not
worth the effort to do that assessment.

So, that might be dropped off the
list. But the i1dea 1s, let"s put all the tests
that we know about on here and use that as the
potential assessment date.

The things highlighted in blue are
things that have gone into the virtual test bed.
These are models which have been developed for,
in this case, the HTTR and the HTTF. They"re
available.

They"re publicly available, as |1

understand. They"re good buirlding blocks. Don"t
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compare to data, but they"re important to keep
track of.

Some overall comments on the report.
Contrary to maybe what some of us thought five or
SiX years ago, there has been assessment
completed for all these technologies. There"s
something else out there.

You do get a sense of maturity by
looking at the amount of work that®"s been done.
Not that you want to judge the assessment or
maturity based on pounds of paper that you®"ve
been produced, but as you look as gas-cooled
systems, sodium liquid metal systems, there®s
been quite a bit of work.

They“"ve received a lot of attention.
There®"s a sizeable database that has gone into a
lot of the assessment.

On the other hand, 1f you start to
look at molten fuel salts, now you start to see
the list get much shorter, and a high dependence
on the MSRE.

Everyone i1n that last column says, oh,
MSREs are validation. That"s how we"re going to
assess 1t.

Well, there"s a couple of things
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there. MSRE®"s a ten-megawatt thermal reactor.
And some of those systems are a couple of hundred
megawatts. Much, much larger.

Some are loop systems, some are pool-
based systems. So, now the challenge eventually
IS going to be, can | take MSRE and its five and
1ts constituent makeup, and scale that to these
other designs out there?

There®"s not a whole lot else out there
to go on. And so, that"s a question. You know
that some of the applicants are doing their own
work, their own tests. We haven®t seen that yet,
but that would be needed to possibly mitigate
that possible concern.

MEMBER PETTI: MSRE didn®"t have power
conversion either, right?

MR. BAJOREK: No, 1t just dumped it

out to the parking lot, yeah.

MEMBER PETTI: So, that"s a big
difference.

MR. BAJOREK: Yeah, 1t"s a big
difference. The enrichment of that one 1s

probably different from what some of the
applicants are thinking about. Things slide,

but -- 1 get fascinated with the thermal physical
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properties.

A lot of these are eutectics. They"re
no Mlonger eutectics once you"ve done Tfission
products 1n there. And that creates another
uncertain with this cost-based thermal cod
activity and corrosion products, which we"re not
dealing with, but 1t"s something else that --

(Simultaneous speaking.)

CHAIR KIRCHNER: Is there a way for
you to split that third bullet, Steve? | mean,
the word fuel -- there®"s molten salt reactors,
and then there"s molten fuel salt reactors.

And that"s an order of magnitude, more
complexity in terms of coupling, and some of the
Issues you pointed out.

Once you add fission products into the
salt, that changes properties. It i1ntroduces
corrosion, it introduces complexity.
Considerable complexity, versus just molten salt,
which 1s challenging enough, or code sets.

VICE CHAIR HALNON: Are you going to
have a relationship with, like, ACU, to get some
of these questions answered? Or even maybe
sanction some tests that might help answer the

questions?
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MR. BAJOREK: Well, that"s probably
going to drop down to the final bullet down here,
that when i1t comes to assessment, our codes,
probably their codes as well, for microreactors,
and including the fuel salt, the ACU design,
that"s going to depend on these prototypes.
Okay?

There®s one being a bullet, there"s a
couple of others out there. |I1llinois and ACU are
proposing basically research and test reactors.

That"s really where the assessment
data®"s going to have to come from.

VICE CHAIR HALNON: I see a commercial
collision here, with the scientific community
needing this i1nformation. So, yeah, that
relationship®s going to be dicey at best.

MR. BAJOREK: Yeah, that®"s one of the
things that at least stood out to me. As we look
at microreactors, the fuel salt, the assessment
base 1s weak. And 1t has to be augmented, either
by applicant work, prototypes, we see the MARVEL
Reactor going up at ldaho, that®"s going to be
helpful and useful.

But that"s sort of a microreactor

that"s not like some of the other ones. It"s an
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(audio interference) instead of heat pipe.

So, anyway, my hopes with this V&V
Report 1i1s that helps 1dentify technical and
knowledge gaps, and assessment gaps that we"re
going to have to address over the next several
years.

MEMBER MARCH-LEUBA: Okay, this 1s a
different topic. | count, like, over 100 slides
left. 1It"s already 10:00, and 1 start moving.

MR. BAJOREK: Okay. 1 can move i1t --

MEMBER MARCH-LEUBA: 1It"s not a fault.
I just, I must confess.

MR. BAJOREK: No, no, no. [I"m usually
overly optimistic on how much 1 can cover 1iIn
time.

I have examples 1n here for all of our
reference models. I"m only going to do one or
two of those. Okay? Because 1t"lIl get to be
repetitive.

But the reference models, these are,
for the most part, generic public 1nformation-
based models of something that i1s fairly close to
what we think the applicant®s going to do.

The scenarios are things that we think

are going to be part of their design basis. We
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don"t know exactly what those are, but we"re
basing that on the work In the past.

And the main benefit, apart from
educating staff in how these codes work, how the
technology kind of works, i1s we want to identify
deficiencies iIn the codes now.

We don"t want to wailt until the
application comes i1in, and then realize that, oh,
we don"t have a mechanism of chasing neutron
precursors to the fuel salt. Or, gee, you know
we put in a solidification model.

Or, we have a complex structure and we
can"t have i1ndependent channels flying through.
Just one of the things.

So, we found a number of those things.
But the 1dea 1s, we want to develop those
reference models, train the staff, and as 1 tell
the people we work with, get 1t in-house and
break 1t. On some sensitivities.

And 1f there"s problems, i1t doesn"t
converge, i1t fails, there"s something -- a
capability that"s not there, then we go back and
we talk to NEAMS and say, let"s get that done
now. Because we cannot hold up the review with

the iIntense pressures that we"re going to see to
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get these done 1In a short period of time.
They"re designs that we"ve never done before.

So, 11l start off with what would
have been more of a conclusion. And I want to
just point out some of the things that we"ve
done.

On the left-hand side you can see the
six referenced designs that we"ve been working
with primarily. And over the course of the last
five years, we"ve made some big steps forward.

As we look at the gas-cooled pebble
bed, or the molten salt mold pebble bed designs,
we have methods now for doing pebble tracking,
getting to equilibrium core, doing a great job
predicting the radial and axial --

(Audio interference.)

CHAIR KIRCHNER: Can I remind everyone
online, please mute your microphones. Thank you.

MR. BAJOREK: We started off by
looking at the core and then moving outward,
modeling the vessel, and then we"re now at the
point where we"ve added on reactor cavity cooling
systems, secondary systems, DRACS systems -- most
of the models have that.

A couple of them, there are some
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improvements. We did some real simplifications
on the loops. We can build that In, and In a
couple of cases the RCCS 1i1s single-phase, but
we"ll merge TRACE i1n to do a little bit more
funnel when two-phase flow occurs.

We can get a fair amount of detail and
still run 1t quickly. The ABTR Model for sodium
fast reactor, we  model all 61 channels
individually. Sixty Tfuel channels, a bypass
channel, and couple that with the tensor
mechanics to look at the plate expansion and the
fuel expansion, which are your major
contributions to negative reactivity.

The MSRE, everyone®s go-to model for
a fuel salt, we now have the thermal fluids code
and the neutronics code coordinating with
tracking the precursors. That"s very important.
We may not get to it, but you have a loss of
flow. Those long-lived precursors now represent
a positive reactivity in the core, as opposed to
losing their neutron 1In the upper plenum
somewhere out iIn the loops. But we can do that
now.

Heat pipes, five years ago, was just

a superconducting piece of metal. For a lot of

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

67

part, that actually does a reasonably good job.

But we have the simplified model 1in
SAM that can handle that. We"re merging 1n
Sockeye for more transient types of situations.

And as | mentioned, there are other
models that are available to us from the GCR that
we"ve exercised. You see some of those down
below.

But one 1711 use as kind of an example
on the approach for this i1s the gas-cooled pebble
bed reference plan.

We selected the HTR-PM, which we think
IS a reasonably good representative of what we
think X-Energy®"s going to come in with the X-100.

HTR-PM, there®s two of these operating
in China. They"re both at 250 megawatts thermal.
X-100, based on our public information,
200 megawatts.

IT I didn"t put the label on here, 1°d
forget which 1s one or the other. But as you go
through the system, the geometry, the rank and
cycle that 1s built 1Into the system, flow
arrangement upcomer, upper plenum through the
pebble bed, there"s a lot of similarities. So, |

don"t think we could get too much closer on
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public information on this.

In the interest of time, | won"t talk
about all of the details. HTR-PM has about
420,000 pebbles 1n there.

We took that, we meshed the core, the
reflector, the vessel, we"ve add-used SAM and
GRIFFIN to provide a 2D porous media within the
core and the vessel, one-dimensional
representation for the loops, a simple air-cooled
RCCS.

It"s just basically, get the energy
out. We"re not trying to do a detailed
representation, because we don"t know what the
model looks like for the X-100.

GRIFFIN was exercised for getting the
equilibrium core, doing depletion. There were
some questions on how long 1t"1l1 actually take to
get to an equilibrium core. Some i1nteresting
questions on that.

It gives us that axial and radial
power distributions, which you see here with the
power high in the core, your higher temperatures
down lower as you go to the exit chute, salt and
the fluid temperatures fairly close together.

And the right-hand side, cut off on
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that slide, i1s the fluid velocity accelerates as
1t goes through.

MEMBER MARTIN: Steve, a
clarification. You don"t need GRIFFIN
necessarily, to do something similar. You can
still use SAM 1n a traditional sense, where you
have a point kinetics model 1n i1t, and set up
each structure.

And there®s a fitter model that I™m
familiar with, without bringing in the more
complexity of GRIFFIN.

MR. BAJOREK: This 1s a case where we
decided to add some complexity now, In the hopes
that when we use 1t with GRIFFIN and we get our
parameters for point kinetics, maybe we can do
this simply with point kinetics as we go on.

But we"re never going to know whether
that"s sufficient unless we look at something
that®"s a little bit more complex right now.

So, my neutronics experts say, oh,
don"t go straight to point Kkinetics. Let"s
explore this.

It"s still my hope that we kind of
show that we can go ahead and take a more

simplistic approach, but that"s one of the
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things, we want to sort that out now.

I don"t want to have to face that
question a year, year-and-a-half, into a review,
and have to deal with NRR and say, hey, the
applicant™s using point Kinetics, is that good
enough?

MEMBER MARTIN: Yeah. My real
question was, the old way of being able to do the
simple models does exist.

MR. BAJOREK: Yeah.

MEMBER MARTIN: But you®ve brought in
the complexity because you can.

MR. BAJOREK: Yeah. Yeah, we"ll do 1t
now, and 1f we can drop back to a simpler
approach, by all means do that. Especially i1f we
get to the uncertain stuff.

MEMBER PETTI: But in salt systems, |
don"t know 1f the point connect"s going to do it.

MR. BAJOREK: No. There"s some
systems, it may be feasible for others.

MEMBER PETTI: Right. There®"s not
going to be a one-answer, one-size-fits-all, so
to speak.

MR. BAJOREK: Getting codes coupled

has 1ts own 1ssues. And i1t"s nice to test it out
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in different ways. Again, let"s break i1t today,
so we don"t have to deal with the damage out iIn
licensing space.

So, anyway, we"ve done the steady
state transience and Tflow, we"ve done an
overcooling transient to give us a reactivity
insertion by -- 1 think we fail a bypass valve
and we get cold helitum Into the system, so we see
the response of that -- a PLOFC, a DLOFC.

Anticipating a risk-informed world,
we"re going to be looking at a small leak, or a
small LOCA, from the system. See how that
progresses.

(Simultaneous speaking.)

MEMBER MARTIN: What code grade is the
applicant using? Or do they have different codes
In the name suite that they"re using?

MR. BAJOREK: There i1s a mix. There
are some that are using some of the names tools.
There are others that are using their own.

For the gas-cooled reactor, the latest
I saw from one of the applicants, they were using
a CFD code for the thermal fluids, and 1 think 1t
was VSOP for the Kkinetics, which IS my

understanding, might have been a South-African
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vintage code.

MEMBER PETTI: 1It"s a German code.

MR. BAJOREK: German? Okay.

MEMBER PETTI: Goes all the way back
to the Germans.

MR. BAJOREK: Okay.

MEMBER PETTI: Called Very
Sophisticated Old Program.

(Simultaneous speaking.)

MEMBER MARTIN: So, how independent do
you think you have to be if somebody came in with
an analysis using the name suilte? Do you
consider vyourself not adequately independent,
or —-

MR. BAJOREK: I think we"d be okay.
Because one of the things that you find iIn using
the codes, 1T you give fTive different people the
same codes, all equally qualified, have them go
do an analysis, you"ll get fTive different
answers.

The biggest uncertainty may be the
user effect. So, | think we"re reasonably safe
by doing our own independent analysis, making our
own assumptions.

Because for something like this, we
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may say, we think the right thing to do Is to use
KTA correlation for pressure drop and you
nodalize 1t In a certain way.

Applicant may choose something else.
And they may model things in a different fashion,
make different assumptions. So, I think we"re
reasonably good. Of course, we"d be much safer
iIf they did something different. Anyway, I1°11
just do this one quick.

MEMBER MARTIN: [Is that something you
would assess 1f somebody came iIn with the same
code suite you"re using? You"d then have to take
another fresh look at how i1ndependent you are?

MR. BAJOREK: Yeah, 1 think we"d have
to.

MEMBER MARTIN: Okay, thank you.

MR. BAJOREK: And as I go through each
of these reference models, we"ll run through the
transient, iIn this case a pressurized loss of
forced cooling.

This just shows the pebble
temperatures. Theilr greatest temperature at the
start of the transient near the bottom of the
core as the flow stagnates, you don"t get much

recirculation.
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The design has the hotspot up here and
the cold spot down here, so the loops kind of
shut off flow through those.

You get some recirculation in the
vessel. You see a lot up 1In the upper plenum, a
little bit down through our -- and then the
upcomer. Temperatures become hotter at the top
of the core. You see the reflector heating up,
with the energy eventually being taken away by
the reactor cavity cooling system.

I don"t have my notes on here right
now, but the transient takes a number of hours.
I think 1t takes on the order of ten, twelve
hours, before the decay heat iIn the system 1is
completely removed by the reactor cavity cooling
system. So, 1t"s very slow transient, but we can
run these 1n reasonable time.

