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(]) 1 UNITED STATES OF AMERICA

2 NUCLEAR REGULATORY COMMISSION

3 ADYISORY COMMITTEE ON REACTOR SAFEGUARDS,

4 SUBCOMMITTEE ON CLINCH RIVER BREEDER REACTOR

5 ---

6 Nuclear Regula tory Commission
1717 H Street, N.W.

7 Washington, D.C.

8 Tuesday, February 2, 1982

9 The meeting of the ACRS Subcommittee on Clinch

10 River Breeder Reactor was convened at 1400 p.m.

11 PRESENT FOR THE ACRSs

12 M.W. CARBON, Chairman
J.J. RAY, Member

13 W.M. MAfHIS, Member

(]) C. MARK, Member .

14 H. ETHERINGTON, Member
H. HUMMEL, Consultant

15 W. KASTENBERG, Consultant
Z. ZUDANS, Consultant

16 W. LIPINSKI, Consultant

17 DESIGN ATED FEDERAL EMPLOYEE:

18 A. IGNE

19 ALSO PRESENT:

20 MR. STARK
MR. CHECK

21 MR. THOMAS
MR. O'REILLY

22 MR. OLSHINSKY
MR . MORRIS

23 MR. GOESER
MR. WOOLLEY() 24 MR. CLARE
MR. DONKELS

25 MR. GROSS
MR. STRAWBRIDGE
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O 1 E E 9. C E E P. 1 E E S_.

2 MR. CARBONa The meeting will now come to

3 order.

4 This is a meeting of the Advisory Committee on

5 Reactor Safeguards, Subcommittee on the Clinch River

6 Breeder Reactor.

7 My name is Carbon. The other ACRS members

8 present today in a moment will be Mr. Mark on my left,

9 and then Mr. Mathis and Mr. Ray, and it is expected that

10 Mr. Bender and Mr. Okrent will be here for at least part

11 of tomorrow.

12 We have with us as consultants today Mr.

13 Hummel, Mr. Kastenberg, Mr. Zudans, and I am under the

O 14 belief that Mr. Lipinski vill be here momen tarily.

15 The purpose of the meeting is to discuss with

16 the NFC staff and its consultants the CRBR program

17 s ta tus , including matters concerning licensing, siting,

18 and schedule.

19 The meeting is being conducted in accordance

20 with the provisions of the Federal Advisory Committee

21 Act and the government in the Sunshine Act.

22 Mr. Igne , on my right , is the designated

23 federal employee f or the meeting.

24 The rules for participation in today's meeting

25 have been announced as part of the notice of this

O .
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(]} 1 mee ting previously published in the Federal Register on

2 January 19 of this year. A transcript of the meeting is

1

3 being kept, and it is requested that each speaker first
'

4 identify himself or herself and speak with sufficient

5 clarity and volume so as to be readily heard.

6 We have no requests for oral statements from

7 members of the public, and we have received no written

8 statements from members of the public.

9 I would like to say just a word to primarily

10 the committee and the consultants here at the start. I

11 think it is apparent, obvious that the major purposes

12 here are to see what the status is of the CBBR review,

13 where the NRC staff stands, what they viewed as the

14 status of the licensing review when it was interrupted

15 in the spring of 1977, I believe it was.

16 He hope to gain an appreciation from the staff

17 in the next day and a half of where they stand, what

18 their plans are, what sort of timing they foresee. We

19 hope to hear from the Applicant where they stand and

20 what sort of changes, technical changes, have been made

21 in the design of the CRBR plant since we lost were
.

22 involved in listening to what they had to say, again in

23 t he 1977 period.

() 24 One final comment. It is an ticipated that

25 mid-af ternoon tomorrow at the end of the formal meeting

O
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1 we will have an executive session in which a main

2 purpose will be to discuss among ourselves, the

3 committee members and consultants, what we have heard or

4 think we have heard, what comments among ourselves that

5 ve think perhaps should be offered se'parately to the

6 staff, perhaps what things we think were not covered,

7 are not being covered, if that is the case, and should

8 be covered, just a general discussion on what we see as

9 being needed to follow up in the ensuing weeks here.

10 I would also like to acknowledge Mr.

11 Etherington who just cane in.

12 It is good to see you, Harold.

13 Does anyone have any comments to make,
O

14 questions?

15 Carson.

16 MR. MARKS In the notice we recently received

17 of forthcoming meetings for the balance of this calendar

18 year or at least a good fraction of it, there is one

19 with a date yet to be determined on the CRBR site

20 suitability. It looks as if it might be aimed at some

21 time in March perhaps.

22 Now, we have been making loud noises for years

23 about trying to get the privilege of nonmandatory review

24 o f plants. It is not mandatory that we discuss site

25 suitability at all unless requested specifically by the

s .

ALDERSON REPORTING COMPANY. INC,

400 VIRGINIA AVE., S W., WASHINGTON. D.C. 20024 (202),554-2345

_. _ - _ _ - _ . _ _ . _ _



__

5

O 1 Commission. So far as I an aware, we have not been

2 requested by the Commission, and I wonder why on earth

3 we are planning a meeting to talk about the site

4 suitability.
^

5 MR. CARBON: I think that would be a very good

6 question for Mr. Check to address at the appropriate

'

7 time, not necessarily right now.

8 Any other comments by members or consultants,

9 comments or questions?

10 (No response.)

| 11 If not, then let's proceed with the meeting,

12 and I will call on Mr. S h ek of the NRC to begin.

13 MR. STARKs Good afternoon.

O'

14 Before we get sta rted , there are a few items

15 tha t I would like to address. One is the agenda. I

16 guess on item III we probably would like to add a very

17 short presentation I guess it would be III.C, where--

18 we would like to discuss our review plan very briefly

19 there. It does show up again tomorrow morning as VI,

20 but I think it would be appropriate if we would address

21it there also.

22 The other thing, I understand that the

23 Applicant's presenter for V. A, changes since 1977, is

O 24 une ve11an1e today but v111 be here first thing tomorrow

25 morn.ing; so I think there will have to be -- V.B, C, and

O
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(]) 1 D could be addressed today, but it looks like V.A may

2 have to be postponed until tomorrow morning.

3 A few other things before we get started. I

4 would like to let the ACRS know that John 01shinsky,

5 representing Region II, and James O'Reilly are present

6 in the audience, and I guess could be called upon if we

7 have any questions regarding Inspection and Enforcement.

8 There is another matter. I think all of you

9 have a copy of a research report that is available to

10 you . If you have an opportunity to look at it tonight,

11 I think it would be very helpful because that will lead

12 into the agenda item VII.C for tomorrow, and this might

13 h el p us get into that discussion more quickly.

O 14 HR. CARBON: Is this the one entitled

15 "Research and Technical Assistance Plan for CRBR

16 Licensing?"

17 MR. STARKs That is correct.

18 And, Dr. Carbon, addressing one of your

19 earlier comments, our purpose I think is the same as

20 y ou rs , a nd that is to kind of indicate to you where we

21 thought the staff was in 1976, 1977, and to give you a

22 brief resume of that, and that is III by and large.

23 In item IV we will speak about where we think

() 24 we are today with regard to how we are going to conduct

25 our review of design criteria and acceptance criteria;

O

ALDERSON REPORTING COMPANY,INC,

400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202).554 2345

--.- ., . . . .



7

() 1 and then in VII we will be addressing where we think we

2 are going to be in the futures and I think that that

(~T 3 vill more or less address the items that you discussed
V

4 earlier.

5 Now, the first item is a discussion of the

6 CRBR organization, and I would like to introduce Paul

7 Check, who is the program director, for some opening

8 comments.

9 MR. CHECKa Good afternoon.

10 Now that we have largely completed the

11 planning phase of our review and are prepared to

12 execute, it is highly appropriate that we come and

13 discuss our plans, those that we have made and those

O 14 that we foresee im plementing, with the committee. Of

'15 cou rse , the division between the two phases, planning

16 and execution is somewhat imprecise. We have in fact

17 been doing some review, and we have in fact some

18 planning yet to be done, but largely we have completed

19 the planning.

20 I am here to show you pictures of our

|

| 21 organization .
.

22 (Slide.)

23 I showed them to the full committee when we

() 24 were here last month, but we will review it.

25 Harold Denton, the Director of the Office of

() '
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() 1 Nuclear Reactor Regulation, in consultation with the EDO

2 and the Chairman has chosen to create a program office

3 not unlike, in terms of precedence, the THI program

4 office to deal with the matter of licensing the Clinch

5 River Breeder Reactor.

6 We have divided the office into a Licensing

7 section which has an analog the Division of Licensing in

8 NRR, and a Technical Review section which has no perfect

9 analog but is responsible for many things. And I think

10 through the course of today and tomorrow we will come to

11 a better understanding of just what that group does.

12 What it does not do is provide a complete

13 stand alone capability , as I said last month, for the

O 14 technical review of this project. There are many more

15 people involved than the few that are assigned directly

16 to me . There are a great many tens in the Office cf

17 Nuclear Reactor Regulation who are in some way involved

18 with the review, specialists, and then there are, of

19 cou rse , people at laboratories who work for us through

|
20 technical assistance contracts, and to the tune of

|
21 approximately $2 million. These things will also be

22 discussed with you.

23 (Slide.)

() 24 Just for completeness I have shown or handed

25 out and will now show a roster. It shows who we are,

.. .
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(]) 1 and in case you want to call us, some telephone'

2 numbers. I have included on here as well not only those

3 who are directly assigned; I have not included those who

4 are within NRR but are not assigned directly to the
~

5 Project Program Office. But I have shown at the bottom

6 three names of lab people who are more or less in

7 residence in Bethesda with uss John Hanson and Bob Copp

8 of Idaho, and Tom Wehner of Los Alamos. These people to

9 varying degrees can be considered members of our staff,

10 a nd we look to them for great help.

11 As we embark we find it useful to remind

12 ourselves that what we are doing here is a construction

13 permit review; hence , we think there is an emphasis on

O 14 criteria establishing and approving criteria for judging

15 the ultimate acceptability of a design.

16 We are not involved in design 7.pproval. We

17 a re to make findings more in the vein of these are

18 designs which can meet our requirements as opposed to

19 these are desions which have met all requirements. I

20 believe if we bear this in mind , che staff and perhaps

21 to some extent the committee, there are potential

22 savings in review energy all around.

23 Well, I set out on --

/'T
(/ 24 MR. MARK. How many megawatt years --

25 MR. CHECK. I will not estimate that yet, Dr.

O
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() 1 Mark, but perhaps later on. We are hopeful that this is
|

2 going to be a useful day and a half. We have stress

)
3 informality in our presentations, not elevance. If we

4 seem a little rough it is only that we feel that that

5 might be misplaced energy.

6 So without further ado, back to Rich Stark,

7 unless there are further questions.

8 MR. CARBON: Could you address the question
,

9 Dr. Mark raised?

10 MR. CHECK: That will be addressed. I think

11 we may have something on schedules that we may have

12 inherited , Dr. Mark. In any event, we will deal with it

13 directly as we get to that point in the program where we

O 14 are going to talk about schedules.

15 MR. MARK My simple-minded thought is that

16 the site is known, it has been judged suitable. Why

17 t hould we spend time learning how many trees there are?

18 MR. CHECKa I understa nd your point, and I

19 think it is a good one. It is a good challenge, and we

20 will have a good answer.

'

21 MR. MARKS As long as it is no.

22 (Laughter.)

23 MR. CHECK: I think I will be influenced by

O u the t.

25 MR. CARBON: Mr. Check, I have an additional

O
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(]) 1 question I would like to address to you, and that is,

2 would you comment on the basis for this review? And

{) 3 wha t I am thinking about is the f act that it is really

4 quite different. Not only is the site fixed but the

5 design is essentially fixed and the equipment, I

6 understand, is pretty much purchased. And what are we

7 really doing here?

8 HR. CHECK Well, I have already mentioned,

9 Dr. Carbon, and I do not do it lightly, that we are

10 embarked on a construction permit review. I cannot be

11 entirely blind to the fact that much has gone on, that

12 this is an unusual construction permit review in the

13 sen se that much of the design is complete. Hardware in

O 14 f act has been purchased.

15 But as we set out, we are trying to confine

16 our attention to those matters that we must, and I

17 believe they are summarized nicely in, oh, gollt, Part

18 50.37, which -- 50.35, which delineates the findings

19 which the NBC must make to issue a construction permit.
i

20 I am going to try not to be overcome by

21 events. I think there is little danger of it. I think
.

22 that we are as unfettered as any group of staff would be

23 as it approaches a ta sk reviewing a proposed design, and ;

) 24 more import antly , proposed criteria to govern that

25 design as in any case.

'
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() 1 MR. CARBONa I hope you are successful.

2 MR. CHECK. Thank you.

3 Rich.{)
4 HR. STARKs Okay. I passed out a copy of the

5 slides I am going to be presenting now.

6 (Slide.)

7 And the emphasis on this section again is to

8 give you the highlights of where the staff was, and

9 later on you will see where I think we were with the

10 ACRS in 1976 and 1977. And just for your information I

11 will point out righ t out f ront that the FES was issued

12 in 1977, and the findings basically are that it complies

13 with NEP A and 10 CFR 51 requirements.

O
. 14 (Slide.)

15 The next item that was also issued was the

16 site suitability report in March of 1977. The purpose

17 of the site suitability report was to address those

18 saf ety-related items that were required for issuance of

19 a limited work authorization, and also in that we

20 documented the design criteria, the Clinch River breede r

21 design criteria.

22 Basically, the findings said that the design

23 can be made to meet the requirements of 10 CFR 50 and

() 24 100; and in addition to that, the staff found that the

25 design could accommodate consequences associated with

O -
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() 1 actions beyond the design basis.

2 Now, in the last ACRS meeting tha t we had a

3 month ago there were two questions that came up on the
[}

4 site suitability reports and I thought I would at least

5 discuss them a little bit right now, since it is related

6 to the site suitability report.

7 (Slide.)

