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P-R-O-C-E-E-D-I-N-G-S1

 8:30 a.m.2

CHAIRMAN ABDEL-KHALIK:  The meeting will3

now come to order.  This is the second day of the4

583rd Meeting of the Advisory Committee on Reactor5

Safeguards.6

During today's meeting the Committee will7

consider the following:  One, Advance Reactor Research8

Plan; two, Future ACRS Activities Report of the9

Planning and Procedures Subcommittee; three,10

Reconciliation of ACRS Comments and Recommendations;11

four, Preparation for Meeting with the Commission;12

and, five, Preparation of ACRS Reports.13

This meeting is being conducted in14

accordance with the provisions of the Federal Advisory15

Committee Act.  Ms. Maitri Banerjee is the Designated16

Federal Official for the initial portion of the17

meeting. 18

Portions of the session dealing with19

Advanced Reactor Research Plan may be closed in order20

to protect proprietary information.  We have received21

no written comments or requests for time to make oral22

statements from members of the public regarding23

today's sessions.24

There will be a phone bridge line.  To25



4

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433

preclude interruption of the meeting the phone will be1

placed in a "listen-only" mode during the2

presentations and committee discussions.3

A transcript of portions of the meeting is4

being kept and it is requested that the speakers use5

one of the microphones, identify themselves and speak6

with sufficient clarity and volume so that they can be7

readily heard.8

We will now proceed to the first item on9

the agenda, the Advanced Reactor Research Plan, and10

Dr. Bley will lead us through that discussion.11

MEMBER BLEY:  Thank you, Mr. Chairman.12

I'm Dennis Bley, Chairman of the Future13

Plan Design Subcommittee.  The purpose of today's14

meetings is to receive a briefing and discuss with the15

staff the NRC High-Temperature, Gas-Cooled Reactor16

Research Plan that addresses work needed for the NRC17

to prepare to review future NGNP applications.18

On April 5th we had a meeting of the19

subcommittee with the staff on this subject.  We were20

also briefly appraised of the related DOE R&D activity21

supporting NGNP.22

Drs. Rempe, Corradini, and Powers may have23

organizational conflicts of interest with some topics24

and will not participate in discussions that involve25
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areas of their conflict.1

Today the staff is here to brief the full2

committee on the plan and I would invite Mike Scott to3

begin.4

MR. SCOTT:  Good morning.  I am, as most5

of you know, Mike Scott.  I'm the Deputy Director of6

the Division of Systems Analysis in the Office of7

Nuclear Regulatory Research.  8

I am here to introduce the staff, staff9

presentations and, of course, Sud Basu, to my left,10

who I'm sure you all know, will be the lead for11

today's discussions.12

I regret I was unable to be here for the13

subcommittee meeting, but as I had mentioned to some14

of your members offline I was called over to Japan for15

two weeks after the Fukushima event, so I was unable16

to be present.17

We are pleased to present to you today the18

research R&D plan, and we look forward to your19

feedback on that plan.20

The plan has been submitted to the Office21

of New Reactors and the Office of New Reactors is22

going through their review process of that document23

and will ultimately, we believe, issue us a user need24

to direct the Office of Research in its continuing25
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work regarding the NGNP R&D.1

Of course, that sounds like the work got2

a little bit ahead of the formal plan and I think that3

would be an accurate statement, but the plan in draft4

form has been around for some time, and so the staff5

has been working on -- working to that plan, even6

though the formal plan just got approved in February.7

DR. BASU:  March.  8

MR. SCOTT:  March 3rd.  So, this is the9

plan that we've been working to and are continuing to10

work to. 11

NGNP is an important research activity12

with the staff.  It consumes the majority of the13

current research advanced reactor R&D as distinguished14

from new reactor R&D.  15

We talk about new reactors in terms of the16

current generation, AP-1000 and other designs of that17

sort, and we talk about advance reactors in the next18

generation such as the NGNP, the IPWR and so on.19

Because the IPWR design is somewhat less20

evolutionary than the NGNP, there has been a smaller21

identified need for research with regard to that22

design and to this one, the NGNP, hence the -- as I23

said, the NGNP is a major activity for the Office of24

Research.25
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Our view is that this is the body of work1

needed to support eventual review of the license2

application for the NGNP.  There are always funding3

questions and those questions going forward could4

impact the schedule for our work on this but, again,5

we believe that this is the activities -- the activity6

list, the scope of work that's needed to get us to a7

position where we can adequately review the license8

application for NGNP when it comes in.9

VICE CHAIRMAN ARMIJO:  Assuming that you10

got the funding that you planned for, which never11

happens, but assuming that, roughly how many years12

before you really get 90 percent of what you're trying13

to achieve?  Is this a five-year plan, a ten-year14

plan?15

MR. SCOTT:  I think probably five years is16

more accurate than ten years.  Of course, some of the17

items finish a lot sooner than others.18

Sud, what would be your answer to that19

question?20

DR. BASU:  Well, I'm going to give you a21

long answer.  I mean, by --22

VICE CHAIRMAN ARMIJO:  Forget the money23

thing.  Assume the money is okay.24

DR. BASU:  Yes.  Assume the money is25
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there.  By Energy Policy Act mandate we should be1

ready, in large part, by the end of 2013, and that was2

contingent on an applicant coming to us with an3

application by 2013.  So that was the time they4

projected.  5

Right now we are looking at an applicant6

coming at the earliest, probably by 2015, so you can7

see that we have till then, even by the Energy Policy8

Act, if you will, but some of the research goes all9

the way to 2019, 2020 and so --10

MR. SCOTT:  But if you had no applicant,11

would you just stop work or would you just keep doing12

research?13

DR. BASU:  If we have no applicant?14

MR. SCOTT:  Yes.  If DOE abandons the NGNP15

program then -- and we do not have any word, clearly,16

that they are going to do that, but if they were to do17

it, it would probably not make sense for us to18

continue spending resources on it because the19

Commission's guidance to the staff has been to focus20

on activities that are relatively near-term in21

licensing space.22

And among advanced reactors, that's where23

NGNP fits currently.  So, if it disappeared entirely24

it would be a very low priority in work with the25
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Office of Research.  And, of course, with our1

customer, Office of New Reactors.2

And with that, if there are no further3

questions for me, I'll turn it over to Sud.4

DR. BASU:  Good morning.  Those of you who5

do not know me, my name is Sud Basu.  I am the NGNP6

Research Program Coordinator in the Office of7

Research.8

Today, my colleagues from the Office of9

Research and I are here to brief you on the NGNP10

Research Plan update and its implementation status.11

We have given, as Dr. Bley pointed out, a12

briefing to the Subcommittee on Future Plans to Design13

on April 5th, so this briefing here would be a14

condensed version of the briefing that we have given.15

And also, at the suggestion of the16

Subcommittee Chair, we are going to highlight to you17

three areas, and these are fuels, experimental work18

supporting the thermal hydraulics, thermal fluid --19

analytical tools development, and finally, the20

graphite research.21

I will, in my overview, I'll touch on22

other areas which are included in the R&D plan, but in23

a very brief manner.  So by way of outline, I'm going24

to take you through the objectives of this briefing25
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and the role and scope of research, some underlying1

assumptions that our research boundaries is as2

predicated upon, and then I will give you the3

implementation status of a number of research areas.4

I'll conclude with a slide on going5

forward from this one onward.6

So, the objectives is to provide you an7

update of objectives of the briefing.  This briefing8

is to provide you an update on NRC's HTGR research9

plan and its implementation status, and to solicit10

your feedback and, of course, we will be expecting a11

letter from you at the end of the briefing.12

The role of NRC's HTGR research is mainly13

to develop analytical tools and capabilities to14

perform confirmatory safety analyses and that is in15

support of licensing review and also to provide16

technical basis for any regulatory decisions that our17

regulatory office will have to make and undertake.18

The role is also to develop technical19

basis for identifying and resolving issues and also to20

support the development of regulations, if any,21

certainly the development of regulatory guidance.22

The scope of HTGR research, the plan that23

you have with you is to, again, do confirmatory safety24

and develop affirmative safety analysis tools and that25
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includes development of codes, models, evaluation1

models, physical models, data, whatever data is needed2

and, of course, the validation and verification3

database.4

The technical areas where we -- this plan5

is focused on, and that we will talk about today,6

thermal fluids, nuclear analysis, accident analysis.7

That data, as I mentioned before, there will be a8

presentation in that area by Joe Kelly.9

We'll also talk about the fuel and fission10

products.  Again, there will be a separate11

presentation by Stu Rubin, graphite and high-12

temperature materials.  The graphite presentation will13

be given by Srini Srinivasan.14

I'll briefly mention the work that we are15

doing in the high-temperature metallic materials area.16

It is the area of the process heat utilization.  I17

have given the briefing before on that to the18

Subcommittee and full committee a couple of years ago.19

I'll report on the status of that in this20

meeting.  Also structural integrity of systems and21

components.  There are other areas that were -- I will22

briefly touch upon, and that's in the area of23

probabilistic risk assessment, human factors,24

engineering and also instrumentation and control25
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technology.1

I mentioned assumptions that we made in2

developing the R&D plan as well as implementing the3

R&D plan, and the assumptions are listed here.4

The first thing is that to date the5

research that we have conducted is mostly generic in6

nature, and by that I mean it's applicable to both7

reactor technologies, namely the pebble bed reactor8

technology as well as the prismatical reactor9

technology.10

We are going to rely on the availability11

of data from DOE-sponsored VHTR program.  That12

program's been ongoing for four or five years, and13

they are producing data and they will continue to14

produce data and we will rely on their data to both15

develop our tools as well as sensor tools.16

We will also rely on the availability of17

applicant-furnished data, and these are data that the18

applicant will have to furnish to -- with their19

license applications to bring their safety case.20

We will be relying on the availability of21

complementary data from international HTGR programs.22

There are a couple of programs ongoing, HTGR, high-23

temperature engineering test reactor program at JAEA24

in Japan and HTGR 10 program in China.25
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We had PB program previously.  The last1

time we briefed you that program, unfortunately is not2

existent today.  Of course, we have the program here3

at INL sponsored by DOE.4

We will rely on national and international5

codes and standards in various areas and some of these6

staff will hopefully touch upon.7

And, as Mike mentioned in his opening8

remarks, we will, of course, assume that adequate9

resources are allocated to -- from that research in a10

timely manner.11

So, with those introductory slides, I am12

just going to go into the implementation status in13

various areas.  And again, as I mentioned, Joe Kelly14

is going to have a separate presentation on supporting15

experimental programs supporting the thermal fluid16

code development activities.17

I'm not going to go into that a little18

bit, for Joe to elaborate on.  I'll just mention very19

briefly our activities in the code development, code20

monitor development area.21

We are well into the modification of22

MELCOR code for HTGR applications, and there are more23

features that have been implemented into MELCOR.  We24

are, of course, continuing to implement additional25
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features into MELCOR so that we can use MELCOR for1

HTGR thermal fluid safety analysis.2

That's going to be our main system level3

code but, of course, we will also have a parallel port4

to develop the couple PARCS-AGREE.  That's the couple5

reactor physics code at the University of Michigan,6

and that code is basically going to complement the7

MELCOR code in various ways.8

We are also modifying the nuclear analysis9

code scale for HTGR application and that work is going10

on at Oak Ridge National Laboratory and, as we are11

doing all this development work we are also conducting12

the developmental assessment using the legacy data,13

and using the data that is becoming available as we14

proceed.15

In terms of the fuel performance fission16

products, again, Stu is going to talk about it, so I17

don't want to spend any time on this other than I'm18

just mentioning that Stu's presentation will cover19

fission product, and this is with regard to the20

fission product transport and release.  21

It will cover fission product release from22

fuel.  There is also the other aspect of fission23

product transport which is in the primary circuit and24

in the reactor building containment, and that work is25
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being carried out under the MELCOR development1

activity.2

VICE CHAIRMAN ARMIJO:  Sud, could you just3

go back one slide?4

DR. BASU:  The slide, sure.5

VICE CHAIRMAN ARMIJO:  The high-6

temperature test facility at Ohio State is -- what7

would they be testing there?  Is it graphites, metal,8

what?9

DR. BASU:  That's a good question.  In10

fact, we are in the midst of putting together an11

agreement with JEAE on the scope of work that could be12

conducted at the HTGR facility.13

VICE CHAIRMAN ARMIJO:  Does that facility14

actually exist?15

DR. BASU:  Yes.16

VICE CHAIRMAN ARMIJO:  That's nice.17

DR. BASU:  That's right.18

VICE CHAIRMAN ARMIJO:  I'd like to see19

American test facilities.20

MEMBER CORRADINI:  I think you're21

answering two different questions.  He's talking about22

bullet two.  You were asking him about bullet one.23

VICE CHAIRMAN ARMIJO:  Yes.  Bullet 1.24

That's the one I'm -- yes.25
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DR. BASU:  I thought, when you said HTTR1