MEMBER PETTI: So, this i1s one of the
cases where what you worry about here i1s not so
much the core -- people have done these
calculations forever -- 1t"s the vessel, and
whether you can fail metallics that are at the
top.

And so, sometimes it"s going to take

some thinking, as the saying goes, out of the

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

75
box, so you"re going to have enough fidelity in
places that you wouldn"t necessarily have to have
fidelity, In other systems.

MR. BAJOREK: When we get to next
steps, and explicitly, one of the things that
we"re trying to do with this model i1n particular,
IS do a better job on the upper plenum and the
lower plenum.

Because 1 agree entirely that fuel
temperatures up to 1 think 1,200 or 1,300, big
deal. But the vessel temperature in the upper
head potentially where you have the weld and the
cross-connect pipe, those are places that we want
to —-

MEMBER PETTI: Yeah.

MR. BAJOREK: So, we"re moving from
the core on out. One of our emphasis on the work
right now i1s doing a better job on getting vessel
temperatures and temperatures 1in Jlocations on
heat exchangers that -- no-never-minds and light-
water reactor space, but they"re not going to be
that way now. So, thank you for that --

(Simultaneous speaking.)

CHAIR KIRCHNER: This reference model

has an active -- the KU removal system with a
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cavity?

MR. BAJOREK: As a reactor cavity
cooling system?

CHAIR KIRCHNER: Yeah, operable to
this transient?

MR. BAJOREK: Yes, yes. Yeah, in the
particular transient the rods was a SCRAM. The
rods dropped, goes into decay heat, and that has
to be removed by the reactor cavity cooling
system.

I don"t want to abuse my time period
unless 1 can get away with 1t. But talk just
briefly about the ABTR. That"s another one we"ve
been putting a lot of work into, because we see
the gas-cooled pebble bed sodium-fast reactor,
and the pebble bed molten salt i1s being kind of
the leaders 1In where they"re at and coming
through licensing.

As | mentioned, we can model, and we
do a rather sophisticated model of the core,
model all the different types of assemblies 1In
the 61-channel representation.

We"ve modeled the DRACS Systen,
simplistic i1n the upper and lower plenum. And

that"s another place that we need to do a better
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job 1n the future.

The interesting thing about the sodium
fast reactor is probably the reactor dynamics.
Okay? We use GRIFFIN to get the reactivity
coefficients for Doppler, axial fuel expansion,
sodium temperature and density, and HE 1is the
radial thermal expansion of that plate.

And that®"s where BISON came into play

for us. The model that -- kind of the complex
plate. We had to do i1t in two different
regions -- that outer wing, darker In the thinner

sections iIn the middle, but as we run the
unprotected loss of flow, the sodium -- 1f 1 have
that on here.

Okay, we run that one, we lose power
to both the pumps, the flow decreases, we drop it
down to like one percent. We didn"t have details
on what the pump was like.

But you very quickly start seeing
sodium heat up that lower support plate expand,
you iIncrease the leakage, and that"s your major
negative reactivity component.

And power decreases and the transient
goes off.

MEMBER PETTI: So, Steve, some of
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these designs, they"re allowed to just dilate the
way they"re going to do 1t. Others, they want to
constrain the core. Okay?

MR. BAJOREK: Yeah.

MEMBER PETTI : And SO, that
capability"s got to be really critical.

MR. BAJOREK: Yeah.

MEMBER PETTI: Because 1f you“re
trying to optimize things so you restrain stuff
not to move, that"s a pretty complicated problem.

MR. BAJOREK: It"s a tough one. And
iIt"s one of the areas with the MOOSE framework 1
think 1t"s going to be very beneficial to.
That"s because -- we didn"t do 1t here, but i1f we
had to look at flowering of this, you can do 1it.
I don"t necessarily think 1t"s easy, but --

MEMBER PETTI: And 1 can tell you, I
mean, we"re reviewing some documents. And the
flowering, and then preventing the straining --

(Simultaneous speaking.)

MR. BAJOREK: You"ve got the core
restraint.

MEMBER PETTI: |1 mean, that"s complex.

MR. BAJOREK: 1"m going to jump ahead

here. We can always to back. Yeah, 171l just
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mention the MSRE. That"s been our fuel salt.

We"ve modeled the porous media
approach within the core. We"ve added the loops,
simple heat exchanger, but the important thing
there 1s that we"re able to i1dentify and track
the various neutron precursors to the system.
The short-lived ones are on the right, the long-
lived ones are over on the left.

As you can see at Steady State, a lot
of those 1long-lived precursors release their
neutron as you"re either up at the top of the
core, Or you"re getting out Into the system.

That  makes the transient very
interesting. One, we do have some data on there.
We"ve got TfTavorable comparisons to the data
that"s available for like a pump startup and
coast-down.

For the unprotected loss of flow at
zero and full power, when you lose that flow, now
those neutron precursors, they stay in the middle
of the core.

That"s a positive reactivity. Okay?
But the Doppler and the fuel salt density, which
decreases, those are negative. Those mitigate

that situation for the MSRE.
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Now, would that behave the same way
for a natural circulation system? Well, this 1s
where we think we can deal with 1t. But until we

really see those systems --

CHAIR KIRCHNER: Yeah, the actual
system 1s going be very i1mportant. Fluid
velocity, among other things. It"s a lot more

complicated as this tail goes up.

MR. BAJOREK: Yeah.

MEMBER PETTI: And vacate that vast
salt systems even more. Higher providence that
you could void -- I mean, I"m not convinced that
the delayed neutron, vyou know 1t"s even
controllable. I mean, there"s all sorts of
Issues. That"s one of the ones -- box out there.

MR. BAJOREK: As 1 say, we get the
models, we bring them i1n-house, here"s a very
simple one, one D-core, the model, the MSRE, and
we had a staff member take this, do a better job,
do a better model on the 1i1ntermediate heat
exchanger and the pump, the secondary system, go
break 1t.

And he came back the next day and
found a way to break 1it.

The MSRE actually, the elevation
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between the heat source and the heat exchanger
isn"t all that much. You change that elevation a
little bit, you completely defeat the natural
circulation within the system.

And so, he did that. And by changing
that elevation just by 1ts (audio interference)
showed that, yeah, you get temperatures iIn the
core you won"t want. So, that was that.

We*"ve done work with the
microreactors. And we"ve looked at two different
flavors.

When we took a look at -- i1t"s a
design by INL and then LANL; I think they played
a role In 1t too, the modified special purpose
reactor -- but we modified 1t and the way we came
up with our own microreactor. Because, one, we
wanted to use metallic fuel, not oxide, and we
wanted 1t to be a fast reactor with thick heat
pipes, large diameter heat pipes, as opposed to
the thousand smaller ones that they had in the
special purpose reactor.

And we"ve also, we have a model that"s
being developed right now, we"ve got a little bit
of results for, an eVinci-like, both based on

public information, information that we have out
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there.
But they"ve been very useful. Because

we wanted to look at things like single heat pipe

failure. Question was like, 1f 1 fail a heat
pipe, or heat pipes -- nobody said only one can
fail 1f you"re not monitoring them -- well, we"ve

set up a model, we failed one of the heat pipes.

The fortunate thing that we found 1is
that when that heat pipe fails, the temperature
In the core heats up just a little bit. That
reduces your power of the core just a small
amount.

In the vicinity of that failed heat
pipe, 1ts temperature increases dramatically.
One surrounding 1t iIncreased. They pick up the
load of that failed heat pipe.

We did not see temperatures in this
particular scenario, where that failed heat pipe
would cause you to cascade, or do any others.
Yeah, this is just the example that we®"ve done.
Change the design, something would have to be
looked at. We think we"re prepared to do that.
And hopefully, you see that same type of margin,
as you would for a loss of heat sync. Okay?

The heat pipes go through the
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condenser and they give up their energy to an
external cycle or something else.

Well, 1f that were to completely fail,
your heat pipe removal basically goes to zero.
Anything that®"s circulating when the heat pipe
stops, you start to increase the temperatures iIn
the core very quickly. But because of the strong
Doppler, that decreases the power.

The other important thing with this
one i1s we had thermal-mechanical expansion,
because i1t was a fast reactor.

As this one heated up, you also had an
increased amount of leakage from the core. That
also helped shut down the reactor and mitigate
getting to exceedingly high temperatures. So,
anyway, that"s the capability that we have out
there.

We and the other volumes are taking
what might be called a multi-phased approach,
probably more so in volume 1 1n the other ones.
Some of the details matter.

We want to make sure that we first
exercise the codes. IT we find problems, let"s
get them fixed, and then let"s gradually add

complications to the model, make 1t more
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detailed, model things that we hadn®"t iIn the
original model, to get it closer and closer to a
specific application.

Stage three, that"s when we get
proprietary information. We can at least take it
as far as we can right now. The transience, the
modeling that makes 1t look like the applicant
design, but to go further, we need the applicant
to come i1n and give us good information.

A couple of them have been very good.
We"re working on an eVinci model now that"s going
to be eventually close to what we think the
applicant®™s coming into, the publicly available
information.

We ran that one and looked at that
one, and we said, yeah, well now we know what
changing 1t to be. You can see some of the

Issues though that are corrected and where we"re

going.

MEMBER MARTIN: What you describe
sounds still very manually intensive. Is there
thought of automation iIn some way, to go from
reference plan to something that more design-
specific?

Automation 1isn"t always attractive
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from a funding standpoint, but everyone -- all
the applicants are doing i1t. Because, of course,
all the applicants are doing i1t. It becomes a
competitive sort of thing.

Because they“re agile. 1 mean, isn"t
there some onus on the Agency to be agile with
doing these?

MR. BAJOREK: One of the things that
I hope we can take advantage of, i1s when we set
up these models using the names codes, there"s a
certain architecture to them.

You define the kernels. Basically,
the partial difference 1n equations, how 1t"s set
up- And then the mesh i1s developed elsewhere.

What 1*m hoping we see i1s the design
changes, so we can modify the mesh. And people
who are good with that seem to be able to knock
it off In a day or two, change the mesh, but the
rest of the model may not have to change.

So, hopefully, 1f there®"s not too much
deviation, we can do it quickly. Completely
automating? Maybe someday.

MEMBER MARTIN: Not a priority?

MR. BAJOREK: I can"t think of how to

do 1t right now.
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MEMBER MARTIN: well, maybe to the
point of my earlier question on verification
role, verification of elevation, these are
effects, right?

We have guidelines, right? And of
course, we"ve gone into all the gory detail they
did at the volume, the paper.

You know, there®"s a lot of attention

that goes i1nto guidance on how you model. It"s
got to be different now. I mean, because you
don®"t control meshing -- | mean, there"s probably

some control over the density of meshes and what
have you -- but i1t"s just not the same focus that
you would have with a finite volume approach to
the code.

MR. BAJOREK: You"re right, we have
user guidelines for TRACE.

MEMBER MARTIN: Okay.

MR. BAJOREK: And I would see someday
as we evolve to systems that are becoming more
stable -- not stable, but I mean we know what
we"re really getting 1into. And we developed
guidelines for probably each of the applications.

I don"t know 1f you can come up with

a generic set of guidelines and how we"re going
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to do a sodium fast reactor to a microreactor.

MEMBER MARTIN: Well, the developers
of the codes at the different labs, I mean, 1In
their documentation are they capturing kind of
these guidelines?

Historically, they would, harkening
back to my work on the Real Five development team
35 years ago.

But i1s the documentation complete to
that extent? To not just the code structure and
models of correlation, but also, and beyond the
development assessment that actually includes
user guidelines?

MR. BAJOREK: Not to the extent of
guidelines. The 1nput manuals that I1°ve gone
through for the names codes, they give you the
flexibility. They don"t restrict you 1In a
certain way.

In TRACE, we write the guidelines
more, and the models and correlations are locked
up- You really can"t go in there and decide to
use a different one.

MEMBER MARTIN: I mean, TRACE has got
to have the flags, like RELAP-S.

MR. BAJOREK: Yeah. Yeah, they"re

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

88
saying like that. But we say, hey, 1f you"re
doing a large grade local, these flags need to be
on. You need to model i1n a certain way.

With the names tools right now, I have
not seen that being defined. It"s probably more
in the developer®s head right now than 1t iIs on
the developer®™s paper.

MEMBER MARTIN: Right, right. of
course, you meet with those folks, and there's
feedback, right? So, 1 would certainly believe
that would be the kind of feedback would come
from Agency back to DOE.

MR. BAJOREK: Our next steps. We"re
still refining the reference models. A question
right now 1s, 1f we have an asymmetric event, to
what extent do we need to put in multidimensional
models In the core to look at some of that? So,
we"re determined to iInvestigate that.

We"re going to be looking at whether
we can i1ncorporate PRONGHORN to give us some of
that detail. Or, we can just stay with the 2D RZ
formulation that we use with SAM.

We®"ll test that out now. We"ve
largely i1gnored secondary group models. They"re

there, but we can 1iImprove on some of that
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capability.

And the RCCS, there"s at least one
applicant out there that wants to flood those
tubes with water. We think they may even get a
quench rod in there. So, that®"s an opportunity
for TRACE to be able to look at the operation in
a two-phased environment.

As 1 mentioned, one of the things we
would like to do Is to incorporate better methods
for doing sensitivities and certain methods in
here. We"ve talked about that but we have to get
that 1nto our van as well.

Validation. As we go through the V&V
Report, you can see where some of the gaps are.
And we"ll talk to DOE and say, we need to
accelerate the pace of what®"s going on here.
Probably heat pipes 1s the main one right now.

Once scoured again, and look for
places where the database i1s clearly weak and
point that out. And hopefully, that can be
corrected by the time an applicant comes in.
That"s up to DOE and the applicants.

And like 1 say, as we get better
information from the applicant, we"ll build that

in. So, hopefully, when we get into the review
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stage, we"re ready to go. And hopefully, we can
demonstrate that they believe what the applicants
are telling us, that there"s a lot of margin here
in that design, and that assists the review in
moving forward.

MEMBER PETTI: Steve, jJust a quick
question. We haven"t talked about ingress
events. So, water In the gas reactor got to be a
deep iInside the design basis, right? Because
they"re going to have a heat exchange.

And then i1n some of the micros, yeah,
ingress, depending on what the configuration
looks like. Whereas, 1n some of the others,
they"ll say i1t was beyond design basis. So,
that, 1 think, MELCOR. But there may be some
that i1t"s going to be --

MR. BAJOREK: Yeah, we talked about
that when we did the DLOFC for the pebble bed.
The boundary conditions were such that we were
getting error and kind of objected to that.