8 The first one there was the .:uestion by Dr.

9 Eberole, I believe, concerning K-25, and some of the

10 items I think that should be mentioned, the K-25 complex

11 is located about three miles from Clinch River breeder

12 reactor, and the evacuation plans for K-25 are being

13 included in the emergency plan.

O
14 Now, I think that Dr. Ebersole was concerned

15 about evacuation of K-25 and if that would impact on the

16 needs of supplying uranium for both commercial and

17 military uses. And I guess the Applicant could better

18 speak to that, and I think they are prepared to speak to

19 it . But I think in talking to them they have indicated

20 there is suf ficient capacity in other enrichment

21 f acilities, and the demand for K-25 has been pretty low,

22 and there is an awful lot of flexibility and latitude.

23 If K-25 happened to be abandoned f or ten years, the

() 24 provisions could be made to accommodate the loss of the

25 K-25 f acility.

O
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() 1 So if you wish to have the Applicant discuss

2 it, perhaps we can. Otherwise --

3 MR. CARBON: I think we would welcome a

4 comment from them either now or later.

5 MR. MARK K-25 produces enriched uranium?

6 MR. STARKs That is correct.

7 HR. HARK: That is not much used in the CBBR.

8 MR. CARBON: I think Jesse's comments had to

9 do wi th --

10 MR. STARK: That is true. His comment was

11 concerning would tha t impact mi'.itary or commercial

12 operations not related to CBBR but just as a general'

13 interest.

O 14 Rob, would you --

15 MB. G02SER: Dave Goeser of the Applicant

16 Westinghouse .

17 There was an analysis made in 1976 carried out

18 by the project and Oak Ridge together assessing the
;

!

| 19 impact of release f rom th e site suitability source term

20 given the containtnent features that existed at the time

21 on the operation of K-25.*

22 The releases or the doses that would have been

23 calculated for that at the 2 1/2 mile location for the

() 24 release of the site suitability source term were 2.2 ren

' 25 whole body, 41 1/2 rem for thyroid, 30 1/2 for bone, 8.7

O
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1

*

() 1 for lung. And other that set of doses the people at

2 ORNL sa'id t, hat''with evacuation of nonessential personnel

3 and some 50 to 75 remaining there on a four-hour{}
4 respira tor type operat_ ion -- fire, health physics,

5 medical, operation of ~a cascade and support equipment --

8 that that release would not cause an interruption of the
__.

7 capability of the plant. And in fact today the site

8 suitab,ility source term doses would be lower than they

' ~

tha t point in time.9 were at

10 MR. CARBON: Fine. Thank you.

L 11 (Slide.)

12 MR. STARK Another question that came up,'I-

|
~: ' -

' 13 think Dr. Okrent raised , . concerned a commen t in the site

_O 14 s'uitability ' report; and I think all I am going to do
,

2

15 right now is try to cla rif y tha t comment.~

,

16 The comment in the site suitability report is
I

'

17 as follows. The design basis for the containment is 10

18 psig. The s.te suitability report indicates that ati

19 that time we had previously licensed light-water

20 containments with specific design pressures of about 50

21 p sig ; and we concluded that it was technically feasible

22 to increase the containment f d> 7n pressure without

23 major revisions to the d ;i ..r a the containment shell.-

() 24 And what I am going to co; ment on is the second item

25 where we discuss the 50 psig containment.

'.~
<

I --
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(]) 1 At the time we were reviewing the St. Lucie

2 con tainment, and in many respects it was fairly similar

3 to the Clinch River breeder design, and that is the
[

4 reason why we made the comment that there would be some

5 capability of increasing the design strength of the

6 Clinch River breeder containment. We had not completed
, ,

7 our review 'of what was adequate then, as we have not
,

8 com pleted it now. It is still under review.

9 MR. MARKS What kind of pressure results from

10 burning all the oxygen out of the air in the containment?

11 MR. STARKs I think we picked was it a peak of

12 30 psi within the compartments? I think it is in the

13 site suitability report, and it is highlighted.

O
14 MR. MARKS But it is some number like 307

15 MR. STARKs Within a local compartment.

.3 MR. MARKS Any air-filled compartment in which

17 all the oxygen is burnt.

18 MR. STARKs I believe that is true. I will

19 have to look it up to verify it.

20 MR. MARKS I just wondered if there is a scale

21 to interpolate between 10 and 50.

22 MR. CARBON I am not sure what you said about

23 the capability of the containment. I understood

() 24 certainly that the containment has more capability than

25 the design psig; but are you intending to demonstrate or

'
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O 1 beef it up or something so that it has an accepted

2 capability?

3 MR. STARKs What the staff was saying at the

4 time is even though the Applicant felt that the 10 psig

5 was adequate, we had not completed our review to

6 determine if that was adequate. We felt that something

7 could be done if the staff found it necessary to

8 increase it to 15 or 35 pounds; and therefore, for the

9 purpose of the site suitability report we thought it was

10 adequate to allow that discussion to be postponed until

11 a later date, until we completed our review.

12 MR. ETHERINGTON: Does a specific pressure

13 mean anything in particular, the word " specific?"
i

O'

14 MR. STARK No, I do not think so.

15 MR. ETHERINGTON: It is not a scale effect?

16 MR. STARKs I think all we meant was we had

17 looked at a 50 psig containment for another application,

18 and that was a specific value. We did not have a

19 specific value, the staff did not at the time nor does

20 it now, on what is the appropriate value for the Clinch

I 21 River breeder.

22 HR. ETHERINGTON: Thank you.

23 MR. ZUDANS: Why is this comparison here with

O 24St. tucie 27 Are ther phre1ce111 sim11er?
|
'

MR. STARK: The reason that I have it on the25

O

ALDERSON REPORTING COMPANY,INC,

400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202).554-2345

. - _ - - - ,- - - _



i

18

(]) 1 slide here is to address what I think was the question

'

2 of last month. They wanted to know what was the basis

3 of 50 pounds and what were we referring to. And the

4 staff was merely saying that in looking at Clinch River

5 today -- four years ago that was -- they had looked at

6 St. Lucie that had a design basis of 50 pounds and felt

7 that a lot could be done for the Clinch River breeder to

8 increase that design pressure should the staff indicate

9 that the 10 psig may not be sufficient.

10 MR. ZUDANS: In other words, you used that

11 only to show that it can be designed to that pressure if

12 n eeded.

13 MR. STARK: Well, not to that pressure. We

O 14 just felt that St. Lucie was fairly similar in design

15 and had 50 psi. So therefore, Clinch River, you may be

16 able to increase it to 27 1/2 or 49 1/2.

17 MR. ZUDANS: Without any design changes.

18 MR. STARK: Without major design changes. And

19 we were not trying to be specific and talk about what

| 20 was the correct value then or now.

21 MR. ZUDANSs Okay. Thank you. -

22 (Slide.)

23 MR. CARBON: If you are about to go on to

() 24 slide number 3, as I guess you are, let me go back and

25 ask a couple of questions.

O
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() 1 The first slide, the final environmental

2 sta tement, nothing more needs to be done there, is that

3 correct, or do you need to go back and do anything more

4 on that?

5 MR. STARK: Basically we have looked at the

6 FES. The fuel cycle is a little bit dilferent now. We
.

7 are looking at that. Personally, it does not look like

8 there is any major modifications; and we are reviewing

9 the FES as we are the site suitability report to see if

10 any changes that have taken place in the last four years

11 negate or invalidate any sections of those reports, but

12 it is merely a verification check. We may not even have

13 to reissue those documents. They appear to be in pretty

O 14 good shape.

15 MR. CARBON 4 It was my impression, remembering

16 f rom the last meeting, that Mr. Denton thought you

17 probably would have to issue an addendum or some such

18 thing on the site suitability report, is that not so?

19 MR. STARK: Well, the site suitability report,

20 you are going to see it on our schedule. We still

|
21 indicate there are provisions for updating it in a few

22 mon ths, and that kind of updating as required. We have

23 not completed our review, and it needs to be updated.

() 24 We migh t just want to issue a piece of paper, a letter

25 saying we have reviewed it, and it is still as good

D t

(m/ -

|
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(]) 1 today as it was four years or five years ago. That is

2 the intent of that item on our review.

3 MR. THOMAS: Cecil Thomas of the Program
(~ )

4 Office.

5 Agenda item VI tomorrow will deal with plans

6 and schedules. We would like to get into that in a

7 little more detail tomorrow and tell you more

8 specifically what our plans are.

9 MR. CARBON: All right. Okay.

10 MR. STARKs Shall I go on?

11 MR. CARBON: Yes.

12 MR. STARKs As part of the background to what

13 the staff was doing back in '76 or '77, they issued a

() .

14 letter, and this is one of the -- I construed this to be

15 one of the key letters; Denise to Kathy was an NRC to an

16 Applicant letter where we tried to do a number of

17 things, and I have a slide that speaks to each of these

18 items.

19 The first one is we wanted to provide some,

|
'

20 safety guidance to the Applicant that was very more or

21 less specific. We wanted to specify the site

| 22 suitability source term for this plant, and we wanted to

23 specify containment functional requirements for the

() 24 containmen t under core disruptive accident conditions.

25 (Slide.)

()|

1
,
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() 1 And the first item I will expand upon here,

2 the May 6 letter specifically called out five points.

3 We asked the Applicant to include two independent,()
4 diverse, f unctionally redundant reactor shutdown

5 systems. That is an item that will be discussed later

6 on today by the Applicant. It is aganda item V.E.

7 MR. LIPINSKI. This does not say that each

8 system has to have the same functional performance. Was

9 that part of your intent? Each one of the transients

10 tha t you are trying to protect against, . whe ther each one

11 of these two independent, diverse systems had to

12 function to terminate such an event.

13 MR. STARKs I believe it does. Maybe I am:

() 14 misunderstanding your comment. Under the same accident'

15 assumptions either one of these systems should

16 independently be able to fully shut down the reactor.

17 MR. LIPINSKIs Okay. We will have to look at

18 tha t later. I do not think they do at this time. I may

19 be wrong.

20 MR. STARKs Okay. The second item discusses a

21 very similar requirement for the decay heat removal

22 systems . Another item that we had was the ability to

23 detect subassembly faults in the fuel and means to

() 24 add ress it, cope with it, and eventually deal with it.

25 The last one -- I mean the fourth one was to
!

''
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(]) 1 provide high integrity heat transport systems -- this is

2 a materials consideration and piping consideration --

3 for all the various pieces of heat transfer equipment.
{

4 And the last one was to provide containment fire

5 protection from the effects of large sodium releases.

6 MR. KASTENBERGa Wasn't there a 2a-hour

7 requirement?

8 MR. STARKs That is coming. That is in one of

9 our next ones.

10 MR. KASTENBERG: Okay.

11 (Slide.)

12 MR. STARKs It is not this one, but it is the

13 n ex t one. The second part of the letter or another part

O 14 of the letter also discussed the site suitability source

15 term, and what we did here was we took the light-water

16 requirements that existed in TID-14844 and in addition

17 to tha t we superimposed a one percent of core plutonium

18 requirement for the calculation of site suitability.

19 MR. BENDER: Excuse me. Do you know why you

20 decided to use that basis, or is it just --

21 MR. STARK: It is a nonsechanistic, '-

22 conservative bounding that the staff and the ACRS had

23 discussed several years ago.

() 24 MR. BENDER 4 Well, I do not know tha t we ever

!

|
25 discussed the matter of its conservatism as it related

O
.
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I

1 to the LMFBR. It was certainly conservative for

2 light-water reactors.

3 ffR. STARK Well, the light-water does not

4 include the one percent plutonium.

5 MR. BENDER: But that is not -- I do not know

6 that that is the issue. The question is what nuclides

7 are coming out and what is driving them out. You have a

8 basis for the TID release -- that is , in the light-water

9 reactors -- based on some heating and melting

10 experiments on f uel and the power density that was dealt

11 with; and the specific power was somewhat lower than it

12 would be for this particular installation. And I guess

13 I would just like to know that the basis in the

O
14 Water-cooled system is properly translated to this one.

15

16

17

| 18

|
19

|

20

21

22

23

24

25

O'

,
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(]) 1 MR. STARKs I do not know if I can answer

2 that, but the source term for Clinch River is based on

i 3 100 percent of noble gases, 25 percent of halogens, one

4 percent of solid fission product inventory, and one

5 percent -- that includes one percent of the core

6 plutonium.

7 Do you think that that is inadequate or

8 unconservative?

9 MR. BENDER I do not say it is either one.

10 Wha t I am saying is that the basis on which the TID

11 release which was developed, which was for light water

12 rea ctors, fuel is heated to some level and the fission

13 product releases is measured. I wonder if there is a

O 14 similar measurement for fuels of this sort under the

15 conditions which they migh t be expected to see if the

! 16 same kind of circumstance was postulated for the

17 w ater-cooled system.

18 MR. STARKs I do not think I can answer that

19 now.

20 MR. CHECK I think that is an excellent

21 question . I do not have an answer for it.
.

22 MR. BENDER: You do not have to answer it

!
23 n o w .

() 24 MR. CHECKa Good, good. I just want to

25 reaf firm, what is going on here is a bit of a history

()
I
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() 1 les son. The staff has not reached conclusions on too

2 many of these issues yet. We appreciate the questions.

3 Nevertheless, don't be too dismayed if there are not too
{

4 many answers for you.

5 MR. BENDER: I did not intend to get an answer

6 right now.

7 HR. ETHERINGTON: Do you have any feeling that

8 TID-14844 is a little bit too conservative at this

9 stage? Sodium has a tremendous affinity for iodine.

10 Sodium iodine has a high boiling' point. What is the

11 rea l --

12 MR. STARK 4 I am going to give you part of' the

13 same answer Paul gave you. It is something we have to

O 14 look at. But in talking to the people who worked on the

15 project four years ago, the applicant certainly argued

18 that very strongly and we on the staff felt that we had

17 to put some conservative upper bounds and this was an

18 a ttempt to do it. And there was room for a lot of

19 discussion and there were certainly arguments made to '

i 20 that specific point.