-- HTTF, you meant?2

VICE CHAIRMAN ARMIJO:  HTTF, right.3

DR. BASU:  HTTF.  That's at the Oregon4

State University.5

VICE CHAIRMAN ARMIJO:  Oregon State, not6

Ohio State?  Okay.7

DR. BASU:  Not Ohio State.8

VICE CHAIRMAN ARMIJO:  And what will they9

test there?  Is that an existing facility, will that10

be a new facility?11

DR. BASU:  That is for core -- thermal12

fluid core heat transfer bypass.13

VICE CHAIRMAN ARMIJO:  So, it's not a14

materials test facility, it's a --15

DR. BASU:  No, it's not a materials test16

facility.  And Joe is going to elaborate on that in17

his talk.  Sorry about that.18

Okay.  In the graphite area, as I19

mentioned, Srini is going to give a full talk on that,20

so I'm not going to touch on that.21

In the high-temperature metallic materials22

area our purpose is to develop, again, tools to23

investigate the material performance under high-24

temperature conditions and in this case the focus is25
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more on the creep and creep-fatigue evaluation of1

various materials that the reactor pressure vessel and2

heat exchanges, steam generators, et cetera.3

MEMBER POWERS:  The term up there, stored4

energy release experiments and analysis code language5

for radiation damage?6

DR. BASU:  That's an aspect of it and if7

you -- you have to hold that thought and question8

until Srini gives his talk, he will be able to9

elaborate on that in much more --10

MEMBER POWERS:  The one thing I know is11

Srini can elaborate on any aspect of graphite.12

DR. BASU:  Okay.  Moving on then, in the13

structural analysis area what we have done so far is14

we assess the concrete behavior at high temperature.15

Well, this is an issue that has to do with the RCCS16

performance and RCCS integrity in case RCCS is not17

functional and during an accident the after heat of18

the decay heat is going to actually affect the19

integrity of -- will likely affect the integrity of20

concrete that surrounds the RCCS equipment, and so it21

is important to understand the concrete behavior at22

high temperature.23

MEMBER POWERS:  Are people thinking of24

using concrete suited for high-temperature behavior?25
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DR. BASU:  I'm sorry.1

MEMBER POWERS:  Are people anticipating2

use of concrete that's suited for high-temperature3

environments?4

DR. BASU:  After the temperature that will5

be waged in case RCCS is not functional.  So, if your6

question is are we going to develop or is someone7

going to develop concrete for high temperature, I'm8

not --9

MEMBER POWERS:  We don't need to.  I mean,10

there are concretes where -- I mean, most of us think11

of concretes with a hydraulic bond, that there are12

certainly concretes that do not have hydraulic bonding13

and are admirable in their performance.14

DR. BASU:  Correct.15

MEMBER POWERS:  They are somewhat more16

difficult to cast, but they function well in high-17

temperature environments.18

DR. BASU:  Correct.  In fact, that's the19

finding of the -- there's a report that came out,20

report on this work came out and the finding is that21

up to something like -- like 200 degrees C you are22

absolutely okay, and during the accident conditions23

for, you know, quite some time, you don't reach that.24

So, with the concrete that is available25
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today you are okay.1

VICE CHAIRMAN ARMIJO:  Conventional.  More2

or less conventional.3

DR. BASU:  Yes.  You know, it's -- as Dana4

was saying, some special type of concrete that could5

be used.6

We are starting to look into the soil7

structure interaction deeply embedded structures.  Do8

you know that these plants are likely to be either9

fully or, in large part, embedded, so there's a10

lateral arc pressure issue and a soil structure11

interaction issue, particularly in the presence of12

seismic loading, so we are looking into that, and then13

we'll be -- you know, a longer term is to look at the14

seismic loading consideration for multimodular15

structure.16

You first look at NGNP, it's not a17

multimodular structure, but eventually when commercial18

NGNP comes along that's an area that we'll have to19

look into.20

We also see the equalization.  There are21

a number of areas we identified as a result of our --22

our phenomenon technique process and I listed them23

here plus loading, and that was the -- in relation to24

hydrogen core generation, thermal-fluid behavior of25
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process heat components.1

Of course, there is a mass and thermal2

exchange between the process heat side and the reactor3

side, so we'll need to look into thermal fluid4

behavior.5

Component degradation issues, obviously,6

depending on what the process heat application is, you7

may have some toxic or corrosive byproducts that will8

have some impact on components, so component9

degradation issues are there and we identified those.10

Of course, also the dispersing modeling of11

toxic and corrosive products, and finally the tritium12

migration modeling and that's a -- that's kind of a13

tritium migration from the reactor site to the process14

heat side so that it doesn't end up in the consumer15

products.  That's the concern there.16

We identified these issues.  We really17

haven't started working on any of these.  Pending18

better definition of what the process heat utilization19

will be for, you know, the first NGNP or any20

commercial follow-on thereafter.21

The tools do exist in many areas from22

years of light water reactor research activities, so23

as of when the process heat utilization or application24

is defined in a better way, we should be able to25
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utilize many, if not all of these tools to take care1

of these issues -- to address these issues.2

Incidentally, the tritium migration3

modeling work is going on -- going on at Idaho4

National Laboratory, so we can also benefit from their5

activity.6

In the area of digital I&C, human factors7

and PRA, in particular instrumentation and control we8

have initiated some work to survey advance reactor9

controls and instrumentation and also advanced10

diagnostic and prognostic issues.11

You know, the reporting coming out, it's12

basically a preliminary survey of what's available13

today, what's good, what's not so good, what's14

applicable, et cetera.15

In the human factors area, the focus is on16

development of technical basis to support update of17

the human factors guidance documents with the NUREG18

0800, NUREG 0700 and 0710.19

Let me see.  What is the right number?20

0711, and those have to do with the concept of21

operations automation and human system interface22

complexity issues and control room staffing and all23

those aspects.24

In the PRA -25
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MEMBER BLEY:  On that one -- I'm going to1

ask him not to talk much about this because there2

hasn't been a lot of work done, but in our session on3

human factors earlier, the last full committee, we had4

a more detailed briefing on that concept of operations5

idea, but they are really trying -- going to try to6

apply it here.7

DR. BASU:  Yes.  Exactly.  And again, in8

our focus at the moment is to update the human factor9

guidance documents.10

And in the PRA area, likewise, we have11

undertaken a planning study to identify the PRA needs12

for -- and scope for the HTGR licensing and there is13

a draft document.  I think we transmitted a document14

to you shortly after the subcommittee briefing.15

We are also undertaking some other HTGR to16

look at PRA activities vis-a-vis coordination with the17

ANS 53.1 activities and NGNP white paper review. 18

Those are the purview of our new reactor19

office lead, so I'm not going to talk about those in20

this briefing, but you will have an opportunity to21

hear about those in future.22

MEMBER POWERS:  That would be very23

interesting because we essentially know plant24

operating plants, the database that you use for PRA25
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must be really interesting.1

DR. BASU:  It is.2

MEMBER CORRADINI:  What did you say at the3

end?  Must be very what?4

MEMBER POWERS:  Interesting.5

DR. BASU:  Interesting.6

MEMBER CORRADINI:  That's a word.7

DR. BASU:  And I can interpret it any way8

I like.  Interesting.9

It is sparse, but then, you know, we can10

-- we didn't license LWR based on PRA.  We developed11

the operational data and the we applied PRA.  So,12

perhaps some of the experience that we gained could be13

applicable.14

Okay.  So with that, I am going to just --15

this slide going forward, we'll continue to focus on16

R&D.  I mentioned that is generic, in other words,17

applicable to both technology until such time that DOE18

selects a technology and then we will refocus our19

effort in that technology at that point.20

MEMBER CORRADINI:  Sud, I have a question.21

I think I'm allowed to ask this question.  So, when22

you -- when you say you -- it's not on your slide, but23

you said it -- that is we'll proceed forward when DOE24

has chosen its technology.25
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Define what you mean by "chosen a1

technology," because I think I know, but I want to be2

precise about this, since some members of another3

committee have emailed me about that.4

DR. BASU:  Okay.  Chosen either pebble bed5

technology -6

MEMBER CORRADINI:  Okay.  Fine.7

DR. BASU:  -- or prismatic technology.8

MEMBER CORRADINI:  Okay.9

DR. BASU:  And, for all I know, they may10

come back and say -- and I think DOE rep is here, so11

she can correct me, but they can come back saying that12

we are going to pursue both technologies.  I don't13

know.14

MEMBER CORRADINI:  Okay.  But if that --15

if that last option were chosen, you'd have to have16

two efforts?17

DR. BASU:  If that last option, which is18

meaning going with both technologies, of course, all19

the work that we are doing now and will be doing until20

that point would still be applicable because we are21

generic in nature.22

And then, of course, at that point we'll23

have to revisit the R&D plan to see whether we24

captured everything from both technologies in the R&D25
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plan and then also we'd like to proceed with both or1

if we didn't capture, then we'll revise that plan.2

MEMBER CORRADINI:  All right.  Thank you.3

MEMBER BANERJEE:  Does your program4

coordinate with DOE's program?5

DR. BASU:  Yes.  Very much so.6

MEMBER BANERJEE:  In what sense does that?7

DR. BASU:  Well, for one thing, any -- any8

topical area that I'm presenting here today, there's9

a program at DOE and we closely coordinate with them,10

our data, and make sure that it's generating or11

planning to generate serious data.12

MEMBER BANERJEE:  And what is your role13

then?14

DR. BASU:  What is my role?15

MEMBER BANERJEE:  I mean -- yes.  What are16

you doing, more than DOE, or less.17

DR. BASU:  Okay.  Maybe I kind of didn't18

state it.  We are not generating any data by and19

large.  With few exceptions, and these are the20

experimental programs that Joe is going to talk about.21

Most of the data, in fact, all the data in22

the fuels area will be generated by DOE for other23

related programs.  We will benefit from the data in24

terms of our tools development, tool success.25
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Like with the graphite area, DOE is1

probably going to generate it.  And again, our tools2

development and assessment effort will benefit from3

the --4

MEMBER BANERJEE:  So those programs you5

showed, the experiments at OSU and so on, what are6

those?  Are they DOE programs or your programs?7

DR. BASU:  Those are thermal fluids8

programs to start with in terms of area.9

MEMBER BANERJEE:  Okay.10

DR. BASU: Ee started as an NRC program --11

MEMBER BANERJEE:  Right.12

DR. BASU:  -- but still we carried it in13

terms of funding and programmatic oversight, et14

cetera.15

DOE subsequently joined that program and16

now it is a joint program.  DOE and NRC program, and17

both DOE and NRC have oversight.18

VICE CHAIRMAN ARMIJO:  So, do you have a19

sort of overview of what you're doing and what DOE is20

doing and what the needs are?  Is this sort of needs-21

driven work?22

DR. BASU:  Needs-driven work, and if you23

are referring to just the OSU program or --24

MEMBER BANERJEE:  No, no.  I'm just25
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referring to everything because I'm sort of puzzled by1

what you're doing, what DOE's doing, how it meets the2

needs, what the road map is.3

DR. BASU:  We are -- in short, we are4

developing analytical tools to do confirmatory safety5

analysis and in the -- in the process of developing6

these tools whatever data we need and also in the7

process of development of assessment and validation,8

whatever data we need, most of that will come9

definitely in areas like fuels and graphite and high-10

temperature materials, those will come from DOE-funded11

work.12

In thermal fluids area, a large part also13

will come from the DOE-funded work or international14

programs.  And, in addition, we have initiatives for15

ourselves.16

MEMBER BANERJEE:  Is that because the17

other programs are not adequate?18

DR. BASU:  Well, I wouldn't -- I wouldn't19

quite characterize it that way.  At the time we20

initiated some of these activities DOE did not have on21

its plate among these activities identified as such22

for immediate start.23

VICE CHAIRMAN ARMIJO:  Well, is that the24

Oregon State work?  That maybe --25



28

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433

DR. BASU:  Well, I think we are coming1

back to the Oregon State work, yes.  Exactly, in --2

for thermal fluids and again, Joe is going to3

elaborate on that in a lot more detail than --4

MEMBER BANERJEE:  Well, it's more than --5

I'm looking for overview of how this program has come6

about, what are the drivers, where is it coming from7

and what are the needs being met, because do we know8

what the licensing needs are at the moment?9

I mean, is this meeting --10

MEMBER CORRADINI:  I think it's in the11

report on Table 1.12

MEMBER REMPE:  The subcommittee --13

MEMBER BANERJEE:  I'm not a member of the14

subcommittee.15

MEMBER REMPE:  I know.  The subcommittee16

got an NGNP research plan, and I -- the title of the17

document I have is "NRC NGNP Research Plan," but I18

don't have like a document number on it.  Maitri sent19

it to us.20

And so, there is such a document is what21

I would answer.22

MEMBER BANERJEE:  You mean a road map?23

MEMBER CORRADINI:  Yes.  It has24

essentially the elements you're asking for.  It has25
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the needs and who's responsible, both between DOE and1

NRC.2

MEMBER BLEY:  And a couple years ago we3

had kind of thrown --4

MEMBER CORRADINI:  And we had a --5

MEMBER BLEY:  -- three years ago.6

MEMBER BANERJEE:  But isn't the whole7

thing sort of fluid, it's moving around right now as8

to what's going to happen?  How are you able to9

develop a road map?10

MR. RUBIN:  This is -- maybe I can jump in11

here.  If you want to look at a hierarchy of how --12

MEMBER BANERJEE:  Can you probably13

identify who you are?14

MR. RUBIN:  Oh, I'm sorry.  I'm Stu Rubin,15

Office of Research.  I apologize.16

It started with the Energy Policy Act of17

2005 and it laid out the role of DOE to basically be18

the developer of this technology for deployment in19

2021, et cetera, and to provide R&D to support that.20

It also defined the role of NRC,21

obviously, as a licensing authority, and also it22

defined NRC to interact with DOE to provide feedback23

on their own programs to make sure that what they are24

planning to do would be sufficient, if you will, in25
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terms of the licensing application.1

