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1 P-R-0-C-E-E-D-I-N-G-S

2 8:32 a.m.

3 CHAIRMAN WALLIS: The meeting will now

4 come to order. Good morning.

5 This is a meeting of the Advisory

6 Committee on Reactor Safeguards Subcommittee on

7 Thermal Hydraulic Phenomena.

8 I am Graham Wallis, Chairman of the

9 Subcommittee. Members in attendance are Tom Kress,

10 Bill Shack, Mario Bonaca, Jack Sieber, Otto Maynard

11 and Rich Denning.

12 The purpose of this meeting today is to

13 discuss the progress being made and having occurred in

14 the resolution of generic safety issue 191, PWR Sump

15 Performance. Today the Staff will present the results

16 of its research program associated with chemical

17 interactions of coolant and debris within a

18 containment during a loss of coolant accident.

19 That's all we're going to hear about?

20 We'll *hear a report from the Staff on

21 their continuing review of the industry response to

22 Generic Letter 2004-02. The Subcommittee will hear

23 presentations by and hold discussions with

24 representatives of the NRC Staff and other interested

25 persons regarding these matters.
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1 The Subcommittee will gather information,

2 analyze relevant issues and facts and formulate

3 proposed positions and actions as appropriate for

4 deliberation by the full Committee. We understand

5 that Dr. Shack has a conflict of interest and will not

6 be participating in the Committee deliberations on

7 this matter.

8 Ralph Caruso is the Designated Federal

9 official for this meeting.

10 The rules for participation in today's

11 meeting have been announced as part of the notice

12 previously published in the Federal Register on May

13 22, 2006. A transcript of the meeting is being kept

14 and will be made available as stated in the Federal

15 Register notice.

16 It is requested that speakers first

17 identify themselves and speak with sufficient clarity

18 and volume so that they can be readily heard.

19 We will now proceed with the meeting. And

20 I believe that Michelle Evans of the NRC Staff is

21 going to begin. Please go ahead.

22 MS. EVANS: Okay. Good morning. My name

23 is Michelle Evans. I'm the Deputy Director for

24 Engineering Research Applications in the Office of

25 Nuclear Regulatory Research.
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1 I'd just like to take a moment to thank

2 the Subcommittee for the opportunity to be here today

3 to continue the dialogue regarding the work that we've

4 done to support NRR in their review of the PWR sump

5 issues.

6 We last updated the Subcommittee in

7 February of this year. And the intent today is to

8 continue the dialogue and provide information

9 regarding the sump related research that- has been

10 completed since that time.

11 I'd like to introduce Rob Tregoning. He's

12 the group lead in our office for the sump related

13 research.

14 Rob?

15 MR. TREGONING: Thank you, Michelle.

16 I wanted to echo her sentiments and just

17 thank the Committee for taking time out and allowing

18 us to present the results of our research to provide

19 you an update of activities that have gone on since

20 our last chance in front of you in February and in

21 March*of this year.

22 As Michelle mentioned, I'm Rob Tregoning

23 from the Office of Research. I want to briefly here

24 to kick us off, provide an overview presentation. And

25 there's not much technical in this presentation, but
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1 what it's meant to do is to provide a framework for

2 the very technical presentations that you're going to

3 be hearing over the course of the day. So really just

4 provide an overview, let you show how the various

5 pieces of these various research facets really fit

6 together into a global scheme.

7 So the global objectives of the

8 presentations you're going to be hearing today,

9 they're all going to follow a very similar format and

10 try to present similar information, albeit on

11 disparate technical topics. You'll be hearing about

12 the motivation, the objectives and goals for the

13 research initiatives that are supporting the Generic

14 Letter resolution.

15 Here I talk about the Generic Letter

16 instead of GSI-191 because that is the major

17 regulatory activity that licensees are trying to

18 satisfy as we move forward here. It's certainly an

19 integral part of GSI-191, but that's why I'm normally

20 referring to the General Letter here meant as a

21 euphemism for GSI-191 as a whole.

22 The second objective will be to provide an

23 overview of the associated technical areas of research

24 and discuss how these programs fit together. I'll be

25 doing that in this talk.
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1 For talks that you heard in February, what

2 you'll hear today it'll essentially be a status report

3 for those research programs. They'll outline their

4 objective, motivation intended regulatory use. They

5 will briefly describe the technical approach,

6 although we've tried to be brief in these areas since

7 in many cases you've heard this information already.

8 And what we really want to do is focus on the salient

9 results that we've achieved since February. So the

10 bulk of those presentations that you've heard already

11 will be summarizing those important results and

12 observations and analyses that have occurred since the

13 February time frame. And then we'll also discuss

14 plans and schedules for remaining work.

15 CHAIRMAN WALLIS: Is there going to be any

16 remaining work? We've heard many times that all this

17 is supposed to finish in spring 2006.

18 / MR. TREGONING: There's remaining work

19 associated with each of these programs in terms of

20 reporting and analysis, in some cases. And you are

21 going to hear about some programs specifically in the

22 area of downstream effects which have been initiated

23 since the February meeting. The downstream effects

24 presentation will not be held today. That's the only

25 research related talk that will be held, actually,
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1 tomorrow. But that is one activity where we do have

2 ongoing efforts.

3 CHAIRMAN WALLIS: But the other work is

4 essentially being wrapped up and it's just a question

5 of finishing the reports, is that right?

6 MR. TREGONING: At this point the programs

7 that you're hearing today or that you'll be hearing

8 about today, most of the active testing has been

9 completed in those programs. And we're finishing

10 reporting and analysis and at this point trying to do

11 assess where we go next.

12 MEMBER DENNING: I'd like to pursue a

13 little bit this question of GSI-191 versus Generic

14 Letter.

15 MR. TREGONING: Yes.

16 MEMBER DENNING: In terms of the question

17 of when does GSI-191, when will it be brought to

18 resolution versus this response to the Generic Letter?

19 CHAIRMAN WALLIS: Yes. I hesitate to

20 tackle that question given that the responsibility for

21 GSI-191 rests within NRR. I know they have a schedule

22 associated with closure. So Mike Scott's going to

23 come up and illuminate us on what the schedule is, I

24 believe.

25 MR. SCOTT: Good morning. This is Mike
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1 Scott with NRR.

2 We have a schedule; as Rob mentioned, for

3 resolution of the Generic Letter first and resolution

4 of the Generic Letter is one of the activities that

5 supports resolution of the Generic Safety Issue.

6 Because some of the plant full responses are not going

7 to be coming in until early in 2008, we're currently

8 planning that the GSI would be closed if the

9 information is available to support that closure in

10 mid-2008.

11 MEMBER DENNING: Thank you.

12 MR. TREGONING: But just as a matter of

13 process, the Generic Letter would be closed and

14 resolved first as one of the integral steps to closing

15 GSI-191.

16 The fourth objective is there are a few

17 programs that we'll be talking about over the course

18 of the day that we did not discuss in February. So

19 those presentations will be more complete self-

20 contained presentations where we go through the

21 approach objectives in greater detail.

22 The philosophy, I'll just quickly touch on

23 this. I covered this in February. This slide's just

24 up here to remind the Committee what we discussed in

25 February.
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1 The motivation for all these activities we

2 certainly recognize that research was necessary in a

3 number of important technical areas to acquire

4 knowledge so that we could adequately resolve this

5 Generic Letter.

6 CHAIRMAN WALLIS: Well, I'm not sure that

7 you've reduced uncertainty. I thought the last report

8 you gave us seemed to indicate that you had increased

9 uncertainty. You had raised new questions. You've

10 shown that you get a bigger spread in data than we'd

11 seen before. And so it's probably not quite right to

12 say that research is reducing uncertainty. It's

13 giving you more knowledge.

14 MR. TREGONING: Right.

15 CHAIRMAN WALLIS: And that doesn't always

16 reduce your uncertainty.

17 MR. TREGONING: Well, if you look at the

18 wording there it was very carefully done. It was to

19 reduce uncertainty associated with the resolution.

20 And I would argue the more knowledge that you have,

21 the better you're able to resolve issues.

22 CHAIRMAN WALLIS: Well --

23 MR. TREGONING: Regardless of it, the

24 knowledge that you gain may increase the amount of

25 uncertainty that you have with respect to a given
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1 technical parameter. But I agree with your point.

2 CHAIRMAN WALLIS: And if you believe a

3 correlation and then you do some work which shows that

4 it's invalid, it would seem that you would increase

5 the uncertainty.

6 MR. TREGONING: It would increase the

7 uncertainty with using that correlation, certainly.

8 That's correct.

9 CHAIRMAN WALLIS: Right. Okay. Well, we

10 can go on.

11 MEMBER KRESS: The motivation for doing

12 the work remains the same.

13 MR. TREGONING: Yes.

14 MEMBER KRESS: It's just --

15 MR. TREGONING: Well, the phenomena that

16 we've investigated it's certainly been qualitatively

17 understood for quite some time. I think going back to

18 the LANL work and previous effective debris sequencing

19 was a well known phenomena. I think we've quantified

20 it in a way that had not been done in any sort of

21 rigorous manner prior to that. So, that would be the

22 distinction I would like to make, yes.

23 CHAIRMAN WALLIS: Important work.

24 MR. TREGONING: Again, the broad objective

25 of this work, we've tried to focus on technical areas
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that initially did have the highest uncertainty.

Although I hesitate using the word "uncertainty" again

at this point. And we've tried to take direction from

the ACRS Staff and industry to identify areas where

generic evaluation and research sponsored activities

we thought would have the most impact. So that's been

an objective behind all of the various activities

we've conducted.

We discussed this in February but it's

worth highlighting. Many of our studies are

parametric or scoping in nature at this point to

evaluate important variables over ranges of

representative conditions.

CHAIRMAN WALLIS: Now that doesn't tell me

that you arrive at any method for predicting anything.

You're just going to evaluate important variables?

You're not going to be able to reach a conclusion

about predicting performance?

MR. TREGONING: You know, the second

bullet is a necessary step I would argue in laying the

basis of the groundwork behind the --

CHAIRMAN WALLIS: Right. But my

impression is that it's going to be left to industry

to predict performance. You are just looking at

important variables and you're saying "Yes, we found

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
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1 out that this has an important effect and this has an

2 important effect, and this has an important effect and

3 this other thing is rather unimportant." But you're

4 not going to pursue it to the point where you say now

5 we have a predictive tool

6 MR. TREGONING: That's largely correct,

7 although we are doing work in correlation development

8 where that's the goal. However, the correlation

9 development work has mainly been targeted as a tool

10 for Staff to use for confirmatory purposes and not for

11 the industry to use for the solving the problem. So

12 you're largely correct in your analysis.

13 The goals, and this just amplifies the

14 point that you just made, Dr. Wallis, is that most of

15 this research the goal has been to conduct

16 confirmatory research for the Staff use in making sure

17 that the independent review and assessment of the

18 licensee's submittals for this Generic Letter are

19 technically acceptable. However, even though that'sý

20 been a primary goal, certainly all the results of our

21 research we've strived to make them publicly available

22 as quickly as possible so that the industry and other

23 stakeholders could use them in developing their

24 solutions as they move forward.

25 Technical area of studies on the next

NEAL R. GROSS
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slide, there's four main areas of study. And what

I've highlighted here are programs underneath that

that we discussed in February.

CHAIRMAN WALLIS: But what are you

confirming in this confirmatory research?

MR. TREGONING: We are confirming that the

path that industry chooses or the technical resolution

that they propose to use will be is that we can

confirm that it's technically acceptable and that we

have independent testing and analysis to buttress any

claims that the industry --

CHAIRMAN WALLIS: But I'm telling you

you're doing that before you even know what they're

going to send you?

MR. TREGONING: It's true that we haven't

seen final submittals with respect to the Generic

Letter. But we've certainly seen lots of preliminary

information from the industry.

And, Paul, did you want to -- he's coming

up here. I didn't know if you wanted to add something

at this point.

MR. KLEIN: Yes. I'm Paul Klein from NRR.

One of the things you'll hear from me

tomorrow, Dr. Wallis, is that part of NRR's approach

will be to step back, look at all the available

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
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1 information and try to make a determination with

2 research on whether additional testing might be

3 necessary. And part of that input will be trying to

4 evaluate industry's approach.

5 CHAIRMAN WALLIS: You know, from looking

6 at the workshop in May that just occurred two or three

7 week ago, it appeared that NRR had learned a lot of

8 the questions to ask from this research. And that

9 seemed to be one of the main roles of this research

10 was to establish which technical questions need to be

11 asked and need to be responded to by industry.

12 MR. TREGONING: Yes, that has been a

13 contribution.

14 CHAIRMAN WALLIS: Okay.

15 MR. TREGONING: So in the area of chemical

16 effects we discussed in February, and then previously

17 in July of last year we talked in great depth about

18 the integrated chemical effects test that was

19 conducted by Los Alamos National Lab. We also heard

20 about some chemical specification prediction work that

21 was done at CNWRA.

22 In February in head loss we talked about

23 chemical effects head loss testing at Argonne, and in

24 particulate head loss testing at PNNL. The big

25 distinction between the two is that Argonne is truly

NEAL R. GROSS
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1 focusing on chemical effects where PNNL is largely

2 focusing on standard particulate and fibrous debris.

3 In February in downstream effects you

4 heard about the sump screen pass-through of debris,

5 otherwise known sometimes as screen bypass as well as

6 HPSI throttle valve performance work that was

7 conducted at LANL. And then you heard the beginnings

8 of the coating transport work being conducted at NSWC.

9 Now this time in May it's going to be a

10 slightly different lineup. We don't have any

11 presentations planned on ICET, per se.

12 CHAIRMAN WALLIS: Could I go back to this

13

14 MR. TREGONING: Okay.

15 CHAIRMAN WALLIS: -- effects of ingested

16 debris on reactor core cooling?

17 MR. TREGONING: Yes.

18 CHAIRMAN WALLIS: I wasn't aware that NRC

19 was doing any work on that.

20 MR. TREGONING: We weren't in February.

21 SO this is something, this is --

22 CHAIRMAN WALLIS: But you are now?

23 MR. TREGONING: But we are-now.

24 CHAIRMAN WALLIS: Are we going to hear

25 about that?
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1 MR. TREGONING: Yes. I won't be covering

2 it today, but it will be covered tomorrow as part of

3 the downstream effects.

4 CHAIRMAN WALLIS: We'll hear about it

5 tomorrow?

6 MR. TREGONING: You will hear about that.

7 That's the only research activity that we will not be

8 covering today specifically.

9 CHAIRMAN WALLIS: Thank you.

10 MR. TREGONING: So today we will not be

11 hearing about ICET or the chemical specification

12 prediction work. There has not been a lot of new

13 activity, or at least enough new activity in either of

14 those areas to warrant presentations. However, as

15 always, if you have questions we'll be happy to field

16 those.

17 What we will be discussing in the area of

18 chemical effects is some ICET follow on

19 characterization work that has been conducted at LANL.

20 You've heard a little about this in July as well as in

21 February. But we want to give a full blown treatise

22 today.

23 And then you'll also be hearing about our

24 peer review activities in the area of chemical

25 effects.
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1 Now in the area of head loss you will hear

2 updates on the ANL and PNNL work. There's additional

3 testing and analysis work that will be presented

4 today.

5 There's also a new program that we only

6 touched on in February, some static drain column

7 testing work conducting at LANL that's going to

8 provide, I think, some very interesting complimentary

9 information to be coupled with the work that's ongoing

10 at ANL. It's a different philosophy and approach to

11 head loss testing than ANL has embarked on.

12 And then in downstream effects, as Dr.

13 Wallis mentioned, tomorrow you'll be hearing about the

14 effects of ingested debris on core coolability.

15 And then also today you'll hear some

16 results associated with the coatings transport work.

17 MEMBER DENNING: Rob, before you move on

18 to that, it's pretty clear that the Staff's approach

19 towards the resolution of this issue is going to rely

20 very heavily on large integral tests that have

21 conditions that are clagged together glugged together,-

22 in a sense, to include the effects of chemical

23 effects. And I was wondering whether you had looked

24 at -- and it's going to be very difficult to assess

25 whether these really represent reality or whether they
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1 don't. Have you considered the possibility of some

2 additional testing that would try to look at that

3 these integral tests in an experimental way to try to

4 determine where the ranges of applicability or are you

5 going to rely totally on the work that's already been

6 done?

7 MR. TREGONING: We've certainly discussed

8 among the Staff, as anything, the possibility of doing

9 some, say, larger scale integrated confirmatory types

10 of tests. It's something that we haven't chosen to

11 proceed down that road at this point because all the

12 issues associated with those integral tests have not

13 shaken out.

14 Whenever you embark on integrated testing,

15 you know some of the concerns that you've raised with

16 respect to the industry testing, we would have the

17 similar concerns if we embarked on our own program

18 making sure that they reasonably representative and

19 that we were understanding all the various 'integrated

20 effects that were occurring in the test.

21 So we've chosen more typically to look at

22 single effect; transportability, head loss, chemical

23 effects with the hopes that we can integrate those in

24 a little bit more rigorous way by understanding the

25 pieces. Now that doesn't mean downstream if there is
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1 some compelling issues that we're just not able to

2 come agreement or, again, provide a rigorous technical

3 evaluation of some of the outstanding questions that

4 we have on the industry approach, that we wouldn't

5 revisit that decision again. But as of now, we have no

6 plans to do any integrated testing along those lines

7 that you mentioned.

8 CHAIRMAN WALLIS: Well, the sort of

9 questions I have about industry, just to show some

10 out: (1) There seems to be an assumption that all

11 concretes are the same. We know that concretes can be

12 quite different depending on what aggregate goes into

13 them and so on.

14 And there seems to be an assumption that

15 the precipitate of some chemical always has the same

16 physical properties, whereas we know that precipitates

17 can be very different depending on how they're formed.

18 So there's a-whole lot of questions like

19 that which much be occurring to you guys.

20 MR. TREGONING: Yes.

21 CHAIRMAN WALLIS: We can have a discussion

22 about that later on about some of these things which

23 are sort of being assumed or appear to be 'being

24 assumed by industry which maybe you need to do some

25 confirmatory work to check on.
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1 MR. TREGONING: Tomorrow at the NRR

2 presentations that is some slides that they'll be

3 discussing about the integrated testing and some of

4 the issues we've raised.

5 The issues you raised are certainly a

6 subset of many issues --

7 CHAIRMAN WALLIS: For example, I guess.

8 MR. TREGONING: Yes. Many questions that

9 we have.

10 I know in August there is at least a plan

11 at this point to bring in or to attempt to have the

12 vendors come in so that we can have a more detailed

13 discussion in front of this Committee in terms of the

14 various testing approaches that are being undertaken

15 at this point.

16 Can I move on?

17 CHAIRMAN WALLIS: Sure. We've seen this

18 one before.

19 MR. TREGONING: You've seen this one

20 before, so I'll move right through it. It's just

21 essentially I wanted to show that there's been a lot

22 of collaboration between the various labs that we have

23 working on this. It's a true consortium. We've tried

24 to go to many labs so that we can conduct many

25 programs simultaneously and try to achieve the benefit
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1 of a large number of people thinking about these

2 issues simultaneously.

3 These messages there, I've essentially one

4 method associated with each presentations that you're

5 going to hear subsequently. There's not a lot of

6 technical information given in these messages, but

7 they're just there to set the stage for what you're

8 going to be hearing about and to try to provide a bit

9 of a take home set of summary points.

10 You're going to be hearing in the first

11 presentation today that we have achieved some in depth

12 technical understanding about aluminum precipitate

13 formation. And this was the precipitate, just to

14 remind you that we saw in the ICET 1 and 5 tests

15 within containment pool environments. So I think we

16 know a lot at this point of how these aluminum

17 products conform and what some of the conditions of

18 formation are.

19 In the next talk, which is the ANL head

20 loss talk, we have certainly demonstrated some very

21 important implications associated with observed ICET

22 products. And we've actually measured head loss

23 associated with surrogates intended to mimic those

24 products that we observed in ICET.

25 The new talk on peer review I think you're
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1 going to hear a number of interesting issues that we

2 haven't discussed previously in front of the

3 Committee. And we're using this external peer review

4 quite extensively to not only review and comment on

5 the research that we have ongoing, but really to help

6 us identify and priortize outstanding issues in the

7 chemical effects arena.

8 Finally, when we look at the PNNL work and

9 the head loss correlation development work you'll see

10 once again that we're continuing to identify and

11 quantify important phenomena that effect head loss for

12 particulate and fibrous debris systems. And we'll

13 show you how we're using the test data as well as

14 developing correlations so that we can try to provide

15 an analytical tool that the NRC Staff will have to

16 evaluate some of the solutions that industry is

17 development that ensure that the head loss will be

18 acceptable, for some of these engineered some

19 modifications.

20 Finally, not so much today but tomorrow

2i you'll hear about research that we've initiated to

22 determine if adequate core cooling is maintained due

23 to ingested debris within the reactor core.

24 And then also today you'll be hearing that

25 the coating testing has qualified several important
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1 metrics for assessing chip transport to the sump

2 screen. And also you'll see some results from PNNL

3 where they actually made some head loss measurements

4 of coating chips. And that was an area that hadn't

5 seen much, if any, data to try to make that

6 assessment. So there'll be some valuable new data

7 there.

8 CHAIRMAN WALLIS: Rob, last time we meet,

9 before we met we received some reports. These very

10 quick look sort of reports, but at least they gave us

11 technical information. And I was thinking about how

12 we're going to evaluate this work or write any letter

13 on it. Really until we see a report which has

14 information in it which you finally are going to hang

15 your hat on, it's very hard for us to evaluate what

16 you've done.

17 MR. TREGONING: Yes.

18 CHAIRMAN WALLIS: And we can sort of look

19 at what you present and say, yes, things look okay and

20 this thing is an interesting new twist or something,

21 but we can't give any really definite statement about

22 how good we think the work is until we see the final

23 product. And that is going to be sometime in the

24 future, isn't it?

25 MR. TREGONING: Yes. I think what you'll
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1 see with each project starting in August from about

2 August through October we'll probably have one or two

3 new reg. reports a month coming out on these various

4 projects.

5 CHAIRMAN WALLIS: So how are we going to

6 advise the Commission about the usefulness of your

7 work until we get all that stuff? We won't be able to

8 do it until, say, next year it looks like.

9 MR. TREGONING: I think the plans are, and

10 Ralph can elaborate on this a little bit, we plan for

11 a November Subcommittee meeting to be followed up with

12 a main Committee meeting in December. And the strategy

13 at that time was, or the plan is that all of the

14 reports will be done by that. So you'll have six or

15 seven reports.

16 CHAIRMAN WALLIS: So November with the

17 time when we can review this great stack of

18 information?

19 MR. TREGONING: Yes. Yes. We realize that

20 it's going to be a challenge.

21 CHAIRMAN WALLIS: Well, I'm interested in

22 the timeliness here. Because I think that these plants

23 are putting in screens now. And by next year they're

24 going to have them in there. And so if NRR is going to

25 use your work, it needs to come out presumably pretty

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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

W v



27

1 quickly.

2 MR. TREGONING: That's what we're working

3 to do. That's why we're working--

4 CHAIRMAN WALLIS: They can't really base

5 a decision on some preliminary indication that you

6 have of something. You need to actually state

7 something definitely. Okay.

8 MR. TREGONING: That's our main activity

9 this summer is reporting and publishing. So over the

10 next several months there'll be a number of reports

11 that are coming out on these various programs.

12 CHAIRMAN WALLIS: Will these be selective?

13 It's nice to see quick look reports because people

14 then say what they saw. It's a bit like evidence in

15 a legal case. You know, the evidence is the most

16 valuable. When people think about what they really

17 want to say, sometimes it changes. We do sort of see

18 the quick look' type report as well as the final report

19 and say "Well, why don't we emphasize this part of the

20 work or something?"

21 MR. TREGONING: I can tell you the

22 strategy we're pursuing with all of our work:

23 A. We're trying to present the

24 information as neutrally as we can, and;

25 B. For instance, with the PNNL report I
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1 know there are plans to incorporate all of those quick

2 look reports as appendices.

3 CHAIRMAN WALLIS: Okay. So everything is

4 going to be there?

5 MR. TREGONING: And that's the strategy

6 we're attempting to pursue with all of the reports is

7 that there will be data and more raw information that

8 will be in the appendices.

9 CHAIRMAN WALLIS: Wonderful. Okay.

10 MR. TREGONING: So for those that are

11 inclined, there'll be plenty of information to sift

12 through and dig into and really get your teeth around.

13 Any other questions? I'm accused of being

14 wordy, so once again I've exceeded my time allotment

15 so I don't want to dally any longer and let the real

16 technical stars get up here and talk about what

17 they've been doing.

18 CHAIRMAN WALLIS: Well, you may be wordy,

19 but you don't usually say much that's irrelevant.

20 MR. TREGONING: That's a matter of

21 interpretation, I think.

22 Okay. Next we're going to hear about

23 aluminum chemistry in a post-LOCA environments and

24 T.Y. Chang, who is the NRC Project Manager, is going

25 to come to come up to lead this talk off and as well
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1 as Marc Klasky.

2 MR. CHANG: Good morning. My name is T.Y.

3 Chang. I'm a Project Manager in the NRC Office of

4 Research.

5 With me here is Dr. Marc Klasky from Los

6 Alamos National Lab.

7 We would like to present to you a subject,

8 the title is Aluminum Chemistry in Post-LOCA

9 Environments, which I should add that the environment

10 we're talking about is within the PWR containment.

11 A little bit of background. The chemical

12 effects issue was raised by the ACRS about three years

13 ago. And in response to this raised concern, the NRC

14 initiated a small scale chemical testing program.

15 This study demonstrated that gelatinous chemical

16 precipitate could indeed be formed when introducing

17 aluminum or zinc salt into a simulated PWR containment

18 pool-solution.

19 CHAIRMAN WALLIS: I was trying to think

20 about the history of this. There were some small

21 scale tests, I think they were done at Los Alamos or

22 New Mexico where --

23 MR. CHANG: That's the one I'm referring

24 to.

25 CHAIRMAN WALLIS: -- they had trouble
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1 getting consistent results. I mean, they put a lot of

2 things in a lot of jars with various pHs and things

3 and it was resolved it was zinc or something, wasn't

4 it?

5 MR. CHANG: The zinc --

6 CHAIRMAN WALLIS: It wasn't aluminum, it

7 was zinc.

8 MR. CHANG: Aluminum and zinc both.

9 CHAIRMAN WALLIS: Getting consistent

10 results. And therefore, I wondered how --

11 MR. CHANG: The missing link there is from

12 the metal corrosion to the formation of the

13 precipitate.

14 CHAIRMAN WALLIS: And there was something,

15 it wasn't even consistent. I mean, they'd sort of get

16 sometimes the -- they'd put in these, what did they

17 call them? Little pieces of metal. I can't think of

18 xWhat they call them.

19 MR. CHANG: Coupon or whatever.

20 CHAIRMAN WALLIS: Coupons, right.

21 MR. TREGONING: Dr. Wallis --

22 CHAIRMAN WALLIS: And then sometimes they

23 gain weight, sometimes they'd lose weight and so on.

24 It was very difficult to get consistent results. And

25 this was telling me something about the difficulty of
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1 doing a good small scale test because industry is now

2 planning a whole lot of small scale tests, right? And

3 they're going to take the results of these and apply

4 them. They'll probably learn from the small scale

5 chemical tests that it was difficult to get consistent

6 results. That's what I remember from that work.

7 DR. LETELLIER: This is Bruce Letellier

8 from Los Alamos National Lab.

9 I think that your memory is correct. When

10 we tried to perform a small scale corrosion test to

11 look at how rapidly the materials introduced to

12 solution, the results were rather inconsistent. It

13 depended a lot on the physical property of the sample,

14 whether it was a coupon or granular material. That was

15 one of two objectives for the small scale testing.

16 The first objective, as T.Y. had

17 mentioned, was to demonstrate or to investigate

18 whether or not chemical products could induce an

19 important head loss effect. And that was demonstrated

20 conclusively in repeated studies.

21 MR. CHANG: Yes. Let me continue.

22 CHAIRMAN WALLIS: But in terms of this

23 confirmatory research, I mean industry's got a huge

24 plan where they seemed to do all of independent tests

25 of different coupons and stuff. And what you've
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1 learned is something about how one can do those tests

2 and how one can interpret the results and how reliable

3 it is to extrapolate them and so on. That may be

4 useful information when you evaluating what the

5 industry is doing.

6 MR. CHANG: Yes. Certainly they are useful

7 information.

8 That study, that the main finding is that

9 those gelatinous chemical precipitates and induce

10 pretty high head loss across a sump screen.

11 As I mentioned, that the link from the

12 metal corrosion to the precipitate formation, however,

13 was not demonstrated in this testing. To address this

14 missing link NRC and the industry started a joint

15 program. It was the integrated chemical effects test.

16 In short it's ICET.

17 This ACRS Subcommittee was briefed by the

18 staff and our contractors on the ICET test twice. Once

19 was in July last year and again in February of this

20 year.

21 The ICET tests show that this chemical

22 precipitate could form under certain conditions-when

23 corrosion and leaching of various materials happened.

24 Those various materials tested in the ICET tank are

25 things such as different insulation materials,
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1 concrete and exposed metal surfaces.

2 CHAIRMAN WALLIS: Now these precipitates

3 were sometimes web-like?

4 MR. CHANG: Pardon?

5 CHAIRMAN WALLIS: They were web-like?

6 Looked like a spider's web? And so this indicates

7 that the precipitate isn't necessarily always a

8 collection of small particles which seem to be being

9 produced in some of these industrial tests?

10 DR. KLASKY: You want me?

11 MR. CHANG: Yes.

12 DR. KLASKY: Dr. Wallis, Marc Klasky from

13 LANL.

14 I'll speak in a minute about some of the

15 earlier photographs that I think we've presented in

16 the past with respect to the web-like growths. And

17 I'd just summarize by saying that some of those

18 pictures that you might have seen perhaps are just

19 manifestations of the drying process.

20 CHAIRMAN WALLIS: That's right.

21 DR. KLASKY: And so I'll talk about that

22 in a minute.

23 CHAIRMAN WALLIS: Okay. Yes, but the

24 point is that precipitates appear in many forms

25 depending on what you do?
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1 DR. KLASKY: Correct.

2 MR. CHANG: Correct.

3 Well, based on our observation of the ICET

4 tests it becomes clear that a better understanding is

5 needed about what kind of condition that aluminum

6 based precipitate can form. And also -- I think I

7 skipped one slide. Let me see. Okay. What really

8 motivated us to start this study is the ICET test

9 results. Looking at this table we have three ICET

10 tests --

11 CHAIRMAN WALLIS: Well, let's go back to

12 here. You say temperature and pH. But the form of the

13 precipitate depends on other things such as whether or

14 not you stir things, whether or not this flow of some

15 sort through something else or around the precipitate

16 and so on. It's not just temperature and pH.

17 MR. CHANG: Well --

18 CHAIRMAN WALLIS: Yes, you can make

19 precipitate but how it forms and what it looks like

20 depends on a whole lot of things, doesn't it?

21 MR. CHANG: That's correct. There are a

22 lot of other things. But we think those are the main

23 things that will influence formation of those

24 precipitate.

25 CHAIRMAN WALLIS: I mean, you can make a

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



35

1 single crystal of something if you do it very, very,

2 very carefully.

3 MR. CHANG: Correct. Yes.

4 CHAIRMAN WALLIS: But that's not what you

5 usually get for a precipitate. It's not likely you

6 get one large rock in the sump.

7 MR. CHANG: Okay.

8 CHAIRMAN WALLIS: It's conceivable, right?

9 MR. CHANG: Here we have three of the five

10 tests performed for the ICET. If you look at test

11 number 1 and 4 both have sodium hydroxide as the

12 buffering agent and the pH value of the solution about

13 the same time. However, pretty different results were

14 observed.

15 For test 1 quite a bit of the aluminum-

16 based precipitate was formed upon cooling. Whereas

17 for test 4 none of those gelatinous precipitate were

18 observed during the test or after cooling.

19 In addition, you look at test 5. The

26 buffering agent was the sodium tetraborate-STB and the

21 pH value was about 8. However, we also observed

22 aluminum-based precipitate formation.

23 The notable difference between tests 1 and

24 4 really is the insulation material used. Test 1 used

25 100 percent fiberglass and test 4 we have 80 percent
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1 of the calcium silicate there and only 20 percent of

2 fiberglass.

3 so the question then is why do we see such

4 different results from the test? This is something we

5 need to know better.

6 CHAIRMAN WALLIS: This is something that

7 unless you've done the tests, you wouldn't know. No.

8 No one predicted this would happen this way, as far as

9 I know.

10 So this shows that you cannot do a test

11 where you simply look at NaOH and aluminum. It

12 depends on the environment of other things as well?

13 MR. CHANG: That's correct.

14 CHAIRMAN WALLIS: Which is another

15 message, I think, where some of these small scale

16 tests -- what are you going to put in the small scale

17 tests in order to simulate the environment? Because

18 the small scale test doesn't contain everything that's

19 in the sump. They're sort of separate small scale

20 tests, I think are being planned by --

21 MR. CHANG: Well, the test actually is a

22 evolution. We started with the small tests --

23 CHAIRMAN WALLIS: I'm talking about ICET:.

24 I'm talking about you learned from this that you can

25 then apply to your analysis of what the industry's
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1 doing. I think they have a whole lot of small scale

2 tests. I mean, many, up to an order of a 100. But I

3 don't think they've put in different insulation, for

4 instance, in each test to see what effect it might

5 have. So unless you happen to do those tests, you

6 wouldn't know this?

7 MR. CHANG: That's correct.

8 CHAIRMAN WALLIS: Okay. So how much

9 CalSil do you need? Would 2 percent CalSil have the

10 same effect?

11 MR. CHANG: For test 4, 80 percent of the

12 insulation was CalSil. But I don't --

13 CHAIRMAN WALLIS: Suppose it was 2

14 percent, would it inhibit the aluminum precipitate?

15 DR. KLASKY: Dr. Wallis, I think I'll

16 touch on those.

17 CHAIRMAN WALLIS: You're going to talk

18 about this later?

19 DR. KLASKY: Yes. Yes.

20 CHAIRMAN WALLIS: Okay. Thank you.

21 DR; KLASKY: And I think your point with

22 respect to the presence of sort of, let's say, them

23 hidden variables --

24 CHAIRMAN WALLIS: Right.

25 DR. KLASKY: -- is valid. And I think
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1 that that is precisely why we're attempting to really

2 formulate a greater understanding. We only have five

3 tests and yet there are many different conditions that

4 may exist. And so I think one has to be cognizant of

5 that fact and try to really extract more information

6 from these five tests than otherwise would be, you

7 know, just laid out on the table.

8 CHAIRMAN WALLIS: Yes, but you've learned

9 something about the fact that unexpected things

10 happen. That something like insulation can effect

11 what you thought was the primary reaction between

12 NaOHs and aluminum,

13 DR. KLASKY: Correct. So there are --

14 CHAIRMAN WALLIS: And that you cannot sort

15 of lightly go induce a whole lot of separate effects

16 tests and assume that when you put it all together,

17 you'd get the same result?

18 DR. KLASKY: Correct.

19 MR. CHANG: Based on the observation of

20 the ICET tests, then it becomes clear a better

21 understanding of the condition is for the formation of

22 aluminum-based precipitate is needed. And also, we

23 need to understand better about the properties of

24 those precipitate.

25 The regulatory application is for the
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1 results of this test -- of this study, rather, is

2 first linked to support NRR evaluation of the licensee

3 responses to Generic Letter 2004-02 in the area of

4 chemical effects. And in addition, the results will

5 support NRR plant audits for evaluating chemical

6 effects.

7 Finally, for the licensees this will

8 provide information for them to perform plant specific

9 assessment of chemical effects in the post-LOCA

10 chemical environment.

11 The product of this study will be in the form of

12 a NUREG/CR report. The report, we're in the progress

13 and the publication is expected in October this year.

14 And with this, I would like to hand it

15 over to Dr. Marc Klasky. He will finish the

16 presentation of this study.

17 DR. KLASKY: Okay. Thank you, T.Y.

18 I want to point out another collaborator,

19 Don Chen from University of New Mexico who has

20 assisted in the-work.

21 I think there were a couple of points

22 made, Dr. Wallis, that really sort of are the

23 motivation for this work. And those are that we want

24 to recognize that we've done a limited number of

25 tests, but at the same time we have conditions that
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1 either are interpolations or extrapolations, in some

2 sense, to the conditions that were present in these

3 five tests. So we're attempting to understand the

4 maximum quantity of precipitate, it's susceptibility

5 to change with respect to its properties due to any

6 number of factors that may be present and at the same

7 time really prepare for the subsequent head loss test.

8 So in the end we're after an understanding of quantity

9 of material and its inherent properties that might

10 effect the head loss. That's ultimately the goal.

11 CHAIRMAN WALLIS: Were you able to predict

12 anything that happens in the sump?

13 DR. KLASKY: I think the objective of this

14 work is to predict or attempt to predict the quantity

15 of precipitant and its properties --

16 CHAIRMAN WALLIS: Are you able? I mean, do

17 you end up with something which says yes you can use

18 this and we understand it and you can make a

19 prediction?

20 DR. KLASKY: I think what we wind up with

21 is a prediction of the properties of the precipitant

22 that could be used to develop a head loss correlation

23 that Bruce, my colleague at Los Alamos, will present.

24 An outline of the technical presentation,

25 we're going to summarize of the ICET tests in which
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1 we've observed aluminum concentrations that were

2 substantial enough to warrant further investigation.

3 Present some of the measurements that have been

4 conducted, hydrogen production, properties of the

5 precipitant and talk about the passivation of the

6 aluminum coupons, in particular, and some supplemental

7 tests that has been performed to understand the

8 quantity or source term that we might be faced with.

9 And talk about some follow-up analyses that have been

10 performed to characterize the precipitant.

11 Again, the goal is to characterize it in

12 the sense that we can reproduce it and understand its

13 susceptibility to changes in different parameters.

14 Mixing, for example, or rapid addition of sodium

15 hydroxide to a solution of aluminum.

16 Then we want to talk about aluminum

17 solubility, what factors affect aluminum solubility.

18 And this is important again because we're trying to

19 predict the quantity and the properties of the

20 precipitate. And we're going to talk about h ow those

21 properties might change as a consequence of aging, for

22 example.

23 And then lastly talk about the development

24 of surrogates for head loss testing to facilitate head

25 loss testing if you want to do that separate and not
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1 in an integrated loop where you're corroding the metal

2 and then measuring the head loss that results from

3 that chemical product, which in fact what Dr. Shack

4 has performed at Argonne.

5 We'll talk about some of the difficulties

6 and the variability in the properties of the material.

7 But first I'll just summarize some of the

8 basic observations from ICET. On the left we see test

9 1 we basically produced substantial quantities of

10 aluminum or corroded aluminum such that the

11 concentration in test 1 rose to a plateau

12 value of about 350 milligrams per liter over the

13 course of the first 20 days. And subsequently it

14 plateau.

15 CHAIRMAN WALLIS: This was all in

16 solution?

17 DR. KLASKY: This was in solution,

18 correct. This is the measured concentration performed

19 by taking daily samples from'the ICET solution of test

20 1.

21 Test 5, which again was a sodium hydroxide

22 system. Actually, we used sodium tetraborate to

23 simulate, I guess this was the ICET-- or sorry, the

24 ICET condenser simulation or attempt to simulate that

25 environment. We obtained concentration of aluminum of
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1 about 50 milrems per liter.

2 CHAIRMAN WALLIS: This is aluminum in

3 solution. It's not aluminum that comes out and then

4 reacts with something else and precipitates during the

5 test?

6 DR. KLASKY: Right. Right here we're just

7 presenting the concentration of --

8 CHAIRMAN WALLIS: Do you know if there's

9 any aluminum that reacts with something else and then

10 precipitates during the test or is it all in solution.

11 DR. KLASKY: I'll address that.

12 CHAIRMAN WALLIS: You'll address that

13 later?

14 DR. KLASKY: I think we have pretty

15 convincing evidence that the aluminum that was present

16 or that had corroded remained in solution during the

17 course of the'experiment. And that's confirmed by the

18 fact that the weight loss from the aluminum coupons

19 was largely consistent with the concentration that we

20 observed. And I'll present it on the next slide, some

21 other evidence to that effect.

22 Just to illustrate a point that I think

23 you made, Graham, with respect to pH and it's not as

24 simple as just, you know, a single variable. I have

25 plotted the pH of each of the respective tests. And

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



44

1 the upper most curve is in fact that of test 4 in

2 which the pH is the highest. And as we alluded to, or

3 T.Y. alluded to, we did not observe the aluminum

4 placed in solution.

5 CHAIRMAN WALLIS: So you've got two things

6 at the same time in test 4. You've got CalSil there

7 and you've also got a high pH, is that right? No,

8 you've also got a high pH in test 1?

9 DR. KLASKY: Correct. So the difference

10 in --

11 CHAIRMAN WALLIS: It doesn't show -- oh,

12 it's almost the same. Yes. Okay. Yes.

13 DR. KLASKY: It's a little higher, but

14 they're comparable. But as T.Y. alluded to the

15 difference being that CalSil is in test 4 and so one

16 can basically examine, you know, so what's different

17 in test 4 and what led to, in essence, the lack of

18 aluminum. And that's what we've pursued.

19 Likewise, test 5 is the blue curve. It has

20 a pH that's comparable to that of test 3 yet there was

21 no aluminum placed in solution in test 3. And there

22 we're talking about a trisodium system, borate system

23 versus sodium hydroxide system.

24 So I think it's clear that we're talking

25 about more than pH here. We're talking about different
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1 chemical species that behave in a manner which

2 passivate the aluminum surface, others the chemistry

3 is just so substantially different that we have

4 different effects that are taking place.

5 This just summarizes the five tests and

6 just simplistically whether sodium hydroxide or TSP

7 was present, the pH range and whether fiberglass or

8 CalSil was utilized.

9 I spoke to this point earlier, and that is

10 the question was asked whether the aluminum might have

11 precipitated in test 5 and test 1. And there's I

12 think some substantiation to the effect that we

13 believe that the aluminum did not precipitate in

14 either of these tests during the course of the test.

15 Rather remained in solution. One piece of evidence is

16 the hydrogen concentration.

17 We measured the hydrogen above in the head

18 space of the tank. The tank was vented. And just as

19 a safety precaution, hydrogen was monitored each day.

20 And there's substantial variability in the data, but -

21

22 CHAIRMAN WALLIS: Turbidity is the

23 opaqueness of the --

24 DR. KLASKY: Yes.

25 CHAIRMAN WALLIS: So what is it if it's
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1 not a precipitate that's making it turbid?

2 DR. KLASKY: Well, let me speak to that.

3 This measurement was performed by allowing the

4 solution to cool.

5 CHAIRMAN WALLIS: Ah.

6 DR. KLASKY: Right. This is indicative of

7 turbidity in the tank itself.

8 , The point of this figure, the lower

9 figure, is that basically it reached the value which

10 saturated.

11 CHAIRMAN WALLIS: So there was no

12 turbidity during the test? It's just after you --

13 DR. KLASKY: Right.

14 CHAIRMAN WALLIS: -- lie around for many

15 days it --

16 DR. KLASKY: Well, the sample was

17 withdrawn from the --

18 CHAIRMAN WALLIS: By different, the days

19 is during the ICET test, that time span?-

20 DR. KLASKY: Correct.

21 CHAIRMAN WALLIS: Okay.

22 DR. KLASKY: Yes. So the sample's

23 withdrawn --

24 CHAIRMAN WALLIS: And then cooled?

25 DR. KLASKY: It's allow to cool to reach
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1 room temperature. And the turbidity here is

2 illustrative of the fact that you're basically

3 precipitating. And that's in essence what's occurring

4 here. So the passage of light is impeded or you're

5 reflecting light.

6 MR. TREGONING: Marc, this is Rob

7 Tregoning. Just a quick point of clarification.

8 Those turbidity measurements, although

9 they are taken at room temperature, they're taken

10 within ten minutes of extraction from the tank. So

11 the samples don't sit around for any great length of

12 time.

13 CHAIRMAN WALLIS: They don't settle?

14 MR. TREGONING: What?

15 CHAIRMAN WALLIS: They don't settle, for

16 instance? They don't settle?

17 MR. TREGONING: And Bruce might elaborate

18 here. But I believe, you know, that they shook the

19 vials up so that they could homogenize any precipitate

20 that it formed, yes.

21 DR. KLASKY: Yes. I guess the point of

22 this is only to illustrate that we basically observed

23 a plateau roughly at the same point at which the

24 plateau was observed with respect to the aluminum

25 concentration. And likewise, in the upper figure the
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1 hydrogen production really ceased at about the same

2 time that that plateau in aluminum was observed, which

3 basically means that aluminum corrosion ceased at this

4 point. That is aluminum corrosion is accompanied by

5 the production of hydrogen and --

6 CHAIRMAN WALLIS: It seems it ceases at

7 various times?

8 DR. KLASKY: Well, there is substantial

9 variability in the data, there's no doubt about that.

10 I think I mentioned more perhaps the compelling

11 evidence of the fact that the aluminum did not

12 precipitate is the fact that if you just take the

13 weight loss of the aluminum coupon and put that into

14 the volume of a liquid, that's roughly consistent with

15 the concentrations that were observed during the

16 course of the measurement.

17 MR. TREGONING: Rob Tregoning.

18 And just again, point of clarification

19 with the hydrogen measurements. They were done for

20 safety purposes so they weren't done necessarilywith

21 a QA consistent qualified procedure. In fact, in many

22 cases we varied the procedure; left the vent: open,

23 closed it for a. certain period allowed things to

24 accumulate. So there was some tweaking of procedures

25 as well as measurement accuracy that leads to some of
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1 that observed Variability in the hydrogen data.

2 DR. KLASKY: I guess I'll hit it on the

3 next --

4 MEMBER MAYNARD: Excuse me. The source for

5 the aluminum in these, was it based on quantities that

6 would be typically available or in a containment?

7 DR. KLASKY: Yes. The surface area of the

8 aluminum was consistent with what would be in a

9 containment vessel -- or sorry, a containment --

10 CHAIRMAN WALLIS: At least one

11 containment. I think that containment -- aluminum

12 varies tremendously from plant-to-plant.

13 MEMBER MAYNARD: Right. But I think most

14 of them do have -- there's a program for accounting

15 for how much aluminum. I just wonder if they can

16 correlate that to these results or that's --

17 DR. KLASKY: These were, I believe, the

18 upper bound. Rob, maybe you can elaborate on that.

19 MR. TREGONING: Paul's going to.:

20 DR. KLASKY: Okay. Paul's going to.

21 MR. KLEIN: Paul Klein-from NRR.--

22 This would be considered an upper bound.*

23 Based on plant survey data there are a few plants that

24 have aluminum levels on the order of ICET. Compared

25 to what was scaled for the test, most plants have
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1 substantially less aluminum.

2 MR. TREGONING: I'm going to clarify.

3 Upper bound, I always cringe when the word "upper

4 bound" is used.

.5 I think I would agree that in terms of the

6 amount of submerged aluminum that was within this

7 test, which was the largest contribution of aluminum

8 in solution, that that upper bound statement is

9 probably accurate.

10 I qualify that because we see a lot of

11 information from the plants and it changes quite often

12 in terms of -- even some plants that have reported

13 high aluminum, over time their aluminum levels can

14 fluctuate pretty dramatically. But there are plants

15 out there that do have more aluminum than we put in

16 the ICET tank.

17 MEMBER KRESS: Right. A typical

18 containment, the bulk of the aluminum --

19 MR. TREGONING: Yes, that's more typical.

20 But we did--

21 DR. SHACK: Even in ICET only 5 percent of

22 the aluminum was submerged.

23 MEMBER KRESS: Okay. So it is --

24 MR. TREGONING: But the thing that we have

25 seen at least based on the limited plant data that we
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1 have seen is the plants that have high aluminum

2 typically have much less than 5 percent submerged. So

3 that's the distinction.

4 DR. SHACK: And I'll have a little

5 discussion of that in my presentation.

6 MR. TREGONING: Yes. We can revisit it

7 then.

8 DR. KLASKY: So one consequence of having

9 the aluminum, in test 1, in test 5 -- this was

10 initially surprising to us that the lack of silica we

11 had predicated initially that the fiberglass would

12 dissolve under the high pH conditions. And yet we

13 didn't observe that in test 1 or test 5. The silica

14 concentrations were very low. And so we started to

15 think about the interactions of aluminum and silica.

16 And in fact this is sort of the inverse of what

17 happened in test 4.

18 Test 4 we dissolve the CalSil which led to

19 high concentrations of silica. And consequently we

20 basically precluded or passivated the aluminum

21 surface. So to show that in this next figure that

22 illustrating the silica concentration and'showing that

23 in test 1 and test 5 the higher aluminum

24 concentrations in essence permitted the dissolution of

25 the silica or fiberglass, whereas test 4 you see the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



52

1 CalSil initially produces very large concentrations of

2 silica which presumably had some effect on the

3 corrosion of aluminum. So there is an interaction in

4 this.

5 CHAIRMAN WALLIS: You don't know how much

6 you need of this CalSil --

7 DR. KLASKY: So we started studying that

8 and --

9 MEMBER KRESS: You predict that in advance

10 of running the tests?

11 DR. KLASKY: No. The predictions of --

12 MEMBER KRESS: I wouldn't think so.

13 DR. KLASKY: The predictions of silica, I

14 believe Southwest Research performed those equilibrium

15 calculations. And that was not predicted.

16 Now it turns out that there is a wealth of

17 information in the literature so this had been

18 studied. Yes, and I'll present this next figure that

19 illustrates that.

20 So to start to answer Dr. Wallis' question

21 with respect to how much silica one needs to more

22 effectively passivate the aluminum, we performed a

23 number of studies. And I'm only reporting on the

24 study in which we place silica in concentrations that

25 basically were attempted to mimic test 4, but we have
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1 performed these studies in which we've introduced a

2 variable amount of silica.

3 CHAIRMAN WALLIS: Wouldn't it depend on

4 the form of the silica. I mean, with glass we put in

5 a glass beaker. You got silica in the glass.

6 DR. KLASKY: The answer to that question

7 is yes, it is very dependent upon the form of silica

8 that's placed into a solution. It requires a

9 amorphous silica to have an effect, which hasn't been

10 studied. But it is a valid point.

11 So the upper figure just illustrates

12 precisely what we saw in ICET test 4. It formed

13 places a high concentration of silica and the

14 concentration is roughly a 100 milligrams per liter,

15 I believe, or I think we might have placed the upper

16 bound as well. 200 milligrams per liter. One

17 effectively very rapidly passivates the aluminum

18 surface and does not observe aluminum in solution,

19 whereas if no silica is present or a negligible amount

20 of silica is present in solution, the corrosion rate

21 is rather rapid. And calcium has some effect on

22 passivating the aluminum surface, but it's not as

23 effective as the silica itself.

24 So getting back to the question can one

25 predict this or was this known, the answer is that
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1 there have been numerous investigations of the

2 passivation of aluminum surfaces. And I present one

3 on the bottom figure. And this bottom figure is meant

4 to illustrate that one can basically effect the

5 potential by introducing both silica and aluminum into

6 solution. And so what you see in the baseline is:

7 A. That the potential is negative 1600.

8 And the more negative the more apt or susceptible to

9 corrosion. By introducing small quantities of silica,

10 one can effective raise the potential and basically in

11 some sense inhibit or slowdown the rate of corrosion.

12 So this starts to answer Dr. Willis'

13 question about how much one needs by viewing the

14 potentials and the means by which the potentials

15 raised by small incremental amounts of silica one can

16 attempt to get at that.

17 And we have performed some tests that will

18 be outlined in the NUREG that attempt to address that

19 question of how much silica is necessary to

20 effectively passivate --

21 CHAIRMAN WALLIS: So you're suggesting

22 that plants should put CalSil in their sump if they

23 don't have any?

24 DR. KLASKY: Well, not too much because

25 then you've got a different problem. Just enough.
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1 MEMBER KRESS: CalSil injections.

2 MR. TREGONING: This is the first known

3 benefit of CalSil in this whole sump issue that we've

4 seen over the years.

5 CHAIRMAN WALLIS: I think it also protects

6 the steel, doesn't it?

7 DR. KLASKY: I'm not familiar with steel.

8 So it also turns out, if one examines

9 these figures, that the presence of aluminum in

10 solution also has an effect on the corrosion rate. So

11 there is a feedback mechanism in the system. And that

12 basically speaks to if one performs corrosion tests in

13 a smaller volume and the concentration is larger in

14 the end, one can expect different corrosion rates. So

15 I think one has to be careful in the means by which

16 corrosion rates are measured. And I think that that's

17 part of -- I guess, Bruce, you guys found in the small

18 scale testing that you had performed. Perhaps not in

19 the same context, but nonetheless there is an effect.

20 So we observed upon cooling from 60

21 degrees to room temperature that a precipitate formed

22 during this course of cooling. And so first to get a

23 sense of what the elemental composition of this

24 precipitate was or is, we performed ICET analysis. So

25 basically we're just after what is the elemental
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1 composition. Forget about molecular structure. It's

2 a very simplistic chemical analysis, in some sense.

3 And one can see that there's a large

4 percentage of aluminum, predominately the precipitate

5 is aluminum. And it's accompanied by a rather large

6 percentage of boron as well.

7 Now this precipitate that I'm -- these

8 numbers that I'm giving here is precipitate that has

9 been washed. I think perhaps previously we've

10 presented elemental compositions in which we did not

11 rinse the precipitate first. And in that case, one

12 sees a lot more sodium and a lot more boron. And this

13 speaks to, I think Dr. Wallis mentioned this film or

14 web-like structure between fibers. Well, this same

15 material basically forms on the precipitate itself.

16 And it's a consequence of sodium borite being very

17 soluble but, of course, if one extracts something from

18 solution, there is surface tension. And then one

19 allows it dry, well you get this material as a

20 consequence as well. And the figure that illustrates

21 this. This was a figure that a colleague of mine,

22 Steve Tippera, he noticed that this material that we

23 call precipitate was actually two different materials.

24 A white material which turns out to be tincalconite or

25 a crystallin material as evidenced by the sharp
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1 residences in the XRD and this amorphous greenish

2 material or amber material which is amorphous

3 aluminum.

4 So I don't know if we previously presented

5 this, so really we're talking about two different

6 materials and really because we're interested in

7 what's really occurring with the ICE environment, the

8 actual material that we're interested in is the

9 amorphous aluminum material. The tincalconite is only

10 present if one allows material to dry or removes

11 material from the solution and subsequently the

12 material dries. So we're going to focus on the amber

13 or amorphous aluminum material. And I think that

14 perhaps a lot of the remarks we made with respect to

15 the web-like structure and whatnot need to be revised.

16 That is, some of the work that we presented earlier

17 with respect to the web-like structures probably is

18 just a manifestation of removing the fibers from

19 solution.

20 CHAIRMAN WALLIS: Why would it make a web?

21 DR. KLASKY: I think it's almost like it -

22 - well, first it adheres just to surface tension. And

23 then basically it's drying. And I guess it's the

24 cracking during the drying process that is leading to

25 that appearance of a web.
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1 One might think that it just cracks and

2 basically separates. But apparently there's enough

3 tension and cracking doesn't break it, I presume.

4 MEMBER KRESS: I think it's surface

5 tension driven.

6 DR. KLASKY: I think that's what forms it.

7 I mean, we haven't fundamentally studied the surface

8 tension properties of this, and so I'd just leave it

9 at that.

10 MEMBER KRESS: Probably not important to

11 this work.

12 DR. KLASKY: I don't know. I think that

13 really -- Bruce?

14 DR. LETELLIER: Bruce Letellier from LANL.

15 Marc, maybe you should explain that you're

16 able to reproduce this artificially.

17 DR. KLASKY: Yes. Sort of to prove this

18 hypothesis or I should say to lend a little more

19 support, we took fiber strands, dipped them into

20 sodium hydroxide with borate present and removed the

21 fiber, examined the fiber subsequently and observed

22 these same structures.

23 CHAIRMAN WALLIS: Out into the air that

24 you make these liquid films?

25 DR. KLASKY: That's right.
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CHAIRMAN WALLIS: And then they dry?

DR. KLASKY: That's right. We also washed

the film or the fiber as well. And once we did that,

of course, it disappeared. So it's certainly a

manifestation of just removing it from--in my opinion

at this point is what I'd include.

Now to understand the nature of the

precipitate, I wanted to understand what the

consequences of drying has on the precipitate itself,

that is the aluminum material. And so one can see in

the figure that the material is comprised of a very

large percentage of water. Just four hours of drying

at 60 degrees leads to a weight loss of upwards of

90/95 percent. So we're talking about very hydrated

material which has a consequence in terms of head

loss. So we're not just talking about -- you know,

we're talking about a small amount of aluminum

basically assuming a rather large volume due to the

associated water that's present. And I think in

developing a head loss correlation that has to be

recognized. We're not talking about just aluminum'.

We're talking about the whole hydration sphere-itself

or an effective diameter that's much larger than just

the small amount of aluminum that one places into the

solution.
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1 CHAIRMAN WALLIS: What is tincalconite?

2 DR. KLASKY: It's just sodium borate. I

3 It's I think --

4 CHAIRMAN WALLIS: That's sodium borate.

5 And boehmite is a oxide of aluminum, isn't it?

6 DR. KLASKY: Boehmite is the --

7 CHAIRMAN WALLIS: Aluminum.

8 DR. KLASKY: What's that?

9 CHAIRMAN WALLIS: Isn't that an oxide of

10 aluminum or --

11 DR. KLASKY: Yes. It's ALOH and the

12 tincalconite is the sodium borate.

13 CHAIRMAN WALLIS: And Boehmite is from

14 Germany and bauxite is from France.

15 DR. KLASKY: I'm going to give a little

16 more information about the precipitate of the least

17 qualitative. We performed a number of observations

18 using TEM. And what we have here is just an

19 illustration that it almost looks like the precipitate

20 is comprised of --

21 CHAIRMAN WALLIS: When you're finished all

22 this are you going to tell us what this means for

23 sumps? It's a lot of detail you're going into here,

24 but you've got to -- the interest really is what does

25 this tell us about sumps. Are you going to get there?
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1 DR. KLASKY: Okay. The answer to that

2 question is we're first attempting to understand what

3 the material is. And then the attempt was to, in

4 essence, reproduce the material so that Dr. Shack and

5 others could basically have confidence that the

6 surrogate that they're using was indeed representative

7 of what might be expected --

8 CHAIRMAN WALLIS: Well, if you take this

9 stuff out, you tell me it's a gel. And you take it

10 out and you dry it and you get a powder or something

11 like that?

12 DR. KLASKY: Correct.

13 CHAIRMAN WALLIS: Then if you put it in

14 water again does it make a gel again or does it stay

15 a powder?

16 DR. KLASKY: This solution is very slow.

17 CHAIRMAN WALLIS: But it would stay a

18 powder? It wouldn't necessarily go back to a gel?

19 DR. KLASKY: It would stay -- if one

20 allows it to -- I mean, it's a powder. It's an

21 unstructured -- it's not a crystal, right. There is

22 very little crystal indication. But it's going back

23 into solution --

24 CHAIRMAN WALLIS: Is it a gel in the sump

25 or is it a powder, or what is it?
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1 DR. KLASKY: It's a gel in the sump.

2 CHAIRMAN WALLIS: A gel in the sump.

3 DR. KLASKY: Right.

4 DR. SHACK: That's because he shows that

5 enormous amount of hydration.

6 CHAIRMAN WALLIS: That's right. And I was

7 just wondering about whether the way that industry is

8 going to make this stuff is going to duplicate the gel

9 also.

10 DR. KLASKY: Well, I'm going to speak to

11 that. Because let's get to the chase.

12 CHAIRMAN WALLIS: Surely.

13 DR. KLASKY: The bottom line is is the

14 material that one produces representative of what is

15 produced under an environment in which corrosion is

16 basically leading to the formation. And so when --

17 one has to be very careful. I think we'll show you

18 can produce it, but it takes a lot of care. It's not

19 as simple as just mixing the two test tubes together

20 and saying I've mixed aluminum with sodium hydroxide

21 and I'm done. So the onus is on the person making the

22 surrogate to prove that the surrogate- is

23 representative. And I think we're attempting to come

24 up with some metrics by which to judge the'adequacy of

25 that surrogate. So, yes, it's long-winded, but that's
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1 the --

2 CHAIRMAN WALLIS: But that's important I

3 think. That's an important conclusion.

4 DR. KLASKY: I won't spend too much time

5 on these, but we've also used NMR to characterize the

6 properties of both the solution and the precipitate

7 itself. And this figure basically shows, if one goes

8 to the literature, that the chemical shifts that are

9 observed in the aluminum 27 and the boron 11 NMR are

10 consistent with the fact that aluminum coordinated

11 with boron. And so we know something about the real

12 structure now of the precipitate; that is aluminum

13 coordinated with both trigonal and tetrahedral boron.

14 CHAIRMAN WALLIS: Now this boehmite

15 doesn't have boron in it, does it?

16 DR. KLASKY: The boehmite itself?

17 CHAIRMAN WALLIS: Yes.

18 DR. KLASKY: Boehmite has boron absorbed

19 onto the surface.

20 CHAIRMAN WALLIS: But boehmite itself

21 doesn't have boron in it?