21 But the staff nevertheless felt that we ought

22 to put out a site suitability report tha t has a great

23 deal of conservatism in it, and at the time the staff I

() 24 think f elt comfortable that it was doing th a t .
|

25 MR. ETHERINGTON. It would be nice if the

.s
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|

() 1 conservatisms were not contrary to physical effects.

2 What are we really assuming, that sodium iodide is going

3 to boil?

4 MR. STARKs As I indicated, this is a

0 non-mechanistic source term.

8 HR. ETHERINGTON: Y e r. .

7 ER. STARKs In trying to describe the

8 mechanism precisely to everyone 's satisfaction, it was

9 more difficelt to do more than just bound it and sa;

10 tha t you fel t comfortable that you were conservative and

11 go on from there and use that as the basis for

12 analysis.

13 MR. CARBONS This is a smaller point, but is

O 14 that really plutonium or actinides?

15 MR. STARKs I do not think I can answer that.

16 MR. CARBON: The letter says plutonium.

17 MR. STARKs I will look into it.

18 MR. BENDERS I think the intent was, if I

19 understood it from my age-old recollection, I would have

20 f elt there was a lot more plutonium in this system than
1

21 there is normally in light water reactors. It is

22 importan t to specifically identif y tha t particular

23 material as something to be dealt with. I think it was

() 24 just an arbitrary decision , if my memory is right.

25 MR. KASTENBERGs Perhaps this might clarify

()'
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() 1 it. Are you going to take the Denise Caffey letter as a

2 basis from which to proceed, or are you just sort of

{]) 3 reviewing it, or are you going to look at these and say,

4 well, we still agree with some of these?

5 MR. STARK: When I get to my last slide, I an

8 going to address that. We are going to discuss what we

7 inherited and what we have today. That is a good point,

8 because that is what we and the project are trying to do

9 right now.

10 MR. CARBON: Carson?

11 MR. MARK: Harold, sodium has a tremendous

12 affinity for iodine. What about sodium oxide? What

13 happens with a mixture of those, sodium oxide pluc

O
14 iodine?

15 MR. ETHERINGTON: I do not know whether -- I

16 would have thought that there was more than enough

17 sodium in the system to take care of all the oxygen in
1

l 18 the containment. I do not know whether that is true.
|

19 MR. MARK: So the free sodium --

20 MR. ETHERINGTON: Should be excess sodium, I

21 think, but I do not know.

22 MR. MARK: That sounds right. I was wondering

23 if it makes a diff erence. It is sodium anyway, so it

24 does not matter?
1

! 25 MR. CARBON: Mike, I appreciate your point

O
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() 1 about the plutonium being there, because there is a lot

2 of plutonium in a f ast breeder. Is there truly all that

3 much more in a breeder than in an LWR at the end of a
{)

4 cycle?

5 MR. BENDER 4 It never gets up to more than a

a couple of percent.

7 MR. CARBONS A couple of percent?

8 MR. BENDER: If it gets that high.

9 MR. MARK. The actinides, however, are not

10 -- .

11 MR. BENDER That is why this was particularly

12 specifically pointed out. Plutonium is going to be very

13 much higher than would normally be seen in wa ter-cooled

O
14 reactors under the worst circumstances.

15 MR. STARKs Okay, I as still on the May 6th

16 letter, and we referenced containment doses not to

17 exceed 10 CFR 100. I have one more slide that still

i 18 includes that May 6th letter that the staff issued.

19 (Slide.)

20 And in it is where we specify tha t the

21 applicant should accommodate core disruptive accidents
|

*

| 22 which are beyond the design basis. We indicated that

23 they should accommodate the energy release in the core,

() 24 a significant amount of sodium release from the head,

25 vaporization and release of core f uel. We indicated

O > ,
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() and that is where the 241 that containment integrity --

2 hours was specified referred to earlier. And we also

3 gave certain design recommendations and f eatures that we
[}

4 thought might help the applicant to understand our

5 thinking.

6 MR. LIPINSKI: Back to item 1. The project

7 had a calculation for energy release, th en . If I recall

8 the letter gave a number that was about twice what the

9 project had analyzed. Do yos recall what that number

10 was in that letter?

11 MR. STARK: It was 1200 megawatt seconds.

12 MR. LIPINSKIa Okay. Now, ba sed on the

13 inf ormation that has accumulated since that letter and

O 14 today, are you in a position to reconsider the 12007

15 MR. STARKs We are going to address that

16 again , but right now I will tell you that the applicant

17 has changed from the homogeneous to the heterogeneous

18 core, which affects our calculations.. And in addition

19 to that, the applicant has attempted to go beyond the

20 661. We have had some discussions with them where they
1

21 are trying to qualify or show through analysis that

22 there is capability to accommodate higher than 661.

23 So I guess we are both moving in the right

() 24 directions. I do not know what our number is going to

25 b e . We are right now reviewing the changes of the

O -
-

.

ALDERSON REPORTING COMPANY,INC,

400 VIRGINIA AVE., S.W, WASHINGTON. D.C. 20024 (202).554 2345

, ._. - __ - -, -



i

30

(]) I heterogeneous core and trying to see how that affects

2 our initial predictions of four years ago, plus the

;
)

S other changes.

4 MR. LIPINSKIs Thank you.

5 MR. CARBONa Would you review what the 24-hour

6 statement said with respect to containment integrity?

7 What specifically about 24 hours?

8 MR. STARKs Well, basically, we required or

9 requested, I guess, that the applicant provide a

10 containment that has design basis leakage, which I think

11 was .032 percent per day for one day, and then after

12 t ha t -- I am sorry, Bill.

13 MR. MORRISs Bill Morris, CRBR program office

O
14 staff .

15 Rich, I would like to correct something you

16 said before about the 1200 megajoules and the intentions

17 of the applicant regarding the capability of the primary

18 system. I do not think we yet have a commitment from

19 the applicant to the effect that he believes -- that he

20 is willing as yet to demonstrate the capability beyond

21 661 megajoules. I believe it is something we will

22 pursue , but I do not think he has committed to that, if

23 I am not mistaken.

() 24 Also, with regard to the 24 hours, the 24-hour

25 criterion was a goal set in the May 6th letter, th e

O
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(]) 1 Denise to Caffey letter. It was not necessarily a

2 requirement, as we interpret it today; rather, a goal to

3 achieve comparability with the consequences of light

4 Water reactors during severe accidents.

5 And I believe you were preparing to say

6 something about the leak rate. In that event, there

7 indeed would be, in the analysis of that event, there

8 would be a contingent leak at the design basis leak

9 rate. However, associated with this event is a venting

10 through a filter system that really, I think, changes

11 the character of the sequence significantly, and

12 possibly dominates.

13 I am not sure exactly what the tradeoff is

O 14 between the leakage at the design basis leak rate and
.

15 the effects of venting to the filtered system. I just

16 wanted to correct a couple of impressions I think that

17 vere being given as you spoke.

18 MR. MARK: Perhaps this question is for you.

|
19 In 1977 there was this magical 1200 megajoules and also

20 a 661, which sounds incredibly precise.

21 '(Laughter.)

22 Those were sort of potential energies, but

23 they were, I believe, magically converted into kinetic

() 24 energy. And then one asked whether the vessel head

25 could absorb that much energy or not.

O
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(]) 1 Is the staff now prepared to take a more

2 rational approach and admit that something more like ten

3 percent of that can possibly be visualized as kinetic
)

4 energy?

5 MR. MORRIS: We are committed to a rational

6 approach. Whether or not ten percent is associated with

7 that, I do not know. But if there were -- if there is

8 evidence that would justify a different conversion

9 f ac tor, I think we would be agreeable to considering

10 it.

11 MR. MARK: It really has to be less -- no

12 bigger than one.

13 MR. MORRIS: The conversion factor cannot be

O 14 greater than one, yes. I think I would agree to that.

15 MR. CARBON: Mr. Morris, I am still not clear

16 on what the 2u-hour goal is. What happens af ter 24

17 hours?

18 MR. MORRIS: Okay. As I understand it,

19 historically the 24 hours was chosen to assure -- that

20 was chosen as a way to assure that if a severe accident

21 beyond the design basis, a core disruptive accident,

22 occurred at Clinch River that the consequences to the

23 public would not be significantly greater than for a

() 24 light water reactor, a typical light water reactor

25 design.

1
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(]) 1 And the WASH-1400 studies had shown that ligh t

2 water reactor containments had the potential for

3 surviving for a length of time sufficient to reduce
{)

4 consequences to a certain level. For Clinch River it

5 was decided that 24 hours would achieve comparability to

6 what was the situation for light wa te r reac tors, and

7 that was the reason 24 hours was chosen as a target.

8 However, there is a more, what we believe --

9 there is a generalized criterion one could apply here,

10 tha t would be that the doses would not significantly

11 exceed some given limit, rather than that you wait until

12 24 hours, then have to vent the containment. Okay?

13 Okay.

O
14 So what is being -- the scenario includes --

15 well, our current feeling is that if one can avoid the

16 f ailure of containment and venting f or a sufficient time

17 tha t the doses are not significantly greater than those

18 for a light water reactor, or perhaps some other

19 criterion such as 10 CFR Part 100 guidelines, that would

,

20 be an acceptable way to meet the overall safety goal for
I

| 21 the plant; and that the 24 hours was just a prescriptive
1

22 way to assure that tha t would be the case, but it is not

23 a necessary criterion.

() 24 MR. CARBON: Well, does anything happen or

25 does anything change at 24 hours?

O .

i
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(]) 1 HR. 50BRIS: No. There is nothing magic about

2 the 24 hours. It is another of those arbitrary and

3 somewhat non-mechanistic criteria that we had chosen.
)

4 MB. CARBONa You mentioned filtered -- venting

5 the containment.

6 MR. MARKS The design has a capability to ven t

7 to a filtered system. The criteria for when you choose

8 to vent would ba based as -- could be based, let's say,

9 on a determination of what the pressure and conditions

10 were inside containment.

11 One would choose to vent depending upon what

12 the conditions were, rather than on what the time af ter

13 the accident initiation was. That I believe would be a

O 14 close approximation to the applicant's position.

15 Our goal of 24 hours was chosen because at the

16 time in 19 -- well, let's see, '76, we were trying --

17 there were still negotiations regarding what this design

18 would look like. And I believe there was still some

19 discussion as to what the capability to vent to a

20 filtered system would be, what the ultimate capability

21 of containment would be.

22 And if one holds to a 24-hour time for

23 ven ting, that is really an arbitrary number. There is

() 24 no mechanism -- there is nothing that happens at 24

25 hours that would require you to vent. It could be that

|

|
|
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({) 1 the accident scenario would require you to vent somewhat

2 sooner than that to avoid overpressurization of

3 containment. And if you could do that and still hold to
)

4 acceptable radiological consequences, that would be a

5 rational basis for this design.

6 MR. BENDERS Max, there are a couple of points

7 about this that night be worthwhile developing right

8 now. First of all, the question of the leak rate

9 presupposes some imposed pressure on the containment

10 that perhaps determines leak ra te. And so the imposed

11 pressure on the containment is probably a question that

12 needs to be developed somewhat better. Tha t is, if the

13 design were 10 psi and you were demonstrating a leak

O 14 rate at 10 psi and you only imposed pressure for a half

15 an hour, you would not get the same answer as you would

16 if you imposed the pressure for 24 hours.

17 And at the time when it was looked at before,

18 there was some question as to how long that pressure

19 should be imposed and how soon the containment would be

20 brought down to some level where you would not ha ve to

21 argue about whether the containment would maintain its

!
22 leak-tightness.

23 The second point that I think we need to

() 24 understand a lot better is why it is acceptable to

25 vent. I think we have all said we would like to have a

|
!
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(]) 1 venting capability, but I think we still need to face

2 the issue of whether the venting concept is an

3 acceptable approach from the standpoint of public
)

4 safety. It may very well be. I am not trying to say it

S is not.

6 I think what we need to know is what the

7 uncertainties are, what you ought to prove in order to

8 make the case, and how well it is proven. I think a lot

9 of work has been done, but I think we need to clarify it

10 somewhat.

11 MR. ZUDANS: Not to go away with a confusion

12 about the 24 hours, is the 24-hour period what you

13 assume pressure will be maintained in the containment?

O 14 Tha t is , the 24-hour goal --

15 MR. STARK: It was assumed after 24 hours back

16 in '76 --

17 MR. LIPINSKI: One of the other conditions in,

|

18 containment was the temperature. Has temperature come

19 u p to equilibrium by 24 hours, or is it still

20 increasing?

21 MR. MORRISs Perhaps I can somewhat answer
1

22 both questions -- address these issues in this way. We

23 a re talking about now our overall goals, overall

() 24 criteria for the containment design during ~ severe

25 accidents. What we do to assure that those are met is

,

!

|
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(]) 1 one thing and the acceptability or the adequacy of those

2 overall criteria is another.

3 To determine what we will do and what has been"),

4 done by the applicant is an analysis of the pressure and

5 temperature in containment as a function of time, and

6 that analysis and the others that we will do to check it

7 will address the issue of what wil1~be happening to the

8 continual leak rate at various pressures, the issue that

9 Mr. Bender addressed.

10 And so what we will do is, we will look at the

11 overall criteria, that is, dose is not significantly

12 greater than some figure or not in excess of some

13 figure, and determine by our review whether we believe

O 14 the design has the capability of meeting that overall

15 criterion, including tempe ra ture varia tion and pressure

16 variation during the event, and they do vary.

17 And I do not know the answer specifically to

18 the question of whether temperature equilibrium is

19 reached at that 24 hours or not. My recollection is

20 that it probably has been.

i 21 Another issue is that temperatures inside

22 containment subsequent to the venting period can be

23 affected by an annulus cooling system that is being

() 24 incorporated into th e design .

25 MR. BENDER: You are aiming at a point that

O
!
l
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() 1 probably we need to understand better. We do not know

2 right now what is causing the pressure rise. If it were

3 an arbitrary condition, then you could only deal with it
[}

4 arbitrarily. But if it is being developed on a

5 mechanistic basis, as was suggested here a minute ago,

6 then maybe the mechanisms for pressure building up ought

7 to be understood better.