But 1t"s probably one of those areas
where there are some transience where 1 think
BlueCRAB can do a better job.

But there®"s others where 1 think you

need to go to MELCOR. And I think air and water
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ingress are those, as you get --

MEMBER PETTI: Okay, so you just used
MELCOR, even though 1i1t"s a deep end (audio
interference).

MR. BAJOREK: Yeah, 1t might be for
the DLOFC. You get a lot of water iIngress, or
graphite dust and all those entertaining things.
That"s probably more of an MELCOR. We might be
using BlueCRAB then to say, hey, here"s what we
think the radial power distributions are. This
Is a way of —-

(Simultaneous speaking.)

MEMBER PETTI: It"s just that on the
steam generator-2 Tfailure, you <can get a
reactivity. So, like, whether MELCOR could
handle that, versus you guys never set up.

MR. BAJOREK: Because 1"ve used my
time, but --

MEMBER MARTIN: At least one last
question for me. OF course, the MDEP process --
30 steps, 40 steps, or whatever it i1s; one of
them relates to code scaling, scalability -- the
practice of scaling has traditionally been more
of a specialist, oftentimes relying on people

that come from the testing world or what have
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you.

When 1t was hot and heavy 25, 30 years
ago, you had a lot of experts iIn that area --
there are fewer and fewer now -- which begs maybe
some attention to the code development, and maybe
the kind of figures of error that we can draw
from 1t.

And 1 know the answer to this ahead of
time. Has anything been done really to
facilitate that aspect of the MDEP process, to
help really practitioners to understand scaling
and scaling phenomena, similarity criteria —-

MR. BAJOREK: In integral systems, |
have not seen much of that. There has been some
really nice work done by Peterson to scale
surrogate fluid to molten salt. So, you can use
water in place of the high-temperature salt. And
I think there"s also been some systems
consideration In that work.

There actually has been work done on
heat pipes, as one of our questions was, well, we
see some of the applicants with very large
diameter heat pipes. Very 1long heat pipes.
Twenty, 24-feet, something like that.

How does that scale to the pencil-
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diameter heat pipes that are used in satellites,
laptops, and stuff like that?

And I saw a nice scaling report where,
yeah, you can take some of those and scale those
up to a larger diameter.

MEMBER MARTIN: So, for like
preparatory analysis efforts where you see the
role of these tools to support the valuation of
scaling, I mean, I don"t know 1f 1t"s O and one-
off kind of effort analysis with a slightly
different focus?

MR. BAJOREK: Well, 1 guess when you
say scaling though, 1°ve always interpreted that
as the scaling of the experimental facility to
the full scale prototype.

MEMBER MARTIN: Right, right. But
there®s multiple --

MR. BAJOREK: Codes don"t --

(Simultaneous speaking.)

MEMBER MARTIN: Code scaling
enrollment. I think of applications I"ve been
involved with, where we would use the codes to
evaluate non-dimensional parameters In a dynamic
sense. You would oftentimes be looking at

distortion over time come into play there.
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We would make complex control systems
that would otherwise draw out that kind of
information. OFf course, we"d do shorter models
on the side to complement that.

I mean, i1t was 1ts own industry, 1if
you had that resource. But because i1t was such a
unique competency, dropping that into the NRC,
iIt"s dropping a rock 1In there. Because the
burlding would have to be developed. I mean,
It"s not easy.

And I do feel like that aspect, MDEP,
IS not getting the review that i1t was intended
30 years ago.

MR. BAJOREK: No, you"re right. I
mean, 1 think 1t was when MDEP and CSAU i1s when
they got --

(Simultaneous speaking.)

MEMBER MARTIN: Right. I mean, but
the test scaling has been around since forever --
70"s, and ISHI, and those sort of methods.

But with regard to the integrity of
codes, a valuator, from a scaling perspective,
which was a popular topic -- 1t certainly seems
diminished -- | do think there®s opportunity in

co-development to tackle that.
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But again, i1t depends on the kind of
questions that come from ACRS members, the kind
of questions that come from the staff here, and
what have you, on what attentions to get.

And I don"t know 1f we"re losing it,
1T we worry about losing it.

MR. BAJOREK: 1 hope we keep 1t on the
table. Because 1 think 1t"s going to be at least
there as a way of showing that the data that®s
been produced is truly applicable to the system.

MEMBER MARTIN: Sure.

MR. BAJOREK: We"re not ready to do
any kind of code simulation where you change that
yet. We"re happy to get the code to run.

MEMBER MARTIN: It"s still hard.
That"s basically -- 1t"s still hard.

MS. WEBBER: If I could add just add
one comment. The big push over the last seven
years i1s to get capability. And a lot of the
questions | really have appreciated, and comments
I1"ve appreciated.

But that takes the capability to the
next level. And that will happen over time and
with resources.

So, 1t"s not that we don"t appreciate
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the comments. It"s just we"re trying to build a
basic capability to look at what"s in front of us
now, and then to be able to address these much
more dynamic, complicated situations, as we move
in the future.

MR. BAJOREK: 1 think our job®"s being
patient.

MS. WEBBER: Yeah.

MR. BAJOREK: To throw it right back
into —-

MS. WEBBER: But we do appreciate the
comments and iInsights.

MR. BAJOREK: Yeah, we"re still on the
first couple of miles of a marathon, when 1t
comes to really understanding and licensing some
of these designs. And 1 think for all of the
codes you"re going to hear today, we"ve made a
lot of progress over the last five years.

When it comes to the BlueCRAB, 1 think
we"re about ready for doing independent analysis.
Give us the design, 1 think we can tackle it.

We"ve got reference plants for a
number of these designs, especially the near-term
guys that are out there, and that"s helped us

with our understanding.
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Looking at V&V. Okay, that"s why |1
put the V&V Report together. To see where we"re
at, what"s mature, what needs to be done. So,
that"s put us along that path.

And I"d like to say that BlueCRAB 1s
tentatively ready for 1i1ndependent analysis.
We"ve dealt with the known unknowns, to the
extent that we can -- the database available --
but there®"s going to be those unknown unknowns.

We don"t know what that design 1is.
And there will be work that we"re going to have
to deal with, whether i1t"s scaling, whether i1t"s
a mesh sensitivity, how you model a certain
grease plug or DRACS system, things like that.
Those questions are going to be out there.

But 1 think to the extent that we
could have done so in the last five years, |
think we"re i1n a pretty good place right now.

But 1°d really like to thank you for
your attention, your questions.

MEMBER MARTIN: All right. Yeah,
we"ve kind of come to the conclusion of this
first presentation of several today. Last
questions from the members? Hearing None, do we

just go to recess?
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CHAIR KIRCHNER: It"s a good time to
take a break, right?

MEMBER MARTIN: Yep.

CHAIR KIRCHNER: Let us take fifteen
minutes and come back at 10:45. With that, we"ll
take a short recess break here. Thank you.

(Whereupon, the above-entitled matter
went off the record at 10:30 a.m. and resumed at
10:46 a.m.)

MEMBER MARTIN: Rejoining our meeting here
on the non-lightwater reactor code development. We've
heard from Steve Bajorek with the volume one, we're
moving into the subject of fuel performance analysis.
Kim, did you want to introduce who you have here for
us?

MS. WEBBER: So I'm behind you, James
Corson is going to call in. And James Corson is a
senior reactor systems engineer in my division, he
reports to Hossein Esmaili in the Fuel and Source Term
Code Development Branch, he's going to talk on the
fuel performance volume two progress. So James, are
you online?

MR. CORSON: Yes, I'm here. Can you hear
me?

MS. WEBBER: Yes, we can. Take it away.
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MR. CORSON: Okay. Good morning,
everyone. Unfortunately, I couldn't be there, I'm
actually on travel this week and I've had other
meetings that have kept me away from most of this
morning's session. But I'm happy to talk to you now,
about our fuel performance analysis for non-LWRs.

So, as you know by now, we had written a
plan to look at fuel performance analysis for non-
LWRs, dating back to 2019. So, the whole goal of this
plan, and fuel preference in general, is to understand
the thermal mechanical nuclear fuel behavior during
normal operations, anticipated operational
occurrences, and accident conditions. So, the goal of
our tools 1is to be able to provide insights for
developing regulatory guidance or to support reviews
of topical reports.

So, again, we're trying to ensure that our
tools and models are ready for licensing actions. So
I'm going to talk more today about some of the work
that we've done since 2019 to develop the necessary
modeling capabilities in FAST to model LWRs, as well
as to perform some assessments against the data that
is out there.

And before I move on, I'll just, I want to

make clear that I'm talking about thermal mechanical
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performance, so stress, strain, heat transfer, fission
gas release, those types of things. So I'm focused on
solid fuel forms, for molten salt fuels that's a
little bit different, that's covered by what Steve was
talking about earlier or what you'll hear next on the
volume three source term analysis. So, again, talking
about solid fuel forms here.

So, I apologize, this slide is pretty busy
but this is taken from a presentation that was at the
RIC just to highlight what the FAST fuel performance
code is. So FAST itself is relatively new but it's
built on FRAPCON and FRAPTRAN which are a lot older,
going back for a few decades. So FRAPCON, FRAPTRAN,
and now FAST were built for LWR fuel analysis, they've
since been extended to look at non-LWR concepts but,
yeah, a lot of the work that was done in the past is
focused on LWRs.

But the codes have been extensively
validated for the data we have for LWRs, and they're
used quite extensively both domestically and
internationally. So it provided a good starting place
for us to move forward with non-LWR analysis. And
I'll also say that these codes, or the FAST code is
developed by Pacific Northwest National Lab primarily,

but we do some of our own analysis and code
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development in-house at NRC.

Okay, so moving on to non-LWR fuels. Our
prime goals have been to update FAST with the relevant
models for metallic fuel, focusing especially on
uranium, plutonium, zirconium metallic fuel alloys.
Because that's what we have a lot of experience with
in the past, and that seems to be the predominant
alloy of interest moving forward, at least for the
very near future. And then also looking at TRISO
fuels.

And then, once we've gotten far enough
along with some of our code development work, the
important thing, of course, is to assess it against
available experimental data. And, fortunately, there
is a fair amount of data out there for both metallic
fuel and for TRISO, certainly nowhere near the amount
that we have for LWR fuels but still enough to help us
assess our codes.

MEMBER PETTI: James, this is Dave.

MR. CORSON: Yeah?

MEMBER PETTI: Just a comment on the
metallic fuel. There's an application in-house and
it's no plutonium in it, so it'd be really good to
make sure you've got data for the uranium zirconium

alloy, that's where the earliest focus will be, I
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believe.

MR. CORSON: Yeah, you're correct about
that. And I should have made that clear, this 1is,
it's not only with plutonium, it -- in fact, I think
a lot of the models are probably more applicable to
just U-10 Zirc as opposed to UPU-10 Zirc. But we do
have models that should be able to handle a range of
plutonium fractions, going from zero to, I don't know,
20 percent or so. I forget exactly how high they went
in EBR-II days.

MEMBER PETTI: And then, of course, the
claddings are different, you know, you go back to
these older alloys, what will be used today.

MR. CORSON: Yeah. So, I think I have
this on the next slide but I'll just say it now, we
focus primarily on HT-9 right now, because that seems
to be what the most interest is right now. But, as
you say, I mean, there's some tests that had D9
cladding going even further back, you know, SS-304, I
think, or 316. I forget, but the more traditional
stainless steel claddings. So, yeah, I think our
models are primarily focused on HT-9 for now.

(Simultaneous speaking.)

MEMBER PETTI: Good.

MR. CORSON: Okay. Yeah. So, as I said,
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you know, there's a fair amount of data from EBR-II
and, to a lesser extent, Fast Flux Test Facility for
metallic fuel. And then there's gquite a bit of data
from DOE's AGR program for TRISO that's been going on
for about two decades now, maybe even a little bit
longer dating back to the NGNP days.

Okay, so first I'll say, you know, when we
wrote our plan in 2019 we had very basic capabilities
for metallic fuels, extremely simple models for
fission gas release and swelling, as well as some
material properties like thermal conductivity, thermal
expansion, and so on. Since then, we'wve done some
evaluations to see what other models we need or what
improvements we can make, and so far in the last few
years what we've really focused on is improving our
fuel swelling and fission gas release models.

So our models are still very empirical,
moving forward we would like to do more mechanistic
models. But, for now, the empirical models seem to
work pretty well.

So, on the top-right, this just shows the
curve fit for fission gas release for uranium,
plutonium 10 Zirc fuel. So, the dots, this 1is a
pretty, I guess, common graph showing results for a

range of plutonium fractions. I think, in fact, some
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of these are just U-10 Zirc with no plutonium. So
the, you know, the simple curve fit works pretty well.
There is a little bit of uncertainty, certainly, but
for now the empirical fit should work pretty well.

The anisotropic fuel swelling model, also
empirical, a little bit harder to visualize in a few
plots because it does account for plutonium fraction
and, you know, burn up and so on. But yeah, that's
something else that we've added to the code. I don't
have it on this --

MEMBER PETTI: So James, just a question
on the swelling.

MR. CORSON: Yes?

MEMBER PETTI: You know, all this data is
on really shorter rods and I just, I don't know how it
scales well to longer rods that will be in actual, you
know, applications that are going to come in. But I
did find a more recent publication that is a more
sophisticated fuel swelling and fission gas release
model, kind of together. And it supposedly does a lot
better, it's a little more fundamental and not as
empirical. So you guys might want to look at that, I
believe it came from INL.

MR. CORSON: Yeah I, we very much, you

know, pay attention to what is going on in the NEAMS
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program, or INL in general. And as much as possible
we'd like to leverage what's out there, to put in our
codes. I think for TRISO, as I'll say, that's an
example of where we really have leveraged a lot of the
work that's been done by DOE, INL in the past.

And yeah, I think ideally we would do the
same thing moving forward. We don't have the same
resources to develop these models ourselves that INL
has, but as much as possible we'd like to learn from
them and use their models when appropriate.

But I think, you know, you bring up a
really good point and, about, you know, the limits of
the existing database. We know a lot about fuel that
looks like EBR-II, but what happens when you change
things like sphere density or, as you said, the height
of the fuel, active fuel length, operating
temperatures, so on? We know a little bit from the
historical evidence, but the uncertainties get quite
a bit larger once you start deviating from our
historical experience.

So that is why the more mechanistic models
will be important, but I think we'll still need some
sort of data to, hopefully, wvalidate them.