22 DR. KLASKY: No, it does not.

23 CHAIRMAN WALLIS: No.

24 DR. LETELLIER: I'd like to interject.

25 This is Bruce Letellier from LANL.
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1 Although Marc's presentation is extremely

2 detailed, it does illustrate how difficult it can be

3 to speculate an unknown material. I mean, that was one

4 of the Staff's initial requests that we identify

5 exactly what products were formed. And, in fact, it

6 can be very difficult especially in an integrated test

7 environment that's less well controlled than you might

8 expect for a --

9 CHAIRMAN WALLIS: Well, this does concern

10 me about this May meeting, this workshop. It seemed

11 that NRR was asking questions learned from your tests.

12 And industry seemed to have sort of rather easy going

13 answers. They're saying, well of course, we'll just

14 make this stuff and it's going to be okay. And it's

15 not going to be perhaps quite as easy as that. Maybe

16 that's just the impression I got from looking at the -

17

18 DR. SHACK: You'll get a simpler minded

19 answer from me. So you can --

20 CHAIRMAN WALLIS: Well,- you think it's

21 going to be okay.

22 DR. SHACK:. We'll come back and review

23 this question.

24 CHAIRMAN WALLIS: Okay.

25 DR. SHACK: Because obviously it does it
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1 arise in the context of my --

2 CHAIRMAN WALLIS: You're going to sort it

3 all out for us?

4 DR. SHACK: Well, I'm going to give you my

5 take on it.

6 CHAIRMAN WALLIS: Okay. Okay.

7 DR. LETELLIER: I'd like to say that

8 numerous investigators have created a variety of

9 chemical products and they all appear to give adverse

10 head loss effects. But comparing the degree, trying to

11 quantify the comparison is the challenge.

12 CHAIRMAN WALLIS: Yes. Especially if they

13 differ by an order of magnitude.

14 MR. TREGONING: But I will say many of the

15 points that Marc's raising with respect to

16 difficulties of creating surrogate, I think Bill is

17 going to hammer home with some applications to show

18 how these manifest themselves in head loss tests and

19 some of the peculiarities and differences that you

20 really need to keep in mind when you're doing these

21 sorts of tests if you want to get something that's

22 meaningful at the end of the day.

23 DR. KLASKY: I think the way of

24 illustrating the difficulty or one of the'problems

25 illustrated by these two figures that I've presented
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1 on the solubility of the aluminum, one is a

2 crystalline structure gibbsite and the other is for a

3 amorphous aluminum. And basically for any given pH

4 there's two orders of magnitude difference in

5 solubility. And initially, I'll just recount a

6 conversation I had with Dr. Shack, that I had

7 basically performed some calculations and was very

8 careful in using the best thermodynamic data

9 available. And by that I mean, let's say data that

10 had been scrutinized and really taking mean values and

11 standard deviation and thermodynamic data and came up

12 with predictions that could be up to a factor of 2

13 different than what other investigators have presented

14 in textbooks, for example. And investigators have

15 found that the solubility is very susceptible to small

16 changes in the way it's produced mixing the rate at

17 which one reagent is added to another.

18 So it's not --

19 CHAIRMAN WALLIS: So this solubility is

20 dissolving of something? It's not the point where it

21 gets saturated and precipitates? That's something

22 else, isn't it?

23 DR. KLASKY: Prior to the highest

24 concentration --

25 CHAIRMAN WALLIS: Does the amorphous of
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1 the aluminum reach the saturation and then a gibbsite

2 is way far -- way far away from it?

3 DR. KLASKY: That is correct.

4 CHAIRMAN WALLIS: What is gibbsite? Do

5 you make ladders out of gibbsite? I have no idea what

6 a gibbsite is.

7 DR. KLASKY: It's just crystalline

8 aluminum.

9 CHAIRMAN WALLIS: What do you make ladders

10 out of?

11 MEMBER KRESS: Aluminum, hopefully.

12 DR. KLASKY: Aluminum.

13 CHAIRMAN WALLIS: But what is it?

14 DR. KLASKY: Aluminum metal.

15 CHAIRMAN WALLIS: So --

16 DR. SHACK: Gibbsite is just another

17 ALO(OH) --

18 CHAIRMAN WALLIS: Oh. Because you're

19 talking about your solubility of aluminum it says

20 here. So you're talking about solubility of aluminum

21 oxides?

22 DR. KLASKY: Correct. Correct.

23 CHAIRMAN WALLIS: Okay.

24 DR. KLASKY: So that the point here:is

25 that the concentration of aluminum in both test 1 and
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1 test 5 we believe was below the solubility limit. And

2 so the point is what basically terminated the

3 production was not reaching a concentration limit, but

4 rather passivation of the aluminum surface. So if one

5 wants to really get a good estimate of the total

6 quantity of aluminum put into solution, one has to

7 really understand the corrosion or the passivation of

8 the aluminum surface.

9 CHAIRMAN WALLIS: I would think these

10 ladders are passivated already, aren't they? They've

11 been around for a long time.

12 DR. KLASKY: There is an oxide layer that

13 is present, but if you place that ladder in the wrong

14 pH regime, then one may not have a ladder anymore, or

15 a smaller ladder.

16 DR. SHACK: But it's those solubilities

17 going up by orders of magnitude.

18 CHAIRMAN WALLIS: That's right. I noticed

19 the log scale there. Yes.

20 DR. KLASKY: So that's sort of the

21 conclusion with respect to the source term, that the

22 source term is really driven by that corrosion and

23 basically terminates due to passivation. And really

24 we're not faced with approaching a solubility limit in

25 the ICET like environment.
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1 CHAIRMAN WALLIS: Does it also dissolves

2 readily with the low pH?

3 DR. KLASKY: Yes. That's right.

4 CHAIRMAN WALLIS: And what's the lowest pH

5 you get with the boric acid? Before it gets to the

6 sump? It sprays out over the containment, it forms

7 pools, it does all kinds of --

8 MR. KLEIN: Paul Klein from NRR.

9 It's probably in the range of 4 to 41.

10 CHAIRMAN WALLIS: So if we look at 4 here,

11 we've orders of magnitude difference in the solubility

12 from -- gibbsite, I didn't know about -- yes, there

13 are orders of magnitude, too, for the other one,

14 whatever.

15 DR. KLASKY: Yes.

16 CHAIRMAN WALLIS: The amorphous one. Yes.

17 You're always talking about the sumps

18 here, but aren't there pools of acidic water that are

19 hanging around in the containment on -their Way to the

20 sump?

21 MR. CARUSO: And could there be rivers of

22 sodium hydroxide, concentrated sodium hydroxide

23 flowing down ladders?

24 CHAIRMAN WALLIS: From 'sprays or

25 something?
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1 MR. CARUSO: From sprays?

2 DR. KLASKY: What is the upper pH? 12, is

3 it?

4 CHAIRMAN WALLIS: It always seems to be

5 assumed that you've got some mixture in the sump, but

6 there are regions where there -- there are high or low

7 pH regions in the containment depending on what you're

8 doing locally.

9 DR. SHACK: But that generally exists only

10 for a relatively short period of time.

11 CHAIRMAN WALLIS: I mean, it could be in

12 a blanket of hot fiberglass dammed up there dissolving

13 something --

14 DR. SHACK: If it's dammed up, you don't

15 worry about it.-

16 CHAIRMAN WALLIS: But then you turn on

17 some sprays and it's released, you know. So it's not

18 -- anyway.

19 DR. LETELLIER: Dr. Wallis, one important

20 implication of solubility is that you're not creating

21 a precipitate. It actually provides a reservoir to

22 keep that material in solution.

23 CHAIRMAN WALLIS: Until you've put it in

24 the sump maybe. Until you cool it down in the heat

25 exchanger.
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1 DR. LETELLIER: Until you experience a

2 temperature change.

3 CHAIRMAN WALLIS: Right.

4 DR. LETELLIER: But on the other hand, the

5 important conclusion Marc has that the plateau in

6 aluminum concentration is due to passivation. And

7 that's very important because otherwise you could have

8 a heat exchanger that generates a pump of aluminum

9 hydroxide precipitate continually removing it and

10 replacing it.

11 DR. SHACK: Right.

12 DR. LETELLIER: So Marc's identified a

13 very important physical mechanism that provides a

14 measure of safety, if you will. That's the benefit of

15 adding a little bit of CalSil is to passivate the

16 aluminum surface.

17 MEMBER MAYNARD: And there may be some

18 small pools, but typically the containment's designed

19 so that the water will all flow to the sump. So you

20 obviously have some equipment and some stuff, I-beams

21 coming up where there may be some small-pools.

22 CHAIRMAN WALLIS: There could be drains

23 that get locked.

24 The effect though of barriers now they're

25 putting in some containments to at least catch the
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1 fiberglass, to catch the insulation.

2 Okay. Can we move on.

3 DR. KLASKY: Yes. So the point is is as

4 well that the solubilities are very sensitive to the

5 conditions in which the material are mixed, made and

6 can vary substantially.

7 In addition, I think another point that

8 needs to be made is that within the sump we're talking

9 about times on the order of 30 days or a month. And

10 during this period the investigators have shown that

11 aging has an affect on crystallizing the aluminum

12 materials or precipitate that formed. And yet, when

13 we examine the ICET precipitate we observed an

14 amorphous form months after its formation. And that

15 sort of led us back to why is the aluminum remaining

16 amorphous, why is the solubility as high as it

17 actually is. And the answer to that question is born

18 out by the fact that we have a very high percentage of

19 boron absorbed onto the aluminum surface. 'And so what

20 this does is really preclude the crystallization and

21 it keeps the solubility high, which is of course a

22 good thing in that sense that we basically aren't

23 precipitating aluminum. And this has been illustrated

24 by a number of different experimental investigations

25 in which the structure of the aluminum precipitate
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1 have been examined by XRD. For example, we observe

2 after aging, we get more of a crystalline material

3 than if in fact the initial aluminum is amorphous and

4 it just basically crystallizes and, hence, the

5 solubility decreases at that point.

6 CHAIRMAN WALLIS: Now the head loss

7 correlations use something like area per unit of

8 volume, which translates really as particle size.

9 DR. KLASKY: Right. And that's what I'm

10 going to get to now.

11 CHAIRMAN WALLIS: It must be dependent

12 upon history here quite a bit, right?

13 DR. KLASKY: Yes. So I'm going to get to

14 the particle size, and I'll do that by talking about

15 the development of surrogates.

16 So after that examination of the ICET

17 material, the question that we had and Argonne was

18 wrestling with at the time, I think this was even

19 prior to Argonne starting, was can we develop

20 surrogates so that we could perform separate head loss

21 testing and didn't have to wait 20/30 days to produce

22 the material and run it through a loop.

23 And so what we did was examine the

24 dissolution of two different types of aluminum. One

25 was aluminum nitrate crystals and the other was just
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1 dissolving aluminum metal coupons just in the same

2 manner that ICE basically dissolved aluminum. But

3 we're attempting to produce a surrogate and basically

4 use our analysis tools to basically determine whether

5 we can produce a surrogate that has the same

6 properties. And now I'll get into the --

7 CHAIRMAN WALLIS: How about the gel

8 characteristic that you talked about earlier?

9 DR. KLASKY: I'm going to talk about that.

10 CHAIRMAN WALLIS: You're going to get to

11 that? Oh, you're going to get to that. Okay.

12 DR. KLASKY: So in fact this is what we

13 did in terms of compromise. So we used XRD and

14 compared the amount of crystalline or the crystalline

15 size cell dimensions. And you can see that the

16 matches is rather good. That is, that the cell

17 dimensions a, b and c match remarkably --

18 CHAIRMAN WALLIS: Unreasonably closely.

19 DR. KLASKY: Yes.

20 CHAIRMAN WALLIS: And extraordinarily

21 closely?

22 DR. KLASKY: Yes. Which, I mean, was

23 rather remarkable. We were very happy with that.

24 CHAIRMAN WALLIS: How can you measure so

25 accurately?
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1 DR. KLASKY: That's the -- I'll leave that

2 to --

3 CHAIRMAN WALLIS: Those are --

4 DR. KLASKY: XRD analyst. The decimal

5 places are remarkable, I'd agree with you. I guess in

6 one case, b, 12.259 versus 12.264. But that's about

7 as --

8 CHAIRMAN WALLIS: Well, in every case

9 3.6817, 3.6821. And I'm not sure you can measure that

10 accurate --

11 DR. KLASKY: We will have to get back to

12 you with respect to the accuracy of the measurement.

13 MEMBER DENNING: Help me again. This is a

14 crystalline structure, that's what the a, b, c stand

15 for?

16 DR. KLASKY: Correct. The cell size

17 dimensions of measuring a cube, and these are the

18 dimensions.

19 CHAIRMAN WALLIS: Well, I guess this is

20 down to the atomic level. You'd expect them to be the

21 same there, wouldn't you?

22 MEMBER DENNING: Yes. I'd like to suggest

23 that the accuracy is indicative of a specific

24 crystalline form.

25 CHAIRMAN WALLIS: That's right. It's the
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1 same thing.

2 MEMBER DENNING: The signatures are very

3 unique.

4 CHAIRMAN WALLIS: It's the same thing.

5 It's the same stuff.

6 DR. KLASKY: And that was the confirmation

7 that we were hoping for.

8 CHAIRMAN WALLIS: Right.

9 MEMBER DENNING: But it's the crystallite

10 size critical to us. And that is that that 29 and 20

11 represent the equivalent of an aerodynamic mass mean

12 diameter or something like that if you were thinking

13 of -- what does that represent?

14 DR. KLASKY: No. I'll present the actual

15 hydrodynamic rating is the equivalent of that in a

16 different measurement.

17 CHAIRMAN WALLIS: Well, they have a

18 cubical thing? Are they long fibers? What do they

19 look like.

20 DR. KLASKY: The individual "leadsyo~u

21 to believe that it's an octahedral boron -- sorry.

22 CHAIRMAN WALLIS: Not of the structure

23 level, but of the particle size. They're random sized

24 shaped particles like gravel?

25 DR. KLASKY: That I can't answer.
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1 CHAIRMAN WALLIS: Course gravel or

2 something?

3 DR. KLASKY: The assumption in deriving

4 the effective radius or diameter is that they're

5 spheres. I mean that's --

6 CHAIRMAN WALLIS: It's area to volume

7 ratio or something?

8 DR. KLASKY: Yes. That's based on the life

9 scattering. You know, you're assuming a hydrodynamic

10 radius and using the assumption that it's a sphere.

11 So we also compared the hydration or we

12 used TGA analysis to basically determine or make a

13 comparison between the surrogate and the ICE material.

14 And the upper curves illustrates the results of the

15 surrogate and the lower curve represents the ICET

16 material, the gel or I think we called it the gel.

17 And you can view the results. I mean the fact is that

18 they're rather good agreement as well obtained from

19 the comparison between the surrogate and the ICET gel

20 in terms of the hydration -- loss I should say.

21 MR. TREGONING: Marc, this is Rob

22 Tregoning, NRC.

23 Point of clarification. On the slide

24 before you talked about two different surrogates. You

25 talked about surrogate induced by aluminum nitrate
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1 crystals as well as corrosion from aluminum metal.

2 Which surrogate are you talking about as providing a

3 good comparison in this slide, which of those two?

4 DR. KLASKY: You got me there, Rob. I'm

5 going to have to get back to you. I don't recall which

6 figure corresponds to this data.

7 CHAIRMAN WALLIS: Well, the surrogate is

8 the first one, isn't it?

9 DR. KLASKY: No, there were two. We

10 produced surrogates in two different --

11 CHAIRMAN WALLIS: But the real surrogates

12 you want to use is the -- you don't want to have to

13 dissolve coupons. You want to just dissolve stuff.

14 DR. KLASKY: Correct. And I believe the

15 answer is the aluminum nitrate crystals.

16 MR. TREGONING: Okay.

17 DR. KLASKY: But I need to check that.

18 MR. TREGONING: That's an important point,

19 obviously.

20 DR. KLASKY: Yes.

2i MR. TREGONING: Because here is baseline

22 is the actual ICET 1 precipitate. So that's what was

23 actually formed in the experiment.'

24 DR. KLASKY: Rob, I believe, it's been

25 some time, but I believe we were successful by
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1 dissolving the crystals. I need to confirm that.

2 MR. TREGONING: WE'll certainly clarify

3 that within the NUREG.

4 CHAIRMAN WALLIS: What are we looking at

5 in the top graph there?

6 DR. KLASKY: Say that again.

7 CHAIRMAN WALLIS: What are we looking at

8 in the top?

9 DR. KLASKY: The red curve is the weight

10 loss and the blue is the derivative of the red.

11 CHAIRMAN WALLIS: The derivative?

12 DR. KLASKY: Right.

13 CHAIRMAN WALLIS: So we're not looking at

14 -- okay. We're not looking at a comparison there?

15 DR. KLASKY: No.

16 CHAIRMAN WALLIS: No.

17 DR. KLASKY: You have to compare the red

18 curve versus -- in the upper graph versus the green

19 curve in the lower graph or figure.

20 For example, at 300 degrees the ICET we

21 have a weight percentage of 80 percent.

22 CHAIRMAN WALLIS: The derivative is the

23 blue?

24 DR. KLASKY: Correct.

25 CHAIRMAN WALLIS: Well, it should be zero
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1 when it's leveled off, shouldn't it?

2 DR. KLASKY: Well, that's certainly true.

3 CHAIRMAN WALLIS: It doesn't look right.

4 Oh, it is zero. Ah.

5 DR. KLASKY: You had me going as well.

6 CHAIRMAN WALLIS: Okay.

7 DR. KLASKY: Okay. So sort of the bottom

8 line now. So we want to use this --

9 CHAIRMAN WALLIS: The bottom line is

10 surrogates are okay?

11 DR. KLASKY: I think the bottom line is

12 that we were able to produce a surrogate that did have

13 comparable properties of ICET by dissolving the

14 aluminum nitrate crystals into solution. But, you

15 know, I think the caveat is one can also produce

16 surrogates that are not okay. If you titrate and are

17 not careful, concentrate aluminum hydroxide into a --

18 sorry. Concentrated sodium hydroxide into an

19 aluminum, you will basically form a precipitate that

20 is very crystalline in nature and not representative

21 of what is observed in ICET. So the fact that we're

22 able to do it doesn't basically drive home the point

23 perhaps that it -- it's not always the same.

24 CHAIRMAN WALLIS: You haven't shown us

25 here what happens if you do it badly?
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1 DR. KLASKY: Correct. We haven't shown

2 that.

3 CHAIRMAN WALLIS: You ought to show that

4 really.

5 DR. KLASKY: We just showed that you can

6 do it.

7 CHAIRMAN WALLIS: One of the way you can

8 go wrong. You're showing you can do it, it doesn't

9 mean to say that anybody --

10 DR. KLASKY: That's right.

11 CHAIRMAN WALLIS: -- who does it is going

12 to get the right answer.

13 DR. KLASKY: And maybe that's more

14 important.

15 CHAIRMAN WALLIS: That's more important,

16 right.

17 DR. KLASKY: Yes, that's correct.

18 MEMBER DENNING: But let's understand this

19 slide better because I think it really is important

20 and I'm not understanding. What you're saying is a

21 primary and then an aggregated version. That is that

22 on the right side there, the thing that -- now that's

23 half micron basically, is that what that is?

24 DR. KLASKY: Correct.

25 MEMBER DENNING: So that's an aggregate.
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1 DR. KLASKY: Yes, let me talk about this

2 slide. So we're using dynamic light scattering to

3 determine the particle size, if you will, and

4 distribution within both the surrogates and also ICET.

5 For ICET we only could measure the

6 particle size of solutions that had previously cooled.

7 Now with dynamic light scattering there are large

8 limitations to --

9 CHAIRMAN WALLIS: So you don't get any of

10 these things until you cool it, do you?

11 DR. KLASKY: Correct. Well, hold on a

12 second. What this shows with the surrogate at 60

13 degrees is that particles or these colloids do exist

14 at 50 degrees. So when you say you don't get

15 anything, that's really I think a misnomer.

16 CHAIRMAN WALLIS: The solution is in

17 colloidal form?

18 DR. KLASKY: Correct. That's right. And

19 these colloids have diameters on the order of we're

20 seeing 30/50 nanometers and also we're also seeing 500

21 nanometers.

22 CHAIRMAN WALLIS: Well, they' haven't

23 precipitated yet. They're just

24 DR. KLASKY: Correct. They're suspended.

25 CHAIRMAN WALLIS: So how do you know the
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properties of the precipitate depend perhaps on how

you cool it?

MEMBER DENNING: Now wait a second. I'm

not sure I'm understanding what you're saying. It

still is a precipitate, yes?

CHAIRMAN WALLIS: That's what they say.

MEMBER DENNING: I mean it's --

DR. KLASKY: I think the answer to that

question is difficult in this. We're talking almost

semantics. It is not in solution. We have --

MEMBER DENNING: Right.

DR. KLASKY: -- particles or we can

observe particles. They're not settling --

MEMBER DENNING: Because they're extremely

small?

DR. KLASKY: Correct. Right. Or they have

a settling time associated with them perhaps.

CHAIRMAN WALLIS: But right at the

beginning you said the aluminum was in solution or in

the beginning of the whole talk?

DR. KLASKY: Well, maybe that I --

CHAIRMAN WALLIS: You mean it was in

colloidal form?

DR. KLASKY: That's right. It's inclusive

of colloids as well. That's right.
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1 MEMBER DENNING: Okay. And that figure

2 that you're showing corresponds to the first bullet,

3 the top bullet?

4 DR. KLASKY: Correct. Yes.

5 MEMBER DENNING: Okay. Now why is it so

6 bimodal? I mean I would expect --

7 DR. KLASKY: A continuous --

8 MEMBER DENNING: A continuous.

9 DR. KLASKY: Right. If it's an

10 aggregation. But there are systems in which there are

11 two stability points. People have seen that. So it's

12 not impossible. But I think we'd have to do a lot

13 more work to conclusively prove that point that it is,

14 you know, it almost looks like its quantized that

15 these two -- around these two points, 50 nanometers

16 and 500 nanometers.

17 MEMBER DENNING: Now, but isn't the $64

18 question the second bullet and what size distribution

19 looks like there? I mean, are you going to show us

20 something like that, isn't that the question?

21 DR. KLASKY: No. The answer with respect

22 to ICET at 24 degrees we basically observe particle

23 sizes that were roughly 50 nanometers.

24 MEMBER DENNING: Fifty nanometers?

25 DR. KLASKY: Fifty nanometers.
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1 MEMBER DENNING: I mean, it's extremely

2 small.

3 CHAIRMAN WALLIS: And no 500 nanometers?

4 DR. KLASKY: Correct. Correct.

5 CHAIRMAN WALLIS: An awful lot of surface

6 area.

7 DR. KLASKY: It is.

8 MEMBER DENNING: So if that's true then

9 when these things deposit in the bed, they don't come

10 close to filling voids and stuff like that? They're

11 very small in the deposition in the bed?

12 DR. KLASKY: Well, I think perhaps, Bill,

13 you saw this when you produced -- you measured head

14 loss. In fact, without seeing any precipitate, right?

15 So presumably that's what you have. At 60 degrees you

16 have these colloids that, I don't know what you

17 measured, but are nanometers in size, tens of

18 nanometers perhaps that basically pack very well and -

19

20 CHAIRMAN WALLIS: What do they do in a

21 bed? Do they actually cluster in some way?

22 DR. KLASKY: I --

23 CHAIRMAN WALLIS: Are'they sticky, do they

24 stick to each other?

25 MEMBER DENNING: Purely sticky. But if
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1 they were stuck together in the volume, then you would

2 see big things. You wouldn't see --

3 DR. KLASKY: Right. But also there's an

4 interaction, a repulsion as well. And that repulsion

5 between particles is dependent upon the solution pH.

6 CHAIRMAN WALLIS: Charges, are they?

7 Exactly. Right.

8 DR. LETELLIER: Bruce Letellier from LANL.

9 You can speculate about a number of

10 mechanisms, but particles that small can always impact

11 themselves on the surfaces and increase the hydraulic

12 resistance. In fact, the fact that they're physically

13 hydrated raises some interesting questions about

14 energy dissipation through vibration in a colloids

15 type of form. You don't actually have to agglomerate

16 physically large particles that can fill the void

17 space --

18 CHAIRMAN WALLIS: But they do when they

19 flow through a vent. They could deposit: like snow on

20 a power line. I mean --

21 DR. LETELLIER: Very much So.'

22 Marc, you did have a slide that showed the

23 agglomeration of larger clumps out of small

24 constituents. That one.

25 CHAIRMAN WALLIS: Well, this is very

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



87

1 interesting. I just can't see how to make the

2 connection to what happens in a sump. That seems to be

3 a long way from what happens in a sump. This is very

4 interesting stuff, but I suspect that if you can't

5 make the very close connection to a sump, it's not

6 going to be very useful to NRR and they're going to

7 just accept some global test done by industry as okay.

8 Because they don't quite know what to do with this

9 stuff.

10 DR. KLASKY: I guess what my thought is

11 that, you know, you've characterized in a sense a

12 useful parameters in terms of the diameter to be used

13 in a head loss correlation. And I had done some

14 preliminary investigations in terms of using this type

15 of work. I think -- I'm trying to think where they

16 were from.

17 But anyway, they had basically developed

18 head loss correlations via this type of a mechanism of

19 measuring the particle size diameters and basically

20 running it through --

21 CHAIRMAN WALLIS: How do they expect a

22 history effect? If you run this stuff through a

23 fiberglass bed, that it would so deposit and you'd go

24 around and more of it would deposit and it would sort

25 of take quite a long time before you'd reach any sort
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1 of equilibrium with bed structure?

2 DR. KLASKY: That's in fact these

3 basically filtration models. In fact, precisely what

4 happens.

5 CHAIRMAN WALLIS: It would go through the

6 reactor many times before it --

7 DR. KLASKY: There's a collector

8 efficiency. And one can calculate as well the

9 collector efficiency and there's a fundamental theory

10 I think that was first developed that lays --

11 CHAIRMAN WALLIS: Then you've got charged

12 particles. It's not the same as just collecting --

13 DR. KLASKY: They've examined the

14 effective colloids and --

15 CHAIRMAN WALLIS: They have?

16 DR. KLASKY: Yes.

17 CHAIRMAN WALLIS: Okay.

18 DR. KLASKY: So there is a substantial

19 amount of literature on filtrational colloids. So

20 it's not like we're stepping into something that's

21 totally new.

22 CHAIRMAN WALLIS: Okay.

23 DR. KLASKY: So I think your question of

24 so what do you do with all this stuff is the $64

25 question, right? That's --
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1 MR. TREGONING: Well, I want to weigh in

2 a little bit on this, if that's okay.

3 Rob Tregoning from Research.

4 I think one of the things, this is

5 fundamental, very building block technology that I

6 would argue is really necessary to understand what the

7 true implications are. I think will Bill Shack gets

8 up here next he's going to show what some of the head

9 loss implications can e for some of these materials.

10 But more importantly, what Marc's really

11 doing I think when we look at these various surrogate

12 tests is he's providing metrics that people that want

13 to run tests, if they want to try to recreate the type

14 of precipitate we found in the ICET tests, he's giving

15 them very definitive metrics and ways that they can go

16 about achieving that in demonstrating that the

17 implications in terms of what the ramifications are

18 for their specific head loss can be, you know, defined

19 in that sense. So that's a very important point. I

20 think it gets lost sometimes in --

21 CHAIRMAN WALLIS: Well, NRR is going to

22 look at some industrial tests and say did you use a

23 surrogate which has a 29 Armstrong -- they're just

24 going to say this is to complicated. We're going to

25 accept whatever they did?
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1 MR. KLEIN: Maybe somewhere between the

2 two.

3 This is Paul Klein from NRR.

4 I think we'd be looking for some help from

5 the Office of Research on what might be the most

6 appropriate way to try and generate surrogates and

7 then ensure that industry's approach of generating

8 surrogates is consistent with that.

9 CHAIRMAN WALLIS: Well, what concerns me

10 is that there seems to be a move to cut off all this

11 research and say it's finished. Really, the research

12 ought to be going on while you're asking questions of

13 industry. And as question come up from these

14 industrial tests and there's some doubt about:whether

15 the surrogate has the right particle size, then you

16 can turn to these guys. Because they still have a

17 contract. And you can say tell us some more or do

18 some more. I mean, the idea that you can just cut it

19 off and then you're going to accept what industry

20 gives you leaves a huge gap somewhere in the middle it

21 seems to me.

22 MR. TREGONING: This is Ron Tregoning,

23 Office of Research.

24 One of the things that we've been very

25 sensitive in this area is that I would say up until
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1 this point, the Office of Research has had a prime

2 lead in uncovering much of the technology associated

3 with this, especially chemical effects if not other

4 areas as well. And there's been a decision that given

5 that it's industry's issue ultimately to resolve, we

6 want them to show a more prominent lead role in some

7 of these technical issues and working them out. It

8 doesn't mean that we're just washing our hands and

9 walking away.

10 CHAIRMAN WALLIS: Well, look at the

11 history of this. You will see that there's sort of

12 discoveries that have been made every few months,

13 which were very important. And were not anticipated

14 as a result of doing exploratory research, not

15 confirmatory research. And now industry is going to

16 want to close this off by doing the minimum research

17 possible. And it seems to be a completely different

18 approach.

19 MR. TREGONING: That's certainly •

20 CHAIRMAN WALLIS: So I'm a little

21 concerned about this dichotomy here.

22 MR. TREGONING: One of the things that

23 we've been trying to do is make sure that we identify

24 what amount of research is necessary for them to do

25 and what type of research so that they don't do that,
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1 minimize the research and then essentially, you know,

2 move on at that point.

3 MEMBER DENNING: Marc, before you wrap up

4 on this summary and conclusion could you give me a

5 physical picture of your concept of you've got a

6 fibrous filter bed, let's say, and we produce this

7 precipitate. In the precipitate depositing somehow

8 into that filter bed and causing additional head loss

9

10 DR. KLASKY: Right.

11 MEMBER DENNING: -- what's your concept of

12 how that's happening? Do you think that these

13 particles are small are these masses are small and

14 they're attaching themselves to fibers distributed

15 throughout that filter bed?

16 DR. KLASKY: I think it's -- I guess the

17 concept is analogous to a cake filtration model in

18 which, you know, basically you're developing -- these

19 particles are basically attaching on the outer fiber

20 strands and basically that's, as they circulate,

21 they're just growing. Aggregates are growing as a

22 function of time.

23 MEMBER DENNING: You've got this huge mass

24 of fibrous material and a much smaller massof -- am

25 I right? A much smaller mass of --
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1 DR. KLASKY: But I guess what you're

2 saying is, yes, you do have a very large surface area

3 of fiber. But the question is how much of that fiber

4 is actually active in this process. In other words if

5 the particles basically all agglomerate at the top

6 surface, then that is effectively the surface area

7 over which these particles are being --

8 MEMBER DENNING: That's the question.

9 DR. KLASKY: I think that's correct.

10 MEMBER DENNING: The key question is is it

11 at the top most surface and we are getting a kind of

12 debris bed of this flocking material or whatever it is

13 and then the fiber or is it distributing throughout

14 the fiber and --

15 DR. KLASKY: The answer to our question,

16 and this goes back. I did this about a year ago. I

17 looked at that. And my conclusion was it was almost

18 a surface coating. The depth of penetration was rather

19 small.

20 MEMBER DENNING: Well, I'm struggling if

21 these particles are that small, this 50 nanometers,

22 that-you're going to do that or whether they'll just

23 go through and attach someplace else?

24 DR. KLASKY: You know, I think more work

25 needs to be done. I'm just speculating really.
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1 DR. SHACK: I mean it is true that we get

2 high head loss with absolutely no visible cake like

3 structure on top of the bed. I mean we don't see a

4 thing. The head loss just goes up.

5 CHAIRMAN WALLIS: Well, some of these new

6 designs have a screen with a hole size of 32nd of an

7 inch or something and then they follow it up with a

8 bypass capture which has woven, woven metal with a

9 much tighter holes. It's quite conceivable to me that

10 the woven metal will catch different kinds of little

11 tiny fibers that might be more effective in catching

12 these guys than the course fibers on the big screen.

13 You can ask more questions then there are every

14 answers to until you do the research.

15 MEMBER DENNING: Let's see if Bruce has a

16 comment on that. Do you have a comment on this?

17 DR. LETELLIER: What you propose has

18 actually been observed sort of unintentionally in one

19 of the integrated tank tests where we were looking at

20 CFD models. We had a primary capture screen of a 1/8th

21 inch mesh. And, in fact, when we overflowed the tank

22 accidently we discovered there was an internal screen

23 much, much smaller that was capturing eveirything that

24 penetrated. All of the rust particles, all of the

25 very, very small particulates. So indeed it does
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1 occur.

2 CHAIRMAN WALLIS: But then what do these

3 things do?

4 DR. LETELLIER: That wasn't capturing. It

5 wasn't capturing chemical --

6 CHAIRMAN WALLIS: Do things attach more

7 preferentially to concrete fiber or concrete particles

8 or the fiberglass or what? Maybe they don't attach to

9 fiberglass at all. They're charged particles, they're

10 not --

11 MEMBER DENNING: They're really charged --

12 or is this a polarization question?

13 DR. KLASKY: No, there's a charge. I

14 mean, I think the point of zero charge is -- I'd need

15 to get back to you. But there's a tremendous amount

16 of literature on this topic?

17 CHAIRMAN WALLIS: They repel-each other.

18 So when they stick to a fiber, do they lose their

19 charge or what do they do?

20 MR. TREGONING: Ron Tregoning, Office of

21 Research.

22 Let me suggest that we table some of this

23 discussion. Because I think you're going to hear more

24 in Bill Shack's presentation. And then we're going to

25 have some more of these issues comes when the peer
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1 review presentation is raised. So, you know, that

2 might be a more appropriate time to revisit some of

3 these issues. Because there's not only these issues,

4 but there are other ones that are associated with this

5 that will be --

6 CHAIRMAN WALLIS: What we seem to be

7 learning is that we don't have it all wrapped up where

8 we can now write a textbook and there are no m ore

9 questions, right? That seems to be the case. Is that

10 a valid conclusion?

11 MR. TREGONING: Well, assuming that you're

12 writing a textbook on aluminum effects --

13 CHAIRMAN WALLIS: Well, you can't just

14 write a handbook which says this is the way you can do

15 everything. We understand everything. You can't quite

16 do that yet.

17 MR. TREGONING: No. We could not write a

18 text book on everything. That's true.

19 CHAIRMAN WALLIS: Oh, you can't? Well,

20 okay. So you're proposing' that we end this

21 presentation now and take a break?

22 MEMBER DENNING: Did you have any other

23 points?

24 MR. TREGONING: I don't know if he wants

25 to go through his summary conclusions quickly.
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1 DR. KLASKY: I think the conclusions,

2 we've spoken to --

3 CHAIRMAN WALLIS: Then we've gone through

4 the conclusions, have we?

5 DR. KLASKY: I think so.

6 CHAIRMAN WALLIS: I think so. Because we

7 discussed them along the way as well. And it seems to

8 me that these aren't sort of solid conclusions hat

9 help me as an engineer design anything.

10 DR. KLASKY: I think the most important

11 point may be that, yes, we can produce surrogate. We

12 think we have produced surrogate that can match the

13 properties of --

14 CHAIRMAN WALLIS: But there's nothing on

15 here that says use equation 10B to predict something.

16 DR. KLASKY: Well, no, but I think the

17 attempt was -- one attempt was can we produce a

18 surrogate to be used in subsequent head loss testing.

19 And the answer is yes.

20 CHAIRMAN WALLIS: But that is a positive

21 thing. You can.

22 DR. KLASKY: But more importantly we can,

23 and maybe we didn't answer it here', there are many

24 ways to produce the wrong surrogate. And maybe that's

25
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1 CHAIRMAN WALLIS: You didn't tell us that,

2 though?

3 DR. KLASKY: That's right.

4 CHAIRMAN WALLIS: You didn't show us how

5 to make a bad surrogate.

6 DR. KLASKY: One way to do is correctly

7 and there are many ways to do it wrong or incorrectly.

8 CHAIRMAN WALLIS: Okay. Are we ready to

9 conclude as a Committee, have questions about these

10 conclusions?

11 Is the Committee convinced that everything

12 is solved by now?

13 MEMBER MAYNARD: Well, I don't think

14 everything will ever be totally resolved and I don't

15 think we'll ever be to a point where you can just plug

16 in numbers into an equation and come out with a

17 design. I think the goal here is to get the

18 information and to see if we can get where we get

19 reasonable level of assurance that the health and

20 safety of the public will be protected. I don't think

21 we'll ever get to the point where all questions are

22 answered and there's a textbook answer.

23 CHAIRMAN WALLIS: No. The question is

24 whether we have adequate information to evaluate the

25 performance of the sump and then it's effect on the
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1 cooling of the reactor core.

2 Okay. So I'm ready to take a break until

3 quarter to 11:00. Okay. Take a break for 15 minutes.

4 (Whereupon, at 10:33 a.m. off the record

5 until 10:50 a.m.)

6 CHAIRMAN WALLIS: Let's come back into

7 session.

8 We're going to hear from our colleague

9 Bill Shack. I notice that to get the work done he

10 needs quite a few colleagues to help him. But he's

11 going to present it very clearly to us in his usual

12 way, so please go ahead.

13 Oh, we're going to hear from Paulette

14 first? All right. So, go ahead.

15 MS. TORRES: Good morning.

16 My name is Paulette Torres. I'm a

17 chemical engineer working in the Office of Nuclear

18 Regulatory Research. I'm the Project Manager of the

19 chemical effects head loss testing program, and I'm

20 going to be presenting a few introductory remarks

21 today.

22 Next to me is Dr. William Shack. He

23 represents Argonne National Lab, and he will

24 presenting test results.

25 The objectives and motivations of the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



100

1 presentations are unchanged since last February ACRS

2 meeting. The chemical effects head loss testing is a

3 confirmatory research activity. The tests measure

4 head loss associated with simulated ICE environments.

5 The program was designed to improve our understanding

6 of the effects of important variables on chemical

7 products information and head loss.

8 This project was motivated by our need to

9 understand how chemical byproducts form in some

10 specific environments can effect head loss.

11 When the project was begun we had little

12 information on head loss associated with chemical

13 byproducts.

14 CHAIRMAN WALLIS: I really wish you folks

15 would call it pressure drop. Because head loss sounds

16 really dramatic. But anyways.

17 MS. TORRES: You already familiar with

18 ICET program LANL. ICET demonstrated that chemical

19 byproduct can form in the chemical environment in a

20 containment water pool after a LOCA. Those

21 byproducts could possibly plug the sump screen. In

22 turn, sump screen plugging can head loss sufficient to

23 fail the ECCS recirculation function. However, the

24 head loss associated with chemical product was not

25 evaluated in the ICET program. So the head loss
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1 testing program at Argonne is investigating the head

2 loss across a sump screen that results from the

3 combination of containment debris and chemical

4 products form in a post-LOCA sump pool.

5 The chemical byproducts chosen for head

6 loss testing are consistent with those observed in the

7 ICET program. The results for the head loss in TSP

8 buffered environments were presented in last ACRS

9 meeting and those were representative of ICET-2 and -3

10 environments. And the results were documented in a

11 series of quick look reports.

12 Since February Argonne's study of the head

13 loss associated with chemical products observed in

14 sodium hydroxide and sodium tetrabirate buffered

15 environments. Both environments contain dissolved

16 aluminum. During this talk we're going to present the

17 results of those two ICET environments.

18 In terms of the regulatory applications

19 the research at Argonne will provide the Staff with

20 information to help review the responses of Generic

21 Letter 2004-02.

22 All of the chemical head loss -testing at

23 Argonne is now completed and currently we are in the

24 process of documenting testing results with a

25 projected NUREG/CR report released date of September
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1 2006.

2 At this time I would like to turn it over

3 to Dr. Shack.

4 MEMBER SHACK: Thank you.

5 Most of you are familiar with the Argonne

6 test facility. It's a fluid loop. We have

7 essentially a horizontal sump screen. And essentially

8 we've been trying to measure a local head loss if

9 you're trying to relate this to the overall integrated

10 problems. We're not intending by this loop to

11 represent a sump configuration. What we really want to

12 do is have a controllable bed geometry and understand

13 the head losses across those beds.

14 The perforated plates I'll be talking

15 about today, we've used two types of perforated

16 plates. The one for the test today has a 40 percent

17 flow area with staggered 1/8th inch holes. It is our

18 understanding that is the kind of sump perforated

19 plate that's used for most of the modern sump screen

20 designs.

21 CHAIRMAN WALLIS: I think the newer ones

22 are having smaller holes.

23 DR. SHACK: Well, there may be newer ones

24

25 CHAIRMAN WALLIS: The anticipated ones
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1 now.

2 DR. SHACK: This was as of September or

3 so.

4 CHAIRMAN WALLIS: As of when? Yes.

5 DR. SHACK: As of then.

6 Just a brief review for some of the work

7 that we did in the past with the ICET-3 environments.

8 These are plants that use trisodium

9 phosphate for pH control after an accident. In the

10 ICET-3 test in which the TSP buffer was used with a

11 CalSil insulation, calcium phosphate precipitates were

12 observed to form. We had extensive discussions with

13 the Subcommittee on these environments in February.

14 We noticed that the head losses from the chemical

15 products were greater than we got from an equivalent

16 amount of the CalSil just as precipitates. So, in

17 fact, the chemical effects were worse than simply the

18 precipitate loss, which is bad enough with CalSil.

19 One of the other interesting concerns was

20 there's some question about just how these will form,

21 where the dissolution of the CalSil will take place

22 and where the formation of the chemical product will

23 take place. We did some tests where we assumed that

24 there would be a significant amount of :dissolution

25 before the bed was built. And then we looked at a
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1 test in which there was no significant amount of

2 dissolution before the bed. And what we did find is

3 we had the dissolution before the bed was built, which

4 we think is the more prototypical situation since you

5 don't start resump recirculation immediately. You've

6 got a high head loss quickly. If you waited and let

7 the chemical reaction occur after the bed formed, you

8 essentially got to the same total head loss, it just

9 took you a little longer as the chemical process went

10 on.

11 We noted that for a given CalSil loading,

12 the head loss could be highly non-linear, a monotonic

13 function to the fiber loading. You could saturate

14 thinner fiber beds to the precipitate.

15 And although ICET itself probably has a

16 nonprototypical level of CalSil, again although it was

17 established with industry cooperation, even for more

18 realistic concentrations of CalSil down to .5 grams

19 per liter, you can get the 75 ppm of calcium. You've

20 got plenty of phosphate where essentially calcium

21 limit in these thingis, you've added enough phosphate

22 as your TSP buffer, you're going to take up all the

23 calcium that you can dissolve whether'it's from the

24 CalSil or the concrete and turn it into calcium

25 phosphate. But with relatively small amounts of
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1 CalSil you can get fairly large amounts of the calcium

2 phosphate precipitate.

3 The next interesting set of environments

4 are ICET-1 and ICET-5. And ICET-1 is a sodium

5 hydroxide buffered sump with primarily NUKON

6 insulation. And ICET-5 is a sodium tetroborate buffer

7 with NUKON.

8 CHAIRMAN WALLIS: Now, Bill, last time

9 when we were talking about the previous tests we got

10 some quick look reports to look at. I haven't seen

11 any on this stuff.

12 DR. SHACK: No. Since we're working on the

13 final NUREG, you know we haven't produced an

14 intermediate quick look report.

15 CHAIRMAN WALLIS: Haven't had those? Yes.

16 So there's nothing that I can get to?

17 DR. SHACK: There's nothing that you can

18 get your hands on here.

19 CHAIRMAN WALLIS: All right.

20 DR. SHACK: As Marc discussed, what's

21 characteristic of both of these environments is that

22 we got significant dissolved aluminum levels, about

23 375 ppm in ICET-I and about 50 ppm in ICET-5. When we

24 cooled the ICET-I solution, we produced visible

25 precipitates and the volume and rapidity of the
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1 formation of these sort of increase.

2 CHAIRMAN WALLIS: You say "when we." You

3 mean when they?

4 DR. SHACK: They. The scientific

5 community.

6 CHAIRMAN WALLIS: You didn't redo the

7 experiments?

8 DR. SHACK: We didn't redo the

9 experiments.

10 The cooling of the ICET-5 essentially

11 produced much smaller amounts of precipitates, but

12 they did do it.

13 We have these aluminum hydroxide emulsions

14 of various forms. I think Marc convincingly

15 demonstrated that these are amorphous forms, and I

16 take the simple minded approach. That I have a factor

17 of 400 difference between the amorphous form and the

18 crystalline form. If I've got this much aluminum

19 floating around in this solution, it's got to be in

20 the amorphous form. Because if it was in the

21 crystalline form, it would be in a rock. You know, an

22 extraordinarily super saturated solution.

23 And again, coming back. One of the

24 surprising things was, you know, if you looked at

25 other products that could be forming. One Of the
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1 candidates beforehand was essentially the silicates.

2 And as Marc pointed out, one of the fortunate things

3 here is in the tests where you have lots of silicates,

4 you have little aluminum, which is the ICET-4 kind of

5 environment and in a test like ICET-I where you have

6 lots of aluminum, it inhibits the dissolution of the

7 NUKON to form the silicate. So we don't really see

8 significant amounts of the aluminum silicates.

9 We were kind of curious about how much

10 aluminum it took to inhibit that NUKON dissolution.

11 And if we took a little bit -- you know, if we had a

12 more realistic submerged aluminum level, would we get

13 the same sort of benefit. And we did some small scale

14 soaking tests where we had a greatly reduced ratio of

15 NUKON volume to aluminum surface area that we thought

16 was much closer to prototypical. And in fact, that

17 still inhibited the silicate distribution. So although

18 we saw some formation of the aluminum silicates, we

19 still believed that it primarily is aluminumhydroxide

20 type solutions that are going to be the principal

21 chemical product that we're going to have to worry

22 about.

23 And again, ICET-I had a very: specific kind

24 of submerged aluminum level. You know, they got an

25 amount of dissolved aluminum that's a function of
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1 their environment and the amount of aluminum they had

2 available to corrode. And the actual plant levels of

3 dissolved aluminum with the same environment would

4 roughly scale with the amount of aluminum exposed,

5 which is plant specific.

6 We tried to look at sort of a range of

7 aluminum levels that we might expect to get. And

8 again, the estimates here of the amount of aluminum,

9 and you're looking at your aluminum essentially as the

10 amount of volume of sump fluids you have so it's sort

11 of surface area per volume of sump fluid. In good

12 English units its foot squared per cubic foot.

13 Then, of course, you're interested in what

14 fraction of that is actually submerged because that's

15 going to be corroding for the whole mission time. And

16 then which portion of that is only wetted during the

17 spray period. Because that's only going to be

18 corroding for, you know, maybe four hours or so while

19 the sprays are active.

20 And I just went through some calculations

21 here. And, again, you can see a wide range in ratios

22 of sort of aluminum to the volume that's :submerged.

23 Most of them tend to be fairly-small. We have "one --

24 CHAIRMAN WALLIS: That doesn"'t look'right.

25 I mean 3 feet squared by -- it seems to me that -- I
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1 mean if I have a cubic foot of water and I try to put

2 three square feet of aluminum on there. This just

3 doesn't sound typical. I mean, the plant must be made

4 of aluminum. It doesn't make any sense.

5 DR. SHACK: Ralph is going to explain

6 this.

7 MR. ACHITZL: Ralph Achitzl, NRR.

8 And I'm not positive, but I believe there

9 is at least a couple of plants that have aluminum RMI.

10 Aluminum R would have a very high surface --

11 CHAIRMAN WALLIS: With a lot of aluminum

12 at each -- that's where it is.

13 MR. ACHITZL: I think. I'm not positive.

14 I believe --

15 CHAIRMAN WALLIS: That must be where it

16 is.

17 MR. ACHITZL: I believe a very high plant

18 would be an aluminum RMI situation.

19 CHAIRMAN WALLIS: So the sump is full of

20 this stuff then of aluminum debris? I mean, literally

21 full. And that amount is a huge amount.

22 MR. TREGONING: Yes, I think we do have

23 plants -- at least some evidence that Plant R does

24 have aluminum RMI.

25 CHAIRMAN WALLIS: Insulation. Okay.
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1 DR. SHACK: Now it may also be true that

2 Plant R doesn't have sodium hydroxide, a buffer. I

3 just took these results from the survey. I have no

4 idea whether these plants actually use sodium

5 hydroxide as a buffer or not. I was using this more

6 as a representative range of aluminum levels that I

7 might find in plants that do use aluminum hydroxide as

8 a buffer and seeing what kind of levels I would get.

9 MEMBER KRESS: This is with no

10 passivation?

11 DR. SHACK: And in here I've assumed no

12 passivations. This is a slightly conservative

13 assumption.

14 The one day total is in fact typically

15 dominated by the amount of aluminum that you have

16 available to be wetted by the sprays. So what you

17 have going for you early on, you've only got four

18 hours but it's occurring at high temperature and

19 relatively high pH. So you can get fairly large

20 contributions. And, in fact, I may be underestimating

21 these because I used an activation energy for

22 corrosion from the Center data. The industry data for

23 aluminum-corrosion has a somewhat higher activation.

24 So it would roughly double my one day totals if I used

25 essentially the results of the industry.
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1 CHAIRMAN WALLIS: Well, that number of

2 3.36 feet squared -- looks higher than the aluminum in

3 any ICET experiment.

4 DR. SHACK: No.

5 CHAIRMAN WALLIS: Number R? Is it really

6 true? They actually managed to stuff in that much

7 aluminum?

8 DR. SHACK: I only know what is reported

9 in the survey. It's not all submerged. You know --

10 CHAIRMAN WALLIS: Oh, it is. Okay.

11 DR. SHACK: You know, if you look at --

12 although again the fraction that's submerged in plant

13 R is extremely large.

14 CHAIRMAN WALLIS: Mmm. Okay.

15 MEMBER KRESS: What temperature did you

16 assume in these calculations?

17 DR. SHACK: What I did was a temperature

18 history. I have essentially sump time temperature

19 profiles for a Westinghouse 3 and 4 loop plants and

20 Westinghouse ICET condenser plants. So B and W and CE

21 plants became 3 loop Westinghouse plants for these

22 time temperature histories.

23 MEMBER KRESS: Well in your calculations

24 did you stairstep the temperatures?

25 DR. SHACK: I stairstepped, yes.
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1 MEMBER KRESS: So it's an activation

2 energy and --

3 DR. SHACK: I mean, I did a continuous

4 temperature history, yes. I just integrated the

5 differential equation.

6 MEMBER KRESS: Oh, you took the

7 differential equation?

8 DR. SHACK: I just did the differential

9 equation and just integrated it over the time

10 temperature history with the corrosion rate

11 essentially decreasing with the temperature.

12 MEMBER KRESS: Is that a reasonable thing

13 to do? Because most of these activation energies are

14 done at constant temperatures.

15 DR. SHACK: Well, yes, we always do that

16 with activate -- you know, we measure them in an

17 isothermal situation and then we apply them to a rapid

18 transient situation.

19 MEMBER KRESS: That under estimates or

20 over estimates? It considerably over estimates,

21 doesn't it?

22 DR. SHACK: I'm not going to make any

23 general conclusion about that. That's what I did. If

24 you don't like it, you have to do another calculation.

25 MEMBER KRESS: Okay.
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1 MR. TREGONING: Hey, Bill, Rob Tregoning.

2 Another point of clarification. Did you

3 look at any contribution due to condensation effects

4 beyond the spray phase of four from --

5 DR. SHACK: No.

6 MR. TREGONING: Okay. So no aluminum

7 outside, there's no contribution --

8 DR. SHACK: No aluminum outside. Once the

9 spray stops --

10 MR. TREGONING: It's done?

11 DR. SHACK: -- it's done.

12 MR. TREGONING: Okay.

13 DR. SHACK: Because I think the condensing

14 solution would be relatively neutral pH and a

15 relatively neutral pH doesn't dissolve a whole lot of

16 aluminum.

17 MR. TREGONING: You don't think there

18 could be left over films that effect the pH of the

19 condensate?

20 DR. SHACK: You know, I'm not sure how

21 long it would wash off and how long it would take to

22 dilute that. But it's certainly true that I did not

23 consider any corrosion during the condensation stage.

24 CHAIRMAN WALLIS: The 5000 parts per

25 million of aluminum in the sump is a large mass, is it
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1 not?

2 DR. SHACK: Yes. Well, clearly you're not

3 going to get there. You know, if this plant was using

4 sodium hydroxide and if all these numbers were true --

5 MEMBER KRESS: It'd hit the sump right

6 away.

7 DR. SHACK: -- you know you'd turn to

8 Jell-O here before you got the 5000.

9 CHAIRMAN WALLIS: The sump would turn to

10 Jell-O?

11 DR. SHACK: The sump would turn to Jell-O.

12 The conclusion here is that the ICET-1

13 level is expected to be conservative, and we sort of

14 expect most plants with sodium hydroxide buffering to

15 be at about 100 ppm or maybe a little lower. But a

16 100 ppm is certainly a level we have to consider is

17 roughly what I wanted to get to from here.

18 Because of again, the ICET-l submerged

19 volume of aluminum is pretty conseriative for

20 everything except the infamous plant R, we think the

21 ICET-5 aluminum level is similarly conservative, again

22 with most plants that have the sodium ýtetraborate

23 buffer would not have 50 ppm aluminum. They'd be more

24 like 15 ppm aluminum.

25 MEMBER KRESS: The designation of your
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1 plants, is that a code to it or can I look at it and

2 figure out which plant it is?

3 DR. SHACK: No. I think this is meant to

4 be blind.

5 MEMBER KRESS: Blind?

6 DR. SHACK: Now, again, as we point here

7 the pH of interest -- and again I've only looked at

8 the neutral pHs because the acid pH is a very short

9 phase of this whole process. And we're up on the

10 alkaline region here for almost the whole duration.

11 So my curve did go back up again the way Marc's did if

12 I showed the whole pH range. But I'm only interested

13 in this range from 8 to 10, which probably covers the

14 pHs that I'm really interested in.

15 And, again, I have an amorphous solid of

16 some form in equilibrium here and I'm looking at the

17 amount of aluminum that I can have in solution. At

18 about 9.6 or so, I'm at about 1-- ppms. So at the

19 kind of retemperature conditions at a 100 ppm I'm just

20 about at that solubility limit. And that's not

21 inconsistent with what was seen in ICET-1.

22 If you look at the turbidity results in

23 ICET-1, they start going up about the time you get to

24 a 100 to 200 ppm of solution.

25 Although this data doesn't take into
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1 account the boric acid. You know, there's no boron

2 complex in there. This is just literature data on

3 solubility in water. It doesn't seem unreasonable to

4 compare with the ICET-1 results that sort of indicate

5 that about 100 ppm at room temperature you're starting

6 to have things come out.

7 CHAIRMAN WALLIS: How does this compare

8 with your 5000 on the previous slide?

9 DR. SHACK: Well, at 60 C or 140 F you'll

10 see I can have about a gram and I can have a load of -

11

12 CHAIRMAN WALLIS: Because you haven't got

13 5000?

14 DR. SHACK: I haven't got 5000, no. As I

15 say if I had a sodium hydroxide in that plant with

16 that amount of aluminum, you know, I'd never get here.

17 But as Marc pointed out, we can dissolve an awful lot

18 of aluminum at high temperatures in these plants.

19 The other thing I wanted to point out in

20 my simple minded way is that :if I- look at this

21 equilibrium solubility, I can have essentially an

22 equilibrium between an amorphous solid and a

23 crystalline solid. And if my crystalline Solids, if

24 it's a gibbsite, it's about a factor of 400 in

25 solubility between the amorphous form and the
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1 crystalline form. With Bayerite it's more like an

2 order of magnitude. And again, these re essentially

3 pure water results. The solubilities can be

4 influenced by the borates, organics and, as Marc

5 mentioned, we just have uncertainties in the basic

6 thermodynamic data. If you look at different

7 literature results, you can get different predictions

8 of the solubility.

9 We used essentially the aluminum nitrite

10 additions to generate our emulsions. And what I'm

11 trying to show here are essentially some colloids that

12 we generated with 100, 200 and 370 ppm additions. So

13 this gives me aluminum levels of ICET-1 down to the

14 100 that I think is sort of typical of most plants.

15 And the difference in the two photographs,

16 one is taken with the flash on so you get more

17 realistic looking appearance here on the right.

18 CHAIRMAN WALLIS: We're just seeing a

19 precipitate, is that we're seeing?

20 DR. SHACK: Yes. Here you can get a

21 better measure of the volume of precipitate with the

22 375 down to the 100. And over here, you know, it looks

23 sort of solid white. But over here you get this more

24 gel-like colloidal kind of suspension.

25 CHAIRMAN WALLIS: Well, a large fraction of
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1 what's in the jar.

2 DR. SHACK: At 375, yes, you do get a

3 substantial amount of stuff. It's a lot filmer and a

4 lot more difficult to see at 100 ppm, but it's

5 certainly there.

6 CHAIRMAN WALLIS: That's after it's

7 cooled?

8 DR. SHACK: Yes. Marc showed his ICET-1

9 after the 4 months at ambient temperature in which he

10 had a 10 micron particle distribution.

11 DR. KLASKY: Marc Klasky, LANL;

12 That figure that shows the particles that

13 are roughly what? Ten micron or so, I think we need

14 to discuss that further.

15 The measurement technique that's utilized

16 I don't think can very accurately predict particle

17 sizes that are greater than a micron. And it has to

18 do with the fact that the concentrations-- you have to

19 dilute the solution, otherwise you got multiple

20 scattering events and this technique requires that you

21 don't get multiple scattering events. So you dilute

22 it, and the fact of the matter is when you dilute it,

23 then at very low concentrations you have the opposite

24 effect. That if you look at a volume, basically the

25 fluctuations, which is what we're measuring, are
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1 dominated by what's flowing into that control volume.

2 So at the concentrations that are really

3 necessary to make that measurement, they're really

4 dominated by, in essence, noise. So we can through

5 it, but I think that those measurements above a micron

6 are very uncertain. And so we choose to basically

7 delete them. We attribute them to noise and not

8 actual particles. And, in fact, we have in a series of

9 tests we actually filtered the solution at about a

10 micron and we still observed those particles which,

11 you know, gives you that indication that they're not

12 real.

13 I'll just leave it at that.

14 MEMBER KRESS: But does that apply to the

15 bottom curve also, to the second mode? Would that be

16 noise?

17 DR. KLASKY: I can't see the scale on

18 that.

19 DR. SHACK: No. This is your half micron

20 particle.

21 DR; KLASKY: Okay. Okay. Generally I

22 would just leave it at anything above a micron is very

23 suspicious and warrants much further investigation

24 with dynamic light scattering.

25 MEMBER KRESS: Yes. Well, I'm still trying
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1 to understand why you get a bimodal distribution of

2 colloids, but --

3 DR. KLASKY: The polydispersity of the

4 system, that's another issue which also is difficult.

5 And I don't know that I'm prepared to answer the

6 polydispersed nature of the system at this point.

7 MEMBER DENNING: You've never attempted to

8 use different cooling rates to see whether that

9 impacts the size distribution or things like that?

10 DR. SHACK: No, we haven't done that.

11 Now, again, this is particle size

12 distribution for some of our simulation products after

13 being cooled to room temperatures. When we just take

14 the product and we look at it, we get a peaky sort of

15 distribution, not quite bimodal the way Marc gets it.

16 But we do see a kind of peak distribution.

17 CHAIRMAN WALLIS: I don't quite understand

18 this. I thought we were told this morning that these

19 were nanometer size particles and now you're telling

20 me they're micrometer sized particles.'

21 MEMBER KRESS: Divide by 100.

22 CHAIRMAN WALLIS: No. But I mean, the

23 scale is a 1,000 or a 100 different or something. I

24 mean, this morning we heard they were all itty-bitty

25 teeny-weeny nanometer sized particles.
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1 DR. SHACK: We believe that we're looking

2 at agglomerations here, you know, in these. Again,

3 when we essentially agitate these with a little

4 ultrasound, you'll see we suddenly have aggregated a

5 lot of these particles. You know our --

6 CHAIRMAN WALLIS: But they're still

7 microns, aren't they?

8 DR. SHACK: We're down to micron sized

9 particles, which are not so different from Marc has

10 half micron particles. And, again, I believe he's

11 actually done some agitation of his also in a flow

12 systems.

13 So when we look in the TEM we sort of see

14 the similar thing; that there are nanosized salmon

15 eggs and then they sort of sifted in these

16 agglomerations. Just how sticky the larger

17 agglomeration is isn't clear to us and exactly what

18 particle size you should be using isn't clear because,

19 ag&in, you do go all the way -- you know, it's clear

20 from the TEM that the fundamental particle is sort of

21 nanosized --

22 CHAIRMAN WALLIS: The nano is 10 to the

23 minus 8 meters, is that it.

24 MEMBER KRESS: That's 9.

25 CHAIRMAN WALLIS: Nine. So it's a-factor
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1 of 1000.

2 DR. SHACK: Yes.

3 CHAIRMAN WALLIS: So when you're talking

4 about 30 nanometers -- I thought that was right. This

5 is .03 microns. It's very much smaller than you're

6 showing here, isn't it?

7 DR. SHACK: Yes. Yes. But, again, if you

8 recall Marc's TEM pictures, he has essentially salmon

9 eggs in clusters. So we're looking, you know what

10 we're seeing here are the clusters. And what we've

11 done hasn't disaggregated the cluster completely. We

12 can break those clusters up in some ways.

13 So I know it's very difficult to come up

14 with the exact notion of what a particle size is here

15 because it may depend on the agitation. It may depend

16 on the flow rate as you're going through'the bed as

17 these things impact together and can agglomerate or

18 disagglomerate.