8 MR. MORRIS There are mechanistic bases for

9 this pressure buildup and temperature buildup, and they
,

10 will be part of our review. And so, whereas the source

11 term, the site suitability source term, is somewhat
.

/ 12 non-mechanistic, what we do now as we look at this event

13 is take a more mechanistic view and examine what is

'- 14 happening during the accident based on a fairly specific

15 scenario .

16 In some cases there are bounding assumptions

17 made in tha t scenario.

18 MR. BENDER: This is not unlike wha t is

19 happening in evaluating hydrogen combustion in light

20 water reactors now.

21 MR. MORRISs That is correct.

22 MR. BENDER: It is about the same approach.

f 23 MR. LONG: John Long, NRR.

() 24 As you know, in our reviews both for CRBR and

25 FFTF, the principal source of pressure buildup in the

()
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(]) 1 containment was sodium reactions with air and with the

2 concrete. In other words, the energy of the sodium

3 created the buildup of pressure, and this burning had
)

4 not -- well, in various scenarios that have been

5 examined, the burning is not completed at 24 hours.

6 The applicant has submitted a scenario to us

7 which he regards as a pretty serious accident, pretty

8 limiting accident, in which the pressure is built up in

9 a period of about 36 hours to the point where they have

10 to do something about it. So it is still rising

11 throughout that period, but they reach a point where, a t

12 36 hours, they feel that with the proper provisions that

13 they have provided for filtering and all, that it is

O 14 appropriate then to reduce the pressure by venting

15 through filters.

16 We ha ve these scenarios under review and have

17 some suggestions of our own.

18 MR. BENDER: Well, I guess maybe a closing

19 rem ark, at least. The pressure buildup is one issue.

20 The things that aff ect the survivability of the

21 containment is a separate one. If the temperatures are

22 going to be very high, then the closures are going to

23 have to be evaluated in terms of their survivability,

() 24 and the whole thing needs to be looked at

25 sechanistically if that is what you are going to do.
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(]) 1 At the same time, I think we ought not be

2 outlandish in our appraisal of the burning ra te . You

3 might argue that the burning could go on for, not 36
)

4 hours, but for three weeks if you wanted to, if you had

5 some source of air and you did not burn it all up. But

6 the rate of burning may be as important as the quantity

7 to be burned.

8 And if there is a heat removal mechanism

9 around, the rationale for establishing the pressure is

10 determined by heat generation versus heat removal. And

11 I think we need to understand that a lot better than we

12 do no w.

13 MR. CHECK: I think we have an offer which the

O 14 applicant is prepared to make to discuss in more detail

15 than the staff is prepared for the question of the

16 limiting scenario.

17 MR. GOESER: Dr. Carbon, if the Committee

18 would like as part of the discussion -- that would be in

19 item 5, where containment and confinement is there -- i f

20 the Subcommittee chose, we could expand that to provide

21 an overview of the scenario as we see it right now for

22 the core disruptive accident melt phase and some of the

23 key points with respect to that, and sensitivities that

() 24 have been done in that area.

25 We do not have the material to go into it in

( c
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() 1 tremendous detail right here, because it is, as Dr.

2 Bender pointed out, a rather complex scenario, but we

3 can at least provide the Subcommittee with an overview
[}

4 later this af ternoon if that is something that you would

5 choose to do.

6 MR. CARBON: I think that would be very good,

7 if you would do so, yes.

8 HR. GOESER: Glad to.

9 MR. CARBONS Let's then move on.

10 HR. STARK: All right.

11 (Slide.)

12 The next example, and it is the last example

13 of a staff document that I want to discuss, is a Gamill

O 14 to Caffey letter on November 9, 1978. And I have

15 another slide that also talks about this a little bit.

16 The purpose of this letter I guess was to

17 formally tell the applicant that our review was

18 terminated and th a t , for the benefit of the applicant,

19 we tried to in that letter present the current status of

20 our review. And the status of our review varied from

21 having a lot of review done to having very little, and I
,

22 have some examples of what is found in the Gammill to

23 Caffey letter.

() 24 (Slide.)

100 or so items25 Now, there are about 100 --

O
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(]) 1 that are discussed in the Gammill to Caffey letter, and

2 I picked six of them here and I more or less picked them
1

3 at random just to show you the categories. The first
)

4 category that I have put them in was general

S observations. In doing our review, we indicated that

8 the applicant must comply with a certain reg guide or

7 his O A plan was found acceptable, however he should

8 include one or two specific things, and these were of a

9 very general nature, consistent with what we normally do

10 in a review that is ongoing.

11 The second category -- and there were a large

12 number of these -- the applicant had submitted some

13 inf ormation - geology, seismology is the case right

O 14 here -- where we had done an initial staff review and it

15 looked acceptable, however, we really had not completed

18 the staff review to the point where we would issue the

17 equivalent of an SER input on that. And we just

18 documented the status, here it is, when we stopped.

19 The third category is an item where we had

20 done our review and more or less requested additional

21 inf orma tion. We have looked at what you provided us and

22 ve require additional discussion, additional analysis,

23 additional documen tation, because for some reason we

() 24 were not satisfied with the status of that particular

25 item .

) ''
-
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() 1 Now, I have.another slide that kind of takes

2 us from where we left there to where I think we are

3 going to be going into in the next couple of agenda

4 items.

5 (Slide.)

6 But I just wanted to give you an idea of what

7 I think the status today is of the Gammill-Caffey

8 items. The applicant in a letter replied to all of the

9 items some time back and all of these replies are now

to included in the PS AR and the staff is evaluating both

11 the positions that we had back in the Gammill-Caffey

12 letter of 1978 and the responses of the applicant right

13 n o w . And that review is currently under way, as you

O 14 will see in a slide that is coming up a few slides

15 lat er.

16 (Slide.)

17 So are there any questions on Gammill-Caffey

18 while we are there, because I want to make sure tha t we

19 all have an understanding of wha t it represented? We

20 just said, for the benefit of the applicant, we said,

21 here is our review, and it varied across the board from

22 being fairly complete to fairly incomplete. And we

23 indicated that in that very lengthy letter.

24

25
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:

(]) 1 (Slide)

2 The next item --

3 MR. BENDERa I think the ACRS was not a party
)

4 to these letters, do I do not think we ever agreed or

5 disagreed with the conclusions. We did get a copy of

6 them. There are many positions taken in there that I

7 guess I would say are controversial, some accessibly

8 conservative and therefore controversial, and some maybe

9 a little less conservative than some people would like,

10 and controversial on that particular consideration.

11 What do you see the Gammill-Caffey letter as

12 being in terms of its usefulness in this review? Are we

13 using that as a point of departure for everything?

O 14 MR. STADK4 I am going to address that in a

15 f ew slides f rom now, but we thought it was important to

16 the applicant to tell him as we were terminating our

17 review or suspending our review, to give him our final

18 thoughts unedited, and certainly it was not an SER. It

19 is just "here it is for your information, everything

20 tha t we could put together, we hope it is a help to you,
s

21 these are our thoughts."

22 It may have not been our final position. It

23 m ay have just been some of the items indica ted , just an

() 24 indication that the staff review is incomplete.

25 HR. BENDER: Well, we cannot go through 100

O
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(]) 1 items here today. I do not know whether we will ever go

2 through 100 items.

3 MB. STARKs I think many of the items on there{)
4 are not even real items. They were just an indication

5 of where the staff was, for whatever it is worth.

6 NR. BENDERa Well, I am trying to get at the

7 question of how we are going to -- whether we should be

8 using the letter as a basis for measuring how well off

9 the safety position is in terms of licensing.

10 MR. STAHKs I have a slide that is going to

11 try to show you how we will use Gammill-Caf fer and some

12 of the other items, and maybe it will help.

13 Are there any other items on Gamill-Caffey?

O
14 (No response.)

15 Okay. It is a very famous letter, I recognize,

16 and everyone seems to know of it. I tried to go through

17 the files and determine -- I have two slides here to try

18 to summarize all the discussions that the staff had with

19 ACRS back in the early time-frame, and I just want to

20 highlignt some of the discussions. Unfortunately, there

21 is not a lot that I can find documented that I could,

| -

' 22 show is your position or is our position. I found a J.ot

23 of agendas and I will just give it to you for your

() 24 inf ormation on kind of wha t we were discussing, both you

25 and I, whenever the discussions stopped.

O .

.

i

l

|
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({) 1 Some of the items here, we were talking about

2 overall safety approach, and we are going to find in the

3 next presentation we are talking about that again, and
{)

4 it is appropriate because we have to rethink it. We

5 will be talking about decay heat removal today and

6 perhaps scram reliability. This was back in '74.

7 In '75 we talked about site-related items. In

8 '76 we talked about design criteria, and we will be

9 talking about that again today. Safety systems

10 classifications we have done. There was discussion on

11 site suitability source term then and in a later meeting

12 too which I did not pick up. I just tried to show

13 dif ferent things.

O
14 In '77 we talked about cell liners and turbine

15 missiles, and in '76 af ter the May 6 letter was issued,

16 and that is the Denise to Caffey letter, we had a

17 discussion. The design basis leakage for piping, that

18 is , the leak before break criteria was discussed.

19 (Slide)

20 I have a few more here. Did you have a

21 question?

22 MR. BENDERa I was going to offer a comment. I

23 think the point that needs to be recognized is the staff

() 24 never provided the ACRS with anything for its

25 consideration. I do not know of a document that has been

] . . .
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() 1 given to us for our review. So most of wha t has been

2 laid out is the staff's internal conclusions. I want to

3 emphasize that you are not likely to find anything in{}
4 the record concerning the ACRS position because there

.

5 never was one.

6 MR. STARKs Okay. I was not able to find a

7 lot, and that is my bottom line that I am coming to.

8 These are just a few more items here, and there is no

9 reason for me to call them out (indicating).

10 The point that I wanted to make from the

11 Project Office right now is that the only official piece

12 of paper that really was not directed to Clinch River

13 but was directed to LMFBRs was an August 20, 1976 letter

O 14 that we have that concludes it is prudent to look at

15 core disruptive accidents and also to try to deal with

16 molten mass, and what you have said earlier is one of

17 the problems we are having right now.

18 I look at all of these meetings and I am not

19 sure what you were able to give us and how we factored

20 it in, and it is a problem for me.

21 (Laughter.)

22 (Slide)

23 MR. BENDER: It was a problem for us then and

O 24it is now.

25 MR. STARKs I think that is why we are meeting

O
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() 1 today, to discuss where we are, and you are trying to do

2 some planning and we want to make sure it is properly

3 f actored in. I indicated earlier this morning that I{}
4 wanted to put another agenda ites, 3-C, and this one

5 slide is 3-C.

6 He will be discussing the plan again tomorrow,

7 Cecil Thomas will, but basically what we are going to be

8 discussing in the next presentation and throughout

9 tomorrow is this review plan that we have within NBR

10 now. We are trying to take everything that we can find

11 that was done previous to 1977 and we are reviewing all

12 the letters, the Gaasill-Caffey letters, the

13 Denise-Caff ey letters, th e reviev questions, any

O 14 guidance that existed there, the design criteria, and we

15 are trying to see if it is good today, why was it good

16 then; and we are trying to blend tha t with the current

17 NRC requirements, certainly the THI requirements, all

18 appitcable NUREGS, the current standard review plan and

19 unresolved saf ety issues, plus the input that we get

20 f rom research to determine what is going to be our

21' t eview plan , and in the next presentation we are going

22 to show you how we try to look at these and what our

23 thinking is right now.

() 24 So are there any other questions now? This

25 concludes my presen tation, and next we are going to be

O
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(])
'

I talking about design criteria and how we are approaching

2 design criteria today.

3 (No response.)
)

4 Okay. The next speaker will be Bill Eorris,

5 who will address the design criteria. Thank you.

6 (Slide)

7 MR. HORRIS: At the full committee meeting

8 earlier, I guess it was last month in January, there was

9 some question raised about how we are going to go about

10 making decisions about the criteria for the Clinch River

11 design, and there were some questions about the status

12 of the principal design criteria , and the purpose of'

13 this discussion is to go back to those issues briefly

O 14 and raise some thoughts about how we go about doing

15 business and how we develop criteria.

16 What I am going to discuss is essentially a

17 process for criteria development that are simplified

18 models of how we conduct a review. There is nothing

19 very profound about them. They are models for how we

20 think the process works rather than prescriptives f or

21 how it must work. I would like to talk about the status

22 of the principal design criteria for Clinch River that

23 were published in the site suitability report in 1977,

() 24 and I would like to point out that we distinguish from

25 general design criteria.

() '
s

ALDERSON REPORTING COMPANY,INC,

400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202).554 2345



50

() 1 There are no general design criteria for

2 LMFBRs other than those produced by the American Nuclea r

3 Society committees and the like and the derivative
)

4 criteria, the more specific acceptance criteria that are

5 based upon the principal design criteria or are

6 developed to show that those general design or principal

7 design criteria have been met.

8 One of the things that one arrives at as you

9 try to look at criteria development is it is intimately

10 related to the choice of design basis events for a given

11 reactor type, and that is part of this process and an

12 important part. And then there are criteria that are

13 not necessarily design criteria of the sort we normally

O 14 deal with, the principal design criteria or the specific

15 acceptance criteria such as regulatory guides and the

16 like tha t are rela ted to severe accidents, th ose

17 accidents bayond the design basis. So that is another

18 separate issue that is accentuated in this review

19 because the major contributor to risk for this reactor

20 is the core disruptive accident, and it is treated

21 dif ferently than design basis accidents.

22 MR. CARBON: Do you think the CDA is truly the

23 major contributor to risk?

() 24 MR. MORRIS: that is generally what is thoughti

25 to be the case. We do not make this conclusion at this

'

|
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(]) 1 time but it is the general perception we have about the

2 LMFBR. So I do not make any more of that than I just

3 said. It is a target, an issue for consideration.

4 Maybe the applicant can add something to that, but right

5 now I do.not want to go any further.