MEMBER PETTI: The other thing is just,

you know, beyond just the sort of steady state
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performance, do you envision using FAST for some of
the transient performance, the overpower protected
events and the like, to show, to confirm a fuel's
going to be okay?

(Simultaneous speaking.)

MR. CORSON: Yeah --

MEMBER PETTI: Because that's a more
sophisticated calculation.

MR. CORSON: Yeah. To some extent we
would like to use FAST. I think, you know, for LWRs
the way we do things, for the most part we use FAST
for steady state type ©performance, and then
occasionally we'll get into wusing it for LOCA or
reactivity initiated accidents 1f we have some
questions about the detailed fuel performance. But
for the most part we can get away with using something
like TRACE, a systems code, or, you know, code like
MELCOR, to do those sort of transients.

So the answer is yes, we would like to
develop the capabilities in FAST. But I think the
more simplified approaches in the systems codes may be
sufficient.

MEMBER PETTI: T worry that, you know, the
FAST reactor transients, that's not, it's not going to

work. You're going to need FAST, I think. You going
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to have to deal with the creep, you know, the pressure
on the cladding relative to the expansion. That's why
this model is so important, you know, the fuel pushes
on the clad but it also extrudes up the clad. How
much it does of each is a knob in the code, as far as
I understand --

(Simultaneous speaking.)

MR. CORSON: Yes.

MEMBER PETTI: Except that there's this
new model which gave me hope that there's something
more phenomenological out there that could help think
about how to scale it. Because to me that's, you
know, we're not going to be able to do a transient
test of a current fuel that the applicant is
proposing, because where are you going to get the
damage on the clad? It's going to all be, you know,
lightwater reactor, you'll be lucky to get a couple
DPA, that ain't interesting.

So, you know, the modeling is critical,
it'll be critical for the applicant. And so I think
it's going to be critical for the staff to have some
confidence in those calculations, so.

MS. WEBBER: Maybe that's something, if
you don't mind, you can send to us because --

(Simultaneous speaking.)
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MEMBER PETTI: Yes, I was going to have
these things --

MS. WEBBER: -- James may have it
already, but we can just double check --

MEMBER PETTI: Yeah, I was going to send
it to Hossein to put on our SharePoint, I can tell him
to send it to you guys.

MS. WEBBER: Thank you.

MEMBER PETTI: I dug up some stuff that
may be useful.

MR. CORSON: Yeah. I mean, that'll be
helpful. I think, you know, usually if something is
in Journal of Nuclear Materials I see it and flag it,
but yeah, some things do slip my notice.

MEMBER PETTI: This one was in a weird
one, I'd never heard of that journal --

(Simultaneous speaking.)

MR. CORSON: Yeah, that seemed -- yeah.

MEMBER PETTI: It was an odd one, so.

MR. CORSON: Yeah. So that -- yeah, if
you have stuff like that, that would be really helpful
that, you know, I haven't come across myself.

So, yeah, it, you know, we started to get
into this a little bit, but we still need to do a

little bit more work 1looking at the fuel failure
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models so that we can do more transient type analysis.
We also need to add a fuel-clad chemical interaction
model. Likewise, you know, we're probably going to at
first do something pretty empirical, based on the type
of data that is shown here on the bottom-right. But,
again, vyou know, we would 1like to have more
mechanistic models, and we do look to our colleagues
at the labs to help out in that respect.

And, vyeah, like I said, at the bottom,
more mechanistic swelling and fission gas release
models. So, certainly, if you can send wus the
information you have, we'll look it over and maybe
that can inform our own models.

MEMBER MARTIN: This is Bob Martin. To
your point about more mechanistic models, a code like
BISON has been invented for that purpose. You know,
the goal should not be to make FAST-BISON, I think the
emphasis on, you know, how you use and implement
empiricism based on new data, what have you, is
extremely valuable for analysis because it's the best
knowledge, maybe, at the time.

I wouldn't want to see you lose the
ability to have those empirical models in there, at
least as an option. You know, you might want to get,

replace one with a mechanistic model at some point but
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code options, and I'm feeling my age, I think it's
nice to be able to move back and forth. And at the
same time, you don't want to, 1f you keep on going
down the path and make it look like BISON, well then,
you'll get rid of FAST and everyone will be on BISON.
So you got to keep the personality of the tools, you
know, wunique, you know, Dbecause there are unique
applications for FAST and --

(Simultaneous speaking.)

MEMBER PETTI: But for instance, you could
paramaterize this new model, right, and could fit the
whole darn thing and stick it into FAST. You know, I
mean, and you can look at what's important, what's not
important in there, it just gives you some insight as
to whether or not what you have is good enough or you
need to extend it.

MEMBER MARTIN: Yeah.

MEMBER PETTI: Yeah. No, I agree with
you, you don't want this to become BISON.

MR. CORSON: Yeah, that's exactly right.
And, in fact, you know, we're working right now on a
slightly more detailed fuel swelling model that does
have more parameters than what we have right now, and
we are adding it as an option to the more standard

model. So we're already doing exactly what you're
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suggesting.

And I agree, you know, we, from the start
we never wanted to recreate BISON because we just
don't have the resources for that for one thing. And
another, vyou know, there is a place for a more
simplified empirical analysis, we don't have the same
responsibilities, I guess I would say, as the vendors
do for their own analysis tools. So, yeah, I think as
much as possible we have tried to keep things a little
bit simpler, based in part on ACRS's feedback in past
meetings. I think that's been really helpful in
guiding our own efforts.

Okay. So, unfortunately, the assessments
that I'm showing here are pretty dated, these are
dating back to 2018. As I said, we had pretty
simplified models at the time. But even then, with
the very simplified models we do capture a lot of the
behavior that's important from the, you know,
especially the colliding strain, that's what we're
pretty concerned about when it comes to fuel failures,
and so on.

So, we're in the process right now of
updating the past assessments that we've done. We
only had, I think, four cases that we've looked at in

the past but, you know, Argonne National Lab has a
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great database of the old EBR-II data. So we'd like
to expand beyond our, you know, the four cases that
we've done, we want to redo those and then expand to
the, you know, several dozen cases that are available
to us.

So there is still some more work to be
done here. I think, you know, our assessments so far
have shown that FAST does pretty well for the steady
state analysis, but with these better models we're
hoping to reduce uncertainties in our predictions.

So, moving on to TRISO. This is something
that in 2019, when we presented our plan, we didn't
have anything yet for TRISO fuel. So, we had talked
about, vyou know, having TRISO models in FAST,
ultimately perhaps we will end up incorporating that
in the main version of the code but for now we just
have a standalone code, a simple 1D code for TRISO
fuel performance.

For those of you who are familiar with
PARFUME, what we're doing with FAST TRISO is pretty
similar to that. And we've leveraged a lot of the
work that was done for PARFUME in terms of the various
material properties and, you know, the solution for
the mechanical stresses in the layers that were done

as part of that program.
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So, the last release of FAST TRISO was
from a couple of years ago now. It was pretty simple,
we could do heat transfer and fission product
transport, some very basic stress calculations in the
layers, it didn't account for the layer swelling and
creep, that's really important. So it wasn't in that
version of the code but it did have some Monte Carlo
analysis capabilities to calculate failure
probabilities. So there is, you know, some work
that's needed to be done from the last version of the
code that was released.

Now, fortunately, quite recently, in fact,
we did implement the mechanical model wused for
pyrolytic carbon swelling and creep. And so at the
bottom, this is just showing comparisons to this IAEA
coordinated research project CRP6, it had some
simplified TRISO fuel cases and asked the participants
in the benchmark to do these simplified calculations.
So you can see below, you know, now our calculations
for layer stresses are pretty close to what BISON is
getting for these idealized cases.

So, the one outstanding development item
is to develop the stress correlations that allow you
to capture multi-dimensional effects in the simple 1D

calculation. So, this counts for things 1like the
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pyrolytic carbon layer cracking and de-bonding, and
the stresses that that would impose on the silicon
carbide, and can also account for spherical particles.
So we're -- this is ongoing right now, we're hoping to
have it done in the next couple months, to incorporate
in the, in our version of FAST TRISO.

And then, once we do that, of course, we
need to expand our assessments. We've done some very
simplified calculations of fission product releases
from AGR, I think from the AGR-2 set of tests. So, we
need to repeat them once we have the more, once we
have the improvements made to the model.

So, this last slide just sums up the work
that we've done in the last few years. So, our codes
are ready to do confirmatory analysis for metallic
fuel and uranium oxycarbide TRISO. Obviously there's
more development work that would help reduce
uncertainties, and we, of course, need to do more
assessments to gain confidence in our models, but
nevertheless we do have capabilities to do some
confirmatory analysis.

That doesn't mean that we're done, we
would like to add more mechanistic models, as I've
said. Again, it's not going to be recreating BISON,

but we could take into account more parameters,
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perhaps, that do influence the thermal mechanical
performance.

But I'd say, in closing, one of the most
important things of this activity is it has really
helped build staff expertise in this area. It's one
thing to take a model off the shelf and use it, it's
another thing to be involved in creating that model
and understanding what goes into it, and all the
limitations. So that exercise, I think, has perhaps
been even more wvaluable than the code development
efforts itself. It's really helped us understand
what's important and we'll be able to use that when
we're supporting licensing actions that NRR has to
take.

So, that's all I had for my presentation,
and I'd be happy to take any questions.

MEMBER MARTIN: One -- of course, I see
the statement about EBR-IT and AGR. Are there fuel
data sets that are out there that you should be
gathering in and incorporating into your, you know,
co-development efforts, your assessment efforts, that,
you know, Jjust haven't risen in the level of
consciousness yet and that should? I'm, you know,
looking at more -- Dave maybe has what you've been --

(Simultaneous speaking.)
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MEMBER PETTI: No, the only -- there are
some FFTF metallic fuel --

MR. CORSON: Yeah, I --

MEMBER PETTI: I'm sure it's part of that
database --

MR. CORSON: Yes, it is. I think --

MEMBER PETTI: It's dominated heavily by
EBR-II, but there was some, so there's a 1length
effect, because those are longer, so that's
beneficial.

The only thing I had a question on, you
know, what I found in the days when we were doing the
TRISO modeling, you know, these rods are different,
what are being proposed by the applicant. Their
diameters are different, thicknesses of cladding are
different, how much of an effect does that have? You
probably have the capability to take, okay, here's
EBR-II, here's FFTF, here's what the applicant's
saying, you know, what's the, translate those physical
dimensions into things that matter.

Like, what you think the clad strain is,
you know, are they pushing the envelope or is there
more margin? That stuff doesn't come through and that
would be useful to NRR, I would think. 2And I don't

think it's a difficult, those are difficult
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calculations to do, to run through those. Like, uh --

(Simultaneous speaking.)

MS. WEBBER: It's like a sensitivity
study.

MEMBER PETTI: Yeah, sensitivity studies,
basically --

MS. WEBBER: Yeah.

MEMBER PETTI: To see what's going on.

MR. CORSON: Yeah, I think that would be
really beneficial to do, I agree. You know, so far

we've focused more on our development efforts and to
a lesser extent on the assessment efforts. But going
forward, I think it would be useful to do those sorts
of sensitivity calculations, start exercising the
models a little bit more than we've done so far.

And I'd also say as far as like other
assessments, so this pretty much captures the
historical data, EBR-II and FFTF for metal fuel, AGR
for TRISO. But there are some very active programs at
DOE to generate more data.

So the advanced fuels campaign has done a
lot of work in recent years on metallic fuel. And
they continue to do tests. We participate in advanced
fuel campaign meetings at NRC, so we're aware of

what's going on.
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And for both metallic fuel and TRISO,
there was recently a proposal, a project proposal
under FIDES, the NEA joint project Framework for
Irradiation Experiments, to do some TRISO and metallic
fuel irradiations at ATR. So of course, you know, it
takes time to accumulate burnup, it's going to take
some time before we get those results.

But NRC is participating in that project,
so we will start to get more data on metallic fuel and
AGR that differs a 1little bit perhaps from the
historical irradiation database.

MEMBER MARTIN: One question for Kim. How
formal has, vyou know, your division been in the
maintenance of data sets? Is it something that, you
know, every code team kind of has in your back pocket
on a share drive somewhere? Or you know, once upon a
time there was a database of sorts, and that got kind
of loose support I think over the years, you know,
from a maintenance standpoint.

What's the status of data integrity of the
agency?

MS. WEBBER: I think it's a great
question. I do think that at this time, that for this
work, the data resides with the leads who are working

on these codes. But internal to the division itself,
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we do actually have a data management strategy that
we've just started to implement to try to collect data
sets, put them in a centralized location, and try to,
you know, maintain it to the best we can.

What we do realize is that most of the
data is not ours. It's other organization's data. So
when it comes to maintaining data, you know, there's
the, it's kind of a slippery slope on what our
responsibility is versus others' responsibilities.

So right now, you know, I would say that,
you know, to the best that we can, we have databases
of data, but that's representative of other people's
data. Like James talked DOE's data and the national
labs produce data, international data.

MEMBER MARTIN: Well, I think back in the
day with light water reactor technology, you know, you
had the data, you know, I don't know if it was
database, it kind of went away. But it was tied to a
lot of agreements, you know. And there were --

MS. WEBBER: Yes, it was.

MEMBER MARTIN: International agreements,
what have you. And expect those to expire, which
creates its own legal challenges, logistic challenges.
It sounds like we still really haven't solved the

maintenance question with data. And probably still
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having folks going to like old papers and stuff and
digitizing.

MS. WEBBER: Yeah.

MEMBER MARTIN: Seems quite arcane.

MS. WEBBER: But the one thing that I have
to say is that, and maybe others can speak to this, is
for each of the major codes, like TRACE has its own
manual that documents what data sets it's used to
maintain its, you know, status of making sure the code
runs with new features and so forth.

So that is a plan, you know, that we have
is to document that. And you can see it in Steve's,
you know, efforts, he's trying to document V&V, and
that's a way to keep track of what data is being used.

The challenge that we have is so far our
funding has been so focused on developing the data and
acquiring data through these ad hoc methods to
validate the codes themselves that we don't have
funding, you know, to be able to do the, I'll call it
fancier things that create our own database and make
that accessible.

So I don't know if others at the table
want to chime in on that, but.

MR. BAJOREK: This is Steve Bajorek.

We're nowhere near the capability that we have for the
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light water reactor where we have and maintained our
own database. The non-LWR data is more of an ad hoc
basis.