19 CHAIRMAN WALLIS: The basic size of the

20 unit would seem to be this 30 nanometers.' And the fact

21 that they make a cluster is okay. But the basic size

22 of the unit --

23 DR. SHACK: The basic size of the unit.

24 CHAIRMAN WALLIS: -- is this tiny size.

25 DR. LETELLIER: This is Bruce Letellier,
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1 LANL.

2 Even the basic size is rather ill defined

3 because it's a hydrated sphere. And those spheres

4 interact with their neighbors. And so it's hard to

5 find a discreet definition of size, at least from the

6 point of view of fluid flow through a packed bed. It

7 just doesn't behave the same. And it's my opinion,

8 perhaps speculation, that these agglomerations rather

9 than filtering the flow, they obstruct the flow. They

10 represent a blockage and those interspatial spaces

11 between nanometer sized particles do not participate.

12 It's stagnate. But that's speculation at this point.

13 CHAIRMAN WALLIS: Well, they could wonder

14 around the loop until they agglomerated enough to get

15 stuck.

16 DR. LETELLIER: Of course. And I'm sure

17 they do.

18 DR. SHACK: But it just makes it hard to

19 come up with a fundamental partial size to deal with

20 here.

21 MEMBER DENNING: Well, what's the fiber

22 diameter for NUKON? Was it 1 micron? -

23 DR. LETELLIER: Seven.

24 MEMBER DENNING: Seven microns?

25 CHAIRMAN WALLIS: This raises questions
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1 really, as we had this morning. What's representative

2 for a test in using a surrogate? What would you say

3 is representative spectrum of particle sizes?

4 DR. KLASKY: Mar Klasky, LANL.

5 One thing I'd say, and Bill maybe you'll

6 get to this or you've already alluded to it, and that

7 is you've observed head loss prior to seeing actual

8 precipitate, which sort of lends itself to this notion

9 that the particles in fact at that point are too small

10 to see. So what's visible? A micron. So the

11 aggregates apparently are small enough up to that

12 point to still cause substantial head loss, right?

13 CHAIRMAN WALLIS: Well, what I'm getting

14 at is how is NRR going to evaluate all these different

15 tests? How are they going to decide that this particle

16 size that shows up in the test is representative of

17 the plant? It seems to me the plants are all so

18 different and all these vendors are going to test,

19 filter test their screens for each plant, aren't they?

20 How are you going to know that it's a representative

21 test? Are you going to say look at the particle size

22 and say here that it's like ICET, so it's okay or what

23 are you going to do?

24 MR. KLEIN: Paul Klein from NRR.

25 I think probably what we intend to do is
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1 work with Westinghouse since they're building the

2 fundamental building block of generating the particles

3 and assure ourselves that we're comfortable with the

4 direction they're providing to the screen vendors on

5 how to generate the chemical surrogate.

6 DR. SHACK: Yes. I think you need to

7 return to this after we look at some of our head loss

8 results.

9 CHAIRMAN WALLIS: Okay. So sometime later

10 in the year, maybe November or something, NRR is going

11 to say we now know how to have some criteria for

12 evaluation for these tests?

13 MR. KLEIN: We can discuss that tomorrow.

14 CHAIRMAN WALLIS: Okay' But from what

15 I've heard so far, it mostly seems to be in the

16 future. I mean, you know some of the questions to

17 ask, but you don't know what specific physical

18 criteria you will use yet? Okay.

19 DR. SHACK: Now our first attempt at a

20 simulated test we ran to match the 375 ppm aluminum in

21 ICET-1. and in this particular case, as Marc

22 suggested, perhaps we were not careful enough in

23 making our surrogate. And when we introduced our

24 surrogate, what we in fact show was a snowfall. You

25 know, if you recall my previous graph, 375 ppm should
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1 be soluble at 140F. You know, I should be able to put

2 in up three times that amount.

3 Now what I had when I did my introduction,

4 of course, is when I introduced my aluminum nitrate I

5 lowered the pH. As you'll notice again, that's a log

6 scale, so my solubility is dropping exponentially. As

7 I drop the pH locally, I form a product. So we saw

8 heavy snowfall.

9 Now within 2 minutes that snow disappeared

10 and we could see nothing in the loop.

11 CHAIRMAN WALLIS: So blue is *the

12 temperature?

13 DR. SHACK: Blue is the temperature.

14 CHAIRMAN WALLIS: Red is the?

15 DR. SHACK: Red is the head loss or

16 pressure drop.

17 CHAIRMAN WALLIS: Pressure drop. I

18 noticed you called it by an appropriate term.

19 DR. SHACK: We tend to say pressure drop,

20 that's true.

21 But what's interesting here'is that in

22 this particular test the pressure drop' started to

23 increase even at 1400 F, even before& we started

24 lowering the temperature. But, again, I think you

25 would have to argue that there's some questions about
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1 this test. We created too much of the precipitate to

2 begin with. But, again, you're getting this head loss

3 with no visible build up of product on the bed. All

4 the snow that we have generated has dissolved and

5 disappeared.

6 CHAIRMAN WALLIS: Well, the pressure drop

7 originally, without adding this, from the fibers alone

8 looks like something like .2?

9 DR. SHACK: Point 3. Yes.

10 CHAIRMAN WALLIS: Three. So it's gone up

11 by a factor of 20 when you finish the test?

12 DR. SHACK: Yes. Well and in fact if I

13 could keep my velocity moving, it would probably be up

14 even more than that.

15 CHAIRMAN WALLIS: Are they constant here?

16 DR. SHACK: I'm trying to keep the

17 velocity constant. As my pressures are building up

18 here, I can't control the velocity in my loop any

19 longer. So, you know, this is a minimum increase in

20 head loss that you're looking at here. I'd have to

21 show you my velocity versus pressure drop profile so

22 that you could know exactly where --

23 CHAIRMAN WALLIS: But it's roughly -.1,

24 roughly through this whole test?

25 DR. SHACK: Right. You know, that was the
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1 attempt was to keep it at .01.

2 CHAIRMAN WALLIS: Until the near end.

3 Okay.

4 DR. SHACK: And again, this is a picture

5 of the snowfall --

6 CHAIRMAN WALLIS: -- by a factor of 20.

7 That means that essentially all the pressure drop is

8 due to this aluminum?

9 DR. SHACK: Yes. Again, there's the

10 snowfall, definitely nonprototypical. But again, you

11 can see it dissolve.

12 CHAIRMAN WALLIS: Well, if there's a

13 snowfall, it's pretty big size particle?

14 DR. SHACK: Yes. You know, again, there

15 are agglomerations of things, but you know

16 fundamentally they dissolve, again they disappear. But

17 we're still getting pressure drop.

18 Now later we did a repeat test with the

19 375 ppm aluminum that representative of ICET-1. Here

20 you can see the aluminum addition at high temperature.

21 We had a very small snowfall here and you see this

22 little tiny spike in pressure. Now that may somehow be

23 associated with the snowfall. But, again, that

24 dissolved and we're seeing no pressure drop here,

25 although we're now decreasing temperatures. We're

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com
• o



129

1 going along. We're down to 100 degrees C --

2 CHAIRMAN WALLIS: There's no visible

3 precipitates circulating?

4 DR. SHACK: There's no visible

5 precipitates circulating.

6 Now one of the difficulties between the

7 last test and this test, of course the previous test

8 was run in a Lexam chamber, which is wonderful because

9 you can see what's going on. Unfortunately, in the

10 presence of the sodium hydroxide it cracked to

11 bejesus. And so we've switched now to a PVC chamber,

12 which is says it's clear, but what it really means is

13 it's kind of a smokey looking plastic. So, you know,

14 there undoubtedly could be some changes in turbidity

15 here that we can't really see through the PVC. It's

16 just not clear enough.

17 But, you know, we're coming down. We're

18 sitting here at 100 C and then it begins to take off.

19 And again, once the pressure begins to increase. But

20 there's no visible product in this test. However, if

21 we--

22 CHAIRMAN WALLIS: Did you look at the bed

23 afterwards and see what was there?

24 DR. SHACK: Yes. When we stopped this

25 test, we just let the loop sit overnight before we do
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1 anything. We collect, essentially, a large amount of

2 Jell-O above the bed.

3 CHAIRMAN WALLIS: Above the bed?

4 DR. SHACK: Above the bed. So it's been

5 circulating in the loop. You know, the aluminum

6 hydroxide is a transparent thing in a very fine

7 precipitate colloidal form, so --

8 CHAIRMAN WALLIS: The Jell-O on top of the

9 bed or inside it?

10 DR. SHACK: Well, it's -- I'm sure it's

11 inside the bed, but it's also stacked up.

12 CHAIRMAN WALLIS: Well, there's enough of

13 it to be stacked up on top of it?

14 DR. SHACK: On top of the bed. I mean,

15 we're talking 6 inches. You know, we're not looking

16 at thin cakes here. We're looking at a quite

17 substantial bed. Zero flow. And it just collects

18 there.

19 CHAIRMAN WALLIS: And when -you have a

20 flow, doesn't it compress then?

21 DR. SHACK: Well, if we could actually

22 start the flow with the Jell-O on top, we could

23 probably compress it.

24 CHAIRMAN WALLIS: The Jell-O completely

25 jams it up solid?
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1 DR. SHACK: The Jell-O has completely

2 jammed it up solid. Yes, we know. WE were jammed up

3 as far as the head went long before we could see the

4 Jell-O. But at least we knew there was a large mass

5 of precipitate in the loop that we could not visibly

6 see, but we could collect at the end of the test.

7 MEMBER KRESS: In the process of this

8 aren't you generating a large amount of hydrogen?

9 DR. SHACK: No. No. There's no corrosion

10 going on here. You know, we've just added the aluminum

11 as aluminum nitrate and so we're just looking at the

12 precipitation product.

13 MEMBER KRESS: But in a real plant you

14 would be generating hydrogen?

15 DR. SHACK: You would be generating

16 hydrogen.

17 MEMBER KRESS: And would that not tend to

18 break up this cake? I mean, there's a lot of

19 hydrogen.

20 DR. SHACK: No, but the hydrogen's being

21 generated at different -- you know, it'sý ýbeing

22 generated off where.you're putting the aluminum into

23 solution. The cake, if it was building up, would e

24 building up on the sump screen, you know, in a very

25 different location.
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1 MEMBER KRESS: Okay.

2 MR. TREGONING: Although we have looked at

3 effects of hydrogen or we've talked about effects of

4 hydrogen and hydrogen peroxide on the redox potential

5 of the solution. And that can certainly affect

6 agglomeration as well as other aggregation types of

7 mechanisms.

8 CHAIRMAN WALLIS: Well if you had all this

9 hydrogen made in the sump, it was sort of attached to

10 the particles or it's in the water, and then you

11 recirculate it, presumably the hydrogen could collect

12 in the reactor.

13 DR. SHACK: No. The hydrogen partitions

14 off, I assume.

15 CHAIRMAN WALLIS: Well, but I mean where

16 does it do it? Does it do it in the sump or does it

17 do it in the rector? Some of it comes out in the

18 reactor. In the head? No, it doesn't go out the break

19 necessarily unless it's carried -- it could go up into

20 the head. It depends upon a lot of things. Where the

21 break is and the flow rates and everything.'

22 Okay. So hydrogen might be a downstream

23 effect to think about. When we get to downstream,

24 NRR, we might think about what the hydrogen is doing.

25 DR. SHACK: Yes, downstream of this
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1 presentation.

2 CHAIRMAN WALLIS: It's not your concern.

3 MEMBER KRESS: But what's your pl and your

4 p2?

5 DR. SHACK: Those are two different

6 transducers. One of them, the pl transducer is about

7 3 inches from the bed above and below. The pl

8 transducer is about 12 inches below the bed. So you'll

9 see the pl is typically or a noisier signal than the

10 p 2 . But they should basically read just about the

11 same. You know, we get transducer drift in occasional

12 tests. But it's just sort of a check to make sure

13 we're not getting too much transducer drift to have

14 both of them there.

15 CHAIRMAN WALLIS: But you don't look at

16 the effect of hydrogen bubbles on the pressure drop in

17 the bed then?

18 DR. SHACK: No.

19 CHAIRMAN WALLIS: You don't have hydrogen

20 bubbles? But if they were small enough, they could

21 presumably get trapped in the bed?

22 DR. SHACK: Yes. I really wouldn't expect

23 them to be there. I would have expected them-to --

24 CHAIRMAN WALLIS: Yes, but when you do

25 experiments in sort of flow through porous media and
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1 look at the pressure drop, you got to be very careful

2 that you don't have gas in there because it really

3 increases the pressure drop.

4 DR. SHACK: We tried to repeat the test

5 with 100 and 200 ppm, and these were our first

6 attempts at doing that. And --

7 CHAIRMANWALLIS: Didn't make enough Jell-

8 0?

9 DR. SHACK: Well, we didn't see any real

10 effect on the pressure drop. You know the variation

11 we see here is almost the -- sort of the temperature

12 variation of the head loss, you know, as we heated up

13 the pressure drop drops, as we cool it down again the

14 pressure drop goes back up.

15 These were probably just too short term a

16 test.

17 We then went to a longer term test. We

18 added the aluminum back here at 257 minutes. Things

19 were going along, basically nothing was happening. So

20 we added nitric acid to the loop to decrease the pH by

21 .2 units. And, again, that makes a difference in

22 solubility. You'll see that again as soon as we did

23 that we began to see rapid increases 'in the pressure

24 drop. Again, no visible product. You know, you

25 couldn't see anything happening except once you
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1 dropped the pH to .2 units, the pressure drop went up.

2 We didn't have to add very much. Just a drop at .2

3 units.

4 And, again, it gets more instructive to

5 look at this in terms of temperature. You see the

6 cycles here. We didn't want to leave the cooling on

7 overnight so that the loop would heat up and cool down

8 here in cycles. That didn't seem to have too much

9 effect. Once we get to having formed product, there's

10 a significant correlation between the temperature drop

11 and the pressure rise. That is, as we changed the

12 temperature, we could put the product in and out of

13 solution.

14 CHAIRMAN WALLIS: Well, this is many days

15 of--

16 DR. SHACK: This is many days.

17 MEMBER KRESS: That's the difference

18 between day and night?

19 DR. SHACK: There's a difference between

20 day and night. When we didn't have enough nerve to

21 leave everything on overnight. You know, as we were

22 approaching the end of the program and we didn't worry

23 about whether the loop would be there the next week,

24 we got nervier about, you know, letting everything run

25 and taking our chances. So you'll see some more
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1 controlled tests coming up.

2 MEMBER KRESS: What's your source of heat?

3 Steam?

4 DR. SHACK: No. Electrical heat.

5 MEMBER KRESS: Electrical heaters?

6 DR. SHACK: Electrical heaters.

7 We did a third test with a 100 ppm. And

8 this time we're going to add some nanometer particles

9 to try to essentially initiate the precipitation. We

10 thought we'd get --

11 MEMBER KRESS: What kind of particles were

12 they?

13 DR. SHACK: Aluminum oxide. This is what

14 we used in our patented Argonne sunscreen that we make

15 money from.

16 MEMBER SIEBER: Oh.

17 DR. SHACK: Our first application of

18 nanoparticles, revenue generating for the Lab.

19 MEMBER SIEBER: Is that an outgrowth

20 DR. SHACK: It's an outgrowth of earlier

21 research work. We take our money where we can get it.

22 MEMBER SIEBER: It sounds like some kind

23 of hair dressing.

24 DR. SHACK: It's sunscreen.

25 Again, it didn't do very much. But if we
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1 waited long enough, and again these are time scales

2 that are long compared to a --

3 MEMBER KRESS: A LOCA?

4 DR. SHACK: -- laboratory test, but it's

5 certainly not within the mission time of the sump, you

6 know as the sump is aging and cooling down, you know,

7 these times. And, again, we began to see a rapid

8 increase in head loss. No visible product here during

9 the test. And in this case after we let the loop

10 settle overnight, we didn't collect any visible

11 product on top of the bed. However, when we took the

12 samples out and we let them age for a while, we did

13 collect a colloidal product --

14 CHAIRMAN WALLIS: Well, you seemed to have

15 dropped the temperature also. It's not just a

16 question of aging.

17 DR. SHACK: No. No. You know, we have

18 gone down to a low temperature.

19 DR. SHACK: Is that's what's caused, do

20 you think, this rise in pressure drop or is that --

21 DR. SHACK: Oh, no, no, no. The --

22 CHAIRMAN WALLIS: What's causing the

23 pressure drop to take off?

24 DR. SHACK: It's essentially, I think, a

25 precipitation process that --
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1 CHAIRMAN WALLIS: And it takes a week to

2 start?

3 DR. SHACK: Yes. Well, it takes a week to

4 agglomerate, to build up.

5 MEMBER SIEBER: Build up, yes.

6 DR. LETELLIER: Bruce Letellier of LANL.

7 I think Bill's right. It's just the

8 competition of bed penetration versus increasing

9 filter efficiency. We've talked about impaction and

10 agglomeration on particles. And eventually that

11 reaches a crises point where it's very -- it becomes

12 a very effective filter and the head loss increases

13 rapidly.

14 CHAIRMAN WALLIS: So you're going to

15 require this --

16 DR. SHACK: No. There's still a question

17 I think of whether there is an additional aging thing

18 goes on. If you look in the ICET tests, although they

19 got to the 375 at day 15, if you look at the data

20 right you see an increase in things like the viscosity

21 that goes on after that. And in essentially their

22 readiness to form the precipitate increased, although

23 they'd gotten to a constant level, you know, in one

24 case they had to wait a little bit before the

25 precipitate would form when it started to cool down.
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1 In other cases, it's almost the instant they took it

2 out of the loop and it began to cool at all. So I

3 think there is a couple of processes going on here.

4 One is an aging and development of the

5 colloidal suspension itself. In this case I think the

6 larger one is probably the build up on the bed, but

7 you know there are multiple processes going on here.

8 CHAIRMAN WALLIS: So is there a predictive

9 tool which can tell you when this is going to take

10 off, this pressure drop? Sometimes it happens in less

11 than a day, sometimes it takes a week, sometimes it

12 seems to take more than a week if you look at these

13 different graphs.

14 MEMBER KRESS: Yes. In that test it looks

15 like you get a change in mechanism in phenomena at

16 around 7500 minutes.

17 CHAIRMAN WALLIS: Yes, but on the next

18 figure it goes to --

19 MEMBER KRESS: It's a sharp change there.

20 And, you know, if it were just a build up -- if it

21 were just a build up on the filter, you expect a

22 smooth transition.

23 DR. SHACK: No, I think it's a kind of a

24 threshold thing that once you begin to get the loss,

25 then you can really begin to build it up.
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1 MEMBER KRESS: Yes, but I wouldn't expect

2 to see a break like that.

3 DR. SHACK: Well, I mean we saw that with

4 the 375. You know, all these tests are in the sense

5 that it's going along very, very slowly. But once it

6 begins to take off, it takes off.

7 CHAIRMAN WALLIS: So what does this mean

8 for a sump again? I mean, are these guys going to

9 have to do a test for months until they see if it

10 takes off?

11 DR. SHACK: Well, I mean my first

12 conclusion is I really don't want my sump to have a

13 100 ppm of aluminum in it.

14 CHAIRMAN WALLIS: Because you know that in

15 about a week you might have this phenomena. But

16 suppose you had 50 ppm? Do you have to wait two weeks

17 or I mean do you have any idea.

18 DR. LETELLIER: I can substantiate the

19 aging process. In this afternoon's talk we'll look at

20 solution'from test 5 which had about 50 ppm. And after

21 60 days post-test it did show signs of measurable head

22 loss.

23 CHAIRMAN WALLIS: That's two months.

24 DR. LETELLIER: After- .the ICET

25 experiments.
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1 CHAIRMAN WALLIS: But these contractors

2 who are designing and testing these screens for 69

3 plants are going to have a lot of difficulty running

4 tests that take weeks for each plant. Especially if

5 there are lots of different tests they have to run.

6 MR. TREGONING: Well, if you go back,

7 aging is certainly an important issue.

8 CHAIRMAN WALLIS: Maybe they just don't

9 have any aluminum, so they don't worry about it.

10 MR. TREGONING: Well, there is a small

11 temperature drop that occurred that does coincide with

12 the onset of --

13 CHAIRMAN WALLIS: But we're speculating

14 about things. We're not saying --

15 DR. SHACK: No. Again, we can go back to

16 our solubility curves. Again, if you look at the one

17 I have a pH curve and I have a temperature curve.

18 Obviously, you know, the lower you drop the

19 temperature the less aluminum you can tolerate. The

20 higher the sump that remains. So this --

21 CHAIRMAN WALLIS: Well, what I'm learning

22 here is what I've learned from all these presentations

23 is that when -- and RES does the research, they learn

24 something. And they learn something we didn't know.

25 And so when you stop doing RES doing research, you
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1 stop this learning process.

2 Okay.

3 DR. SHACK: Okay. We went to --

4 CHAIRMAN WALLIS: And these are

5 significant things.

6 DR. SHACK: -- the ICET-5 environment.

7 And, again, the thing that I want to focus on here is

8 that ICET-1 and ICET-5 are equally aggressive in terms

9 of having a large amount of submerged aluminum. So

10 you know it's a little unfair to look at comparing the

11 dissolved aluminum levels. What you really want to say

12 is I have a sodium hydroxide environment and a sodium

13 tetroborate environment with the same submerged

14 aluminum levels, I get different amounts of aluminum.

15 Since I'm at different pHs, that doesn't necessarily

16 mean I'll be better off. But when we look at the tests

17 we do see some interesting results.

18 And in this particular case we went along

19 in the test and, again, after 5 days or 6 days, you

20 know, nothing was happening. So we thought we'd go

21 through with our pH kick again. You know, that did

22 wonders the last time we tried it, so we --

23 CHAIRMAN WALLIS: Nothing happened.

24 DR. SHACK: -- decreased the pH .2 and;

25 again, nothing happened. We actually also added some
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1 nanoparticles about that time. So we gave it the

2 double kick; the nanoparticle addition and the pH

3 kick. And nothing really happened.

4 Again, the test program was coming to an

5 end so we thought we'd sort of see just how much

6 aluminum we could tolerate. So we added enough

7 aluminum to get to almost 100 ppm total.

8 CHAIRMAN WALLIS: Wow. This was only 100

9 ppm, though?

10 DR. SHACK: Yes.

11 DR. SHACK: Well, a 100 ppm is more than

12 enough. And now we're at 100 ppm at a pH of 8.5. If

13 you go back to my solubility curves --

14 CHAIRMAN WALLIS: But previously 100 ppm

15 took a week before --

16 DR. SHACK: But that was at a pH 9.6.

17 CHAIRMAN WALLIS: Different pH.The

18 velocity of the fluid --

19 DR. SHACK: Again, this is really'unfair.

20 I mean, this is a'plant R kind of submerged aluminum

21 level.

22 CHAIRMAN WALLIS: This is all at .1 feet

23 second?

24 DR. SHACK: This is all at .1 feet per

25 second.
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1 CHAIRMAN WALLIS: Don't know if these

2 colloids might stick much better at .2 or .01 for the

3 second? We have no idea.

4 DR. KLASKY: Marc Klasky, LANL.

5 Bill, I think an issue here is we showed

6 or previously I showed the hydration associated with

7 the amorphous form. And I guess the question that

8 comes into play here is the aluminum that you're

9 adding and the means by which you're adding aluminum

10 into the system, do you think on the surface you're

11 forming a gibbsite or a crystalline structure or how

12 exactly is the aluminum introduced to basically

13 preclude that initial formation of the crystalline

14 material?

15 DR. SHACK: If it was an equilibrium with

16 the crystalline form, I would expect an equilibrium

17 concentration of about .2 ppm of aluminum. It's such

18 a night and say difference between the amorphous and

19 the crystalline one that I think I have to be

20 primarily in equilibrium with an amorphous solid to

21 have anything left in solution.

22 If I was really forming significant

23 amounts of the crystalline material,ý I'd be

24 precipitating aluminum like a rock. rAnd it would be

25 coming out. So, you know, I'm arguing from that basis
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1 that it has to be primarily amorphous, otherwise I

2 would have no aluminum left.

3 DR. KLASKY: Right. I guess my point,

4 though, is that the crystalline form, although it

5 precipitates more readily, doesn't have the hydration

6 and has much less of an effect on the head loss or

7 pressure drop. If you are precipitating, that which

8 precipitates first may have very little effect. It's

9 the hydrated form that has the large effect on the

10 pressure drop. There's a difference in precipitate A

11 and B. I guess that's the point that I'm trying to

12 make. It's very much dependent upon how large this

13 effective diameter is. And if it's crystalline, it's

14 not very large. And so one could put a lot more

15 aluminum, presumably, on the bed as opposed to

16 something that ties up a lot of water.

17 I guess we need to talk.

18 DR. SHACK: That's true. But, again, I

19 wouldn't have anywhere near this much aluminum in

20 solution if I was in equilibrium with a crystalline

21 solid. It would come out like a rock. And so I think

22 it has to be primarily an equilibrium with the

23 amorphous form.

24 CHAIRMAN WALLIS: Your bed is NUKON

25 fibers?
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1 DR. SHACK: NUKON fibers.

2 CHAIRMAN WALLIS: NUKON fibers. So we

3 know nothing about the effect of having some concrete

4 debris or something to which these particles could

5 cling. We know nothing about other mechanism?

6 DR. SHACK: If you added precipitate, you

7 know that would --

8 CHAIRMAN WALLIS: But you tried to add

9 precipitate aluminum, but there's all kinds of other

10 stuff in the sump.

11 DR. SHACK: No, there's no precipitate

12 aluminum here.

13 CHAIRMAN WALLIS: You added --

14 DR. SHACK: Oh, the nanometer aluminum.

15 Yes.

16 CHAIRMAN WALLIS: You added precipitate

17 aluminum.

18 DR. SHACK: Yes, the 30 nanometers.

19 CHAIRMAN WALLIS: But there's a lot of

20 other stuff. I think the point is that whether or not

21 this stuff sticks to the bed would seem to depend upon

22 what else is there.

23 DR. SHACK: That's probably true.

24 CHAIRMAN WALLIS: Now there's a long way

25 between this and predicting anything about a sump.
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1 You've just shown that there can be a large effect.

2 DR. SHACK: Yes. Well, I think what we've

3 shown up until we added the extra aluminum is that for

4 a given amount of aluminum the STB buffer is much more

5 forgiving than the aluminum -- than the sodium

6 hydroxide buffer. For a given amount of aluminum the

7 sodium tetraborite's a more benign environment.

8 We went off to look at a head loss test

9 with the sodium tetraborate environment and CalSil.

10 Now we didn't add any aluminum to this test because we

11 knew from, essentially, the integrate ICET test that

12 when we had the CalSil in any significant amount we

13 got very little aluminum. And so we left the aluminum

14 out of this test.

15 And so we essentially now got 15 grams of

16 NUKON, 15 grams of CalSil in a STB buffered

17 environment. The head loss we're seeing here

18 initially, and again I don't know whether this is a

19 test-to-test variable or not, is higher than we saw in

20 the same sort of NUKON CalSil loadings in a different

21 buffer. So it's about twice as high.- You know, I

22 would have expected to see something on the order of

23 1 to 1.2 psi for the immediate pressure drop in the

24 CalSil/NUKON mixture that we have here.

25 And I didn't mention that we'd done some
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1 other tests. There are sorts of interesting things

2 that go on here. When we go simple aging tests of the

3 insulation in the different buffers, we see different

4 behaviors.

5 CHAIRMAN WALLIS: But you're suggesting,

6 possibly, that the buffer changes the pressure drop

7 through CalSil/NUKON --

8 DR. SHACK: Yes. What we've done here is

9 essentially presoaked the NUKON in the buffer solution

10 for a half an hour, which may essentially affect the

11 way that it can disagglomerate--

12 CHAIRMAN WALLIS: Which is what happens in

13 reality?

14 DR. SHACK: Which is what happens in

15 reality. You know, if you disagglomerate the

16 fiberglass even more, you allow the bed to build a

17 little bit differently and so that you could

18 conceivably get a different head loss. We see a

19 different behavior of the NUKON in a long term soak

20 test with the STB buffer.

21 CHAIRMAN WALLIS: That makes sense. It

22 must mean that you can't use a correlation for NUKON

23 and CalSil without saying something about what buffer

24 you've got and how long you've soaked it: for and all

25 that kind of stuff.
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1 DR. SHACK: Perhaps.

2 CHAIRMAN WALLIS: Perhaps. But as an

3 indication?

4 DR. SHACK: It's an indication.

5 Now, the good news is, is that as you go

6 along here, the CalSil just benignly dissolves and you

7 end up at a head loss that's really much more typical

8 of what you would expect from a pure NUKON loading.

9 So as the test proceeds --

10 MEMBER SIEBER: By that time the pump is

11 shot.

12 DR. SHACK: Well, yes. Obviously, it's

13 this head loss that concerns you.

14 CHAIRMAN WALLIS: Benignly dissolves? I

15 mean it's now going around the loop forever more.

16 DR. SHACK: There's calcium and there's

17 silicates.

18 CHAIRMAN WALLIS: Unless it deposits

19 somewhere else in, say, a cool region or something

20 DR. SHACK: Yes. On the fuel; who knows?

21 Summary slide. Again, we observed high

22 head losses in environments with the sodium hydroxide

23 buffer for aluminum levels of 375 and 100 ppm.

24 The formation of the precipitate or the

25 build up of the head loss is time dependent.
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1 We had one test that we think is

2 nonprototypical where we got high head loss even at

3 1400 F. We think we really do have to decrease the

4 temperature to get these kind of head losses. We

5 really believe the solubility of the amorphous

6 aluminum at 140 is high enough that we shouldn't have

7 seen that.

8 The solubility, again the amorphous and

9 crystalline phases is by a factor of 400 for gibbsite.

10 The behavior we see in the ICET-I environment is

11 pretty consistent with the literature data for

12 amorphous materials. These high head losses can occur

13 with no visible precipitates and, again, very small

14 changes in bulk properties like viscosity. You know,

15 if we do the test with 275 ppm dissolved aluminum, we

16 do see an increase in the bulk viscosity, but it's

17 like a factor of 2. You know, it's nowhere comparable

18 to what we see in the head loss --

19 MEMBER KRESS: You actually measure

20 viscosities?

21 DR. SHACK: We measured viscosity in the

22 sense that we take a sample of the solution, we shake

23 it up and we pour it through a viscometer.

24 MEMBER KRESS: Okay. That'll do.

25 CHAIRMAN WALLIS: Well let me ask you
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1 something. You've got this stuff which dissolves

2 aluminum, right. And there's a certain equilibrium

3 solution. And then you catch this aluminum gel in the

4 bed. That presumably means that the water now has

5 less aluminum in it.

6 DR. SHACK: Yes.

7 CHAIRMAN WALLIS: So doesn't it mean it

8 would try to dissolve some more aluminum somewhere

9 else? Because it no longer has --

10 MR. TREGONING: Unless it passivates.

11 CHAIRMAN WALLIS: Because some of it's now

12 trapped in the bed.

13 DR. SHACK: Yes. You know, the ICET-1

14 seems to indicate that the aluminum will in fact

15 passivate.

16 CHAIRMAN WALLIS: Oh, it will. So you

17 won't dissolve anymore?

18 DR. SHACK: You won't dissolve anymore.

19 MR. TREGONING:ý And that was a key

20 finding.

21 CHAIRMAN WALLIS: That it's passivated,

22 not because it's saturated?

23 MR. TREGONING: Because the levels in

24 ICET-1, as Marc demonstrated, were well below the

25 solubility limit for --
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1 CHAIRMAN WALLIS: But you understand the

2 kinetics of passivation of the aluminum?

3 MR. TREGONING: I'm sorry, could you

4 repeat?

5 CHAIRMAN WALLIS: Understand the kinetics

6 of this passivation of aluminum so you can predict

7 it?= in a plant?

8 MR. TREGONING: Part of Marc's work, he

9 didn't present this in much detail today given the

10 limited amount of time, but he's got a substantial

11 section in his NUREG report that discusses rate

12 controlling factors for passivation of aluminum.

13 MEMBER KRESS: Does it have to do with

14 forming A13OH?

15 MR. TREGONING: I'm sorry, Dr. Kress,

16 could you repeat?

17 MEMBER KRESS: It have to do forming

18 A13OH?

19 MR. TREGONING: Well, the passivation

20 determines how much aluminum you'll get into solution.

21 MEMBER KRESS: I understand that. I'm

22 trying to figure out why it quits dissolving is

23 because you get a surface layer -- AI3OH,

24 probably.Okay:

25 CHAIRMAN WALLIS: Well, I'm hoping to
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1 finish at 12:00. Will that work out?

2 DR. SHACK: I'm on my last bullet.

3 CHAIRMAN WALLIS: Good.

4 DR. SHACK: Again, the STB buffer seems

5 more benign than the sodium hydroxide or the TSP.

6 For the same submerged area that produced

7 high head loss in the sodium hydroxide buffer, no

8 significant head loss observed in 11 days in the STB

9 buffer.

10 Again, interaction with NUKON/CalSil

11 mixtures produced much lower head loss than observed

12 in corresponding tests with TSP.

13 MEMBER MAYNARD: I've got a question. The

14 applicability of this test to containment sumps that

15 you'd find in a plant in that you have a fairly small

16 screen area it looked like for your flow loop, whereas

17 in a containment you're going to have a fairly large

18 screen area. It's going to be vertical probably also

19 with a top open. Flow is probably going to coming in

20 from the side. I'm not sure what this gelatinous

21 solution would do. Would it settle out more o the

22 floor or how --

23 DR. SHACK: That's the thing, because we

24 don't see any settling at all. This thing is

25 infinitely transportable. You know, it's going to go
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1 wherever the fluid can go. The sort of product per

2 volume, the product per unit screen area that we have

3 in our tests are roughly prototypical of what we

4 expect in the plant.

5 You know, the geometry is different. You

6 know, it's horizontal rather then vertical. But to the

7 extent that you're looking at a local effect and you

8 see the head loss going across there, it seems to me

9 applicable in that effect. It certainly doesn't take

10 your overall design, if you made a much larger screen

11 area, you know, that would have an effect. But these

12 things really do have to be scaled to a kind of a mass

13 per unit screen area kind of scaling.

14 MEMBER MAYNARD: Kind of going back to the

15 question of what happens if it's filtered out. There's

16 other things in the basement of a containment that

17 this could be attaching itself to besides the screens.

18 Got all kinds of metal support, other concrete and

19 other things. As some of this attaches to other

20 things, does that make room for more aluminum to be

21 formed or --

22 DR. SHACK: Because again it's a

23 passivation process, we don't think that you'll --

24 you'll be limited by essentially the amount of

25 corrosion that you can sustain on the surface of the
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1 aluminum. And taking it out, perhaps, in a heat

2 exchanger would not really create more product.

3 MEMBER KRESS: I have a problem with your

4 must use screen scaling concept, and that is how do

5 you ever solve what mass per screen you ended up when

6 you took off? How did you know what mass screen that

7 represents?

8 DR. SHACK: I can't -- yes. That's what

9 I would need if I was going to have a model.

10 MEMBER KRESS: Okay.

11 DR. SHACK: If all I'm looking for what

12 ppm can tolerate in my sump, I can give you a ppm

13 chemical concentration per unit area of screen that

14 you can use as a kind of a guideline.

15 CHAIRMAN WALLIS: How could you do that?

16 Because it depends what's on the screen?

17 MEMBER KRESS: Yes.

18 DR. SHACK: Well, if you're going to argue

19 that, yes, if I had concrete precipitate -- you know,

20 that my 50 ppm although it looked benign here, really

21 would have been different --

22 CHAIRMAN WALLIS: But if plant R had

23 nothing but aluminum reflective insulation and no

24 fibers, nothing, you get this sump and it's got all

25 this colloidal stuff in it, it just goes right through
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1 the screen and through the -- nothing happens. So it's

2 not a problem, even if it's 500 ppm.

3 MEMBER SIEBER: Presumably.

4 CHAIRMAN WALLIS: But we haven't done that

5 test. We don't know. So it all depends on the

6 synthesis of everything that's going on. You've

7 looked at part of it, and it's very interesting. But

8 every plant is different. I want us to figure out

9 what's a reasonable test. Okay.

10 And this work is finished now?

11 DR. SHACK: Except for the reporting.

12 CHAIRMAN WALLIS: It's finished because

13 the money has run out? It's not finished because

14 you've solved anything, is that true?

15 What was your task? To explore these

16 things or do you come up with predictive methods?

17 DR. SHACK: No, we were to explore these

18 things.

19 MR. TREGONING: When we started this work,

20 there was no information on any sort of head loss

21 indications --

22 CHAIRMAN WALLIS: Try it and see what

23 happens.

24 MR. TREGONING: Chemical.

25 CHAIRMAN WALLIS: How can exploratory
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tests be confirmatory? Not confirming anything, just

seeing what happens.

MR. TREGONING: Associated with the ICET

products.

CHAIRMAN WALLIS: Anybody else? We'd like

to stop 12:00. You can go on as long as you like, but

my schedule, being a schedule-driven Committee of

course, was that we should stop at 12:00. Is that okay

with the Committee?

MEMBER KRESS: Yes.

CHAIRMAN WALLIS: Okay. Thank you very

much, Bill. That was very, very interesting. You did

a great job.

MEMBER KRESS: And I'd like to

congratulate the speaker on such elicit presentation.

CHAIRMAN WALLIS: Right. I noticed that

you put the commas in just the right place. Thank you.

We will take a break until 1:00.

(Whereupon, at 12:01 p.m. the hearing was

adjourned, to reconvene this same day at 1:03 p.m.)
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1 A-F-T-E-R-N-O-O-N S-E-S-S-I-O-N

2 1:03 p.m.

3 CHAIRMAN WALLIS: Please come back into

4 session.

5 We're now going to hear about the peer

6 review of chemical effects. Rob, are o going to start

7 us off? Go ahead, please.

8 MR. TREGONING: Thank you, Mr. Chairman.

9 Again, this will be a presentation on the

10 chemical effects peer review given by myself and

11 Paulette Torres from the Office of Nuclear Regulatory

12 Research.

13 The objectives the peer review itself,

14 there are really two specific objectives. One was to

15 review the technical adequacy of Research sponsored

16 activities related to chemical effects in PWR sump

17 environments. So we've only asked them to focus on

18 those programs where we're specifically looking at

19 chemical effects.

20 Secondary objective is to have the peer

21 reviewers recommend not only improvements, and they've

22 done this all throughout the year, recommend

23 improvements to the Research programs that we have

24 ongoing. But also just as importantly, orimaybe more

25 importantly, identify additional important technical
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1 issues for consideration that we're not currently

2 addressing. So we'll discuss some of these

3 subsequently in this presentation.

4 Programs we asked them to review. There

5 were four specifically.

6 We had them look at the ICET test at LANL,

7 some of the follow up testing and analysis that Marc

8 Klasky presented today, specifically looking at the

9 aluminum sodium hydroxide and sodium tetraborate

10 systems. To look at the chemical specification work.

11 Again, we're not discussing this today, but we

12 discussed it in pretty good detail at the last meeting

13 conducted at the Center for Nuclear Waste Regulatory

14 Analysis. And then also looking at the AINL chemical

15 effects head loss testing, which you've just heard

16 about.

17 My slides are heavily process driven. We

18 talk about the process that we went through in the

19 peer review, and that's intentional because we're

20 still getting results. So I want *to try to get

21 through the process related slides as quickly as I can

22 so we can get to some of the nuggets that I'm sure

23 you're most interested in.

24 Why did we decide to do peer review for

25 this, and that's always a legitimate question. There
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1 was really two reasons. One, it's NRC policy. In fact,

2 it's something that's become more focused, a more

3 rigorous look at using peer review. And where it's

4 warranted, external peer review to make sure that the

5 programs that we are undertaking have sufficient

6 quality.

7 And part of the policy as well is to make

8 those results visible. And you'll be hearing how we're

9 going to be doing that as part of this process.

10 Chemical effects in the sump pool were

11 certainly a logical review topic. It's a relatively

12 new research area. I think BP indicated that it was

13 really 2003 when we started seriously looking into

14 these issues. And there's an aggressive resolution

15 schedule associated with GSI-191 in 2007. So

16 relatively short time frame to try to identify and

17 then resolve issues.

18 And as we've discussed not only today but

19 in prior meetings, that it's a technical area that has

20 quite a bit of complexity. So we thought some

21 independent review was necessary.

22 And then finally, as we've discussed, the

23 issues that we're talking about could have some effect

24 on the resolution path. So we've been tryingito use

25 peer review to identify those as quickly as we can at
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1 this point in the process.

2 Quickly, the intended regulatory use. This

3 is very similar to what you have seen in prior

4 presentations. Again, all of the information that were

5 developed in this program will be used by NRR in

6 evaluating the Generic Letter responses from the

7 licensees and in conducting audits to ensure

8 appropriate resolution.

9 Specific applications that NRR will be

10 using as well as Research, they need to evaluate the

11 adequacy and uncertainty of results that we're giving

12 them within the proper context. So the hope is that

13 the peer review will help them assess the results that

14 we are giving them from our sponsored activities.

15 We want to help identify or help NRR

16 identify outstanding chemical effects issues. And we

17 also want to provide them with a measure of assessing

18 the fidelity and the robustness of some of the

19 industry sponsored testing in this area.

20 I've presented this table before. I just

21 wanted to refresh your memories. This is the group 6f

22 external peer reviewers. I'll get into a little bit

23 how we selected them subsequently. There are five

24 peer reviewers. They are from industry as'well as

25 academia, as well as national laboratories. So we
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1 tried to get diversity of affiliation as well as

2 diversity of technical expertise. We have gel

3 experts, filtration experts, experts in analytical and

4 experimental chemistry, corrosion and metallic

5 corrosion, experimental testing, electrochemistry. We

6 tried to really cover a range of technical areas that

7 we think are appropriate within the chemical area.

8 And we looked for diversity. We didn't

9 want five people with the same background. We really

10 wanted, again, distinct backgrounds so they could

11 interact as a group and try to look at the-issue in a

12 holistic a manner as possible.

13 So I've talked a little bit about the peer

14 reviewers and the approach. And that was the first

15 step in this process. We spent quite a lot of time

16 here. We spent probably three or four months gathering

17 recommendations to try to assemble a panel that covers

18 a range of technical expertise and also has a

19 diversity of experience. So we took recommendations

20 from a number of different people; staff, contractors,

21 industry, the nuclear industry itself to arrive at the

22 final panel of five.

23 We had provided, we actually started the

24 activities back last fall, October 2005. We initially

25 provided documentation to the peer reviewers of all
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1 the various research activities that we had. And the

2 formality of that documentation varied as a function

3 of the program.

4 ICET where the testing and the

5 documentation was relatively mature, we were able to

6 provide the completed test data reports that were

7 available at the time. For other activities like the

8 ANL work, which was really just initiating at that

9 time, the documentation was more along the lines of

10 presentations and sort of informal status reports and

11 things like that.

12 After the initial documentation we had a

13 kick-off meeting in October. The purpose of that

14 meeting was to identify the important technical issues

15 and questions that we wanted them to assess in their

16 review. We also during this meeting through

17 presentations summarized the additional documentation

18 we provided them. And, again, we also as well as

19 summarizing what we had done, we also discussed the

20 plans and philosophy behind the phase of research that

21 was ongoing and then planned for the near term over

22 the next several months at that kick-off meeting in

23 October.

24 Then in December we asked all of the peer

25 reviewers to provide us with a preliminary assessment.
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1 This was essentially their quick look reports to use.

2 What we wanted them to do was give a pretty quick

3 cursory review to try to identify any major

4 deficiencies or any major course changes that we

5 should undertaken in that time. So that was one thing

6 that we wanted them to do.

7 The other thing we wanted them to do in

8 this assessment was identify issues that they needed

9 additional information in so that they could complete

10 their review. And also raise some technical questions

11 that we could try to address to help them with their

12 formal review.

13 After their preliminary reports, we

14 followed it up with a second peer review group

15 meeting. This was conducted in March of this year.

16 That meeting we presented our research activities that

17 we had undertaken between the October meeting and the

18 March meeting. We attempted to address their

19 questions and clarify remaining issues during that

20 meeting.

21 And then the third thing we did at that

22 meeting was actually conduct a PIRT process to-help

23 with identifying outstanding-issues.

24 So where are we in the process? We're

25 really at the stage now when we're gathering and
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1 receiving their final assessments. I say June 2006, so

2 we are in the process of that. We've gotten first

3 drafts of the final assessments from all the peer

4 reviewers. And we're in the process of going back and

5 iterating with them as necessary to get final

6 documents.

7 The PIRT process we're still awaiting

8 results from some of the peer reviewers. So we're

9 really right in the middle of that. But the intent is

10 by the end of this month their assessment, both their

11 formal written reports as well as their PIRT

12 assessments should be completed.

13 We expect that there's going to be two

14 products that will evolve out of this work.

15 One, there will be a NUREG summarizing the

16 peer review process and the significant findings from

17 the formal reviews. And we will have or document in

18 their entirety the individual peer reviews in the

19 appendices. So the NUREG itself it just going to

20 provide a summary of important findings as well as

21 describe the process that we followedýfor the peer

22 review. And again, the actual individual peer reviews

23 will be contained in the appendices.

24 The second product that we're working on

25 is a Research Information Letter. And that will be
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1 focused on summarizing the PIRT process and

2 outstanding issues.

3 So there will be nothing about the PIRT

4 contained in the NUREG, but the PIRT aspects of the

5 peer review will be covered in this RIL and Research

6 Information Letter.

7 I know this is old hat to many of you, but

8 I thought I should have at least a few slides

9 describing how we conducted the PIRT or how we have

10 been conducting the PIRT since it is ongoing.

11 This first slide is, again, for anyone

12 that's not familiar, just a brief introduction to the

13 PIRT process.

14 PIRT stands for Phenomenon Identification

15 and Ranking Table Process. A PIRT is, again as most

16 of you are aware, it's based on expert opinion. You

17 enlist the various experts, you provide them with

18 background information. And there's a structured

19 process that you follow through for a formal PIRT.

20 The outcome with the PIRT is you're really

21 seeking informed opinions. And you're looking at

22 opinions in two areas: (1) You're looking at ranking

23 important issues and providing the rationale behind

24 that importance ranking, and; (2) You're trying to

25 assess the amount of knowledge that's associated with
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1 a given issue! How well do we really understand it

2 and the rationale behind that.

3 Ideally what you're looking for, you're

4 looking for areas that come up as being both high

5 importance and where there's a large amount of

6 technical uncertainty. Those are the areas that

7 potentially are ripe for additional research. If

8 they're high importance yet they're well known, those

9 are areas that are ripe at that point for more of an

10 engineering analysis and assessment of the issue.

11 And the final point behind a PIRT is,

12 again, the outcomes are documented. So it's a formal

13 process.

14 This last bullet, I think, is important.

15 It's not meant to be an end all, be all final step in

16 the process. The outcomes are fluid. They're very much

17 based on information available at the time of the

18 PIRT. As you learn more, issues that have been raised

19 in a PIRT are either validated, shown to be

20 inconsequential or changed. So, again, it's meant to

21 be sort of essentially a status report of what the

22 state of knowledge is with respect to the issues that

23 are developed as part of the PIRT.

24 Again, this is just a brief flow chart

25 that depicts at least what's classically outlined as
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1 the nine steps associated with the PIRT. I don't want

2 to go through all of these steps, obviously. But I've

3 highlighted in orange here, that's typically

4 information that you provide to the reviewers before

5 you get into the assessment or even identifying

6 phenomena. So these are things like the objectives,

7 what the issue is, the background information, how

8 you're going to evaluate the importance of issues.

9 These are all things that are determined up front,

10 normally by the sponsor, but it tends to be iteration

11 involved. Because, again, the experts themselves in

12 many cases have a hand in defining those things.

13 I know when we had our meeting in March

14 where we presented this, we had some preliminary

15 evaluation criteria that we proposed. And we actually

16 modified that and iterated that based on information

17 that we got from the peer reviewers.

18 Same thing with background information. I

19 mean there's some initial background information that

20 you supply, but quite often the panelists themselves

21 will identify other background information that's

22 pertinent.

23 So once steps 1 through 5 are completed,

24 the blue steps 6 through 9 are really the essence or

25 the actual product that evolves from the PIRT process
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1 itself.

2 At least 6 through 8, and I've got a bit

3 of a typo. Six through 8 I would argue are really

4 completed by the expert panel. NRC Staff is doing

5 step 9, which is the documentation process.

6 I mentioned that these steps are often

7 irritative. And, again, it's important to document

8 not just rankings but rationale.

9 So that;s the generic process.

10 MEMBER SIEBER: Do you have colleague

11 meetings with the experts to do all this?

12 MR. TREGONING: We had a kick-off meeting

13 that was 21/ days where we covered a lot of the initial

14 ground work for the PIRT as well as initial

15 brainstorming to identify issues.

16 We've had prior meetings in collaboration

17 to lay the ground work, provide background

18 information.

19 Now since that initial PIRT meeting we've

20 had two conference calls with the peer reviewers to go

21 through various stages of the PIRT process.. Both-to

22 clarify issues, make sure that' there's common

23 understanding and agree to how we're going to conduct

24 the evaluation. So we've had -- again, I think there's

25 been two conference calls. There's another one this
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1 week because in fact by the end of tomorrow I'm

2 expecting to have initial assessments from all the

3 members. And then what we'll do at that point, the

4 next conference call will be to synthesize the various

5 results and summarize them and identify issues where

6 we have consensus as well as also look at issues where

7 we don't have consensus and try to understand why. So

8 there's a number of follow on interactions.

9 MEMBER SIEBER: So you product the final

10 report, do you interpret that as a consensus?

11 MR. TREGONING: No. No. I wouldn't

12 interpret it as a consensus report.

13 MEMBER SIEBER: You wouldn't?

14 MR. TREGONING: No. What you will get will

15 be a distillation of -- again we're asking for

16 individual assessments from each expert. We're not

17 asking the panel to come up with consensus

18 recommendations.

19 MEMBER KRESS: The PIRT will: be a

20 consensus in terms of rating priorities, won't it?

21 MR. TREGONING: We ask for individual

22 ratings and priorities. We have to be very careful

23 about ..

24 MEMBER KRESS: You'll have to come up with

25 a rating --
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1 MR. TREGONING: Well, we the Staff will

2 distil the information. It various, for instance,

3 there's five peer reviewers. Let's say there was one

4 issue that one reviewer rated very highly, of extreme

5 importance. Four of them said were not -- was not an

6 issue at all. One of the purposes for the conference

7 call is to try to explore that. And try to assess,

8 maybe the person who thinks it's incredibly important

9 is the one that's correct. So we'll try to have some

10 discussion to whatever we think is the right way to

11 go.

12 If there are any issues, I can assure you

13 that we'll tend to error on the side of presenting an

14 issue versus sort of squelching an issue. So if

15 there's lack of consensus, we might certainly indicate

16 that in the PIRT document, but probably raise the

17 issue all the same.

18 MEMBER SIEBER: So the Staff is the

19 controlling process as opposed to your peer reviewers?

20 MR. TREGONING: Yes. The Staff is in

21 charge of the process. LANL, Bruce Letellier has'beefi

22 helping out as well. So we've elicited some contractor

23 support. But we've specifically tried to make sure we

24 were in charge.

25 We have to be careful because, you know in
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1 terms of getting consensus recommendations from panel,

2 there are very specific statutes and mandates that we

3 have to work within to make sure that we don't violate

4 any of those mandates. So --

5 MEMBER SIEBER: We do, too.

6 MR. TREGONING: Yes. We're well aware of

7 many of those.

8 MEMBER BONACA: Well, the peer review,

9 it's very focused on the chemical effects. And to

10 what degree are they informed of all the other aspects

11 of GSI-191?

12 MR. TREGONING: Yes, that's a good

13 question. And in fact when we've had some of the

14 brainstorming issues, they'll raise issues like what

15 about particulate, you know what about precipitate

16 that's formed here, how might that effect things. And

17 we've tried to provide a context to let them know what

18 issues are important, yet we've really strived to

19 maintain a focus on the chemical effects area.

20 Because that's the area currently with the most

21 uncertainty with respect to GSI-191.

22 MEMBER SIEBER: Okay.

23 MR. TREGONING: So they've been informed,

24 yet asked to sort of recuse themselves from commenting

25 as much as possible.
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1 So let me briefly go through how we

2 tailored the PIRT process. And I think we've covered

3 a lot of this based on Dr. Sieber's comments. So let

4 me just quickly go through this.

5 WE had a brainstorming session to identify

6 technical issues. We documented that brainstorming

7 session. And we had the peer reviewers review it to

8 make sure we were both accurate and complete. And then

9 we developed from that a finalized issues list. And

10 then we had a subsequent conference call to make sure

11 that we all had common understanding as to what the

12 issues were and that we knew how we were going about

13 the ranking, what the criteria was for doing the

14 ranking.

15 So now step 2 is really the step that

16 we're currently in, that's when the panelists are

17 completing their initial PIRT assessment. As I

18 mentioned, these are independent and they're going to

19 be documenting rationales.

20 What's going to happen later this week

21 we'll be summarizing some of the initial assessments.

22 And again as I indicated, one of the things we'll be

23 doing in that summary, we clearly want to identify

24 highly ranked issues that have consensus- but we also

25 want to identify and explore other possible highly
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1 ranked issues that don't have a clear consensus. We

2 want to understand why we don't have consensus

3 ranking.

4 And there'll be, again, subsequent panel

5 discussion. So to either get some sense that there's

6 na agreement on the consensus, those highly ranked

7 issues and like I said, explore reasons for a lack of

8 consensus.

9 We will give the peer reviewers if they're

10 so inclined, a chance to iterate their tables and

11 provide us with final tables based on all the

12 discussion. I doubt that there'll be much, if any,

13 irritation, though.

14 The next four slides I want to delve into

15 some of the comments and results that we've gotten

16 from the peer reviewers. And the way I've structured

17 it is this first slide is some general comments just

18 with respect to the four program technical areas that

19 we asked them to review. So this is outside the-PIRT,

20 but this falls within the purview of their formal

21 assessments.

22 With respect to the integrated chemical

23 effect testing, I think what we've generally heard

24 from the peer reviewers is those tests within the

25 limitations of the assumptions that were made were
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1 generally representative of what might be expected in

2 a containment environment with multiple materials.

3 And I think, again, there's been agreement that

4 several important contributing materials and

5 interactions have been identified by this ICET tests.

6 With respect to the ICET follow-on bench

7 scale studies that Marc Klasky talked about, there has

8 been, again I'll say, an understanding that the work

9 has addressed some of the implications of the ICET

10 byproducts which formed and provide us some

11 indications as to the effects of change sin critical

12 parameters like temperature, concentration, pH and

13 time.

14 The specification prediction work, again,

15 we didn't hear about this this time. I think one of

16 the things that people would agree that it has done,

17 is it has identified capabilities that a code would

18 need and limitations of commercially available codes

19 for predicting specification in these environments.

20 However, again, I think there's fairly universal

21 agreement amount the peer reviewers that much more

22 rigorous code development would'be needed in order to

23 really develop an adequate assessment tool

24 MEMBER KRESS: Yes. I remember. These

25 were chemical equilibrium codes?
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1 MR. TREGONING: Yes. Yes.

2 MEMBER KRESS: Were they relating to

3 kinetics in that second bullet there then?

4 MR. TREGONING: There's certainly been a

5 discussion about kinetics And we've had a number of

6 discussion with the peer reviewers. Initially some

7 peer reviewers were of the mindset that we should look

8 at developing a full kinetic model. I think as we've

9 had further discussions, there's been a realization

10 that full kinetic model might be very difficult to

11 achieve and --

12 MEMBER KRESS: Under these conditions,

13 yes.

14 MR. TREGONING: We may be better served

15 doing, you know, pseudo-thermodynamic, you know sort

16 of an informed thermodynamic equilibrium type of

17 model. And by informing, by informing developing

18 thermodynamic constants in conditions that more

19 closely simulate the environments that we're concerned

20 about. And also with precipitated species that are

21 along the lines of the products that we've observed in

22 these various tests.

23 So the idea would be to try to focus the

24 thermodynamic development and experiments that you

25 would do.
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1 With respect to the ANL work in chemical

2 head loss testing, again there's been an understanding

3 or an agreement that we have identified implications

4 for some of the ICET products. And those tests have

5 been valuable with respect to that.

6 One of the things that they've, I'd say,

7 been generally critical of is I think they'd like to

8 see more smaller scale tests in parallel so that more

9 parameters can be identified and evaluated in parallel

10 versus what we chose to do initially was focus on more

11 a larger scale loop development. And, again, one loop

12 versus several smaller loops. So that's a

13 recommendation that we got from several of the peer

14 reviewers that they thought would be helpful.

15 MEMBER SIEBER: And one of the problems is

16 that you don't vary one variable at a time? Such a

17 small set of tests that you're running, it's hard to

18 pick out --

19 MR. TREGONING: Yes, that's true.

20 MEMBER SIEBER: It's only a matter of:time

21 -

22 MR. TREGONING: Well, the philosophy has

23 been not just at ANL, but also LANL to some extent is

24 the smaller scale studies have been used more, not in

25 terms of looking at head loss implications, but in
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1 defining parameters which are important for the bigger

2 testing, either the integrated testing of the ICET

3 type testing or ANL, and Bill can speak better to this

4 than I, they've used bench scale studies to try to

5 identify what parameters they should try to study in

6 the bigger loop. So there has been, again, at least

7 the objective from the beginning to try to couple as

8 much as we can, smaller scale testing with the larger

9 scale testing that's gone on at each of these labs.

10 But, again, I think to be fair the peer review comment

11 was really focused along the lines of they'd like to

12 see more smaller, sort of head loss loop apparatus to

13 get more information relative to head loss with

14 respect to all of these parameters in a much cleaner

15 way.

16 I mean, the way Bill did his scoping

17 tests. Quite often he's varying many things within the

18 tests.

19 MEMBER SIEBER: Right.'

20 MR. TREGONING: I think they would have

21 been happier seeing, you know, single effects sort of

22 tests on a smaller scale to look at one change at a

23 time and evaluate that before -- you know, to try to

24 muddy or confound the issue by looking -at several

25 things in any one test.
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1 MEMBER KRESS: You don't gain much in

2 either time or money by going to much smaller scale

3 than what Bill had, I think.

4 MEMBER SIEBER: No, you don't.

5 MEMBER KRESS: I mean, you got to have a

6 pump, you got to have a heater, you got to -- you just

7 don't gain much I don't think.

8 MR. TREGONING:" There's certainly trade-

9 offs. But, again, you know I look at these

10 recommendations of, you know, let me design how I'd

11 love to do these experiments if I had no constraints,

12 okay, be they constraints of time or money. And I

13 think it's valuable to look at them in that context.

14 MEMBER DENNING: Should we interpret that

15 last bullet as a criticism of the way the experiments

16 were performed or as an indication of their feeling of

17 the need for more testing than has occurred?

18 MR. TREGONING: *Yes. Someone else may want

19 to weigh in here that's been privy to the discussion.

20 But I would say more likely the latter. You know,

21 although again there's been -- I don't want to

22 minimize the former point. Because, again, *those

23 tests are difficult to interpret because there is some

24 confounding aspects going on in several of the tests

25 that make it hard to really see what's happening. But
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1 I think it was really more focused on the latter; the

2 need to more fully evaluate the effects of certain

3 parametric changes.

4 So this next slide would, again, along the

5 lines of what I just talked to Dr. Kress about, if the

6 peer reviewers were conducting in a vacuum and trying

7 to solve this issue, this is how I think they would

8 progress based on the comments that they've made.

9 They would argue that we do need to do

10 more parametric studies on a smaller scale to

11 completely address chemical effects. And we'd use

12 these smaller scale studies to evaluate outstanding

13 issues. I'm going to cover some of these outstanding

14 issues in a subsequent slide. And also to look at

15 plant-specific variability within critical parameters.

16 I think they recognize that they had a

17 pretty close collaboration among the analysts and the

18 experitmentalists from the various labs. But the main

19 point behind the second bullet that if you wanted to

20 develop applicable models, which is again what their

21 focus was, you'd need a much closer collaboration than

22 we had where the analysts would be informing' the

23 testers what actual tests they wanted to do. We

24 haven't followed that model. Again because our tests

25 have been more scoping in nature.
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1 So if the focus were on model development,

2 this close collaboration between analytical

3 development, the characterization of the byproduct and

4 then the head loss testing, it would all need to be

5 very closely coupled. I think several peer reviewers

6 recognized that fact.

7 Okay. And this next slide, I figured I'd

8 throw this up and we'd all have a lot of fun with it.

9 I mean, this is meant to be a bit of a laundry list of

10 preliminary issues that many of the peer reviewers

11 have raised.

12 Now I say it's preliminary because again,

13 this will be refined once the PIRT process is

14 complete.

15 MEMBER KRESS: The first recommendation is

16 that throw that first bullet out.

17 MR. TREGONING: Okay. That's fine with

18 me. That's a major complication I wouldn't have to

19 deal with.

20 MEMBER KRESS: Yes, right. -

21 MR. TREGONING: So this list is not meant

22 to be encompassing in anyway, and it's to provide you

23 a bit of the flavor of some of the classes of issues

24 that we've discussed and talked about within the peer

25 review group.
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1 So I really wanted to focus on sort of

2 four areas of additional study here that have been a

3 theme as part of the peer review discussions.