6 (Slide)

7 Well, I thought it would be kind of useful to

8 put together in one place the elements of how you go

9 about addressing the situation such as what we face with

10 the new design. We have not licensed a plant like this

11 before. There are a number of elements that go into

12 this recipe.

13 The slide that I show here includes as a part

O 14 of the review CRBR principal design criteria, but those

15 criteria are also developed by a process that is not

16 greatly different from this one, and in both cases the

17 design basis events proposed by the applicant and the

18 applicant's proposed specific design criteria are

19 included in the review.

20 The objective of all this is to come to a
.

21 finding in our SER tha t says that this design is

22 acceptable, and the construction, and we intend to at

23 tha t time provide the justification for all the criteria

() 24 t ha t are being approved here.

25 So there will be a discussion in the SER of
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(]) 1 what the basis for these criteria vill be. Let me just

2 point out that this process to get these criteria looks

3 a lot like the one I have shown here for the review.
),

4 (Slide)

5 The difference is you note up here in this box

6 in this circle I have shown severe accidents. The

7 applicant's proposed principal design criteria do not

8 include any accommodation of severe accidents. They

9 were added on after our May 6 letter, the Denise to

10 Caffey letter, and the applicant proposed principal

11 design criteria. Our attitude towards these has been

12 and will continue to be that we will evalua te them in

13 light of the general design criteria, 10 CFR 50,

O 14 Appendix A.

15 There is a set, a recent draft of the ACS

16 LMFBR design criteria that we will take into

17 consideration and review these again. Calculations and

18 experiments f rom research programs conducted by our

19 Office of Research and the Department of Energy and

20 International Programs would certainly be a f actor, and

21'our NRR branch review of these proposed criteria in
,

l
l 22 general, the various criteria.

"3 There will be a specific branch of NRR that

() 24 will have the responsibility for examining the adequacy

25 o f those criteria, but again, the design basis events

O
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(]) I that you assume have a big impact on what the criteria

2 look like. An example of that is that currently these

3 proposed criteria and these design basis events do not
)

4 include anything like a LOCA for a light water reactor,

5 and therefore if you look at the principal design

6 criteria for Clinch River you are going to see that ther

7 do not include consideration of a LOCA.

8 One of the documents that I have handed you is

9 a comparison of the principal design criteria for Clinch'

to River to the 10 CFR general criteria. You will see that

11 there are many similarities and there are many cases for

12 which these criteria are identical. These criteria are

13 identical to these (indicating), and there are some

O 14 other cases for which these criteria only differ in a

15 f e w words in what is probably a relatively insignificant

16 w ay , and then there are other variations, and we will go

17 into those later.

18 We will, of course, be expecting to get

19 comments f rom the subcommittee as we go through this

20 process, and you learn more about our thinking and you

21 h ave had an opportunity, in fact, to look at this

22 document .

23 Perhaps the next time you meet or in a

() 24 subsequent meeting we will talk about these in more

25 detail, but eventually we would produce an SEE that

() *
c
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() I would go to the ACRS for examination and review, and it

2 would include our consideration of what would be the

() 3 acceptable set of principal design criteria for Clinch

4 River.

5 That is not all there is to it. There is that

6 other part of the review that is the more specific

7 criteria.

8 MR. MARKS Bill, on matters such as sodium

9 leaks and possible sodium fires, there is certainly a

10 f air amount of American experience at Idaho, to which I

11 am sure you have quite direct access. There is also,

12 presumably, experience in France. Do you have direct

13 access to that or do you get it only pleasantly filtered

O
14 through international programs?

15 MR. MORRISs As yet we do not have efficient

16 direct access and we are going to ha ve to work to

17 establish that access through the International Program

18 Of fice.

19 MR. MARKS It is nice if they help you with

20 your reservations and things, but you do not want them

21 to help you looking at plants.

22 MR. MORRIS No, they would only help in the

23 coordination of those discussions when they had them.

() 24 HR. BENDER: I am looking for logic and

25 consistency in the regula to ry approach, and I would

'
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(]) 1 interpret this chart up here as suggesting that you are

2 going to take the 10 CFR general design criteria and lay

3 them out on the table and say here is what it is for an

4 LWR and here it is, the same or different, for a light

~

5 breeder.

8 MR. MORRIS 4 First off, a lot of this was done

7 previously. These are the results of interactions with

8 the applicant in the earlier step review, and I think

9 that must have gone on but I cannot say personally it

10 h a s . But we will again go back and look at that again

11 and ask that same question, but I think the document I

12 have given you, you will see it is structured in such a

13 way that you can make a comparison one to the other, and

14 then we will always ask that questica, when they are

15 identical, is that justified, are the small variations

16 justified, are the larger differences justifed? And we

17 vill try to provide our thinking on that in this SER.

18 It will be based on all these elements in the recipe.

19 MR. ZUDANS: With these two charts that you

20 showed are you making a specific distinction between

21 w ha t you call principal design criteria and specific

22 design criteria? Are they completely uncoupled?

23 MR. MORRIS. No, they are not uncoupled.

() 24 Perhaps I can give an example.

25 (Slide)

O
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() 1 Let me see if I can think of something. If

2 you look at the criteria -- I will have trouble quoting

3 those. If you look at the criteria for the protection

4 system, and this would apply for both a light water

5 reactor and for Clinch River, the protection system

6 criteria are f airly generally stated in the GDCs in 10

7 CFR 50.

8 There are more specific criteria that you

9 would find in our standard review plan, and the way we

10 write SERs for light water reactors and the way we will

11 vrite this one is we will say, given the fact that we

12 have decided that these specific criteria are being

13 designed to -- the design is intended to meet those, we
O
"# 14 believe that that is a justification when the more

15 specific -- the general criteria are being met. The

16 general are quite of ten so vague that it is very

17 dif ficult for a designer to use those.

18 MR. ZUDA;iSs So, what you call your principal

19 is similar to general design criteria in a light water

20 reactor.

21 MR. MORRISa That is correct.

22 MR. ZUDANS: Do they relate to a specific

23 piece of equipment, a specific event, what?

() 24 MR. MORRIS: Yes.

25 MR. ZUDANS. Okay.

O
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(]) 1 MR. MORRISs For instance, here you see the

2 relationship. Perhaps as we look at proposed specific

tN 3 design criteria for one of the engineered safety
(_)

4 features, we will look back to see that given that we

5 find tha t that is acceptable, that that indeed is a

6 basis for concluding that this is going to be part of

7 it. So there is a relationship here. This is usually

8 sta ted in a slightly more general way than these

9 criteria vill be stated, and that is the distinction.

10 One thing that I want to point out is that

11 this will not be a sequential process necessarily, that

12 we want at some point in the review, say next -- you

13 know, in August, say that we have completed our findings

O 14 about this particular set of criteria. This will be

15 ongoing , and so this model that I have drawn is not

16 really precise because it does not really show the

17 dynamics of the situation.

18 One of the things we are going to be doing is

19 we are going to be looking at the design basis events

20 tha t the applicant has proposed. We want to look at the

21 systems in this design to see whether we believe th a t

22 they accept those events -- those events are an

23 acceptable basis for the design. So that process means

() 24 th a t there is a potential for renewing our consideration

25 of what these should be.

,
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(]) 1 MR. ZUDANS: Is it not simply stated that

2 specific design criteria are specific recipes as to how

)
3 you can meet your principal design criteria given

4 certain conditions?

5 MR. MORRISs You said it. I tried to say it

6 before but tha t is --

7 MR. ZUDANSt The specific design criteria is

8 like a second level of detail. That is all it is.

9 MR. KASTENBERG: A question. Does the fact

10 that so many of the components and systems have been

11 developed and built over the last 12 years pose any

12 problem in terms of your developing these criteria?

13 MR. MORRIS: Well, ideally, no, and we are

O 14 going to attempt to approach this from the standpoint

15 tha t it is a request for a permit to construct a plant

16 and tha t we can make judgments about everything that is

17 involved . Practically I suppose there will be a point

18 a t which large financial consideration could sway us.

| 19 One has to admit that as a practical matter. But we are

20 going about it in such a way that we are really only

21 taking advantage of that more nature design to see if we
.

22 believe that there is a feasibility to meeting these

23 specific criteria.

() 24 There are two findings we believe we have to

25 m ak e . One is that the criteria will provide a safe
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(]) 1 design and that it is feasible to meet those criteria

2 given the state of the art, and the maturity of the

- 3 design may help us make that latter judgment. However,

4 we are really not going to take it as something tha t we

5 have to accept, the fact that there may be a design

8 already in place, equipment already purchased.

7 MR. ZUDANS: You are going to be slightly

8 biased to twist your principal design criteria so that

9 you can live with existing designs.

10 MR. MORRIS: We will attempt to avoid that.

11 MR. ZUDANS: How can you avoid it? Do you put

12 any weight on --

13 MR. MORRIS: One of the ways would be -- I

O 14 don 't even know what is procured and what is the level

15 of completion on most of the elements of the design. We

16 are really not even looking at it, quite frankly, and we

17 do not have an accounting of what they have done and

18 wha t they have not done, and I do not think it is going

19 to enter into our thinking very far.

20 MR. ZUDANS: But the applicant has proposed

|
21 specific criteria that has already been taken into

22 account in the design.

23 MR. MORRIS: Yes. As I say, we are spending a

() 24 considerable effort . I think you will see as we discuss

25 our technical assistance and research tomorrow that we

\
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(]) 1 are goinc to expend considerable effort to look at the

2 foundations for these criteria, these design basis

3 events, and we are going to try to examine whether we

4 believe that he has chosen an acceptable bounding set of

5 scenarios, and whether we believe other features should

6 be added to account for certain events that he has not
:

7 currently proposed. I think that concerted effort is

8 the way we are really trying to focus on this rather

9 f han to think about th e ha rd wa re . We are thinking about

to the dynamics of the plant and whether or not it has been

11 acceptably considered in the design.

12 One thing I do want to point out again is that

13 these criteria do not necessarily help us in looking at

() 14 these postulated severe accidents. They require

15 specific special criteria beyond the design basis, and I

16 think you have already seen some examples of those being

17 developed for the ATES and degraded core considerations

18 f or Zion and Indian Point and other light water reactors.

19 MR. BENDERS I would like to pose Dr. Zudan's

20 question in a slightly different way. Are you planning

21 to use a risk concept in doing this evaluation?

22 MR. H0RRISs Yes. This part (indicating),
|

23 this evalua tion.

() 24 MR. BENDER: The criteria themselves have a

25 certain amount of risk assessment built into then.l

_,

I
l
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(]) 1 MR. MORRIS: Right. What we will do is we will

2 look at these events. We are going to take

3 considerations of the probabilities of those events

4 occurring. One can dream up certainly scenarios that

5 would be very improbable and therefore probably not

6 worth designing for within the design basis. If the

7 event that we identify turns out ot be one that is of

8 comparable probability to a design basis event, then we

9 would consider it more seriously, and that is our

10 a ttitude.

11 On the larger scale, probabilistic risk

12 assessment is a f actor in our overall review of Clinch

13 Riv er. We will be using the methodology of

O 14 probabilistic risk assessment in our whole review.

15 MR. BENDER: Well, the point to me seems to be

16 worth understanding. Here is one reactor, not a family

17 of reactors yet, and whether one wants to use the same

18 risk basis in evaluating that one reactor as he does in

19 a large family of them is worth thinking about.

20 MR. MORRIS: I am not sure I know what you

| 21 mean by risk basis.
!

22 MR. BENDER: Well,if I have 100 reactors, I

23 have to think about the f act that the likelihood of one

() 24 of them having an accident is a lot more than if I have'

25 only one reactor to deal with. So when I develop the

O
-V
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(]) 1 general criteria with anticipation that it will be used

2 f or a large number of reactors, I am likely to have a

3 somewhat different approach. And I think we have to
)

4 recognize the physical existence of some thing s .

5 MR. MORRISs Yes. The overall goal for Clinch

6 River, the licensing goal as we see it is that the risk

7 for Clinch River should not be significantly different

8 f rom a typical light water reactor design, and

9 probr.bilistic analysis would be required to make a

10 judgment about that. If you consider design*

11 onhancements for a generic class of light water

12 reactors, I think you would consider that differently

13 than our consideration of a design enhancement here, if

O 14 that is what you are getting at.

15 And certainly what I think we have to take

16 into consideration is the fact we are dealing with a one

17 of a kind reactor. If we make a generic change to a

18 light water reactor design , then we are having a bigger

19 impact on risk reduction than we would be if we made a

20 similar change to this reactor. We recognize that.

-

21 MR. CARBON 4 I would like to go back to a

22 sta tement you just made that CRBRs should not be

23 significantly less safe to the public than an LWR. What

() 24 sort of process are you going to go through to try and

25 evaluate that? I mean you cannot just simply make a

O
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() 1 blanket statement, one is as safe as the other, because

2 ve may not know how safe either one is.

3 Now, when you get to evaparing CDAs, maybe, on
(}

4 a CRBR versus 2,000 psi in the primary piping of an LWR,

5 how are you going to compare these things? How are you
,

6 going to approach this problem?

7 MR. MORRIS 4 I do not see that we would.try to

8 maae that particular comparison, but it would be the

9 overall assessment, is what we are driving at.

10 HR. CARBON: All I was doing there is pointing

11 out one specific example of where they are different.

12 MR. MORRIS Well, the risk from a plant is

13 going to be -- there are going to be many contributions

O 14 from either a light water reactor or an LMFBR, different

15 type of scenarios being initiated leading to some

16 consequence to the public, and the risk assessment

17 approach would be an integral approach summing all of

18 those contributions.

19 So it is an integral approach that we would --

20 we would apply that principle that I men tioned to you in

21 an integral way, looking at the sum of all different
,

22 scenarios that could occur for both typesof reactors and

23 comparing the ultimate risk or consequence from those

() 24 and judging -- and taking into account the rela tive

25 probabilities.

o .
.
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(]) 1 But I am not sure I understand your question.