It's with the code developers right now.
We get snippets of it now and then. But we could not
go to a central repository as we could for the light
water reactor.

Argonne National Labs has been putting
together one for that does include the EBR-II data and
some other databases, that that looks like to be a
good start. And there are some international efforts
to start pulling together a non-LWR database, but
they're still in their infancy right now.

But you know, as we go on, it is going to
be important to collect that data, put it in a
location that we can use it and keep it expert-
controlled, proprietary, as it needs to be.

MEMBER MARTIN: Well, obviously it creates
a challenge, not just obviously for the agency, but
for anybody that's advancing in technology. I mean,
certainly they would have to make those agreements,
you know, to get access to the data. But the data has
to be in a convenient spot where they can make an
agreement and make a deal, bring it in, so.

MEMBER PETTI: I know there are databases
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under the Gen IV. And so you probably can get access
through DOE. So and they break up by area. There's
a whole big code area that's all about V&V. I know
fuels, there was data that was sent many, many years
ago. Labor, constitute relations, that sort of stuff.
And I think it was done on all the systems.

MR. BAJOREK: Yeah, we do try to get
involved in some of the international benchmarks, and
that's often a good way of --

MEMBER PETTI: Yes.

MR. BAJOREK: Getting the data. We're
getting involved in one from HTTF, there are some
other ones that we're involved with. But that's a
really good way of getting data without having to pay
a lot of money for it.

MEMBER PETTI: Right, yeah.

MEMBER BIER: I have a quick question for
James. This is Vicki Bier. For one or two of the
fuel types where you said you did not yet have fully
mechanistic or phenomenological models, but you were
doing Monte Carlo simulation, can you talk about what
that is actually simulating? Is it just empirical, or
how is that organized?

MR. CAMPBELL: Yes, so for TRISO fuel,

this is actually something that's done in part because
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of the nature of ceramic material behavior. So you
have to do a statistical analysis to calculate what
the fuel failure probability would be.

And so it can sample on anything from the
layer thicknesses, which that comes from
manufacturing, it's usually known what the variability
might be in the layer thicknesses, to some of the
material properties we can also sample.

Those are maybe less well-defined what the
distributions would be. But there is some information
about how sgome of the material properties wvary a
little bit.

But vyeah, that's what we're using the
Monte Carlo analysis for, to calculate the probability
of the pyrolytic carbon and silicon carbide layers in
TRISO. And this is a capability that, you know,
PARFUME has. BISON can do this as well. So it's a
pretty common way to analyze TRISO.

MEMBER BIER: Okay, thank you very much.

MR. CAMPBELL: Sure.

MEMBER MARTIN: Any last questions on this
subject before we move on to the next?

MS. WEBBER: Okay, so thank you, James.
Have a safe travels.

MR. CORSON: Thank you.
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MS. WEBBER: And next I'd 1like to
introduce Shawn Campbell. Shawn Campbell's a Reactor
Systems Engineer in Hossein's branch, again. And
Shawn, and Lucas Kyriazidis is here to support as well
as Andy Bielen. So Shawn will be the main presenter,
and then Lucas and Andy will be able to answer
questions i1f Shawn's not able to.

So take it away, Shawn.

MR. CAMPBELL: All right, we'll do a quick
mic check first. Can everybody hear me okay?

MS. WEBBER: Yep, you're great.

MR. CAMPBELL: Okay, great. And just a
quick check on the slides as well. Can you see those
all right?

MS. WEBBER: Yep.

MR. CAMPBELL: Okay, fantastic, thank you
very much.

All right, well, good morning, everyone,
and thank you for giving us this opportunity to share
with you some of the work that we've been doing on our
codes to prepares our codes for a non-light water
reactor application.

So as Kim said, my name is Shawn Campbell.
I'm joined this morning by my colleagues Lucas and

Andy. The three of us work in the Fuel and Source
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Term Code Development Branch in the Office of
Research. And our branch is primarily focused on the
SCALE, MELCOR, and FAST codes.

And you've just heard from James on the
FAST code. And today we're going to talk about, for
this next presentation, we're going to talk about the
SCALE and MELCOR codes.

Before I get started this morning, I just
wanted to take this opportunity to quickly recognize
our colleagues at Sandia National Labs and Oak Ridge
National Lab. Our partnership with our SCALE and
MELCOR code developers at these 1labs has been
instrumental in the success of this work. And so I
just want to say thank you to them and give them
recognition for the work that they've done.

And then also just to let you know, we do
have several of the code developers online with -- on
this call. If there's any specific guestions
associated with the models or anything, just so that
you know that they're available for that. And I'll go
to the next slide. Sorry.

So in our approach to Volume 3, we had a
few key objectives in mind. First, we really wanted
to better understand the severe accident behavior of

these various non-light water reactor designs.
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And with that Dbetter understanding
provides some insights to the NRC's development of
regulatory guidance. We wanted to build the knowledge
and the expertise among the NRC staff on the modeling
capabilities that we have for these non-light water
reactors.

Our next objective was to encourage dialog
among the wvarious stakeholders on our approach to
applying SCALE and MELCOR for source term analysis and
get early feedback. And we did this by hosting public
workshops for various reactor designs.

Our third objective was to ensure that our
codes are ready. That's been a big topic today
obviously. Ready to support non-light water reactor
licensing. And so for this, to do this, we have
developed modeling capabilities in SCALE and MELCOR,
and we are able to identify accident characteristics
and uncertainties that may affect the source term.

We also developed publicly available input
models for each class of non-light water reactor that
we can make available upon request.

While the Volume 3 report and overall
approach was developed in the 2019/2020 timeframe, I
just wanted to point out that we've been working on

developing our SCALE and MELCOR computer codes for
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non-light water reactor applications for quite a while
now. So for example, back in the NGNP days, you know,
2006-2013, we outfitted our codes with a lot of
capabilities for TRISO fuel and HTGRs at that time.
Next slide.

So I'm sure you're aware that I wanted to
give you a very high level understanding of the codes
that we are using here. This is a slide that we
showed at the recent RIC. It was a poster, a digital
poster that we had.

SCALE is the NRC's comprehensive
neutronics package. It's developed, like I said, by
our contractors at Oak Ridge National Lab. Some of
the key capabilities of this code are nuclear and data
cross-section processing, decay heat analysis,
criticality safety, radiation shielding, radionuclide
inventory, depletion generation, reactor core physics,
and so on.

You can see here SCALE has a very wide
user base. It's used not just by the NRC but used by
61 countries around the world, with 11,000 users
worldwide. So, very wide user base. So it's been
exercised quite a bit.

It's also a highly validated code. 1It's

been validated against numerous shielding depletion
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criticality, etc., assessments. And so it has a
strong pedigree associated with it.

MELCOR 1is the ©NRC's severe accident
progression and source term code. This one's
developed by our contractors at Sandia National Lab.

This code's able to simulate the accident
progression and thermal response of the reactor, the
model of the reactor heatup, the degradation and
relocation of the core as it degrades. Track the
release of the fission products from the fuel, their
transport through the reactor as it goes through the
vessel to the containment and then out into the
environment.

Like SCALE, MELCOR is used domestically at
universities and laboratories and so on. But it's
also distributed throughout the world. We have over
30 organizations internationally that are using the
code. And it's distributed through our cooperative
severe accident research program.

MELCOR also has an extensive validation
associated with it. It's been validated against
numerous international standard problems, benchmarks
tests, and integral experiments over the years dating
back from the 80s to, all the way to today.

So shown here was our overall project
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approach. So our approach, like I said before, was to
develop workshops for various reactor designs. So our
first step was to build representative input models.

So using what publicly available
information we could find, we had Oak Ridge National
Laboratory build detailed core input models in SCALE.
And then our counterparts at Sandia National
Laboratories built full plant input models in MELCOR.

We then proceeded to select plant
accidents that we thought would best demonstrate the
capabilities of our new models that we implemented in
these codes.

And finally, we performed a series of
simulations with scale modeling, things like decay
heat, radionuclide inventories, reactor BT, back
coefficients, and so on. And then feeding those as
inputs into MELCOR and then performing full accident
progression and source term analyses.

And then as we -- as appropriate, we did
quite a few sensitivity analyses as well for these
various designs.

So shown here 1is our overall project
scope. We had five major non-light water reactor
types that we investigated. For each of these, we

held a public workshop to describe the wunique
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features, describe the new models that we had
implemented, and provided the results for our analyses
and sensitivity analyses.

On the left here for each one, we give the
reactor type, and then on the right we show the
specific design that we used in our analysis for the
demonstration project. The reference reactor was
chosen really based upon the degree to which we could
find publicly available information.

And in those situations where we didn't
have specific information, for example, design of the
containment and leak rate and so on, we just, we used
our best judgment in creating those.

So back in 2021, we held three workshops.
The first one we did was for a heat pipe reactor. And
for this one we did the INL design, the concept
reactor.

For the high temperature gas-cooled
reactor, we used the pebble bed PBMR 400. And then
the last one we did in 2021 was a molten salt cooled
but still pebble bed geometry. For this one, we did
the UCB Mark 1.

Moving into 2022, we conducted a workshop
for a molten salt reactor. This one's a molten salt

fueled reactor. So thisg is the MSRE design. I think
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Steve talked about this design before. And then also
we did the sodium fast reactors. This one was the
ABTR.

All of these workshop materials can be
found on our public web page. We have a couple ways
to get there. You can click on this link if you have
the slides. Or scan this QR code. And this is a
snapshot of what it will take you to.

We have all the slides put up for these
workshops. We have YouTube video recordings. And
then we have SCALE and MELCOR reports, and these
reports go into extensive detail on the design, the
reactor designs, the models that we created and the
analyses that we conducted, as well as sensitivity
analyses. So those reports go into a lot more detail
than you'll even find in the workshops.

So from here, I'm going to provide a high
level overview of the content of these five workshops.
Like I said, if you want more details, I encourage you
to go to this webpage and explore some of this. And
at any time you're welcome to ask any questions about
what you find there.

So the first one I wanted to go into more
detail on is the fluoride salt high temperature

reactor, or the FHR. So this one was a 236 megawatt
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reactor. It uses Flibe for the coolant and has a
TRISO fuel pebbles and a pebble bed geometry.

The pebbles are 19.9 weight percent. It
undergoes online refueling and operates at atmospheric
pressures. I'll just point out the direct reactor
auxiliary cooling system, or DRACS, is made up of
three trains of passive heat removal systems, each
with a capacity of about 2.36 megawatts, or around 1%
of the full plant power.

Each train has four natural circulation
loops, as you can see over here. The first train goes
here. There's a ball valve that drops whenever you
have -- the differential pressure falls whenever you
have a pump. And the coolant, the primary coolant is
diverted into this first heat exchanger, which is also
a molten salt.

And then this one is the -- your first
loop goes over here into a water loop, and then
finally into an air loop or a -- which is just a
stack. All of these are buoyancy-driven flow, there's
no pumps. And so it's a completely passive decay heat
removal system.

Shown here are the three accidents that we
modeled for this workshop. We did an anticipated

transient without scram. So for this one, it was a
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loss of onsite power and then a failure to scram.

So, all of the pumps tripped, reactor
failed to scram. Secondary heat removal ends, and
then we have anywhere from zero to three trains in the
DRACS operating, so we investigated the ability of
DRACS to remove the heat.

The next accident was a station blackout,
which is kind of self-explanatory. But complete loss
of power. Salt pumps trip. And then your heat
removal ends and variable amounts of DRACS. And one
again to see how this scenario plays out.

And then our final scenario was a LOCA.
And so for this one, there is a three-inch line up
here. We don't have it pictured. But there's a drain
tank up here on this line. And so there's this three-
inch pipe that comes off into the drain tank. And so
we assume a break of that line.

So we varied the size of that break up to
the full break, full pipe of three inches. So for
this one again, we looked at variable DRACS and looked
at the response of the plant.

So shown here are some of the new features
for SCALE and MELCOR that we added to the codes to
facilitate this demonstration project. Over here in

SCALE on the left, we incorporated that new interface
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for more efficient depletion calculation for TRISO
fuel. And so this made it easier for us to perform
sensitivity analyses.

We also leveraged a workflow that we had
developed for the HTGR demonstration project for
modeling TRISO in what we call SCALE/TRITON.

On the right, we added a generic framework
for inputting working fluid equations of state. We
added fission product chemistry transport models for
molten salts. Improved on the fission product release
models for TRISO that we had originally developed for
HTGRs. And then added point kinetics enhancements for
reactivity insertion transients.

Shown here at the bottom are our cutaways
of our SCALE and MELCOR models. You can see over here
-- I'm always impressed by the scale graphics that
they're able to create. But here's the reactor core
model in scale and a slice of the -- coming from this
model. And then you can see here one of the TRISO
pebbles with the TRISO particles on the outside and
the graphite core in the middle.

On the right here you can see our MELCOR
nodalization, with the core nodalized here, and then
here's the, excuse me, the primary and secondary

pumps .
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MEMBER MARTIN: Quick qguestion on
capability.

MR. CAMPBELL: Yeah.

MEMBER MARTIN: Does MELCOR have multi-
dekinetics if you needed that for a problem like this?

MR. CAMPBELL: I'm sorry, say that again,
I couldn't hear you.

MEMBER MARTIN: Does MELCOR have 1like
multi-dekinetic capability? I think you mentioned
that it deployed kinetics as a good improvement. It
just makes me ask the question if you needed more, is
there more.

MR. CAMPBELL: It's still an ongoing. We
do have a lot of capabilities. But as of now, our
plant kinetics models are pretty basic. We have
recently added capabilities also for, vyou know,
dissolved fuel, right. So you have your delayed
neutron precursors, and be able to track all of those
as well.

MEMBER MARTIN: I was specifically asking
just about kinetics. 1Is there a 1D, 2D or whatever it
is?

MR. CAMPBELL: Right now it's all 1D.

MEMBER MARTIN: Okay. Or zero-D.

MR. CAMPBELL: Oh vyeah, zero-D, sorry,
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zero-D, yes.

MEMBER MARTIN: Okay, thanks.

MR. CAMPBELL: All right, I'll move on to
the next slide here. So on this slide, where I
provide some of the typical results that we received.
These are high level insights that we obtained in
these scenarios.

As I mentioned before, for ATWAS, the fuel
heatup was limited by reactivity feedback. So this is
primarily the fuel temperature feedback that prevented
the -- too much fuel heatup. The passive decay heat
removal system DRACS was also effective in removing
heat, as you can see here.