It also talked about the fact that what2

DOE developed in its R&D programs, both data and codes3

would be made available to the NRC, and so the4

overarching framework for our relationship at this5

time is defined in the Energy Policy Act, and that's6

the genesis of what we're doing now.7

One tier below that was an MOU that we8

developed between NRC and DOE to further clarify what9

was in the Energy Policy Act and it talks about us10

providing feedback to them on the safety implications11

of what they're doing and the need to perhaps do more12

or different, and for them to take that on.13

And I think I would venture to say that14

the Argonne facility was an area that we identified15

that we felt we needed to have more data to support16

licensing, and that was part of our feedback.  And so17

they took that on.18

But now, having taken that on, the Energy19

Policy Act says we're entitled to that data.  We're20

entitled to any models that they may develop from it21

and so forth.22

So, that's really the genesis there.  It's23

kind of a unique relationship we have with them.24

MEMBER BANERJEE:  Yes.  So they are in25
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charge of sort of promotion, right?  And you're in1

charge of regulation.  And I'm just wondering how that2

-- those rules are delineated.3

MR. SCOTT:  This is Mike Scott.  They are4

clearly delineated in the documents that Stu is5

referring to.  6

I'd like to address your comment, Dr.7

Banerjee, about things are in a state of -- what you8

say, "fluid," --9

MEMBER BANERJEE:  Fluid, yes.10

MR. SCOTT:  -- changing.  Yes, and things11

are always fluid, and if we waited for things not to12

be fluid we'd never have a plan, and so we decided to13

go ahead and put this plan in place, recognizing that14

it would be a living document and that as15

circumstances change, notably DOE's choice of a16

design, any changes in the project schedule and, as17

time goes on, we learn more, and that causes more18

questions which potentially changes the scope and the19

plan.20

Yes, this will change.  This is just to21

get us started down that road and we'll have22

additional road map changes as we go down the road.23

MEMBER CORRADINI:  I guess the only thing24

I would add to that is that Dennis remembers -- I25
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think, as Dennis and John came on the committee, we1

had a letter that we issued in a previous version of2

the Research Plan which followed -- I'm trying to3

think, it was in 2007 or 2008, a PIRT process where4

they basically -- they, that is DOE and NRC together,5

came together and delineated this stuff.6

Dana and I, in fact, participated in it,7

and in that they broke down things that were generic,8

regardless of technology, and things that were more9

technology-specific.  10

And I think, at least in the letter we11

wrote two years ago, three years ago, our thought at12

the time was -- the committee started, at the time was13

that, given a generic thrust, it was a good plan, at14

least for the moment.15

MEMBER BLEY:  And I'm sorry.  We have a16

lot to get through in a short time, so I don't think17

we can go back all through that history here, but --18

MEMBER REMPE:  Just briefly.  I hear, a19

lot of times, people talking about that when DOE takes20

a design and I think -- my understanding of the21

situation is that DOE wants an applicant to come in22

with their preferred design.  And so, that's part of23

the issue about why there's not a design --24

MEMBER BLEY:  And that's certainly not25
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happening.1

MEMBER BANERJEE:  I think what I  started2

asking is if there is an applicant in the horizon3

somewhere?4

MEMBER CORRADINI:  Always in the horizon.5

MEMBER BANERJEE:  Sud, I think you can go6

ahead.7

DR. BASU:  And, really, what I was going8

to say is that what Sanjoy asked is really the second9

bullet in this slide which is we're going to track the10

DOE program as we go along and we'll revise our11

program accordingly.12

We'll continue to coordinate with DOE and,13

as your wish will come before ACRS subcommittee and14

the full committee to brief you --15

MEMBER BANERJEE:  How much effort is in16

this area that RES is putting in, roughly?17

DR. BASU:  In terms of dollar, FTE -18

MEMBER BANERJEE:  Oh, dollars, FTE or --19

yes, just a few thoughts, roughly, what's going in20

there?21

DR. BASU:  My boss is going to answer you.22

MEMBER BANERJEE:  I don't know if you are23

allowed to or if you can, it would be helpful.24

MR. SCOTT:  I'll speak -- Mike Scott25
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again.  Speaking for the NRC's piece of it, is that1

what you're asking?2

MEMBER BANERJEE:  Right.  Right.3

MR. SCOTT:  In the Office of Research in4

FY 11, approximately 18 full-time equivalents are5

devoted to this.  Now, that's not -- you know, that's6

people managing the projects as well as people doing7

the research.8

The contracting, it's on the order of9

millions of dollars.  I don't remember the exact10

number.  We are subject to substantial budget11

pressures and where this goes over the longer term,12

we'll just have to wait and see.13

DOE has a much larger budget, of course,14

than we do for their R&D.15

DR. BASU:  Okay.  That does it and the16

next presenter will be --17

MR. RUBIN:  Okay.  Okay.  Stu Rubin,18

Senior Technical Advisor, Office of Research.  What19

I'll be discussing is the fuel performance and fuel20

fission product transport R&D arena.21

I'll start with a very quick overview of22

DOE's advanced gas reactor fuel development and23

qualification program, and I'll discuss how that24

program is supporting the NRC's R&D needs in the area25
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of fuels analysis, as well as accident analysis1

modeling and data needs.2

I'll discuss INL's PARFUME code and how we3

plan to further develop it and use it in a regulatory4

sense in the application.5

I'll discuss the new HTGR fuel models that6

we're programming into MELCOR, so MELCOR can calculate7

fission product release from an HTGR core during8

normal operations and accidents, and I'll touch upon9

some of the activities we're involved with to develop10

our staff so they better understand the fuel11

technology, and wrap up with some guidance that's been12

developed in the area of inspecting fuel fabrication13

facilities.14

As far as DOE's advanced gas reactor fuel15

development qualification programs, this slide16

presents it basically all in one slide.  It consists17

of eight irradiations, AGR-1 through 8, shown by the18

orange boxes.19

Each irradiation is followed by a safety20

testing or heat-up testing, as well as post21

irradiation examinations, and those are shown in the22

red boxes.  So each irradiation has a different23

purpose and those are shown in the yellow boxes.  24

As far as AGR-1 is concerned, which is25
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irradiation's now complete, it will involve fuel1

compacts with coated particles with UCO kernels that2

were -- had coating layers that were fabricated at3

what we'd call laboratory scale, using a German type4

coating process and it also includes particles with5

small variance on the coating process.6

The primary purpose of AGR-1, however, is7

to shake down the test capsule design so make sure8

it's going to work effectively in the later9

irradiations, such as the fuel qualification of10

radiation11

AGR-2, which is now under radiation is12

basically a fuel performance demonstration13

irradiation, involves UCO and UO2 fuel particles made14

with a much larger industrial scale coater similar to15

what will be in a production facility.  It also16

involves UO2 particles that were provided by pebble17

bed in South Africa and UO2 fuel in compacts provided18

by CEA in France.19

And the purpose of AGR-3 and 4 are20

basically to obtain the data that's going to be needed21

to model fission product transport in the NGNP fuel22

form so as to develop the action analysis term23

capability.24

And it's going to involve compacts that25
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include particles that are designed to fail very1

quickly in irradiation and to put out a well-defined2

quantity of fission products over the entire3

radiation, and those, then, will allow for a cleaner4

analysis at the back end to -- a back out to diffusion5

coefficients.6

AGR-5 and 6 are the formal fuel7

qualification tests, and the objectives there is to8

demonstrate fuel performance or fuel particle9

integrity as at a high rate at the NGNP design service10

conditions.  And there will be accident condition11

testing in that as well.12

And finally, seven and eight are tests13

that are designed to allow for validation of both14

codes that are -- can predict particle failure as well15

as codes that are to predict fission product release16

from the fuel.17

I'd now like to move into an important18

part of the AGR program that is not mentioned19

previously, and that is the code that was developed by20

INL over perhaps the last ten years, and they are now21

using in connection with their AGR fuel performance --22

or fuel program for not only fuel design and23

development, but also in terms of pretest calculations24

for each of these AGR test areas.25



38

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433

The coat is called PARFUME.  It stands for1

particle fuel model.  It could be characterized as the2

state-of-the-art TRISO particle fuel performance3

analysis code.  4

It can calculate both the failure5

probability of fuel particles in compacts or pebbles,6

as well as the fission product release from the fuel7

compacts or fuel pebbles.8

It predicts the failure probability of9

particles by basically analyzing the thermal,10

mechanical and physiochemical state of the particles11

over time and then compares that state at each time12

with a failure probability curve, a liable type of13

failure probability distribution versus stress.14

It does model many of the important15

phenomena that it identified it can lead to particle16

failure such as internal pressure, cracking of17

debonding of the paralytic carbon layers,18

radiomigration of the kernel toward the -- toward the19

coatings, increased local stress due to out-of-20

roundness and so forth.21

It also has the capability to account for22

statistical variations in the thicknesses and23

properties of particles due to manufacture, and to24

factor that into the -- into the analysis.25



39

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433

Again, as part of the MOU, which is again1

a part f the EPACT 2005, NRC is able to obtain this2

kind of a code from DOE and INL and also the data that3

supports it, and we have taken advantage of that and4

have recently obtained that code in December of last5

year and are now starting to work with it.6

Quickly, this is an outline of the7

modeling of PARFUME, the continuity equations, if you8

will.  Again, it solves the temperature -- temperature9

profiles in the fuel element as well as the spherical10

pebbles or particles, themselves.11

One of the unique and powerful parts of it12

is shown in red.  It analyzes the stress/strain state13

in the particles and then goes through a failure14

probability analysis.15

VICE CHAIRMAN ARMIJO:  Is that for just16

totally spherical or does it allow the particles --17

MR. RUBIN:  No.  It --18

VICE CHAIRMAN ARMIJO:  -- out-of-round and19

--20

MR. RUBIN:  It does account for the things21

that I described in the previous page, out-of-22

roundness -- let's say bends in the layers --23

VICE CHAIRMAN ARMIJO:  Bent layers.24

MR. RUBIN: -- things of that sort.  It25
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accounts for all of that.1

MEMBER BANERJEE:  So, how does it do that?2

So you don't assume spherical symmetry?3

MR. RUBIN:  You can.  You can. 4

MEMBER BANERJEE:  That's the idea, right?5

MR. RUBIN:  That's the idea, but the way6

particles fail is details of the distribution that7

dominate --8

MEMBER BANERJEE:  All right.  Let's go9

back to how you solved the equations here.10

MR. RUBIN:  Well, I -11

MEMBER BANERJEE:  Is it in -- let's --12

first order question. Does it assume directly13

symmetric or do you actually utilize the whole14

particle in an arbitrary --15

MR. RUBIN:  Well, basically, the layers16

and the kernel -- the layers, themselves, are finite17

elements --18

MEMBER BANERJEE:  First of all, are you19

guys handling this or DOE?20

MR. RUBIN:  No.  No.  Again, they have21

spent their own funds and DOE funds to develop the22

code.  It's reached the point now where it's an23

operational code.  It's had some benchmarking as well24

as now some benchmarking at SCHER, and we feel it's --25
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would be a valuable code for us to now have, but1

there's more work that still needs to be done.2

MEMBER BANERJEE:  So it takes into account3

variabilities, out-of-roundness --4

MR. RUBIN:  All that.5

MEMBER BANERJEE:  And how does it do it?6

Is it a finite element code or --7

MR. RUBIN:  Fundamentally, in terms of the8

stress/strain analysis, the finite element code --9

MEMBER BANERJEE:  But the production -10

MR. RUBIN:  Now, I'd be doing a disservice11

to try to explain it simply.  There is a theory manual12

that we can provide.  It gives you extensive detail on13

that, but basically you model the roundness or out-of-14

roundness that you want in the basic finite element15

model that --16

MEMBER BANERJEE:  Well, everything within17

a finite element structure?18

MR. RUBIN:  Yes.  The stress/strain19

calculation --20

MEMBER BLEY:  And somehow must be treated21

probabilistically that you can have --22

MR. RUBIN:  Yes.23

MEMBER BLEY:  -- variations in all those24

--25
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MR. RUBIN:  The probabilistic overlay of1

variations in thicknesses --2

MEMBER BANERJEE:  But samples from a3

distribution of some sort?4

MR. RUBIN:  Yes.  You can  -- you can5

essentially put in the actual manufacturing6

distribution that you measured from a particular batch7

or batches and the variation of that, and put that8

into PARFUME and say, "This is the variation of the9

particles I want you to do this statistical analysis10

on."11

And again, it's details in going through12

the sampling of those various parameters that --13

MEMBER BANERJEE:  Well, that's -- yes,14

that's a separate issue.  I'm just after how you15

solved it because, in order to be able to solve the16

problem you have to be able to have a variation in the17

thicknesses and do all the calculations and how are18

the interface resistances put in.19

I mean, it seems like it's not obvious.20

MR. RUBIN:  Yes.  Yes.  I think that21

probably deserves its own meeting to get into that.22

MEMBER BANERJEE:  Right.23

MR. RUBIN:  And it's not --24

MEMBER BANERJEE:  But it's not your code.25
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It's DOE's code.1