2 I am sure I have not answered it.

'
3 MR. CARBON: Well, you a re sa ying you are

4 going to integrate the risk for each and come out with

5 equal numbers in the end.

6 MR. MORRISs .No, not significantly different

7 is the goal. We would not try to achieve equality.

8 NR. CARBON: All right. But.how are you going

9 to attach a number to the risk f rom high pressure in the

10 primary piping, and how are you going to attach a number

11 to the CDA risk so as to be able to integrate these

12 things?

13 MR. MORRISa Well, let me address the latter.

O 14 The former is part of the risk assessment of a light

15 water reactor I assume you are talking about.

16 MR. CARBON: Okay.

17 MR. MORRIS There are methodologies in place

18 and risk methodologies that are being applied to

19 probabilistic risk assessment for light water reactors.

20 Similar technology and methodology will be addressed for

21 Clinch River.

22 HR. CARBON: Well, we do not really know how

23 good the numbers are on an LWR.

() 24 MR. MORRISa I understand.

25 MR. CARBON: And aren't we much worse off when

O -
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() I we come to a single unbuilt LMFBR?

2 MR. MORRISs The data base -- I think one

3 could generally agree with that consideration. The data{)
4 base for an LMFBR is less expensive than for light water

5 reactors. That is part of the ultimate uncertainty that

6 we are going to have to face as we evaluate this overall

7 judgment. But I do not want to be too precise about

8 what our judgment will be like. I doubt if we are going

9 to be taking this out to very many significant figures

10 when we look at the risk comparison.

11 What we do know is that there are many ,

12 similarities to the designs of systems at Clinch River

13 to light water reactors and examples, and I do not want

O 14 to be held in a specific way, but the auxillary

15 feedwater design f or Clinch River is not that much

16 different than for some light water reactors.

17 MR. CARBON: That is quite true. The aux
.

18 f eedwater system may not be all that much different.

19 MR. MORRIS: I think as you build this up one

20 would see that there are areas where you could glean

21 useful information from the light water reactor

22 technology and apply it to Clinch River risk assessments.

23 MR. CARBON: Quite so. But as an example, the

() 24 results of f ailure of the aux feedwater system may be

25 quite different in one and the other. How are you going

~( )'

ALDERSON REPORTING COMPANY,INC,

400 VIRGINIA AVt:, S.W, WASHINGTGei. D.C. 20024 (202).554-2345



66

(]) 1 to take that into account? You may be able to evaluate

2 that one may fail as f requently or as infrequently as

3 the other, but if the results are different -- N o w , I

4 know these are tough questions and I do not nave the

5 answers, but I wonder what sort of thinking you have

6 gone through on it.

7 MR. MORRISs Oka y . We believe up to the poin t

8 of the initiation of a core disruptive accident, that it

9 is probably possible to do a pretty good job delineating

10 the risk and the sequence of events that would occur.

11 Okay? That is to the initiation of a core disruptive

12 accident being the initial beginnings of fuel failure,

13 o ka y , when the core disruption actually occurs. The

O 14 sequence of events that could occur bef ore that are

15 amenable to standard probabilistic risk assessment

to methodologies.

17 A f ter that point the phenomenology is not well

18 understood and it would be difficult to use
,

i

19 probabilistic analysis in that area. Some people may

20 t r y it but it would be dif ficult. That is a place where

t 21 we would have difficulty -in diverging I say we will' --

| 22 have dif ficulty in mapping out what would occur.

23 I agree with you there are problems, and what

,

() 24 I think that we are trying to do is the following. It

25 is we are trying to grasp the probabilitt of a core

O
i

!

ALDERSON REPORTING COMPANY,INC,

400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202).554-2345



. .

67.

(]) 1 disruptive accident occurring, and I ar, concentrating on

2 those because of the general impr'ession that they are

3 the main contributor to risk. But our probabilistic
)

4 risk analysis will also include consideration of other

5 events. But we will focus on the probability of

6 initiation of a core disruptive accident, we will look

7 at bounding analyses to try to consider what would

8 happen sebsequent to the initiation of a core disruptive

9 accident.

10 We will look at those systems that are there

11 and potentially capable of accommodating the event, and
i

12 I believe what we will have will be a reasonable measure

13 of the risk that may be possible from Clinch River with

O 14 uncertainties, and I assume that our attempts to review

15 the probabilistic risk assessment the applicant is doing

16 and has done will address these uncertainties that you

17 raise. We are going to have to deal with those and I

18 think t. hey will be add ressed as uncertainties in our

19 conclusion.

20 MR. CARBON: Let me go on to another

21 question. You may have answered it a little while ago.

22 I am not sure. On your first slide you talk about, at

23 bullet number 4, design basis events, and bullet number

A
( ,/ 24 5, severe accidents beyond the design basis.

25 MR. MORRIS 4 They still show up here

,
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O ' (taa1 cati =g>-

2 MR. CARBON: It was not clear to me that those

3 are exactly the same thing.

4 MR. MORRIS No, they are not. This is the

5 culmination of the last two bullets on the slide, design

6 basis events and postulated severe accidents.

7 MR. CARBON: So postulated severe accidents

8 are the same as severe accidents beyond the design basis.

9 MR. MORRIS: Yes.

10 MR. CARBON 4 Okay.

11 MR. MORRIS: I just ran out of room on the

12 slide. Severe accidents to us are, in my termino 1ogy
'

13 used here, beyond the design basis. That is within that

O 14 circle that is drawn there. It is the same thing.

15 MR. CARBON: And you say you are going to try

16 and distinguish or differentiate between these two on

17 the basis of probability?

18 MR. MORRISa Yes. Design basis events would

19 be fo11oved as having -- generally are thought of as

20 more probab1e events, but events beyond the design

' 21 basis: 1.e., postulated severe accidents are events of

'

22 lesser probability.

23 MR. CARBON: You say guillotine break on an
'

O 24 tvR , a p=obab1e happening .

25 HR. MORRIS: It is probable enough that it has

O -.

!
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Q 1 been considered as a design basis event.

2 MR. CARBONS Is it more probable than an ACDA?

3 MR. MORRIS: I think so. I do not intend to

4 tell you that I know that is the case now. A guillotine

5 break has been attributed to have a probability of
-4

6 something like 10 per reactor year or something like

7 that.

8 MR. CHECK. May I inject something here?

9 There is another component in this discussion that has

10 n o t been brought up, and I do not mean to dwell on it,

11 but the inventory of a design event develops over a

12 period of time. This is something that has evolved.

13

14

15

16

17

18

19

20

21

22

23

O 24

25

O.
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(}
1 It has not evolved on the basis of any

2 rigorous study of probabilities of events. Those

3 probabilities have informed the judgments of people who

4 have discussed these things over the past couple of

5 decades, but seldom, if ever, have events been put in

6 the category of design events, as I say, on the basis of

7 some clear showing that they are highly probable

8 numerically.

9 So, we are dealing with the world as we find

10 it. Design events are things that not our forefathers,

11 certainly, but our fore-reviewers have dealt with as

12 challenges to the plant. How they were arrived at is a

13 topic f or another af ternoon 's discussion , but briefly,

O 14 it is people like ourselves sitting around in rooms.

15 deciding how one adequately tests a power plant system

16 by system, go through it, fail it, go th rough it, fail

17 it; establish what is a reasonable failure mechanism.

18 And all these things sum over time and give us what we

' 19 know as design events.

20 MR. CARBON: Well, to me, that is not an

21 adequate answer from people sitting around a room and -

22 deciding . It seems to me there should be some sort of

23 criteria. I do not know exactly what they are.

() 24 HR. CHECK: We would love to have one. I

25 fcund myself approximately a . ar ago trying to explain

O
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O i this process to the :Mr Restart -- 1n1-2 Restart eoard

2 -- 1. And it unfortunately comes down to not just a-

3 single gathering in a room of course, but the combined

4 visdom, if you will, of ACRS sitting over a number of

5 years, over a number of cases, the staff itself, the
,

6 designers. It is not a very precisely-defined process

7 by which events have achieved the status of design

8 events.

9 I would willingly trade it in for something

10 that is more precise and systematic. But one does not

11 exist at present.

12 MR. CARBON: Well, I guess I would hope that

13 perhaps you are able to come closer to making it a

0
14 precise definition than we can today.

15 MR. MARKS You said you would use probability

16 to the extent tha t you can manage. Supposing you were

17 suddenly assured, became convinced that the probability
-8

18 o an 9CDA was 10 per reactor year. Would you then

19 be able to scratch the whole business of talking about

20 it ?

21 MR. MORRIS: I think it would be worth a try,

22 but I would not want to qua rantee anything on that. Not

23 n ow , here.

24 MR. CHECK: Recall, risk involves consequences

25 as well.

O .

-
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(]) 1 MR. MARK: They are not more than 10 squared

2 bigger than everyday kinds of things, so you really have
-8

3 something made small by the 10 and think of the{) ,

4 money you would save.

5 (Laughter.) -

6 HR. MORRIS: And I do not think the

7 probability of anyone convincing us of that would'be.

8 very high right now.

9 MR. MARK 4 Oh, I was not discussing th a t

10 probability.

11 (Laughter.)

12 MR. CHECKS We are on the lookout to save

13 review energy, not just ours but yours as well. And if

O 14 we can make th ese points, if we have a basis for moving

15 forward with that kind of an argument, believe me we

16 will try .

17 MR. ZUDANS: Can I conclude from this

18 discussion that comparing risks that one faces in LWR's

19 and LMFBR's can only be made in a qualitative way?

20 MR. MATRIS: I think one would make the use of

21 quantitative tools tempered by judgments about what they

22 could tell you based on the limited data -- on the

23 relative merits of the data bases for the two system.

() 24 But certainly, we do not say that quantitative tools are

25 not very useful in making that judgment.

O
R
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() 1 But every time you make a risk assessment, I

2 think you should address the uncertainties in the

3 assessment. There is an uncertainty that goes with a
(}

4 light water reactor risk assessment and the

5 probabilities -- the risk curves f or light water

6 reactors. There will be another uncertainty that should

7 be imposed upon the risk assessment for Clinch River.

8 We do not know what it is yet, but I think it would have

9 to be a part of making that overall judgment about the

to comparability of the risks from the two plants.

11 MR. KASTENBERGs Just as a point of

12 inf ormation , did I hear you say that the applicant is

| 13 doing a PRA?

O
14 MR. MORRISs The applicant completed his FRA

! 15 in 1977. Perhaps it would be better to let him say more
i

l 16 about that, but I can say it tends to -- we are going to

17 be looking closely at what he has done and what he is

18 doing , doing selective studies of our own. We are not

19 now committing to do our own full PRA. We think we

20 would be better off to watch what is being done by the

21 a pplican t. Maybe they want to say something about the

22 sta tus of that, if you wish them to.

23 MR. CARBONS Why don't you mention it later

() 24 when you are discussing things with us? Go ahead.

25 MR. MORRIS: Just this one last point.

() ' '
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() 1 (Slide.)

2 You have with you this tabulation, and that is

3 all it is. It is a tabulation of that which we{}
4 inherited of design criteria for Clinch River. That is

5 the principal design criteria, and there is an accouting

6 here that would show that of all those 56 criteria that

7 were proposed, 38 are identical to some criterion of 10

8 CFR, Appendix A. 68% -- if you want to keep tabs of it

9 that way.

10 There are ten criteria, CRBR principal design

11 criteria, that are similar with only a slight variation,

12 and those are pointed out in the document that you have

13 gotten. We attempted to underline the differences.

O 14 Then, there are eight of these criteria for

15 which there is 'no 10 CFR 50 Appendix A cut-apart. The

18 parts for sodium, sodium systems, sodium interactions

17 and the like.

18 Then there are nine 10 CFR 50 Appendix A

19 criteria for which there are no coparable CRBR GDC's,

20 and you have a list of those, too, to see what has not

21 been included among the CRBR lists. We will be looking -

22 a t those, and perhaps we will have discussions about

23 them in the future.

() 24 MR. LIPINSKI: A question. Has the applicant

25 indicated that they would like to change th eir

O
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(]) 1 originally proposed criteria?

2 MR. MORRIS Like to?

3 MR. LIPINSKIa Has the applicant proposed any{)
4 changes to their criteria? Because if you look at the

5 new ANS criteria, there are some that appear that are

6 not in the CRBR list.

7 HR. MORRIS The applicant -- remind me of

8 anything that they planned, they have done? I do not

9 know the answer.

10 MR. GOESER: The applicant had not proposed to

11 change their criteria. They represented an iteration

12 with the NRC staff previously, and as with the specific

13 criteria, those things that have not been changed by the

O
,

14 applicant.
!

15 So a little bit in response to an earlier'

16 question, it is not as though we are proposing criteria

'17 with plant equipment in place. It went the other way.

18 The criteria were defined back previously. The design

19 has then progressed and been measured against those. We

20 are not currently proposing changes in those. We are

21 currently working with the staff in this development of

22 a review at least of the design criteria to be applied

23 to Clinch River.

() 24 MR. LIPINSKIa Let me direct the question to

25 the staf f. Do you plan on looking at the new ANS

( .
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|

() 1 criteria to see whether there is value in those?

2 ER. MORRISs I had a slide up there that

3 showed the ANS criteria. We are going to look at those
[}

4 to make a comparison, also.

5 MR. LIPINSKIa Very good.
.

8 MR. CARBON: These principal design criteria

7 in this last slide, they are the applicant's or are they

8 yours?

9 MR. MORRIS 4 They are the ones -- okay. The

10 ones that I gave you came out of the site suitability

11 report, I believe. I have not done an accounting. I

12 believe they are identical. We will have to check this,
|

! 13 I g uess. I think they are identical to ones that are
| /'%V

14 now in the PSAR. I think that was the result of the,

i

I

l 15 previous negotiations between the staff and the

16 applicant. Is that correct, Dave?

17 MR. CHECK: Before he answers, let me answer.

I 18 We may seem a little schizophrenic as we talk about this

19 because there was a review done before, and

20 u nf ortunately, it was interrupted. As far as I can
i

21 tell, it would have come to a successful conclusion if
.