4 One that we've had a lot of discussion

5 about were the coupling of radiolytical effects and

6 the redox potential of the sump environment. That's

7 been a major area of discussion in the sense that ICET

8 or none of the tests that we've done have looked at

9 all at radiolytic effects.

10 MEMBER KRESS: Where is the radiolytica

11 coming from?

12 MR. TREGONING: There's a variety of

13 potential sources. The ones that we focused on would

14 be crud that's released from the inside of piping due

15 to the thermal transient. So this would be nickel

16 ferrite, magnetite, nickel oxide, hematite, activated

17 species that would be released due to the thermal

18 shock transient from the inside of piping. Again,

19 build up or scale that accumulates over time.

20 And the rationale behind that is, you

21 know, when plants are shutdown normal pressure,

22 temperature transients you do see a certain amount of

23 crud release, you know, comes out as black water. And

24 there's been a lot of speculation about those effects

25 and how they might alter the chemistry' and the
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1 byproducts that we're seeing in these environments.

2 And, again, Bill or Marc or Bruce may want

3 to jump in at any point here because they've been

4 privy to all of these discussions. In fact, Bruce

5 looks like he can't wait any longer.

6 DR. LETELLIER: I think one of the reasons

7 that even small amounts of radiolytic products are

8 important is because of the sensitivity of the

9 chemical systems to the hydrogen peroxide. So that's

10 part of the concern.

11 I mean, we can discuss the radiation

12 levels or quantities of crud that are released, but

13 even a small amount of hydrogen peroxide can have a

14 large effect in the system.

15 MR. TREGONING: In terms of preparing the

16 redox off potential of the system. And there's been

17 a lot of discussion about the redox of the containment

18 environment could vary from over a volt, which is

19 tremendous in terms of what the implications are in

20 terms of chemical product formation.

21 So that's an area that we've had a lot'of

22 discussion and at least several peer reviewers have

23 indicated that if you really want to understand what's

24 happening in your environment, you have to have a

25 really accurate sense of the what the redox potential
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1 and how the radiolytic effects might be effecting the

2 redox potential in your containment.

3 Another area, we've touched on this before

4 so this is certainly not a surprised, the ICET tests

5 by in large were, in fact they were isothermal tests.

6 And there are certainly concerns. We know in the

7 containment environment we don't have an isothermal

8 environment. In fact, we go through a temperature

9 cycle, any little control value of liquid first-gets

10 cooled down at the heat exchanger and then gets heated

11 back up in the core. So we talked a lot within the

12 peer review of the effects of thermal cycling on both

13 product formation due to standard solubility,

14 precipitation at lower temperatures as well as

15 retrograde solubility; scaling or plating our at

16 higher temperatures on areas within the reactor core

17 itself.

18 And one of the concerns here, and it was

19 raised earlier by Bruce, without'passivation''thermal

20 cycling potentially sets up a continuous source term

21 development for chemical product.''

22 Another important area, and Marc touched

23 on this a little bit, is the solution'pH or point of

24 zero charge. This is an important measure for

25 determining the susceptibility of product to go from
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1 nanoscale colloids to actually agglomerate and form

2 bigger particles, bigger agglomerated particles that

3 may have implications beyond just impaction on the

4 fiberglass in terms of how they might effect head

5 loss. And that could significantly effect if

6 substantial gel core formation actually occurs.

7 A fourth area which we've touched on a

8 little bit, I think we talked about this in July at

9 this Subcommittee meeting, was the effect of coatings

10 and other organic materials.

11 And, Marc, I don't know if you presented

12 this in July or not, but Marc has done some work on

13 effects of organics on effecting essentially acting as

14 chelating agents and effecting agglomeration of some

15 of these aluminum products. And has been able to

16 demonstrate that for certain organics that he can

17 impede precipitate formation through certain levels of

18 organic elemental additions. So the effects of

19 organics as well as coating.

20 MEMBER KRESS: Is that considered possible

21 mitigating strategy, to add chelating agents in there?

22 MR. TREGONING: It's a possible strategy.

23 I don't know that it's been seriously considered at

24 this point. It's something that's been discussed.

25 You know, when we try to assess the
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1 chemical environment we want to be careful that we're

2 not making changes in one area that are having adverse

3 effects in a different area. So it is a possible

4 mitigation path, though.

5 And then so I talked about chelating

6 agents. There's been at least one peer reviewer has

7 an alternative hypothesis that while you may have some

8 organics that instead of acting as chelating agents,

9 may act to bound or accrete solid particles together

10 and actually promote agglomeration instead of

11 discourage agglomeration.

12 And then we've talked about effects of

13 hydrolysis on coating materials to produce particles

14 or gels.

15 So again, this list isn't meant to be

16 inclusive, it's just really to provide you a flavor of

17 some of the things and some of the issues that have

18 been banied about within the peer review discussions.

19 So my next slide is, you know the obvious

20 question that you're all having is so what?- What are

21 you going to do with this information? And this next

22 slide is meant to really outline the strategy that we

23 have initially. And I'll say this slide is really

24 broader than just these issues. It's really how we're

25 approaching sort of the entire Research philosophy
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1 behind GSI-191 resolution.

2 One of the things that we think is

3 important is that the issues that are developed, not

4 just here but with respect to all of our research,

5 they need to be resolved within the context of the

6 resolution plan. And the way that's been outlined, and

7 the way we're proceeding to date, the industry has

8 been given the lead and the ultimate responsibility

9 for the resolution. And the NRC's role has been very

10 clearly articulated as verifying that these resolution

11 strategies adequately assess outstanding issues. So

12 this gets at your point where our role has never been

13 defined as developing the methodology or the textbook

14 for solving these. But really to focus more on

15 ensuring that we ensure adequate safety of the

16 modified'sump designs that the industry is going to be

17 promulgating.

18 MEMBER SIEBER: How closely has the

19 industry been involved in observing the research and

20 tests and experiments that you folks'are doing? Now

21 if you're going to ask the questions of them based on

22 what you're learning now, if I were a licensee'I would

23 try to figure out exactly what it 'is you're doing-so

24 that I knew what questions you were going to ask.

25 MR. TREGONING: That's a good question.
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1 And I'd say it depends on the test program.

2 The ICET program was a joint program.

3 MEMBER SIEBER: Yes.

4 MR. TREGONING: So that was all mutual

5 collaboration and it was set within a formal

6 framework. The other programs, we have to be a little

7 bit careful because we have other stakeholders other

8 than industry so we can't give industry preferential

9 knowledge prior to giving other public stakeholders.

10 So our strategy in these other programs like the ANL

11 work is conduct tests and then try to disseminate the

12 information as quickly as possible so we can get -- in

13 ANL's case we had a number of quick look reports. In

14 the area of ICET, when ICET was developed we never

15 intended to release all these individual data reports

16 associated with each test. We were just going to have

17 a summary report when it was done. But we thought it

18 would be more product to get the raw information out

19 there so that plants and people'could --

20 MEMBER SIEBER: That's the stack of stuff

21 that we have.

22 MR. TREGONING: Yes. That'big stack that

23 you had was never envisioned at the beginning of the

24 program as being output. But as we progressed we saw,

25 look, we're seeing things here and it's incumbent upon
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us to get as much of the information out as quickly as

possible.

MEMBER SIEBER: But it lacked the

analysis. It was just reports.

MR. TREGONING: It was reporting day. I

mean, look, you sacrifice something in in --

MEMBER SIEBER: That was fast?

MR. TREGONING: For speed, right. Right.

So the summary report that's being

developed for ICET will provide some of that analysis

that was lacking in the data reports.

MEMBER SIEBER: Well, I would think that

if your overall plan is to be successful --

MR. TREGONING: So I would agree.

MEMBER SIEBER: Out designing sump screens

that aren't going -- maybe they're going to do it

twice, and that's not good.

MR. TREGONING: No, that's my concern.

And I share that concern.

Another *thing we've done other than

providing sort of quick written products', is we've had

a number of public meetings. In fact, I think we've

averaged over the last two years a 'public meeting

every two months. And typically the way these public

meetings are structured is Research has a role, or we
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1 go up at the public meeting and present what we've

2 done of interest in the prior two months.

3 When ICET was going on, we were presenting

4 what we were finding with ICET. When the Argonne work

5 has been going on, we've been presenting findings as

6 we get them. So that's another mechanism we've been

7 using to get information out quickly.

8 And at these public meetings quite often

9 we take a lot of feedback from industry on how we

10 might refine the tests or do them better in ways that

11 are more representative of their actual environment.

12 So I would agree with you'that as much as

13 possible we need to get feedback and an understanding

14 that our testing is looking at things that are

15 reasonable and representative.

16 MEMBER SIEBER: One of the troubling

17 things is the Generic Letter-- but the basic ground

18 work is not finished. And I guess I just have to hold

19 my breath and wait and see. Because it's sort of a

20 concern to me that when you rush and doing a lot of

21 things in parallel with the opportunity to come to a

22 wrong conclusion someplace -- it's difficult to

23 reverse.

24 MR. TREGONING: Again, we are doing things

25 in parallel. And when you do things in parallel, the
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1 need for communication becomes more important and you

2 potentially run the risk of exactly what you're

3 saying. But I think NRR probably may want to address

4 this a little bit more further.

5 MEMBER SIEBER: Well, I think it's more of

6 an NRR problem than yours. I guess the other question

7 that strikes me is that you're going to learn a lot of

8 things. A lot of them are specific to PWRs, you know

9 the boron and the chemical species and all. There's

10 some things that apply to other kinds of plants who

11 have already done the sump work. To what extend do

12 you expect to find some startling new mechanism that

13 would have an impact on BWRs, for example?

14 MR. TREGONING: Yes, actually, that's an

15 excellent point. I would argue that --

16 MEMBER SIEBER: They think they're done.

17 MR. TREGONING: Yes. Certainly the focus

18 with the chemical effect work and the environmental

19 focus has been on PWR environments.

20 MEMBER SIEBER: Well, that's where'a lot

21 of the chemistry issues are.

22 MR. TREGONING: Right. And we expect,

23 this is informed speculation or maybe ill-informed

24 speculation at this point. But I would argue that the

25 PWR complexities are greater. However, that doesn't
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1 preclude additional artifacts in the BWR environments.

2 And one of the things that we're looking at NRR has

3 actually taken the lead on this, and it's not just the

4 chemical area. I mean, we've learned things in a lot

5 of areas. The information that we didn't have when

6 the BWR resolution was achieved.

7 So one of the things that NRR has taken

8 the lead on is to go back and start to revisit BWR

9 resolution and see if there are any issues that have

10 arisen since the resolution time which may have

11 implications. So that's something that we're looking

12 at working closely with NRR to try to see if there are

13 issues.

14 In fact, we do have -- there's at least a

15 plan in the budget to go back and start to evaluate

16 BWR chemical effects.

17 MEMBER SIEBER: I agree with you. The two

18 types of plants are very different from the standpoint

19 of chemistry. But there may be thermal-dynamic -- that

20 you'll learn about in the process of dealing with PWR

21 sumps that you may want to think about for broader

22 applicability. So I think what you're doing is-what

23 I would expect a reasonable assumption of folks to do.

24 MR. TREGONING: Okay. The second point on

25 this slide that I think is important, we've talked
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1 about today, you know prior to this presentation

2 within this presentation, there are many possible

3 issues that we don't fully understand. We certainly

4 don't understand to the point of having rigorous

5 technical models developed that can predict head loss

6 due to this set of conditions. But I guess one of the

7 points that I'd like to make, and Professor Wallis has

8 stressed this I think pretty elegantly so far today,

9 is that many of these remaining issues are very plant

10 specific. And the importance of these issues will be

11 a function of important plant specific parameters, the

12 design margin that they have for their ECCS system and

13 the mitigation strategies that they've adopted.

14 So we need to while we're considering

15 which issues are important, we really --

16 unfortunately, this is just the nature of the beast;

17 we really have to identify I think for each plant what

18 set of issues are most important and to try to

19 understand and build up in that way for the fleet wide

20 which issues are really important.

21 Is it aluminum corrosion? Is it calcium

22 phosphate formation? You know, to me it's not quite

23 clear yet which plants. Theremay only be one plant

24 where we have to worry about substantial aluminum

25 corrosion and precipitation. And if that's the case,
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1 we take a very different approach and strategy to

2 dealing with that plant than we would if it were a

3 whole fleet of plants.

4 MEMBER SIEBER: Well, one of the

5 difficulties that I think you're going to have is that

6 you are developing models. You are investigating so

7 you can come up with a list of phenomena or a per

8 process or something like that. But you don't have a

9 way to take the individual characteristics of a given

10 plant and translate that into this plant will operate

11 successfully or not. And I think that piece is

12 missing still. And maybe the industry is going to

13 come up with the magic formulas, but I don't see the

14 evolution of models coming from this research work.

15 MR. TREGONING: Yes. I would say in some

16 areas I would agree with you that that's certainly the

17 case. In other areas, like for instance I think the

18 TSP issue, I think we've gained really quite a

19 significant level of technical understanding in terms

20 of, you know, CalSil levels that can potentially cause

21 issues. I think there's metrics that can'be developed

22 or can be utilized to really determine if you have a

23 problem or not and can be used for screening.

24 So there's some issues I feel like we're

25 sufficiently far advanced enough where we can make a

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

195

definitive statement. There's others where there is

significant uncertainty. That's why understanding

which plants are potentially affected by those issues

and how many plants are there is in my mind a vital

importance to really determine how best to proceed

with fully resolving those remaining issues.

MEMBER SIEBER: On the other hand since

you're limiting the number of tests and experiments

that you do, where you're varying more than one

variable at a time from any given test, it's not clear

to me that you're going to be able to make that

distinction for every plant that's out there as to

what's important, what is not, what combination of

things. For example, maybe in a test you vary two

things, but the plant in its operation and predicted

accident response doesn't have one of those variables.

You're not going to know --

MR. TREGONING: Right.

MEMBER SIEBER: -- what's important there

unless you do additional work or they do-additional

work.'

MR. TREGONING: Yes.

MEMBER SIEBER: So there are Some'pitfalls

here.

MR. TREGONING: Yes. No, I agree.But by
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1 the same token, it's really impossible for us to do

2 research to look at 69 different plants uniquely. So

3 that is one area that we're relying on the plants for

4 given the information that's out there to try to do as

5 rigorous assessment as possible, as well as buttress

6 that assessment with some additional experimentation

7 as necessary to demonstrate technical acceptability.

8 CHAIRMAN WALLIS: Let's look at one plant.

9 Let's look at plant R which has all the aluminum in

10 it. That's one plant.

11 MR. TREGONING: Plant R potentially has

12 issues.

13 CHAIRMAN WALLIS: That's one plant.

14 I'm not sure how you use what we heard

15 this morning to evaluate whether or not they've solved

16 the GSI-191 problem.

17 MR. TREGONING: Well, GSI-191 is a lot

18 broader than anything we've talked about so far today.

19 CHAIRMAN WALLIS: Yes. But howyou going

20 to use what you heard this morning to assess something

21 when they come in and say our screen is now ten times

22 as big, we've done these tests, and we've found all

23 this stuff, and the pressure drop is acceptable? And

24 I'm not quite sure how you use what you heard this

25 morning to assess that.
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1 MR. TREGONING: Well, you know, let me try

2 to answer that. Again, I would argue we don't have a

3 specific set of criteria that plant R comes in and

4 says okay, I've checked off 1 through 5 so I know I

5 don't have a problem. However, let's use plant R.

6 We know plant R has a lot of aluminum,

7 that raises a concern. We've seen results here and

8 results at LANL that lots of aluminum potentially

9 leads to head loss. So then we start asking questions

10 of plant R.

11 We find that plant R is not a high pH

12 plant. That's a good thing. We know with work at LANL

13 and ANL and other places that the lower the pH, the

14 less aluminum you get in solution. And secondly we

15 learned that plant R is not a sodium hydroxide plant.

16 They're a TSP plant. Even better. So that makes it -

17

18 MEMBER SIEBER: Or about to become one.

19 MR. TREGONING: Or about to become one.

20 So although I believe plant R is a TSP plant, but

21 that's just my own --

22 MEMBER SIEBER: Okay.

23 MR. TREGONING: I don't know- that for a

24 fact, but I have a sneaky suspicion that they're'aTSP

25 plant.
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1 So I mean that's the sort of evidence

2 you're looking for to try to build a case of how

3 concerned are we for plant R. Now some plants I think

4 we'll be able to make a very good argument that we

5 don't have concerns. There'll be other plants that we

6 probably don't have enough information to make that

7 kind of logical argument to eliminate any concerns.

8 And those are potentially the plants where we have to

9 do some additional analysis, testing, study to try to

10 figure out what issues are.

11 But the way I look at this right now we

12 have an issue with 60 plants --

13 CHAIRMAN WALLIS: So are you going to do

14 some more analysis and testing when you find out what

15 other questions you need to answer?

16 MR. TREGONING: Paul might want to jump in

17 here because I'm stealing some of his stuff.

18 MEMBER DENNING: But let me jump in here

19 before we go much further. And that is, I think that

20 a basic decision is made that we were not -- I mean I

21 think that the NRC has made a basic decision. They're

22 not going to go down a 'pathway that's "the normal

23 pathway of developing models that could be applied.

24 I mean at some point, I've heard said this

25 is too complex a problem for us to really have first
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1 principle models and this kind of stuff, particularly

2 in the chemistry area. And so although what we were

3 dealing with three years ago or so, or was kind of a

4 model oriented approach, since we got into the

5 chemistry problems, now the industry has taken a

6 position of going very large scale integral tests and

7 somehow covering the inputs with the thought that you

8 can do that with an integral test.

9 I mean, the normal way we deal with 69

10 different plants or 104 different plants is we develop

11 models, we have experiments that validate those models

12 and we use the models to do our safety evaluation.

13 We're going a different pathway here, or at least I

14 perceive that a large element of what we're doing is

15 a different pathway, a very empirical integral test

16 pathway for this difficult element of the problem.

17 And I'm not convinced that really is a successful

18 pathway when we start to -- I mean, if you didn't have

19 the ACRS, you'd be okay. But you know we're going to

20 ask questions that are going to be very difficult to

21 answer without models.

22 And, you know, you talk about the things

23 are on the good side and things that are on the bad

24 side as far as -- obviously, there are'things that are

25 on the good side and the bad side. But can we really
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1 go down this integral test pathway in a conservative

2 manner? Because I'm sure that at some point here what

3 the industry is going to have to do is say you know I

4 can't cover all this, but I'm doing it conservatively.

5 And are we going to be able to answer all those

6 regulatory questions when we've gone away a pathway we

7 normally go, which is model development and a

8 validation? Even if those are fairly approximate

9 models, we're not going down that pathway for this

10 part as I read everything that you've said.

11 MR. TREGONING: It's true.

12 Paul, did you want to weigh in?

13 MR. KLEIN: I was afraid you were going to

14 say that.

15 MR. TREGONING: Well, you were sitting

16 there.

17 MR. KLEIN: I think the key would be if we

18 can convince ourselves that the approach even without

19 our lack of model development is conservative. And we

20 will be an iterative process. I think-Rob is correct

21 there'll be some subset of plants where it might• be

22 easy to determine that, some it might be relatively

23 easy to determine they have a real issue that they

24 need to address, to either switch a buffer or do

25 something different. And then there may be a third
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1 subset that we perhaps may need more confirmatory

2 research to help us address those and verify that the

3 industry evaluation are appropriate and conservative.

4 CHAIRMAN WALLIS: I'm not sure they're

5 going to be conservative. They can just simply say

6 we've put into our test facilities all the sorts of

7 things we expect to see in the plant. The tests are

8 representative. We simply take the test results and

9 use them in the plant. That's without having to

10 understand anything at all.

11 MR. KLEIN: I don't know that we

12 understand all of the different vendor approaches at

13 this point. There's five different strainer vendors

14 and potentially four different approaches to

15 evaluating chemical effects. I believe some of them

16 will be doing chemical effects testing in

17 multifunctional loop similar to what ANL has done

18 trying to develop a factor to apply for head loss and

19 chemical effects. I don't believe everyone will use

20 an integrated test where they add simulated-chemical

21 surrogate and say they've addressed the issue.

22 MR. CARUSO: Do you intent to resolve this

23 on a vendor specific basis or on a plant'specific

24 basis? Because we read some things that say-you plan

25 to look at what the vendors do and maybe audit a few
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1 plants and then say the rest of the plants are okay.

2 But then I keep hearing well you've got to consider

3 each individual plant and their aluminum and their

4 chemistry and their sump configuration.

5 MR. TREGONING: I don't know if you want

6 to jump in, Mike?

7 MR. SCOTT: Yes. Mike Scott, NRR Staff.

8 We are in fact going to be resolving the

9 issue on a plant specific basis. Now, as we'll talk

10 about tomorrow, the process will include audits. And

11 we're not auditing every plant. What we're planning

12 to do is audit a representative sample. And we'll

13 show you those criteria tomorrow.

14 Now that doesn't mean that the plants that

15 are not getting audited don't get a further look.

16 Everybody's package that they -- all the licensees

17 will turn in supplemental responses to the Generic

18 Letter and/or responses to the Staff's RAIs that we

19 sent out here a couple of months ago. And all of

20 those will be evaluated as part of addressing the

21 Generic Letter. So everybody will be evaluated.

22 Now what we're expecting 'is that,

23 obviously, if five plants use one vendor's -testing

24 program, then their approaches are going- to look

25 fairly similar, although not identical because as you
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1 all have pointed out many times, each plant is

2 different.

3 Does that answer your question, Ralph?

4 MR. CARUSO: Does that mean you're going

5 to write an SER? You're going to write 69 SERs?

6 MR. SCOTT: It doesn't mean we're going to

7 write 69 SERs. We're going to do close out packages

8 for 69 plants associated with the Generic Letter.

9 MR. TREGONING: Okay. So the last slide

10 here before I turn the floor over is -- I'm here the

11 rest of the day. I'm not going far.

12 What are our research plans or how do we

13 plan to proceed forward? We've talked a little bit

14 about this. What's our strategy.

15 We'll certainly be completing the Research

16 Information Letter in the very near term to identify

17 or raise some of these potential outstanding issues.

18 And then the second bullet is important.

19 We're going to be working with industry to monitor

20 their direction and progress over the next several

21 months to take that issue list and really' try to

22 determine based on, again, where the plants are

23 heading with their modified sump solutions to

24 prioritize which of the issues are really most

25 important and which are the ones can have a dramatic
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1 impact on their engineering solutions.

2 And then those that we identify, we'll be

3 looking at coordinating with NRR and industry so that

4 we can assess and resolve whatever remaining issues

5 result.

6 Status for the peer review. I think I

7 mentioned this, so I won't go over this. The formal

8 review reports have been received. And the PIRT

9 assessments have been completed. We'll be --

10 CHAIRMAN WALLIS: Well, we heard this

11 morning, I'm sorry to interrupt you, that the final

12 reports are not available until November. How can

13 these people peer review the work until it's been

14 really pulled together in a report? I mean, they give

15 comments now, same as we can. But until they see the

16 final product, what are they reviewing?

17 MR. TREGONING: Yes. We have reports that

18 are starting to be published anywhere from April to

19 October. I think in the chemical effects area, yes,

20 we have nothing published after October.

21 They've certainly seen the -- in many

22 cases they've seen preliminary versions of reports.

23 They've been presented presentations with essentially

24 the guts of the report and had a lot of discussion in

25 terms of this is what information is going to be in
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1 the report.

2 They won't be formally reviewing the

3 reports themselves as much as they are the programs

4 that are associated with those various reports.

5 CHAIRMAN WALLIS: But the thoughts change.

6 I think of ICET. We heard about ICET a long time ago.

7 MR. TREGONING: Yes.

8 CHAIRMAN WALLIS: And you still don't have

9 a final report as far as I know.

10 MR. TREGONING: Yes.

11 CHAIRMAN WALLIS: And you're still saying

12 that -- now you're saying that well our interpretation

13 of the web-like structure has changed as we've learned

14 more. When we originally heard reports you were

15 saying oh we've discovered some new stuff which might

16 clog the screens. You know, we've seen all these

17 pictures of these webs. And now you're saying well

18 that's an artifact of how you process the stuff

19 afterwards.

20 So, you know, until you've really decided

21 what your final report will say, you don't know quite

22 what it is that's got to be reviewed.

23 MR. TREGONING: Well, you know, I would

24 agree with you some sense. But in another sense let

25 me recall the discussion we had last July when we
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1 presented these films. And we all discussed that they

2 looked pretty odd, and I think you were the one that

3 raised hey you ought to look at surface tension, maybe

4 these are surface tension phenomena. And subsequent

5 work did show that these were phenomena that occurred

6 via drying.

7 Marc's precipitate distribution that he

8 put up this morning and the trimodel distribution,

9 that raised a lot of discussion at the peer review

10 level. Enough discussion that Marc's gone back and

11 looked at the technique a little bit. And I think

12 while you heard today that at least one of the peaks

13 he thinks is an artifact of the way the tests were

14 conducted. There's been a lot of discussion like

15 this.

16 CHAIRMAN WALLIS: Yes. That's the whole

17 point. I mean, it's going around and around. But

18 then you're going to publish a peer review NUREG.

19 MR. TREGONING: Yes.

20 CHAIRMANWALLIS: It's better based'on the

21 latest information, not what they heard from him the

22 first time around.

23 MR. TREGONING: But essentially his

24 analysis, the analysis that he's doing in his:report

25 is finished so there's not any new information that's
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going to come up in the report.

CHAIRMAN WALLIS:

interpretations, apparently,

distributions.

MR. TREGONING: Y

But

of

different

the size

es, as a result of

consultation with the peer reviewers.

CHAIRMAN WALLIS: Right.

MR. TREGONING: So you're right. We didn't

ask them to actually look at all of the final products

from each of these project.

CHAIRMAN WALLIS: Are they being asked to

say that what you've done is adequate to review?

MR. TREGONING: No. No. No, not at all.

No.

CHAIRMAN WALLIS: So how do you know that

you've done enough work to form a basis for resolving

this GSI?

MR. TREGONING: Yes. We wouldn't even

attempt to task the peer review --

CHAIRMAN WALLIS: You don' t know if you've

done enough work.

CHAIRMAN WALLIS: I don't think we'll know

that.

CHAIRMAN WALLIS: We won't know that, will

we?
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1 MEMBER SIEBER: We won't know it until the

2 reviews are over. The one who will determine it is

3 NRR.

4 CHAIRMAN WALLIS: So we could write -- you

5 know, we're reviewing your work, too. And what we're

6 going to write is a letter. We could simply write

7 that we've had a very interesting meeting with you.

8 You've told us some things that were new information

9 for us, but until it's all pulled together, we can't

10 really assess what it's worth.

11 MR. SCOTT: If I can jump in again. And

12 we're actually in the same position that you are, Dr.

13 Wallis. We're not sure right now if the approach that

14 we have taken will be enough in and of itself to reach

15 closure on the GSI. That's why when someone asks when

16 you going to close the GSI, said well 2008 if we have

17 enough information at that time.

18 Once we start to get the Generic Letter

19 responses in and, as I will discuss With you tomorrow,

20 those are going to start coming in towards the end of

21 this calendar year, we're going to have a better idea

22 of the approach that the industry has ýtaken in

23 response to the actions that we have requested of

24 them. And that may, depending on how that comes out,

25 require additional actions or refocus.
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1 So we're not prepared to say to you today

2 or tomorrow that we see that this absolutely,

3 positively going to result in closure of the GSI

4 without further work. We don't know yet.

5 CHAIRMAN WALLIS: Because also what

6 Westinghouse is doing, there are some WCAPs.

7 MR. SCOTT: That's correct.

8 CHAIRMAN WALLIS: We have got some, I

9 think, well we haven't talked with Westinghouse, we

10 haven't reviewed them thoroughly --

11 MR. SCOTT: Right. We just got two. We

12 just got two of those in the door.

13 CHAIRMAN WALLIS: That's part of the

14 package. And since we heard here that industry is

15 taking the lead, that may be one of the more important

16 parts of the package.

17 MR. SCOTT: That's correct. A lot of the

18 industry's approach for downstream effects and

19 chemical effects relies on these WCAPs. And as

20 another thing we're going to bring up is that

21 Westinghouse or the PWR owners group is writing a

22 third WCAP to address in core downstream effects.

23 CHAIRMAN WALLIS: So I just don't know.

24 Have they written these WCAPs without the benefit of

25 the sorts of work that we heard about this morning?
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1 MR. SCOTT: I can't speak to those.

2 Paul, do you want to weigh in on the

3 chemical ones?

4 MR. KLEIN: The chemical effects area

5 they've been very cognizant of the work ICET and also

6 the early work at ANL. We released two information

7 notices with attachments that provide --

8 CHAIRMAN WALLIS: Well, let's take the

9 work that Bill Shack talked about. I've been

10 surprised that that's been incorporated into a WCAP

11 yet and yet it seems that some important phenomena

12 have been identified.

13 MR. KLEIN: I think the WCAP that we have

14 in for review currently is not -- there's not much in

15 it related to head loss. It's more in chemical model

16 trying to predict what might form.

17 CHAIRMAN WALLIS: You have to read a long

18 way before you get something that's useful. But what

19 I found in one of them was how you actually produce

20 some surrogate mix. Isn't that what one of them is up

21 to? How do you produce surrogate set of particles?

22 MR. KLEIN: Yes.

23 CHAIRMAN WALLIS: And that's all? ..

24 MR. KLEIN: Well, they would argue there's

25 more. They've done some corrosion testing.
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1 MR. TREGONING: Yes, corrosion as well as

2 looking precipitate formation. They've done some

3 filterability testing as well as --

4 CHAIRMAN WALLIS: And a lot of small scale

5 tests in separate jars, but not nothing at synthesis

6 between different things.

7 MR. TREGONING: Yes. That's correct.

8 That's correct.

9 CHAIRMAN WALLIS: We haven't heardabout

10 that. Are we going to hear about that in August, is

11 it? Is that where we're going to hear about that,

12 Ralph?

13 MR. CARUSO: Yes.

14 CHAIRMAN WALLIS: We have a presentation

15 from industry?

16 MR. CARUSO: A whole bunch of them.

17 CHAIRMAN WALLIS: Okay.

18 MR. TREGONING: I don't know, is the

19 Westinghouse testing on the agenda for August? Not to

20 my knowledge.

21 MR. CARUSO: I could ask the WOG to come

22 in and talk about what they're doing.- :So it's the

23 members of the WOG.

24 MR. TREGONING: Two days sufficient?

25 MR. CARUSO: Well, as long as we need to.
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1 CHAIRMAN WALLIS: Well, we've written some

2 fairly strong letters about this issue. I think we

3 might this time simply wait and see. Say, look, we've

4 heard a bit and we're going to see what else comes

5 along before we reach any conclusion. I'm not sure

6 yet. But a lot of this seems to be sort of so

7 incomplete, I'm not sure I want to write anything

8 about it at all yet, personally.

9 MEMBER SIEBER: I tend to agree with you.

10 And I guess I'm not totally satisfied with the

11 approach that you're taking, but I can't think of an

12 alternative that will work in any reasonable kind of

13 time frame. So if I had a better idea, I certainly

14 would tell you, but --

15 MR. TREGONING: I certainly would welcome

16 that.

17 Any other questions with respect to the

18 peer review before we move on to the next

19 presentation?

20 CHAIRMAN WALLIS: Well, we haven't seen

21 what they've said yet, have we?

22 MR. TREGONING: Sure.

23 CHAIRMAN WALLIS: We haven't seen'their

24 reviews written down?

25 MR. TREGONING: No. You have not seen the
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1 formal review. And that'll be part of this August

2 2006 NUREG. Seeing in great detail what each of them

3 have said.

4 CHAIRMAN WALLIS: What you've told us is

5 it's happening. You've told us some of the sort of

6 things, some of the conclusions. And we don't have

7 much of substance to review yet.

8 MR. TREGONING: Not at this point. But

9 when the NUREG comes out in August, certainly you will

10 at that time.

11 CHAIRMAN WALLIS: Okay. But thank you.

12 So should we be moving onto drain column

13 testing, is that it? Probably should move onto it.

14 If it takes too long, we may need to take a break in

15 the middle of it. And maybe Bruce can move along

16 rapidly.

17 DR. LETELLIER: Maybe.

18 MR. CHANG: Good afternoon.

19 Again, I'm T.Y. Chang, NRC Office of

20 Research.

21 With me here is Dr. Bruce Letellier from

22 Los Alamos National Lab.

23 Today we would like to present to you a

24 study that was being performed at Los Alamos. The

25 study is about the head loss caused by chemical
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1 precipitates and the study is being done by using a

2 very simple set up that is the gravity driven drain

3 column.

4 CHAIRMAN WALLIS: No pump?

5 MR. CHANG: Pardon?

6 CHAIRMAN WALLIS: No pump?

7 MR. CHANG: No pump. All right.

8 Under the agreement between NRC and the

9 industry head loss implications are not evaluatedlin

10 the ICET tests. In order to address the head loss

11 caused by chemical precipitates a strategy was

12 conceived to place fiberglass insulation specimens in

13 the form of pucks in ICET test tanks during tests 3,

14 4 and 5.

15 Afterwards, the post-test fiber pucks were

16 evaluated for head loss using a very simple gravity

17 drive drain column. Bruce is going to go into much

18 more-details about the test later on.

19 The primary objective of this study is to

20 do work that was not done in ICET tests, that is to

21 evaluate the head loss caused by ICET generated

22 chemical products.

23 And there is a second objective that is to

24 develop a head loss correlation for flow through

25 porous media from the fundamental principles. And
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1 this will perniit us to do the comparison to some of

2 the existing correlations, such as the NUREG/CR-6224

3 correlation and also there are various one being

4 developed by our colleague, Dr. Krotiuk of the Staff.

5 And he's going to talk about that right after this

6 one. It's about the modified Ergun equation.

7 MEMBER KRESS: Do these tests duplicate

8 what was done at Argonne, add to it or what?

9 DR. LETELLIER: Compliment.

10 MR. CHANG: Complimentary.

11 CHAIRMAN WALLIS: And Argonne didn't

12 correlate that data with any equations.

13 DR. LETELLIER: We'll get into the details

14 of the study, but in fact this exercise used actual

15 test articles from the ICET experiments solution in

16 fibers. And Argonne was a surrogate with a much

17 different apparatus. We'll compare the two.

18 MR. CHANG: Similar to the presentations,

19 the regulatory applications of the study'is mainly-to

20 support NRR review of licensee responses to Generic

21 Letter in an area of head loss caused *by -chemical

22 products.

23 And also it will provide, too, for the NRR

24 to perform audits in this area.

25 And thirdly, this will provide the
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1 licensees information for their assessment of the head

2 loss caused by chemical products.

3 The end products, again, will be a

4 NUREG/CR report. It is in progress. And the

5 publication is expected in October this year.

6 Now I would like to hand this over to

7 Bruce.

8 CHAIRMAN WALLIS: Now in the NRR

9 presentation at the workshop the statement was made

10 that NUREG/CR-6224 is unsuitable for the kind of

11 material that's in a sump.

12 MR. TREGONING: I'm sorry. What was the--

13 CHAIRMAN WALLIS: NRR stated in the

14 workshop on May 24th, whenever it was, that this

15 correlation was unsuitable for use in NUREG/CR-6224.

16 MR. TREGONING: Ralph, you want to take

17 that, or -- I'll be happy to answer it, but you can

18 take it.

19 MR. ACHITZL: Ralph Achitzl, NRR. I'm

20 speaking a little bit for Shanlai Lu; He's not-here

21 right now.

22 CHAIRMAN WALLIS: Because he's the man who

23 said it, yes.

24 MR. ACHITZL: Well, we went through ESE -

25 - actually speak of the devil -- he just walked in.
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1 Well, let me say what we did in ESE and

2 Shanlai Lu basically had the difficulty of whether you

3 could use the correlation or not. And we ended up

4 saying you could use it for scoping because of

5 temperature effects and other effects, debris, that

6 didn't correlate well in the CalSil data. The ESE was

7 written that you couldn't use that alone as the basis

8 like we did on the boilers. So what was being said at

9 that point is you must do individual plant specific

10 testing, but you could use the correlation for

11 scoping. I think that's the gist of the comment that

12 was made at that.

13 CHAIRMAN WALLIS: You could use it as sort

14 of a guide --

15 MR. ACHITZL: As a scoping tool.

16 CHAIRMAN WALLIS: A guide, but you

17 couldn't use it alone to predict things. You had to

18 have it backed up.

19 MR. ACHITZL: You had to have it backed up

20 with testing.

21 CHAIRMAN WALLIS: So plant specific tests.

22 Yes.

23 MR. ACHITZL: Or different correlations.

24 I guess it wasn't ruling out different correlations.*

25 MR. TREGONING: And that's what the SE
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1 said. So there was no new position in the May meeting.

2 CHAIRMAN WALLIS: Okay.

3 DR. LETELLIER: So the Committee has not

4 seen any of this work except for some minor illusions

5 to it in the February briefing.

6 As T.Y. said, this was intended to

7 compliment the ICET program by providing some

8 preliminary head loss indications of actual materials

9 that were resident in the chamber, either fiberglass

10 that had been incubated, so to speak, or cultured in

11 the solution or the solutions themselves to look at

12 changes in -- or latent precipitates that might be

13 present.

14 Just really quickly acknowledge co-

15 authors, two of our graduate students who have

16 successfully matriculated in their master's level.

17 And Will Roesch turned to the dark side. He's now

18 consulting for industry with Alion Corporation.

19 The presentation We're going to look over

20 the apparatus, just talk about the equipment that's

21 involved. A very simple look at the samples, the fiber

22 samples that were fabricated to essentially avoid the

23 complication of bad compression during the head loss

24 measurement. We tried to avoid that- problem by

25 precompaction.
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1 We'll look at the rinse procedure, in

2 particular how we attempted to control temperature.

3 The test matrices will give you an

4 overview of all of the items that were surveyed. And

5 in essence this was suited to a survey type of

6 exercise where we could execute rinses very rapidly

7 and collect a lot of data for a variety of test

8 objects.

9 The theory development deserves a little

10 bit of study because it's not a constant velocity

11 system. You need to understand how to *convert the

12 velocity measurements that are -- velocities that are

13 observed into a head loss effect and how ultimately

14 that's converted into a inference of the hydraulic

15 parameters that you might be assuming for a head loss

16 correlation.

17 And finally, hopefully, we'll spend most

18 of our time on representative results looking at the

19. baseline loss characteristics of the"empty 'clumn

20 itself, looking at the clean fiber samples which

21 serves as a baseline for all of the products that were

22 present. And then look at ICET-5 which" was

23 investigated the most thoroughly.- We actually

24 archived about 100 gallons of solution at the test

25 temperature so we could work through a well designed
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test matrix.

CHAIRMAN WALLIS: This is the one that has

this aluminum in some sort of colloidal form, is that

it?

DR. LETELLIER: Test 5 is representative

of the aluminum --

CHAIRMAN WALLIS: That stuff has been

stored for a long time. Is it still in the same form

as it was when it was ICET.

DR. LETELLIER: That's a very good

question. The material was tested within 30 to 45

days post-test. So it was rather mature compared to

the surrogate material that Argonne has tested. It

does represent in some sense a continuation of the

ICET exposure condition with the exception of the

corrosion products that were present.

The whole concept was inspired by a couple

of problems. First of all, we had made'the decision

not to do any institute pressure drop measurements as

part of ICET, but yet people were clamoring for that

information. Everyone's curious. So there was an

opportunity because we had been extracting samples

periodically, we thought if they could be arranged or

configured in a manner convenient for testing, we

should continue doing that.
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1 Just some simple studies. Remind you that

2 the drain time kinetics are all that you really need

3 to know to understand the hydraulic properties. For

4 an empty column --

5 CHAIRMAN WALLIS: This is presumed to be

6 something on its side here that's --

7 DR. LETELLIER: Did it work?

8 CHAIRMAN WALLIS: You have gravity that's

9 horizontal in New Mexico? Hey.

10 DR. LETELLIER: Did we all see that? It

11 drains in approximately 11A seconds from top to bottom.

12 But if you put clean fiber in place, it's much slower

13 and it could be photographed digital imagining. We

14 actually instrumented this with a pressure transducer

15 that I'll show you.

16 CHAIRMAN WALLIS: Oh, there's a weighted

17 ball on top of this water that pushes it through or

18 something?

19 DR. LETELLIER: That was just a

20 visualization technique so we could see the top of the

21 water.

22 CHAIRMAN WALLIS: Actually, there seems to

23 be more head than just above the screen. Because it

24 actually keeps going. When the -ball reaches the

25 screen, it's still moving. So presumably there's a
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1 siphon or something that's sucking it out as well as

2 pushing it.

3 DR. LETELLIER: Well, I think gravity's

4 doing the work. And whether it's pushing or pulling

5 is a matter for philosophical debate.

6 CHAIRMAN WALLIS: There is the one that's

7 below the screen that's sucking it out, too.

8 DR. LETELLIER: This is a schematic of the

9 design. And what you're referring to is what I call

10 the exit chamber. And it was important to have a

11 continuous flow of water through the bed. We didn't

12 want instabilities to form and allow air pockets to

13 percolate back through the bed. Some configurations

14 do show that behavior. And if I were doing this again,

15 we would make the exit column much longer.

16 It also has a throttle valve for

17 controlling the flow so that we can have velocities

18 that are in the range of interest. Under

19 gravitational free fall this drains in about half a

20 second. So we need something that's more moderate, but

21 yet we don't want to burn all of the potential energy

22 in the throttle. We need something that's -primarily

23 burned through the sample so that we have good

24 fidelity data.

25 We instrumented the column with a single
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1 pressure transducer that's loc&ted a few inches above

2 the bed. The sample itself is inserted in a two inch

3 cylindrical ring in this coupling here.

4 CHAIRMAN WALLIS: You could also take

5 photographs. You could take a movie so you know the

6 velocity from the movie.

7 DR. LETELLIER: The very first tests were

8 done that way. It's extremely labor intensive but in

9 fact it would be my preference, it would be much more

10 reliable. I'll show you what challenges we had with

11 data analysis with an electronic pressure transducer.

12 We also eventually when we moved to --

13 CHAIRMAN WALLIS: Frame-by-frame you can

14 read a video very quickly.

15 DR. LETELLIER: If it's automated.'

16 MEMBER SIEBER: With graduate students.

17 MR. TREGONING: Rob Tregoning.

18 The challenges we wanted to do testing at

19 elevated temperature. And these -are fairly long

20 slender columns and we were trying to minimize the

21 amount of heat loss we had during the test -as well.

22 So there were sort of balances that we made.

23 CHAIRMAN WALLIS: Oh, so you covered them

24 with insulation?

25 DR. LETELLIER: That's right.
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1 CHAIRMAN WALLIS: Ah.

2 DR. LETELLIER: This is shown without the

3 thermal insulation.

4 CHAIRMAN WALLIS: Okay.

5 DR. LETELLIER: But there are clever ways

6 around that, magnetic tracers and other pressure taps.

7 This was honestly a poor man's head loss

8 loop, but I think it was very successful. It's

9 serving its intended role.

10 We did instrument this with a temperature

11 probe just below the sample. We made every attempt to

12 preserve the temperature of the rinse solution and the

13 temperature of the fiber sample. We did that through

14 constant temperature storage ovens.

15 Approximately 3.7 liters passed through

16 this sample in each rinse. And, of course --

17 CHAIRMAN WALLIS: A gallon.

18 DR. LETELLIER: Approximately a gallon.

19 And, of course, the length of the column is the

20 maximum driving pressure. We had about six feet of

21 head available. In combination with the :throttle

22 valve we had test ranging, velocity ranges from .05 to

23 1 foot per second, which is perhaps a little-higher

24 than prototypical some screen designs. But' the intent

25 here is to quantify the parameters of the correlation
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1 which are debris specific not velocity specific.

2 There's our test article. It's a 2 inch

3 diameter 2/2 inch thick precompressed fiber puck.

4 There's about six grams of fiber once we compacted it

5 and --

6 CHAIRMAN WALLIS: Got a hole in the side

7 there where your arrow is?

8 DR. LETELLIER: Yes. There are some

9 occlusions, none of these observed to pass all the way

10 through, but there is a variety of uniformity. And

11 that was the reason it was important to us to

12 characterize the baseline. I'll show you those

13 results.

14 We started out with 7 grams of fiber, but

15 just the manufacturing process we lost about one gram.

16 So when we calculate effective porosities, it's best

17 to use the dry mass of the fiber that's determined

18 post-test.

19 The test articles that were exposed to

20 ICET actually dissolved partially. Some the order of

21 a tenth of a gram might have been released to the test

22 solution.

23 And some of our blanks experienced'some

24 agitation during storage. So all of this contributes

25 to some interpretation of variability. Despite being
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1 precompressed to about seven times the manufactured

2 density, it's still 92 percent porous. There's a

3 great deal of open space.

4 The fiber samples were supported

5 underneath by a retaining screen and also on the top.

6 And so you'll see some pictures of test articles that

7 have a waffling pattern on top.

8 Generic rinse procedure includes preparing

9 all the bottles. Again, the intent is to maintain the

10 temperature as well as we could manage in a manual

11 fashion.

12 We would actually fill the lower chamber

13 before inserting the sample so that we could

14 contribute to constant temperature. And then we would

15 fill it from the top using this diffuser arrangement.

16 And the intent is simply to avoid direct water

17 impingement from disturbing the bed.

18 Manually opening the valve at the bottom

19 initiates the test. We had automatic data acquisition

20 from the pressure tap and the throttle valve was

21 closed before we actually exposed the fiber isample.

22 The intent here is that we could repeat multiple

23 rinses over a full cycle. And typically we would rinse

24 each puck five times.

25 Photographs, dry weights constituted the
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1 data record. Okay.

2 The text matrices first of all, consist of

3 the performance data. The basic flow losses inherent

4 drag coefficients for the empty column including all

5 of the retaining screens and rings. WE also did some

6 studies using pure sand beds that are suspended on

7 filter paper just for comparison to theory. We did

8 some studies with sand loaded fiber for comparisons to

9 handbook type of values. And, obviously, a rather

10 extensive characterization of the clean fiber

11 variability.

12 For the test articles we had fiber samples

13 that were exposed to ICET-3 environments beginning on

14 day 4 following the observation of primary

15 precipitate. If you remember test 3 is the calcium

16 phosphate condition. So most of that had settled, the

17 water clarity was very good by test 4. Sorry, by day

18 4.

19 For test 4 the samples --

20 CHAIRMAN WALLIS: Rinse with clean water.

21 ICET the fibers have some calcium phosphate-in there?

22 DR. LETELLIER: That's correct.

23 CHAIRMAN WALLIS: And it stays there when

24 you rinse them?

25 DR. LETELLIER: That was one of the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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

v



228

1 questions. We could study both -- well, for test 3

2 and 4 we could only study the release. We could study

3 the shedding of that material through multiple rinses.

4 For test 5 we actually archived solution.

5 So for the test 5 fiber we rinsed it with both test 5

6 solution and clean water so we could look at the

7 differential.

8 For test 5 by that time we were excited

9 about some potential value here. We had a well

10 designed test matrix and we had 12 samples total to

11 examine.

12 Test 5 was representative of the aluminum

13 hydroxide chemistry. And remember from test 1 we had

14 observed a visible precipitate when it was cooled. We

15 never observed a visible precipitate in either test 1

16 or test 5 at the test temperature of 60C. So when we

17 determined test 5 we archived a 100 gallons of

18 solution in the oven until they were ready for use.

19 We also looked at some rapid cooling of

20 that test 5 solution over a 20 degree temperature drop

21 to hopefully explore the idea of a temperature of a

22 heat exchanger before rinsing that through clean

23 fiber. And we had some very cursory' examines of

24 calcium phosphate that we prepared in a surrogate

25 manner. So all total we have over 60 rinses with
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1 replicates of many different configurations.

2 The cooled test 5 solution was examined in

3 a nested incremental test matrix so we could look at

4 five different samples that were rinsed an increasing

5 number of times. And in that way if the trends are

6 good, we could look at both accumulation and shedding

7 by looking at differences. And I'll show you some of

8 that information.

9 So in essence, this matrix looks at a set

10 of nested replicas. There are five reps of a single

11 rinse, there are 4 replicas of 2 rinses, et cetera.

12 The measured viscosities, I think Bill

13 alluded to this earlier, test 5 solution at 600 at the

14 end of the test was slightly higher than clean water

15 as far as measured viscosity.

16 The cooling rates that we were able to

17 induce just using ice baths and immersion are almost

18 3 degrees C per minute. And, honestly, I don't know

19 how that compares to a heat exchanger. I expect it's

20 rather slow compared to the heat exchange in the

21 plant. But in fact we measured about the- same

22 viscosity at 40 degrees. What was interesting is we

23 did.observe a visible precipitate at that temperature.

24 And in fact by the end of our testing, -even the

25 archived solution at 60 degrees had some evidence of
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1 settling at the bottom of the containers.

2 A data typical data record looks like

3 this. This is a pressure trace over 5 consecutive

4 rinses. And you can see that the column is filled. We

5 check out the operation of the data acquisition and

6 it's rinsed.

7 What's important to preserve is to look at

8 the time delay in comparison to the temperature.

9 Again, we had a target temperature but we weren't

10 completely effective at preserving that.

11 So the total data analysis follows a

12 history. First of all, you have a presumed or well

13 developed head loss correlation with some free

14 parameters that are determined by the material

15 properties. What we get from the drain column rinse

16 is a pressure trace that has to be converted into a

17 velocity. So that's the first step. Given the

18 velocity, given the kinetics of the system, then we

19 can calculate the delta p, the head loss measure.

20 CHAIRMAN WALLIS: Well, in theory given if

21 you understand the porous media, you can predict the

22 whole experiment.

23 DR. LETELLIER: You can, that's right.

24 CHAIRMAN WALLIS: You don't needito know

25 anything except that you saw this height and you let
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1 it go.

2 DR. LETELLIER: That's true except as you

3 pointed out, that delta p is a more accurate

4 definition of hydraulic loss than simply the head, the

5 static head. So given the sure stress, dissipation and

6 other irreversible effects it's not sufficient just to

7 know the height of the bed. It's essentially a

8 comparison between the free fall velocity history and

9 the observed history.

10 CHAIRMAN WALLIS: Well, you know the

11 pressure because of the -- you know the height, you

12 know that velocity gives you another rate of change of

13 height. So you're in pretty good shape.

14 DR. LETELLIER: That's true. This

15 illustration just recounts the data analysis steps

16 that were executed. Intuitively it's all very

17 obvious.

18 Once you have a delta p then you still

19 have a statistical step of inferring the value of the

20 parameters from the data and then you can feed that

21 back to refinements of the head loss correlation.

22 The velocity history simply records the

23 conversion of potential energy to kinetic energy. Not

24 much more to it.

25 CHAIRMAN WALLIS: I don't know what you
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1 mean by kinetic energy and this stuff is just oozing

2 through the bed.

3 DR. LETELLIER: Well, you saw an example

4 where even clean fiber will drain 6 feet of head in

5 about 8 to 12 seconds.

6 CHAIRMAN WALLIS: Kinetic energy maybe in

7 that case, but most of it's on a -- if you've got

8 particles in there, do you worry about the kinetic

9 energy?

10 DR. LETELLIER: Some terms dominate,

11 others do not. When we added calcium phosphate, we

12 would wait onwards of ten minutes.

13 CHAIRMAN WALLIS: So you don't worry about

14 kinetic energy at all?

15 DR. LETELLIER: Not at all. But, of

16 course, the terms are there.

17 The pressure tap cam be converted into a

18 velocity simply by using an unsteady Bernoulli

19 equation. You have to account for the possibility of

20 acceleration, and that's what this reduction shows

21 you. There are two terms. When you initiated the

22 rinse there is some initial acceleration. It's in free

23 fall, for example. And then when it's draining

24 steadily, it's simply the static head that drives the

25 flow.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



233

1 Because there is noise in the data, and

2 I'll show you an example. There are various physical

3 constraints that are useful for obtaining a realistic

4 velocity profile. For example, the instantaneous

5 acceleration at any point in time cannot exceed --

6 CHAIRMAN WALLIS: You can also throttle

7 with the ball valve and run a slower experiment.

8 DR. LETELLIER: We certainly could.

9 CHAIRMAN WALLIS: You know the pressure

10 drop characteristics of the valve, presumably, so --

11 DR. LETELLIER: We certainly could. There

12 was some initial design effort to choose a throttle

13 velocity that would get us in the right range. But

14 this was a time compressed experience, so we collected

15 as much information as we could with the apparatus we

16 had.

17 Obviously, the derived velocity cannot be

18 greater at any point than the velocity that you would

19 have simply under free fall. And eventually the

20 cumulated displacement can't be greater: than the

21 height you started with. So these are all attributes

22 that can constrain the numeric solution.

23 This is what I'm talking about with regard

24 to the initial acceleration where the bed essentially

25 drops in free fall for just a fraction of a second.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com
• . v



234

1 CHAIRMAN WALLIS: You can open a valve

2 that quickly?

3 DR. LETELLIER: That's a good question.

4 The sampling we made about 30 to 50 milliseconds. And

5 we saw very regular patterns that looked like this,

6 even from the photographic data which are only 200

7 frames per second. So in my opinion we were resolving

8 some of that initial acceleration phase. There are a

9 lot of proposed improvements to the equipment, and an

10 electronic actuated valve would be one of them. But

11 the noise, I call it noise, it's more of an extraneous

12 information because when you do open the valve, there

13 are acoustic pressure waves that bounce back and forth

14 from the valve to the surface. And they are being

15 resolved by the pressure transducer and they can

16 travel back and forth many, many times within the

17 sampling rate.

18 So we tried several numeric techniques to

19 smooth this out. Simply using a repeated rolling

20 average to smooth the data seemed to help. Backwards

21 differing to reference the previous velocity which

22 starts out to be zero.

23 CHAIRMAN WALLIS: By the' first few data

24 points?

25 DR. LETELLIER: You can. And, in fact,
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1 that was the most effective. We only used the data

2 where the acceleration was negligible.

3 I really think the photometric data would

4 be more reliable, but it's very labor intensive to do

5 it manually and it's complicated by the thermal

6 insulation. So there's some improvements that could

7 be made.

8 CHAIRMAN WALLIS: Rather than counting

9 droplets or something like that graduate students used

10 to do--

11 DR. LETELLIER: The Millikan oil drop

12 experiments? That's before my time I think.

13 A simple energy balance on the drain

14 column eventually identifies which terms are

15 important. This is cast in terms of the cumulative

16 energy expended. So the first term is how much

17 potential energy has been liberated, if you will. The

18 second term is how much kinetic energy has passed

19 through the nozzle of the outlet. And the last -term is

20 a combination of how much kinetic energy remains in

21 each section of the drain column at any point of tifme.

22 And the beta factors are to account for

23 some complexities in the flow patterns, which you may

24 or may not be willing to ignore. But once you have an

25 expression like that and you know the velocities, you
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1 can evaluate it any point in time.

2 The cumulative energy that passes through

3 the column in terms of a the delta p across the bed is

4 equal to that expression. And although we know that

5 delta p is largely driven by the static head, it's not

6 exactly equal to pgh because of our expression for

7 cumulative energy accounts for the finite thickness.

8 It includes irreversible acceleration effects within

9 the bed and the flow irregularities. So there's a

10 minor difference.

11 Given the delta p and your favorite head

12 loss correlation, which is shown here as the two term

13 model, a linear and a quadratic velocity model, it can

14 simply be plugged into that expression and set up as

15 a matrix equation. Remember we have a data vector of

16 pressure measurements at a very high temporal

17 resolution. So we're not just measuring the steady

18 state delta p at a given velocity. We're concurrently

19 or sequentially measuring delta p over an entire range

20 velocities for each test.

21 If you know the velocities, the only thing

22 left to-determine are the coefficients a and b.- And

23 of course, those could be complicated expressions of

24 porosity, specific surface area, all of the geometry

25 factors that Bill is going to discuss next.
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1 Arid, of course, we need at some point

2 correct the data by assuming that the total pressure

3 drop is really the contribution of the column plus the

4 debris. But the contributions of the column are very,

5 very small compared to even clean fiber.

6 Any desired correlation could be fit to

7 this data. You could dream up any complex physics that

8 you like and still fit it to the same set of data.

9 This is a linear model, obviously.

10 CHAIRMAN WALLIS: But you have trouble if

11 you have -- well, I guess you have enough data points

12 you can fit an infinite number of variables?

13 DR. LETELLIER: Almost This is a highly

14 over determined data set. In fact, because we have an

15 independent estimate of porosity, we have the dry

16 mass, we really only have one free parameter here.

17 So the fits themselves, the values of

18 these parameters are supported by the range of drain

19 velocity in a single sine. But once you know that you

20 can evaluate the correlation over a common range. And

21 that turned out to be the best basis for comparisons.

22 Some of the performance data to take a

23 look at, for the sand-bed comparisons we ran 5 rinses

24 each. We used --

25 CHAIRMAN WALLIS: Sand at 10 grams and 7.5

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



238

1 grams or different sand?

2 DR. LETELLIER: Two different quantities

3 of -- it is different sand.

4 CHAIRMAN WALLIS: Of different sand?

5 Otherwise, you expect ten to be twice five, but it

6 isn't. Then is twice 7.5 in terms of pressure drop,

7 right? You look at 4 and 8 and velocity of .6, one is

8 twice the other.

9 DR. LETELLIER: That's a good observation.

10 I hadn't noticed. It is a sieved, it is size graded

11 between a range of 7.5 --

12 CHAIRMAN WALLIS: It has a different --

13 DR. LETELLIER: 105 microns.

14 CHAIRMAN WALLIS: A simple test would be

15 to have the same size two different thicknesses and

16 see.

17 DR. LETELLIER: I'm not sure what you mean

18 by the same sand.

19 CHAIRMAN WALLIS: Well, if I used the same

20 sand five grams and 10 grams, I expect twice the

21 pressure drop with 10 grams. And it's sort of a check

22 on whether things were reproducible ands-all that.

23 DR. LETELLIER: Sure.

24 CHAIRMAN WALLIS: Anyway, the theory works

25 out.
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1 DR. LETELLIER: Quite nicely.

2 CHAIRMAN WALLIS: It's very linear, isn't

3 it?

4 DR. LETELLIER: This, in fact, this was

5 fit just to the linear term.

6 CHAIRMAN WALLIS: Right.

7 DR. LETELLIER: Over particle ranges. In

8 fact, one of my questions is you can see the

9 precipitate Reynolds numbers are portrayed in the

10 bottom panel. And over the range of 1 to 6 the linear

11 determinant transition for flow around a sphere, there

12 is a significant amount of data in the turbulent range

13 and yet the data set matches the linear term

14 remarkably well. And --

15 CHAIRMAN WALLIS: So it's real turbulence.

16 It's just when the inertia terms --

17 DR. LETELLIER: Start to dominate.

18 For empty-column baseline I'd just point

19 out some comparisons in the linear coefficient. For

20 sand it's on the order of ten 'to the eighth in the

21 appropriate units. For clean fiber it's a little bit

22 higher. Yes, the coefficient for the empty column

23 even when we had the 200 mesh sieve is four orders Of

24 magnitude lower. So the hydraulic resistance of the

25 drain column is negligible.
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1 I do want to stress that this is

2 preliminary information. We've spent a lot of time in

3 organizing the data for presentation in some draft

4 deliverables. So it may change by the next time you

5 see it. But I did want to present the attributes of

6 the information.

7 We had a specific study done with what we

8 considered to be identically prepared fiberglass

9 samples. But there's a lot of information that we can

10 use to help judge repeatability. For this set of four

11 samples we executed five rinses each with 40 degrees

12 C clean water. And the parameters that we derived for

13 each of the rinses were simply averaged in an

14 arithmetic way.

15 CHAIRMAN WALLIS: Each rinse presumably

16 gave the same answer?

17 DR. LETELLIER: Well, I'm sure there is

18 some variability.

19 CHAIRMAN WALLIS: Or pretty'close? Much

20 less than the variability between samples?

21 DR. LETELLIER: That's the point, exactly.

22 It would be appropriate for us to pool or lump all of

23 the data for a single test article into a single

24 correlation. That's something we can examine.

25 I want to go back and make sure that these
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1 were all evaluated at a common temperature. Because

2 there is temperature variability between our tests.

3 We need to rebaseline them for an accurate comparison.

4 CHAIRMAN WALLIS: What looks a bit strange

5 is that the higher curve is more linear than the lower

6 curve, and you'd expect that higher head loss would

7 have more of the squared terminate, wouldn't you?

8 DR. LETELLIER: Of these five tests that

9 lower curve was the only one that exhibits significant

10 quadratic behavior.

11 CHAIRMAN WALLIS: Well, it's strange. You

12 think it would be the higher one that would do that.

13 DR. LETELLIER: In fact, you can tell that

14 I've truncated. I've clipped this because that

15 quadratic behavior starts to dominate at higher

16 velocities.

17 CHAIRMAN WALLIS: Yes.

18 DR. LETELLIER: And that was purely --

19 it's somewhat an artifact of the range that was chosen

20 for the data presentation. I need to go back and

21 determine exactly what range velocities existed in the

22 test data. And the finalreport will show that as'end

23 points so it's clear where we're extrapolating beyond

24 the fits.

25 As I mentioned the nested ICET solution
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1 matrix will yield additional direct comparisons for

2 this issue of repeatability. But for now I would

3 suggest a kind of a rule of thumb of a 50 percent

4 variability. And that was estimated simply at the .1

5 foot per second velocity. There's a range from the

6 median of about plus or minus .5 feet per second.