MR. RUBIN:  No.  2

MEMBER BLEY:  Let me try to ask Sanjoy's3

question in a very naive way.  It sounds like you're4

saying these variations are all down, down at the deep5

level of the model and then recalculated.  It's not6

some kind of overlay, fudge factor distribution to7

account for these variations.8

MR. RUBIN:  Right.9

MEMBER BANERJEE:  Thank you.10

MR. RUBIN:  I'm looking at now --11

MEMBER BLEY:  That's kind of what you're12

--13

MR. RUBIN:  -- DOE and I know, and the14

people who have been trained in our code to get down15

to that level in terms of the solution approach to the16

-- overlaying the variations to the basic finite17

element, and I personally don't have an answer for18

you.19

MEMBER BANERJEE:  Yes.  I think what --20

Dennis put it well but, you know, there are many ways21

--22

MR. RUBIN:  Yes.23

MEMBER BANERJEE:  -- to do this, but if24

you are actually taking into account the distribution25
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of thicknesses in some way which is being sampled from1

a Monte Carlo or something --2

MR. RUBIN:  Sure.3

MEMBER BANERJEE:  -- it's very different4

from just arbitrarily doing this with a fudge factor5

afterwards.6

MR. RUBIN:  Let me jump to the next slide.7

MEMBER BLEY:  Let me -- excuse me just a8

minute before we go on.  I was just reminded and I'd9

forgotten this.10

From the subcommittee, we had requested to11

actually have a briefing on PARFUME at a later date.12

MR. RUBIN:  Okay.13

MEMBER BLEY:  So maybe that --14

MR. RUBIN:  That's what I would suggest,15

and I think we've given you the theory manual on that,16

and I would guess that DOE and INL certainly17

participate, the developers in that.18

But let me jump to this slide, and this19

slide depicts how we're going to -- and I know, and20

Harold is going to further benchmark, develop and21

ultimately, hopefully, validate.  22

And let me go to the last row -- the last23

row here is AGR-7 and 8, and what that is intended to24

do is to provide test data on particle failures.  The25
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test will be run in a way to drive particles to fail.1

The previous tests are now expected to2

have significant -- and so you will see from the3

actual data and the variations from manufacture, et4

cetera, and the conditions you impose, what those5

failure times are, and that will give you a validation6

data set to then compare to what PARFUME or other7

codes might predict.8

MEMBER SIEBER:  Can you tell us what a9

failed particle really is?10

MR. RUBIN:  A failed particle, for me, is11

defined to be a particle where all of the coating12

layers have cracked and there is a -- all of them.13

MEMBER SIEBER:  Or just a path through?14

MR. RUBIN:  There's a crack and so there's15

an escape path --16

MEMBER SIEBER:  Right.17

MR. RUBIN:  -- for gaseous and metallic18

fission products to quickly short-circuit out of that19

particle.20

MEMBER SIEBER:  Okay.21

MR. RUBIN:  All right.  Just for the sake22

of time, let me move on.  23

This is basically the matrix of tests that24

we're going to tie our benchmarking development and25
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validation to.  That last one is a key for us and1

others.2

In terms of the planned uses of PARFUME,3

this slide depicts that it's not formally part of the4

evaluation model for -- that the staff is developing,5

but we do put in the engine as a stand-alone code.6

One use we anticipate is to use it to7

assess the applicant's failure model that they are8

going to use in our evaluation mode.  It will also9

allow us -- I think it is very good for this to10

perform sensitivity studies.11

Maybe the absolutes may be off and we12

don't know, the benchmarks will tell us, but the13

sensitivity part will be a valuable tool to assess14

variations in manufacture of lot-to-lot and so forth15

to see the effect of particle failure as well as16

variations in operating conditions.17

VICE CHAIRMAN ARMIJO:  Will the applicants18

have access to PARFUME?  Will they be able to use it19

as well?  I would think that would defeat the purpose.20

MR. RUBIN:  I'm not aware of any of the21

applicants that we understand are interested in the22

NGNP project are looking for that.23

VICE CHAIRMAN ARMIJO:  They have their24

own?25
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MR. RUBIN:  Well, the South Africans, when1

they were a player, were taking an approach where they2

wanted a strictly an empirical approach to particle3

failures that we're using in the safety analysis.4

GA as a model, it's an empirical model,5

but it's driven by conditions of the particles, so6

it's an empirical fit for different failure7

mechanisms.  Okay.  8

The other -- the other source are the9

French, and they have a code which escapes me.  It's10

very much like PARFUME, and I can't think of the name.11

It is a mechanistic code.  12

So, if you look out at the lay of the land13

you don't see anyone who's saying, well, we like this,14

too, but they could.  Okay.  Let me just keep going.15

Now --16

MEMBER BLEY:  Before you leave PARFUME --17

MR. RUBIN:  Sure.18

MEMBER BLEY:  -- and I know we're going to19

have a briefing on that later, and you said you're20

going to ask INEL and DOE.21

MR. RUBIN:  Absolutely.22

MEMBER BLEY:  I might be a little bit old-23

fashioned, but it strikes me as NRC is going to be24

using this, you guys ought to understand the guts of25
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the workings as well as the developers by the time1

you're using it.2

MR. RUBIN:  If you look at the fuels R&D3

plan, it is essentially what you are talking about.4

We are going to use it starting by going back to some5

of the benchmarks that were done for an IAEA CRP and6

do it ourselves and see if we can get the same7

answers.8

We also had someone in training, by the9

way, for five days who got the theory part of it.10

We're then going to march along in lockstep with the11

AGR test theories, doing pretest and post-test12

calculations with PARFUME to compare with the actual13

test results and also with INEL's.14

MEMBER BLEY:  So at some point in the15

future you do intend to have this deep understanding16

of --17

MR. RUBIN:  Oh, that is a key, is to --18

MEMBER BLEY:  Thank you.19

MR. RUBIN:  -- get a profound20

understanding and be a user that understands the code,21

for sure.22

MEMBER REMPE:  Well, isn't there also an23

effort underway to take key aspects of the model and24

put it in MELCOR on the NRC --25
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MR. RUBIN:  No.1

MEMBER REMPE:  Oh, I thought you were2

going to have some sort of correlation in MELCOR to3

predict failure and so it would be the NRC approach4

would be using MELCOR -5

MR. RUBIN:  Again -- again, PARFUME is a6

mechanistic code.  It has -- it has to go through a7

solution of these field equations to get at a particle8

failure rate.9

When you look at the time involved -- 10

MEMBER REMPE:  Right.11

MR. RUBIN:  -- it's just not practical.12

MEMBER BLEY:  No, I think what she was13

saying --14

MR. RUBIN:  So, what we're doing is, we're15

taking an empirical approach.16

MEMBER BLEY:  Okay.17

MEMBER REMPE:  Right.  And putting that18

into MELCOR, right.19

MR. RUBIN:  That's going to be put in20

MELCOR, yes.  Absolutely.21

MEMBER BANERJEE: I thought, did you start22

a model in if you wanted to?23

MR. RUBIN:  In fact, that shows up, if you24

look at the circle on the lower left, we talk about a25
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failure fraction, that's an empirical -- and it's a1

data set.2

MEMBER REMPE:  That's what I thought your3

approach was --4

MR. RUBIN:  The temperature I'm at, oh,5

I'm at this temperature, I go -- well, this is my6

failure fraction.7

MEMBER REMPE:  Right.  So that's what I --8

although you -9

MEMBER SHACK:  But your slide four has --10

says that, you know, MELCOR will have everything11

except that failure model, and then you will use --12

MR. RUBIN:  Yes.13

MEMBER SHACK:  -- an input/output fraction14

curve or --15

MR. RUBIN:  Right.16

MEMBER SHACK:  -- response surface.17

MR. RUBIN:  Right.  It's a fraction --18

virtually -- I think all of the applicants are using19

some kind of an empirical approach to predict.  It's20

not a mechanistic approach.  It's just hard to21

validate, among other things.22

Okay.  Now, again, this is our evaluation23

model.  I'd like to focus in on the two boxes on the24

lower part of the curve, which basically are MELCOR or25
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the key there, and I've circled the pieces where the1

HTGR fuels R&D is supporting the development of models2

and the benchmarking of models and the validation of3

models within this scheme.  Okay.  Now --4

MEMBER BANERJEE:  Just one thing.  If you5

do this process you want to be able to propagate6

uncertainties in though this in some systematic way.7

MR. RUBIN:  Correct.8

MEMBER BANERJEE:  Because, this is an9

inherently multiscale problem you are trying to do.10

MR. RUBIN:  Correct.11

MEMBER BANERJEE:  And it's not obvious how12

you are going to do that uncertainty propagation.  I'd13

think about it --14

MR. RUBIN:  Yes.  We have --15

MEMBER BANERJEE:  -- if you haven't16

already.17

MR. RUBIN:  -- and we have developed a18

statement of work and have a contractor in place whose19

function in the statement of work includes that whole20

-- that subject specifically, is develop a scheme to21

account for uncertainties in all piece parts of our22

evaluation model and to kind of propagate that to an23

overall uncertainty in the figure of merit which, for24

us, is the releases or dose, but all these things --25
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particle failures, there's a statistical variation1

there.  That's one piece for sure, but there are many,2

many others, and we do have a contractor working on3

that whole question of how to handle the uncertainty4

analysis and actually make it work.5

MEMBER POWERS:  It's probably fair to --6

MR. RUBIN:  Joe Kelly is our leader for7

that effort.8

MEMBER BANERJEE:  Dana, you were saying9

something?10

MEMBER POWERS:  Well, if I may just point11

out that endemic to the design of MELCOR is that any12

parametric quantity is available to the user and they13

have devised the algorithms and, indeed, the coding to14

conduct Monte Carlo sampling of whichever set of15

parametrics you want in the code, to do a Monte Carlo16

type uncertainty analysis, and it's, quickly, how many17

processors you want to tie up doing calculations, is18

the limitation on that.19

MEMBER BANERJEE: Does it include the model20

uncertainties?21

MEMBER POWERS:  Well, modeling -- no.22

These are strictly parametric uncertainties.  Modeling23

uncertainties, you know, are the grand imponderables.24

I don't know what to do about them.25
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MR. RUBIN:  I'm going to have to make up1

time here, in going through my slides, I could tell.2

This is a --3

MEMBER BLEY:  Well, you finished ten4

minutes ago.5

MR. RUBIN:  But that wasn't your fault.6

MEMBER BLEY:  Yes, it is. 7

MR. RUBIN:  Okay.  Here is -- this is a8

MELCOR core model.  I think it -- I believe it's for9

a pebble bed type reactor.  I've highlighted an HTGR10

fuel calculation unit cell.  It's a single one of11

those red blocks defined as the active core, and there12

have to be enough of these -- there has to be a fine-13

enough mesh so that we can pick up the small14

differences in temperature and burn-up of fuel in each15

location because the -- both drive the particle16

failure rates and certainly temperature drives the17

diffusion rates, even for intact particles, so it is18

a fairly fine mesh.19

Now, within each unit cell we now have to20

model the releases from fuel.  This is a comparison,21

side-by-side between prismatic fuel element, core22

model or unit cell made and pebble bed.  For the most23

part they are the same.  24

The differences lie -- in the prismatic25
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there is a gap between the compact outer surface and1

the inner surface of the fuel bowl that contains it2

and then, of course, there's the graphite block that3

needs to be modeled in the -- in the transport.4

Basically they are the same, though.5

Now, in terms of initial results in6

putting in some of the modeling into MELCOR, what this7

represents is a results of a benchmark from an IAEA8

CRP-6.9

These are the results of the participants.10

MELCOR's highlighted in red and what we have here is11

a series of benchmarks.  They are basically12

theoretical constructs.  They are defined in each case13

on the lower part of the curve.14

And so, in comparing the MELCOR15

predictions of cesium release after so many hours at16

such a temperature for these various type particles,17

you can see there's a good correlation or a good18

consistency there between the two codes and I would19

like to think that that kind of shows that we're20

putting the models in correctly, and we are verifying21

in a way that the models are now coded properly.22

So, that validation, you know, in some23

cases we do have a theoretical answer and we're24

consistent with the theoretical answer.25
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CHAIRMAN ABDEL-KHALIK:  Code-to-code1

comparisons are often misleading.  I mean, these are2

all codes that are compared against each other.3

MR. RUBIN:  Yes.  It's a code-top-code.4

CHAIRMAN ABDEL-KHALIK:  They can all be5

wrong.6

MR. RUBIN:  Yes.  Now, there are -- not7

shown here -- there are some additional benchmarks we8

haven't done yet which are actual experiments.  We9

have not had the time to go back and catch up with the10

CRP benchmark to see.11

Now, there, as well, I'd have to say the12

predictions were off in a number of cases by orders of13

magnitude from the actual measured releases.14

MEMBER CORRADINI:  Right.  But I guess I15

-- I guess I interpret Said's point -- I guess I16

interpret Said's point is that if PARFUME is your17

mechanistic tool it, in some sense, has to be18

validated based on those experiments.19

MR. RUBIN:  Yes.  Correct.  Correct.  And20

AGR 7 and 8 are specifically designed for that21

validation.22

MEMBER CORRADINI:  Okay.23

MR. RUBIN:  Specifically designed, very24

clean validation experiment.25
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Another thing that you could see here is1