22 it had not been interrupted. And in coming to that

23 successf ul conclusion, it would have documented all that

| O u needed to be docu ented.
.

25 That failure to document, more than anything
i

|

'

|
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() 1 else, is what prevents us from acting more certain about

than we would like2 where we are going than we seem --

3 to. We talk about theirs, ours. A principal design
{]}

4 criteria that are in Appendix A of the site suitability

5 report are ours in the sense that they were generated

6 and ultimately endorsed -- if that is the right word --

7 by NRC staff. They are in an an NRC staff document.

8 We, as we set out, do not have available to us

9 enough understanding and written-down understanding, of

to how conclusions were reached to allow us to at the

11 outset say those are fine, those are ours. We are

12 examining that right now.

13 ME. BENDER: Well, I think it is important to

14 recognize that we do now know who "ours" represents at

15 the moment. " Curs", as far as I know, represented some

16 staff members who had drawn some conclusions.

17 The NRC as a whole, including its senior

18 management, whatever they are, never endorsed the

19 positions that were taken, except to the extend of

20 sending them to Mr. Caffey and saying here is where we

21 stand right now.

22 But I think it would be inappropriate to say

23 that they do represent an NRC position. They represent

24 only a set of judgments made by a few people in the NRC,

25 many of whom have since lef t the plane fields. And so,

O -
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() 1 I think we have to be f airly careful not to mislead the

2 applicant, if I can use that term, into thinking that he

3 had a lot of agreement. And most of the people do not
[}

4 know what the agreements were.

5 HR. CHECKa Much can be said about the

8 applicant, Mr. Bender, but from my knowledge of him, the

7 last thing I would say is that he is confused.

8 (Laughter.)

9 He seems to know as well as any party where we

10 have been and where we are going. I do not think I said

11 anything that should conflict with what you said.

12 I would remind you that the comments I just

13 made were on these things called principal design

O
14 criteria. They were in a report which is an NRC staff

15 docum en t , and I would separate them somewha t from

16 D enis e-Caf f ey , Gammill-Caffey in status.

17 NR. BENDER: I guess I have to say that that

18 is about like saying when the staff puts out a proposal

|
19 to the Commission for a rulemaking, when the proposal

20 goes out it constitutes a rule. That is not the case a t

21 a ll . It is only a position that is taken for the

22 purpose of evaluation.

23 Now, I do not know that your criteria have

} 24 even been subjected to the kind of review that a

25 proposed rule would have. I am not saying they are bad

(

ALDERSON REPORTING COMPANY. INC.

400 VIRGINIA AVE., S.W., WASHINGTON, D.C. 20024 (202).554-2345



*
,

!

79

() 1 criteria. They are probably the best that exist, but

2 the status of them I think has to be treated with some

{) 3 suspicion until we understand them well.

4 MR. CHECK: Once again, I do not think there

5 is anything I am saying that conflicts with what you are

6 saying. We view them exactly the same. They are

7 probably as good as anything that does exist. They may ,

8 in fact, turn out ultimately to be entirely satisfactory

9 to us and others. But I cannot rise to the defense

10 today . We are studying them.

11 MR. CARBON: Any other questions at the roment?

12 ( No response.)

13 Le t's take a 15-minute break.
'

14 (A short recess was taken.)

15 MR. CARBON: let us resume the meeting, and I

16 believe we are at Item 5, and the applicant has the

17 floor.

18 MR. GOESER: Thank you. Before we start, I

19 might clear several things that came up this morning.

20 First , we did do at Clinch River a risk assessment which

21 was completed and submitted in 1977. We are currently

22 in the process of upda ting th a t risk assessment and will

23 be providing that as time goes on.

24 Two other things --

25 MR. CARBONS Excuse me, what sort of timing do

O
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(]) 1 you expect on the update?

2 MR. GOESER: The timing right now is being

(~g 3 established within the project to get ourselves -- in
U>

.

4 terms of what we have available and the people and make

5 sure it does the things we need. So I do not have an

6 exact time right now for the full update.

7 MR. MARKS This year?

8 MR. GOESER: We will have results available

9 this year.

10 Two other items that came out this morning,

11 just for purposes of clarity. We have analyzed within

12 Clinch River an event in which all of the sodium -- I'm

13 sorry , all of the orfgen in the containment is burned in

O 14 a sodium pool fire, and the pressure increase in the

15 con tainment is 2 psi for that event, for burning all of

16 the oxygen with the sodium in a pool fire.

17 The second item brought out this morning -- at

18 the end of _our cycle we would have approximately twice

19 as much plutonium in the core as a 1000-megawatt LWR at

20 the end of their cycle.

21 George Cla re , who is the Manager of Licensing
,

22 for the Westinghouse LRN in Oak Ridge, will be making

23 the presentation on the items, the shutdown system,

( 24 decay heat removal, containment confinement. At the end

25 of those , we will then go into the overview of the core

O 1
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(]) 1 melt scenario and the containment response to it that we

2 had discussed earlier this morning.

'

3 MR. MARK So as to understand the statement')
4 you just made about the plutonium, you start off with

5 20% plutonium. The LWR starts with zero. The LWR ends

6 with a couple of percent, and you, of course, burn out

7 quite a bit of your 20. Are you speaking of just the

8 core, or are you including the blanket?

9 MR. GOESER: It is core and blanket. We are

10 considerably smaller than the 1000-megawatt LWR, so you

11 are comparing two different sizes of plant -- Clinch

12 River at 1000-megawatt thermal against an LWR that is

13 approximately .three times that.
O
#

14 MR. MARK: You have what, 1500 kilograms of

15 metal, or is that just plutonium? It is -- how does the

16 metal compare?

17 MR. DONKELS: My name is Dick Donkels,

18 Westinghouse . We have 1500 kilograms of crystal

19 plutonium, in the CRBR.

20 MR. MARKS That means you have 7000 kilograms

21 of metal in the core.

| 22 MR. DONKELS: Our enrichments are 33 volume

23 percent or weight percent, so it is roughly three -- we

24 have one-third plutonium and two-thirds hea vy metal,

25 U-2 3 8 *

,
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() 1 MR. MARKS This is just the core, and the

2 blanket is another ton or so, or a few tons?

3 MR. DONKELSs What I was addressing is just in

4 the fuel assemblies themselves. We also have internal

5 blankets that are -- at the start of cycle has something

6 like nearly twice the amount of heavy metal as in a fuel

7 assembly. And we have approximately only about one-half

8 the amount of internal blankets as we do have fuel

9 assemblies at that time.

10 But just in summary, in Clinch River we have

11 anywhere f rom 1500 to 1800 kilograms of fissile,

12 depending on the cycle.

13 MR. MARK And with a breeding ratio of 1.15,

O 14 you fill that up by one-seventh which will make up 800

15 kilograms more.

16 MR. DONKELS We only build up in our

17 equilibrium cycle somethino like on the order of 60'

18 kilograms per cycle, so where we see a buildup is that
|

19 ve have external radial blankets that sit or have longer

20 resonance times, so the plutonium is built up in those

21 assemblies. That is how the loading goes from the start

22 of cycle value --

23 MR. MARK: Right. So given the matter of

() 24 size, aetal, mass, of yours compared to an LWR, the 20%

,
25 does not mean a factor of 20. It is only a factor of

1

O
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(]) 1 like 2.

2 MR. DONKELS: Yes, on that order.

3 MR. BENDER: You are operating on the basis of
(~)

4 kilograms of plutonium per megawatt or something like

5 that, if I understand it right.

6 MR. DONKELS: I am sorry?

7 MR. BENDER: You are developing a basis that

8 is something like kilograms of plutonium per megawatt of

9 capacity as a basis for judgment.

10 MR. DONKELS That is correct.

11 MR. BENDER 4 And I think that is one way. I

12 suspect we would probably want to look at where the

13 plutonium is with respect to the high power density

O 14 regions. When you think about it.

15 MR. DONKELS: In CRBRP, primarily in the high

16 density we produce something like 80% at our fuel

17 assemblies, and that is primarily where we start vitt

18 1500 kilograms.

19 MR. MARK: Thanks for correcting that. I am

20 sure I had a seriously :#rong idea.

21 MR.'LLARE: If we are all set then, I will go

22 ahead . The agenda calls for a discussion of our three

23 principal safety features in the plant, the reactor

) 24 shutdown system , the shutdown heat removal system and

i

| 25 the containment confinement system.

O
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(]) 1 I will address those; ho we ve r , this being the

2 first time that the subcommittee has been together in a

3 number of years addressing the plant , I took the liberty
Vgm

4 to throw in a few slides up front. This one you might

5 not be able to see too well, just to get you again

6 f amiliar with some of the overall aspects of the plant.

7 (Slide.)

8 This, of course, is an artist's rendering of

9 the plant, located on the Clinch River near Oak Ridge,

10 Tennessee. You can see the plant located here on part

11 of the Oak Ridge Reservation that is maintained by the

12 government there.

13 (Slide.)

14 The heat transfer system that forms, of

15 course , the major features of the plant, is shown

16 schematically here. We do have a reactor operating at

17 roughly 1000 megawatts thermal. We have three primary

i 18 heat transport loops that circulate sodium at about

19 33,000 gallons per minute per loop, through a hot leg

20 p um p through an intermediate heat exchanger back to the

21 reactor vessel; the hot leg tempera ture a pproaching 1000

22 degrees, cold leg temperature, 730 degrees.

23 In the three intermediate heat exchangers, the

() 24 hea t is transferred to the intermediate heat transport

25 system loops and again, there are three of these loops.

() .

.
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() 1 The hot sodium circulates to three identical steam

2 generator units. One of the three operates as a super

3 heater. The sodium flow from the superheater splits and{)
4 goes to each of the two parallel evaporaters bef ore

5 being returned to the IHX through a cold leg pump. The

6 cold leg temperature is 651 degrees.

7 Over on the water steam side, we have a

8 recirculating system that circulates water from the

9 steam drum through a pump to the two evaporaters where

10 the water is heated to roughly 50% quality, 50% mass

11 steam, 50% mass water, when it is returned to the steam

12 d ru m . In the steam drum, of course, the steam is

13 separated from the water. Steam exits through the

O 14 superheater where it is superheated; flows from there to

15 the turbine generator at a temperature of 900 degrees

16 pressure, 1450 psi. The mass flow rate is about a

17 million pounds per hour to the turbine gene rator.

18 We have a fairly conventional condensate

19 f eedwater system that provides feedwater to the steam

20 d ru m at 457 degrees.

21 MR. CARBON: Are there any changes in that --

22 those systems from four years ago?

23 MR. CLARE: I do not believe there are any

() 24 changes of significance there. I cannot speak

25 authoritatively about the feedwater system, but any of

*
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(]) 1 these principal features in the primary, intermediate

2 and steam generator systems have remained essentially

3 identical.

4 MR. ZUDANS: These two evaporaters are fed in

5 by a single pump, or each line has its own pump?

6 MR. CLARE: There is a single water pump that

l 7 recirculates the water to the two identical

8 evaporaters. There is a single pump in each

9 intermediate heat transport loop that has suction on the

10 e va pora ters.

11 MR. ZUDANS: What you are showing is one

12 loop. There are three like this?

13 MR. CLAREs That is right. There is one

O 14 primary heat transport system loop. Excuse me, there

15 are three primary heat transport system loops, one of

16 which is shown here. There are three intettediate heat

17 transfer loops, one of which is shown here. There are

18 three steam generator system loops, each of which has

19 three steam generator modules, for a total of nine

20 modules in the plant. We have shown one here.

21 There is one turbine generator, one condensate

22 and feedwater system.

23 MR. ZUDANS: Thank you.

() 24 (Slide.)

25 MR. CLARE: The overall arrangement of the

O
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() 1 plant is shown in a cutaway view here. We, of course,

~

2 do have a containment building with confinement

3 structure around it. The primary heat transport system
[}

4 including the reactor vessel, the pump and the heat

5 exchangers are located in three separate inerted cells

6 underneath the operating floor of the reactor

7 containment building.

8 The intermediate heat transport system piping

9 runs from the containment building out to a steam

10 generator building which is shown out here, where the

11 three steam generator modules and the intermediate heat

12 transport system pump are located.

13 Turbine generator is located out beyond the

O 14 steam generator building. The steam generator building'

15 also houses some of our emergency decay heat removal

16 equiooment. We do have separate control buildings and

17 diesel generator buildings on this side of the plant

18 (indicating) . Over on the other side of the reactor

19 containment building we have our reactor service

20 building , which includes our refueling equipment, spent
t

21 fuel storage, some of our other auxiliaries and our rad

22 waste building.

23 MR. ETHERINGTON: What is the volume of the

O 24 containment 2

25 3R. CLARE: I believe the volume of the

O
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(]) 1 containment is about three million cubic feet. Is that

2 correct, Lee? Yes.
l

3 MR. CARBON: Is there significance in the '

4 primary pumps? It says one of three in the steam drum
;

5 and the superheater it does not say that. Evaporaters

6 are plural.

7 MR. CLARE: There are three of each of those,

8 except there are six evaporaters.

9 MR. CARBON: And three superheaters?

10 MR. CLARE: Ar.d three superheaters, right.

11 MR. LIPINSKI: Not shown is a stack -- do you

12 ven t the space between the containment and the oute r'

13 concrete shell -- filter it and pass it up the stack?

O
14 MR. CLARE: Yes, there is a pressure

15 maintenance and filtration system associated with the

16 annulus between the containment and the confinement

17 building . Normally, that is exhausted to the

18 environment. I will be covering that in some detail

19 later. There is not actually a stack. It is exhausted
,

20 to the environment, however.

21 MR. LIPINSKI4 Okay.

22 (Slide.)

23 MR. CLARE4 Okay, with that general overview

() 24 t h e n , I will proceed to the first of the three safety

25 systems which is the reactor shutdown system. The

1 O c
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() 1 purpose of that system is to terminate the nuclear chain

2 reaction in the core when one or more of the critical

[}
3 plant parameters f alls outside the specified operating

4 ranges.