7 That's quite a large margin, but it's important to

8 know that to help us interpret the next plots.

9 CHAIRMAN WALLIS: Actually, the red one is

10 about a quarter of the green one or something at that

11 point. There's a significant different velocities.

12 DR. LETELLIER: That's right.

13 CHAIRMAN WALLIS: So you have to wonder

14 what's going on right down there.

15 DR. LETELLIER: My first exercise would be

16 to go back and make sure that they're being presented

17 on an equivalent basis. But there are many reasons

18 for possibility variability. You noticed one, the

19 uniformity of the fiber puck itself is probably the

20 biggest one.

21 CHAIRMAN WALLIS: Yes, there's a hole'in

22 it, -it would be squared.

23 DR. LETELLIER: None of those occlusions

24 were observed to penetrate he entire puck. In fact,

25 they were pressed with considerable force and extruded
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1 onto the walls of the pipe. But the preparation

2 procedure, PANL has struggled to come up with a

3 suitable recipe for very regular fiber mats. And this

.4 was done much more quickly than their study.

5 There was an initial decision made whether

6 we should simply immerse a fiberglass filter. That

7 would be a suitable median for incubating chemical

8 products. But the decision was made to use a

9 representative debris type. Even poorly homogenized

10 fiberglass was judged to be preferable over an

11 artificial substrate.

12 We had a number of different rinse

13 solutions. Notably clean water and three different

14 temperatures, room temperature, 40 degrees, -60 degrees

15 C. And then by comparison the test 5 archive solution

16 which was tested at 60 degrees. Now these have been

17 rationalized to a common temperature and as expected

18 water behaves like water, the theory explicitly

19 factors the viscosity. And so they behaved very

20 regularly.

21 CHAIRMAN WALLIS: It looks as if the

22 viscosity is over twice as much. I thought earlier

23 you said it was not so different.

24 DR. LETELLIER: It does, and that's one of

25 my questions to be resolved. But even with the factor
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1 of 50 percent Variability on the fiberglass behavior,

2 this is pretty clear evidence that there's something

3 unique about the test 5 solution.

4 CHAIRMAN WALLIS: This is presumably the

5 same puck, isn't it with test 5 and with water?

6 DR. LETELLIER: No.

7 CHAIRMAN WALLIS: It's not the same puck?

8 DR. LETELLIER: No. They're all unique

9 fiber samples.

10 CHAIRMAN WALLIS: Okay.

11 DR. LETELLIER: That's why it's important

12 to understand the variability of the blanks.

13 The cumulative test matrix has somewhat

14 inclusive results, but the trends are I guess

15 intuitive. What we're looking at is a set of data

16 that represents -- at the bottom is a single rinse.

17 The green is actually two sequential rinses. The red

18 is three. The black is four. And the top is --

19 CHAIRMAN WALLIS: Is it-all With clean

20 fibers, not deposits in them?

21 DR. LETELLIER: That's correct.

22 CHAIRMAN WALLIS: Yes.

23 DR. LETELLIER: Clean fibers.: There's a

24 unique or a brand new blank used for each of these--

25 CHAIRMAN WALLIS: It is strange the way
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1 you got that top curve is so linear and then there's

2 a very parabolic curve coming up to it. That top

3 curve is very linear.

4 DR. LETELLIER: Yes. The parabolic curve

5 is actually not part of the cumulative matrix. It's

6 put in there for reference. And it's simply clean

7 water at 40 degrees. And it had -- I'm not sure Will

8 choose this particular example, except to show that it

9 is within the data range. It is within the range of

10 variability.

11 CHAIRMAN WALLIS: It's not corrected in

12 any way, so how does it manage to get such a high

13 pressure drop compared with the other stuff?

14 DR. LETELLIER: That's something to be--

15 CHAIRMAN WALLIS: I mean it doesn't make

16 sense somehow.

17 DR. LETELLIER: Something to be

18 investigated.

19 CHAIRMAN WALLIS: It looks-very strange.

20 DR. LETELLIER: The entire-data set needs

21 to be scrubbed ýfor consistency so that all the

22 analysis methods are done the same and it's presented

23 in a rationalized basis. -

24 DR. SHACK: Okay. I'm losing the curves

25 Is the top curve the clean water curve?
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1 DR. LETELLIER: The top curve is the

2 result of ICET-5 solution with five sequential rinses.

3 It's the accumulation of --

4 DR. SHACK: It's the T5 curve?

5 DR. LETELLIER: That's correct.

6 DR. SHACK: Okay.

7 CHAIRMAN WALLIS: That parabolic one looks

8 almost exactly a parabola if you look at the numbers.

9 It's very much a square.

10 DR. LETELLIER: I'm certain that it is.

11 CHAIRMAN WALLIS: But for one of these A

12 zero and the other one B zero.

13 DR. SHACK: Now which one is the clean

14 water curve?

15 DR. LETELLIER: The parabolic one.

16 CHAIRMAN WALLIS: Parabolic is strange.

17 DR. LETELLIER: And the only reason that

18 it's portrayed here is to remind you that the

19 variability in the fiber blanks' is at least 50

20 percent. So this sequence wasn't necessarily

21 conclusive by --

22 CHAIRMAN WALLIS: Is this because of the

23 Reynolds number transition that higher viscosity can

24 actually lead to a lower pressure drop?

25 DR. LETELLIER: I wouldn't think so at
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1 these velocities, but it's worth looking at.

2 CHAIRMAN WALLIS: Okay.

3 DR. LETELLIER: Presumably because there

4 are some trends in this data, had we run six, seven,

5 eight cumulative rinses perhaps the pressure drop

6 would have increased.

7 DR. SHACK: Where is your head loss --

8 DR. LETELLIER: The pressure tap is not

9 too far above the bed. It's located reasonably close

10 to the top of the fiber sample. There's a lot of

11 information to assimilate and present as part of

12 closing out this study. But we have some significant

13 findings.

14 DR. SHACK: Now when you say the cooled

15 solution, is this the supernate or you've kind of

16 mixed everything up?

17 DR. LETELLIER: This was test 5 archive

18 solution which had no visible precipitates. It was

19 drawn off of the top of the tank so it was a supernate

20 in that macroscopic sense. And -it'- was stored

21 immediately.

22 DR. SHACK: But as you stored it you saw

23 precipitates. Now you then supernated it again?

24 DR. LETELLIER: It was minimal. It was

25 just a residue in the bottom.
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1 DR. SHACK: Okay.

2 DR. LETELLIER: I guess the reason I

3 mentioned that is it was significant that the solution

4 had matured to that point even at 50 degrees.

5 CHAIRMAN WALLIS: I don't see any data

6 with the puck filled with deposit. Isn't that what

7 the whole point of the experiment was to test pucks

8 that had actually deposits in them?

9 DR. LETELLIER: Indeed. And that

10 information is just not here, this specific.

11 CHAIRMAN WALLIS: Not there yet? Well,

12 you're giving us rather trivial information so far

13 compared with the real thing --

14 DR. LETELLIER: Well --

15 CHAIRMAN WALLIS: -- which is what happens

16 when you have the deposit in the puck. You don't have

17 any of those?

18 DR. LETELLIER: Let's see.

19 CHAIRMAN WALLIS: You have a backup slide.

20 I thought you were going to tell us that the pressure

21 drop was ten times as much or something when you had

22 the deposit in it.

23 DR. LETELLIER: No. This bullet here on

24 the summary partially addresses your curiosity.

25 CHAIRMAN WALLIS: Yes.
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1 DR. LETELLIER: We did test number 5's

2 test 5 solution and there was no significant

3 difference between the exposure duration whether it

4 was in the tank for 20 days or 30 days or 10 days was

5 rather irrelevant.

6 CHAIRMAN WALLIS: So is the idea that the

7 puck picks up deposit or not?

8 DR. LETELLIER: That was one of the

9 questions.

10 CHAIRMAN WALLIS: That was the idea it

11 might do?

12 DR. LETELLIER: I have not presented the

13 data for test 3 and 4 fiberglass.

14 CHAIRMAN WALLIS: It looks as if it did

15 not pick up deposits?

16 DR. LETELLIER: That's right. The most

17 significant difference here was in the behavior of the

18 test solution, not in the fiberglass sample.

19 CHAIRMAN WALLIS: But the behavior of the

20 test solution is a little bit irrational if you look

21 at those parabolism straight lines -- and so you still

22 have to work it out?

23 DR. LETELLIER: Clearly so. What I was

24 hoping to show here is that there was some evidence of

25 increased head loss for test 5 solution beyond the
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1 variability of the fiber samples. This is not

2 extremely high fidelity data. There's --

3 CHAIRMAN WALLIS: There is nothing like

4 the Argonne tests where they got huge changes in head

5 loss because of deposits in the bed?

6 DR. LETELLIER: That's true.

7 CHAIRMAN WALLIS: You don't have any

8 evidence of deposits in the bed, apparently?

9 DR. LETELLIER: We have visual evidence

10 from the ICET samples.

11 CHAIRMAN WALLIS: Does it have any effect

12 on the pressure drop?

13 DR. LETELLIER: I'm sorry, I just can't

14 present that test 3 and 4 fiber right now.

15 CHAIRMAN WALLIS: So this is ongoing work?

16 DR. LETELLIER: Yes. It's within a few

17 weeks of having a draft NUREG for comment.

18 CHAIRMAN WALLIS: Your boys get a thesis

19 out of it?

20 DR. LETELLIER: They did.

21 CHAIRMAN WALLIS: Yet it isn't finished

22 yet, is it? It was all anomalies and --

23 MEMBER MAYNARD: Feeling more of it's been

24 resolved, he thought he would present it today.

25 DR. LETELLIER: The same questions were
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1 asked during the defense, I assume you.

2 CHAIRMAN WALLIS: Well, put me on the

3 thesis committee. Spared that.

4 DR. LETELLIER: I keep telling my students

5 that their defense just prepares them for future ACRS

6 briefings.

7 CHAIRMAN WALLIS: I tell my students I'm

8 going to be so hard on you that when you get to the

9 Committee it's going to be a breeze.

10 DR. LETELLIER: Just some overall

11 observations about the whole concept of the drain

12 column methodology.

13 One thing that I very much like about it,

14 it naturally permits the correlation to be made over

15 a range of Reynolds numbers. You obtain that

16 naturally because of the time dependent velocity and

17 you don't have to worry about those complications for

18 preserving constant velocity pumping conditions.

19 Because we can recover the bed immediately you have'an

20 estimate of the in situ porosity. You know the dry

21 mass that was actually tested at least at the end of

22 five rinses.

23 And because you can execute these into

24 discrete volumes, you have a very high data return per

25 sample investigated. You can actually do some
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1 differentiation here to examine accumulation and

2 shedding.

3 CHAIRMAN WALLIS: This is all in

4 principle, but then if you look at all the curves you

5 got and evaluate the a's and the b's, you might get

6 something which looks like sort of a random walk. I

7 mean, the a's and the b's may not make any sense when

8 you look at them.

9 DR. LETELLIER: There's clearly some

10 improvements that could be made. An automated level

11 height detector, for example--

12 CHAIRMAN WALLIS: But can you draw any

13 useful conclusions? A simple experiment, a nice idea.

14 But the thing is can you draw any conclusions from

15 analyzing the data?

16 DR. LETELLIER: I think that the jury is

17 still out on this particular data set, but the

18 technique in general, I think the bed variability

19 could be reduced with very little effort. For

20 example, using filter paper as an alternative.

21 The precompaction exercise I think was

22 very effective, an important simplificationz for this

23 study. And within the 3 or 4 weeks of time that we

24 had it was ideally suited for a survey type of

25 examine.
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1 So that's the status report that we have

2 to offer. As T.Y. said, the publication date is

3 October time frame.

4 CHAIRMAN WALLIS: That concluded, is it

5 time we took a break? We take a break for 15 minutes

6 until 3:15.

7 Thank you very much.

8 (Whereupon, at 3:02 p.m. off the record

9 until 3:21 p.m.)

10 CHAIRMAN WALLIS: Okay. We all ready? Do

11 we have a presenter? We're going to hear from PNNL,

12 too.

13 Please come back into session. We'll move

14 with the question of particulate head loss testing and

15 correlation development.

16 MR. KROTIUK: I'm Bill Krotiuk and this is

17 Carl Enderlin from PNNL. And we'll be talking about

18 the head loss testing and modeling, that effort that

19 we are pursuing at the NRC and at PNNL.

20 Okay. First we'll talk about the head

21 loss testing aspect. The work that was being done at

22 PNNL was to do some confirmatory head loss .testing

23 using typical debris and insulation. Insulation

24 debris and coating debris. And we wanted to

25 characterize various items, composition, distributing
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1 of debris in a bed, fluid temperature effects. And we

2 designed a facility to have certain characteristics

3 that we wanted. And ultimately the data would be used

4 in developing an improved head loss calculational

5 method.

6 CHAIRMAN WALLIS: Now you showed last time

7 that the head loss could vary by almost two orders of

8 magnitude depending on how you built up the bed.

9 MR. KROTIUK: Right.

10 CHAIRMAN WALLIS: Is that going to be

11 included in the calculational method?

12 MR. KROTIUK: I will address that, yes.

13 CHAIRMAN WALLIS: Thank you.

14 MR. KROTIUK: The head loss modeling

15 addressed-two items. One is the calculation of the

16 pressure drop itself and the other is the compression

17 of the insulation debris that would be accumulated on

18 the screen or perforated plate that we were testing

19 with.

20 The motivation really for the testing-and

21 the modeling is to provide testing "- sorry. Is that

22 previous testing indicated the further need to

23 evaluate the effects of particulates that were mixed

24 with fibrous debris in the debris bed itself.

25 We wanted to address concerns regarding
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1 the appropriateness of certain characteristics of the

2 previous testing.

3 And with regard to the modeling, we wanted

4 to address possible deficiencies in the older CR --

5 the NUREG/CR-6224 correlation. And ultimately we also

6 wanted to be able to include the coatings debris

7 effects in the head loss calculation and also in the

8 analytical modeling.

9 The regulatory applications, we wanted to

10 support the 2004-02 resolution of that item. And we

11 wanted the additional head loss testing data to

12 evaluate licensing submittals and to provide insights

13 on how the variations and the reconcentration could

14 affect plants head loss. And ultimately in the

15 modeling we wanted to give a calculational tool that

16 could be used at least to give the estimates of head

17 loss across the debris bed.

18 The current status is this: Is that we've

19 completed all scheduled insulation and coatings

20 testing in May. I completed the development of the

21 computational model in May also. However, there are

22 certain parameters that have to be verified and worked

23 on a little bit more in the model using the test data.

24 And since the testing was just completed ih May,: I

25 still have to go through some of the latest tests and
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1 update some of the semiemperical multipliers.

2 I'm going to present some results with

3 what I believe are the current anticipated values of

4 those, but they may change as I look at more of the

5 data.

6 We ultimately want to have the modeling,

7 NUREG and the testing NUREG released in October.

8 That's the current schedule.

9 Let's go here.

10 MR. TREGONING: Just while this is coming

11 up, just logistics. There's a different package for

12 the next presentation. It's the one entitled PNNL

13 Activities Associated with Head Loss Testing for Sump

14 Screen Debris Beds in Support of the Resolution of

15 GSI-191. So we'll do this -- this package will be

16 next, and then we'll go back to the package that Bill

17 was just working through.

18 MR. KROTIUK: Okay. Go ahead.

19 MR. ENDERLIN: I'm Carl:Enderlin from

20 Pacific Northwest National Laboratories. Tom Michener

21 is also present, and I've listed other members of the

22 test crew here.

23 We're going toý talk about just a quick

24 review of the setup and capabilities, the measurements

25 we've taken in a review of debris loading sequence
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1 results. These initial review I'm going to breeze

2 through rather quickly unless there are questions on

3 them. This is all material in those first two bullets

4 that was presented back in February.

5 Then we're going to talk about there were

6 some issues on that February presentation, and those

7 have been resolved. And that's the description of

8 Series 2 test conditions and measurements that were

9 taken.

10 Overview of the test procedures, just to

11 give an idea and to clarify some things that might be

12 slightly different than the initial test program.

13 Then we'll talk about results, basically

14 four cases. Results of the NUKON only bed, CalSil

15 only, the CalSil and NUKON combined and a few tests

16 that have been performed on coatings. And we'll do a

17 brief summary of initial findings.

18 We have two test loops that data has been

19 taken from, both a bench top loop which is a 4 inch

20 screen but doesn't have the fully developed up and

21 down stream flow that the large scale loop has'. The

22 large scale loop is a 6 inch diameter test section.

23 We're measuring the delta p across the bed from

24 approximately 10 diameters upstream to 10 diameters

25 downstream. And we're using an array of 4 pressure
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1 transducers so that we've always got several

2 transducers on line. And the data that I'm reporting

3 will be from basically the lowest pressure transducer

4 on line at time.

5 The in situ debris bed height measurements

6 were taken for all these tests using the optical

7 triangulation method we presented back in February.

8 We have a filtration system that was used for these

9 tests. And I'll discuss in the overview of the

10 procedure of when the flow or the loop flow is

11 filtered.

12 And then our debris injection system is

13 different than some of the other tests as we used a

14 closed system that gives us controlled dilution and

15 introduction method as far as flow through that debris

16 injection chamber.

17 This is the slide that Graham Wallis

18 referred to about showing several orders of magnitude

19 difference in the head loss that was obtained. What

20 I'll do is just briefly talk about the different

21 cases.

22 There were actually four cases that were

23 looked at. We've got the premixed. This means the

24 material is prepared individually and then before

25 being put into the loop, the particulate and the fiber
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1 is combined together.

2 We have the case where we inject and make

3 a NUKON bed first, get a steady state or based on our

4 experimental criteria for steady state bed formed, and

5 then CalSil material is introduced into the loop.

6 And the last which is the time delay. And

7 if you look at that, there's actually three cases

8 there. One of them you only see one data point because

9 it was such high head loss as the bed was created

10 before the bed actually reached a steady state. So

11 it's at the pressure at low flow in the bench top loop

12 in which we actually formed a bed.

13 In the time delay case CalSil is

14 introduced into the loop, allowed to pass through the

15 screen and then there's a time delay which for these

16 were on the order of about 11 seconds. And we've done

17 some additional work. That time delay is basically

18 dependent also on what your loop volume is. But in

19 that the CalSil is allowed to pass through the screen

20 so any fiber material from the CalSil that wants to

21 hold up on the screen, then the NUKON is passed

22 through. And without a lot of the things I talked

23 about last in February, what you have is a different

24 building process that's going on. Whereas'with the

25 NUKON bed first, that same building process or
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1 plugging process goes on in just a top layer of the

2 NUKON. Here you have the CalSil able to go to the

3 preferential flow path through the fiber bed as it's

4 being built.

5 So what we've shown here is basically by

6 the loading sequence we can have a significant impact

7 on what the head loss is.

8 MEMBER SIEBER: Carl, what's your

9 circulation time in your bench top loop? Your repeat

10 time?

11 MR. ENDERLIN: At .1 feet per second, I

12 believe it's on the order of 30 seconds. Actually, I

13 think it's closer to a minute. I wouldn't take that

14 to the bank, though. There's numbers I know, that one

15 I don't know off the top of my head.

16 So this load sequence along with the

17 preparation method of the material that I saw showed

18 to be extremely influential on how or what head loss

19 we measured given the same debris loading on the

20 screen. Everything here, data we've seen, is material

21 that was presented in February.

22 So now based on those issues these are the

23 conditions we use for what we refer to as a Series 2

24 test. The debris constituents for all the data that

25 I'm going to show here forward was premixed prior to
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1 introduction of the loop. We've used the perforated

2 plate for all these tests. This is a 5 mesh screen,

3 which is what the Series I tests were done on and is

4 the material that LANL used. This is a 41 percent flow

5 area and the square openings are listed at 1.28,

6 They're roughly 8th inch opening screen. Perforated

7 plate is an 8th inch hole and is a 40 percent flow

8 area. So flow area through the two is roughly the

9 same. This is the material that is the same, cut off

10 the same sheets that Argonne has.'

11 Testing in the Series 2 has been formed at

12 multiple temperatures. Not all cases have been

13 performed at the elevated temperatures. The

14 temperatures were approximately 21 degree, 54 degrees

15 and 82 degrees celsius.

16 During debris bed formation, the bed was

17 allowed to build while holding the approach velocity

18 at .1 feet per second. In the Series 1 tests we had

19 built some beds at .2 feet per second. Started at .2

20 and allowed the velocity to decade down to

21 approximately .1. So here we're using a constant bed

22 formation velocity and adjusting pump speed'as needed

23 to maintain that velocity.

24 Following the initial debris bed formation

25 the loop is pressurized to maintain any gas in
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1 solution. We were using approximately 21/ atmospheres

2 was sufficient for our work. And so we reached steady

3 state, pressurized the loop and then verified that

4 steady state still exists based on the criteria that

5 I'll talk about in two slides.

6 Okay. Following that there was this case

7 of any material that may settle due that we're now at

8 .1 feet per second bed formation. So the first ramp up

9 is-conducted and then the entire loop is filtered. So

10 we run through a 10 micron filter and that happens for

11 approximately 20 circulations. It's highly dependent

12 upon when the bed reaches the steady state. So we

13 take a measurement, then we go through the filter

14 system and again, to monitor it until we see a steady

15 state reading. But the minimum criteria was put on

16 that was for 20 minutes, which is roughly 5 at .2 feet

17 per second if it were filtering, that is, five

18 circulations through our large scale loop.

19 Okay.. We have three ways we've

20 characterized the beds as far as visual obs-ervation.

21 We have a complete formed, which means all the screen

22 is covered. We have channeling form, which after the

23 bed was created and we've gone to higher velocities it

24 appears that we see individual ports-cleared but you

25 don't see any screening material. And the last one is
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an incomplete bed. That usually means either I can

see screening material or I have a sufficient number

of channels that have never been covered.

This is just a quick summary of the number

of tests that have been done in both combined-bench

top and large scale loop. Now some of these, such as

NUKON only are in the bench top looking at

repeatability and evaluating debris preparation. But

this just gives you an idea of the number of tests

that have been done. And I'm not going to present

results from all of these at the moment. All of these

tests will be covered and listed in the final report.

Overview of the test procedure, I've

covered some of that in talking about those that are

criteria or initial conditions for the Series 2 tests.

Our debris constituents are prepared

individually for each test immediately prior to

injection in the loop. So a loop is up running, steady

state flow has been achieved. At that time the debris

constituents are prepared, mixed together and

introduced into the loop.

The flow rate through the loop," the

injection lines, is maintained at a steady value and

it's the same for all of these tests. So there's'no

variation in the bed formation except for when we get
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1 to the coating tests there were some higher velocities

2 had to be used.

3 Bed formation was conducted for a minimum

4 of 1 hour, 7 complete loop circulations. And this is

5 different than we showed in February where we were

6 going up to 3 hours based on some debris preparation.

7 But basically when we show the results here, we'll do

8 it for the second ramp up. We don't consider the bed

9 completely formed until we've gone through the first

10 ramp up in velocity and then applied the filtration to

11 try to reduce the chance for additional mass to being

12 added.

13 Our criteria for assuming steady state,

14 this criteria was the differences for a ten minute

15 difference of a one minute average. This was taken

16 for bed formation and are at peak velocities. At the

17 low velocities or intermittent velocities in the ramp

18 up and the ramp downs we used a 5 minute criteria.

19 Again, filtering was performed after we

20 had this first ramp up and achieved a steady state at

21 .2 feet per second. Then we put the filtering on

22 without changing the velocity and adjust the pump

23 speed to maintain the .2 feet per second speed..

24 Okay. WE're going to first talk about

25 NUKON results. The pictures of the beds we were able
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1 to get very repeatable NUKON beds. The appearance of

2 them is all pretty much the same and you can see that

3 there's a rim.

4 Again, our screen, if someone has a screen

5 there, the collar. The idea of those screens is the

6 idea of the test section. So the rim is formed because

7 there is no lip inside of the test section.

8 I've shown the bottom picture to show that

9 even with the prepared fiber as it is, with the NUKON

10 beds there is no material that we can see passing

11 through or hanging through the screen.

12 Okay. As we go through these if anyone's

13 of interest or looking at these later, the first

14 number in the test IDs is the date, the second four

15 digit number gives us what the total debris loading

16 is. So 27.03 grams per meter squared. And that is

17 the target value that's been introduced, not what was

18 on the screen.

19 Okay. Now what we're showing is just for

20 the ambient or 21 degree case. What we've done is on

21 these velocity ramp ups and ramp downs, our velocity

22 sequence at an individual temperature consists of 14

23 velocities. I'm sorry. Several velocities are

24 repeated.

25 The sequence is that we formed the bed at

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



266

1 .1 feet per second, pressurize and then we take

2 another .1 feet per second, then we do the ramp up to

3 .2 feet per second, take a steady state reading,

4 filter and go to another .2 feet. Stay at .2 feet per

5 second and take a second reading.

6 CHAIRMAN WALLIS: It doesn't seem to

7 extrapolate to the origin. Is there some error in one

8 of the readings or something that makes that happen?

9 MR. ENDERLIN: I'd have to look further on

10 that to see. Should we be going through zero --

11 CHAIRMAN WALLIS: There seems to be a zero

12 error or something.

13 MR. ENDERLIN: All --

14 CHAIRMAN WALLIS: They should be linear

15 near the origin anyway, so it looks a little odd that

16 it doesn't extrapolate to the origin.

17 MR. ENDERLIN: I'll have to look further

18 in that.

19 MEMBER KRESS: Screen loss has an-effect.

20 CHAIRMAN WALLIS: Maybe there's a screen

21 loss or something --

22 MR. ENDERLIN: Well, we've measured the

23 screen by itself and this is not -- oh, yes. The

24 other thing that can be in there is the temperature

25 correction. There has been no temperature corrections
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1 for the loop --

2 CHAIRMAN WALLIS: No flow, there should be

3 no head loss, shouldn't there?

4 MR. ENDERLIN: Correct. But if the

5 temperature inside my loop is different than the

6 temperature on my DP manifold, I'll have an offset.

7 CHAIRMAN WALLIS: You might have an

8 offset?

9 MR. ENDERLIN: Yes.

10 CHAIRMAN WALLIS: Okay. That's probably

11 it--

12 MR. ENDERLIN: Yes. And this has not been

13 corrected by temperature.

14 CHAIRMAN WALLIS: Okay. It looks like an

15 offset.

16 MR. ENDERLIN: Yes. And, again, when we

17 see the elevated temperatures, the maximum worse case

18 we didn't correct it this time just so we could be

19 consistent with the data. In the report that'll be

20 addressed and the uncertainties will beýaddressed. An

21 absolute worse case would be a 5 inch correction if we

22 add the max temperature difference that wedcould have

23 in our two legs of the DP meters for the full height

24 of the leg. But none of the material that is being

25 presented has had any temperature correction done.
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1 This shows a full velocity sequence at the

2 21 degree C. And what we can see is that .1 feet per

3 second and the .2 feet per second you're getting an

4 increase in head loss with each ramp up each time

5 you're returning to the velocity.

6 The .05 is a one time we are based on pipe

7 flow in the area of potential transition between

8 lament or turbulent flow. I believe the Reynolds

9 number for that is on the order of 2000.

10 The other points at the 21 degree C lie

11 outside of that. And at .02 feet at the elevated

12 temperatures we'll be in the potential area of

13 transition flow.

14 Now what we're looking at is temperature

15 effects. Okay. And the very first thing we have to

16 point out is the process is that we make a bed at 21

17 degrees C, we run through our velocity sequence. Then

18 we hold at .1 feet per second while we raise the

19 temperature. In this case to 54 'degrees C. Run

20 through the same identical velocity sequence:without

21 additional filtering. Then we hold at .I feet per

22 second, raise the temperature again to-82 degrees C.

23 So we're seeing a flow history through all

24 of this.

25 CHAIRMAN WALLIS: It goes up and down, it
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1 doesn't go consistently in one direction?

2 MR. ENDERLIN: Correct. And that's the

3 question of in this slide we have not isolated by

4 making a bed running it at 21 degrees C, making a new

5 bed. So there is a flow history that has been shown

6 both in the bench top to potentially have an effect

7 here. That the evaluation of 54 degrees C may have

8 been due shifting of the bed.

9 CHAIRMAN WALLIS: Becauseyou would expect

10 it to go down because there's less --

11 MR. ENDERLIN: Correct. The viscosity has

12 gone down. All of the cases of 82 degrees C we do see

13 lower than 21. But the point is is I haven't looked at

14 it, I don't know if Bill has. If the proportionality

15 here or the difference between them can be fully

16 accounted between the 21 and the 82 degree case just

17 due to viscosity. The thing to keep in mind is that

18 in these results we have a flow history that can be

19 effecting.

20 MR. TREGONING: Yes. And you've taken

21 thickness readings, too. So if there's something that

22 affected compaction --

23 MR. ENDERLIN: Yes.

24 MR. KROTIUK: -- at these different

25 temperatures, that theoretically could be accounted
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1 for?

2 MR. ENDERLIN: Yes. Which speaking of

3 which, we're now to our next slide. What we're going

4 to show is just a quick video showing the different

5 bed heights. What you'll see the video are these 16

6 points at which data was taken.

7 On the left are some examples of analyzed

8 photos. Once we take the photo, we don't get the bed

9 height in real time. So they're not in order. They're

10 selected pictures that we took. And so you've got

11 eight cases in which you've got photographs that 'have

12 been analyzed, but you're going to see 14 pictures in

13 this.

14 This will go through it rather quickly.

15 I'll talk about this just a little bit. The movie

16 then goes to a slower mode showing the actual

17 velocity. And we can terminate that and move on.

18 CHAIRMAN WALLIS: Slowly compacting the

19 bed?

20 MR. ENDERLIN: Correct.

21 CHAIRMAN WALLIS: Every time you go up and

22 down?

23 MR. ENDERLIN: Right. And-this is-all at

24 the 21 degree C. So it's a question of we have in the

25 bench top we've looked at head loss for some long,
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1 like 15, 18 cycle tests but we don't have the optical

2 triangulation down there.

3 So that's showing the screen. There we

4 go.

5 Okay. So now what we're seeing is if you

6 look at the .1 feet per second case, and I'll

7 terminate the movie when I'm done talking here, but

8 the rim height goes .72, .71 and ends at .62 on the

9 rim height. You see a lesser effect on the body

10 height. But you're getting on the order of 20 percent

11 change.

12 If you look at the .02 case, we see the

13 same thing that the bed is continuing to relax as we

14 go down in velocity.

15 The NUKON, straight NUKON bed, the results

16 are much cleaner. If you add CalSil, the effects of

17 the CalSil can change based on the ratio what we see

18 here.

19 CHAIRMAN WALLIS: It looks like I can see

20 the screen through the bed, is that right?

21 MR. ENDERLIN: No, no. Those lines are

22 the lines used to get the optical triangulation.

23 We're projecting that parallel lines.

24 CHAIRMAN WALLIS: First I see here is the

25 bed swelling and collapsing and swelling and
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1 collapsing?

2 MR. ENDERLIN: Correct.

3 CHAIRMAN WALLIS: It's hard to see.

4 MR. TREGONING: It's better with the fast

5 one.

6 CHAIRMAN WALLIS: Oh, it does go up and

7 down a bit. Yes. It does go up and down. Okay.

8 Okay.

9 MR. ENDERLIN: So now I'll talk about the

10 NUKON and CalSil beds combined. If we look at the

11 photographs first, these are two different beds and,

12 yes, the pictures do look the same which is what we

13 are trying to show there. So in visual appearance and

14 in initial height, the bed on the left has 75 percent

15 CalSil based on the CalSil to NUKON ratio, I think is

16 how the NRC has been using it. The other one is a

17 one-to-one ratio or a 100 percent CalSil.

18 What we see, though, and we've got 56

19 percent of the material that we injected was retained,'

20 the other 69 percent was retained on the other bed.

21 We've applied the filtering. We're working to do mass

22 balances by analyzing those filters, but I don'thave

23 the dried results presented here of the filters. So

24 we're attempting to capture and look what our mass

25 balance is or how much that material is still in flow.
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1 That becomes a critical issue from the standpoint when

2 I report a head loss or delta p, how much more mass is

3 being added to the bed.

4 So what we're going to see on the next one

5 is that the one on the right gives us much higher head

6 loss or pressure drop. However, as we went from .1

7 feet per second and increased to .2 feet per second,

8 we appear to have saw some channeling formed with the

9 higher CalSil. So a NUKON of just that made a very

10 repeatable bed. As we add CalSil what we see is that

11 handling the beds afterwards or the potential for

12 channeling is the head loss goes up but the actual bed

13 integrity goes down. And when you see that, you also

14 start to see a little bit more variability in the head

15 loss. If I was to make the bed on the left, I would

16 get less variability in the answers than the one on

17 the right. If I make a NUKON bed only, then the head

18 losses that I measure are very repeatable.

19 So here what we're comparing basically the

20 ratio of CalSil to NUKON and we see the temperature

21 effects. The blue hallow squares are the data take in

22 at 21 degrees C. The red triangles and diamonds are

23 the data at the 82 degrees C. We can easily see that

24 we see that the head loss goes down with temperature

25 and goes up significantly with the slight addition of

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



274

1 CalSil from 75 to 100 percent.

2 Now in showing an example of the CalSil

3 only beds, we did significant testing just to try to

4 find a CalSil loading that would give us a complete

5 bed. Without running through all these cases, I can go

6 back and forth, you'll notice the mass retained is 13

7 percent with a 1.92 grams. 13 percent with the 2.37.

8 So I'm increasing over a base. I look at the next

9 slides, I'm still at 13 percent. Those first three

10 were made in the small scale or bench top loop and the

11 large scale I'm at 10 percent. So we're never able to

12 make with the tests we did a complete CalSil bed. But

13 one thing that's significant here is that the CalSil

14 is not filtering itself. Okay. You're always getting

15 the same proportionate amount of CalSil. You would

16 think as you built up more CalSil, you'd have the

17 ability to capture. And if you visually look at it in

18 the holes you have, it's hard to believe that all the

19 CalSil with the low velocity is making over to those

20 holes.

21 CHAIRMAN WALLIS: Well, what do I see on

22 the left? I see a whole -- screen on the -outside'with

23 nothing on it at all?

24 MR. ENDERLIN: That's from the bench top

25 loop, it just doesn't have the welded collar.
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1 CHAIRMAN WALLIS: A small -- you've taken

2 the 4 inch and put it on the 6 inch or something?

3 MR. ENDERLIN: No, no, no. The 4 inch

4 bench top loop configuration has two gaskets that

5 clamp it.

6 CHAIRMAN WALLIS: Those are gaskets.

7 Okay. Okay.

8 MR. ENDERLIN: And that loop wasn't

9 intended to go to as a pressure --

10 CHAIRMAN WALLIS: There's some bypass

11 holes in it or something that --

12 MR. ENDERLIN: If you look at that -- the

13 actual holes in the center of the bed, the one on the

14 left, both of them the bed is made to the wall of the

15 test section.

16 CHAIRMAN WALLIS: Yes.

17 MR. ENDERLIN: One is 4 inch, the other

18 one is 6 inch. But the important thing to take away is

19 no matter how much CalSil I put in there, it's not

20 filtering itself, which was something we hadn't

21 expected.

22 CHAIRMAN WALLIS: So you kept on putting

23 some more and eventually it would?

24 MR. ENDERLIN: That's what you would

25 expect, but we're at loading that are much higher than
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1 what were initially put in the matrix --

2 CHAIRMAN WALLIS: First if it's going

3 around the loop --

4 MR. ENDERLIN: Well, or the question it's

5 passing through or as you build up a pressure drop,

6 you're feeding CalSil out the bottom of the plate as

7 it's being replenished. So this becomes a question of

8 do I have some ability that I'm not holding my CalSil,

9 I just have a hold up problem or am I actually, the

10 same particulate is passing through the larger CalSil.

11 But regardless, the first assumption is that we should

12 have a proportionate amount of the fiber and larger

13 sized particulate that is being held up. And the

14 other material, I mean, there's 87 percent of that

15 material, the 90 percent is still flowing through my

16 loop. In all these cases these are numbers that were

17 gone to .2 feet per second and we hadn't imposed any

18 filtration yet.

19 MEMBER DENNING: This is a constant

20 velocity test?

21 MR. ENDERLIN: These did get-ramped up'to

22 .2 feet per second. The bed was allowed to form for a

23 long period of time at .1 feet per second.'

24 MEMBER DENNING: Yes. Then presumably

25 what happens is that the pressure drop -- I mean, if
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1 it tries to cover the whole screen, then the pressure

2 drop is enough through those individual holes that

3 some of them are going to blow through?

4 MR. ENDERLIN: Yes. But on these we've

5 never -- these holes existed from the beginning.

6 That's the definition of an incomplete debris bed is

7 that we just cannot get that -- at any velocity from

8 bed formation. At .I feet per second we don't get the

9 entire screen covered.

10 CHAIRMAN WALLIS: Eighty-one grams in the

11 loop you only caught 8 grams on the screen, is that

12 what I read there?

13 MR. ENDERLIN: Right. Ten percent. And if

14 we go back --

15 CHAIRMAN WALLIS: And the rest of it is

16 going around the loop somewhere?

17 MEMBER DENNING: On around. It's in the

18 core.

19 MR. ENDERLIN: Right. And'the thing is

20 we're looking at 1.92 grams up to, you know -- we've

21 increased this a factor of four and 'we're still

22 getting roughly the same approximate amount, relative

23 amount.

24 MEMBER DENNING: But'a little bit of NUKON

25 would change it?
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1 MR. ENDERLIN: Yes. Just a little bit of

2 NUKON would change that drastically. And then as we

3 saw, if you made a NUKON bed and let some CalSil from

4 the loading sequence, you'd have head losses much

5 greater than what I'm showing with pre-mix conditions.

6 CHAIRMAN WALLIS: So it's the pressure

7 drop that's pushing this stuff through the holes,

8 probably? Because if you got too big a pressure drop,

9 it pushes --

10 MR. ENDERLIN: And again the question

11 comes is it pushing it just through the holes or is

12 this proportionate amount of small CalSil material

13 entering the bed having some hold up and being allowed

14 to exit.

15 CHAIRMAN WALLIS: Some CalSils have more

16 fibers in them than others, don't they?

17 MR. ENDERLIN: Correct.

18 CHAIRMAN WALLIS: Now you think they would

19 make a better bed.

20 MR. ENDERLIN: Yes. All of our testing is

21 done with one lot of CalSil. And -it's the-same lot

22 that Argonne's using. The manufacturer reports 4

23 percent. It could be as high as 8. The fiber is put

24 in purely for structural strength., If you go back

25 20/25 years your fiber content can even be something
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different of what they've used in there. But the fiber

is getting added purely through --

CHAIRMAN WALLIS: You are retaining more.

As you put more CalSil in, you're retaining more?

MR. ENDERLIN: Right, but the same

relative amount. So if we thought of it as just a

size distribution --

CHAIRMAN WALLIS: So you put in 500 grams,

you'd probably be able to cover the bed, cover the

screen, wouldn't you?

MR. ENDERLIN: We would think.

CHAIRMAN WALLIS: It's hard to tell.

MR. ENDERLIN: Four times and still see --

I would have at least expected to see 13 percent, 20

percent, 30 percent, 40. I would have expected to see

a larger proportionate amount to be retained with the

high CalSil.

MEMBER DENNING: The velocity through the

open holes is really high, right?'

MR. ENDERLIN: Yes, it is. The question

is if you look at a flow distribution across this," is

that enough to get all the -- I mean, when we'look at

a bed on the left, and again part of the reason you

have that is because the elbow isn't as far up the

stream as with the large scale. Am I really able to
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1 get all the CalSil to come down and traverse over to

2 those holes? You know, these are still pretty low

3 velocity for a 4 and 6 inch pipe. And if you turn

4 this thing off and look at some of the settling rate,

5 again I don't know at 13 percent we've got some

6 particle size data to go look at, and that'll be in

7 the report is if we just assume the top 13 percent is

8 captured. But, again, it's a question is is just

9 captured or do you have a hold up problem going? So

10 you have stuff constantly being deposited and it's

11 being forced through the hole.

12 CHAIRMAN WALLIS: Well, it's settled down

13 onto there, then you'd have trouble blowing it through

14 the holes. As long as it's flowing through the hole,

15 that's one thing. But if you stop the loop and start

16 it up again --

17 MR. ENDERLIN: Right.

18 CHAIRMAN WALLIS: iit might be

19 different.

20 MEMBER DENNING: You might have a pioblem,

21 yes.

22 MR. ENDERLIN: Yes.

23 MEMBER SIEBER: Do you know anything about

24 the velocity profiles on any of the screens?

25 MR. ENDERLIN: In the vicinity of the
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1 screen if we go back to look at the NUKON bed, that

2 rim on the NUKON bed will pretty much give you what

3 the velocity is. The pressure drop has to be the same

4 through there and you're not getting as much

5 compression at the rim. In the holes and stuff, no.

6 I mean, we'd have to do some LDV or something to get

7 that with tracer particles.

8 Once you have the incomplete bed in the

9 holes, I don't know what it is right there. But I've

10 got over 20 L over Ds of straight pipe upstream.

11 MEMBER SIEBER: It would be shifting as

12 time goes on through this whole thing?

13 MR. ENDERLIN: Yes.

14 MR. TREGONING: This is Rob Tregoning,

15 Office of Research.

16 The other point I'd like to make we don't

17 worry so much about NUKON with what the underlying

18 screen looks like, whether it's perf plate or wire

19 mesh. And largely we don't have to-worry about that

20 because NUKON is so efficient at forming a bed and

21 capturing regardless of the screen parameters.

22 With CalSil it's a little bit different

23 consideration. And if for situations that moved to

24 potentially smaller hole size that reiquire less

25 bridging distances, potentially CalSil would be with
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1 shorter fibers, would potentially have more of a

2 chance to clog or form a complete bed by itself. So

3 the exact per plate you tested is certainly more of an

4 issue when you look at CalSil only loading than it is

5 with NUKON.

6 That was just a point that I wanted to

7 make sure was made.

8 MEMBER SIEBER: But as the screen starts

9 to load up, the velocity and the places where it's

10 thin or there's some open spots, would increase

11 rapidly which might keep those areas pretty clear. So

12 the overall size of the screen and the total flow

13 would have bearing on how much clogging you got. With

14 just different geometry you may get --

15 MR. ENDERLIN: Well, there will be head

16 loss data in the report and there have been quick

17 looks that have been written on these for Bill

18 Krotiuk. But at this time I'm not presenting head

19 loss data due to the incomplete bed. The most

20 significant result was we keep CalSil and we can't

21 make a complete bed. And, again, just to remind, our

22 purpose was to obtain data for developing the

23 correlation.

24 So I'm showing some brief results from the

25 -- we've done four coating tests. On the left hand
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1 side you have the AA material --

2 MR. KROTIUK: That's an altered coating.

3 MR. ENDERLIN: And on the left is the zinc

4 epoxy. I believe that's a two ply coating.

5 CHAIRMAN WALLIS: Well there's a mixture

6 of two things, is that what it is?

7 MR. ENDERLIN: Correct. What we had was

8 through basically screen sieving we refer to as the

9 quarter inch particulate, which I believe is through

10 roughly an 8th inch to half inch screen. That material

11 is referred to as chips. And the other material is

12 processed, the size characteristic on that have not

13 been completed at this time. They will be done by the

14 Naval Weapons Research Center using the same method

15 they did for the transport tests.

16 But on these this is basically a 50/50 by

17 mass. The AA material or the bed on the left formed

18 a fairly complete bed but due to the structure of the

19 chips, you know if you look in it, you can see --

20 instead of necessarily seeing straight through

21 channeling when it's formed, you can see that there

22 are some open paths basically in and around chips.

23 The AA material was much more likely,

24 especially at elevated temperature, to adhere to each

25 other and you could see some change in its structure
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with temperature.

The ZE material we didn't see any change

or cohesiveness change with temperature. Again, we

had limited -- less work on that. But the ZE material,

I'll also point out, is denser. So the question is if

I went to the same volume of AA material, would I have

got different results. But for the mass loadings on

the matrix, we came nowhere near to forming a complete

bed.

MEMBER SIEBER: Did you examine the

physical characteristics of the chips, like are they

flat?

MR. ENDERLIN: No.

MEMBER SIEBER: How they wouldstack up or

are they curved?

MR. ENDERLIN: The ZE beds are flat. The

AA, those chips tend to have some curl. Much more has

been done by Anne Fullerton and --

MEMBER SIEBER: Like a potato chip?

MR. ENDERLIN: And we're using the same

material as them, so we didn't want to duplicate what

we got from her.

MEMBER DENNING: Did you do mixed with

fibers or are you going to do mixed with'fibers?

MR. ENDERLIN: We have not any with fibers
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1 and currently our testing is completed.

2 MEMBER DENNING: Because it seems to me

3 that that's really the issue is the chips mixed in

4 with the fibers and the impact on the delta p across

5 that more realistic debris bed I think. I mean, the

6 fact that -- because I wouldn't anticipate a chip only

7 situation. And now the question is how do you put

8 these together.

9 MR. KROTIUK: The only thing I can tell

10 you is that we have not addressed that at this point

11 in time.

12 MEMBER DENNING: Well, I think that in--

13 MR. ENDERLIN: It was something of

14 interest, it's just in prioritizing the test matrix,

15 and as Professor Wallis pointed out, at the end of

16 funding that one hadn't been done yet.

17 MEMBER DENNING: Yes. It's interesting if

18 you look at the WCAP that talks about production of

19 how they're going to produce the chemical debris, they

20 talk about how to take different components of *the

21 debris and add the resistances together in ways that

22 I think are clearly erroneous. And'so I was just kind

23 of curious as to how we think we would do it. But --

24 or how the NRC thinks it will do that.- It has come up

25 with, you know, when you have mixtures of things, how
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1 you then come up with a resistance.

2 MR. KROTIUK: I'll address that in the

3 second part of this.

4 MR. TREGONING: Rob Tregoning.

5 I just wanted to clarify a little bit the

6 philosophy behind the coatings test. I think you're

7 going to hear subsequent to this Carderock work and,

8 again, the Carderock work built on some very early

9 LANL work where we looked at measuring the

10 transportability of coating chips vis-&-vis coating

11 particulate. I think what you're going to see is that

12 most of these chips, except for the alkyd systems,

13 have very limited transportability within the flow

14 rate regime that we'd expect globally within a

15 containment pool. Now that doesn't mean that there

16 locally might be some higher velocity locations that

17 might transport this. So that's why we really were

18 focused on the alkyd system primarily.

19 Zinc, we did look at a zinc chip but I

20 think most of us are more concerned abbut zinc-based

21 particulates. And we would make the argument that if

22 you can- predict one particulate, you know the

23 hydraulic parameters, you can essentially use that to

24 predict another similar particulate assuming you know

25 the size distribution and the amount of loading and
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1 things like that.

2 So we wanted to lo6k at chips here and we

3 wanted to look at alkyd chips primarily, because they

4 there were concerns that they might be pliable enough

5 that even these large chips would bend and create a

6 contiguous bed that would result in relatively rapid

7 head loss, even in the absence of a NUKON bed

8 underneath it. So that's really what these tests were

9 intended to study to see if coatings by itself,

10 coating chips by itself could lead to situations where

11 head loss was maybe unsustainable. And there are a few

12 plants that we are concerned about the amount of

13 coating debris they might potentially have in their

14 sumps. So that's why we looked at those cases first,

15 you know, absence of any NUKON additional filtration

16 bed underneath that coating debris.

17 MEMBER DENNING: But once again, there are

18 more tests that clearly could be done even at this

19 point, and yet the test program stopped.'

20 MR. TREGONING: Again, at this point until

21 we know how big of an issue for Specific plants

22 coating chips are, it's not clear what a suitable

23 matrix would be. So you're right. There are certainly

24 more tests that could be done, but at this point we've

25 chose to try to assess what plant conditions are most
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1 representative. And then if additional testing is

2 needed to assess those conditions, we'll revisit that

3 at that time.

4 Do you want to weigh in?

5 MR. LU: Okay. Shanlai Lu, NRR.

6 And the reasons we asked for this two

7 tests that we want, as Rob just mentioned, we were

8 trying to figure out whether this coating alone can

9 form a bed which can cause a significant head loss.

10 And another reason is we want to study the mixing of

11 the mixture of the coating chip with other fiber and

12 the particulates. So that's not the purpose of this

13 test.

14 MR. ENDERLIN: The purposes of these

15 initial tests was to first answer that question.

16 MEMBER DENNING: Yes. But I don't see the

17 question will coatings alone block it as being a

18 particularly important question relative to will

19 coatings in combination with-fibers totally block:--

20 significantly block it. Because I think in 'these

21 cases where there is fiber there, it's going to be

22 there. And almost every plant, even in my plants,

23 have a fair amount of fiber.

24 MR. LU: I think you're right. And'from

25 the testing of the relationship we actually did
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1 observe that we have mixed coating chips and the fiber

2 in the particulate. So the reason we want to separate

3 that from that mixture is we want to study whether the

4 coating chip alone can constitute in a former bed

5 which can surprise us. And I think the results is

6 not.

7 CHAIRMAN WALLIS: Well, the problem with

8 leaves in plants where they, say, take sugar out of

9 sugar beets and so on, is that you get enough of them

10 stacked up, then they compress each other. And that's

11 how the thing clogs up. If these are flexible of leaf

12 like coatings, you've got a very thin layer here. But

13 if you had several stacks, then they sort of lay over

14 each other, you know, and they sort of block -- you

15 can imagine how they do it, especially if they can

16 compress it a little bit.

17 MR. LU: Well, the object --

18 CHAIRMAN WALLIS: I'm not saying that

19 you're really testing in this experiment. Now these

20 are pretty hard coatings, they're not coatings that

21 are. like leaves. They're actually ..

22 MR. KROTIUK: The alkyd' is pretty

23 flexible.

24 MR. ENDERLIN: Yes, the alkyd by itself

25 chips on the order of over a quarter inch, were able
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1 to roll and pass through the 8th inch holes.

2 CHAIRMAN WALLIS: Well, if you have a

3 thicker layer of these things, it might well be that

4 they --

5 MR. ENDERLIN: Well, we're about to show

6 the head loss data, and the bed on the left did create

7 some head loss. I'd say there's just some channeling

8 observed. It wasn't significant. What I'm trying to

9 point out is with the debris you can look from the

10 top, just a top view.

11 CHAIRMAN WALLIS: Well, I'm thinking of a

12 layer, which would be, say, an inch thick. That

13 doesn't look like an inch thick there. A bed which

14 was quite thick with this stuff layered across it. And

15 it's not randomly oriented. It's oriented so it's

16 lying flat, isn't it?

17 MR. ENDERLIN: Right.

18 CHAIRMAN WALLIS: And that would tend to

19 block the holes.

20 MR. TREGONING: Can you comment on how

2i many layers approximately of chips make up'sort of the

22 center of the bed on the left? Have you done any

23 sectioning at this point or is that'still pending?

24 MR. ENDERLIN: I've got notes,

25 observations. I wouldn't want to talk off my head. I
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1 mean, you know, there are places there are two to

2 three chips on top of each other. The thing to

3 understand is if you look at the bed on the right, if

4 you looked across it it's very flat.

5 CHAIRMAN WALLIS: Fuller than that.

6 MR. ENDERLIN: If you look at the bed on

7 the left there's a very 3D, it's a very rough surface.

8 Okay. Those chips are not oriented at all laying

9 flat. They were chips able to past through. If you

10 picked that bed up, any of the AA beds, you see

11 material. The NUKON was very clean on the bottom.

12 This has material hanging through the holes. And,

13 again, we're looking at an angle and you can see what

14 appear to be a few holes, but it's because I've taken

15 it at an angle. If you look dead on, there's one or

16 two and we're not sure it wasn't in bed retrieval.

17 The point I was trying to get at is if you

18 look at NUKON or a NUKON/CalSil looking down, you can

19 see there's no channeling. If you see that with one of

20 these beds made of coatings, then look from the side,

21 you can see-there are clear paths even though from the

22 top. The bridging effect creates a lot of difference

23 of where there's holes big enough --

24 CHAIRMAN WALLIS: For a vertical screening

25 it might be quite different --
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1 MR. ENDERLIN: Yes.

2 CHAIRMAN WALLIS: -- in terms of the

3 orientation of these things. And if it were one of

4 these commercial screens which has all kinds of

5 strange shapes, you'd have to test that by itself?

6 MR. TREGONING: That's a good point to

7 keep in mind. When you see some of the coating data

8 subsequently with respect to alkyd transport, you'll

9 see that there's some very strong distributions in

10 terms of -- as a function of thickness where

11 transportability is more or less likely. And I think

12 that's a very relevant point to consider.

13 CHAIRMAN WALLIS: Well presumably with

14 this coating being sheets of stuff, you wouldn't

15 correlate it with a equation for spherical particles.

16 You wouldn't correlate it with the usual type of sand

17 type filter equation?

18 MR. ENDERLIN: Right. I mean using the

19 leaf example from the food industry and stuff, you can

20 get packing fractions that are much higher.

21 CHAIRMAN WALLIS: Quite different, ýright.

22 MR. ENDERLIN: Yes.

23 So here again, the blue represents those

24 done in ambient 21 degree C. The ZE coating because

25 it was so incomplete, we didn't take the time to go to

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



293

1 the higher temperature. Again, you can see that we see

2 the temperature effect of a reduced head loss and we

3 still see some head loss from that AA bed.

4 CHAIRMAN WALLIS: Well, this seems to be

5 like the other tests, it's sort of try a few things

6 and see what happens. It's not a comprehensive

7 program to establish a method of predicting anything.

8 MR. ENDERLIN: This portion of it.

9 CHAIRMAN WALLIS: Right.

10 MR. KROTIUK: Dr. Wallis, I think when

11 you're talking about coatings that could be a valid

12 comment. However, if you notice in one of the figure

13 that Carl had shown, is that the number of tests that

14 we had run with the CalSil and the NUKON are quite

15 substantial. So I think we have much more information

16 on that.

17 MR. ENDERLIN: This is just a brief

18 overview of some of the summary of the findings that

19 we have.

20 One thing we've seen clearly is that the

21 loading sequence or how the material arrives at the

22 screen and the degree of preparation basically can

23 dominate. Given the same debris loading we've shown

24 substantial differences. However, we have shown that

25 we can control these and get repeatable results and
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1 look at these different parameters or different

2 variations independently.

3 The NUKON only debris beds, they yield

4 very repeatable beds, repeatable head losses. They're

5 influenced by time of flow. What we've seen is that

6 217 grams meter squared we made beds less than that,

7 but we didn't look for the absolute minimum. But at

8 that loading we consistently get complete debris beds.

9 We were unable in our testing to get a

10 CalSil to form a complete bed, although we do have

11 some significant head losses from those beds.

12 CHAIRMAN WALLIS: Well, I think Los Alamos

13 did in one case get a CalSil only bed.

14 MR. KROTIUK: That's correct. Yes. I

15 remember reading that.

16 CHAIRMAN WALLIS: So it is possible. And

17 maybe with smaller sized holes, which are now going

18 into screen, it would be more likely.

19 MR. ENDERLIN: Well, it could be smaller

20 sized holes, another function is just a dilution of

21 the material. We've seen, you know, if you take a

22 test loop that has higher dilution from the injection

23 point, we've seen that can have a bearing on making

24 it.

25 DR. LETELLIER: Bruce Letellier of LANL.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



295

1 I'd have to say that that statement about

2 a complete bed was somewhat qualitative in nature.

3 What we observed was very similar to PNNL. What

4 surprised us was the fact that the very small

5 particulates could actually bridge the gap. And that

6 was the first time it had been observed to induce

7 substantial head loss. But it wasn't uniform in the

8 same sense that the NUKON beds have been.

9 MR. ENDERLIN: Through the optical

10 triangulation we've shown that the bed continue to

11 contract and relax even with significant number of

12 cycles. So we're not getting to a completely, you

13 know, precompressed bed that's going to stay at one

14 height. We've been able to take elevation

15 measurements for the purpose of the correlation.

16 For most cases the head loss does increase

17 with increasing temperature. Again, in our test to

18 date that hasn't been isolated as a single parameter

19 tested so that we can check what the relative

20 difference is in temperature. There's always a flow

21 history effect there.

22 CHAIRMAN WALLIS: And all that we've heard

23 today no one has asked the question what would it take

24 to do enough work to have a predictive tool.' You

25 found out a few qualitative things here, which are
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1 very interesting, but you don't have a way of

2 predicting the pressure drop for coatings on a screen.

3 MR. ENDERLIN: Our scope was to obtain

4 data for others to work with making a predictive tool.

5 CHAIRMAN WALLIS: You sort of tried a lot

6 of things and the results are interesting. But NRR

7 has perhaps learned a few questions to ask of

8 industry. But you don't have a predictive tool. So any

9 predictive tool that's going to be used has to come

10 from these industrial tests?

11 MR. KROTIUK: Now are you talking about

12 for the coatings?

13 CHAIRMAN WALLIS: The coatings, yes. We

14 haven't talked about your theory yet.

15 MR. KROTIUK: No.

16 CHAIRMAN WALLIS: But for the CalSil, are

17 you going to give us a predictive tool for the CalSil

18 and NUKON?

19 MR. KROTIUK: For the CalSil and the

20 NUKON, yes.

21 CHAIRMAN WALLIS: You're going to give us

22 a predictive tool for that?

23 MR. KROTIUK: For the CalSil and the NUKON

24 I have --

25 CHAIRMAN WALLIS: Are you going to present
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1 that today or is that going to be in the future

2 sometime?

3 MR. KROTIUK: Yes. I'm going to present

4 that today.

5 CHAIRMAN WALLIS: So you're going back to

6 your script?

7 MR. KROTIUK: Yes.

8 CHAIRMAN WALLIS: Okay.

9 MR. ENDERLIN: And another one, the last

10 finding that I have listed here, is that the 5 mesh

11 screen and the perforated plate for the purpose of the

12 NUKON, NUKON/CalSil didn't really have any bearing. We

13 saw the same head losses for the same debris loadings.

14 MR. KROTIUK: And just go to the end, I

15 guess.

16 Now if we go back to this one we can

17 continue.

18 MR. ENDERLIN: Eight in the previous

19 presentation will be the next slide.

20 MEMBER SIEBER: That up there says 7.

21 MR. ENDERLIN: Right. And now it's 8.:

22 MR. KROTIUK: Okay. So now I'll' talk

23 about the head loss modeling itself. And this is

24 basically an effort to use the data that is available

25 to come up with the analytical tool. I based the head
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1 loss on the classical form of the Ergun Equation. And

2 it does take into account the compressibility for --

3 accounting for the irreversible and elastic behaviors.

4 Now this is important. The method that

5 I've developed uses two approaches to modeling the

6 debris bed. One uses a single homogeneous

7 calculational control volume and the other uses a --

8 breaks the debris bed into two control volumes. So

9 therefore, it's heterogeneous. But within each of

10 those control volumes you have a homogeneous -- it's

11 considered homogeneous.

12 What I'll do is I'll try to describe the

13 method and then show you some comparisons with data.

14 This is -- I wanted to -- had a thought

15 process here in developing the models and the reason

16 why I have a one volume and a two volume model is that

17 I tried to look at the possible configurations of

18 debris within a bed. And what I could come up is that

19 there are four basic configurations.

20 One, you could have a 'bed that is

21 completely -- in this case these are all fibers and

22 particles. Let's talk about that first. If we have

23 a bed that consists of fibers and particles but are

24 unsaturated, and what I mean by unsaturated is that if

25 you have a mass of fibers that mass of fibers in a
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1 debris bed could only accommodate certain mass of

2 particles. And I'm defining that as a saturated bed.

3 MR. ENDERLIN: Interspatially.

4 CHAIRMAN WALLIS: That's not true, though.

5 MR. ENDERLIN: Interspatially you mean.

6 CHAIRMAN WALLIS: It depends on how

7 compressed the bed is. If you have a very fluffy bed,

8 you can put more particles more in. If you compress

9 the fiberglass, you got less space to put the

10 particles in, presumably.

11 MR. KROTIUK: Right. But --

12 CHAIRMAN WALLIS: so the particles go into

13 the spaces in the fiberglass?

14 MR. KROTIUK: Yes. So this is within the

15 spaces.

16 CHAIRMAN WALLIS: Another question, which

17 is if you squashed the fiberglass enough, presumably

18 you can't squash it any more, or is that -- I don't

19 know. Does it yield in some way or --

20 MR. KROTIUK: The void fraction'is'pretty

21 high, so above 90 --

22 CHAIRMAN WALLIS: It keeps compressing

23 forever as you squash it?

24 MR. KROTIUK: I don't think.so.'

25 MR. ENDERLIN: No.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



300

1 MR. KROTIUK: No.

2 MR. ENDERLIN: -- can't the drag to the

3 bed to compress it. I mean, if we look at the

4 pressures --

5 CHAIRMAN WALLIS: You don't have enough

6 force to do it?

7 MR. ENDERLIN: Right. If we look at the

8 bed heights based on -- you know, we've got data for

9 two atmospheres applied to it.

10 CHAIRMAN WALLIS: But it seems to me that

11 the saturated concept it okay, but it must depend upon

12 -- and if you have a very fluffy bed of fiberglass,

13 you could put more particles in there and then you

14 compress it --

15 MR. KROTIUK: Right, and it's --

16 CHAIRMAN WALLIS: But you can't'because

17 the particles are taking the stress rather than the

18 fiberglass.