what is the fission product release or distribution2

rate in an intact particle.  This is what MELCOR has3

predicted for an irradiation over two and a half years4

and what it represents is the build-up of cesium in5

the various particle constituents over time starting6

with the kernel on the left and then moving to the7

right through the various layers, and you can see that8

cesium -- the key barrier there is the silicon carbide9

layer.10

What this also -- and you can see on the11

lower right what the actual releases of the particle12

over time, over that period of time are.13

What is important here is that having the14

distribution for all the particles in the core as well15

as the matrix, for that matter, become the initial16

conditions for the accident.17

So you have to be able to go through this18

to create a time-zero initial condition of fission19

product distribution in the core for the heat-up.  So,20

this is a little example of having done that for a21

particle that's been irradiated for two and a half22

years.23

In terms of validation and development and24

benchmarking, again you can see that the AGR program25
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is going to provide opportunities for doing all that,1

for both MELCOR and PARFUME.2

For the most part, where we are dealing3

with fission product release data, both PARFUME and4

MELCOR can utilize that irradiation, actual condition5

test data for that purpose.  Where there is data6

specifically on particle failure rates it's really7

PARFUME that would best take advantage of that data.8

However, even there, because reporting9

this response surface, or reporting this failure10

fraction curve into MELCOR, it will give us an11

opportunity to see if we're kind of like way off,12

conservative or not, given that it's particle -- so13

AGR-6, -7 and -8 will be a good validation test for14

our response surface curve that we're putting in15

there, and that will be the actual failures, and then16

we'll see what our response surface is predicting.17

But it's simply empirical.  It's a much18

more powerful validation test for the mechanistic19

codes.20

Okay.  The last thing that I would like to21

talk about is something that's already been completed.22

One of our objectives was to develop a set of critical23

attributes in the manufacture of fuel, high-quality24

fuel, high-performing fuel.25
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Those are listed here.  The intent of1

having this was to provide kind of a workbook or a2

reference manual for an inspector to -- who would3

inspect the fabrication of TRISO particle fuel at the4

fuel fabrication plant, presumably the NGNP fuel5

fabrication plant.6

So, this would give the inspector with7

some background a really good detailed understanding8

of what's important, many, many things are important,9

and then how to best construct their inspection plan.10

That has been published now in May of11

2009.  It's a wonderful document.  It gives you a good12

overview of how fuel is made, what is real important,13

how do you control those important things, et cetera,14

et cetera.15

The basis for that was Oak Ridge's16

experience in developing the equipment, the17

procedures, the methods for making the AGR-1 fuel.18

They learned a lot.  They understood what it took to19

make really good fuel and then we just asked them for20

a brain dump, if you will, on put it -- package it so21

others can use that information.  And they did a very22

good job.23

That's all I have.24

DR. BASU:  Any questions?  If not, the25
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next presenter is going to be Joe Kelly, presenting1

the experiments supporting the thermal fluid model2

development effort.3

(Off-record comments.)4

MR. KELLY:  At the subcommittee meeting I5

discussed the -- an overview of the evaluation model6

and in particular the PARCS-AGREE codes, as well as7

the experimental program and for this meeting I've8

been asked to just address the experimental programs.9

And so I want to point at the screen.  I'm10

still and old-time presenter.  Excuse me.11

So the point of this is that the majority12

of the experimental database is to be provided by the13

Department of Energy and the applicant.  An example,14

that would be the fuel qualification program which Stu15

just talked about.16

The NRC program supplements the DOE17

program, and the idea is to provide data for code18

validation and model development.19

And, remember, when we put some of this n20

place we were targeting 2013 as having an initial21

version of the evaluation model with validation.  So,22

we had to be very aggressive at starting this work.23

The objective of the presentation is to24

give you a high-level overview of the NRC experimental25
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program with an emphasis on the integral tests. 1

There are two integral tests and five2

separate effects tests.  These are basically targeted3

to the area of thermal fluids.  The first test that4

I'll talk about is the high-temperature test facility5

at Oregon State University, and then I'll talk about6

an OECD program to be conducted at the HTTR reactor.7

It's a loss of force circulation test.8

And that would be at JAEA.  That program is pending9

agreement but we plan to participate.  10

The separate effects test, there is a flow11

and heat transfer test in a Pebble bed at Texas A&M.12

Prismatic core heat transfer also at A&M.  That13

program hasn't started yet, so that's why it's grayed-14

out and I won't be discussing it today.15

Air ingress flow test at Penn State.16

Emissivity of vessel components, Wisconsin, and that17

program is complete and so, again, I will not be18

discussing it today.19

And finally, bypass flow study in a20

prismatic core at Texas A&M.21

So, this is the high-temperature test22

facility at Oregon State University.  It's an integral23

effect test.  It's a joint DOE and NRC program.  The24

scale of the facility is one-quarter, both in height25
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and diameter, so the vessel is approximately six1

meters tall and an outside diameter of two meters.2

Reduced power, our max power is 2.23

megawatts.  It is a full-temperature facility, so we4

are going to -- the inlet and outlet temperatures here5

are for the prototype plant, the MHTGR 350, and that's6

what it's being scaled to.  7

It's reduced pressure, so maximum pressure8

is eight bar.  So, during the depressurization phase9

we will only catch the tail-end of the10

depressurization.11

The initial core configuration is a12

prismatic block and that's scaled to the MHTGR-35013

design of General Atomics.  We have the option of14

going back in and putting in a Pebble bed core should15

we decide to go that way.  That would be in a follow-16

on program.17

The question was asked earlier about what18

was the status of the program and I will just briefly19

address that.  20

The Oregon State University has actually21

built a building for the facility.  That's complete.22

All of the infrastructure work for the power supply23

has been done.  The contract has been let for the24

construction of the vessel itself, as well as the25
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balance-of-plant, and that's a steam generator and the1

circulator, and also a reactor cavity simulation tank.2

CHAIRMAN ABDEL-KHALIK:  Is this electric3

heating?4

MR. KELLY:  Pardon me?5

CHAIRMAN ABDEL-KHALIK:  Electric heating6

or nuclear heating?7

MR. KELLY:  Electric.8

MEMBER POWERS:  Electric, yes.9

MR. KELLY:  I'll show a little bit more10

about what it looks like inside in a minute.  If you11

look at the top of the vessel you can see the inlet12

plenum with simulators for the control rod guide13

tubes.14

And then, as you go down through the core15

you can see the blocks that will simulate the16

prismatic core.  I'll show you more details on that in17

a second.18

The orange block here is for the permanent19

side reflector.  You can see the outlet plenum with20

the post.  One of the objectives was to keep the21

actual details of the design as much like the22

prototype as possible.23

This is the annular outlet, you know,24

inlet-outlet duct, the crossover duct to the steam25
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generator, and the other one is provided for both1

vessel access and also later, possibly in a follow-on2

DOE program, visualization where they would try to3

make laser measurements in the outlet plenum.4

MEMBER CORRADINI:  So this is an APECS5

scaling lodge?  You're going to catch the tail-end of6

the blow-down?7

MR. KELLY:  Yes.  Fortunately, because8

it's not a light-water reactor the blow-down is not9

terribly important.10

MEMBER CORRADINI:  Sure.  Yes, I11

understand.12

MR. KELLY:  Yes, and I'll --13

MEMBER CORRADINI:  But, all the other14

links scale -- all the scaling that I see here reminds15

me, is APECS, as far as I can tell.16

MEMBER BANERJEE:  Is it part of APECS?17

MR. KELLY:  No.  No.18

MEMBER CORRADINI:  It's a separate19

building.20

MEMBER BANERJEE:  Separate facility?21

MR. KELLY:  Yes.22

MEMBER BANERJEE:  And at what stage is23

that?24

MR. KELLY:  The building, Oregon State25
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just built it and provided it to us.  The tower1

supplies have been put in and we are now constructing2

the vessel and the balance-of-plant.3

A contract has been let to a company in4

Portland, and they are doing that.  It's the same5

company that built APECS.6

MEMBER CORRADINI:  Seaward?7

MR. KELLY:  Harris Thermal.8

MEMBER CORRADINI:  Okay.  Yes.9

VICE CHAIRMAN ARMIJO:  How is the heating10

done, again?11

MR. KELLY:  I'll show you.12

VICE CHAIRMAN ARMIJO:  Okay.13

MR. KELLY:  But they are graphite14

electrodes.  Okay?15

VICE CHAIRMAN ARMIJO:  Right.16

MR. KELLY:  The purpose of this is to17

provide data for the validation of thermal fluid18

analysis tools.  And, in particular, the HTTF was19

designed to model the depressurized conduction cool-20

down transient.21

That would be initiated by a double-ended22

guillotine break for the annular cross-over duct, but23

we'll also be looking at other, more probable types24

and locations of breaks, things like control rod25
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drives and instrumentation breaks.1

The facility will have a reactor cavity2

cooling system to provide the decay heat removal3

capability in a passive way, but also to provide a4

well-characterized boundary condition for the vessel.5

The facility will also be higher pressure6

scenarios, like the pressurized conduction cool-down7

in normal operation, at least for prismatic only, by8

using nitrogen as a simulated coolant instead of9

helium.10

So this is what a DCC, the bearing looks11

like.  This is the primary purpose of the facility.12

It has four distinct phases.  The initial phase is, of13

course, the depressurization, the flow --14

MEMBER CORRADINI:  Can we go back a15

minute?16

MR. KELLY:  Sure.17

MEMBER CORRADINI:  I'm sorry.  So, you're18

one-quarter scale, which means the heat fluxes all19

have to go up by a factor of two if you're going to20

scale outside the -- if you're going to scale this?21

Is that approximately right?22

MR. KELLY:  Yes.23

MEMBER CORRADINI:  Okay.24

MR. KELLY:  Yes.  The -- by volume, it's25
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1/64th --1

MEMBER CORRADINI:  Right.2

MR. KELLY:  But for natural circulation in3

the vessel, the power is 1/32nd.4

MEMBER CORRADINI:  So you're increasing5

all the heat fluxes in any one position by a factor of6

two?7

MR. KELLY:  Yes.8

MEMBER CORRADINI:  Okay.9

MEMBER BANERJEE:  And has here been a10

scaling analysis, top-down?11

MR. KELLY:  Yes.  Yes.  They followed a ,12

you know, hierarchical two-tier approach, and there is13

a draft scaling report and the final report will come14

out once the facility has been built so the as-built15

conditions will go into it.16

So this is the transient that has been17

designed for.  It starts out with the depressurization18

which only, depending upon the size of the break may19

only be a very few seconds.  20

Certainly, for a large break, as is21

pictured here -- the second part of this, you have the22

reactor vessel full of high-temperature, very low-23

density helium.  The reactor cavity is an air, air-24

helium mixture that is relatively cold and much25
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denser.1

So, at a horizontal break, such as is2

pictured, you can get a stratified countercurrent3

flow.  It's also called lock exchanged where, even4

though it's two gases, they actually act more like,5

you know, what we would be thinking of as water and6

steam.7

So you can set up a countercurrent flow8

where the outlet plenum can rapidly flood with the --9

again, higher-density air-helium mixture.  Once the10

outlet plenum is full, you go to a phase which might11

be diffusion-dominated where you have to get the air12

up into the top of the vessel before you have enough13

of a buoyancy driving force to start natural14

circulation, which is what's shown here.15

And so it's important to get the phases16

right or pretty much right.  Not only does the natural17

circulation give you the air -- the rate of air18

ingress into the facility, but the timing is19

important.20

You want to know when this starts because21

that has an impact on where and how much graphite22

oxidation occurs.23

VICE CHAIRMAN ARMIJO:  But you have to get24

all that helium out of the bottom vessel, don't you,25
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before outlet starts?1

MR. KELLY:  You mean in here?2

VICE CHAIRMAN ARMIJO:  Yes.  Yes.3

MR. KELLY:  That's really a stagnant4

space.5

VICE CHAIRMAN ARMIJO:  It is?6

MR. KELLY:  Yes.  So this is the outlet7

plenum here.  Let's see, if I go back -- 8

MEMBER CORRADINI:  But the main intent --9

I just want to make sure that I understand the global10

intent of this.  The global intent of this is not to11

make it appropriately-scaled to catch the accident,12

but it's to make it appropriately-scaled enough to13

test the calculations?14

MR. KELLY:  Exactly.15

MEMBER CORRADINI:  Okay.16

MR. KELLY:  That's right.17

MEMBER CORRADINI:  All right.  Because --18

MR. KELLY:  You want to make sure you are19

in the right ranges of parameters --20

MEMBER CORRADINI:  Right.21

MR. KELLY:  -- things like Reynolds22

numbers so that --23

MEMBER CORRADINI:  Right.24

MR. KELLY:  -- you're testing a code in25
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the right place.1