With even a single train of DRACS
available, we were able to remove the decay heat and
prevent fuel heatup. It's only when we have all three
trains unavailable that we see any real fuel heatup.

For SBO, we had, i1f there was complete
failure of the DRACS, then we did see the coolant
boiling occur. But it was really over the course of
several days. As you can see, this is a very slow
moving transient over here.

And then for LOCA, again, a single train
of DRACS was sufficient to prevent any fuel damage.

And only when all decay heat removal was unavailable
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did we see any coolant boiling followed by fuel
damage.

Over here in the case with no DRACS
available, we did see some release of cesium. This is
the release rates that we see back there. Cesium
release from the pebbles to the liquid molten salt
starts earlier over here because of the heat at lower
temperatures. You can see it's a very small amount
until we actually get any real fuel heatup.

All right, so back in 2021, Kairos
submitted a construction permit application for their
Hermes 35 megawatt nonpower reactor. So at that time,
we were approached by NRR to perform some scoping
calculations to explore DVA level transients. And so
by that I mean we're not really exploring core damage
or fission product release transients in the -- here.

So the MELCOR FHR reference plant model
that we had -- that I just discussed was modified to
support a quick turnaround set of calculations to
support the review of the construction permit
application for Hermes.

These analyses provided insights on the
relative importance of potential accident scenarios
and focused the license review on the most safety-

significant topics. The two base scenarios that we
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looked at here were a loss of force circulation.

So this is a concurrent trip of the
primary and intermediate coolant loops. And then we
also looked at an insertion of excess reactivity. And
this, for this one it was an accidental control rod
withdrawal. I'll Jjust point out that we have
presented this previously during the Hermes
construction permit ACRS meeting.

So on the neutronics side of things, we
used SCALE KENO for the multi-group Monte Carlo
transport and origin for the isotopics. We did use a
random pebble geometry, and we approximated that by a
regular lattice. Equilibrium isotopics were generated
iteratively through a two-dimensional slice models in
our SCALE/TRITON code.

And over here on the right you'll see that
we really got excellent agreement between our results
and Kairos', given the information that we were able
to glean from the PSAR. So we were pretty pleased
with these results.

And then on the MELCOR side of things,
like I said before, we used the UCB Mark 1 MELCOR
model as our starting point and then adapted it to be
a little more Hermes-like. We focused our efforts on

the primary system.
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And the secondary system and the decay
heat removal system here were really mostly modeled by
boundary conditions, just because of the lack of
detail we could find in the PSAR.

But the DHRS model uses a -- uses water at
a constant temperature with a boiling heat transfer
coefficient here for the evaporator tube wall. To the
right you can see the schematics that we have from the
PSAR, and we used these to develop our models.

I'll just note here the DHRS is -- well,
it's a different design, of course. It's analogous to
the DRACS system that we saw before in the UCB Mark 1.

So here I just wanted to show some of the
results from our two base calculations that we did in
doing the Hermes scoping analysis. On the left here
is the insertion of excess reactivity transient.

So for this one, there's a rod withdrawal,
it's the highest worth rod that we assume is
withdrawn. So we get about three dollars' worth of
reactivity inserted over 100 seconds.

So here the reactor trips on high power.
That's about 120% power. And that occurs at about
nine seconds. And concurrent with a PSP trip.

As you can see, the temperatures here all

remained within the safety envelope proposed by
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Hermes. And you can see up here is a snapshot from
their PSAR. And you can see we got pretty comparable
results to Kairos.

Also same thing over here on the left --
on the right, sorry. We have a -- the loss of force
circulation scenario with a concurrent trip of the
primary intermittent coolant loops. And again, all of
the temperatures remained within the safety envelope,
and our results are very similar to those that were
predicted by Kairos.

MEMBER MARTIN: A question I can't help
but ask, how do you model pebbles with MELCOR?

MR. CAMPBELL: How do we model individual
pebbles, or?

MEMBER MARTIN: Well, I mean how do you
model the core, and then you could break it down from
there.

MR. CAMPBELL: Okay, complicated question.

MEMBER MARTIN: You don't a have a
coarse/medium type solution. So you have traditional
finite wvolume type modeling, correct, and you're
using, you know, simple geometry, each structures.
But yeah, you do report out like max TRISO.

Is that -- that's the truly at the kernel

level type solution? So there's some fidelity down to
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a very local level?

MR. CAMPBELL: I think that like I said,
this is a as you know, MELCOR is a long parameter code
here, right. And so we're getting a lot of this and
we're having to kind of smooth it over these
individual volumes. Let me show up here.

So for each of these we have individual
core nodalizations, right. And so for each of these,
we're getting a lot of the power density and so on,
we're getting a lot of that information from SCALE.

So we're really reliant on SCALE to get a
lot of that information and feed that directly into
our MELCOR models in this lumped application, if that
makes sense.

MR. WAGNER: Shawn, maybe I could jump in
kind of quickly here.

MR. CAMPBELL: Yeah, sure, go ahead,
Casey.

MR. WAGNER: So we have sort of a lump
model for the bulk core behavior. We model the balls
we have you know sort of a porosity solution for the
pressure jobs that's Reynold's and porosity-based.

But for the peak fuel temperature, we used
a -- we modeled a single pebble in the hottest spot in

the core to, you know, high fidelity. And so all the

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

142

layers, the heating on the inside at the maximum
heating rate. And then we wused that as boundary
conditions for an individual TRISO that would have
been at the inside of the annular region of the fuel.

And so the TRISO codings are all modeled
individually in detail in the heat structure, with a
boundary condition from that individual pebble that's
in -- modeled with the heat structure. And so in that
way, we were trying to get a lot of detail and a good
prediction of the peak fuel temperature.

And so it is actually the kernel. We also
have the individual layer temperatures too.

MEMBER MARTIN: Okay. Now, is that -- did
that require development in, you know, whatever, the
last ten years? Or was that the capability that's
always been there with MELCOR?

MR. WAGNER: That capability's always been
there. We don't typically add in a heat structure
into the core package. And it's sort of a -- it's not
relevant from a thermal hydraulics perspective, but
it's very relevant from a monitoring peak temperature.
You know, because it's only one wall.

And so I can put one ball anywhere I want
or you know, across the core, and be able to model all

the way down to an individual TRISO in the layers.
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And so that heat structure capability has been there
since the beginning of MELCOR.

MEMBER MARTIN: Yeah, I think of course
maybe a different design or maybe this design under a
certain situation where radiation's important. How do
you capture view factors and all that? Is that
readily accessible from the user standpoint to get
that in there?

MR. WAGNER: Yeah, yeah. So from the heat
structure model it has radiation and convection
models, vyou know, for the outside surface of the
pebble. In this case it was, you know, were covered
in fluid, so that wasn't too relevant.

But I actually leveraged the heat transfer
coefficient that, you know, the basic core components
are modeling to patch that in as boundary conditions
for the pebble, with passes boundary conditions for an
individual TRISO.

MEMBER MARTIN: But from a standpoint of
radiation, is there, I mean, is there a modeling that
saves the user from having to figure out all the view
factors?

MR. WAGNER: Nope, we have to put in view
factors and consideration of the radiation. But

there's a couple different types of models there. We
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can do -- I mean a radiosity model, which you know, if
we had some information on that.

So yes, we approximate that.

MR. ESMAILI: Can I jump in? Sorry. If
your question is about how we do model the pebbles
versus the cylindrical fuel rods, the capability has
always been there. It's fundamentally no different in
how we are doing that, you know, straight fuel rods.
The radiation is there, conduction is there.

Then you got to these pebbles, you know,
it's like Casey and Shawn were saying, that then we
have to model it a little differently. You know, like
we use like for example Ergun equation to calculate
the you know, pressure dropped points through this.

Fundamentally it's very, very similar to
what we are doing. We didn't fundamentally change how
we are doing things in the core package.

As a matter of fact, many years ago James
Corson used the existing capability of MELCOR to do a
HTGR and now he, you know, during the NGNP times and
we built on that. So think that capabilities were
there if that's what --

MEMBER MARTIN: Yeah, I was really just,
you know, wondering. I just think with pebbles it's

a lot harder to get that right, radiation right. I
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mean, when you're dealing in prismatic, you know,
geometries are still pretty simple.

And it'd be nice, I guess, if there was a,
you know, some convenience incorporated into the
modeling capability to make sure that's done right.
You know, making certain assumptions about the
arrangements of the pebbles and you know, the packing,
what have you.

But it can certainly be done outside of
the code and incorporated in the input that you
described. 1It's just work, that's all.

MR. BAJOREK: I think for this situation,
radiation probably should not play a --

MEMBER MARTIN: Right, that's why I
mentioned a different, yeah, a different design might
have that.

MR. BAJOREK: But when you have a pebble
bed, vyou're getting a sort of a conjugate heat
transfer. Could be by radiation gas-cooled react by
convection, also conduction through the pebbles.

So what you should be using is 1like I
think it's a Zener/Schrédinger type of model that
accounts for all of that stuff as Jose pointed out,
like a KTA or Ergun equation to get the pressure drops

correct.
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MR. ESMAILI: Those models are already in
the core. We did that 12, 13 years ago as well.

MEMBER MARTIN: Thanks.

MR. BEENY: Hi, this is Brad Beeny from
Sandia Labs. Yeah, I Jjust I wanted to remind
everybody yeah, we -- I think somebody just said it.
But we do use the Zener/Schrddinger/Bauer with the
Breitbag Barthes radiation term to account for the
effective conductivity when computing heat transfer
from within the core.

So if that's what the question is, how do
we account for heat transfer within the core, that's
what MELCOR is leaning on primarily with its core
components, is this effective conductivity model that
accounts for, as it was said, radiation, convection,
conduction. This -- that unit cell concept that's --
yeah, that's in the code.

And then likewise, the Tanaka Josaka model
for the prismatic version, if there were any questions
about the other kind of HTGR.

MEMBER MARTIN: Yeah, thanks for the
clarification.

MR. CAMPBELL: Thanks a lot, Sandia, I
appreciate you guys Jjumping in there for that

question. Is it okay to move on to the next one?
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MEMBER ROBERTS: I have a question on the
bottom left. It says that its first three odds in
reactivity in 100 seconds, but it trips at nine
seconds?

MR. CAMPBELL: Correct.

MEMBER ROBERTS: So it's a total

reactivity insertion 9/100th for three dollars?

MR. CAMPBELL: The total was three
dollars. It was done in a 1linear rate over 100
seconds. We reached the trip at 100 seconds. Or

sorry, we reached that trip at nine seconds.

MEMBER ROBERTS: Right, so most of
reactivity insertion occurred after the scram?

MR. CAMPBELL: Yes.

MEMBER ROBERTS: Okay. Did you look at a
case with no scram? Where the three dollars actually
got inserted?

MR. CAMPBELL: I'm trying to remember. I
think that was one of the sensitivities that we did
look at. I don't -- no, actually, I don't think we
did. I don't think we did.

MEMBER ROBERTS: Okay, so next question is
why? As is because it was not a design basis --

MR. CAMPBELL: Correct, yeah.

MEMBER ROBERTS: And you were limited to
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design-basis events in this comparison?

MR. CAMPBELL: That's right.

MEMBER ROBERTS: Okay, thank you.

MR. CAMPBELL: Yeah. Yeah, we ran several
sensitivities calculations. That's why I hesitated in
responding. But no, because we were trying to stay
within the confines of design-basis, we stuck with
this, so.

All right. So moving on, in September of
last year, the NRC staff accepted the Hermes 2 CP
application. So we are currently, this is ongoing,
we're currently supporting NRR's review of the
application for Hermes 2 by modifying the Hermes 1
model.

So again, we're performing DVA level
scoping calculations here. So I won't go into too
many details here just because this work is ongoing.

MEMBER PETTI: So Shawn, just as you do
that, think about whether there's a different event
because the loop. You know, it's not just repeat all
the ones from Hermes 1 again. But does the presence
of that secondary system cause a new event to occur
that you could potentially analyze.

MR. CAMPBELL: Right, right. Absolutely.

And then that's feedback for NRR as well during this
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review.

MEMBER PETTI: Yeah, that's the question
I'm going to ask.

MR. CAMPBELL: Sure. And this is where we
are building out some additional capability or
additional detail on the secondary side for in this
Hermes 2. So now that we have some more -- with the
-- we're able to peek under the table a bit more for
the Hermes 2 and get proprietary information. We have
been building out this secondary side.

MR. BIELEN: This is Andy Bielen. I just
want to like temper expectations, though, because
given we were able to incorporate some more 1like
detailed information from Kairos.

However, as you guys saw with Hermes 1,
much of the detailed design work has been, you know,
pushed off to the operating license stage. And we're
finding that, you know, it's fairly similar approach
for Hermes 2.

So we have some more information. It's
not a revelation, you know, in the additional modeling
detail this will have available.

MEMBER PETTI: So you have some physical
properties for the secondary salt?

MR. BIELEN: No comment.
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MR. CAMPBELL: Great, well, in the time
that we have remaining, which is not a lot, but I did
want to share with you at a high level some of the --
some details on the remaining four demonstration
workshops that we did. So I'll try to go kind of
quickly through these slides, but more information can

be found on the website, like I said before on slide

7.

So just as we did for going from UCB Mark
1 to Hermes, we've -- we're trying to create these
models so that we're -- we can readily adapt these

reactor models to future applications for new reactor
technologies.

So the next workshop I wanted to talk
about was our high temperature gas-cooled reactor.
The representative plant that we looked at was the
PBMR-400.

So this was a 400 megawatt thermal design
with a graphite moderated heated and cooled TRISO
fuel. The model is based upon the OECD NEA neutronics
benchmark project.

So because some of the new key modeling
for SCALE was a new interface for rapid depletion of
TRISO fuel for more efficient computational costs.

This is the same approach that we -- I talked about
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back for UCB March 1.

For MELCOR, we have improved models for
TRISO fuel thermal response, radionuclide diffusion,
failure models, and -- and it's important to note that
a lot of this is leveraged from the effort that we did
back in the NGNP days.

MEMBER PETTI: Yeah, just Shawn, I can't
let this -- those source terms are ridiculously high.
There will be no gas reactor vendor ever come in and
say that there's an accident that releases a tenth of
a percent of cesium out of the core. TIt's off by at
least a factor of 50.

I don't think it's your diffusion models.
I'm assuming it's the failure rate that you assumed.
This is -- predates probably the EPRI topical report
that has the data that shows under these temperatures
what sort of failure rates you can expect.