19 MR. KROTIUK: Yes. So the saturation

20 conditions for the particles in the fiber bed is -a

21 function of the density of the fiber bed. So it's

22 actually a density --

23 CHAIRMAN WALLIS: So it's not just one

24 mass to mass ratio?

25 MR. KROTIUK: Right.
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1 CHAIRMAN WALLIS: Okay.

2 MR. KROTIUK: It's a density of particles

3 to density of fibers.

4 CHAIRMAN WALLIS: Thank you. Okay. Okay.

5 MR. KROTIUK: Okay.

6 MEMBER SIEBER: At a given compression?

7 MR. KROTIUK: At a given compression.

8 So let's just look at this first column

9 here. So I'm calling this a homogeneous unsaturated

10 bed. And I'm saying that for this type of condition

11 you would use the one volume approach. And it will

12 give us a best estimate number. And especially this

13 approach was also used for, like, if you have a case

14 with just all fiber bed, you know, you'd use this case

15 also.

16 What I found is that this will give you

17 have a mixture -- okay -- let me just go to this

18 column here first and then I'll come back to here.

19 For this case I'm calling it a saturated

20 condition. This is a case where it's'- you have a

21 thickness, a debris bed that has particles "- I'm

22 sorry. That has fibers in it and it has for its

23 conditions the maximum amount of particles that can

24 be accommodated with this bed.

25 CHAIRMAN WALLIS: So a void fraction in
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1 these two cases is very different?

2 MR. KROTIUK: Yes.

3 CHAIRMAN WALLIS: If you look at NUKON by

4 itself, the void fraction is 97 percent or something.

5 When it's saturated with particles, the void fraction

6 is presumably 40 percent or 50 percent.

7 MR. KROTIUK: It is lower, yes.

8 CHAIRMAN WALLIS: Very, very different.

9 That's what makes the pressure drop so big.

10 MR. KROTIUK: That's correct.

11 So all I'm just saying is that this second

12 case here is really the limit, you know, as you add

13 more and more particles to the fiber bed, you reach a

14 saturated condition. And for both of these cases you

15 basically would -- if you had either of these two

16 cases, you would use the one volume approach.

17 Now, if you had now a case whereby you

18 had, again, a mixture of fibers and particles, as time

19 would go along --

20 CHAIRMAN WALLIS: Excuse me. oIf you had a

21 gel, you could presumably fill up everything solid..

22 MR. KROTIUK: That's a possibility. Okay.

23 Okay. For this case is really somewhat of

24 a -- this third case is really a continuation of this

25 first case. For instance, say you start building the
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1 bed and you have a homogeneous mixture of fiber and

2 particles. And it's evenly distributed, just --

3 CHAIRMAN WALLIS: So all the particles,

4 and you squash all the particles in the --

5 MR. KROTIUK: So as time goes along, the

6 particles squash and you would have basically a

7 saturated layer here with fibers on top. Now this is

8 a type of situation where I'm saying we would use the

9 two volume approach.

10 CHAIRMAN WALLIS: That's a conservative or

11 thin bed type of analysis?

12 MR. KROTIUK: That's right.

13 CHAIRMAN WALLIS: That's with all the

14 particles in one layer?

15 MR. KROTIUK: This is a thin bed type of

16 analysis.

17 CHAIRMAN WALLIS: Squash them as much as

18 you can.

19 MR. KROTIUK: And the methodology that

20 developed gives you the upper bound of what this

21 calculation to do.

22 CHAIRMAN WALLIS: Isn't it worse to put

23 the saturated particles in fiber on top of-the fibers

24 so they'squash the fibers, too. It depends which is

25 on top, how much of squash?
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1 MEMBER DENNING: In your model does it

2 make any difference? I understand that you're

3 thinking about how it's formed, but does it make any

4 difference in your model as to which comes first, the

5 fiber on top or --

6 MR. KROTIUK: Actuality the way the model

7 is built, the order of this -- you know, whether I

8 have the fibers on the top or the bottom doesn't

9 really matter.

10 CHAIRMAN WALLIS: It doesn't make it how

11 much is compressed because if the pressure drops in

12 the black layer, if it's on top, but then it squashes

13 the fibers below it. If it's below, it doesn't squash

14 the fibers.

15 MR. KROTIUK: Yes, but then if you have

16 the black layer with the particles on top, the

17 particles will tend to try to migrate to the --

18 CHAIRMAN WALLIS: But your models doesn't

19 let them do that. It legislates that they're stuck

20 there.

21 MR. KROTIUK: Yes. It legislates.

22 Because my model is a conservative model to try to

23 give you an upper bound calculation.''.

24 And then the fourth condition that I

25 posture could exist would be a case where you
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1 completely saturate the fibers with particles and then

2 you have a layer of particles on top. And, again, this

3 is handled by the two volume approach.

4 CHAIRMAN WALLIS: They're close packed or

5

6 MR. KROTIUK: Yes.

7 CHAIRMAN WALLIS: -- mass the particles on

8 top?

9 MR. KROTIUK: Right.

10 Now in the testing that I've looked at,

11 and I haven't looked at all the --

12 CHAIRMAN WALLIS: I suppose there's a

13 worse case, another case which is you have the fiber

14 clean and then all the particles. So you have a yellow

15 and a gray. And you put all the particles in one

16 layer and the fibers in another.

17 MEMBER DENNING: The particles can't

18 penetrate the fibers.

19 MR. KROTIUK: The particles --

20 CHAIRMAN WALLIS: You put the fibers'on

21 the bottom and the particles on top. You can do that,

22 too.

23 MEMBER SIEBER: That would give--

24 MR. KROTIUK: That's the third column

25 essentially.
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1 CHAIRMAN WALLIS: No.

2 MR. KROTIUK: No. You're saying to have

3 a case where you have a separation with fibers on the

4 bottom and the particles on top.

5 CHAIRMAN WALLIS: Right.

6 MR. KROTIUK: I mean, that could be

7 handled by the two volume approach.

8 CHAIRMAN WALLIS: That could be. It's

9 probably the worst case of all, isn't it?

10 MR. KROTIUK: But I didn't -

11 MEMBER DENNING: What is the answer? Is

12 it worse or not worse?

13 MR. KROTIUK: I'm sorry.

14 MEMBER DENNING: If you take all the

15 particles out, put them on top of the fiber --

16 MR. KROTIUK: Right.

17 MEMBER DENNING: Is that --

18 MR. KROTIUK: This is the worst case.

19 MEMBER DENNING: -- or is it worst to have

20 particles interspatially within the fibers --

21 MR. ENDERLIN: Well, the fourth one would

22 be--

23 MR. KROTIUK: The fourth case is the worst

24 case.

25 CHAIRMAN WALLIS: That's the worst?
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1 MR. ENDERLIN: The packing factor. If you

2 think in terms of spheres. If you have a mono

3 disperse, I mean a poly disperse particles, then you

4 could pack those tighter. But if you take fiber with

5 particles I can get the lower void fraction --

6 CHAIRMAN WALLIS: Actually it compacts

7 more than particles alone?

8 MR. ENDERLIN: Right.

9 CHAIRMAN WALLIS: Ah. Okay.

10 MR. KROTIUK: So in the testing, as I

11 said, I've tried to identify these at least four

12 regimes in the testing that has been done. And I've

13 identified a fair number of cases with this situation.

14 I've identified one case that's probably this, and

15 then one that's saturated.

16 CHAIRMAN WALLIS: You could actually make

17 this happen. You could actually build up one and then

18 put the other on top of it --

19 MR. ENDERLIN: That's the load sequence

20 data that we've showed you.

21 MR. KROTIUK: That's the load sequencing,

22 right.

23 CHAIRMAN WALLIS: But then you could now

24 do it systematically and the load sequence -before was

25 just sort of seeing what happens with these things.
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1 Now you could deliberately make these --

2 MR. ENDERLIN: The load sequence we did

3 was to deliberately make these.

4 CHAIRMAN WALLIS: A few points. I'm

5 saying if you want to do a comprehensive --

6 MR. ENDERLIN: Oh, right.

7 CHAIRMAN WALLIS: -- testing of a

8 correlation, you'd probably want to take, say, the

9 fourth regime and make a 100 data points out of it,

10 not three.

11 MR. ENDERLIN: Yes.

12 MR. KROTIUK: This is just a review for

13 what I previously presented. This is basically the

14 equations, the general form of the equation that I'm

15 solving the Ergun Equation. Basically it has a

16 viscous component and a kinetic component.

17 The viscous component has these

18 multipliers in them which are dimensional permeability

19 functions which came out of literature. They're based

20 on the Happel approach. And the multiplier is a

21 function of whether you have fibers or particles.

22 This kinetic approach is, again, taken out

23 of literature. This multiplier here, which is'an

24 empirical B and a C --

25 CHAIRMAN WALLIS: Now we're going to have
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1 such low velocities through these screens that it's

2 going to be viscous.

3 MR. KROTIUK: Right. And that's what I put

4 down here on the bottom is that currently looking at

5 the data that I've had is that this term, the kinetic

6 term, really accounts to less than 4 percent of the

7 total pressure drop.

8 MEMBER KRESS: You need both eta and X or

9 chi, or whatever that is?

10 MR. KROTIUK: I'm sorry, say again.

11 MEMBER KRESS: Eta and the void ratio and

12 porosity, aren't they one-to-one correlated? Do-you

13 need both of them?

14 MR. ENDERLIN: Are they independent?

15 MR. KROTIUK: No, they're not independent.

16 If you know one, you know, they're related.

17 CHAIRMAN WALLIS: Those are two different

18 things, aren't they?

19 MR. KROTIUK: One is a void ratio, one is

20 porosity.

21 CHAIRMAN WALLIS: But one is the void

22 fraction, the fraction of the space occupied by

23 liquid.

24 MR. KROTIUK: Right.

25 CHAIRMAN WALLIS: And one is a fraction of
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1 the space occupied by particles versus the fibers or

2 something, or is it not?

3 MR. KROTIUK: The void ratio is the volume

4 of the void over the volumes -- of the occupied

5 volumes.

6 CHAIRMAN WALLIS: Not saying what kind of

7 solid it is?

8 MR. KROTIUK: Not what kind of solid it

9 is.

10 CHAIRMAN WALLIS: So X and epsilon R --

11 MEMBER KRESS: One-to-one.

12 CHAIRMAN WALLIS: It's the same thing?

13 MEMBER KRESS: No, they're not the same

14 thing.

15 MR. ENDERLIN: They get defined in terms

16 of each other.

17 MR. KROTIUK: You could define X in terms

18 of epsilon and vice versa.

19 CHAIRMAN WALLIS: Okay'. You can. All

20 right.

21 MR. KROTIUK: Yes. I'm just using both of

22 them.

23 And to review the compression model that

24 I have, is that as probably saying is, you know,

25 during testing we have velocity increases followed by
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1 decreases. The assumption that I made was that for

2 the first compression is a nonrecoverable,

3 irreversible process and all of the further on

4 compression are elastic with constant compressible.

5 CHAIRMAN WALLIS: Which means that's when

6 there's no pressure, the bed is infinitely thick?

7 MR. ENDERLIN: But there's no water in it

8 either, so --

9 CHAIRMAN WALLIS: One over zero is

10 infinity, so that's the trouble with this P to the end

11 correlation. It obviously blows up when you get no

12 pressure drop.

13 MR. KROTIUK: That's right. But we don't

14 have that situation.

15 MR. TREGONING: Fortunately that's not the

16 case.

17 CHAIRMAN WALLIS: Well, it does. I mean

18 if you had it upside down, the stuff coming up from

19 the bottom. You know the bottom -- when it's falling

20 down from the top, it's own weight squashes it on

21 them. But if it's coming up -- if you had a filter on

22 top and you're flowing upwards, then you can

23 eventually get very, very disperse --

24 MR. KROTIUK: You lowered the velocity,

25 yes.
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1 CHAIRMAN WALLIS: -fiber bed down there,

2 which it's barely held up -- it's a fluidized bed.

3 MR. KROTIUK: Right.

4 CHAIRMAN WALLIS: So it could have a huge

5 X.

6 MR. KROTIUK: X.

7 CHAIRMAN WALLIS: There's no pressure

8 essentially until you get enough pressure to begin

9 compressing it. So you can have a hugh bed.

10 You do all these experiments with the

11 stuff raining down and resting, then gravity makes the

12 bed.

13 MR. KROTIUK: Right.

14 CHAIRMAN WALLIS: If you do it with

15 upf low, then you have a fluidized bed below which can

16 have a huge void fraction.

17 MR. KROTIUK: That's correct.

18 CHAIRMAN WALLIS: That's where your P of

19 zero comes in, even if particles aren't even touching

20 each other.

21 MR. KROTIUK: But then I don't think you

22 would be using this approach --

23 CHAIRMAN WALLIS: Especially> with

24 horizontal. I mean, the gravity isn't helping you

25 compress the bed, then you can have a very fluffy bed.
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1 MR. KROTIUK: I mean, for a fluidized bed

2 you wouldn't be using this type of an approach.

3 CHAIRMAN WALLIS: Oh, yes, you can use

4 Ergun to some extent.

5 MR. KROTIUK: You can use Ergun, but this

6 compression --

7 CHAIRMAN WALLIS: Okay. Go on. Yes.

8 MR. KROTIUK: The key thing is that I

9 wanted to point out here is that both of these

10 equations have this parameter N which is a material of

11

12 CHAIRMAN WALLIS: It's a quarter.

13 MR. KROTIUK: -- property from the --

14 excuse me?

15 CHAIRMAN WALLIS: It's a quarter.- It's

16 been .2 and .25, isn't it from the experiments?

17 MR. KROTIUK: Yes. I calculate it about

18 .23.

19 CHAIRMAN WALLIS: Okay. Well, youdid a

20 pretty good job.

21 MEMBER MAYNARD: A quarter i's not Worth

22 what it used to be.

23 DR. LETELLIER: Canadian quarter.

24 MR. KROTIUK: Okay. Now in order to do

25 the calculation there are certain parameters I need.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



314

1 One is the one that I just spoke about was N, which

2 the material parameter. The other thing is that I

3 have to have an initial starting bed thickness for the

4 calculation. I have to know the debris material

5 properties.

6 CHAIRMAN WALLIS: There's no pressure drop

7 or what?

8 MR. KROTIUK: I'll define that in a

9 minute.

10 CHAIRMAN WALLIS: Well, it will be at some

11 pressure drop.

12 MR. KROTIUK: Yes. It will be'at a given

13 velocity. I say at .1 foot per second.

14 And then I have to have my material

15 properties. This could be densities of the solids and

16 all, and specific surface area. Now this for the

17 debris, this would be calculated from the test data.

18 I have to know my material masses on the

19 bed itself. In other words, the debris masses that are

20 in the debris bed for CalSil/NUKON.

21 CHAIRMAN WALLIS: Is a bed which is formed

22 by raining down on to gravity the same as a bed which

23 is formed by particles arriving in a flow?

24 MR. KROTIUK: If you have a --

25 CHAIRMAN WALLIS: The structure the same?
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1 I mean because some of these beds are formed by

2 putting in a screen and letting stuff rain down on its

3 own weight, right?

4 MR. KROTIUK: Yes.

5 CHAIRMAN WALLIS: Just like a snowfall?

6 MR. KROTIUK: Sure.

7 CHAIRMAN WALLIS: And it's not clear to me

8 that those particles raining down with a particular

9 orientation they take are going to be the same as

10 taking, say, a vertical one and letting flow drive the

11 particles in. They may come in this way instead of

12 that way.

13 MR. ENDERLIN: I mean it depends on the

14 velocity you're using.

15 CHAIRMAN WALLIS: I mean, you make quite

16 a different structure depending on how it's made.

17 MEMBER KRESS: Well, do you want a

18 particle fraud number to --

19 CHAIRMAN WALLIS: No. This--

20 MR. ENDERLIN: Well whether it's

21 stratified flow and whether you're exceeding the

22 settling Velocity. You're letting it rain.

23 CHAIRMAN WALLIS: No, it's the orientation

24 of the particles.

25 MR. KROTIUK: Yes. But depending upon the
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1 velocity, the way you can --

2 CHAIRMAN WALLIS: If a particle like this

3 under gravity it tends to fall like this.

4 MR. ENDERLIN: Right.

5 MR. KROTIUK: Right.

6 CHAIRMAN WALLIS: If I have a particle in

7 a flow, it tends to come this way. The flow orients -

8 - does it orient it this way.

9 MR. KROTIUK: Correct.

10 MR. ENDERLIN: But if you do the

11 horizontal flow with a high enough velocity --

12 CHAIRMAN WALLIS: I'm just saying that the

13 bed may form differently depending on whether it's

14 formed by gravitational settling or by the flow

15 bringing the particles in.

16 MR. ENDERLIN: Correct. But I mean it's

17 a function of basically the velocity and the flow

18 regime.

19 CHAIRMAN WALLIS: The flow tends to take

20 the particles to the places where there are 'holes;

21 too.

22 MR. KROTIUK: Yes.

23 CHAIRMAN WALLIS: Whereas gravity doesn't

24 do that.

25 MR. ENDERLIN: Yes. If they're
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1 stratified, it'll be completely different also.

2 CHAIRMAN WALLIS: There's something

3 different about making a bed from a flow than there is

4 making it from just laying --

5 MR. ENDERLIN: I don't think it's vertical

6 and horizontal as much as the flow conditions at which

7 you --

8 CHAIRMAN WALLIS: Well, I --

9 MR. KROTIUK: Yes, I think the flow

10 conditions --

11 MR. ENDERLIN: There are some flow

12 conditions in a horizontal -- in a vertical screen

13 horizontal pipe you can't get to from a vertical flow

14 pipe.

15 MR. KROTIUK: Yes, there are variable --

16 CHAIRMAN WALLIS: IF they're not round

17 particles, then all beds aren't the same.

18 MR. ENDERLIN: Correct.

19 MR. KROTIUK: The other parameter that I

20 wanted to know is what I defined previously was the

21 saturation condition for a particle concentration in

22 a fiber bed.

23 And the other comment I'm going to make is

24 that because the kinetic term was so small relative to

25 the head loss is that I haven't concentrated too much
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1 on determining the factors for B and C because of the

2 relative small magnitude of their components of the

3 pressure loss.

4 MEMBER KRESS: And that means you've

5 ignored them? IS that what that means?

6 MR. KROTIUK: I didn't ignore them, but I

7 just used the values that were published in

8 literature.

9 Okay. First, using the Series 1 test

10 data, I have not looked at the new test data that Carl

11 had alluded to, is that again, N is .23 which is

12 consistent with what was previously said.

13 CHAIRMAN WALLIS: What I got for

14 fiberglass?

15 MR. KROTIUK: You know, I don't remember.

16 It's around there, though. It's around there. Maybe

17 it 225, I don't know.

18 CHAIRMAN WALLIS: Well, okay. Close

19 enough.

20 MR. KROTIUK: Now I have to have that

21 starting point, as I said. So I defined a starting

22 point as a bed thickness of essentially .1 foot per

23 second. And using the data that I had again, for just

24 the Series 1 tests, I have to factor in the Series 2

25 tests and I'll modify this. And then using just a
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1 basic definition for void ration, which is essentially

2 the same thing -- you know related to porosity, you

3 could come up with a relationship for tat initial bed

4 thickness of this fashion, which uses the mass of say

5 in this case NUKON and CalSil and the density of

6 CalSil and NUKON and the flow area of the screen

7 itself. And then there's two empirical factors which

8 I call Xmu0 N and Xcalsjl. And if you look at the data,

9 you could come up with the conclusion that XmKON and

10 Xcaisi. are these numbers, 12.% and 19.1.

11 And, again, this is just based on the

12 data.

13 CHAIRMAN WALLIS: And it's best to use a

14 reference length which depends on the mass of the

15 stuff?

16 MR. KROTIUK: Right.

17 CHAIRMAN WALLIS: Right. That's the way to

18 do it.

19 MR. KROTIUK: So that's what that is.

20 CHAIRMAN WALLIS: Not to try to do it by

21 measuring something or as manufactured or anything

22 like that.

23 MR. KROTIUK: Right. The other thing is

24 is now -- was the material property itself.

25 Looking again, this is just my current
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1 assessments using the Series 1 test data, is that for

2 the NUKON fibers I came up with a value for Sv of

3 176,000, Comparing it to the NUREG-6874 the previous

4 value 171,000. So for NUKON fibers that's pretty

5 close.

6 CHAIRMAN WALLIS: That's pretty okay, but

7 the CalSil varied all over the place?

8 MR. KROTIUK: Right. And that's the

9 second column here. The CalSil, the recommendation

10 was something of 600,000 feet to the minus one if you

11 had a mixed debris bed and for a thin bed it was

12 recommending --

13 CHAIRMAN WALLIS: That was just taking the

14 worst case they got as a conservative value?

15 MR. KROTIUK: Right.

16 Now, again using the data I calculated

17 what the value should be for the CalSil particles, and

18 I calculated a number around 179,000.

19 CHAIRMAN WALLIS: Maybe this 880,000 was

20 because they had nonhomogeneous bed?

21 MR. KROTIUK: That would be my suspicion.

22 CHAIRMAN WALLIS: And they treated it as

23 if it were homogeneous.

24 MR. KROTIUK: That would be my suspicion,

25 yes.
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1 And then I'm basically for any fiberglass

2 fibers in the CalSil, I'm using the same numbers for

3 the NUKON fibers, which was consistent for what was

4 previously done.

5 The values for the material densities are

6 basically the same as was previously determined.

7 CHAIRMAN WALLIS: What do you do for

8 aluminum oxide hydroxide?

9 MR. KROTIUK: I haven't looked at that

10 yet.

11 CHAIRMAN WALLIS: Maybe you can't treat it

12 this way.

13 MR. KROTIUK: You might not- be able to,

14 yes.

15 DR. LETELLIER: A question. Bruce

16 Letellier from LANL.

17 Bill, how do you rationalize the

18 recommendation that the NUKON fibers have the same

19 specific surface area as the CalSil give' that they're

20 just radically different physical forms. I mean, when

21 I think about the flow path, the hydraulic surface

22 area basically, I have a hard time imagining that they

23 have the same effective metric. Do you have'any

24 thoughts on that?

25 MR. KROTIUK: I noticed that myself,
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1 Bruce. And at this point I don't, and I was hoping to

2 address that after I looked at the rest of the data

3 that was available.

4 MR. ENDERLIN: The thing to remember is

5 that we're not as manufactured. He's gotten these off

6 the experimental data. So our degree of preparation

7 has a bigger influence.

8 DR. LETELLIER: I'm just thinking about

9 the SEM photos that we see of raw CalSil is such a

10 complex surface. I mean, perhaps it's a very valid

11 conclusion of the data that the effective drag surface

12 that really participates in the flow just

13 coincidentally looks very much like fiber. But

14 physically they look drastically different. So I've

15 always wondered myself just how much of that visual

16 porosity effects the drag coefficient.

17 MR. KROTIUK: You know one other thing I

18 was thinking of doing also is, you know, one of the

19 reasons I had Carl run that case with the all CalSil

20 bed is because I wanted the data with an all CalSil

21 bed to really give me a good handle on what this

22 number was. But with the bypass hose that developed"

23 again, I haven't looked at that data in detail, but I

24 don't know whether I'll be able to --

25 CHAIRMAN WALLIS: This is the number that
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1 correlates your data, is that what it is?

2 MR. KROTIUK: That's the number that

3 correlates the data, right?

4 MR. TREGONING: It correlates to the

5 Series 1 data.

6 MR. KROTIUK: The Series 1 data, right.

7 MEMBER KRESS: As best I remember that

8 specific surface area wasn't really a ratio of the

9 volume to the -- area to the volume.

10 MR. KROTIUK: It's really not. It's

11 really more of a --

12 MEMBER KRESS: You've backed it out of the

13 data --

14 MR. KROTIUK: That's right.

15 MEMBER KRESS: And it wasn't really that

16 ratio. It was somewhat related --

17 CHAIRMAN WALLIS: Whatever the coefficient

18 is in the --

19 MEMBER KRESS: Whatever the coefficient

20 was, yes.

21 DR. LETELLIER: But on the other hand it

22 has to be related to the flow area divided by the

23 wetted parameter or volumes to area ratio. -•

24 MEMBER KRESS: It's something like that.

25 DR. LETELLIER: So there is an association
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mind is

fraction

effective length scale.

MR. ENDERLIN: The thing to always keep in

when you've got the porus media is what

is actually --

DR. LETELLIER: Exactly.

MR. ENDERLIN: -- flow passing through.

DR. LETELLIER: Exactly. And, Bill, if you

MR. ENDERLIN: The hypothetical is that

you have 100 percent, all particles see flow.

CHAIRMAN WALLIS: Kind of an indication of

the inverse of the particle size, isn't it?

DR. LETELLIER: The effective size, yes.

CHAIRMAN WALLIS: Right.

DR. LETELLIER: The hydraulic diameter

essentially.

MR. ENDERLIN: And from experimental data

it's shown that it can have an effect.

DR. LETELLIER: I think the better

conditions for measuring that might be a-packed column

under Darcy flow, just like they do geologic samples.

CHAIRMAN WALLIS: So we're going to move

along now and you're going to convince us that

everything is fine.

MR. KROTIUK: To suggest with regard to
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1 the material masses in the debris bed, this is just

2 again from the Series 1 data and I think you've seen

3 this before, is that this for instance on the NUKON,

4 this is the kilograms per meter squared that were

5 added to the loop and this was actually put into the

6 bed, and then this is for the CalSil values also.

7 These are all NUKON tests. These are NUKON/CalSil.

8 Again, this is all Series 1. And it just shows that,

9 for instance, the CalSil, not all the CalSil that is

10 added to the loop is deposited into the bed.

11 A larger fraction of the fiberglass does

12 get deposited into the bed.

13 CHAIRMAN WALLIS: Okay.

14 MR. KROTIUK: Let' see now. This is my

15 saturation correlation. And as I previous indicated

16 and as Dr. Wallis has indicated, this is kind of an

17 effect that was observed is, you know, called the thin

18 bed effect.

19 This is my correlation, it's completely

20 empirical. It was developed using the Series 1 data.

21 And it relates essentially the density of the NUKON in

22 the debris bed volume to the density of the CalSil in

23 the --

24 CHAIRMAN WALLIS: This is the maximum

25 density possible, is that what it is?
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1 MR. KROTIUK: This is the maximum density

2 possible that I was able to determine using the text

3 data from Series 1. I want to expand this to include

4 the Series 2 data, but I haven't done that yet.

5 CHAIRMAN WALLIS: Those are things cubed

6 or is that a 3 and 2 are sub --

7 MR. KROTIUK: That's a cubed square --

8 CHAIRMAN WALLIS: They're cubed?

9 MR. KROTIUK: Yes.

10 MEMBER KRESS: That's just a --

11 CHAIRMAN WALLIS: That' the cube -- it's

12 a curve?

13 MR. KROTIUK: It's nothing more exotic

14 than that.

15 CHAIRMAN WALLIS: Dimensionally, could all

16 these things have dimensions --

17 MR. KROTIUK: Yes, might. So this is all

18 done using metric dimensions, kilograms per meter

19 squared.

20 CHAIRMAN WALLIS: Okay.

21 MR. KROTIUK: And just to show you what it

22 looks like when I plot it up, the red here is the

23 actual data or what I determined was from the data.-

24 This is the curve fit line. And I tried to develop a

25 curve fit that gave me an upper limit. So this curve
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1 fit includes the data, plus or zero minus 4 percent.

2 CHAIRMAN WALLIS: To go through the

3 origin?

4 CHAIRMAN WALLIS: This is postulated.

5 I've only had the data up here. And I just do that

6 there because I -- with the Series 2 test data I will

7 have data down in this area, but I just plotted it up.

8 CHAIRMAN WALLIS: Okay.

9 MR. KROTIUK: This solid line is really

10 the only data I have right now.

11 CHAIRMAN WALLIS: Okay.

12 MR. KROTIUK: Now what I'll do now compare

13 some of these calculational methods, two cases that

14 I've chosen from the Series 1 tests. In the process

15 for the NUREG report itself to look at the Series 2

16 test also.

17 The Series 1 tests were only run, as Carl

18 had mentioned, with the metal screen. But the Series

19 2 tests were with the perforated plate. But as Carl

20 observed, there was a minimal difference between the

21 results of the two, you know, was observed during

22 testing.

23 CHAIRMAN WALLIS: Particles saturated by

24 density is pretty low, isn't it? I mean if they were

25 closely packed particles and the density is bigger
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1 than water?

2 MR. KROTIUK: I mean it's not like someone

3 said --

4 CHAIRMAN WALLIS: You would expect to get

5 a density of 1,000 or something like that.

6 MR. KROTIUK: Yes, but it's not like a--

7 CHAIRMAN WALLIS: For a sand bed, a sand

8 bed would have a density of a 1,000 or something;

9 wouldn't it? And it's 2.5 material density and a void

10 fraction of .4, it's going to have a density of 1500

11 kilograms per -- a sand bed. You try a shovel full of

12 sand, is heavier than water, so -- so this stuff isn't

13 very compacted, is it?

14 MR. KROTIUK: From the data this is what

15 you --

16 CHAIRMAN WALLIS: So it's not very

17 compacted?

18 MR. KROTIUK: It's not compacted. This is

19 pretty large void in it.

20 CHAIRMAN WALLIS: Still a' large void

21 fraction. Okay. What's the void fraction of raw

22 CalSil? I mean, the stuff that I had in my-hand that

23 was the piece of insulation didn't seem to have a void

24 fraction of --

25 MR. ENDERLIN: Much higher when it's wet.
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1 CHAIRMAN WALLIS: Much heavier than this.

2 It was much heavier than this, wasn't it?

3 MR. ENDERLIN: The dry CalSil, no, not at

4 all. When you -- if you prepared it by the motor and

5 pestle and wet it --

6 CHAIRMAN WALLIS: Just pick it up. Pick up

7 a piece of CalSil insulation. What's it's density?

8 MR. ENDERLIN: Nothing.

9 CHAIRMAN WALLIS: Much more than this.

10 MR. ENDERLIN: No, I'm not so sure on the-

11

12 CHAIRMAN WALLIS: You're not. You say

13 it's that light.

14 MR. ENDERLIN: Yes.

15 CHAIRMAN WALLIS: Well, okay. We should

16 move on. But I guess we can think about it. I think

17 you know what it is somewhere --

18 MR. KROTIUK: Okay. I've chosen one test

19 which is a NUKON only bed, so this is a bed that was

20 run for its Series 1 that has --

21 CHAIRMAN WALLIS: By itself?

22 MR. KROTIUK: All by itself. Just NUKON

23 by itself.

24 CHAIRMAN WALLIS: Well, that should work

25 out.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



330

1 MR. KROTIUK: This is the data in black.

2 And the solid black line is the initial compressions,

3 so the first velocity increased. The dotted lines are

4 the subsequent velocity transients.

5 The pink line here or red line is the

6 results of the one volume model --

7 CHAIRMAN WALLIS: The hysteresis?

8 MR. KROTIUK: Excuse me?

9 CHAIRMAN WALLIS: You can predict the

10 hysteresis?

11 MR. KROTIUK: To a degree I'm able to do

12 that.

13 CHAIRMAN WALLIS: How do you do that? I

14 mean, that's not in your theory.

15 MR. KROTIUK: It is the theory because of

16 the compressibility function.

17 CHAIRMAN WALLIS: But then doesn't it

18 bounce back to where it was before.

19 MR. KROTIUK: Not for the first one. If

20 you remember, the equation for the first one is one

21 cycle. The first cycle is --

22 ýCHAIRMAN WALLIS: You don't let it bounce

23 back?

24 MR. KROTIUK: Yes.

25 CHAIRMAN WALLIS: Oh, okay.
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1 MR. ENDERLIN: After the first cycle.

2 MR. KROTIUK: So, I mean, the match up is

3 a fairly good match up between the predictions and the

4 text data for this case.

5 I just put here for comparison, this is a

6 NUREG-6224 correlation using the same input parameter.

7 And it significantly under predicts the measured

8 pressure drop.

9 MEMBER DENNING: Do you know why? I mean,

10 I know the compression is part of it, but certainly

11 not down at these low approach velocities. Why

12 doesn't the NUREG predict better?

13 MR. KROTIUK: You know, you're not the

14 first one who has asked that of me, and I'm sorry I

15 haven't gone back and taken a look at this, so I can't

16 answer that question.

17 MR. ENDERLIN: Well part of it, it relies

18 on the manufacturer as manufactured link goes. It

19 don't seem to make any sense.

20 MR. KROTIUK: One of the things that I

21 could say, and let me just go to the next graph, this

22 is the debris bed thicknesses as a function of a

23 velocity. The black here is the data and the red is

24 the one volume model. And these are the predictions

25 for the NUREG.
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1 CHAIRMAN WALLIS: The NUREG is way off or

2 significantly off.

3 MR. KROTIUK: So if you're significantly

4 off in your thickness, you affect your pressure drop

5 significantly.

6 CHAIRMAN WALLIS: Well, NUREG has a bogus

7 theory anyway, and it makes dependent on the gradient

8 instead of the overall stress.

9 MR. KROTIUK: So I mean so the thickness

10 is very related to the pressure drop. So this is

11 probably some indication.

12 Now the other case that I want to look at

13 is the NUKON/CalSil bed, and I choose one case there.

14 And for this case I have here in the solid line'is the

15 measurements from the test data. The blue line is the

16 one volume model predictions and the pink line is the

17 two volume model prediction. And this is what I'm

18 trying to --

19 CHAIRMAN WALLIS: One volume is a short of

20 lower bound and the other is --

21 MR. KROTIUK: Exactly. Because that

22 assumes that you have a homogeneous situation. So

23 that gives you the lower bound. And my postulation

24 here is that when the testing was started'you had

25 somewhat of a homogeneous situation. As time-went

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



333

1 along and you went through the velocities cycling that

2 you started to move -- change the composition of the

3 bed itself and the particles started to redistribute

4 themselves in the fiber and you started to approaching

5 a two volume type of situation or the condition that

6 I assumed for the two volume situation. So in that

7 situation you're approaching this two volume model.

8 So what I'm trying to indicate here is

9 that the one volume and the two volume approach give

10 you the upper and the lower limit of the expected

11 pressure drops.

12 CHAIRMAN WALLIS: If you wanted to be

13 conservative, one could say always say a two volume

14 model?

15 MR. KROTIUK: That's correct.

16 Then finally just --

17 CHAIRMAN WALLIS: I think industry claims

18 that they're getting pressure drops much less than

19 predicted by the NUREG report.

20 MR. KROTIUK: I can't comment on'that.`

21 This is for the NUKON/CalSil bed. This is

22 the comparison of the model predictions with the test

23 data.

24 CHAIRMAN WALLIS: Is this for a layered

25 bed, two layers?
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1 MR. KROTIUK: Right.

2 CHAIRMAN WALLIS: All right. Well, you

3 got a new degree of freedom, you can presumably

4 predict more things.

5 MR. KROTIUK: Well, because I have a two

6 volume model.

7 CHAIRMAN WALLIS: You can assume different

8 amounts in different parts of the bed and so on.

9 MR. KROTIUK: Right. I mean if you -- one

10 of the things that we are doing also and as part of

11 the testing is that Carl is sectioning,. and he

12 mentioned this in February. We are doing section of

13 beds to actually look at the relative distribution of

14 the particles in the fiber beds. But we don't have

15 that data yet to report.

16 So the summary is is that one volume model

17 could provide the best estimate for a homogeneous bed

18 and the two volume model will give you the bounding

19 case for a heterogeneous bed.

20 And then I'm going to be using the Series

21 2 data to essentially optimize the parameters that I

22 spoke about --

23 CHAIRMAN WALLIS: In this -- where they

24 got two orders of magnitude. I didn't see any two

25 orders of magnitude in your graph.
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1 MR. KROTIUK: Which?

2 MR. ENDERLIN: The delay test.

3 CHAIRMAN WALLIS: That blue spot. The

4 blue spot was at a 100 times bigger than what you get

5 my extrapolating the homogeneous bed, it was a factor

6 of 100. You have a factor of 2 or something by making

7 it--

8 MR. ENDERLIN: For the cases analyzed.

9 The question is --

10 MR. KROTIUK: For the cases analyzed.

11 CHAIRMAN WALLIS: For the cases you're

12 analyzing. But interesting ones are the ones are the

13 pressure drop is hugely different.

14 MR. KROTIUK: Well, I could tell you that

15 I didn't report it here, but I did look at the case

16 that I said was a Series 2 case that I believed that

17 had the particles essentially on top of the saturated

18 fiber particle layer. And in that case it completely

19 blocked up the test. In other words, there wasn't

20 essentially any flow that could go through. The

21 pressure drop was very high. And my calculations show

22 that the pressure drop is very high for: that case

23 also. But, again, I haven't finished the assessment of

24 all that.

25 CHAIRMAN WALLIS: Well, I thought that
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1 they were able to -- you can't make it homogeneous

2 then because you've got too many particles.

3 MR. KROTIUK: You can't. Yes, there's too

4 many particles. You can't make it homogeneous.

5 MR. ENDERLIN: Well, if you go to a lower

6 ratio.

7 MR. KROTIUK: If you go to a lower mass,

8 yes.

9 MR. ENDERLIN: You get a lower ratio.

10 CHAIRMAN WALLIS: The graph with the blue

11 square up here.

12 MR. KROTIUK: Right.

13 CHAIRMAN WALLIS: Was for the same upper

14 ratio.

15 MR. ENDERLIN: That's a 50 percent. Yes.

16 That's a 50 percent CalSil to NUKON.

17 CHAIRMAN WALLIS: All right. And that's

18 not saturated

19 MR. ENDERLIN: And what we saw is a

20 significant difference is if we were at a 25 percent

21 CalSil to NUKON.

22 MR. KROTIUK: But the key thing is is that

23 I will be looking at those cases.

24 CHAIRMAN WALLIS: You'll be looking at

25 that stuff more.
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1 MR. KROTIUK: I just haven't completed all

2 that work yet.

3 CHAIRMAN WALLIS: Because are you still

4 going to keep doing this work?

5 MR. KROTIUK: For the next two months or

6 so to finish all the assessments, yes.

7 CHAIRMAN WALLIS: Then you're going to

8 write a report which we can see?

9 MR. KROTIUK: The report is -- I'll have

10 the final report available in October.

11 MEMBER DENNING: Now if we had some real

12 concept of what was going on with chemically produced

13 gels you could include them in your model presumably?

14 MR. KROTIUK: If I had some information

15 there.

16 MEMBER DENNING: Are you giving some

17 thought to what that might be? I mean I think this

18 morning we were struggling with just what the physical

19 model really is of what's happening with it.

20 MR. KROTIUK: Well, I mean I think that if

21 you think about it, you might be able to include it.

22 But I haven't really given much thought about'doing

23 that right at this point in time.

24 MEMBER DENNING: Well, it' might' be

25 interesting to think about.
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1 CHAIRMAN WALLIS: Well, we've got a letter

2 from the EDO. We wrote a letter saying that it was

3 unrealistic to stop research in spring of 2006 because

4 of the unanswered questions that were still there. And

5 he wrote back and said the development of these sorts

6 of models, predictive tools, was for the future and in

7 order to get timely resolution of GSI-191 we didn't

8 need that sort of thing. But you seem to be still

9 working on it.

10 MR. KROTIUK: Well, up until -- for the

11 next couple of months, yes.

12 CHAIRMAN WALLIS: So maybe you will get

13 some predictive tool. It's not going tobe something

14 that's way in the future. Maybe just be a couple of

15 months away.

16 MR. KROTIUK: At least maybe for

17 NUKON/CalSil, where there could the extrapolation of

18 something else may be questionable.

19 MR. TREGONING: And again, the jury is

20 still out on how well we're going to be NUKON and

21 CalSil. I think we've been encouraged so far by-some

22 of the work we've seen that Bill's done-andBruce as

23 well. We didn't present this today, but there's also

24 some correlation --

25 CHAIRMAN WALLIS: Now is industry doing
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1 something similar or what are they doing? Are they

2 just going to use the NUREG-6224 or something or are

3 they doing something similar?

4 MR. LU: I think they stay away from the

5 correlation relevant work. Most of the licensee

6 design to perform prototypical at last testing. So

7 they consider that that pass is very difficult.

8 CHAIRMAN WALLIS: So they're not going to

9 do this kind of thing? They're going to rely on the

10 test?

11 MR. LU: Yes. There is only plant which

12 relies on the NUREG/CR-6224 with plant specific

13 correlations developed and also with very conservative

14 assumption on the debris distribution on the strainer.

15 That's the only plant that we saw in our pilot audit -

16

17 CHAIRMAN WALLIS: Well, what the industry

18 is going to do is not really going to make use of

19 these research results. They're going to do their own

20 tests and use those results to predict what happens in

21 the plant. Isn't that what they're goinglto-'do?- -

22 MR. LU: Yes.

23 CHAIRMAN WALLIS: Okay.

24 MR. LU: You're correct.

25 MR. TREGONING: Let me clarify that, and
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1 I think Shanlai might want to jump in.

2 It's really vendor specific. Certainly a

3 lot of the vendors are doing these prototypical tests,

4 but I know at least one group is conducting a lot of

5 these closed vertical loops --

6 CHAIRMAN WALLIS: Yes, because I read some

7 of those things and it looked as if many of these

8 groups had this huge sort of room with a flume and all

9 that stuff. But they also had bench top tests. So

10 they had something that looked very much like the LANL

11 or Argonne tests with a loop and a 6 inch diameter

12 thing. So they're probably doing fundamental work as

13 well, they just haven't shown us. But they could try

14 to do the same thing as these guys are doing. But we

15 haven't seen any results of that.

16 MR. LU: Yes. They do have a loop, a

17 vertical loop very similar to Argonne test loop. And

18 actually that's their plan to study the chemical

19 effect of head loss. And a bump up factor on top of

20 the prototypical head loss testing. So:- it"s *not

21 geometrically the shape of the complex geometry of a

22 strainer the head loss data, the' measure for 'the

23 normal -- they are going to add up a bump factor. And

24 based on a test loop and similar to the --

25 CHAIRMAN WALLIS: They got a factor of
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1 safety sort of thing, you multiplied it by --

2 MR. LU: No, no. The four chemical effects

3 to address --

4 MR. TREGONING: So it's essentially a

5 multiplier.

6 MR. LU: Yes, the multiplier, right.

7 CHAIRMAN WALLIS: Okay.

8 MR. LU: But by the baseline the head loss

9 is not based on the correlation.

10 CHAIRMAN WALLIS: The safety, you say

11 there's going to be a factor of two more to that --

12 MR. LU: That's right. That's right'

13 You're right.

14 CHAIRMAN WALLIS: Okay. So we should

15 probably move on then. I'm sorry we're taking so

16 long, but it's very interesting.

17 Are you going to reach a conclusion now?

18 MR. KROTIUK: No. That's it.

19 CHAIRMAN WALLIS: That's it? That's it?

20 Well, you've come some distance since you

21 last talked to us, and that's very good. Thank you.

22 This going to go in the open literature

23 some'day?

24 MR. KROTIUK: Yes.

25 MR. TREGONING: Yes, NUREG.
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1 MEMBER KRESS: You could also put it in a

2 journal.

3 CHAIRMAN WALLIS: That's what I meant.

4 That's what I meant, put it in a journal.

5 MEMBER KRESS: I think it's worthy of a

6 journal article.

7 Now you folks were here last time we met

8 with you. Are you going to tell us something new this

9 time? Well, introduce yourselves and go ahead. I

10 don't think we'll take a break. We'll just go on.

11 MR. GEIGER: Hi. My name is Ervin Geiger.

12 I'm with the Office of Research. With me is Anne

13 Fullerton with the U.S. Naval Surface Warfare Center.

14 And they're the one that's conducting our research on

15 the transportability of coatings.

16 We were here in February and we presented

17 a pretty good test outline and also presented some

18 preliminary observations as a result of the testing.

19 And today what we're going to do is just do a brief

20 overview of the program for those who weren't here the

21 last time. And then we're going to present some new

22 information.

23 The research is the transportability of

24 coatings. And the objective was to characterize the

25 transport behavior of coatings in a water under
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1 stagnant and uniform flow conditions.

2 Again, the motivation was that the current

3 safety evaluation assumes that all unqualified and

4 failed qualified coatings transport to the ECCS sumps.

5 And what we were trying to do is come up with a more

6 realistic assumption.

7 And also the background is that currently

8 nuclear power plants have had a number of incidents of

9 failed coatings qualified and unqualified which

10 prompted us to evaluate what the transport

11 characteristics are.

12 The intended use of this test program or

13 the results will be to provide information to aid

14 staff to assess the license's responses to Generic

15 Letter 2004-02. And also it's for plant-specific

16 analyses of coatings debris transport.

17 That is the testing that was complete back

18 in January and the report is currently in draft form

19 ready to be issued for review.

20 The schedule is that we are right now

21 planning to issue this for publication in early 'fall.

22 Reviewing the research concept. What

23 we're doing is characterizing the transportability of

24 coatings. And we're looking at different coating

25 systems. We looked at five coating systems which were
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1 representative of coatings that were found in

2 containment buildings of U.S. nuclear plants.

3 We tested debris size ranges from 2 inch

4 down to 1/64th inch. Sort of captured the size range

5 anticipated.

6 Debris shapes, we looked at the shapes

7 that we generated were random in their outline, but we

8 tested flat chips and also in a curled condition to

9 simulate chips that might have curled off the wall.

10 We looked at different densities. The

11 alkyd was from a density of near 1 gram per, I guess,

12 centimeter to the heavier zinc epoxy systems and the

13 we tested a 6 coating epoxy system.

14 We looked at debris thicknesses. That

15 again, we looked at a one coat, about a 3 mil alkyd

16 system and then we also looked at a six coat epoxy

17 system.

18 And we looked at a range of water

19 Velocities from zero up to 1 1/2 feet per second.

20 We tested, like I said, we tested five

21 coating systems. We did three qualified and two

22 unqualified. We had a zinc primer with two epoxy

23 topcoats. We call that a ZE systems. We looked at an

24 epoxy primer and the epoxy topcoat, which is the E2.

25 And then we looked at a concrete coating system which
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1 consisted of a epoxy sealer and epoxy surface and two

2 epoxy topcoats.

3 The unqualified systems were an epoxy six

4 coat application. The epoxy itself was qualified, but

5 the 6 coat system was not. That was to simulate

6 continued maintenance painting without removing the

7 previous coats.

8 And we also did an epoxy -- oh, I'm sorry.

9 An alkyd topcoat, which was just a single layer. That

10 alkyd, that's the one that was also tested at the

11 other tests. And that is a very -- it is almost like

12 a cellophane body to it, so it's very pliable.

13 Test overview. We did two types of tests.

14 We did a quiescent test, which consisted of a time-to-

15 sink test. And we tested for an incipient velocity

16 which was the time required for debris that we dropped

17 onto the surface to actually break the surface and

18 start to sink. That was to see how long, let's say

19 after the accident a chip fell on the surface, how

20 long it would take for it to'sink.

21 CHAIRMAN WALLIS: The chip it's washed off

22 the wall it's not as if it has to get wetted'when"it

23 falls into the sump, is it?

24 MR. GEIGER: Yes.

25 CHAIRMAN WALLIS: It's probably ready to
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1 sink by the time it's been washed down the wall in a

2 stream of stuff?

3 MR. GEIGER: It depends. Well, you could

4 have two. The failure is more. One, it could be

5 washed down by the spray. And also, just from the --

6 if you can imagine in a LOCA just the occurrence of

7 steam of things moving it could fall from the wall.

8 CHAIRMAN WALLIS: But if it's being

9 carried in the flow, it's already essentially broken

10 the surface, hasn't it?

11 MR. GEIGER: If it's carried in the flow,

12 yes. And we have also did tests where what we did is

13 we wetted it and tried to see what happened. And we

14 found that some cases the wetting, the initial wetting

15 did not really influence how long it took to sink.

16 Then we did bulk. We measured time, how

17 long it would take for the bulk or 80 percent of the

18 debris to sink.

19 And then we did a terminal velocity'test

20 where we placed the chips underneath the water surface

21 and just timed what the velocity was, -the terminal

22 velocity. And that was so we:could 'sort of calculate

23 how long a chip'that was under the surface, let's say,

24 would be sinking depending on a certain 'velocity how

25 far it would go.
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1 And then we did a transport test where

2 first we did a tumbling velocity test. We wanted to

3 see what type of velocities it would take to actually

4 start a chip moving that was resting on the floor.

5 That was an incipient tumbling velocity test. And then

6 at what velocity would 80 percent or more the chips

7 move along the floor. And that was the tumbling

8 velocity test.

9 And based on those numbers then we based

10 our steady-state velocity test,- the observations we

11 had during that test.

12 And so what we learned was, the first

13 observation that we made was that at up to .2 feet per

14 second very little of the coatings actually exhibited

15 any tendency to transport very far. Okay. Actually

16 to the end of the flume. And so we did a test that,

17 we initially were going to test at .1 feet per second,

18 but what we're looking for is to try to get a more

19 upper bound number that could be used. You know, the

20 higher the velocity it would be, the easier it would

2i be for plants and us to look at water velocities and

22 less with transport. Less plants would have a problem,

23 I should say.

24 And then we looked at how far they would

25 transport at the tumbling velocity. And these were
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1 tests just by placing the coating chips immediately

2 under the surface into a moving stream and then

3 observing how far they traveled down the flume.

4 And with that, I guess I'll let Anne

5 discuss some of the testing specific.

6 MS. FULLERTON: Okay. We showed this the

7 last time. This is just to review the different

8 coatings and sizes that we tested. As Erv said, we

9 went from the 1/32nd to 1/64th inch size up to the 1

10 to 2 inch size.

11 We tested five different coating systems.

12 It was the alkyd, which is ALK, that's the flimsy one

13 that looks kind of like a garbage bag. The zinc,

14 which is heavier, that's the highest density-coating

15 we tested. And then there were three different epoxy

16 coatings, the E2, E6 and E3C. This is the matrix for

17 the quiescent tests, so again we did the time-to-sink

18 test for both dry and presoaked chips and the terminal

19 velocity test --

20 CHAIRMAN WALLIS: This is alkyd, it's like

21 a piece of plastic or a piece of garbage bag or

22 something?

23 MS. FULLERTON: Yes, it's like a garbage

24 bag.

25 CHAIRMAN WALLIS: I would think that would
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1 be something which would be pretty bad for screens.

2 I mean, layers of that stuff would be pretty bad for

3 screens.

4 MS. FULLERTON: It would just get stuck on

5 there. Yes.

6 MR. GEIGER: And that's, you know, they

7 show.

8 MS. FULLERTON: And then the terminal

9 velocity tests were done only with the presoaked.

10 I should also mention that we did a

11 thermal curing test in the quiescent testing just to

12 see if there was any effect for heating the chips. We

13 did 120 degrees for 2 days and a 150 degrees for two

14 weeks. And the effects were minimal. So we didn't

15 include that for the transport testing portion.

16 This is the matrix for the tumbling

17 velocity tests. Again, we had five different coatings

18 the same size range, and we did incipient, what was

19 the velocity for the fresh chips to-start moving and

20 what was the velocity for the bulk of the chips, which

21 was defined as 80 percent of the chips to start

22 moving.

23 We also did the steady-state transport

24 tests and those were done for 0.2 feet per second as

25 well as the tumbling velocity that was determined in
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1 the tumbling velocity tests.

2 Now we have some results from all the

3 tests, but first the quiescent testing. The chart

4 that you see at the top is for the 1 to 2 inch flat

5 chips. And this is the time-to-sink test. And what

6 you see along the Y axis is the percentage of chips

7 that sank. And you have the type of chip along the

8 bottom.

9 So the reason that zinc is missing from

10 this one is because we actually didn't have flat zinc

11 chips. The zinc chips came in an already curled shape.

12 CHAIRMAN WALLIS: The alkyd is zero

13 sinking?

14 MS. FULLERTON: Alkyd never sank for dry

15 or presoaked. And from the other observation-you can

16 see there's not a huge difference between the dry and

17 presoaked percentage of chips sinking.

18 MEMBER KRESS: That means its density was

19 less than water?

20 MS. FULLERTON: Right. It was actually

21 just about the same. Yes, just about one. So it would

22 float.

23 MR. GEIGER: With a gravity of 1 to 1.5.

24 MEMBER KRESS: Oh, yes. I see.

25 MEMBER DENNING: If the water level stays
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1 above the screens, then it doesn't even enter in or is

2 that not true?

3 MR. GEIGER: I guess I would think --

4 CHAIRMAN WALLIS: Unless it's caught on

5 something else. Mixed up with all the other stuff.

6 MS. FULLERTON: The water's just still.

7 There's nothing that would force it in.

8 CHAIRMAN WALLIS: Probably tangled up with

9 all the fibers and the CalSil and everything else.

10 It's not as if it's by itself.

11 MR. YODER: This is Matt Yoder from NRR.

12 And I'd just like to interject here the

13 reason that we use these light alkyd chips, there are

14 two reasons actually. At the time that we developed

15 the test matrix we did not have data to show how these

16 kind of chips would fail. We now know based on the

17 EPRI testing, which I'll talk about a little bit

18 tomorrow during NRR's part, that these things are

19 going to fail as fine particulate. Okay. So that

20 eliminates some of the concern about these things

21 transporting and not here in the stream.

22 The other reason that they were included

23 in this matrix is because they are very light and we

24 thought that would bound the lower end of chips'that

25 you could see in a plant.
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1 MR. GEIGER: Well, I could see the

2 tendency for these things to float. As the water

3 would start to move, they would just -- you know, like

4 leaves on the surface, you know.

5 MS. FULLERTON: And then the lower chart

6 there are some of the terminal velocity test results.

7 So we have -- there's a bar graph for each of the

8 different sizes. So the dark red is the smallest size

9 we tested. The dark blue is the 1/8th to 1/4 inch.

10 The yellow is the 1 and 2 inch curled. And the light

11 blue is the 1 inch to 2 inch flat.

12 So you have the different coatings along

13 the X axis and the terminal velocity in feet per

14 second along the Y axis.

15 It was hard to correlate the terminal

16 velocity with density. You'll see in the next slide

17 there's the chip weight per unit area had a greater

18 influence. So thiswas the weight per unit area along

19 the X axis and grams per square centimeter and

20 terminal velocity again in feet per second along the

21 Y axis.

22 So you can see that there's higher

23 terminal velocities with the increasing chip size and

24 weight per unit area.

25 CHAIRMAN WALLIS: Well this is some sort
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1 of average velocity, because these things don't fall

2 regularly, do they? Don't they sort of wobble around

3 as they fall?

4 MS. FULLERTON: Right. This the average.

5 We tracked all of the -- I think about a 100 chips we

6 tracked and took the average terminal velocity.

7 MR. GEIGER: That's of each size --

8 CHAIRMAN WALLIS: This is individual

9 chips, this isn't group chips?

10 MS. FULLERTON: Individual chips. Not

11 group chips, yes.

12 MR. GEIGER: I think it's five or ten at

13 a time.

14 MEMBER MAYNARD: I've got to go back on

15 the previous one. Why do you even have a thermal

16 velocity for the chips that don't sink?

17 MS. FULLERTON: Well, they weren' t dropped

18 on the surface. These were placed --

19 CHAIRMAN WALLIS: Once you pushed them in,

20 they sink.

21 MS. FULLERTON: -- just below the surface

22 so that they --

23 MEMBER MAYNARD: But once'they get below

24 the surfacethey will sink?

25 MS. FULLERTON: Yes, they will sink.
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1 MEMBER KRESS: Right here.

2 MEMBER MAYNARD: Okay.

3 CHAIRMAN WALLIS: Surface tension or

4 something.

5 MEMBER KRESS: Surface tension.

6 MEMBER MAYNARD: Okay.

7 MS. FULLERTON: Right.

8 MR. TREGONING: As Graham mentioned in an

9 actual LOCA environment it's expected with water

10 entrainment to be much more, you know, you won't have

11 these quiescent conditions on the surface. You'll

12 have mixing. You'll have mechanisms for causing

13 entrainment. So the time-to-sink tests with dropping

14 them on the surface were important, but that doesn't

15 necessarily imply that in a LOCA if you had chips,

16 that they would not be submerged.

17 CHAIRMAN WALLIS: Yes.

18 MS. FULLERTON: These are some of the

19 tumbling velocity test results.

20 CHAIRMAN WALLIS: They're picking up from

21 the base?

22 MS. FULLERTON: Yes. This is when we:put

23 the chips on the bottom. Now, this is not the

24 quiescent tank anymore. The quiescent tank was water

25 is not moving, it's a big vertical column. This is a
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1 long tank, so it's 30 feet long with a 3 foot by 3

2 foot cross section.

3 And what we did was place a number of

4 chips on the bottom and a starting area, and then we'd

5 slowly increase the velocity of the water in the tank.

6 CHAIRMAN WALLIS: As feet per second?

7 MS. FULLERTON: This is feet per second,

8 yes. Feet per second.

9 CHAIRMAN WALLIS: So many of these chips

10 were never, if they were on their own, might just lie

11 on the bottom of the sump forever?

12 MS. FULLERTON: Right. Because some of the

13 velocities are pretty high to pick those up.

14 One of the things to observe is that shape

15 effects the tumbling velocity. The curled chips have

16, a pretty low tumbling velocity because they have those

17 edges sticking up, so it was a lot easier for them to

18 get picked up at lower velocities.

19 For the large chips--

20 CHAIRMAN WALLIS: Now; I'm looking for

21 these very small chips.

22 MS. FULLERTON: The very small chips are

23 the ones with the vertical lines. So the --

24 CHAIRMAN WALLIS: Oh, they're the ones on

25 the -- they're the hardest to pick up, are they, is
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1 that right? They're the hardest to pick up? The

2 small ones are most difficult.

3 MS. FULLERTON: Sometimes. There are some

4 differences. So for the zinc they were harder to pick

5 up. Now that's possibly because the zinc, like I said

6 before in the large chips, is curled because that's

7 the way it came. When you get smaller pieces, they're

8 flatter.

9 CHAIRMAN WALLIS: They lie in a boundary

10 layer on the bottom. They're very hard to --

11 MS. FULLERTON: Right. And they're-the

12 highest density so --

13 MR. GEIGER: We tried to draw some

14 correlations between the densities and shapes and

15 things. But because we didn't have anything consistent

16 that we could -- you know the test inputs were all

17 over so that we didn't have any consistent parameters

18 that we could compare over the range to come up with

19 a real, you know, trend.

20 MR. GEIGER: There's a lot of things

21 changing at one time. So if you look at the black

22 bars, those are the biggest chips. You can'see there

23 is an increase in tumbling velocity with.density. So

24 the two, the higher densities are -- but then the E6 -

25 - E6 has the most layers. So E2 is a two coat epoxy,
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1 E6 is a six coat epoxy. So it did take a higher

2 tumbling velocity to pick that up.

3 MR. GEIGER: The E6 system and the E3C

4 system were actually the heaviest chips.

5 MS. FULLERTON: Right.

6 MR. GEIGER: When we looked at the density

7 times the thickness, they were pretty heavy.

8 MS. FULLERTON: Right.

9 CHAIRMAN WALLIS: This is just about

10 velocity of the water you're looking at --

11 MS. FULLERTON: Both velocity of the

12 water, the average velocity over the cross section.

13 CHAIRMAN WALLIS: The turbulence on the

14 bottom depends upon whether the water's coming? If

15 you had a bend, for instance, you would expect that

16 the secondary flows and things would probably stir

17 things up --

18 MS. FULLERTON: Sure. And you'd have

19 different.

20 CHAIRMAN WALLIS: -- in a different way

21 than in a straight flume?

22 MS. FULLERTON: Right.-

23 MR. GEIGER: And these tests. were

24 primarily to see what they would be in like a steady

25 stream. And when it's applied to unique plant
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1 condition layouts, then those would all have to be

2 evaluated. You know, some plants you have a large

3 open area in front of the strainer area, so where the

4 approach velocity would be pretty uniform. And then

5 you have other plants where the location of the

6 strainer is such where there would be a lot of

7 turbulence from water coming out in the RCS and so on.

8 So there's no many different unique applications that

9 it would be difficult to model them all in this test.

10 MS. FULLERTON: So then the last kind of

11 testing that we did in the long flume was the

12 transport testing. We tested -- now here we didn't

13 have the chips on the bottom. We introduced the chips

14 just under the surface and we did this for two

15 different velocities. One was the 0.2 feet per second-

16

17 CHAIRMAN WALLIS: They sank to the bottom

18 before they made it to the end of the flume, is that

19 it?

20 MS. FULLERTON: Some did, -some didn't.

21 That was kind of what we were looking at.

22 CHAIRMAN WALLIS: Some of them did.'

23 MS. FULLERTON: In the 0.2 feet per second

24 most of them fell out. Most of them fell out right

25 away. The alkyd, there was very few that made it to
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1 the end. This is actually for the one to two inch flat

2 chips. And you can see two percent of the -- so

3 there's a bar for each type and you can see the colors

4 show you where they ended up. And I should just

5 define, there's the front section. That was within the

6 first three feet of where we introduced them.

7 The middle section, that's --

8 CHAIRMAN WALLIS: What does the blue mean

9 in that?

10 MS. FULLERTON: The blue? Well, I'll get

11 to that.

12 So there's the front section which is the

13 light blue or it's the one on the bottom.:

14 CHAIRMAN WALLIS: The light blue -- in

15 other words, the end section is the ones where you got

16 zero?