MEMBER CORRADINI:  I think, to answer2

Sanjoy's point, they've done a scaling analysis.  The3

scaling analysis is, as Joe has indicated, but because4

you're going down to quarter scale you are distorting5

a number of things.6

So, they are trying to minimize distortion7

strictly for the long -- strictly for the goal of8

computational comparison versus empirical one-to-one9

comparison, right?  These are not going to get10

empirical one-to-one.  11

MEMBER BANERJEE:  Yes.  The concerns I12

have, of course, are many with scale --13

MEMBER CORRADINI:  You always have14

concerns.15

MEMBER BANERJEE:  Yes.  One of them, of16

course, is, to the extent that these fluids are17

turbulent and the countercurrent behavior is18

determined by the density gradients and the effects on19

the turbulent scales, actually, the vertical scales20

across that interface which determine all the mixing21

phenomena.22

You know, it's different with a gas --23

liquid vapor flow.  At least you can mock that up in24

some way.  Here, I think the effective scale in25
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phenomena like that is more difficult to evaluate, and1

that's why I asked you about the scaling because2

there's a microscale which determines mixing phenomena3

which is dependent on the macroscale and how the4

energy cascades down, the eddies chain, so --5

MR. KELLY:  Yes.  And we will not match6

the Reynolds numbers.7

MEMBER BANERJEE:  Right.8

MR. KELLY:  Of the inlet flow because,9

like you say, the link scale.10

MEMBER BANERJEE:  Yes.11

MR. KELLY:  But at least -- we will be12

turbulent, you know.13

MEMBER BANERJEE:  Yes.  You'll be14

turbulent --15

MR. KELLY:  So it's not --16

MEMBER BANERJEE:  But then what you have17

to do, and this is very, very difficult in any CFD18

codes, is to get the effective scale on the turbulence19

right, especially for these densities stratified20

interfaces.21

MR. KELLY:  Yes.22

MEMBER BANERJEE:  This is a huge problem.23

MR. KELLY:  Yes.  And from the NRC24

perspective, we're not using CFD as part of our25
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evaluation model.  We have a more or less empirical1

model that has been built in the MELCOR to handle that2

countercurrent flow, and so this will be a test of3

that.4

MEMBER BANERJEE:  Right.  But the problem5

then, is what is the effective scale.  I mean, how do6

you determine that this --  you can fit it to this7

data.8

MR. KELLY:  Yes.9

MEMBER BANERJEE:  But then how do we know10

it works on a larger scale?11

MR. KELLY:  Well, we do have some smaller-12

scale experiments that we can at least compare between13

those, but we won't have anything larger than this.14

Quarter scale is pretty large.15

MEMBER BANERJEE:  There's a huge amount of16

data in the atmospheric dispersion, particular of17

heavy gases.  There have been a lot of tests done on18

mixing at stratified interfaces on pretty large19

scales, so you might look at that data, actually.20

MR. KELLY:  Okay.  Thank you.21

You know, to answer the previous question22

about the space in the bottom of the vessel, this is23

the outlet plenum here and there are posts that24

support the core.25
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Now, in reality, what sits underneath here1

-- you can't see it in this picture -- is the shutdown2

cooling system and it's designed so that that area is3

stagnant during normal operation and only if that4

circulator comes on do you then bring flow down into5

this.6

Of course, there is some small flow paths7

for pressure equalization and so on, but in general8

this is a stagnant area.  It will eventually fill up9

with the air.10

CHAIRMAN ABDEL-KHALIK:  If you go to slide11

number six.12

MR. KELLY:  Yes.13

CHAIRMAN ABDEL-KHALIK:  And look at the14

picture on the right and think about it in the long15

term -16

MR. KELLY:  This one --17

CHAIRMAN ABDEL-KHALIK:  Right.  You have18

a break at both the inlet point and the exit point of19

this natural circulation loop are essentially the same20

pressure.21

MR. KELLY:  Yes.22

CHAIRMAN ABDEL-KHALIK:  So what is the23

pressure at the top in the upper plenum at the top of24

the circulation loop?25
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MR. KELLY:  Well, in this case, this is1

the reactor cavity.2

CHAIRMAN ABDEL-KHALIK:  I fully understand3

what's going on.4

MR. KELLY:  Which is only slightly above5

atmospheric.6

CHAIRMAN ABDEL-KHALIK:  But would you7

agree that the inlet and exit points in this picture8

for this natural circulation loop are at the same9

pressure?10

MR. KELLY:  Do you mean right here?11

CHAIRMAN ABDEL-KHALIK:  Right.12

MR. KELLY:  Within a pascal or two, yes.13

CHAIRMAN ABDEL-KHALIK:  Right.  14

MR. KELLY:  Yes.15

CHAIRMAN ABDEL-KHALIK:  So, what is the16

pressure in the upper plenum of this vessel relative17

to the building pressure?18

MR. KELLY:  You know, you're only talking19

fractions of an atmosphere.20

CHAIRMAN ABDEL-KHALIK:  I'm just trying to21

figure out whether or not you would ever have natural22

circulation in this scenario.23

MEMBER BLEY:  What's the thermal driving24

--25
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CHAIRMAN ABDEL-KHALIK:  It would be pretty1

tiny.2

MEMBER BLEY:  Yes.3

MR. KELLY:  Well, it's a very -- it is a4

small -- depending upon what your loss coefficients5

are, it's a small flow, but the center of the core6

here is like at 1600 degrees C.  Okay.7

The outside here is about 400 degrees C,8

so you've got a huge thermal driving head.9

Now, you're correct that if this were full10

of helium the natural circulation is almost zero.11

It's only if it's full of a much heavier gas, like12

air, that you will have natural circulation.13

CHAIRMAN ABDEL-KHALIK:  So you're saying14

this works only because you have radiation heat15

transfer out of the outside surface of the vessel -16

MR. KELLY:  Yes.  That's the way it works.17

CHAIRMAN ABDEL-KHALIK:  So that the plenum18

is a little cooler?19

MR. KELLY:  That's the way the plant20

works.  During a depressurized conduction cool-down or21

--22

MEMBER BLEY:  The purpose arrows are23

slightly cooler than the red arrows.  But the annular24

region is just enough cooler to make -- boy, that's25
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pretty delicate, isn't it.1

MEMBER BANERJEE:  No, but it was.  I mean,2

I'm sure it --3

MR. KELLY:  Well, I mean, from a design4

standpoint, if you can prevent this natural5

circulation, you're happy, because this natural6

circulation is not cooling the plant down.  The plant7

is -- the plant is -- basically it's radial8

conduction.9

CHAIRMAN ABDEL-KHALIK:  Just follow one10

single streamline from the inlet all the way to the11

exit, and tell me what the pressure is at the top of12

this upper plenum.13

MR. KELLY:  I've done a calculation, but14

I don't remember the values but, I mean, you're15

talking a hundred pascals or something.  It's not16

much, but you are talking about a 1200-degree C17

difference in the gas mixture temperature, so that18

does -- the d rho dt times 1200 degrees gives you19

something, but that's not all there is.  It's not a20

high flow rate.21

But that -- I think there's a22

misconception here in how the plant works, and that23

may not have ever been explained to you.  So what --24

the way it works -- let me actually go back --25
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MEMBER CORRADINI:  I think -- I think what1

Joe's trying to say is it would be lovely if there2

were no flow.3

MR. KELLY:  Yes.4

MEMBER BLEY:  But he's going to tell us5

why now.6

MR. KELLY:  Well, you don't want the flow7

because it brings oxygen in and causes oxidation, et8

cetera.  And that's one of the reasons -- now, I'm not9

presuming to design here, but if I were, the steam10

generator in the actual design is below the vessel.11

One of the reasons is you don't want12

natural circulation through the vessel.  So, how do13

you cool it?  The idea is it's passive.14

What's not shown here is the reactor15

cavity cooling system which surrounds this and so16

those are panels that are either air-cooled or water-17

cooled, depending up the design.  That's what18

eventually takes the decay heat out to the roof and19

releases it to the environment.20

So what you're relying on is the heat21

transfer from the vessel wall to the reactor cavity22

cooling system, and that's primarily thermal23

radiation.24

The vessel walls at peak temperature would25
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be about 450 degrees C during a DCC event.  And so1

it's about 80 percent thermal radiation and 20 percent2

natural convection.  You know, there will be a natural3

convection loop between the hot vessel an these4

relatively cold panels.5

But that's how the heat gets out, but how6

it gets to the vessel wall is the combined conduction7

and radiation paths.  You conduct the heat radially8

outward through the core to the core barrel, then9

there is a gap between the core barrel and the vessel10

which is primarily radiation heat transfer and then,11

again, radiation to the RCCS.12

That's where, if we had more time and we13

could take you through the plant design it would have,14

you know, helped some.15

MEMBER BLEY:  Thank you.16

MEMBER POWERS:  We could come back to17

schematic you've set it up.18

MR. KELLY:  This one?19

MEMBER POWERS:  Yes.  It's highly-20

idealized.21

MR. KELLY:  Very much so.22

MEMBER POWERS:  And through reality of the23

plant is, there's a certain -- going to be some sort24

of leakage out the top.  Is that enough --25



78

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433

MR. KELLY:  You know, in the facility we1

will do other different breaks, like a control rod2

drive break, and that would allow the heavier gases3

coming straight down, and it would be a different4

transient.5

MEMBER POWERS:  So let me focus just on6

this one.7

MR. KELLY:  Okay.8

MEMBER POWERS:  How much leakage from9

peripheral parts of the plant changes this drawing?10

MR. KELLY:  I don't -- I could only11

speculate.12

MEMBER POWERS:  And look at that in your13

experimental program.14

MR. KELLY:  Well, you know, most of the15

leakage paths are relatively small, especially if we16

are talking about a --17

MEMBER POWERS:  That's why I asked you how18

much of a leakage does it take to upset this picture.19

If I broke the top off, as I know, that upsets it, but20

there must be at some point where some small leakage21

-- and there's a bit of a problem you always have in22

helium systems is you always have a certain amount of23

leakage.24

MR. KELLY:  Yes.  I'll be able to --25
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MEMBER POWERS:  How much leakage does it1

take to upset this picture?2

MR. KELLY:  I'll be able to give you a3

better answer later.  Once we have our computation4

tools in better shape we can do sensitivity analyses.5

MEMBER POWERS:  And that's a specific part6

of your computational plan?7

MR. KELLY:  Yes.8

MEMBER POWERS:  Can we see that matrix?9

MR. KELLY:  Not yet. 10

So, this is what the core is going to look11

like.  There will be ten of these plates.  One for12

each fuel element level in the actual core.  The plate13

is made of a designer ceramic to model the moderator14

graphite, and we had to do that because we needed to15

scale -16

MEMBER POWERS:  What kind of ceramic is --17

MR. KELLY:  We design it.  We design it to18

a specific thermal conductivity.19

MEMBER POWERS:  What materials, zirconia,20

yttria, alumina?21

MR. KELLY:  I don't know.  I'm sorry.22

MEMBER POWERS: But it set the thermal23

conductivity of graphite?24

MR. KELLY:  Pardon me?25
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MEMBER POWERS:  That's your intent, to1

have the thermal conductivity of graphite?2

MR. KELLY:  Actually, one-eighth the3

thermal conductivity of graphite.4

MEMBER POWERS:  One-eight.5

MR. KELLY:  Of irradiated graphite.  And6

the reason is --7

MEMBER POWERS:  Wow, that is a designer --8

MR. KELLY:  This is quarter scale.9

MEMBER POWERS:  Oh, okay.10

MR. KELLY:  In the radial direction, but11

we want the same temperature drop across the core12

during a DCC, when all of the decay heat in the core13

is conducted radially outward, so we needed to scale14

the thermal conductivities of the facility to get that15

temperature drop so we can, you know, see if there are16

-- to what degree natural circulation occurs.17

So, these are the core plates.  On the18

outside of these would be the permanent side19

reflector.  In the core we have these repeated20

hexagonal arrays.  We have one of these for each fuel21

element stack, so there will be 66 of them for the22

MHGGR design.  23

There are graphite electrodes at the24

center and at the vertices.  The coolant channel holes25
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are the same diameter as in the prototype and give us1

the same porosity as the prototype.2

In the plate it -- the center part of this3

models the inner reflector.  You'll notice there are4

six holes in it.  Those are for the control rods --5

where the control rod guide tubes are and they are6

flow paths and we use them both for the -- to model7

the coolant flows for the control rods, as well as for8

the bypass for the gaps that we're not modeling.9

Likewise, there are holes around the10

periphery for in the side, what would be the side11

reflector, and those also are to model the flow12

through the control rods, as well as -- for control13

rod cooling as well as the bypass gas.14

MEMBER POWERS:  I can see how you would15

design a ceramic to have the contribution to the16

thermal conductivity to be just about any number you17

wanted.18

I don't know how you get the photon19

contribution through the thermal conductivity scale.20

MR. KELLY:  And I can't address that.  I21

-- I do know -- what they are doing is, they will make22

a batch, mold it and send it out for testing and23

characterize the thermal conductivity of those24

samples.25
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MEMBER POWERS:  If I send to a commercial1

outfit and say, "Tell me the thermal conductivity,"2

and I'm very elaborate, they will give me that thermal3

conductivity up to a thousand degrees.  That's not4

good enough for you.5

MR. KELLY:  Right.  They -- you know,6

that's part of the spec is that it has to go up to7

1600, so they're measuring the thermal conductivity as8

a function of temperature over that range.9

MEMBER POWERS:  Yes, but if it's just a10

batch they will only measure the phonon contribution.11

Without the whole you don't get the photon12

contribution.13

MR. KELLY:  Right.14

MEMBER POWERS:  I mean, I assume it's --15

probably similar to carbide --16

MR. KELLY:  No, but we are going to17

measure the emissivity a well, if that's where you're18

headed.19

MEMBER POWERS:  Yes.  How are you going to20

scale that?21

MR. KELLY:  You don't.22

MEMBER POWERS:  You're stuck with whatever23

you get?24

MR. KELLY:  Pretty much.  So actually,25
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earlier, when Professor Corradini was talking about1

the heat flux, one of the problems with the reduced-2

scale facility, you know, typically would be heat3

loss, but in this course our heat loss is the passive4

decay heat removal, that's one of the things we want5

to model.6

So we want the vessel wall to be at the7

same temperature as the prototype.  But how do you do8

that?  We actually can't affect the natural9

circulation heat transfer loop very much.  10

That -- it is what it is and you can't do11

much about it.  But for the radiation there is a12

slight difference and it has to do with what we've13

chosen for materials.14

In the actual plant it will be something15

like SA-508 and we're going to use -- you know, 508,16

and the emissivity of that is much closer to Point A,17

you know, once it's been at temperature for a while.18

Whereas, we're using a stainless steel,19

304 stainless, and the emissivity of that in an air20

environment at 500 degrees C is about .35, so that21

helps us scale the heat loss.22

And likewise, our RCCS panels, instead of23

deliberately making them be a high emissivity, we're24

choosing power stainless steel to keep the emissivity25
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low.1