So just I want to be on the record that
those numbers -- actually, I remember reading the
report and looking at that and saying there's
something that doesn't make sense, so.

MR. CAMPBELL: Sure, and I think we'wve
tried to say it before, you know, we're not trying to
necessarily say these are the exact accidents that are

going to occur. These are not the consequences
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associated with these designs or anything like that.
We're not trying to make those types of assertions.
We're trying to demonstrate our co-capability.

And so but take all of these values with
a grain of salt I guess is what I'm trying to say.

So some of our insights that we gained
from this. We looked at -- we found that graphite
oxidation from air ingress didn't have a -- didn't
generate enough heat to really impact the fuel in this
case.

We also found that decay heat dissipated
pretty readily into the reactor cavity. And it was
enough to limit fission product release from fuel
failure.

If you look on the right here, we did some
sensitivity cases to determine what parameters had the
greatest impact on fuel temperature. And you'll see
that the low graphite conductivity had the largest
impact on peak TRISO fuel temperature for this
scenario.

MEMBER PETTI: Shawn, can you guys handle
steam ingress in MELCOR yet?

MR. CAMPBELL: Yes, when we did. We did
do air ingress in this case. It depends on what

you're talking about. If you're talking about in a
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gas reactor, yes, we have that capability.

MEMBER PETTI: So a steam generator tube
leak, right.

MR. CAMPBELL: We could model that, yes.

Moving on to -- oh, I'm up two slides, I'm
sorry. So next is the heat pipe reactor. This was
the INL design A. It's a 5 megawatt thermal reactor.
It has only a five-year operating lifetime. Over 1100
heat pipes cooled are fueled with a metallic uranium
at 19.75 weight percent.

What's unique about this design is it has
these control drums on the outside that rotate around
the periphery of the core to change the neutron flux.
Some of the new modeling capabilities that we
incorporated for SCALE, a new multi-group fast
spectrum library was included. And also new 3D
visualization improvements.

For MELCOR, we added new thermal physical
properties for sodium and potassium. We added heat
pipe reactor specific models such as -- well, adding
the working fluid heat pipe connection to the
secondary heat exchanger, heat pipe failure models,
and so on.

The transients that we looked at here for

the heat pipe reactor included a transient over power,
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loss of heat sink, and unanticipated transient without
scram. If you look at the workshop, it's only the
transient over power that we included in the workshop,
and the other two are described in the reports.

So like I said, the figures on the right
here then are the transient over power scenarios. And
some of our key observations here that were -- that
after scram, heat dissipation in this reactor cavity
really ended the releases from the fuel.

Heat pipe pressurization on failure really
drove the release from the reactor vessel into the
reactor cavity or the reactor building. And the
reactor building bypass actually required two failures
of a heat pipe.

So you needed one failure in the condenser
region and another in the evaporator region to get a
release of any fission products.

MEMBER PETTI: Did you model, I don't
remember in this design, the liquid metal in the heat
pipe running?

MR. CAMPBELL: Yes, vyes.

MEMBER PETTI: Interesting, okay. And did
you turn it into an aerosol for the fission product
Stuff?

MR. CAMPBELL: That I can't recall.
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Casey, do you recall? I don't believe we looked at
that.

MR. WAGNER: Yeah, Dave, at the time we
didn't have the sodium fire models kind of connected

to it. And that came up as there's quite a bit. And

MEMBER PETTI: Oh yeah.

MR. WAGNER: And so that's something that
now we would be able to do. And as a matter of fact,
when we were kind of doing some vape ETR work, we kind
of coupled in sodium fires in -- I think maybe Lucas
might have slides on that.

I don't think we have anything right now
for potassium burning, which is, you know, probably a
hole that needs to be filled.

MEMBER PETTI: Thanks.

MR. WAGNER: Absolutely.

MEMBER ROBERTS: Comparing this to Steve
Bajorek's presentation, he had two heat pipe designs
he's evaluating, this one and the one he eventually
like -- are you -- are you missing something? Or I
guess the question for Steve, did you learn something
from the second heat pipe design that would, you know,
point to a gap here?

MR. CAMPBELL: On our end or on Steve's
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end? I didn't -- if the question is directed towards
us, we haven't looked at the eVinci design vyet.
That's something we still plan to do. The
complication with that is having it in a horizontal
geometry, right.

And so that's something that we're -- it's
kind of the next phase. It's something that we want
to be doing in the next year or two as to generalize
this and allow for a horizontal heat pipe reactor.

But Steve, if you wanted to --

MR. BIELEN: This Andy Bielen, let me just
say one thing real quick. One -- yeah, so I think,
yeah, Volume 1 and Volume 3, our relationship and our
collaboration has continued to kind of grow over the
last five, six years, which has been really great.

I think one of the things that we learned
from Volume 1, vyou know, they went and they were
trying to build an eVinci-like model based on publicly
available information. And frankly, as Steve alluded
to, there's a reason that Westinghouse is planning on
specific proprietary design features to make this
thing work.

So you know, we're sitting here in Volume
3 saying okay, well, we have this gap we want to fill.

You know, how are we going to do that. We looked over
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at the issues that, you know, Volume 1's having. You
know, I was involved in that side as well.

And sort of like you know what, let's just
put this on the back burner for now. Submittal
schedule's a few years down the road, we want to be
ready for it. But we also don't want to do a bunch of
demo work that like we know isn't that applicable or

there'd be big gaps that we would need to f£ill in

anyway .

So I think that was -- that kind of helped
us. That interaction and that collaboration helped
us, you know, drive prioritization, I think. And

Steve, you know.

MR. BAJOREK: Yeah, a couple, there's a
few differences that you need to look at. When we did
the special purpose reactor A, we didn't do it exactly
the way they did it at the design in INL.

Because we wanted to change our set of

oxide fuel, we wanted to go to a metallic fuel and a

fast reactor. Because that was going to look much
more like one of our -- one of potential applicants
was going to be. So that exercised in a different
way .

Now as you go to an eVinci-like, well, you

have two things. You got a vertical orientation
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versus a horizontal orientation.

But also the way the fuel and the heat
pipes interact in a -- in the metallic arrangement,
the metallic fuel arrangement, the fuel could grow
thermally away from the heat pipe. That creates
another thermal resistance that you'd need to really
account for and could be significant.

In the evVinci design, you're looking at
rods and heat pipes in a graphite monolith. In that
case, as that fuels heats up, expands into the model

monolith, okay, actually improving some of your heat

transfer. Course vyou're, you know, you have the
horizontal behavior of the heat ©pipe, which
orientation doesn't really -- orientation really

doesn't matter a whole lot for the heat pipe.

Except one thing we did learn that in the
vertical orientation, it's cooled off. You may put
all of your sodium down below the evaporator. You're
going to have a hard time -- you're going to have a
hard time melting that when you want to heat up again.
So there's -- each one has their own nuances to pay
attention to.

MEMBER ROBERTS: Thank vyou, that makes
sense.

MR. CAMPBELL: All right, if there's no
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other questions, I'll move to the MSR. So for this
one, we did the MSRE. It's a 10 megawatt thermal
reactor, graphite moderated at near atmospheric
temperature or pressures. Here the reactor is fueled
with the dissolved fuel in the molten salt.

So 34-1/2 weight percent U-235. It has a
really rapid transit time within the core. The 25
seconds roughly.

Some of the new modeling capabilities
here. For SCALE, obviously modifications for handling
liquid fuel. So for the nuclide inventory, we
incorporated a time-dependent nuclide inventory to
accommodate noble gas removal through the off-gas
system, through the TRITON MSR addition, so it's a new
module added. So we're able to model the time-
dependent removal of nuclides from one mixture into
another.

In MELCOR, we added thermal hydraulic
equations of state for Flibe. We added a new model
called the generalized radionuclide transport and
retention model framework. And then molten salt
chemistry and physics pertaining to radionuclide
transport. And then we enhanced our fluid fuel point
kinetics capabilities.

Accidents that we looked at for this one.
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We looked at salt spills. We did it both in dry and
wet conditions. In the wet case here, we assume a
coincident water leak. So you get interaction of the
molten salt with water on the floor.

However, in this design, there's a gas
retention and then a condensing tank, which captured
most of the radionuclides that are released from the
spilled salt in those cases.

So some of our key insights here. You
know, if you have your filter going, a filter fan
going in the ops buildings, if it's operational, it's
going to filter most of the airborne aerosols and you
don't get a large release. But it has the other
effect of also blowing xenon out into the environment.

And so you increase the release of the
noble gasses, but vyou do decrease vyour aerosol
release.

We had very few aerosol releases to the
environment because of -- in all scenarios due to
settling in the reactor cell, capturing the filter, or
the salt spill case, capturing that condensing tank.

And then aerosol mass 1in the reactor
building spanned many orders of magnitude depending
upon your various scenario assumptions, so.

All right, and our final design. So we
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have the sodium fast reactor. So for this one we did
the ABTR. It's a 250 watt, megawatt thermal pool-type

reactor using metallic wuranium fuel with HT-9

cladding.

The reactor's fueled with those uranium,
plutonium, and zirconium fuel slugs. Liquid sodium
coolant, two pumps that circulate the sodium. And

then it has four trains of DRACS.

New modeling capabilities for SCALE.
Generating noble data for cartesian and hexagonal
lattices and cells. New capabilities were added for
that.

And then for MELCOR, we added material
properties for sodium, metallic fuel, damage
progression capabilities, and radionuclide release
models. And as Casey mentioned just a minute ago,
we've improved our sodium fire models.

The accidents that we looked at here were
an unprotected transient overpower, an unprotected
loss of flow, and then a single blocked assembly.

So for the UTOP, you have the highest
worth rod withdrawals. Control rods fail to insert in
the -- the -- and we did multiple sensitivities with
varying reactivity insertions and saw -- looked at the

fuel reactivity feedbacks.
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Over here, this is the blocked fuel
assembly scenario over here. And what we found that
in a single blocked assembly, you got pretty rapid
fuel melt, as you can see.

Here you can see the intact fuel. This is
a single fuel rod going from intact fuel, heating up
because of the drain of the sodium, going to solid
debris, and then eventually molten in about 15
seconds.

So reality of this scenario is another
topic. But in the case of a blocked assembly, we did
see rapid fuel melt. And then here's the releases
that we saw in that case.

So here I just wanted to talk a little bit
about the V&V basis for MELCOR. Like I said before,
we have a long history of code assessment dating back
to the 80s and 90s. We're leveraging this assessment
basis. We're moving forward from LWRs to non-LWRs.

So this figure on the right is trying to
convey that a lot of the base physics that you can
find in the modeling and simulation of LWRs is still
present when we move into non-LWR modeling.

So for example, fission product aerosol
release and transport is in most cases pretty equally

applicable in both situations. And we have a really
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strong assessment base that we get to start from.

So from there, we have already conducted
several code model assessments for a range of
experiments that I have listed here at the bottom.
But then also I show some of the assessments and
benchmarks that we plan to do in the next year or two.

Also I show here some of the results of
some of our assessments, including the IAEA CRP
benchmark, HTTU and ATCOVE.

So for SCALE also, these are diagrams here
for some of the assessments that are being done for
SCALE at this time. SCALE's validation is broken up
into four volumes.

So these are four volumes of wvalidation
documents that Oak Ridge is putting together for --
they have it broken up into four categories: spent
nuclear fuel, reactor physics, shielding, and crit
safety.

Here's three of the assessments that are
currently being incorporated into the reactor physics
validation case. I'll just point out that these are
still being drafted. And this is kind of the next
phase of our efforts in Volume 3, is performing these
additional assessments.

But what I want to point is that we have
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done some and more are still coming.

MR. BIELEN: This is Andy Bielen. And
just to further flush out, maybe get back to your
point. Like, underneath the hood of these assessments
is a database of data and models that are within a
repo system.

We have access controls, quality control,
all that sort of thing. So, like, we're making a big
effort here to embrace modernity in our code
development and make sure that we're able to really
control both the things that we're doing and then the
basis that kind of underpins that. And other thing
I'll -- one other remark I'll make here is that we
have some data that's available.

A lot of the assessment we've done thus
far are taken from, like, the international reactor
physics book and some other sources of data. Some of
these concepts, either the data is legacy and it's not
of great quality like MSRE. I don't think some of the
data there was ©particularly -- given today's
standards, things were a lot different back then.

Some of it was lost in the sands of time.
So we are going to rely a lot on as reactors come
online, as prototypes are built, we need -- I think

one of the things that we pushed on, especially with
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our NRR colleagues and the vendors is we need support
to help us, like, wvalidate our codes with the same
facilities that the vendors are using and building.
So we haven't seen any big issues with that thus far.

MR. CAMPBELL: With that, I'll move into
my summary slide. So what have we accomplished and
where are we going? I hope you've seen that we've
developed significant modeling capabilities for our
SCALE MELCOR code over the last few years to address
modeling gaps for the five primary advanced reactor
types.

We've addressed modeling gaps through
source code changes, model development, and even new
work flows in our SCALE MELCOR codes. A great example
of our code capabilities and readiness to support
licensing was presented with the Hermes construction
permit. In a very short time line, we were able to
use our UCV Mark 1 model and apply it to the Hermes
design to help focus NRR's review on safety
significant aspects of the design.

Going forward, there's a 1lot of co-
capabilities enhancements that we're still working on
to improve our capabilities. Some of those are listed
here. And then as has been mentioned many times as

far as data needs, this is really the next phase of
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our efforts.

So we're always in need of more data, more
assessment cases, more benchmarks that we can perform
to make our codes more robust and ready. For scale,
we could really use additional criticality and
depletion benchmarks that are more representative of
the fuel designs and conditions that we're going to
see. And then for MELCOR, we need additional
validation data on things 1like the diffusivity of
fission products and varies fuels, heat and mass
transfer characteristics in the diverse working fluids
and so on.

But all in all, we do feel that SCALE
MELCOR have been shown to be ready to support NRC's
licensing reviews of non-light water reactors. So
with that, that concludes my presentation. But I'm
happy to take any further questions.

MEMBER MARTIN: I just one observation and
of course, every slide is titled severe accident
analysis. And you described your methodology through
the referenced plans beginning with design basis
events and then gingerly going into the domain of
severe accidents. Is there a plan to kind of just
dive in a little bit more and push these codes to

truly the challenging what we consider severe accident
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limits, like I say, a next phase application of these
models?

MR. CAMPBELL: We have done severe
accidents in a lot of these cases, right? So if I
show in all of these situations --

MEMBER MARTIN: Sure, like, the ABT --
like that one. That's where I said you start off in
a DBA space and then you kind of do your sensitivities
into it as opposed to designing events Dbased on
assessment of hazards.