17 MS. FULLERTON: Right. The end section is

18 the zero, so there's none of that color. So the

19 there's the three sections of the tank and then we

20 actually had a filter system at the end of the tank;

21 So there was the bottom of the filter, the middle of

22 the filter and the top of the filter.

23 CHAIRMAN WALLIS: This tank is not

24 prototypical of any of any particular plant?

25 MS. FULLERTON: No. This is a very generic
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1 long rectangle and a filter at the end, yes.

2 MR. GEIGER: The was 30 feet long and the

3 particles, the chips were introduced 8 feet into the

4 tank. And then there was --

5 CHAIRMAN WALLIS: Thirty by what other

6 dimensions?

7 MS. FULLERTON: Three foot by three foot

8 was the cross section.

9 CHAIRMAN WALLIS: Because some of these

10 changes that the industry is using have a much -- or

11 a different aspect ratio. They're not very long,

12 they're not very long flumes, right? They have sort

13 of a big room and they toss stuff in and then they

14 have a filter, a screen.

15 MS. FULLERTON: Right.

16 CHAIRMAN WALLIS: They do not have a long

17 flume like this.

18 MS. FULLERTON: No. This was actually --

19 we had the acrylic flume built to those dimensions and

20 suspended it another circulating water channel that'we

21 had so that we could contain the chips.

22 So, yes, only about 2 percent of the alkyd

23 chips got to the end. Nothing else did. Most of the

24 stuff fell out in the middle section witha little bit

25 of it falling out pretty much right away as soon as it
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1 was introduced.

2 Yes. This is the same type of chart for

3 the smaller debris, the 64th of an inch to 32nd of an

4 inch. And it's very similar. The other sizes were also

5 very similar. Basically all you're seeing is that it

6 fell out in the middle section and didn't transport

7 very far.

8 MEMBER SIEBER: Are the tank velocities

9 typical in and around the sump in about --

10 MS. FULLERTON: The 2 feet per second was

11 what the NRC had advised us to use for the --

12 MR. GEIGER: Most of the testing that was

13 done was at .1 feet per second, I think, which is

14 probably the more typical of approached velocity.

15 MR. YODER: Matt Yoder from NRR again.

16 These tests were around .2 and what you

17 see the replacement strand is they're going in, you're

18 more like .02 -- .002 to much lower velocity at the

19 strainer surface itself. So there will be areas

20 within containment that are higher flow,! channeling

21 flow and whatnot, but --

22 MEMBER SIEBER: But the closer you get to

23 the sump --

24 MR. YODER: -- the'closer you get to the

25 sump, you're talking about much lower velocities than
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1 these.

2 MR. TREGONING: For unblocked screen

3 there's velocities --

4 MEMBER SIEBER: It sounds like you could

5 almost --

6 CHAIRMAN WALLIS: Well, you got to be

7 careful because some of these screens -- what's the

8 velocity based on? I mean, you get these screens

9 which are sort of multiple things. The velocity is

10 often based on the area of the screen, but there's

11 sort of the superficial area of the flow coming

12 towards the screen is much less. So it's a real

13 question of what you use for a velocity.

14 MR. GEIGER: I think what the plants would

15 have to do is they have to look at it go a certain

16 distance beyond the screen and take the area across

17 the flow area and look at what velocity is there and

18 not necessarily behind the screens.

19 CHAIRMAN WALLIS: But I think some of the

20 vendors are looking at using CFD, I think what happens

21 there. I think the Swiss people in their

22 presentations.

23 MEMBER MAYNARD: Well, I think it'll vary

24 quite a bit from plant-to-plant. Because I think

25 you're going to find some where the basement area is
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1 really going to be quite large compared to what the

2 overall screen surface area is. So the velocity

3 throughout most of the room would be very low. You

4 might find some others, though, to where the screen

5 size dominates the space.

6 CHAIRMAN WALLIS: Some these designs, the

7 screens fills almost every available space.

8 MEMBER SIEBER: But they've said the

9 velocity will still be low.

10 MEMBER MAYNARD: Yes. I think it will be

11 low, but it will vary I think. But I think for all of

12 them it's going to be a very velocity.

13 MR. GEIGER: That's how we thought the .2

14 feet per second would be something that would --

15 MEMBER SIEBER: Bound it?

16 MR. GEIGER: -- would be --

17 CHAIRMAN WALLIS: You see we don't know

18 what criteria NRR is going to allow, whether or not

19 you have to consider coatings --

20 MR. YODER: Matt Yoder again.

21 I can say that from some of the vendor

22 testing that we've seen even if you get coatings that

23 approach the screen and actually impact the screen,

24 often these flows are so low that these coatings just

25 fall right to the floor when they're in the chip form.
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1 So a licensee from NRR's perspective may be able to

2 take credit for lack of transport of coatings if they

3 can prove that those coatings fail in a chip form. Now

4 that's yet to be seen. They'll have to provide data

5 to show that.

6 MS. FULLERTON: So then we also tested the

7 debris --

8 CHAIRMAN WALLIS: Excuse me.

9 MS. FULLERTON: That's all right.

10 CHAIRMAN WALLIS: So if you are saying if

11 the coatings were fractured to micron size and so is

12 chips, then they might well go to the screen? And

13 there's something in between --

14 MR. YODER: Then I think they would behave

15 just like CalSil debris or any other particulate

16 debris. We would assume that they would transport and

17 then --

18 CHAIRMAN WALLIS: Right. All right.

19 MS. FULLERTON: Okay. So we tested also

20 in addition to the 0.2 feet per second at the tumbling

21 velocity that was determined from the previous

22 testing.

23 CHAIRMAN:WALLIS: This is much higher?

24 MS. FULLERTON: Much higher. And it's

25 different for each coating and size. So if you look
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1 along where we have the type listed in parenthesis

2 there's the tumbling velocity of that particular --

3 CHAIRMAN WALLIS: 1.4 feet a second then?

4 MS. FULLERTON: Right, 1.4 and down to the

5 ALK, which was 0.5. So still kind of low. So the

6 alkyd, most of the ALK debris and the 2 coat epoxy E2

7 transported to the end of the flume and wound up in

8 the bottom of the filter at the end. Most of the 3

9 coat epoxy fell out in the middle section. And most of

10 the E6 fell out of suspension at the end of the tank

11 before reaching the filter.

12 MEMBER SIEBER: They were the heavy ones

13 or not?

14 MS. FULLERTON: The E6 was the heavy. Yes,

15 that's the 6 coat epoxy ones, the very heavy.

16 DR. SHACK: The alkyd made it all the way

17 to the top of the filter?

18 MS. FULLERTON: Some of it did, yes

19 MR. GEIGER: The 15 percent made it to the

20 top 3 inches of the filter. ,

2i MS. FULLERTON: Most of it wound up in the

22 bottom, and that was the only one 'that ended up-:in

23 either the two top sections of the filter.

24 DR. SHACK: And you had nothing 'in the

25 middle?
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1 MS. FULLERTON: That was the 2 inch. This

2 is the 64th of an inch to a 32nd of an inch debris.

3 It's the same type of plot.

4 Again, you have the coatings is in the

5 parenthesis, the actual tumbling velocity of that size

6 and coating. Most of the ALK and over 50 percent of

7 the E2 and the zinc transported to the end of the

8 flume.

9 CHAIRMAN WALLIS: We have the same

10 question for you we've had for everybody else. And

11 this looks very fascinating, very picturesque, what's

12 going to be used for making any sort of a prediction?

13 MS. FULLERTON: Well, I think the most

14 important thing that we learned from this was that

15 nothing transported at the 0.2 feet per second.

16 CHAIRMAN WALLIS: But if you can sort of

17 say something is zero, that's a useful conclusion.

18 MS. FULLERTON: Something is zero.

19 CHAIRMAN WALLIS: But nothing gets towthe

20 screen. And so dismiss it, say you don't have enough

21 velocity for anything to get to the screen. But when

22 you start to saying well how much gets there, then we

23 don't know how to make the prediction, do we? We just

24 know that for your particular flume' and your

25 particular stuff, you know 54 percent went somewhere.
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1 MS. FULLERTON: Yes. I'm not sure that we

2 saw--

3 CHAIRMAN WALLIS: There's no equation,

4 there's nothing that --

5 MS. FULLERTON: I'm not sure that we saw

6 a trend. We looked at the different trends with

7 respect to size and shape --

8 CHAIRMAN WALLIS: But there's no

9 predictive tool of any sort being tested orvalidated

10 here?

11 MS. FULLERTON: No. In this experiment.

12 CHAIRMAN WALLIS: So all qualitative sort

13 of in terms --

14 MS. FULLERTON: That's right.

15 CHAIRMAN WALLIS: -- of how it applies to

16 a real plant?

17 MS. FULLERTON: Right.

18 MEMBER MAYNARD: Well, I think it does

19 establish some velocities that may not be the exact

20 one, but that if you blow that you probably don't have

21 an issue, but if you're above that, then you have to -

22

23 CHAIRMAN WALLIS: We might establish-some

24 zeros for you.

25 MEMBER MAYNARD: Right.
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1 MS. FULLERTON: Right.

2 MR. TREGONING: And in terms of coatings,

3 that's a very -- it's very important to establish

4 those metrics. Because some plants are looking at a

5 potentially incredibly large debris of coatings that

6 they have to consider. So these metrics would be --

7 CHAIRMAN WALLIS: Square feet?

8 MR. TREGONING: Yes. These metrics would

9 be quite valuable in terms of helping refine what

10 really they realistically have to deal with.

11 CHAIRMAN WALLIS: And the size of these

12 coatings --

13 MEMBER KRESS: Yes. It puts a lot of

14 importance on the generation size that you have to--

15 MR. YODER: As I said, you know, the

16 characteristics of the coating debris is the most

17 critical thing here.

18 MEMBER KRESS: Yes.

19 MR. YODER: I think what this shows Us is

20 if you can prove that it failed these chips, you know

21 it's not transporting it at .2, it certainly wi-ll not

22 transport at .02 feet per second or point .002 feet

23 per second as we're seeing from a lot of these vendors

24 and a lot of the licensees.

25 CHAIRMAN WALLIS: But if you can get a
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1 zero, that's useful. Right.

2 MR. YODER: Correct. But as I said, still

3 some testing remains to be done by the industry to

4 prove that your coatings will actually fail in this

5 size range, in this chip range. Now it may be that

6 some percentage fails like this and another percentage

7 fails as fine particulate.

8 CHAIRMAN WALLIS: So you're quite sure it

9 might well be, you know, you're pretty darn sure that

10 below a certain or above a certain size and for

11 certain kinds of coatings and certain velocities

12 nothing gets to the screen? But apart from that, you

13 probably have to assume that everything else does.

14 MR. YODER: That has been our stance that

15 unless somebody comes in with testing that shows that,

16 let's say zinc because it's a very dense particulate

17 does not transport, then that might be an exception.

18 But other than that, we would assume that the

19 particulate coating debris makes it to the sump and

20 that it's-considered for head loss implications and

21 downstream implications.

22 CHAIRMAN WALLIS: Good.

23 MS. FULLERTON: So in conclusion for the

24 quiescent tests, the ALK debris of all sizes remain on

25 the surface indefinitely and have the lowest terminal
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1 velocity. So when we dropped it on the surface, it

2 never sank and it also had the lowest terminal

3 velocity. And again, the density was very close to

4 that of water.

5 Terminal velocities increased with chip

6 size and chip weight per unit area.

7 In the transport testing the shape

8 affected the tumbling velocity. The curled chips had

9 the lower tumbling velocity because they had more

10 surface area to get picked up with the lower

11 velocities.

12 At the bulk tumbling velocity, most of the

13 ALK debris transported to the end of the flume.

14 When the 2 inch chips were in the bottom

15 section of the filter, then the smaller chips were

16 mostly collected in the center section of the filter.

17 At the bulk tumbling velocity with the

18 exception of ALK of E2 about 30 to 100 percent of the

19 debris depending on the type did not reach the filter.

20 So it was only ALK and E2 that had the higher

21 percentages of debris reaching the end of the flume.

22 At .2 feet per second there was only a

23 very small percentage of ALK and E2 that -traveled the

24 length of the tank. Most of the debris did not

25 transport.
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1 And so for the range of the coating

2 systems and the debris size tested in this experiment,

3 the velocity of .2 feet per second seems to be a good

4 threshold for debris transport, so things aren't

5 transporting at .2 feet per second.

6 I think that's all we have. Have any

7 questions?

8 CHAIRMAN WALLIS: Any questions from the

9 Subcommittee? If not, then you've helped us to gain

10 a bit of time. We get back to where we should be.

11 And if the wrap up in terms of concluding remarks is

12 short, we'll be right on time.

13 MS. FULLERTON: No pressure.

14 CHAIRMAN WALLIS: Remarks?

15 MS. EVANS: Yes, I have 30 seconds, okay.

16 CHAIRMAN WALLIS: Well, you can take as

17 long as you need.

18 MS. EVANS: I wanted to thank the

19 Subcommittee again for- the opportunity to come here

20 today to make our presentations.

21 The focus today has been on the research

22 and results that we've seen since our last meeting in

23 February. As we mentioned in here, the Staff and our

24 contractors are going to be focused over the next

25 several months in completing the review and
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1 documentation of the test results that we have.

2 We expect that that documentation would be

3 completed by November, which would be in time for the

4 next Subcommittee meeting. So I would expect that most

5 to all of the reports would be available at that point

6 in final form.

7 We recognize that there may be a need to

8 do additional research, okay. Tomorrow I think you're

9 going to hear a little bit about some work that's

10 being pursued since our last meeting in February in

11 the area of downstream effects. Today we heard about

12 numerous questions and concerns that have arisen as a

13 result of the research that we've done. The

14 importance of many of those remaining issue is very

15 plant specific. It's a function of the plant specific

16 parameters, ECCS design margins and also the

17 mitigation strategies that the industry uses.

18 At this time we don't view that pursuing

19 research for any of these concerns is the immediate

20 action to take. Our focus is on completing the review

21 of the results and documenting those results at this

22 point in time.

23 The industry's got the lead and the

24 responsibility to address the outstanding issues that

25 are applicable to their plant specific design. Okay.
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1 And we've got, I guess, the NRC's got the lead to

2 verify that the resolution strategies address the

3 applicable outstanding concerns.

4 So as we go forward and move through the

5 resolution process, you know, the Office of Research

6 and NRR, we'll continue to evaluate the need for

7 additional testing.

8 CHAIRMAN WALLIS: Thank you.

9 MS. EVANS: Yes.

10 MEMBER DENNING: It is time for us now to

11 have discussion?

12 CHAIRMAN WALLIS: Yes, I think we Ought to

13 have a discussion on what we heard today. And then

14 we'll have another one tomorrow on what we hear

15 tomorrow. Because it's very different.

16 MEMBER DENNING: I think particularly with

17 the research here.

18 CHAIRMAN WALLIS: Because it's very

19 different in nature of what we're going to hear

20 tomorrow.

21 MEMBER DENNING: Right.

22 CHAIRMAN WALLIS: What I'm wondering is

23 really whether this material is mature enough for it

24 to be evaluated by the full Committee or whether what

25 we need to do is simply make a sort of Subcommittee
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1 report. A lot of this -- we had a letter. We've had

2 a couple of letters on this stuff. The letter we wrote

3 last time I don't think has change in my mind by what

4 I saw today.

5 MEMBER DENNING: Well, since I'm a short

6 timer --

7 CHAIRMAN WALLIS: Yes, why don't you go

8 ahead.

9 MEMBER DENNING: I'll say that I can write

10 the letter.

11 No, I think that the reason that there

12 might be some urgency to have the full Committee hear

13 this and to write a letter is that I think that the

14 approach the industry is going down has some

15 substantial risk associated with it that when NRR

16 really gets into the evaluation, there are going to be

17 issues that are going to be raised that can't be

18 addressed well because we just don't have a

19 sufficiently good fundamental understanding of what's

20 happening.

21 What I've seen over the past couple of

22 years here is that I think Research has done a

23 terrific job and certainly the highest praise to Rob

24 for his presentations and what -- and then what all

25 his contractors have done. But-I see us still on a

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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

v



375

1 fairly steep learning curve. And you know, I keep

2 hearing advances and understanding and I think that if

3 Research continues to work aggressively on resolving

4 these issues and developing a better fundamental

5 understanding in some areas like clearly we don't have

6 a very good understanding of how this gelatinous

7 debris really behaves, that it decreases the risk that

8 down the road here when the tests are really performed

9 by the vendors that we'll get into a box where the NRC

10 just can't approve the results because of lack of

11 understanding.

12 So I would certainly encourage a continued

13 aggressive -- obviously important to document these

14 results. But I would encourage continuous aggressive

15 research in a couple of these areas to help our

16 modeling capability. And perhaps also to do some

17 experiments that would potentially challenge the way

18 that industry will do its large integral experiments,

19 not from a point of view of showing them up, but just

20 making sure that we really do understand how

21 appropriate the assumptions are that they'll be

22 making.

23 So that's kind of my feeling. That it's

24 too soon to stop the research and that the risk of

25 failure at the end of this is increased by limiting
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1 the research now.

2 CHAIRMAN WALLIS: Bill, you can't say

3 anything.

4 Mario, do you have some comments.

5 MEMBER BONACA: Well I agree with what

6 Richard is saying. It seems to me that the biggest

7 issue is how does all these things come together. And

8 when you put them altogether does it really provide

9 you the answer that you want or does it cover all the

10 bases. And then that's really where it's hard to do.

11 I think that probably we need to see what

12 the industry is doing, however, because they may have

13 a plan to do that. And maybe this information is

14 sufficient for the NRC to provide some judgment on

15 what is being presented. So I cannot prejudge what

16 the industry is going to submit to us and is going to

17 do, you know. But I guess what strikes me is there a

18 lot of good information here. But I think about how

19 we put it all together to address the issue, the

20 problem-that we have, I don't know how you would do

21 it. There-are so many uncertainties there and so-many

22 unknowns.

23 CHAIRMAN WALLIS: Jack?

24 MEMBER SIEBER: My turn?

25 CHAIRMAN WALLIS: Yes.
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1 MEMBER SIEBER: The first question you

2 asked was should there be a full Committee meeting

3 based on what we have heard today and probably will

4 hear tomorrow. In my opinion I don't think we're far

5 enough along right now for that. But I think a

6 Subcommittee report would be important, one that's

7 perhaps a little more detailed than the standard

8 Subcommittee report. Put a little more detail into

9 that.

10 I think overall the Research Staff and its

11 contractors have done a pretty good job except there

12 is not a lot of testing that will really define what

13 the analytical models should look like. And of course

14 there's time constraints, there's budget constraints

15 and they all enter into that. And so one has to ask

16 the question will NRR and NRC management know enough

17 from the tests that they have to be able to say that

18 a licensee's proposition is good or not good --

19 sometimes they vary more than one parameter at a time

20 and sometimes it wasn't clear which variation was

21 causing and they have that ambiguity involved and

22 not deeply involved in all these things,' but that

23 ambiguity is involved it seems to me more difficult to

24 accurately model what's going on. And that's one of

25 the problems that I saw that would be satisfied by
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additional research to separate the variables and on

the other hand, the Generic Letter is already out

there. Designs are occurring. There's a balance that

has to be achieved.

I don't think we need a full Committee

letter.I think the Staff's done a good job for the

time and the money that they have. The question is

how long do you drag it out and do you have enough

where you can reach some reasonable.

So that would be my conclusion. Maybe

after tomorrow's --

MEMBER BONACA: It seems to me, I mean

that again, I mean the biggest questions I have is

regarding on how does all this come together in a

convincing way that it works.

MEMBER SIEBER: Yes.

MEMBER BONACA: And I think until I have

some applicant that comes in with an approach and

proposes something, it's hard for me to say what

additional research the NRC needs to do'. Because I

think probably that first attempt to license an

approach will raise a number of questions that says,

you know, you should know more about this and this and

that. And, you know, maybe then that's why I still

have questions in my mind about what additional
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1 research should we recommend at this stage when we

2 know that the industry is coming in with some

3 proposals there that will then test our questions of

4 what research.

5 MEMBER SIEBER: Well, the interesting

6 thing is that the Staff is not designing the drains.

7 MEMBER BONACA: That's right.

8 MEMBER SIEBER: They're resolving the

9 problem. So what they're doing is gathering

10 information about areas that they need to know more

11 about.

12 MEMBER BONACA: Right.

13 MEMBER SIEBER: While the licensees are

14 out running around trying to analyze the problem and

15 design the screens to the proposal. Assuming that

16 that occurs and these proposals come in for that,

17 maybe this body of knowledge will help the staff to

18 understand well enough what the issues are and

19 understand the licensee's approach to tell whether

20 it's a good approach or a bad approach.

21 CHAIRMAN WALLIS: Well, I-think tomorrow

22 we have to ask NRR, and-now they've all -gone home,

23 what they have learned from this research, whether

24 it's enough. If it's enabled them to establish any

25 sort of criteria or process or something that is going
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1 to help them evaluate what industry submits.

2 MEMBER SIEBER: I think that's a good--

3 CHAIRMAN WALLIS: And if they think this

4 is a complete set of work for that purpose, why is it

5 complete. And my suspicion is that they're going to

6 forget it all and they're going to simply have some

7 qualitative idea of the questions to ask, and then

8 they're going to do everything based on what industry

9 submits.

10 MEMBER SIEBER: Well the difficulty with

11 that approach is that the process is going to really -

12 - because the structure isn't there. And I guess that

13 can happen, but I --

14 MEMBER MAYNARD: I think it would be

15 difficult to cover this subject at a full Committee

16 meeting in the current state of things in the time

17 frame that would be allowed. I think a Subcommittee

18 report would be beneficial, but I'm not sure what

19 material you would choose to present and not present.

20 And I also *think there's still some valuable

21 information to come from some later efforts finding

22 out what the industry is proposing and what they're

23 doing I think is important.

24 I do believe some additional research is

25 going to be needed. I'm not sure that at this point
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1 without knowing what the industry is going to propose

2 and without even evaluating what they've got right

3 now, whether just continuing the same research is the

4 right thing to do or whether it needs to set back,

5 regroup and take a look at what the industry's

6 proposing to see where the focus the future research

7 effort.

8 MEMBER DENNING: You know I think there,

9 I mean I think I know what industry is proposing. And

10 I could be wrong, and I heard a little bit today that

11 was different about a version that's a little more

12 analytical. But I think we clearly know that the

13 industry is headed towards integral tests to fill this

14 gap of the proof test.

15 MEMBER MAYNARD: Yes. And I think that --

16 well, I'll get back to where I really think the

17 research probably needs to focus in the future in just

18 a minute here.

19 I do think that a lot of information has

20 been gained. And I think that from what's been done,

21 the Staff may have enough to develop some criteria to

22 at least screen out and determine that there's going

23 to be some plants and some groupings that's -okay," some

24 that definitely have a problem. And there's still

25 going to be some in the middle I think that's going to
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1 be difficult without some additional research there.

2 From my own perspective I think this

3 gelatinous material is the one that is most

4 bothersome. And I think where the research needs to

5 focus on that in that area, a decision needs to be

6 made that we really try to understand it and it's

7 effects or that we really try to understand what it

8 takes to make sure that we don't get that.

9 And that's really what I'm talking about,

10 focusing where we go with the research as to how much

11 you try to understand what it may or may not do versus

12 you really focus on what you need to do to make sure

13 that you don't get that. And so I think that's some

14 of the decisions to be made. I do think it's going to

15 take some more research, though, to be able to come to

16 a conclusion for all the plants, but there may be a

17 population of the plants to where there's enough

18 information now. I don't know.

19 MEMBER KRESS: Well, on the need for a

20 full Committee, let's make it unanimous, let's do a

21 report. I think it's called for.

22 I know--

23 - CHAIRMAN WALLIS: I thought we were

24 standing with not in favor of ..

25 MEMBER KRESS: Well, I don't know. Maybe
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1 it's not unanimous.

2 MEMBER MAYNARD: Try to keep pressure on.

3 MEMBER KRESS: The plurality.

4 But I know it's not NRC's goal or at least

5 they've expressed such to have a fully predictive

6 model. But I think we're getting close. For a long

7 time I thought that would never be possible, but now

8 I think we have some real hope. And the reason I say

9 that is let's look at the issue of typical effects. I

10 think it's a delta function. I think you can neglect

11 it up to a certain level of amount in there, and then

12 it goes up. So Research out to focus on where is that

13 point and where you have to worry where it has to go

14 infinite or wherever it goes. And you can rule -- see

15 it's better or not.

16 I really felt the modeling that we heard

17 on the NUKON and the CalSil with the various layers

18 showed a lot of promise. And I think continuing along

19 those lines-you either have the gel in there or you

20 don't and then you could fall- back on -this porous

21 layer of modeling,

22 With the transport, I think-the need there

23 is for better information on the generation size, and

24 I think there's a need for some actual modeling there,

25 some physical modeling of how it transports and gets
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1 there rather than just it's either going there or not.

2 I think there's a need for some modeling there. And

3 I think you can put all that together then and have a

4 finally definitive model that you can judge what the

5 industry comes in with. And I would actually

6 encourage the staff to think along those lines.

7 One last item, I thought the PIRT was a

8 good move, but if it were me, I would definitely try

9 to some sort of argument to argue away the radiolytic

10 effects. Because you're going to get tangled up in a

11 real mess there. But, you know, that's just my own

12 opinion.

13 MEMBER DENNING: Usually you do a PIRT

14 when you're going to do some research.

15 MEMBER KRESS: Yes. So basically that's

16 all I have to say.

17 CHAIRMAN WALLIS: Well, I was looking at

18 what I what I learned today. We had, first of all, a

19 presentation on the aluminum chemistry and what I

20 learned from that is that it is possible to make

21 surrogates that looks something like the ICET :and

22 probably atypical of what might be found in a plant.

23 But I also heard that it's also possible to screw up.

24 It didn't seem to be really definite criteria about

25 how you do it right. So I was left uncertain there.
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1 I'd say yes we know that there's hope that these

2 surrogates really will be good, but I wouldn't hear

3 enough about -- I was told that it was possible to

4 make them in some other way which was not suitable,

5 and I didn't really know how one would judge whether

6 or not industry had made them in a suitable way. I

7 have sort of a box into which they had to fit. So I

8 didn't have criteria there for evaluating, so I wasn't

9 sure how NRR would evaluate when --

10 ANNOUNCER VOICE: This conference is

11 showing no activity. If you would like to continue

12 the conference, please star 1 now.

13 CHAIRMAN WALLIS: No, we don't want to

14 continue the conference.

15 MEMBER DENNING: Is that a criticism of

16 the Chairman?

17 CHAIRMAN WALLIS: Yes. It's a voice from

18 somewhere.

19 MEMBER KRESS: I didn't-hear anything.

20 CHAIRMAN WALLIS: Bill Shack showed that

21 it's possible to get leaps in pressure drop. like

22 forming gels. And he showed that if you didn't have

23 enough aluminum, it was more difficult you had to wait

24 longer and so on. Again, this didn't lead to any kind

25 of predictive tool for what's the pressure drop when
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1 you do get a gel or when does this leap occur. So,

2 again, it was a bit like showing yes there is an

3 effect that needs to be thought about, but I didn't

4 know how I was going to evaluate an industry submittal

5 on this kind of thing.

6 MEMBER KRESS: I thought you needed to

7 know when the leap occurred.

8 CHAIRMAN WALLIS: Right, you need to know

9 when it occurs and why and to how much time does it

10 take and --

11 MEMBER KRESS: Yes, forget the pressure

12 drop.

13 CHAIRMAN WALLIS: -- how much aluminum do

14 you have and so on. So, yes, we had some idea of the

15 kind of thing that happens, but not much of an idea of

16 how to predict it.

17 And the peer review I don't really have

18 any comments on until I see the peer review. I think

19 that we need to see what these people think about the

20 work, and we didn't really see that.

21 Gravity driven, well again this seemed to

22 be work in progress. It's an interesting. simple

23 experiment, but we didn't see conclusions drawn from

24 the results there.

25 Bill Krotiuk has made some progress in
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1 this region model. The thing that I missed was how it

2 ties in with sort of this factor of two orders of

3 magnitude when he's shown a factor of one order of

4 magnitude. And I felt that, yes, they had a lot of

5 promise but it order for it to be validated for use it

6 had to be based on a broader range of experiments.

7 It's got a lot of promise, but it wasn't something I'd

8 go out and use to predict.

9 MEMBER DENNING: Could I inject a comment

10 there, Graham?

11 CHAIRMAN WALLIS: Yes.

12 MEMBER DENNING: You know even though it

13 looked like -- I think there's some unexplained reason

14 as to why there's such a discrepancy between that and

15 the old NUREG. It really was only a factor of 2 in

16 pressure drop. And I think --

17 CHAIRMAN WALLIS: That was for the NUKON

18 alone.

19 MEMBER DENNING: Yes, that was for the

20 NUKON. Right. Right.But if we could get a factor of

21 two, I would be happy.

22 CHAIRMAN WALLIS: But you know there was

23 this blue square point which --

24 MEMBER DENNING: Yes, I know. Yes.

25 CHAIRMAN WALLIS: -- causes the -- he
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1 didn't actually explain that.

2 MEMBER KRESS: Well, he did mention that

3 he thought it was a completely blocked filter.

4 CHAIRMAN WALLIS: So I think what we said

5 in our last letter still applies. I mean are there

6 questions that Research has made a lot of progress,

7 but it isn't all buttoned up to the point where you

8 can predict stuff. It seems to me it's exactly the

9 same state of affairs as we had in our last letter.

10 I don't really see that we want to have a presentation

11 which leads to the same letter we were at last time.

12 I'd be happy with a Subcommittee report.

13 MEMBER DENNING: As long as we get a

14 letter back --

15 CHAIRMAN WALLIS: I thought we might be

16 further along. I think we might well now send the

17 reply to the EDO0that was held up by the suggestion of

18 a Committee member last time.

19 I'think by November when we get all these

20 reports we do owe a letter evaluating. what's been

21 learned from it all. And it may well be that when we

22 hear from NRR tomorrow we may hear enough that we will

23 want to hear them present to the Committee. What is it

24 they've learned from all this research, how are they

25 going to evaluate the industrial work and so on. We
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1 haven't heard that yet. And I assume we're going to

2 hear something about that tomorrow, but I'm not sure

3 what we're going to hear.

4 MEMBER KRESS: That was a good wrap up.

5 CHAIRMAN WALLIS: So that's the way it is.

6 I feel like Walter Cronkite or somebody.

7 I think we may want to think about this a

8 bit more, overnight and so on.

9 MEMBER KRESS: Well, we have the

10 presentation tomorrow anyway.

11 CHAIRMAN WALLIS: We another presentation

12 tomorrow, too. Right.

13 MEMBER SIEBER: We may change our mind

14 after tomorrow's --

15 CHAIRMAN WALLIS: We may change our mind

16 tomorrow. But if the Commission is hoping that we are

17 going to write a strong letter saying as a result'of

18 what we heard today we've changed our mind and

19 everything is fine and they're on a course to'great

20 success, I'm not sure that's what they're going to

21 get. It's going to be the same letter as last time.

22 There's been a lot of progress, a lot of good work and

23 we don't know how it all comes together.,' ..

24 MEMBER MAYNARD: Again, I'll be interested

25 in what they say tomorrow because that's where the
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1 real key is is how do they intend to use this

2 information to then determine what criteria they're

3 going to use to accept or deny --

4 CHAIRMAN WALLIS: I think it's a bit naive

5 to assume that industry is going to raise all the

6 questions. It seems to me that the key advances in

7 understanding or awareness of phenomena which needed

8 to be considered has not come from industry. It's

9 come from Research and from ACRS. I'm a little weary

10 of waiting for industry to determine all the phenomena

11 that need to be considered.

12 MEMBER BONACA: You know, I made a comment

13 regarding -- I wasn't suggested that, but I was

14 suggesting that that at their first attempt of putting

15 all these pieces together, I think some of the

16 weaknesses will show up and will point for additional

17 work to be done in Research. And I'm not sure, I'm not

18 here long enough, this is the first Committee I

19 attend, but I'm not sure that all the basis are fully

20 understood to make the judgment now. CHAIPMAN WALLIS:

21 Well we' don't know. We've got what? Five or six

22 vendors who present stuff.

23 MEMBER BONACA: That's right.

24 CHAIRMAN WALLIS: It may well be that they

25 will present results which are incompatible.
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1 MEMBER BONACA: And they understand that

2 are some WCAPs which have not reviewed yet, so we

3 don't know what's in there.

4 MEMBER KRESS: We still have to hear about

5 the downstream effects also.

6 MEMBER BONACA: Yes.

7 CHAIRMAN WALLIS: And when we do get all

8 this stuff written up, we do get all the WCAPs and we

9 get all the reports from all this research and we get

10 submittals from vendors, I'm alarmed about what it

11 would take to really review it thoroughly.

12 MEMBER KRESS: A good predictive model.

13 CHAIRMAN WALLIS: I mean, it might be a

14 full time job for somebody.

15 Anyway --

16 MEMBER DENNING: It's not your job.

17 CHAIRMAN WALLIS: Let us stop at 6:00 or

18 before 6:00. Then we can talk about what we're going

19 to do after that.

20 So we'll close for today.

21 (Whereupon, at 5:59 p.m. the Subcommittee

22 adjourned.)

23

24

25

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



CERTIFICATE

This is to certify that the attached proceedings

before the United States Nuclear Regulatory Commission

in the matter of:

Name of Proceeding: Advisory Committee on

Reactor Safeguards

Thermal Hydraulic Phenomena

Subcommittee

Docket Number: n/a

Location: Rockville, MD

were held as herein appears, and that this is the

original transcript thereof for the file of the United

States Nuclear Regulatory Commission taken by me and,

thereafter reduced to typewriting by me or under the

direction of the court reporting company, and that the

transcript is a true and accurate record of the

foregoing proceedings.

Lindsey Barnes
Official Reporter
Neal R. Gross & Co., Inc.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

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



C

Overview ofNRC-Sponsored: Research
Supporting GL2004-02 ResolUtion

C

Ro LErt 1 Tregoning
Office of Nuclear Regulatory Research

ACR• SSubcommittee on
June:

Thermal-Hydraulic Phenomena
13_ -14, 2006 ..



UD
v

....... JIL

Lt".q

Objectives of Research Presentations

1" Discuss motivation, objective and goals for NRC sponsored

research initiatives supporting GL2004-02 resolution

2. Provide overview of associated technical areas for research and-
discuss interrelationships among programs

3. Provide status report for each research program

• Outline objective, motivation, and intended regulatory use

Describe technical approach

• Summarize important results, observations, and analysis conducted
to-date (focus on progress since February 2006 ACRS TH
presentations)

* Provide plans and schedule for remaining. work

4. Describe programs not discussed in February 2006 ACRS TH
Subcommittee meeting.

June 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 2 of 6
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General Research Philosophy

* Motivation: .Recognizecd that research was necessary in important
technical areas to reduce uncertainty. associated with GL 2004-02
resolution

Broad Objectives
* Focus on-technical areas having highest uncertainty (ACRS,. staff,

industry),-and'Where generic evaluation provides the most impact

" Conductsparametric and/or scoping studies to evaluate important
variables -over rangesof: representative conditions.-

" Interact with regulatory staff and industry to infform testing approach &
conditions

* Goals

* Conduct confirmatory research for staff, use inconducting•an-
independent review and assessment of licensee GL 2004-02 evaluations

* Make important results publicly available to:inform ongoing industry
activities

13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 3June of 6



Technical Areas-of Study .-;••:, .. . ... - . .. ,•••:'•

, Chemical effects: Determinepp.otential for chemical by-product formation within
containment pool: environments. Characterize and predict by-products that form.

'. ICET: Los Alamos National Laboratory (LANL)
Chemical Speciation Prediction: Center for Nuclear Waste Regulatory Analyses (CNWRA)

* ICET Follow-on Characterization (LANL)
* Peer Review (NRC)

* Head loss: Measure he'had losses associated with PWR containmen t materials with
and without chemical 'effects' s : " .

*] ::'.Chemical Effects Head Loss .Teting: Argonne National Laboratory(ANL)

M Particulate Head Loss.Testing: Pacific Northwest National Laboratory.(PNNL) .
0 Static Drain Column Testing (LANL) .

D Downstream effects: Evaluate phenomena occurring downstream of the sump
screen

* Sump screen pass-through of debris and effect on HPSI throttle valve performance, LANL
* Effects, of ingested debris on reactor core cooling (NRC, Westinghouse)

* Coatings transport: Evaluate transportability of coating chips to the sump screen,
Naval Surface Warfare Center (NSWC) . "

3une 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 4 of 6
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L 2004-02 Research Team "

)rkincf. GrouD•.
PPlan Develop'ment

Coordination
ew of Results

ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 5 of 6



- . . .1.

Important Messages. -"__

1. In-depth'technical, understanding of aluminum precipitate-formation
(ICET.1, 5 precipitate) in containment pool environments has been..developed.

2. Some iimportant head loss implications associated with observed chemical
products in the integrated chemical effects testing (ICET) have been
identified.

3. External peer review is being used to identify and prioritize outstanding
-chem icalI effects' issues.""~

4. Important phenomena that affect head loss in particulate and fiber debris
beds hasbeen quantified; test data are being used to develop and assess
feasibility of more fundamental correlation relationships.

5. Research is underway to determine if adequate core cooling is maintained
with severe reactor core blockage from post-LOCA debris.

6. Coatings testing has quantified important metrics for. assessing chip
transport to the sump screen; head Iosses for some coating debris,
concentrations have been measured.

June 13.- 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 6 of 6
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BACKGROUND

ACRS raised chemical. effects concern: February.,2003

*Small Scale Chemical Testing: November 2003 testing completed
" Single material testing
* Precipitates formed by introducing metallic salt surrogates.
" Gelatinous chemical precipitate:

* Formed when aluminum nitrate introduced into simulated PWR
containment pool solution

* Caused head loss in test

* Integrated Chemical Effects Test (ICET):
" Multiple materials testing
" Precipitates formed from corrosion and leaching of materials
" Briefed ACRS T/H-Subcommittee: July 2005, February 2006

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06 Page 2
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OBJECTIVES
'4-ýJ

* Need better understanding of:
* Al uminum-based precipitate
S.Precipitate formation under varying

temperature and pH conditions

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06 Page 3



MOTIVATION
- ICET Observations

ICET Temp, C Buffering p pH Insulation: ... Al Precipitate
Test Agent

1 60 NaOH 10 100% fiberglass Yes

" . ... . . ... • • . . .... . .' : 80 " C "- o" ailsil• .: '
4 60 NaCHS 1 No20% fiberglass

5 60 STB 8 100% fiberglass Yes

I

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06 Page 4
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I

REGULATORY APPLICATIONS

* Support NRR.evaluation of chemical effects for
licensee responses to ,C

* Support NRR.,plant.aud
effects,

* Provide information for
effects in -,plant-specific

L,2004-02,

its for evaluating chemical

assessing post-LOCA chemical
PWR containment pools

ACRS Thermal-Hydraulics Subcommittee Meeting
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STATUS AND SCHEDULE •>..
t~.. ;-,i.-

* Draft, NUREG/CR:..

* NUREG/CR publication::

.,,In progress,-

.-October 2006
......-.... ,! "

4.
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Overview of Technical Presentation

I

I- Overview of Aluminum Behavior in ICET Tests
" Concentrations .
" Hydrogen Production
" Precipitation upon cooling "...

* Passivation of Aluminum Coupon
* Supplemental Testing' ,, -

* Post ICET Analysis of Precipitate
N ICP Analysis
• TGA
•TEM
•.NMR

Aluminum Solubility
* Aluminum Phase Behavior
* Surrogate Development

" Production
" Comparisons with ICET solutions/precipitate

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06 Page 8
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-summary of Aluminum Behavior in ICET T4

C

I
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Figure Aluminum Concentration versus Time Figure pH versus Time
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Test Conditions in the ICET tests

Runi Boron1 NaOH TSP 2  -Target Controllin Insulation 3

added added added pH range g buffer
(mg/L) (mg/L) (mg/L) system Fiberglas, Cal-sil

S

1 2,800 7677 9.4-10.0 borate 100 " -%

2,800 - 4000 7.1 - 7.4'. phosphate 100 %

3 2,800 -. 4000 7.1 - 7.4 phosphate 20 % 80 %

4 2,800 8951 - 9.4- 10.0 borate 20 % 80 %

5 ,2.400,.. - . 8.0 T8.5 borate 100 %

ACRS Thermal-Hydraulics Subcommittee Meeting
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L Summary of Aluminum Behavior in ICET
6W Tests (continued)

* Plateau in Aluminum concentration
is consistent with termination of
Hydrogen Production and
saturation of room temperature
turbidity measurements.

, Hypothesis, termination of
Al'funinumn due t6 passivation of Al
metal surfa~e,ý

* High Al concentration also thought
to be responsible for low Si
concentrations in'Test I and Test
5

I
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Summary of Aluminum Behavior in ICET
- .;,••Tests, (continued)**

250
*ICETI ,

r-ilgrSi--conc'eintration 11 OCET4

in Test 4 thought to 0

facilitate rapid 00000 0 0 000

passivation of Al 0- n 000 0
00su-rface. 0

a100 0

50-

0'
0 2 4 6.8 10 12 14 16 18 20 22 24 26 28 30

Time (Days)

Figure Silica Concentration versus Time
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Pssivation of Aluminum Surface

C

'250i

M Bench-top ,Tess have.
demonstrated that Si in
concentrations that were
observed'in T0est 4 effectively"
passivates aluminum surface.

Literature.potential ....
measurements (Triki 1979)
show the rapidl passivating
nature Of-Si. -p - - . .

.ioo

150

4..

0 ..

u 100

E

< 50

0
Testind Time (dl -

., ... . .. • , •• , - • ,

II mn

Figure I Potential-time curves from Aluminum alloys immersed in 0.1 NaOll solution at
60 *C, showing the effect ofaluminate and "silicate" ions : curve a, 0.1 N NaOlI alone;

curve b, 0.03 hl Si; curve c. 0.04 M Si; curve d, 0.04 M Si + 0.0003 M AI; curve e, 0.04
M Si + 0.0006 M A I; curve f, 0.04 M Si + 0.00 12 M A I:curve g. 0.04 M Si +0.0018 M
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ICET Precipitates In Test I and 5

Precipitate, Sample Al (%) B (%) Ca (/) Na (%)-Other

Test #1

11/28 (Day 7) 62 24 7 7 0

,12/20:(Day-29) 41 46 21 10 1

Average 51 35 '5 8 0.5

,..Test #5

08/02 (Day 7) 43 36 13 8 0

08/24 (Day 29) 39 40 13 7 0

Average 41 38 13 8 0

ACRS Thermal-Hydraulics Subcommittee Meeting
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I

XRD Results of Precipitates,

Figure ICET TI Separated Precipitate collected on 2/24/05, 1745 bcl dried at 50 C

ACRS Thermal-Hydraulics Subcommittee Meeting
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ICET Precipitate

.. ... ,ICET Precipitate appears to be
ICET-1 Gel compose of twodistinct materials.

Tincalconite
- Poorly Ordered Boehmite

Tincalconite'appears to form upon
drying and may be washed off of the
aluminum -to 1leave principally

'IAg Boehmite with a large percentage of
,•a,23C •'i•; ,OC boron.,

m TGA Analysis.indicates that
precipitant has large amount of

.- .hydration associated with the
.. aluminum

ACRS Thermal-Hydraulics Subcommittee Meeting
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C) C' C0 -



C C C

5

TEM Examination of Precipitate

Figure I Electrou m icrograplI of tlie Day 15 filtered test siam pie mu agnified 50,000 times.

!P
T5D 15-UF-4kEDSJpg

Figure I TEM Magnified 4000 times of Day 15 Test 5 Precipitate

ACRS Thermal-Hydraulics Subcommittee Meeting
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AI-27 NMR OF:TEST 1

I .. "

a
120 110 100 90

80 I I I
80 70 60 50 440
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AI-27 Solid State NMR of ICET Pre

I

I '

/ \.

S1O .0 100 ISO 0 -50 -100 -150 -200 ppm
27A1 NMR solid-state spectrum of ICET Test #1 precipitate.
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B-11 Solid State NMR of ICET #1 Precipitate'

i
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30 20 10 0 -10 -20 -30 -40 ppm

"Figure f.,IB3NIMR of ICET.#1Precipitate.1!

Page 20
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Solubility of Aluminum

* Solubility. ofamorphous aluminum
approximately tWo orders of magnitude
higher than crystalline gibbsite. ..

* At 25 C solubility for amorphous aluminum 2,
mg/L @,pH 9.6.

* Given that concentration of Test 1 was
initially "'350 mg/L at 60 C would indicate
precipitation at room temperature as was
observed in TeSt" .

* Likewise precipitation predicted for Test 5
upon cooling.

* Aluminum concentration of aged (4 months)
ICET 1 supernatant Was 48 mg/L. pH
measured 9.8

ACRS Thermal-Hydraulics Sut
6/13/06-6/14
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A Aluminum Solubility
i

*I

Predicted pH at 60 C using amorphous aluminum data 1.3.,g/L
(Boehmite is less) .-

K Kinetics of aluminum are slow to reach equilibri'um,

* Equilibrium nalso Very sensitive to conditions of..introducing
reagients. -* ... .

-- .,i . . - .-

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06 Page 22
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Aluminum Phase Transformation

C O

)H/AI 2.90 2.95 2.95+ 3.02 3.25

Thitial pH 5.00 5.50 5.50 8.00 9.50

1 Day 4.85 5.48 5.54 7.85 10.64
Amorphous Amorphous Amorphous Weak Mixed

Pseudoboehmite Pseudoboehmite/Bayerite

1 Week 4.82 5.18 5.41 7.60 10.74
Amorphous Amorphous Amorphous Mixed Mixed Pseudoboehmite

Pseudoboehmite/ /Bayerite/ Gibbsite
- ~ ~~~ 'a yerid te_____ ____

I Month 4.29 4.35 5.04 7.50 10.79
'AmoýrlIous Amorphous Amorphous Mixed Mixture Bayerite

Ps eudoboehmite/ Gibbsite
Bayerite

Heated 4.05 4.10 4.42 7.25 9.47
(65 C) Gibbsite. , . Gibbsite Amorphous Pseudoboehmite Gibbsite

Table. Effect of Age on the pH and Crystalline Structure of Aluminum Hydroxide Prepared from 0.0378
M Aluminum Nitrate Solutions

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06 Page 23
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..Aluminum Phase Transformation (continuei

* Increasing
nrOrinifIdfi

pH of system generally[leads to more crstalline. ....... ~ ~ y ad • ' tb i or e :c . ...!,

I

* Aging of precipitate leads to increased crystalline structure.
* Heating of precipitate leads to to increased crystalline"•• structure:

-; a

* - . a

'1

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06 Page 24
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Effect of Aging on Aluminum Phase Transitio(**•

: • . .. : ." ", .... .t

j 20

ACRS Thermal-Hydraulics Subcommittee Meeting6/13/06-6/14/06 Page 25
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Aluminum Phase Transitions

a Aluminum Precipitant normally: hasýbeen,:seen to -1
undergo a phase transition with aging. - A

* However analysis of ICET Precipitate remained ..

largely amorphouJs.` ;F A,

Hypothesized that Boron, is responsible,. for",O
inhibiting the crystallization of-aluminum AWONS ANONS

precipitate. "-- . .... .. . .

* Previous studies also indicate that even in low -

quantities boron can interfere with crystallization.
* Boron absorption onto amorphous aluminum

consistent with predictions using triple layer model.

- , . .. . . . .. . . . . . . . . . . . . . . . .

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06 Page 26
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Surrogate Development

* ICET Surrogate Solutions developed by:

Dissolving Aluminum Nitrate Crystals into a solution at 60 C
containing Sodium Hydroxide and Boric Acid consistent withICET
;Test 1- composition:

,. Introducing Aluminum metal coupons into a solution at, 60 C
c• ontaining Sodium Hydroxide and Boric Acid consistent with ICETTest 1' €0omposition

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06 Page 27



Surrogate Comparison with ICET 1
I -- 1

[] XRD analysis of washed precipitant of
surrogate and ICET indicates favorable
crystalline structure.

U,

I, .

a Surrogate

a=2.83738, b-12.26414, c=3.68170
with a crystallite size 6of29 ± 1 A.

(

-I

ICET 1 Precipitate

A) ~741- #

0 100A'~

200 ?300 -400 t 500' 600 t 700' - ; 000

Temperature C

* a=2.84440, b=12.25996, c=3.68212 (1
and Crystallite size~of 20 1A

* TGA Analysis indicates similar hydration
*Elemental rComposition (Cooled Precipitate)

* 54 % AI
*3 %Na

43%B

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06
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Surrogate. Particle Size Measurements

" .Particle Size measurements of surrogate at 60 C indicate both particles
approximately 30 ,nm and larger aggregates, of approximately 500 nm.

" At room temperature particle size distributions of surrogate and ICET 1
are not statistically different.

I

I . log ditterentlat hydrodynamic radius

I T * I~.

100.0 1000.0 1.0XK
hydrodynanmlc radlus (1111)

Page 29
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.. ... ... . . . . . . - . . . I , [

V, 27AI NMR of bench-top aluminum nitrate/boron/sodim hydroxide o

pH = 9.5 at 60 C, 40C, and 25 C temperature'after 4 weeks of aging.

,,l•': •25°C;

I k

.... 411 ' 40ooc . ,

-. . .... . •' l. 1. : ':l ," *..."'', ,. .. .

- . *!", i 600C

1fl O166IO fin fin 40 20 Cl 2t -40 (1I

ACRS Thermal-Hydraulics Subcommittee Meeting

6/13/06-6/14/06 Page 30
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I1
Effect of Temperature on Complexation of Boron antr'#4'
Aluminum,--'

* Decrease in Temperature from ICET, leads to. increased
adsOrption of boron onto'aluminum surface.

* EffectOf .adsorptionof boron.is to preclude. crystallization and
thus lead to greater'solubility of aluminum.

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06 Page 31
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arm Summary/ Conclusions

* Behavior of Aluminum in Post-LOCA conditions has been
elucidated

* Solubility appears to be given by amorphous aluminum ("l g/l)
*] Precipitate from ICET 1 identified as pseudo boehmite with

adsorbed boron.
Precipitatinod0f aluminum, upon -iconsistent~ with solubility

predictions."

OPhase transitions of aluminum precluded-by adsorption, of boron
upon cooling. -

.Aluminum production during ICET terminated due to passivation
of .co-dCupon surface: facilitated by presence of silica -

ACRS Thermal-Hydraulics Subcommittee Meeting

6/13/06-6/14/06 Page 32
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Summary/Conclusions (continued)

C a* 4 ..

*] Particle sizes of colloids determined at both room temperature
and 60 C (via production of surrogate) size ' 50 nm and 500
nm.

* TGA Analysis revealed precipitate is extremely hydrated
(".-90%).

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06 Page 33
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Objectives
* Evaluate head .loss associated with chemical by-products observed during the

integrated chemical effects testing (ICET).
*1 Understand how relevant changes within the environment affects chemical

by-product formation, physical characteristics, and any associated head loss.

Motivation
* Program needed:,to.. explore implications of some chemical by-products

observed during ICET.

* Little information exists on head loss associated with chemical by-products.
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Background

* Integrated chemical effects tests at LANL/UNM simulate the chemical
environment present inside a containment water pool after a loss-of-coolant
accident
- Providecritical information on productsthat can-form in sump environments
Chemical effects head, loss test programat ANL intended to determine the

potential for chemi cal products observed in ICET program to contribute to
head loss
- Examine a broader range of conditions than examined in ICET

- In some cases use surrogate chemical products rather perform integrated tests

* Head loss tests in trisodium phosphate (TSP) buffered environments for
chemical products observed in ICET-2, 3 tests have been previously
evaluated and presented to ACRS last February 15, 2006.



Testing Program

0 0)

9'

Examine hea'd loss'from cihemiCal productsJin sodium hydroxide buffered
environments, (representative environments for ICET"Ia 4).
Examine: head loss from chemical prodlucts in sodium tetraborate (STB)
environments (representative environments for ICET- 5).

'9

* Ill

I'
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Regulatory Applications

M ,Research.supports,.GL,2004-02 resolution.

U Information is used to evaluate licensee submittals and to inform the auditing
process.

Future Plansi I '

* June - July: Complete post-test analysis, continue reporting and
documentation.

* Final NUREG/OR on chemical effects head loss testing projected to be
available September 2006.

' ' ' " .- A, ('.)
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ANL Test Facility
FIIWent

Unes In Out

Ultrasonic Cooler
I:[- -f.,

Charging Bleeding
Ports

)10

npicreen'

Fluid volume is 4.2 ft3 .
Diameter of screen is 6.5. in.
At 0.1 ft/s, the transit time
around the loop is about 4
minutes. Two types -perforated
plates used:: 51% flow' -
area/staggered 3/16 in. holes;
40 % flow area/staggered 1/8,
in. holes.

Heater ý
Sample
Ports

"U

Loop can opera, up to I 80 0F
(LEXAN); 140 0F (clear PVC)

Fill/Drain FillDrain

Product mass per unit screen area is presumed to characterize head loss due
to chemical effects. In ANL loop 1 g debris = 47.6 g/m 2
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ICET-3 Environments

I ICET-3,represents plants which use trisodium phosphate (TSP) for pH control
after an accident

M Calcium phosphate precipitates-were the principai chemical product with
potential to cause head:loss observed in ICET-3 environments

U Extensive discussion with the subcommittee -on. these environments in
February
- Head -losses with'chenmical products are greater than with an equivalent amount of

cal-sil
- No significant difference in maximum head loss apparent whether signrificant

dissolution occurred prior to-formation of the debris.bed, although rate of increase
changes significantly

- For a given cal-sil loading, head loss can be highly nonlinear, non-monotonic
function -of fiber o16ading; thinner fiber beds can be more readily saturated with
particulate

- Equivalent dissolved Ca exceeds 75 ppm in a few hours for cal-sil concentrations
down to 0.5 gIL, which is sufficient to cause significant head loss
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ICET-1 and ICET-5 Environments

ICET-7: NaOHR buffered with, NUKO.N. insulation; ICET-5:. sodium tetraborate
. env ite in ignif, .. ..--

M Both environments, resulted i significant dissolved.Al levels, -

- ICET-1 375 ppm.Al,. pH .9.4;'ICET,-5. 50!ppm,. pH - 8.4
- Cooling of. ICET.,T:-!- solution, produced visible precipitates, volume and rapidity of

formation increased as the test continued
7 Cooling of ICET-5.solution~eventually produced small amountsof precipitates
AI(OH) 3 emulsions seem to be the principal chemical product with potential to
cause head Ioss observed in ICET-1 .environments .. ...

Actual plant lev'els ofdissolved Al for same, envirohnments would "scale" With
amount of Al exposed which is plant specific ........

Other, environments (IC ET-2,' 3, & 4) that might be exp ' ed p uce
comparable'dissolved Al levels, did not, due probably to passivation ofthe
metal surface.

... ~~~~~~~~~............... . "-'" :"!::,:!, •.. . . . . ." ' '"........ . . .,i , -" .: .. '
• , ................,.......... . . .,.....

, :." !....:•: .' .•.-'

.7

*~ * .
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Potential Al levels for ICET-1 environments

C

Estimated Dissolved Al levels for NaOH buffer based on ICET Plant Survey

Plant Plant Type Al/I vol. f:2/ft3 (Submerged) Al / vol.
(Spray)

1 day total 30
ppm

day total
ppm

T
U
J

K
Q
BB
N
JJ

S,KK,LL
R

o,P
RR
QQ
x

ICET-1

B&W
CE

3 Loop
3 Loop
4 Loop
B&W

2 Loop
4 Loop
B&W
CE

2 Loop,
4 Loop,
3 Loop
4 Loop

0.29 0.003
0.02 0.000
0.02 0.02
0.01 0.01
0.05 0.003
0.08 0.001

0.005 5e-05
0.12 0.001

1.91e-05 5e-05
,3.360 0.840
0.02,. 0.002
0.04 0:001
0.02 0.000
0.01 0.001
3.5 0.18

0.29
0.02

0.000
0.000
0.051
0.08

0.005
0.12

0
2.510
0.02
0.04
0.02
0.01
3.3

65
5
2
1
13
18
1

27
0

678
5

10
4
3

57

80
6
34
17
20
22
1

33
0

5026
15
13
4
.5

375

Generic sump
time/temperature profiles for
each class of plants
Activation energy for
corrosion from CNWRA;
600C data for submerged
surfaces benchmarked to
ICET-1
Sprays active for 4 h
Spray corrosion rates = 2*
submerged, except for
ICET-1 where the factor is
0.6
No passivation of surfaces
except in ICET-1

No scaling for screen size

SICET-1 Al level is expected to be conservative; most plants with NaOH
buffering expected to be below 100 ppm

M ICET-5 Al level is probably similarly conservative; most plants with STB
buffering expected to be less than 15 ppm

J~REQ~4
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Al Solubility in Water
1000

100
E
CL
C.

10

- ' -' -' - ... " " '"" I" " * "I - '" -

. .. . . . A l solu bility -

Al(OH) 3 (amorphous)

25 C i _ ..

1000

. 00

4-io

''Al solbility
AI(OH)3 (amorphous). o

pH L 9.6J~

"'J h in
8 8.5, - 9

............. pH
9.5 10 10 .. '20 30. '40

T (TC)
50

(aq)" "

For pH of interest dominant reaction: AI(OH) 3 (solid)E qu .lbr i" u b":t" log ....I" I l K lo H

Equilibrium .s olubility: log AI(OH)4 log K - log F! =

+,,H2 0 = H+I(aq) + AI(OH)4

logK.+ pH

At 250C: K =-8.0 x 10-13 (amorphous),.• I x 10-! (bayerite),. I.9 x 10-1.5 (gibbsite)

Solubilities can be influenced byborates, organics, uncertainties in.thermodnamc values. ues-.
I' i . . ". .' • 'pI., 4-, .A -i.• . . , ., i . . ". . ' t• . , . . _ '. .. .. " -
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Chemical Surrogates for ICET-1
* AI(NO 3)3.9H20 additions were used to generate an AI(OH) 3 emulsion
* LANL studies show "aging" behavior of emulsions; variability in initiation and

kinetics reflected in variability in test behavior

Al(N0 3)3 100, 200, & 375 ppm surrogates. Photo on left taken
without flash. Bottles on the far left have no Al additions.

.... . ... 5f
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Characterization of particlesize for ICET-1
log differential hydrodynamic radius .

-.- ICET-1 after'4 months
at ambient temperature

1 00

0.01- _________________

0 .0 0 1 ' . . , ; . . . S a .. a .p r a a .. " :

0.0 0.... o.0 0.0 "100.0 -. 1.! oo' I ' ox"

fnydrodynam1 racluws'(r•m)

log dIfferential lhydrodynamlc -radlus

3.0-

LANL Al & B surrogate
after 20min & 8 h at
6000

0 1 .0 1 0 .0 1 00 .. 1 00 .0 1 . ,,, .- :.o.0". o .10.0 '1 oo.0 -1000. 0 mwo : "=,oXIo in,- ' ' oI . " ' "

hydtrodynamic radius Cnm).

1',..-'~
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Characterization of particie size for ICET-1 (cont'd)

ICET-1 simulation product,

Particle size histogram and cumulative size
distribution by laser granulometry without
' ultrasound deflocculation

Median particle size 19 pIm

ICET-I simulation product

Particle size histogram and cumulative size

distribution with ultrasound deflocculation

Median particle size 2 pIm

Consistent with LANL studies showing
agglomeration of nanoparticles

e) PEON

1' tr
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Head Loss Tests for'ICET-1 375 ppm Al
7 .....- 170

160.

150U)
C-
%.-
0

C-
00

I--

In
U,1

1.,

6

5

4

3

2

1

0

375 ppm Al additions resulted in large
increases in pressure drop
- Increases not associated with visible

pre~ipitate build up on the bed asin-ICET-..
3environments.

•140.-

130
2In

120

W. As temperature dropped
ft/s velocity could not be

to:, 90°F, 0.1
maintained

0- '50'-. - 100 '/l 50'.: 0 ~250 ~
..Ti11mgie iij

7..

4 I
'.0 - -.. I

................................
r. ~

,..,,.-
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Head Loss Test for ICET-1 (cont.)

Initial I CET-1 test compromised by non-
prototypical behavior during Al addition
as8Al(N0 3)3 solution. Heavy "snowfall"
observed as Al solution was added.

M "Snow" dissolved in a relatively few
minutes

• High head losses observed with no
visible build u-pof precipitate on bed; a
thick "jello" did form when flow was
halted and loop allowed to sit overnight



D D O

Head Loss Test for ICET-375 ppm (cont.)
140 , I I I 1, ' ' 1*1' i I i , I S 1. 1 I 1:5.1 I I I-. .. :. . .'- ., • :-'...'-: . 140 ..- °

NUKON ... Temp. 6
130 - ladded att=O -Api

: Aladded at Ap2 5
'~ 120 -7--8mi .. ' API AVE Al

" .. Ap2 AVE 4 -
.110

ICET-i-3(375)B-2 3•k 1003/16/06 " "

I• 90 NUKON 11.57g 2
A Nitrate 615g

80 _ 375 ppm.AI

70 0
0 80 160 240 320 400 480 560 640

Time (min),

A repeat test with 375 ppm Al did. not show any immediate pressure increase
as in the first test, but after cooldown to 100°F, pressure drop began to
rapidly inc rease;no visible product during testrapidly Cr~e•Siln 'viibl---....--
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Head Loss Test for ICET-1 100 & 200 ppm
4

140 ......... Temp (F) 3.5

_P1
y... 120- P2

added at 1 89 m4p .. _"• P P1 AVE 2.5 m
P2 AVE

S100 20
-. ICET-1-1(100)B-2.
C 00L 0'' -'
E - 3/9/06

NUKON 15.015g 1 .
Ai Nitrate 164.06 g

60 MooppmA, 0.5 Initial, short-term tests with
0 100 200 3004 I 100 and 200 ppm AI0 _!00 200 . 30....400 .,--500 600 700 800 0 'a d 2 0 p m A

140

I-.