So the next program is actually a test2

reactor.  It's an OECD program at the high-temperature3

engineering test reactor which is run by the JAEA in4

Japan, and it's -- be for loss-of-forced-circulation.5

So, this is a real graphite-moderated,6

helium-cooled reactor.  The total power is 307

megawatts.8

The proposed test program which, you know,9

the agreement is pending, should be signed hopefully10

by the end of this month.  It would be a series of11

three loss-of-forced-circulation tests. 12

The table shows the initial conditions for13

those three runs.  Run number two is the one at full14

power, which is 30 megawatts, and you see it's also at15

full temperature.  The other two cases are parametrics16

about that at lower power and lower temperature.17

Now, for all cases in the test it is18

complete loss-of-forced-circulation, so all the gas19

circulators are tripped.  There's no forced flow in20

the primary system at all.21

Also, the reactor is not scrammed, so22

these are ATWS.  Run number three, which is a23

parametric study about this, they also trip their24

vessel cooling system pumps.  So, in effect, what that25
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does is, it makes the reactor cavity cooling system1

not active, and that's why run number three has to be2

a low-power test.3

So this is the -- shows the expected4

behavior.  What we have is a plot of reactor power5

versus time, so log, scale and time.  You'll notice6

it's focused in so it's at a lower power.7

The blue curve is for a case where the8

initial power was at 30 megawatts or full power.  The9

red curve at nine.  And what you see is, the reactor10

is predicted to shut itself down, and that's affect --11

you know, as it heats up, because of the negative --12

strong negative temperature feedback, but also because13

of xenon.14

As the xenon decays away, the reactor will15

come back to power.  It will go re-critical again and16

reach a new steady state power at a lower -- lower17

power level.18

So this will provide a very good test for19

coupled, you know, thermal fluids reactor physics and20

we'll be modeling this with PARCS-AGREE and also with21

MELCOR, but MELCOR only up to the point of re-22

criticality, because there's only a point kinetics23

model in MELCOR.24

MEMBER BLEY:  Joe, I want to interrupt you25
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for just a second.1

MR. KELLY:  Yes.2

MEMBER BLEY:  You're about a third of the3

way through your slides.  We have another presentation4

on graphite, primarily because we thought some members5

who weren't at the subcommittee would want a chance to6

hear about it or at least ask questions about7

graphite.8

I kind of need to recalibrate what we do9

here.  Maybe if we save ten minutes for the graphite10

discussion, and if somehow you can pick and choose and11

try to close in about ten minutes.12

MR. KELLY:  I think --13

MEMBER BLEY:  There's a lot of stuff here14

that everybody wants to get into, but we just don't15

have time.16

MR. KELLY:  I think the rest of it will go17

a little bit faster because they are all on separate18

effects tests and I'm not showing very much, other19

than just telling you what they are.20

MEMBER BLEY:  Okay.  If you can summarize21

that way I think that will be good.22

MR. KELLY:  Because of time.23

MEMBER BLEY:  Yes.24

MR. KELLY:  So, this was at the Pebble bed25
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flow and heat transfer test at Texas A&M as part of a1

cooperative -- actually, part of the same cooperative2

agreement as the Oregon State one and they're looking3

in four different areas for Pebble bed pressure drop,4

the radial porosity distribution and they came up with5

a very unique way of measuring that.6

Those tasks are finished.  They are now7

looking at the radial velocity profile and the idea of8

this is to try to get some quantification of what's9

known as the wall bypass effect.10

That's where the Pebble bed meets the11

reflector interface and then finally, pebble-to-gas12

convective heat transfer.  And so what we're doing is13

inductively heating one pebble within this randomly-14

packed bed of pebbles.15

And in moving that pebble all the way from16

the center of the core out to right up against the17

reflector, so that we can get -- characterize the heat18

transfer coefficient both as a function of Reynolds19

number and the position.20

This shows the air ingress flow test at21

Penn State University, and we talked about this22

stratified countercurrent flow again. 23

The picture on the right is a water brine24

test, so the density difference isn't -- isn't nearly25
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as large as you get between air and helium.  The1

scoping studies with water brine are complete.  We'll2

be doing scaled experiments with helium air.  Those3

have now started.4

So we look at break orientation, the L5

over D effect and also break geometry.  In the picture6

here, on the right-hand side, this would be the7

reactor cavity.  It's water brine, so it's a little8

bit heavier than the water that would be in the9

reactor vessel.10

This is the break plane.  So initially11

there's a very large flow rate of the brine coming12

along underneath the pure water with the pure water13

coming up into here.14

The intermediate stage is when this level15

reaches the bottom of the crossover duct.  At that16

point the flow rate decreases significantly.  The17

final stage is when the mixture level hits the top of18

that and the flow rate almost stops.19

And my last slide is the prismatic core20

bypass flow study.  This is just starting at Texas A&M21

and, as you know, bypass is very important to quantify22

in both prismatic and Pebble beds.  This is for23

prismatic.24

So, we'll be using a matched index of25
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refraction, coupled with particle image velocimetry in1

order to measure the flow, both in the bypass gaps and2

the coolant channels.  There are also will be3

pressure-drop measurements for the bypass gap in4

coolant channel.5

And the point of this test is to give us6

the -- an experimental basis for the loss coefficients7

that we need in order to model these bypass flows,8

just to give us model development information for a9

more macroscale computer.10

The test section is comprised of three11

prismatic columns.  They are stacked two blocks high12

so, by moving the columns apart with different shrouds13

we can change the thickness of the bypass gaps and we14

can also separate the columns axially to change the15

thickness of the gap at the horizontal interfaces, as16

well as we can put wedge-shaped gaps in, because17

that's more what we expect to see in the actual plan18

due to the irradiation damage.19

And that's all.  Are there any other20

questions?21

(No response.)22

DR. BASU:  So, I guess the last23

presentation is going to be by Dr. Srinivasan on the24

graphite performance.25
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DR. SRINIVASAN:  Good morning.  My name is1

Makuteswara Srinivasan.  I work at the Office of2

Nuclear Regulated Research, specializing in the3

nuclear graphite.4

Excuse me while I find out how to --5

For the lack of time, what I'm going to do6

is to briefly go over in about five minutes the entire7

presentation because we don't have time.8

I do have prepared remarks which I will9

give so that you will have the transcript for the10

entire presentation.11

The most important thing, salient point,12

is that we started the graphite research back in 200213

with Exelon, potentially coming for a design14

certification application. 15

We abandoned that right after Exelon16

abandoned their plans, but then, since 2005, the17

Energy Policy Act, we institute our research program18

in 2006.19

Basically, the original research plan that20

was written back in 2002 was still valid and it was21

taken up by worldwide research organizations and they22

were working on, to that plan, more or less.23

As a result of that, even by 2006 the24

majority -- some of the salient points that we25
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addressed were being addressed by the other research1

programs around the world.2

Subsequent to 2006 a lot of programs that3

were mentioned in the 2003 plan are -- they're being4

addressed by the DOE program itself.  So, we have5

subsequently modified our program and condensed it and6

basically we only try to do confirmatory research.7

 The staff is getting input by8

participating in worldwide and national -- worldwide9

meetings such as the Nuclear Graphite Specialist10

Meeting.  We also participate in the IAEA graphite11

knowledge-base development program.  12

We participate in the generation for the13

international forum graphic working group committee14

meeting, as well as another program with OECD, NEA,15

with respect to international graphite program on16

irradiation creep.17

The staff has also participated in18

development of codes and standards continuously from19

2003 -- actually it was NRC who initiated the program20

with ASME.  We also initiated a program with ASTM to21

have nuclear graphite specification.22

As a result of our initiatings, ASME23

currently has a Division 5, Section 3 graphite core24

case which is a draft case that will be published by25
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the end of this calendar year.1

Once again, by -- as a result of our2

initiating we have an ASTM specification for graphite3

components that are actually two specifications; one4

for high-irradiation material in the graphite core;5

and the other, for graphite support components which6

do not see that much radiation, nevertheless, play an7

important role such as graphite core supports.8

Through all these efforts NRC has been9

pushing the international community to think not only10

in data-gathering, but to understand what the data11

means in terms of the uncertainty in data, model12

uncertainty, the data uncertainty, the uncertainties13

that could be involved in inspection, as well as in14

the structural integrity analysis.15

We continue to participate and, once16

again, inform that our main thrust will be to17

understand and appreciate the uncertainties involved18

so that when we do establish margins, the same margins19

for minimum requirements or properties are discussed20

in temperature limits, we have sufficient margin21

commensurate with the uncertainties and unknown22

information.23

Moving on, there are currently two24

programs that NRC is addressing in the graphite area.25
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One is with respect to the stored energy release.1

That is primarily because graphite, when it is2

irradiated, accumulates irradiation damage and stores3

energy.4

Subsequently when -- if graphite is heated5

to temperatures more than the temperature for which it6

was exposed, then there is potential for release of7

this stored energy in the form of heat.8

The prevailing theory is that this stored9

energy release is a concern for graphite -- for10

reactors operating at temperatures about 300 degrees11

Celsius.12

The consensus is that, because the NGNP13

HTGR in high-temperature gas reactors are going to be14

operated at temperatures greater than 300 degrees15

Celsius, this would not be a concern.16

However, there are no experiments and data17

to confirm that, and that's why we took this research18

initiative and this is being performed at Oak Ridge19

National Laboratory.20

And basically they have samples of21

graphite that have been irradiated in the temperature22

regime of the NGNP area.  As well, because of the23

irradiation programs being conducted at INL, they will24

have samples that are more or less representative of25
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the NGNP HTGR conditions.1

So, the objective of this research will be2

to take these samples and to conduct a systematic3

stored-energy release experiment so that we'll have4

some information.5

The second program is with Argonne6

National Laboratory and that has to do with -- to7

develop an independent confirmatory analysis tool for8

NRC, to ensure that the design -- the applicant, when9

they give us the design data will have sufficient10

margins in their stress analysis of graphite11

components.12

Basically the tool that we are developing13

at Argonne National Laboratory will be elaborate and14

it will have spatial stress distribution, and it will15

consider the important properties that contribute to16

deformation such as the thermal expansion, the17

shrinkage and expansion characteristics, the thermal18

conductivity was on refuel differences models -- in19

models differences, as well as heat flux and the20

temperature distribution that occurred in the core.21

We expect to have this tool by the end of 2013.22

There are other graphite programs that23

could be of importance and that has to do with, for24

example, the perennial question about the rapid25
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oxidation of graphite or loss during potential1

accidents or moisture ingress and so forth.2

The position that the staff is taking is3

that it is the applicant's responsibility to give us4

all the data as well as the rationale, technical basis5

for developing their design.6

The staff will participate, once again, in7

international meetings and keep aware and abreast of8

what is happening in those areas.9

I believe that concludes my presentation.10

MEMBER BLEY:  Srini -11

DR. SRINIVASAN:  Yes.12

MEMBER BLEY:  At the subcommittee meeting,13

Tom Kress asked a couple of questions.  You just sort14

of answered one of them, but I want to put them back15

on the table for this meeting.16

DR. SRINIVASAN:  Okay.17

MEMBER BLEY:  One he mentioned, he didn't18

detect any plans in the research to evaluate the19

potential for steam graphite reactions in the event of20

water ingress, and you've just put that off on the21

applicants.22

But where do you folks stand on that?23

You're not going to do any research?  Do you think24

that's well-understood?  Where do --25
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 DR. SRINIVASAN:  To the best of my1

knowledge, basically that is included in the INL2

program, and so within the constraints of what we have3

in the NRC DOE memorandum of understanding, we will be4

participating in the setting up of experiments and,5

you know, actually monitoring what's going on and6

analyzing the data.7

When the data become available we will8

make independent judgment and arrive at our9

conclusions.  That probably -- yes, it is not --10

MEMBER BLEY:  It's not under your research11

plan, but it's covered -- you'll be looking at it12

through the memorandum of understanding?13

DR. SRINIVASAN:  Right.  In a way, in our14

research plan what we have done is that whatever15

research that we are not actively pursuing, we will be16

actively participating in international meetings and17

gathering information and such insights.18

So, the staff will become aware of what's19

going on.  And, not only that, the staff will also20

provide our input in the experimental stage itself21

with respect to the number of samples that a22

statistical distribution, what kind of an uncertainly23

might propagate and those kinds of issues.24

So, we may not be conducting the25
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experiments, but we fully intend to be aware of what's1

going on, and incorporate whatever the outcome of2

those research into our thinking and the design3

assessment.4

MEMBER BLEY:  Okay.  The other one he5

raised is about the -- he indicated -- well, and6

others did, too, that to transport efficient products7

around a primary circuit is likely to be dominated by8

the graphite dust problem for contributions to a9

source term, and he said he knows of no models for10

dust production under high irradiation conditions and11

temperature, nor for dust aerosol characteristics, and12

that this would be a large source of uncertainty in13

source terms, and that's -- I don't think that's in14

the research plan, either.15

DR. SRINIVASAN:  No.  Originally, we had16

tribology, the understanding the source of how the17

dust is created during reactor operations, but -- you18

know, we excluded that, but then we have, for example,19

tribolic aspects in graphite fuel matrix abrasion and20

dust generation.21

It is there, once again, as an active22

participant wherever the information is going.  At23

this point in time the only thing that I am aware of24

is the work being conducted at Chinua University, both25
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in the -- from the fundamental point of view of1

tribology of the wear and friction studies as well as2

having some experimental model of a tube and creating3

dust and the seeing how the deposition and dust4

deposition goes.5

But these are in the preliminary stages,6

and I have been talking with Professor You on that7

just to understand what -- how things are.8

MEMBER BLEY:  What do we know from9

experience with graphite reactors about dust10

production?11

DR. SRINIVASAN:  The dust production12

apparently in the prismatic reactor is almost13

virtually not there.  In the AGR, British AGR, as well14

as Magnox reactors -- Magnox reactors, dust production15

is virtually no.16

In the case of AVR, yes, there was dust17

production, and the concern is that we have to look at18

the -- apparently have to look at the dust -- amount19

of dust that is created versus the volume of the20

entire enclave, if you will, and considered.21

But, I am not -- I am not cognizant or I22

am not aware of all the fission product issues and23

things.  In terms of dust generation, dust generation24

is possible more in the Pebble bed reactor than in the25
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prismatic reactor.1