MR. CAMPBELL: This is kind of hard
because we don't want to get ahead of assuming what
those cases are going to be, right? But we have
explored a lot of these severe accident simulations.
We have pushed the bounds in all of these workshops if
you go and look.

We pushed the bounds into severe accidents
in each one of these cases to, in many case, force a
severe accident condition with fuel damage and
release. And so in all of these cases, we haven't
stayed Jjust in DBA space. We have pushed the
boundaries in all of these.

MEMBER MARTIN: Okay. But to the latter
part of my question, is there any plan again to

revisit more events? The models are there now. It
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should be easier. Is there any interest in the agency
level to continue further in this area? Or are we
considered done?

MR. CAMPBELL: I wouldn't say done. I'd
say prioritization. We're really 1looking towards
where's the priority of our efforts, right? Is it to
go out and explore additional fuel melt accidents and
break additional pipes.

Or is our focus instead to work on making
what we have more robust and then seeing what industry
is going to come in with? And they can best -- for
example, let's say TerraPower comes in and has some
novel accident. Then we can adjust accordingly versus
being ready for every possible severe accident that
could come about, if that makes sense.

MR. ESMAILI: Can I just jump in? I'm
just going to make -- thanks, Shawn. So I think as
Shawn said, at this point, we did the five workshops.
And I just want to mention I think Dr. Petti said that
the sources should be 50 times low.

So our emphasis 1is not 1looking at the
numerical values. We were just trying to exercise the
code because we have to break it to the point of
getting something out. We have no -- so please do not

look at those numerical wvalues at all.
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We just wanted to see what the sensitivity
are. If I change this, how does this source term
behave compared to this? So that's one point.

At this point, I think -- and this is my
personal opinion is that to the extent possible, we
have shown that what we have as we have done in the
past in 12, 13 years ago when we were doing NGNP. We
have the capabilities, right, to do model a lot of
these accident sequences. And we do not have to do
additional accident sequences with this model.

As Shawn said, we are convinced that we
are ready to do this, these basic things. We need a
little bit more validation on the modeling itself.
And as we know a little bit more about the actual
design, then we can go ahead and do this.

And again, as Kim said at the beginning,
there's validation and verification. There is some we
have a lot. Some places, we don't. So we just have
to rely on a lot of uncertainty analysis, a lot of
sensitivity analysis.

And if you look at the public workshops
that we put in there, if you look at some of the
cases, we looked at the sensitivity. Do I need to
worry about the diffusivity of fission products? Or

should I worry more about the particle failure?

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

170

So I need to worry about how -- what is
the building? What's the issue with the building?
Those are more -- has more to do with the source term
than other things. So this is helping us to identify
what 1s important, what parameters are important or
not.

MR. BAJOREK: This is Steve. I just want
to kind of add to that a little bit. I got to say
that there are a few things that we should be looking
at in terms of other accident scenarios.

And one I think we've talked about
earlier, a steam generator tube rupture in a gas
cooled reactor, one of the international benchmarks,
they've identified that is the worst case. I forget
exactly which one it 1s because of all the extra
hydrogen you through into the system suddenly. It
wasn't a scenario that we kind of considered early on
because back in the NGNP days, I think the idea was
not to have any water in the entire building.

Well, now we've got at least one applicant
out there that's putting a Rankine cycle on there. So
that's one that's new and different. And both Volumes
1 and Volume 3 need to start taking a look at that
one.

If we're in a truly risk informed world,
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smaller leaks into the systems are something that we
need to look at. We're used to looking at pipe
breaks. And that's again a light water reactor legacy
thought process.

But what about a small vessel breach in a
molten salt reactor that is highly -- molten salt,
it's highly corrosive, something like that? We should
look at those now before we get the question in the
middle of the review. So there are a number of things
that we were planning on looking at in Volume 1.

CHAIR KIRCHNER: I think we need to stop
here. We have more time scheduled for this afternoon.
We've gone 20 minutes after the hour. How are we --
just calibrate, Kim. How are we in terms of your
overall presentation plan? All we halfway, or --

MS. WEBBER: Yeah, yeah, we are. So in
the schedule that we sent some time ago, in the
afternoon, we have presentations on consequence
analysis which is half and hour and then the licensing
and siting dose assessment codes which is a little
less than an hour. And then we also have a
presentation on our fuel cycle analysis code. So I
think we're about 15 minutes behind our initial
schedule. So hopefully during the afternoon, we can

make up a little bit of time.
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CHAIR KIRCHNER: Okay. Well, we'll have

a hard stop later this afternoon at approximately

3:15.

MS. WEBBER: 3:15? Okay.

CHAIR KIRCHNER: Let's reconvene at --
let's see. Can we take a whole hour here? Yeah,

let's reconvene at ten minutes after 1:00.
(Whereupon, the above-entitled matter went
off the record at 12:24 p.m. and resumed at 1:10 p.m.)
CHAIR KIRCHNER: Okay. We're back in
session. I'll turn back to Bob Martin.
MEMBER MARTIN: Okay. And I'll probably

just turn it back to Kim to introduce the second part

MS. WEBBER: Yeah.

MEMBER MARTIN: -- of Volume 3 --

MS. WEBBER: Yeah.

MEMBER MARTIN: -- of consequence
analysis.

MS. WEBBER: Okay. Today Luis Betancourt
is here to represent our successes in the MACCS and
consequence analysis area with one of his senior staff
members, Keith Compton. They're both in the accident
analysis branch. And so let me turn it over to Luis

and then Keith.
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MR. BETANCOURT: Yeah, okay. Well, good
afternoon. Thank you for allowing us to speak today
after lunch. So I hope you guys are happy. So feel
free to ask us any questions along the way.

So as Kim mentioned, my name is Luis
Betancourt. I'm the branch chief of the accident
analysis branch with Pyrra M. Tudesky come to now I'm
a senior reactor scientist. And we wanted to discuss
today is regarding what is a success story that we
have been at this time, readiness activities for the
MACCS consequence analysis computer code.

You're going to be hearing the
presentation today is basically kind of the key
answers that we are going to be as ready as we can be
at this time. And one of the things that we're going
to be focusing more in the next couple of years is to
work the SSIs so they can code. You guys heard a lot
of the messaging today about readiness, that we need
to be able to build expertise in house.

So you're going to be hearing some of that
in the presentation. So I'll turn it over to Kim to
discuss the slides. 1I'll turn it to Slide No. 2.

MR. COMPTON: Can you hear me? And
everyone -- okay, i1t sounds like I'm coming in the

microphone. So good afternoon. I'm Keith Compton as
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we said.

So the first thing that I want to start
off, I'm going to start off with what I think of is as
our key messages. And then the first key message is
that we Dbasically expected to wrap up most and
possibly all of the tasks that we identified in the
code development plan by the end of this fiscal year.
And I'll get into what that means.

It doesn't mean that we're going to stop
working at the end of this year. 1I'll talk a little
bit about that. The approach that we've been taking
throughout this process is that we were looking to see
whether there was an identifiable code improvement, a
MACCS code improvement that could address the topic
that we were looking at that was consistent with state
of practice.

And the concept of state of state of
practice is something that I'll kind of go through a
lot. We're not trying to go beyond state of practice.
And in some cases, we adopted algorithms from state
other state of practice codes. And other cases, we
recognize that there was nothing that would represent
a substantial improvement over what MACCS already
does.

So that's kind of a philosophical approach
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to how we address our code development. We also
concluded that the motivation for some of the tasks
that are in the code development plan were predicated
on a hypothetical but an unspecified difference in the
physical and chemical forms of release radioactivity
relative to -- for advanced reactors relative to
existing light water reactors. And that's something
that I'1ll pick up again later that's important because
we are finding that there are a number of codes that
address unique physical and chemical forms.

They're typically highly specific to
specific physical and chemical forms. Some examples
would be tritium is unique. They are dedicated for
the codes.

Another example that you're probably all
familiar with is UF6. There are dedicated codes that
handle UF6. What we're not finding is that there's
kind of general purpose codes that handle anything
that you might through at it.

And that affects part of our planning. So
basically, yeah, we can't -- we're not going to try to
keep the plant open to handle every possible form that
may be encountered. Next slide, please. So on this
slide, I'm going to -- I'm just going to briefly talk

about the status of individual tasks.
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And I would note that we have supplemental
slides that give more details for each of these
topical areas. So for near fuel modeling, we
benchmark the MACCS against several state of practice
dispersion codes such as AERMOD and QUICK and ARCON96
to look at the performance in the near field. And the
bottom line is that we identified some algorithms that
we could incorporate into MACCS and we incorporated
them in MACCS. I'm not going to talk about any of
these details unless someone wants to pull off --
wants to go into any one of these areas. So for the
next task --

CHAIR KIRCHNER: Keith, not to slow you
down. You're on a roll.

MS. WEBBER: That's because I told him to
go fast --

(Simultaneous speaking.)

MS. WEBBER: -- to meet your schedule.

CHAIR KIRCHNER: -- all of a sudden
becomes a lot more important as we see applicants
trying to bring in their exclusionary boundaries,
bring in their LPZ, et cetera, et cetera, or bring in
the EPZ planning zone and so on. So could you just
spend a little more time? So is it ARCON92 or

whatever -- 96, is that your work horse for adjusting
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the near field?

MR. COMPTON: Sure. Let me get into it.
So the issue with near field is that the MACCS as
traditionally wused was kind of configured and
typically parameterized to handle offsite distances of
more than about 500 meters. The significance of that
is typically by and large beyond the wake effect of
buildings.

And there was actually just a typical
parameter that was used or it was an approximation
that was only valid at out to the 500 meters. So what
it is we looked into how could we have MACCS -- what
are ways to use MACCS closer in? And we identified.
You can actually -- you could've used the existing
MACCS in a very conservative way just by assuming your
source is a point source.

(Simultaneous speaking.)

CHAIR KIRCHNER: Excuse me. But do we
have people with open mics out there on Teams? Please
mute yourself.

MR. COMPTON: All right. I was going to
see whether I can keep the pace going. So right. So
we looked at the algorithms for have a typical state
of practice codes to do the near field dispersion, the

dispersion kind of in the hundreds of meters range.
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The short answer is that we found an algorithm that
was used to develop ARCON96, the Ramsdell-Fosmire
model.

It was based on fuel students that were
done in the vicinity of nuclear power plants. I think
the fuel students were in the '70s and early '80s.
And that algorithm for accounting for the enhances
dispersion from wakes was actually more important.

The enhanced dispersion due to low wind
speed through the air and -- that's a general
applicability. So we were able to look at the
technical basis of the equations, incorporate those
into MACCS. We then compare that to see, does it give
comparable answers to ARCON96?

And then we also compared to AERMOD, EPA
Workhorse code. Then we determine that we believe
that it's a suitable way to have dispersion estimates
at close ranges that are appropriate but not overly
conservative in a the way that's simply using a point
source model with no enhancement for dispersion, no
enhancement for meander. That would be conservative
and that could work, but it could Dbe overly
conservative. Does that help? Okay.

So for the next task, the radionuclide

screening, we reexamined the technical basis for the
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original list of 60 radionuclides that are generally
considered for light water reactors. And this is one
of the first examples of where one of the real
benefits of this work is that it forced us to go back
and make sure that we understood not just what we
could do for non-light water reactors but why are we
doing what we currently do for light water reactors.
So we did that.

We reexamined it and we essentially came
up with a quantitative methodology for selecting

radionuclides, screening radionuclides that use the

same considerations that we use back in -- well, since
WASH-1400 actually. So the Thalf life, the
radiological hazard, the abundance in the core. So

that task, we kind of considered we're done in the
sense that we've identified how to do.

Of course, you're never done until you
know the inventory. And that could always change. So
this is an example of where we're done but there will
always be more work to do.

We figure out how one could do it then.
So the subsequent task, we examine whether there were
state of practice methods to address the effect of
variability and physical and chemical forms on

dosimetry and atmospheric dispersion -- and I'm sorry,
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atmospheric dispersion and deposition. And we
concluded that MACCS capabilities were broadly
consistent with state of practice.

Again, this involved going back to
understanding why did we pick the chemical forms, for
example, for dosimetry, federal guidance report 13
which is one of the standard references for dosimetry
for radionuclides -- for environmental exposure to
radionuclides. There are multiple chemical forms that
you can assume for radionuclides. But it's somewhat
constrained.

You're limited to what the dosimetrist
have assessed. So we went back and we looked at how
did we pick what we originally picked. So we realized
that MACCS is basically a state of practice.

It has the ability to -- you can change
the dose coefficient file, for example. You don't
need to do a code change. But you need some more --
you need to be more conscious about not just using
defaults without thinking about  whether it's
appropriate for your application.

But again, we don't think that's a code
development issue. We think it's an understanding
your own source term issue. So for examining the

consequences of tritium releases, we benchmarked MACCS
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against two state of practice codes.

And we determined -- and the state of
practice codes were UFOTRI and ETMOD which is a
Canadian code for tritium releases. And this is
consistent with observations that the DOE has made.
Tritium is an issue for DOE facilities that MACCS can
be used for evaluating inhalation doses from airborne
tritium.

Basically, it can be somewhat conservative
or it can be fairly accurate. We did conclude that
MACCS is not suitable for estimating ingestion doses
from Tritium. That's a different pathway.

But a solution to that, the question --
and this is the debate or the discussion we're having.
Do you then upgrade the MACCS code to put in that
special purpose capability? Or do you simply -- and
this is the approach that I believe has been taken in
other applications. Do you simply use a special
purpose code if you have to do that specific task?

So I'm kind of leaning towards the
direction that -- and the other is understanding the
risk significance, the dose significance tritium can
-- you have to release a large amount of it to get
significant doses. It's possible, but you should be

thinking about whether you're putting in a lot of
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capabilities that is going to end up not being of
great significance. So we got into the literature and
got a little bit more informed about how to help guide
that decision.

So the remaining tasks, I'm going to leave
with the remaining tasks are not complete. But we're
considering closing out the final -- two of the final
tasks in the co-development plan without extensive
work on it. And I'll talk about why on the next
slide. So next slide, please.

MEMBER MARTIN: Going back to your second
bullet, is there some sort of guidance that you put
out to either applicants or at NRR as to how to do the
screening study or what the expectations are to screen

out the radionuclides that are important to dose?

MR. COMPTON: So the second -- it's just
the bottom report gives -- explains the methodology
and talks abou