CL

Ea.

120

100

80

4

3.5

3 "
..0

2.5 t,

20

*01.5 -

showed no significant
head-loss due to chemical
effects

60 0.5

0
8000 100 200 300 400

Time (min)

500 600 700
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Head Loss Test for ICET-1 100 ppm (cont.)

U)

C.)

0

'U
0
I...
0.
0.

0.2

0.1

3.5 -

0

-0.1

-0.2

150

50001-J 10000 , 15000

•" Time (mm)

3  -1
2.5

2

2.5 o

1 _

0.5

)00

4

3.5

3 .

2.5 i

2 'D
0

10.

0.5

Second test with 100 ppm,,
was run for` - days with no "
significant increase in head
loss

Nitric acid.was added to
decrease pH, 0.2;
response in increased
head loss-was rapidi .0 i. N . .... . , . I I I

'U

E.

12

100

50

No visible prodUcts,`
head loss increased
time and varied with
temperature

but'
with,ýý._

0
10000 15000 20000

Time (min)

' -0
25000

(~)
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Head Loss Test for ICET-1 100 ppm (cont.)

-0 Third test with 100 ppm

140 6 ...... 6 Added 15 nm A120 3
120 NUKON.add•d-at . -tO ." Velocity particles after 1 day
100 ." . -p Head lo began
o 80 . .. -4...l....ss nto

"U.to 8." I -1( increase after = 4 daysCL :Safety V .- .,,,, .' ICET-1-I(10O)B-2-: 3 "

60 tripped R e "a 2
added nanoparticlesN 413/06 'o visible product during
ad A] addd 4-1 t 4 i 2

40 add t 184 min NUKON15.5g test or after letting loop* t=387min .. Al Nitrate 164g
20. ,0.0. ".. Al ........... lO"pp°Al I settle overnight after
00 2000 0 shutdown

0 2000 4000 6000 8000 10000 12000 14000
- Time (mrin)

Colloid visible in loop
samples aged several days
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Head Loss Test for ICET-5

M. ICET-5 test performed for. ~
6 days with no indication of
head loss

150 ..... I ~* *~ **

E
0

100

50

;..- NUKON added at t=O r

30 nm Aluminaina
Sadded attuma
* <'t, 421min'-I

I-. " ' ~ ~ ~. " ""-- .-'....-..,Z . . -, ,"-- .

Al added HCI added at AJN03 addedd
(50 ppm) . t.= 8727,min .,.- (100 ppm total)

• . t17420min

I. -i ....I t

i

........- Temp

Ap2

ý_ ICET-5-11-B2
4/26106

',NUKON "1.5g
STB 1248g
LiOH 0.247g

6

5

4

30

0

1

n :1 I . D i
f11111 iniiiiiiiiiiiililll

0 0 5000 - 10000 15000
:•;i TIme (min),

20000 25000

* pH. decreased 0.2,
nanoparticles added With
no indication of head loss
after 5 days,

M .Dissolved Al level'..
increased to 100 ppm
(corresponding to a more
conservative submerged
areaof Al than ICET tests)
and large head loss
observed

E I,. , . * , *

. S -.. ,-
S - - * .
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Head Loss TeSt Wilth.STB and Cal-sit

150 I3 Initial head loss somewhat
......... Tem 2 .5-highertthan seen in tests

2.5" *-"T'&P 2 with similar NUKON/Cal-sil
!10 loadings and other buffers
5T .1.5NUKHea-gd loss decreases with

50"-5 time tOurl,4 oaa nolevels more typical ofE•. 50 NUKONSI 15g 1 .""

NUKON ICaSiLiOH 0.287g 0.5 pure NUKON loadingadded at t=O -. . . ; .. .... : ., :

2000 4000 6000, 8000 10000 0 Expected dissolution of cal-
Time (min) sil during test

• . ' . , .. . • . . . . . . .. : • 49



Summary

IM High head losses observed in environments with NaOH buffer for dissolved Al
levels of 375 and 100 ppm
- Formation of precipitate is time dependent.- Kinetics variable in test with. high head

losses rapidly at 140TF in one test, and with temperature decreasingto0-100°F "
,requiring over.2 hours in a second test

- Solubility of amorphous and crystalline phases differ.by more .than. an. order. of,ý.magnitude;,behavior in -ICET-1 environment reasonably consistent with solubilities
.derived'from literature data for-amorphous materials
High head loss can occur with no visible. precipitates and very small changes in
'bulk-fluid properties ikei'viscosity

STB buffer seems more benign than NaOH or TSP.,

- For-same submerged Al area that produced high head loss in 0-2 h in NaOH
-'buffer,: no significant [head loss observed in~ 11 days with STB buffer

Interaction with NUKON/Cal-sil mixtures produced much lower head losses than
observed in corresponding tests with TSP

(4L
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Chemical Effects Peer Review
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Robert L. Tregoning.
Paulette Torres

Office of Nuclear Regulatory Research

ACRS Subcommittee on Thermal-Hydraulic-Phenomena
June 13 - 14, 2006
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'q7 vbjectives

1. Review technical adequacy of RES-sponsored activities related to
chemical effects in PWR sump pool environments

2. Recommend improvements and identify important technical issues
for consideration',

Program Review Areas
• Integrated Chemical Effects Testing (ICET): LANL
a ICET Follow-up Testing and Analysis: LANL
*] Chemical Speciation Prediction: CNWRA
, Accelerated Chemical -Effects Head Loss Testing: ANL

June 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 2 of 15
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Motivation
7777,77",

* Encourage formal and independent peer.review of research products

consistent with the nature, importance, and timeliness of the
information to be disseminated

*] The results of peer reviews should be made visible

- Sump, Pool-Chemical Effects: Logical: Peer.Review Topic-,
* Relatively new research area (2003) with an aggressive resolution

schedule (2Q07)
n.. Technical area..is sufficiently complex to warrant independent

assessment and consultation
[] Issues could affect GSI-191 resolution path

June 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 3 of 15
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" Intended Regulatory Use

*] All related information is intended to be used in evaluating
Generic Letter (GL) 2004-02 licensee submittals and in conducting
licensee-audits'to, ensure'that GSI-191 is appropriately resolved

Specific Applications
= Evaluate adequacy and'uncertainty of NRC-sponsored: research

findings,-.
Identify outstanding chemical effects issues,"""

* Assess fidelit•of industry-sponsored -chemical effects testing

June 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 4 of 15
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External Peer Reviewers
a ~

Name Affiliation Area'of Technical EXpertise

John Apps Senior Scientist, Earth Sciences ,Geochemical modeling
Division, Lawrence Berkeley National "Gel formation and chairacterization
Laboratory ,... Chemical speciation modeling

-Nuclear waste isolation

Wu Chen Senior specialist, Dow Chemical Co. *Fluid/particie separation

. '*.rIndustrial filtration processes

Calvin Delegard Senior Scientist, Pacific Northwest -Experimental testing and analysis
National Laboratory .An alytical Chemistry

.Nuclear materials safeguards
Robert Litman Analytical Chemist, Radiochemistry -Analytical Chemistry

Laboratory Basics wMetallic/corrosion processes

-Nuclear industry experience

Digby Macdonald Professor and Director of Center for -Electrochemistry and thermodynamics
Electrochemical Science and *Metallic/corrosion processes
Technology, Penn. State University -Experimental testing and analysis

June 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 5 of 15
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-Approach

S..Select peer reviewers . .

.. -Cover range of technical --expertise - . .

Provide diversity ofexperience.

, Provide. initial documentation of research activities: October 2005

Kick-off; meeti g: -Octbber 2005..
* Identify importantltechnical issues/questions associated with research

.-programs for-peer- review
* Surfnnmarize initial documentation h

..Discuss: plans an'd, philosophy associated with ongoing NRC-sponsoredre s e a rc h 7 , .-- 7 :, -... . .. .. . - .. .. ... . .... ... ..

Preliminary'assessment: December 2005
. Identify additiohIa information -needed to complete review.

'-Provide an i mfor m ,review of past and ongoing research aciviti

J June 13 - -14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 6 of 15
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Approach, cont.

" Peer review group meeting:" MarCh 2006'.

" Present research activities between October &-March
" Address peer 'reviewer quedstions and clarify remaining issues
" Conduct PIRT process to identify outstanding issues

" Final assessment: June 2006.-.
* Provide formal review of prior and ongoing research activities
" Identify important research considerations-and outstanding technical

issues through PIRT process

" Peer Review ProdUcts
* NUREG'summarizing the peer review process and significant findings

from the formal reviews. Individual peer reviews in appendices.
" Research Information Letter (RIL) summarizing the PIRT process and

outstanding issues.
June 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 7 olf 15
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-.:.,,Phenomenon Identification and Ranking
.,"Table (PIRT) Process: Philosophy

0

* A PIRT is based on expertopinion:.
m Experts. are enlisted
n Background information.is collected
* A structured pro cess is followed.,
* Informed opinions are sought

Importance rankings and rationales
* ,Know.ledgej •evels a nd rationales

S -Outcomes are documented,,,,.

and reviewed-.

* The PIRT outcomes are fluid; issues validated .or chanjged., as,
additional insights, data, and experience are acquired.

June 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic.Phenomena' Page 8 of 15



C C C

PIRT ý Process'i

comnplete"d piriorltO the'
aracterization.- , '.. .-,,

SSteps 6- 9completed bth" .by t
expert panel.
SSteps are often..iterative

Asteps .documented so that rationa
captured.p

`Important tO ensur-e common
understandingli' .....

* .:,:,Issue &,Objectives.
* Relevant Background
* Scenarios & Evaluation Criteria

S..Information normally
• ,eon.•;-. provided by sponsor

le is
•oetace, Rnk~l

I • •'• • •[•'-o u:t e f ; PlIR',• -,

I . .. . . .. . . . . . .' . . . . . . .

June 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 9 of 15
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Chemical Effects PIRT: Process
-.

--'-Identif technical issues
. Use brainstorming to identify initial issues
, . Document: issues and review summary for accuracy and completeness
* Finalize issuejlist and ensure common understanding for PIRT ranking

* Complete initial PIRT, assessment
Conduct independent rankings
Docu'ment rationales

S•summarize initial assessments
- Identify highly ranked issues with consensus

Identify ýother possible highly ranked issues without -consensus

Conduct panel discussion
S..Obtain agreement on consensus, highly-ranked issues

,.** Explore reasons for lackof0 consensus on other issues and discuss importance

S'Complete final PIRT tables
June 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 10 of 15



Program Review:
7* Some General Comments

*] Integrated Chemical Effects Testing
Tests generally representative

* Some important contributing materials anrd'interactions'were identified

* ICET Follow-on Behnch-Scale Studies"
work has addressed some implications of ICET byproducts and
evaluated effects of changes in critical parameters

* Chemical Speciation. Prediction
" Study identified required, code capabilities and limitations of

commercially-available codes
" More rigorous code development needed to develop adequate

assessment tool

" Chemical Head Loss Testing
" Head loss implications for some ICET byproducts has been gained
" Smaller-scale testing should be conducted for more rapid evaluation

June 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 11 of 15
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Program Review:
Suggested Additional Studies

-L L

* Further smaller-scale parametric studies .necessary.cto completely
address chemical- effects .. ..

* Evaluate outstanding issues- (to be. discussed)- .:--
n Evaluatei plant-specific variability within critical parameters., -

* Utilize close collaboration among analytical deVelopment, chemical
byproduct, characterization, and _ head. loss testing research

Allow accurate interpretation of rbesults.
*] Develop applicable models- .- ..

June 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena*2. ,4• I ._ ," ," ; .• " " - ' " -' ' " • . . . .' + :: "
Page 12 of 15.
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..- ,Some Outstanding Chemical Effect Issues o
(Preliminary)

Radiol0yti effects & Redox potential.
Post-LOCA nickel ferrite, magnetite, nickel oxide, and hematite creation

* Effects of core radiation on" formation of radicals.& reactive compounds
(especially, H2, O,, and H1202)

* Radiolytic reactions within existing debris beds

* Thermal cycling
* Solubility'chariges" (standard and retrograde)' affect precipitate formation

.. Potential'Continuous chemical sourceterm may exist

*] Solution pH of Zero Charge (PZC)
* Precipitation annd coagulation bf chemical species governed by PZC
* Gel formation from colloidal particles related to changes in pH or ionic strength

* Coatings (inorganic/organic) &'other organic'materials
* Chelating agents may discourage agglomeration

-.Solid ýpqaicles may become bound or accrete
* Hydrolysis may partially de-polymerize materials to produce particles or gels

June 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 13 of 15



tF•REGus.

46

.Adressng Out tanding Issues....-

Issues should be resolved within context of current GSI-1911,
resolution plan -

Industry: Lead and ultimate responsibility

NRC: Verify that resolution strategies adequately address outstanding
issues .... . ..... . .

* Importance of many remainingissues will be-a function of plant'
specific parametersECCGS design margin, -and mitigation, strategies

* Changes. in- plant-specific, pararmetes, ma mitiate c

effct implicationW , i . many chemical
" Removing containment materials
" Changing buffering agents or reducing pH of existing agents
" Developing engineering and dhemical solutions to minimize implications

June 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 14 of 15
-. . . . 'I . .o , ,,



:. NRC Research Plans, Status and Schedule

*] Research Plans
* Complete RIL to identify potential outstanding issues
* Monitor industry direction and progress over next several months to

prioritize outstanding issues
* Coordinate with NRR and collaborate with industry to assess and

resolve remaining issues

*] Status
" Draft formal review reports received from each peer reviewer
" Initial PIRT assessment has been completed

*] Schedule
" .-Finalize formal review reports: June 2006
" Complete PIRT: June 2006
" Complete RIL : August 2006
* Publish peer review NUREG: August 2006

June 13 - 14, 2006 ACRS Subcommittee on Thermal-Hydraulic Phenomena Page 15 of 15
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Gravity-Driven Drain-Column
Head-Loss Study "

Dr. T.. Y. Chang
Office of Nuclear Regulatory Research

Dr. Bruce Letellier
S 'LoLsO Alamos National Laboratory

ACRS T/H-Subcommittee Meeting
June 13-14, 2006



I
BACKGROUND:". <'

* Head loss implications not evaluated in ICET
tests by mutual NRC'and industry agreement

* Strategy conceivedto place encapsulated
fiber glass. insulation specimens (fiber pucks)

....jin, ICET test tank during ICET # 3, 4,. and 5

* Post-test fiber pucks evaluated for head loss
using a simple gravity- drivenhdrain column...

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06 Page 2
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OBJECTIVE

* Primary:
.' Evaluate head loss

prno ucts s
caused by ICET-generated chemical

Secondary:
. Developa ' head, loss correlation for flow through.porous

media from fundamental principles
. Permit comparison to existing correlations:

SNUREG/CR-6224 correlation
. MOdified Ergun Equation (suibsequent staff presentation)

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06 Page 3



REGULATORY"APPLICATIONS""**

m Support NRRreview .of. head loss caused by-chemical
products for licensee responses to GL 2004-02

m Support.,N.RR plant audits for assessing head loss
caused by chemical products..

. Provide complimentary. technical information for
assessing head loss caused by chemical products inindiviual pts.

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06 Page 4
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i~

1 ~ STATUS AND SCHEDULE
m

17ý!LA

*Draft NUREG/CR:i In progress

* NUREG/CR publication: 0

ACRS Thermal-Hydraulics Subcommittee Meeting
6/13/06-6/14/06

ctober 2006

Page 5



Drain-Column Head-Loss
Measurements

Bruce Letellier

International and Nuclear Systems Engineering '-
Los- Alanmos National Laboratory,

Janet Garcia
Areslý Corporation
Albuquerque, NM

Will Roesch
Alion Corporation
.Albuquerque, NM

Los Alamos
NATIONAL LABORATORY

- fST.1943

ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006 Page 6 RIV T/•,
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Presentation Overview

C

* Apparatus'.
* Equipment
* Fiber-puck fabrication
U. Rinse procedure

Test Matrices-
* Performance data,-,
n ICET #3, #4, #5 fiber
. ICET #5-solution, "

* Theoy Development-. Head-loss correlation
*] velocity. profiles-• .

* Inference of hydraulic properties
* Representative Results -[ Empty column .

* Clean fiber
. ICET #5

Los Alamos
NATIONAL LABORATORY

•ST. 1943

ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006 Page 7 I•/i AIT'/A
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Sample-Rinse Concept

I

'Empty Column Drag.. Clean Fiber Drag

--Obtain representative head-loss characteristics for "cultured"

ICET test articles without disturbing the chemical system
S-4,.simple drain-time kinetics, are- related to hydraulic properties,

mos -Use pre-compacted samp"les to -avoid complex bed response
ORATORY,. -,•Lbs Alai

NATIONAL LABC
- ESTl1943

ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006 Page 8 /IV&SIA
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urain-Column Apparatus.

" single presSure tranducer for
infeence of lty histOry -,

* Shown without thermal
insulation -f tal

" • . . .. . ... " ' "6"ft tall, 2-"

Shown without temp probe - •[] . ' i inch dilam. ' '

below sam'plelocation p column

Constant temperature storage
ovens" Pressure

*] Reverse Osmosis (RO) water T -

" Approx 3.,7, eachL passes through I,
sample in each rinse

Temp
" 6-foot head maximum pressure Poe

* 'AVg Velocities from 0.05 to 1 ft/s
for impeded to clean fiber +2

reducer and -

Los Alamos L +
NATIONAL LABORATORY

-EST.1943

ACRS Thermal Hydraulics Subcommittee PA 9'."C 0•%
NRC Rockville, MD June 13, 2006 Page 9 ///V AZW-1
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A FiberPuck Fabrication

Processing Ste~ s --.-.

* 7-g of dry fibe
* BIlend:2'min /Boili.2_-3.min
* Pour, and press- into form-....

*] Fiber-Mass Variability
i Fabricationr, loss* ("(0.88

W bissolb'lut os•;iSi:i•/£

m Storage Agitation (r%0O.2

a Rinsing (O0.0

g)
g)

Immersion or Rinsing

5 g)

* ',, 92%.Porous When-tested
a All porosities based on post-

test. dry mass. and

oLosAlamos
NATIONAL LABORATORY

- ST. 193

I
ring volume

Lower and Upper Retaining Screens in Test Section

Page 10 1/1VASR,ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006
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• ..uGeneric Rinse Procedure

Prepare transfer bbottles/test
article and store in oven

-Fill exit chamber to preserve
ineert sarnPle in test section

and attach to column
S,-Top fill column using diffuser
*] Manually open valve and drain

, to reference mark above the
sample-(temperature control)

* •Repeat rinses for full cycle
*..Photograph, dry, weigh samples

LosAlamos"
NATIONAL LABORATORY

E ST. 19 43

ACRS Thermal Hydraulics Subcommittee MA IV

NRC Rockville, MD June 13, 2006 Page 11 /IIVA W
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LTest Matrices

* Performance Data
. Empty'icolumn fo'rcharacterizing inherent flow losses'
* Pure sand beds on filter paperfor comparison to theory -

Sand-loaded fiber fOr comparison to theory .
Clean fiber for establishing baseline '..

ICET Immersed Fiber rinsed with clean water*,,
: ICET #3: Day 0Day "

M ICET #4: Day 0 Day 30'
S-,ICET #5: Day 0- Day 30, Day 6-Day 30, Day,6 .Day 20 (12 total)

SICET ,#5- Solution - Chemistrysimilar to ICET #1-=> visible cooled; ppt,
v rI00 gals. stored at 600C until use,

Rinsed through clean fiber and ICET #5 fiber,
* Some solution cooled rapidly'to 400C before rinsing"th roughclean fiber.

, .Surrogate Calcium Phosphate

LosA Over 60 rinses completed in total exercise-e, ,"
0

NATIONAL LABORATORY
IST.,1943

ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006 Page 12 Ai VAX'/
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Cumulative Matrix and Cooling
Fiber Sample Number

Rinse # 1 2 3 4 5

3

S','• . .•=•• t'-' ,• ''€';

* Can differentiate between
accumulation and shedding if
trends are well behaved

" Nested replicates: 5 reps of 1
rinse; 4 reps of 2"rinses, etc.

* Measured viscosity 55% higher
than H 0 'at 600C

* Cooling, rates were measured
for 5 of the 2-gal test batches.
Average Rate =2.7 OC/min

[] Measured viscosity 5.2% higher
than H20 at 400C

a

I

. -)•; - .... i. ,

LosAlamos,
NATIONAL LABORATORY
- EST.1943

6
1llt. •tn .

12

ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006 Page 13 MV A/IWrzi&
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Typical Cycle Data Record
Pmw Dft. fot •O WU1 1ý Ck. f& M T (T..a13t 9,3"S)

7--

B -

2S

o s'~ sa so -- 1 2w 0 25.2

Pressure Transducer . Post-Cyce.Sampl Phbto

. U ti iq" , -. ,.. .
S 

. ".

.*ET 93 .. .... ... I2 24 -.

-. ACRS Thermal Hydraulics Subcommittee " iA .V% Kj'"

NRC Rockville, MD Ju'ne 13, 2006 Page 14 1/ VAý-
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a :..Components of Theory

",Devel0opment

Inference'

* . . ~.s*-
* ** Y.. -

7Los Alamos
NATIONAL LABORATORY

$EST.1941 -

ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006 1AIAfkPage 15



Velocity Pro"fie! S fro' ...-.
Pressure. Data .

-n% r .ence'.

, Velocity history records conversiOn` of potential to kinetic energy
* Deficit equals time-depndnt head-loss..

m Express tap pressure inlterms of velocity
m Bernoulli Eq. for Unsteady Flow.or Time-Dependent Energy Balance

* m Point 1 at top of column, Point 2 at. pressure tap
* Key Reduction

. First term- describes acceleration g t) p
* Second term 'describes static height

: =Constraints for conversion of measured pressure to velocity
* Instant acceleration _ g
* Instant velocity < velocity under free fall

S-.Cumulative displacement < L

o LosAianmsllnitial velocity and acceleratioh = zero
NATIONAL LABORATORY

'ACRS Thermal Hydraulics Subcommittee Page .VA #'
NRC Rockville, MD June 13, 2006
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Extraneous Pressure Info

* Pressure reflection'scomplicate velocity 7.

inversion,,
Sound speed',1435 ft/s.=>1,ms transit,..:
time 6.5

* 30 to 50-ms sampling rate 6

Several' Numeric Techniques Tried E

" Backward differenting to reference known
velocities

" Repeated rolling 3-,point average 4.5

. 3-point acceleration approx with implicit 4

solution of entire vector

Only Use data where dw/dt t 0 36 37:"• , i" ., .• -• ..: ",, •' ".i Itim e (

*] Photomietric data. mtre reliable, but ... Ep- ~Empty.

. Extremely labor intensive Column
. Complicated by thermal insulation,

oLosAlamos
NATIONAL LABORATORY

-EST.194113

ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006 Page 21 V
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Velocity to Head-Loss

• Energy balance On full drain column
Neglect air motion,' heat transfer, temperature ch•

Tshear &Z K- + rz(

17Frrnallyjintegrate over.timeto get total energy
H W" -- i Z 2 . 3 ... "A

H(t)=-pAgz-z'---[""
oA.. ... o2 otwW dt 9 LA +"" ::L ..- i: " . ' Out " A oit

In i
Ll II -.

jPi

expen

!dA

dec

LI/P 2 + L 3 /

Los Ala
NATIONAL LABOR
- EST.1943

F First term -cumulative potential energy released
* Second term - cumulative kinetic energy passing outlet

Third term(s), cumulative kinetic.energy within segments
.... fators 'cap ture non6rWorm angular flow corrections
. ,Evaluate usingi v(t) and z(t) with reasonable / .

(Z) - jl

age 22~ IFt~~S

ros
ATORY

ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006 P4
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I

U'VeIocity to Head-Loss (cont)

C Consider infinitesimally thin bed With
bed is ambient pressure -Above: bed i

AP t)wpgh gh)b

*Rate "of "work trough ide'lized bedi

constant velocity,
statice pressure.

Below
So,

AwAAP = rhgh

* Cumulative work performed is

AJWA (t')AP (t') dt' = 1( t)
¼.~ .

k " . •

* But H(t) includes finite thickness, acceleration, and flow
irregularity so AP won't simply equal pgh (but very close).

* Los Alamos
NATIONAL LABORATORY

-- EST,1943

ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006
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Inferenceof Hydraulic-.. . ,U . ,
~,'- -

I, t.. .

Properties
J

p. 
- - 4

. . . . . . . . . . . . . . . . . . . . . . . . . . . .. °., - ..; ': """ ..............................

* Previous result'f6r H(t) could'also berelated tootme-dependent
force and an unknown drag coefficient, but substitute selected
correlation instead A.P= auwAAL + bpw2AL

S i 'I• - : ; ; ; ; , . . •

t t

ap fo':ývA2.(4'). dt'+ bpfol 'r,14(t') dF H(t)dtA- AAL

U] Ev'erything' is kn6\,row except coefciit a and
* Cast as highly overdetermined linear matrix eq. set Ax = d

u Must first correct data assuming APIotal = I +APdebris
sired correlation can be fit using computed H(t)• A ny desir d co ! -'be.. .. . . ... .i usi ... g .c ... :., .. ,,, r..,.

Fits are sUpported by the drain velocitV of each rinse butcan be
- .evaluated over a common range for comparison

oLosAlamos
NATIONAL LABORATORY
-. fEST.143

ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006 Page 24
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Performance Data
12.0

"" S I I * I

-- SANDBED002 ~ .I I " I

10.0 .. -- SANDBEDOO4 *:*
* ... I o S . , qSand-bed. comparisons

I W " - E T h e o r y S a nd.•

'rinses each I "+-8Thor 0.520

I I IF: I "

w Sieved 7- to15.0 ..... O-
STheory islinear Ergun with 4.0 ,• . " ". I I ".,,•" I ,., " I I . • Icoefficients of Chag 2.0 g , .

1<P <1Q I;iTT " 1 • I I . .. I•-

-- - - - L _ - 10 I San Bed

200----L.--1gage

It.0 ;~ I I I I apg 16.0 " 0. ' , .3 0 4 0 . -'.6 0.7 ' .. OB0.
I I I ffI a I -Ptva'i•aL',

Coefficient a"ý_lxW08 for sand :- I ' :1

H Coefficient a 3x1O8 for clean fiber 2 10.0---------

. Coefficient a '2x'04 for empty
-column-with #200 sieve

• Los A lam 0.0 2.0 4.0 6.0 9.0 10.0 12. 14.0 16.0 19.0 20.0. ' 220
NATIONAL LABORATORY Tlmo (s)

EST.1943

ACRS Thermal Hydraulics Subcommittee Pe
NRC Rockville, MD June 13, 2006 Page 25 /V A A%-J/ i
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PreliminaryPril-
Repeatability Comparisons

20.0 7" Clean-fiber with 5 rinses of'- I" " I • ' I

10.0--4- nominal 400C RO water-.I 
-1

16.0 -- - - -- CF4OCOO I Parameters for each rinse simply
1.0o ,--- --- o averaged here*

12.0 -ý-.CF40C03. -'CCould regroup by rinse #
10 .. ..0. -. .- Need to evaluate at common

I -7 "..0 .-- -- ., temperature
, -,-- -. ~--•---Nested ICET #5 solUtion matrix• "; .... ... " "- " will yield additional direct

2.0- comparisons.-
0.0-'.'For now, judge variability to be

0, 0.1 0.2-. 0..3 0.4-

Velocity (ftls) At0. ft/s .AP: 1. f::0.5 ft

Alamos
AL LABORATORY

NLos
NATION.

-. EST.1943

ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006 Page 26 1/VA!S14i
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Clean-.Fiber Comparison
ikOf Rinse Solutions

(I)
0 2110

-- - - - -~ - I
~ -

I I.
I yr
I ~ I

Test #5 Solution

RO H20:
250C, 40°C, 600C

ojo.
0.2

Velocity (ft/s)!
* Five rinses each
[ Correlations, evaluated at common temp of 42.31C
* Water responses collapse because p is explicitly factored

Los Alamos
NATIONAL LABORATORY

EST.1943

ICET #5 600C Solution Significantly Higher AP

ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006 Page 27 MVI N'Y



Cumulative Rinse: Matrix for-
SICooled ICET #5iSOlution

[] Sequential rinses show trend of
accumulation".:,
Accumulation remains within..-
variability for up to 5 rinses

in Still need to examine nested
repeatability for multiple"rinses

0
0
0
-J

(13

10.0-

18.0

16.0.

14.0

S12.0

8.0

6.0.

2.0

0.'o

I I II
! __ _ __ _ __

-- ------- - -- E ~-'s--TSS40Ceetl
I I

------- =-'i'TS4OCset2 .... a
II

S II

-" --TSS40Ceet4
II

----- -- '-T5S40 Ceet5 ..-.

- -.--ROW4OCset3
I I I:I
I *.I. . • ' " "I I.'

'I i • : ! I' • •

r iI
.. . . ... ..______________________________________-__ I-: .-- ; -

r i II

0 0.1 0.2

.
• . ,"

LosAlamos
NATIONAL LABORATORY

-EsT:,943

7.

0.3 0.4.

Velocity (fts)

-ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006 Page 28 1f
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aummary of Findings to Date
" QUadraticvec loitytrof"an

eter ofd"snard h loss correlations
should be" refined and interpreted •as a, geometry-specific drag

* Empty-column flo'wlosses are negligibleocompared to samples
" 'ICET #5 shows eVidence of -increased head-loss at 600C
" Cooled ICET #5 solution shows a trend of gradual accumulation

over. successive rinses, but within'range of variability
" ICET #5 sblutithcooled to 400C showed evidence of ppt

No significant difference found between ICET #5 fiber exposed
tovarying duraion in 'tank when rinsed, with' 60C RO

, No comparisons yet of ICET #5 fiber and clean fiber at same
temp1 but solution diffs seem greater than sample diffs

. ICET #3 and #4 have only fiber effects to examine, no solution

Los Alamos
NATIONAL LABORATORY

- ST.1943

ACRS Thermal Hydraulics Subcommittee Page 29T Fl"VA
NRC Rockville, MD June 13, 2006



Critique of Drain-Column

a'tNaturali Ipermits Correlation'Over a range.of Re'.
No constant-velocity pumping complications -

• !Be drecovery".permits indepenent estimate pf•porosity
m "DiSdrete rinsing yields high data return per samrple
* -Negligible equipment costs (< $5K)

' Differentiai Finse matrices Oermit study6of accuimlation,
- release,- and perhaps migration I ,

Ideally sUited for sUrVeystyUdies t ... .......d...
• (overl 60 cycles completed with full; replicates),-,

Automated -level-height. data (photometric or other),would..,
improve accuracy

* Bed variability could be reduced with little effort
S .Precompaction eliminates a significant complication

LosAlamos .
NATIONAL LABORATORY

- ST.1943

ACRS Thermal Hydraulics Subcommittee
NRC Rockville, MD June 13, 2006 Page 30 /W•/l A ,
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Carl Enderlin

Pacific Northwest National Laboratory
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Head Loss Testing

* Project Tide: Head Loss Testing
* Confirmatory head loss testing using typical debris

* Objectives:...."
* Characterize PWR sump head loss for insulation and coating debris.
" Characterize head loss sensitivity to

" debris bed composition .
n debris distribution in bed,
" fluid temperature.

" Design test facility to improve
" temperature measurement and control,
" bed thickness measurement,.
" measurement of constituent mass in bed.

" Provide data to improveý head loss calcu lational method.

* Contractor: Pacific Northwest National Laboratory

2
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" Head Loss Modelng

* Project Title:, Head Loss Modeling..

SObjeive: • ...

* Develop imnproved model'to. conservatively
N pressure; drop across and

predict

U compression of insulation debris on a clogged screen or
perforated plate.'

• .. .. ,., I. . - ] '

3
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Head Loss Testing and .Modeling

N MotIvation:
N Previous testing'indicated. th'e need to furthe'r evaluate, the

head loss effects of particulate insulation mixed with other-
debris types such as fiber insulation. "

* Address concerns regarding previous testing.
" The NUREG/CR-6224 model was developed for BWR

sumps..
- * NUREG/ICR-6224 modelhaS possible deficiencies for

modeling in the presence of particulate.- debris..'
* Improve analytical model to address concerns regarding

pressure drop equation and compressibility relation.
* Provide head loss tests of coating debris.
m Extend analytical modeling to include coating debris.

4
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Head Loss Testing and Modeling

m RegulatoqApplication: -
N Supports GL. 2004-02 resolution1

m Provide NRGCwith additional head loss. test data to evaluate
licensee submittals .

m Provide additional insight on how variations in debris
concentrations "for different plants can affect head loss.

E ProvidN--RC',saff with a calculational toolto independently
assess licensee submittals.

* Provide analiytcal tool to evaluate how variations in debris
concefrtation can affect head loss.

5
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Head Loss Testing and Modeling

* Statbis:
* Completed insulation testing
" Completed coating testing'
m* Completed modeldevelopmentye
m* Model verification and correlation

May 2006
May 2006
May2006

Ongoing

Schedule: r " ' .*

m Testng NUREG/CR draft to NRC

U]

l

[]

Testing NUREG/CR release
Complete model verification
Modeling NUREG draft
Modng NUREG r ele.ase

July2006-
.. ct. 2006i

July 2006
July 2006,
Oct. 2006

6
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H~ead Loss Testing

a PNNL Activities Associated with Head Loss .

Testina for Sump Screen IDebris' Bedsý in
SuoDDrt of th6e Resolution of GSI-19.

7
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Head.Loss Modeling

0

* Approach:; .. -- , ,
*] Analysis modl cnce t uses,-

m head l*os'cal'culatioi based 6n- classical form of porous.-
medium. flow equation (Ergun. Equation). and- .,

m improved method to predict debris bed compressibility.
for irreversible and elastic behavior.

* Methods developed for modeling a debris bed using
" a single homogeneous calculational control volume and

" two control volumes to heterogeneous debris distribution.

* Compare calculational predictions with test data.

8
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Head Loss Modeling
- Debris-Bed Types

Flow Flow Flow Flow

Particles or "Saturated" • _ " P,-,ie,,,.

"Unsaturated" Particles "Saturated" "Saturated"
Tarticles in " in Fiber Particles Particles

Fiber L in Fiber, in Fiber,

Description Honiogeneous Homogeneous Heterogeneous Heterog'eneous
"unsaturated" bed "saturated" bed locally "saturated", locally .over -

bed saturated" bed

Calculational One-volume One-volume Two-volume Tw0o-volume
Method

Head Loss e Best estimate 0 Best estimate * Upper bound for • Upper bound for
.forbeddwith one for'"saturated'.' "unsaturated" bed "unsaturated" bed
debris type bed with two with two debris with two debris
* Lower bound debris types types types
for bed with two
debris types

9



Porous Medium; Pressure Drop
'''Review

scous Term K. netic Term'..

Afl~ebtis = .tVS +______ LL +b (1 1F-s -V

Definition's Value's to be de'ter min-e'd'from tests
IK~dimensionless permeability function ýS debris. specifi-c surface area
- dependept.ton'debris type b, c empiricalv iais~ depehd iitbn

APdebrispressure dip aros s debris be~d -debris type.
L "debrisbe'dthiickn~s'<ý,Iý.
V approach, velocity
X-, void-ratio(VOlv id VP 2sol-ýi-

p .orosity (- -vojd /VOl(ta)

* Calculations indicate that-the '1 eticalterm contributes less than
4-/ of, the total pressure; drop.

p aIO S 4 .. ,:

10
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Porous Medium Compression
t -', -,

Review

* Pressure -drop, hysteresis observed during velocity increases and
decreases.
Analydcal approach

*] F'tirst compression, duringincrease to maximum velocity is assumed to-be

a nonrecoverable, irreversble process.
X /X'=(Pm/pm')-N where X' void ratio at P.' at compression start

Pim' mechanical stress at compression start
* After the first compression the bed is assumed to be elastic with constant

X/ X(P exp IN'-NPI where P highest compressive stress

• Pmax X(Pmaj void ratio at Pmax

Note, the valueof Nwill be determined from test data.

11
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Information Needed for-.
Head Loss Calculation

,.Value of material parameter N for compression.
calculation

M Initial bed tbickness at calculation start .

* Debrissmate"rial pr perties, sspecifiC surfaceare"a($4,
density

'1 ~

*. Material mas ses in, debris bed

" 'Relati66 for maxirmum particulate concentration .
("saturation') conlition in a.. fiber bed',,

m .Kinetic termiconstants h and c not important because
of small contribution of kinetic term-to total head loss.

12
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Information Needed for
Head Loss Calculation

C

SValue of 'mate1ria paramneter N for comp'ression 'calculation
.m N --O.23 using Series 1 test-data

°

* Initial .bed thickness at calculation start
[ A relation for bed thickmess versus debris mass at the start of

compression is obtained using the void ratio definition and Series 1 test
*data at bed-formtatio-n.

=iita 4 (ýXukon-±i) ý' rnNukon-

A, QNukon
+ LýX-CaIS I -+ 11) -MCalSil

A-
- QCalSil

where the empirical values for void ratio at bed formation are determined to be

...XNukon. - 12.5.

XCaISH = 19.1

13
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Information Needed. for
Head .Loss.,.:Calculation

SnDebris material properties, specifics dens

Debris NUREG/CR-6874 and NUREG/CR-6874' Current
Current Recommended Recommended Recormnended

Material Density, Specific'Surface Area- Specific Surface Area

bm/-ft3) ... (ft -1) (ftr)

Nukon~ibers ,-475-- 171,000 176,000

CalSil Particles 115 600,000* 179,000

880)000#

Fiberglass Fibers 9 175. . . 171,000 176,000
inlCal~il ..

* For mixed debris bed

# For thin debris bed

. I

14
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Information Needed for
Head Loss Calculation

* Material -masses- in, debris- bed'M atei~~~~~la•" .~~~~.... ....m.s.e.......•,i e rs e• •.... .. . "''

Series 1, . Nukon . ... .-. ... CalSil
Tests ... ,Added Bed ,,Bed/ Added Bed, Bed/

k•g/rn kg/rn Added kg/im kg/m 2 Added
051108 NO 3067,Li& l.65 , 1.79 1.09:' 0.0 :0.'0 NA'
060125 NO_3067 Li+. 1.65 1.72 1.04: 0.0 0.0: NA
051115_NC_4098_LI 1.42 1.26 0.89.: 0.78 0.67 0.85
051117_NC_2776_LI 0.99 1.00 1.00 0.50 0.34 0.68
051128_NC_2776_L2 0.99 0.93 0.94 0.50 0.33 0.66
051121 NC 1586_' LI 0.57- 0.58 1.02. A0.28, .0.15 0.53
051110 NC 0595 LIA 0.21 0.21 1.00 0.11 0.05 0.50
051123 NC 2181 L1 0.78 0.80 1.02 0.39 0.24 0.61
Area = 0.01863 m2

& Metal/rust particles present in bed.
+ Construction debris present in bed.

A Best estimate bed masses; bed ruptured during retrieval.

The PNNL debris bed mass measurements indicate that only a fraction of
the total debris mass added to the test loop is deposited in the debris bed.

15
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Information Needed for
Head Loss Calculation

m Relation for maximum particulate concentration ("saturation")
condition in a fiber bed. .
* This effect is. possible in beds of .ai thicknesses, but had initially been

observed i thin' _s .and clled a "thin bed" effect.
m Relation .develope d-ft6m curiefit of Series 1 data.
* Relation Will be up dated using Series 2 data'which will-•prvide data fc

fiber densities bel9ow909kg/m 3. ! -. -

denscaisiax .-00000263- denSN Oý 3 0-0.0136357• densNko- 2 + 1.6004170 densNukon

- . error =+0/-'

where

)£

1%

densCaiha~x maximum "saturated" CalSil debris bed density
(mass per debris bed volume, kg/m 3)

.•,'

. .
I ~

16
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Information Needed for.

Head Loss Calculation

"Saturated" C
'K.-> ~ r"

alSil Particle Bed Density in Nukon Fiber Volume

I ~ FrmmPNNL Seies 1 Data - Curve Fit I
v=00002 3x - 0.01365X + 1.6004176; '6

E

a)

C)

r-

........ :"".... " Partich "Over-

50 " Curve Fit of sturaied" e-Ld

S""Saturat d"

4i "Particlejed,
SDensit +01-4% error

................. t

3o . Pfrticl~

"Uns turated"
.. '" :ed

20 ed

10 °

0
0 20 40 60 80 100 120 140

Nukon Fiber Bed Density (kg/m3)

* Series 2 tests will provide data for densities below 90 kg/rn 3.
17
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Head LosS Calculation

D

i The following examples compare predictions to
* Series 1 ,test data obtained using a metal screen

* The final NUREG, report wi]1 include predictions for
* Series.

* Series 2

test data obtained using a metal screen

test data using a perforated plate

.1

18
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HJLead Loss Calculation
:HeadLoSSVs, Velocity for Nukon-Only Test

PNNL Series 1 Test 060125_NO_3067._L1 (Nukon Bed, 1.72 kglm2, 22-26C)

I 0 data-first v increase - - * - -data-after first v Increase --- calc-first v Increase E3- calc-elastic region A NUREG6224-aU v I

C)
(C

0.
0
a
C

(a
C)

0.

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Approach Velocity (ftlsec)

* One-volume model predictions for a Nukon-only bed are close to Series 1 test data.
19
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Head Loss Calculation
Bed Thickness Vs. Velocity for Nukon-OnlyTest

PNNL Series 1 Test 060125_NO_3067L1 (Nukon Bed, 1.72 kg/m 2, 22-26C)

F- -- data-measured first v Increase - - - - data-body triangulation -*-- calc-first v increase - - 0- calc-elastic region A NUREG6224-all v I

-Y

0.0I0.1
0.0 0.1 0.2 0.3 -0.4 0.5 0.6 0.7 0.8-- 0.9 1.0

Approach Velocity (Wsec)

* One-volume model bed predictions for a Nukon-only bed are close to Series 1 test data.
. ' , .". . 20
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Head Loss Calculation,!eaA'L C •• ... s scty al- ....•'T
Ha LoS Vs. Veloci for-Nukon-C aSil est

Nukon/CalSil Bed, Test 051115_NC_4098_L1 (1.93 kglm2 , 21-25C) - Two Volume Model

j-4-data -Bcalculatlon-two volume model --6-data-one volume model

60

0

C,

0 i - 4 4 -
0.00 0.05 0.10 0.15 0.20 0.25 0.30

Approach Velocity (ft/sec)

* One- and two-volume model predictions for a Nukon-CalSil bed bound Series 1 test data.
* Increase in head loss attributed to debris addition and redistribution. 21
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Head Loss Calculation
Bed Thickness Vs. Velocity for Nukon-CalSil Test

Nukon/CalSil Bed, Test 051115_NC_4098jL. (1.93 kg/m 2, 21-25C) - Two Volume Model

(A
0CD

0.6

0.5

0.4

0.3

0.2

0.1

0.0

----- data-first v increase - - data-after first v increase ---2--calc-first v increase -0 -- calc-elastic region

SN,,, = 176,00 ftC'

Sews,= 179,00C ff
- -7"-•.---, .... •o. • __._Data: "

"wo-Volum clodel

9 A; I. " -,-.

0.00 S0.05 0.10 0,15

Approach Velocity (ft/sec)

0.20 0.25 0.30

* Bed thickness predictions are close to
.r , r t

the Series 1 test data.
22
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Head Loss Testing and Modeling
Modeling Summary

" Head loss calculational method developed
* Provides best estimate head loss for a homogeneous debris

bed

m Provides bounding head losses for a heterogeneous debris bed

" Series 2 data will optimize calculational parameters

" Particulate "saturation" condition relation for particle/fiber
debris beds

* Mechanical stress ratio for bed compression

* Initial bed thickness at low velocity

" Values for debris specific surface area

23
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PNNL Activities Associated withHed Lo'ss Tstn Sump Screen..... 'a " • 6.........for S u m

Debris* Beds in Support of the
Resolution of GS1,191

June 13, 2006

Principal Investigator: CW Enderlin

Engineering Team: WH Combs, AD Guzman, ES Mast, TE Michener,
F Nigl, TJ Peters, BE Wells, M White

ii
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Outline
Review of Test Loop Setup, Capabilities and'..
Measurements

t Review of Debris Loading Sequence Results

o Description of Series 2 Test Conditions and Measurements
1 Overview of Test Procedure/Velocity Sequence

ff

Results
Results
Results
Results

of
of
of
of

Nukon-Only Test,
Nukon and CalSilTests
CalSil-Only Tests
Coatings Tests

Summary of-Findings

Baltelle
Pacific Northwest National Laboralory

U.S. Department of Energy 2
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eW, of -Test Loop Capabilities & Measurements-
l Benjchtp Io,4inch diameter test seCtion -

I- Large Scale LoOp, 6-inch diameter test section
" Uniform cross section, screen extends into pipe Wall
SStraight section0 of piping in. excess of 20.1LD upstream and 10 L/D

downstream of screen
" Pressurized(t150-psig maximum) to maintain gasin solution
" Temperature control to 900C

No Head loss across the debris bed measured with a delta-P
transmitter array

to In situ debris bed height measured during test
to Filtration "system to remove suspended solids (>10 pm)

after debris bed formation: ....
O Debris injectionyvia closed system with controlled dilution,

slur'ry agitation,"debris introduction sequence, and-flow rate

Pacific Northwest National Laboratory'
reiie U.S. Department of Energy 3BaI



i ew-of Debris Loading Sequence Effects *

get conditions: Nukon=1.01 kg/m 2 , Calsil=0.51 kg/m 2, total loading=1.52 kg/mr2 ,-mass ratio 0.5
9-

*Case 1A -xCase 1B.A.Case 2A.A.Case 2 B.PCase 2 CCase 4.A uCase 4 B.a4I °

if K

0

I-A

0

14

1000

900
'800'
700

-,600,
500
400

,300
200

Time Delay

* Nukon bed-first .

I.1,

A A

A
-M -e*s

7~~~~~~P Me J .f.Pxor~

H'A100
.: 0

" 0.051., 0.1 G0.15- 0.2 0.25, 0.3

teen Approach Velocity (ft/s)

.0.35

-- lo"-Constituent loading seqquence during.debris bed
'.ýinfluence head,loss...,,•:.

formation can strongly

Baltelie.,,
Pacific Northwest National Laboratory

U.S. Departnent of IEnergy 4
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onditions for Series 2 and Coating Tests

Debris constituents premixed prior to introduction
Iml- Perforated plate used (1/8 in. dia ports, 40% flow area)
fr Testing. performed at multiple temperatures,.,-.I

K, Dw-Uu rin-g debris- bed form-ation screen: approach velocity
maintained-at--0-1ft/s for insulation-tests-

IP*. Following -initial debris-bed-formation; loop pressurized'
screen approach velocity-increased, and filtering.(10. Am) of
loop fluid perfOrmed

to' Debris..bed--height-measurements determined from -post-test
analysis of opti#cal triangulation photos,...

:. Debris -beds- characterized- as complete, channeling formed,
and incomplete. Incomplete debris beds did not have
complete coverage at any time during the test.

Baltelle Pacific Northwest National LaboratoryBatteiieU.S. Department of Energy 5
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IB"unt of PNNL Sump Screen Debris Tests
Conducted

. . . .,.

4 ...

..

. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .

Debris Constituents I Number of Tests Performed.

Vt ScreenOnly I>K k2:

Plate Only-. .2......
'•: °,. alSi1. OnflY•. ..: , , ..• • . : , •"":

Nukon Only 86.:..> 3

Nukon and CalSil 39 ...

ZEAA 'Coating. 31
ZE Coating 1. .

L

I,

Baltelle... .. 4,."

Pacific Northwest National Laboratory
U.S. Department of Energy 6
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Overview of Tes rocedure

Debris Constituents prepared immediately .prior to
introduction into the testloop.

t Flow rates through the loop and the injection lines were
repeated.for all •insulation tests..

1ý :Bed formation conducted for a minimum of 1 hr (7 comr
loop circulations).

)lete

Completion of debris bed formation and steadv statecon at- _eak velocities determined from 10 minute
difference'&of 1 ,minute running average.

S0.02 > j

O Filterinq performed after first'ramp up in velocity for approx. 5
comple'e loop circulations. Filter by-passed for remainder-of
test.

Ballelle Pacifi Northwest National Laboratory
U.S. Department of Energy 7
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Test Results Nukon only
Test 0.60425 NO_2703 LP1

Target debris Loading: 1450 g/m 2 (No CalSil)

Io Nukon introduced: 27.03 g,Nukon retained: 23.19 g (86%)
I..

LI~LJI I~ LJ~U

|1"

viewed from belowRetrieved debris bed viewed from above

Baltelle

Retrieved debris bed

Pacific Northwest National Laboratory
U.S. Department of Ene~rgy 8
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Testt Results Nukon only (cont.)
060425_ NO 2703 LP1
Flow History at 21 0C

70

60
&
•50

.S40

020

10

0

0I

Test Phase

0.00 0.05 0.10 0.15
Screen Approach Velocity

0.20
(ft/s)

0.25

IoDebris bed' head loss influenced by flow history.

Battelle
Pacific Northwest National Laboratory

U.S. Department of Energy 9
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Test -Results: Nukon only (cont.)
.''.'060425iNO_, 2703_ LP1
-.,,.Temperature Effects

0

80

o60-

g.40
50'

430

a)20

10

H

A

p
A

1~

E

I,

*•2'1C854C

A 82C,

0

0.00 0.05. 0.10 0.15 0.20 0.25
Screen Approach Velocity (ft/s)

to-Head loss decreased with increased temperature.
by time at flow.

Results impacted

Ballelle
Pacific Northwest National Laboratory

U.S. Department of Energy 10
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FF7Test Results Nukon only (cont.)
060425 NO 2703 LP1

Optical Triangulation Picture Sequence
j 

-

AK',

Test Phases -.,-Screen-, Average;
Analyzed Approachr '. , . t Body.

Velocity eig Height
fIts) (in) (in)

Ramp Up 1 . 0.10 0.72: 0.38'

Ramp Up 1 0.20 '0.66. 0.33
Ramp Down 2 0.02: 0.71 0.41

Ramp Up3 0.10 0.64 0.35

Ramp Up 3 0.20 0.61 0.29
Ramp Down 3 0.10 0.61 0.33

Ramp Down 3 0.02 0.67 0.38

Ramp Up.4 0.10 0.62 0.32.Ramp Up ý71 .I-I

-Debris beds contract and relax with continued changes in approachvelocity.

Battelle Pacific Northwest National Laboratory
U.S. Department of Energy 11
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Test ResuIts NUkon and CaISiI

60426_NC 0708&;LP1. and 060517 NC 0808 LP1*

to- Target debris Loading: 380 g/rn2
(Nukon - 40.4 g, CalSil - 3.04 g)
to. Mass retained: 3.97 g (56%)
0. Complete debris bed'"

toTarget debris Loading: 434 g/m 2

(Nukon - 4.04 g, CalSil - 4.04 g)
0Mass retained: 5.54,g (69%)
NoIndicationsof channeling at

increased:velocity

* I ~..' .

Baltelle,:.,
Pacific Northwest National Laboratory

.. "U.S. Departm-ent of Energy 12
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'esIuts Nukon and CalSil (cont.)

ý60426_-NC _0708 LP1 and 060517 NC 0808 LP1
<>060426 NC-, .0708 LP1, 21 C * 060426 NC 0708 LP2, 82 C

A 060517 NC,:_0808 :LP 1, 21 C 060517 NC 0808 LP2 82C
. rr • .

i

0 80

C,,
C,,
0.

'-4

d.)

60

40

-20-

' 71;' ;i ..... ' ;

.. .. .. .. .. ... : i . '. " 2

A

A

.7. . .

0

0.00 0.05 0.10 0.15 0.20 0.25
Screen Approach Velocity. (ft/s)

loss decreased with increased temperature.iPHead
I-lncreased CalSil loading at constant Nukon loading increases head

loss.
Pacific Northwest National Laboratory

U.S. Department of Energy 13Ballelle



Test Results CalSil-Only
05i0,COL1469_ BP1'and 0605.10_CO_1763_BP2

"r Target debris'Loading: 181.2 g/m 2

(Calsil -14.69g)'"•
to Mass retained: 1.92 g (13%)
O,- Incomplete debris bed

loTarget debris Loading: 2175 g/m 2

-(CalSill- 17.63 g)
oMass retained: 2,37 g (13%)
-Incomplete debris bed

Pacific Northwest Nationial Laboratory
U.S. Department of Energy 14Baltelle



C
. ..

510.-ýCO_ 2351 _B.P3.and 060512 CO_8108LP1

Target debris Loading:,,2900 g/m 2

(CalSil'- .23.51.g),
00 Mass retained: 3.16 g (13%)
0- Incomplete debris bed,

IoTarget debris Loading: 4350_g/m2
.CalSi 7-.81. o8 ,g ,.,- .

IMass retainfed: 8.09 g (1 0%),,,
-Incomplete-debris beýd

V

I-At debris loadings and selected debris preparation tested, CalSil alone
did, not form complete debris beds.

Battelle Pacific Northwest National Laboratory
U.S. Department of Energy 15
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Test Res uts Coatings.
50501,PQC_2609 _LP1 and 060504,PQZ_2609_LP1

o-Target debris Loading: 1i400 g/m2

SProcessed AA - 13.05ý ,g; "'1/4 in" AA -
3.05 g)- ,,

OMass retained:: 15.04-g(58%)
to Channeling observed -

O-Target'debris Lo'adingi:.1400'g/m 2

SProcessed ZE - 13.05 g; "1/4 in"ZIE -

O-Mass retained:- 15.85g (61.%)
I'lIncomplete debris bed

If

Ba.teee
- Pacific Northwest NatOnalLaboratory

U.S. Department of Energy 16
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Test Results Coatings (cont.)
6050.1 PQC 2609 LP1 and 060504 PQZ 2609 LP1

I-.

* 5*

S ~

! C'- !'AA, 060501 _PQC 2606 _LP1, 21 C
* AA, 060501_PQQ -.2606_LP2, 82 C
A ZE, 060504_PQZ_2606_LPJ1, 21 C.i>*1

S~, ''S-. .'. :.~ --

4'0

~20

ý10
0

A.-. . .

k

0.00k 0.05 0.10 0.15
Screen Approach Velocity

0.20
(ft/s)

0.25

O-Head loss decreased with increased temperature.
I•AA coating formed more complete debris bed than ZE coating.

Ballelle
Pacific Northwest National Laboratory

U.S. Department of Energy 17



Summary of Findings,

Debris preparation and constituent loading sequence during
debris bed formation can-strongly.influence head loss and
physical integrity of debris:bed.:--'..

, PNNL Nukon-only debris beds "ýyielded relatively repeatable
results. Com plete-debris beds were generated at debris
loadings Ž 217 g/m 2 (minimum limit not determined).

t Complete CalSil-only debris beds were not formed.
0 Debris beds contract, and relax With continUed changes in

approach velocity.
h For most cases, head loss decreased with increased

temperature. Results affected by flow history..
D. For same target Nukon-only debris loadings,,the differences

between results obta'ihed with 5-Mesh screen and perforated
plate were minimal.

S.. . . . -. -

Pacific Northwest National Laboratory
Batte.en -. . ; . . ;., U.S. Department o[ nergy 18



Transportability of Coatings Debris

Ervin L. Geiger
Office of Nuclear Regulatory Research

Anne P. Fullerton
Naval Surface Warfare Center.',

;Carderock Division -

ACRS Subcommittee on Thermal-Hydraulic Phenomena

- - , June, 13-14, 2006 .
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Transportability of Coatings-ý Debris

+ Objective
* Characterize the trarnsport behaviorbf coatings debris in

water i"Uddrdrstagnart and flow conditions.
4 Motivation 7 -

* Current Safety Evaluation places conservative assumptions
on ECCS sump screen design by assuming that all
unqualified and failed qualified coatings transport to the
ECCS sumps during a LOCA

+ Background .
* Delaminated coatings have' been observed in the

containment buildings of nuclear power plants. During a
DBA LOCA, these failed coatings may be transported to the

o ECCS sump during recirculation phase of ECCS operation.
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~Transportability. of, Coatings Debris
+,Intended Regulatory Use

.Provide informationto aid staff's assessment of
licensees' responses to GL 2004-02 and support
associated audits

* Inform plant-specific analyses of coatings debris
transport

+ -Status

" Testing and analysis completed..
* Report in draft form.

+ Schedule
* NUREG/CR publication date scheduled for Fall,

2006.
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ORJ REG,,

* , 0Z?

Research Concept
* Characterize the transportability of coatin-gs

.debris. in p articUlar, Study the effectS of:f
* Coating system variation
" -Debris size* -
* Debris shape
" Debris density
" Debris thickness
" Water velocity

L)

4. -
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Coatings Tested

4 DBA Qualified
n Zn primer with two epoxy topcoats (ZE)
m Epoxy. primerand topcoat (E2)
n Epoxy sealer, epoxy surfacer with two-epo*-y

topcoats (E3C)

U*- Unqualified
n Epoxy, siY-coats:(E6)
n Alkyd topcoat (ALK)
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0 Test OVerview:-.

4 Quiescent testing
* Time-to-sink .

" Incipient (timre' for first debris to break su"rface)
" Bulk (time for 80/% of debriS to blreak.surface)

Terminal velocit/ . . .

4 Transport tests
" Tumbling velocity

" Incipient (time for first debris to begin movement)
" Bulk (time for 80 % of debris.to'.begin mdvement)

" Steady-state velocity
* At bulk tumbling velocity
" At 0.2 ft/s

0
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Test Matrix for+Quiescent Tests

Size . Coating System Initial, Bulk, - Terminal
and and Final Velocity

Time to SinkSShape . . ....

1"-2" flat ALK, 'E2,1E6, E3C dry & presoaked presoaked
(ZE did not occur in flat)

1"-2" curled ZE, E2, E6 dry & presoaked presoaked
(ALK and E3C did not hold

curl) _ _•

1/8" - 1/4" ALK, ZE, E2, E6, E3C dry & presoaked presoaked

1/32" - ALK, ZE, E2, E6, E3C dry & presoaked presoaked

1/64" , -

Distribution ALK, ZE, E2, E6, E3C dry & presoaked presoaked
Note- zE; E2;.E6 EXC balso6iderwent thennal curing procss of 1200/2 days and 15ý/2 Weeks

June 13, 2006 Transportability of Coatings Debris 7..

7



0

ýTest Matrix for Tumbling Velocity
Tes''ts

Size/Shape C:,.. : '.,coating Tumbling Velocity

1"-2" flat ALK,-E2, E6, E3C incipient, bulk (80%)

1"-2" curled ".ZE, E2, E6 incipient, bulk (80%) -

1/8" - 1/4" ALK, ZE, E2, E6, E3C incipient, bu!k (80%)

1/32" - 1/64'. ALK, ZE, E2, E6, E3C incipient, bulk (80%)

Distribution ALK, ZE, E2, E6, E3C incipient, bulk (80%)

0)•
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Test Matrix for Steady-State
Transport Tests

Size/Shape Coating Velocity

1"-2" flat ALK, E2, E6, E3C 0.2 ft/s, tumbling

1"-2" curled ZE, E2, E6 0.2 ft/s, tumbling

1/8"- 1/4" ALK, ZE, E2, E6, E3C 0.2 ft/s, tumbling

1/32"- 1/64" ALK, ZE, E2, E6, E3C 0.2 ft/s, tumbling

Distribution ALK, ZE, E2, E6, E3C 0.2 ft/s, tumbling

June 13, 2006 Transportability of Coatings Debris 9
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Tumbling Velocity Testing Results
1,60

1.40

S1.20

1.00 0 1"-2" flat
[] 1'-2- culded

0.80
01/8-.1/4'0.6o M 1/64--1/32-

M 0.40

0.20

0,00

ALK(1.15 E2(1.75g/cc) E3C (1.85 E6 (1.75 glcc) ZE (2.54 g/cc)
g/cc) gocc)

,.Shape (flat vs curled) affects tumbling velocity with curled chips
having lowest tumbling velocities
tFor the large chips, the tumbling velocity increased with increase in
weight or density
*In general, there is no systematic trend with chip size
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Conclusions
4, In quiescent tests:

" ALK debris of all sizes remained on the surface indefinitely and also had lowest
terminal velocity.

" Terminal velocities increased with chip size and chip weight per unit area

# In Transport testing:
" Shape (flat vs curled) affects tumbling velocity with curled chips having lowest

tumbling velocities
" At bulk tumbling velocity, most of the ALK debris transports to end of flume.

1"-2" chips were collected in the bottom section of the filter and smaller chips
were collected in the center section of the filter.

" At the bulk tumbling velocity, with the exception of ALK and flat E2, 30% to
100% of the debris, depending on the debris type, did not reach the filter.

" At 0.2 ft/s, only a small portion of the ALK and E2 chips travel the length of the
tank, with most debris falling out of suspension before reaching the end of the
flume.

+ For the range of coating systems and debris sizes tested, a uniform stream velocity
of 0.2 ft/s appears to be a good threshold for debris transport.
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