MEMBER BLEY:  Well, if they go toward a2

Pebble bed, you're going to have to do something and3

--4

 DR. SRINIVASAN:  Yes.  We have issues with5

respect to the -- in the Pebble bed case, there is --6

there is a possible -- the dust generation between the7

Pebble and the Pebble, which is a different kind of a8

thing because the A3 matrix is a different material9

than the graphite, than between the Pebble and the10

graphite core component itself, really.  11

So, those are the -- but we have to12

understand those issues and we will remediate that.13

MEMBER POWERS:  Well, I think we know a14

little more -- I mean, we know something about dust,15

and we do know that there are some work going on at16

the University of Missouri to try to characterize dust17

coming from two mechanisms.18

One is the abrasion mechanism and the19

other is what happens when you have a gas particle20

conversion.  We also know that a lot of the dust21

formation that occurred in AVR occurred because of22

injection of contaminated materials that subsequently23

will paralyze, and that, too, is going to afflict24

these reactors because every time you open up and25
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refuel you will introduce inevitably things that will1

paralyze, and whether or not you get gas particle2

conversion every time you introduce helium because3

helium always carries a certain amount of oxidants4

with it.5

So, we know some things.  Now, are there6

mechanistic models for dust production?  I'm not aware7

of -- of any right now, because I think, as Srini8

says, our understanding of the particle production is9

probably a little limited right now.10

 DR. SRINIVASAN:  One thing I might add11

also is that there are no standardized test method to12

understand.  And, in fact, in about four weeks I'll be13

making a plea to ASTM organization to initiate a14

standardization test exclusive for NGNP kind of a15

thing of a pebble-to-pebble, as well as pebble-to-16

solid, heightened rich helium environment, because17

there are issues with respect to conducting18

experiments in conditions other than what is expected19

under NGNP/HTTR environment.20

MEMBER POWERS:  One thing that maybe you21

could help me understand a little better.  I see22

persistent studies of graphite at various times in the23

Russian literature, and it seems to persist most in24

the Siberian Russian literature.25
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But I'm told by those in the business of1

manufacturing graphite that the graphites being2

investigated in Russia are inferior to the graphites3

that will be considered for these reactors and so I4

shouldn't pay too much attention to that.5

What is the situation?6

DR. SRINIVASAN:  I'm not sure whether I7

understood your question, but are you talking about8

the purity levels of something or -- I'm not --9

MEMBER POWERS:  Well, I see, every time I10

look, which is not too often, I see publications --11

very interesting work going on in Russia on graphite.12

DR. SRINIVASAN:  Okay.13

MEMBER POWERS:  And when I mention it to14

those in the business of producing graphite I am told15

in no uncertain terms that the Russian graphites are16

inferior to the kinds of graphites that they would17

propose here and, therefore, I should not pay any18

attention to those.19

And I do, but -- but I don't know whether20

-- whether I should or not.21

DR. SRINIVASAN:  You are right.  I think22

that has been the perennial problem with the graphite23

industry and that's one of the reasons we have now24

ASTM's standards, specification exclusively about25
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nuclear graphite.1

And it has -- that -- there are two2

specific -- there are two specifications, as I said,3

one for graphite exposed to high temperatures and high4

doses of irradiation, and another one that is exposed5

to low doses of irradiation.6

Both of them are very strict in terms of7

impurity content in terms of metallic materials and so8

forth.  And the nuclear graphite basically undergoes9

-- undergoes some halogenation in their manufacture so10

that the heavy metals are complete -- you know,11

removed much -- you know, there are specific values12

that we have to conform to.13

So, in terms of purity levels -- oh, and14

the purity specification also considers effects in15

decommissioning, you know, exposure and so forth, too.16

So, if the Russian materials have to come to the17

United States or elsewhere and if they have to have18

graphite specifications, then they have to conform to19

ASTM specification.20

Additionally, the ASME core also invokes21

ASME specification, and therefore, there are strict22

protocols and the INL folks, in their program, are23

instituting much more stringent matters in24

qualification.25
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I might also -- I should also add that the1

ASTM specification in the last -- about the quality2

control issues invokes that the manufacturer has to3

conform to NQA-1 qualification requirements.4

So, hopefully, the -- oh, the other thing5

that I should say in passing is that the Idaho6

National Laboratories have completed their baseline7

characterization program.  And from what we know from8

the baseline characterization, the graphites that they9

study have much, much better properties than even --10

you know, the ones that we used in Fort St. Vrain and11

Peach Bottom reactors.12

Now, the challenge on the graphite13

manufacturer is to reproduce these things on the same14

strictness and so forth, and that's why ASTM15

specification is there.  16

I don't know whether I answered you fully,17

but that's the status that I know.18

MEMBER POWERS:  Well, you gave me some19

useful insight.  I will admit that -- if I could20

indulge just another question, you have a program, or21

there is a program to look at the change in properties22

as you irradiate graphite.23

The problem the analyst comes about is24

that when he goes through in a thermal excursion, you25
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will start to anneal those properties, and you get1

more rapid annealing along basal planes than you do2

axial planes, or the other way around.  I can't3

remember which it is.4

And he -- he has a material that's5

polycrystalline.  How does he average?6

DR. SRINIVASAN:  Good question.  The ASTM7

specification for nuclear graphite is really isotropic8

or neoisotropic grade.  So basically we have taken out9

-- based on the British experience and so forth, the10

British folks did contribute to the development of11

ASTM specification.12

Basically the ASTM specification calls for13

isotrophy in proportion to thermal expansion of less14

than 1.05, up to that.  So, any kind of a -- you know,15

the graphite that do not meet the isotropic criterion16

will not be in the reactor as a core material.17

VICE CHAIRMAN ARMIJO:  But wouldn't you18

have to -- you'd have to fabricate it so you don't get19

an anisotropic properties.20

 MEMBER POWERS:  But you're doomed to get21

anisotropic behavior as you go through the thermal22

anneal because --23

VICE CHAIRMAN ARMIJO:  Not if the crystals24

are totally random.  You know, any one -- any one25
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crystal is doomed --1

MEMBER POWERS:  That's the question I'm2

asking is:  How do I assure that I have no anisotrophy3

when I know that I am annealing across basal point4

faster than I am in the axial?5

VICE CHAIRMAN ARMIJO:  Right.  But, you6

know, you've got a big, huge composite -- the same7

thing with zirconium alloys, right, you don't want8

this preferred orientation where all the crystals are9

lined in certain ways, then you start getting really10

anisotropic properties in the bulk.11

But within a single little crystal, you're12

absolutely right, but if you have millions of crystals13

oriented --14

DR. SRINIVASAN:  Now, let me -- let me15

address that as follows, really.  One of the programs,16

for example, that initially we had in 2003 was a17

concern that, even for isotropic materials, as Dana18

says, if you are not careful in things for big bodies19

that you are making for a code material, there could20

be variation.21

And therefore, Idaho National Lab, the22

program basically had the material taking a different23

-- you know, they had a very strict mapping, if you24

will, of the samples that are being tested, different25
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orientations at different locations and so forth.1

So, we're -- going in, we know the2

baseline characterization at both -- you know,3

whatever the -- the grain, and against the orientation4

and in between.  So far, the information is that it is5

conforming to the isotropy requirements.  6

Now, one thing that has not been done as7

yet is what Dana -- Dr. Powers is asking, and that is,8

after conducting the version of thermal expansion9

studies as a function of temperature, we have not10

annealed and then pre-done the testing in this -- to11

the best of my knowledge in INL.12

However, the work was done in pattern on13

another material, and basically with isotropic14

material the information remained the same as -- to15

the best of my knowledge.16

MEMBER POWERS:  Yes.  The problem is, you17

have to do the partial anneal.  You know, anneal some18

temperature and time, then stop and look at it and19

then anneal farther and stop and look at it, because20

that's what the analyst has to analyze, in that21

transient, and the way the transients were going in22

this because there's so much heat capacity in the23

block, the relatively slow transients, so he's24

spending a lot of time in that intermediate phase.25
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And at least the calculations I've seen,1

they -- people assume no heat release during annealing2

and they assume consistent isotropy -- in isotropy --3

consistent isotropy.4

And when I ask why they -- why they can do5

that, they said, well, they don't have any choice6

because they don't have any data to the contrary and7

it's easier to do the calculations, all of which I8

concede.  But I just don't know what the truth is. 9

DR. SRINIVASAN:  I think part of your --10

part of your question could be, hopefully, answered in11

our Oak Ridge National program for the stored energy12

program.13

And the other one is that we all -- the14

NRC staff has always the opportunity to -- any new15

shifts coming up in things, it would make the16

applicant's responsibility to answer that.  If it is17

something that needs to be of a confirmatory nature18

then, of course, you know, we will try to get19

resources to conduct those.20

MEMBER POWERS:  Yes.  One thing that does21

happen to you if you irradiate long enough, you get22

non-annealable damage, which is typically the23

precipitation in basal planes in the graphite, and you24

anneal amount that will never anneal, and that will25
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introduce anisotropy into the system.1

But I don't know whether you'd go long2

enough to do that or --3

DR. SRINIVASAN:  One other thing I wanted4

to mention is that in the ASME core development, we5

also had a lot of discussions about some of the6

uncertainties in this kind of knowledge that is not7

there, and so forth, and I've been successful so far,8

at least, to push for adequate conservatism in against9

stressing the stress and temperature limits,10

incorporating the uncertainties in data and model and11

also even when you do as many experiments in the12

irradiation -- irradiated examples, it could still be13

not adequate for statistical purposes and so forth.14

MEMBER POWERS:  Well, thank you --15

MEMBER CORRADINI:  I'm looking at the16

Chairman who is going to tell me to shut up, right,17

but I had one --18

MEMBER BLEY:  I'm about to.19

MEMBER CORRADINI:  -- connected question20

with Dr. Powers.  Does the staff view this as a --21

does the staff view this as a safety issue that, as I22

start with the NGNP in one state and as time marches23

on, I have radiation damage and thermal effects that24

will be dimensional changes, and those dimensional25
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changes will cause a change in flow which will cause1

essentially a change in the hot spot.2

Is that a safety issue or is that an3

operational issue that DOE is in charge of giving you4

assurances and calculations for?5

DR. SRINIVASAN:  It is a -- it is a safety6

issue and the deformation is especially, you know, is7

a safety issue because you have to have -- the control8

rods and fuel rod panels have to maintain their9

integrity so that the safety is maintained.10

So, the Argonne National Laboratory11

program that we are doing is one of the information is12

to confirm the design, applicant's design deformation13

limits.14

MEMBER CORRADINI:  Okay.15

DR. SRINIVASAN:  So, that is an important16

issue.17

MEMBER CORRADINI:  And this is -- this is18

an Argonne program?19

DR. SRINIVASAN:  Argonne National20

Laboratory--21

MEMBER CORRADINI:  Okay.22

DR. SRINIVASAN:  -- we have a program.  23

I think you also asked another question.24

I forgot.25
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MEMBER CORRADINI:  No.  You've helped me1

out.2

MEMBER BLEY:  I'd like to thank Srini very3

much for your presentation, sir, and invite all the4

committee members to our next subcommittee, since this5

is such a topic of conversation.6

Mr. Chairman.7

CHAIRMAN ABDEL-KHALIK:  Thank you very8

much.9

At this time we are scheduled to take a10

break for 15 minutes and when we return we will be off11

the record.12

(Whereupon, the meeting concluded at 10:4213

a.m.)14
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