5 Of course, it is critical tha t that action be

6 taken within a certain period of time to assure that the

7 temperatures in the core stay within limits, so that we

8 retain core coolability.

9 (Slide.)

10 Now, the criteria that we look at from the

11 standpoint of assuring core coolability = tem from the

12 following argument. To assure core coolability, we want

13 to assure that the cladding does not melt, that it

O 14 remains essentially in place. Cladding melting
0

15 temperature is about 2500 F in order to do that. We

16 f eel we can prevent sodium boiling, so this the
,

17 criterion tha t we place on our reactor shutdown system

18 -- t h a t we hold the hot spot core temperature below the

19 sodium boiling point, roughly 1700 degrees. So we have

20 a considerable margin between the point where we might

21 actually get in trouble and the criterion that we apply

22 in the core for the reactor shutdown system.

23 Now, we do have criteria that we impose on our

| () 24 reactor shutdown system for the events that we postulate

25 to occur more frequently. The purpose of those criteria

.

1
,

ALDERSON REPORTING COMPANY,INC,

400 VIRGINIA AVE, S.W, WASHINGTON D.C. 20024 (202) 554-2345



.

90

(]) 1 are to assure that the damage to the cladding is

2 minimized so that we can continue to operate th e plant

3 and not have to change out the core and suffer the{)
4 economic losses.

5 (Slide.)

6 MR. LIPINSKIs Before you proceed on

7 anticipated transients, are you not requiring no clad

8 damage and a recoverable core?

9 MR. CLARE4 On an ticipated -- we have several

10 categories, and I was using the word " anticipated"

11 perhaps a bit loosely there. The anticipated events

12 tha t we have as a specific category, yes, we would have
>

'

13 essentially no clad damage, and we would continue --

0 14 more frequent is a better set of words. Anything less

! 15 than our most limiting accidents we would expect to be

|
16 able to come back up to operations without having to

17 change out the core.

18 MR. LIPINSKIs A turbine trip would be a prime

19 example. You want to recover your plant and go back

20 into operation.

21 MR. CLARE: Precisely, and we would be able to

22 d o tha t . Our requirements would assure tha t.

23 MR. LIPINSKIs Well, not by this definition

| () 24 because when you say minimize damage to cladding, you do

i 25 not extend that d e fini tion to the most frequent cases
!

- CD -
|

l
i
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() 1 with no damage to cladding. Right now --

2 MR. CLARF I think perhaps we have a

[]} 3 semantics problem as to what minimum and none mean. We

4 assure that within the criteria that we have established
.

5 for the amount of damage that can be accumulated on the

6 cladding and still operate, that for the events such as

7 the one you suggested, we are able to continue plant

8 operation.
.

9 MR. LIPINSKIs Okay. You are going to extend

10 your definition, then, to the cumulative damage fraction

11 with respect to the number of scrams over the core life.

12 MR. CLARE: Exactly.

13 MR. LIPINSKI: Okay.

O
14 MR. CARBON: Before you leave that, would you

15 perhaps point out what is the most severe design basis

16 accident, or one of the most, and how much cladding

17 damage takes place. You say you prevent cladding

|
18 melting , and does any damage take place?

19 HR. CLARE: The most limiting event that we

20 look a t , the standpoint of the reactor shutdown system,

21 is our assumed combination of a safe shutdown earthquake

22 which would , we assume, trip our primary heat transport

23 system circula ting pumps, combined with a 60d

24 re-insertion of reactivity.

:

25 Now, we would not have cladding melting. We

)'
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() 1 might in that situa tion have pins which would see a high

2 enough combination of pressures and temperatures that

{) 3 they micht release gases into the sodium coolant streams.

4 I cannot quantify for you today what the

5 number of pins might be in that situation.

6 MR. CARBON: This is really a rather mild DBA,

7 is it not, compared to LWR's? I mean, effectively you

8 have some pumps trip out and you have had a 60d

9 reactivity insertion. How did the project or how did

10 Westinghouse draw a line here as to what you would call

11 a DBA, and what you do not?

12 MR. CLAREs Well, we have examined any number

13 o f possibilities in terms of mechanisms that might

14 result in reactivity insertions into the core, and this

15 is the one that we were able to focus on th a t might

16 yield anything of this order of magnitude. And the 60d

17 was determined --

18 MR. CARBON: Excuse me, when you say this

19 order of magnitude, you mean the magnitude of 60%, or

20 the seriousness of the accident?

21 MR. CLARE: Essentially both, but I was

22 specifically referring to the 60d. The 60d was

23 determined using a very conservative assumption that the

() 24 core would have worked itself into its most what I will
25 ca11' expanded condition with all the uncertainties, the

( ,
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() 1 fabrication tolerances, the stackup of the position of

2 the core being in its least reactive position. and then

{} 3 assuming that in the safe shutdown earthquake all of the

4 core structures were brought together into its most

5 compacted state.

6 And that is where the 60d reactivity would

7 come f rom. Now, in fact, we do not believe that that

'

f3 would occur under an SSE or any other event, but that

9 was the bound that we could place on it.

10 MR. CARBON: Well, one could certainly

11 speculate that the more serious accidents can take

12 place . You have not included these in the design basis

13 events. On what basis do you exclude them?

O
14 MR. CLARE4 Well, I am not sure what worst

15 type of events you are referring to. We have

16 considered , for example, the potential f or control rods

17 to move out of the core. We have considered pumps

18 tripping, pumps ceasing. We have considered various

19 incidents in the balance of plant in our heat transport

20 systems. We feel we have done a very good survey of the

21 potential conditions that would have to be mitigated by
.

,1this system.

23 ER. CARBON: Well, I guess you are eally

() 24 putting that on the basis of probability, also, are you

25 not ?

O
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(]) 1 MR. CLARE: No. Not really. "e have looked

2 at all the events that I discussed not from the

3 standpoint of probability, but what are the impacts on

4 the core. And in fact, our PSAR in Chapter 15, our

5 accident analysis section, we look into the specific

6 effects of a broad range of accidents. I spoke to you

7 about the 60d step for the SSE, the trip of the pumps,

8 because that is the most severe, but it is not the only

9 event by any means.

10 MR. HUMMELa The 60d is probably set pretty

11 much by what you can tolerate in severe damage to the

12 clad . Probably your position is that you are pretty

13 sure from your analysis that you are not going to get

O 14 more than 60d out of an earthquake, although I am sure

|

| 15 it is pretty hard to tell whether it is going to be 484
!

! 16 or 506.or 606. I mean , tha t is probably just what you

17 f eel is a safe upper limit that you can tolerate from

18 the standpoint of clad damage. And that is what really

19 fixes the number.

| 20 MR. CLAREa Again, the 60d came f rom a

21 neutronics evaluation of the configurations of the core,

22 the worst combination of geometry before the event and

23 the geometry af ter the event, and the net difference was

24 606.

25 MR. HUMMEL4 Well, can you really be that

| '' '
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1 precise about exactly what the number is?

2 MR. CLAREs '4 ell , I presume there is some

3 degree of uncertainty in those nuabers, but I do not

4 believe it is large. They have been taken into

5 account. Those analyses are typically performed with

6 stacking up conservatives -- uncertainties in a very

7 conserva tive manner.

8 MR. LIPINSKI: Does 60d apply to the

9 heterogeneous as well as homogeneous core?

10 MR. CLARE: Yes.

11 MR. LIPINSKIa It did not change?

12 MR. CLARE: It did not change. I am not

13 certain whether perhaps the 60d may be a conservative

O 14 bound for the heterogeneous core.

15

16

17
t

I
i 18
|
i

| 19

20

21

22

23

24

25

i O
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(]) 1 Dick , do you have information on that?

2 MR. DONKELS: The only thing I can address

3 along those lines is that the radial and axial expansion
{)

4 coefficients are approximately the same for a

5 homogeneous and a heterogeneous core. So if the core

6 itself is ratcheted up in the axial direction or it has

7 a bow in the radial direction, you would approximately.

8 see the same reactivity insertion for both the

9 homogeneous and the heterogeneous configurations.

10 MR. CARBON: What was your name again?

11 MR. DONKELS: Dick Donkels of Westinghouse.

12 MR. CARBON: I am still trying to understand.
-5

13 With some probability it might be 10 or something.

O 14 But one can speculate a loss of flow with the f ailure of

15 all the rods to function, and surely that would be a

16 more serious accident than this.

17 MR. CLARE4 We ha ve looked at a range of

18 events that we consider beyond the design basis, yes,

19 and in that sense we have at least qualitatively

20 considered the probability of those events. And we have

21 considered those as potential initiators for our study

22 o f the hypothetical core disruptive accidents, which we

23 vill mention briefly later in terms of the core melt

() 24 accidents that we were discussing or you were discussing

25 earlier this af ternoon .

O
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(]) 1 We believe our designs have been put together

2 in such a way and, if the staff will agree with us after

{'} 3 they have completed their review, that those events

4 should be considered beyond the design basis.

5 MR. CARBON: Yes, that is my question. How

6 did you draw that line? Where did you draw it? Why?

7 How did you make a choice of a design basis accident?

8 MR. CLARE: Well, we did that primarily from a

9 mechanistic standpoint, although we have had numerous

10 reliability studies, including testing to assure

11 ourselves that our conclusions that we had based on

12 analytical work that we had put together a very solid

13 design, a very reliable design, were correct. I will

O 14 walk you through the design features that we have

15 provided to assure ourselves of that.

16 These are beyond, in certain ways, what you

17 would find in a light water reactor plant, and we felt

18 that that was appropriate, given the particular core

19 that we had, as an attempt to assure we would not have

20 some sort of anticipated transient where our shutdown

21 system would fail to operate.

22 MR. CARBOMs Let's not push it farther, but

23 let me say I simply do not understand how you set the

() 24 boundary , and I do not know why it does not come

25 across. I almost think it is because you do not want it

'
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() I to come across, but --

2 (Laughter.)

[}
3 MR. GOESER: George, maybe it would help to

4 take it from a sligh tly different view.

5 Dr. Carbon, what was put in as a part of the

8 plant design early on was a pair, as George is golog to

7 discuss , of independent shutdown systems based on the

8 belief -- and I think that we are going to be able to

9 substan tiate that -- that with two systems that are

10 independent acting to shut down any of the events that

11 one would postulate as initiators with reasonable

12 f requency, things like losses of flow or reactivity

13 excursions, that you would then have ensured that the

O
14 core disruptive accident type phenomena were indeed

15 beyond the design base.

16 Now, as George is going to be talking about a

17 little later , not that they are not considered as part

18 o f the design of the plant, there are a number of plant

19 f ea tures tha t are there that mitigate the consequences

20 of those.

21 MR. CARBON: That does not really answer my

22 question, but let's go ahead.

23 (Slide.)

24 MR. CLARE: Well, as Dave has suggested, our

25 approach to the reactor shutdown system has been to

()a ' > -
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2 diverse secondary reactor shutdown system, each of which

3 is capable of meeting the criterion of preventing sodium

4 boiling th a t I wentioned in the previous vuoraph. And

5.ve have provided a considerable degree of redundancy and

6 diversity within those systems and between thoce

7 systems.

8 And I -- I will take my other Yugraph here and

9 put it up on the other machine, and we can go down

10 through the two slides and look at the words and look at
.

11 some examples of how that has been implemented in the

12 design.

13 ( filid e. )

14 Fi rs t , as far as the redundancy is concerned
|

15 -- and the other vugraph does not specifically address

16 tha t -- the primary reactor shutdown system uses a two

17 out of three logic arrangement in the electronics, so

18 that we do have a redundancy there. Even if one of our

19 channels should f ail in our electronic portion, we would

20 still meet our design requirement.

21 Similarly, on the mechanical end, we have nine

22 control assemblies, only eight of which are required to

23 completely shut down the reactor and meet the

24 criterion. Essentially, this meets the standard,

25 highest worth rod stuck criterion.

O
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(]) 1 The secondary shutdown system has an identical

2 redundancy in the electrical portion, and in the

3 mechanical portion the approach is the equivalent;{}
4 however, there is only a total of six control

5 assemblies. Five are required to shut down the plant.

6 Now, we will step through the diversity that

7 is provided. First there is the diversity in the

8 parameters that are monitored by the trip portion, the

9 trip function generating portion of the equipment. And

10 as an example, the primary system would monitor the

11 pressure in the inlet to the reactor vessel as an

12 indicator of the sodium flow through the core, while'the

13 secondary system might monitor the flow itself through

O 14 each of the three loops.

15 MR . LIPINSKI s Could we pass up this point and

18 talk about the diversity of parameters?

17 MR. CLARE: Sure.
|

| 18 MR. LIPINSKIs When you started you made
l

I 19 ref erence to no boiling in the core as your event that

20 you ' are protecting against. What about the entire
i

21 spectrum of all of the transients? Given that the

22 primary system does not function and the secondary

|
23 System is your line of defense, is the resulting

() 24 consequence the same in all cases?|

!

25 MR. CLAREs The criterion that the public

O
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(]) I health and safety be protected by no boiling occurring

2 can be met by any one of our design basis accidents with

3 a completa failure of the primary system to take any

4 action whatsoever. With failure of one of our three

5 channels in the electrical portions of the secondary,

6 and failure of the highest worth rod in the secondary,

7 we will still prevent the occurrence of sodium boiling.

8 MR. LIPINSKI What is the condition of the

9 core when you are all through with the event?

10 MR. CLARE: That depends on what the

11 initiating event is. If it is a very severe design

12 basis accident , the core might have sustained enough'

13 mechanical damage in the cladding that it would have to

O 14 be replaced. For the kinds of events that we would

15 truly anticipate to occur during the plant life, there

te would be essentially no damage to the core.

17 MR. LIPINSKI Is there any event that

18 eff ectively gives me a THI, where I have protected the

| 19 public but I have a badly damaged plant?

20 MR. CLARE No. Again, the no sodium boiling

21 criterion is to assure that the cladding does not melt.

22 The fuel would remain in place in a coolable geometry in

23 the core. We would be able to pump sodium through it.

() 24 We would be able to naturally circulate sodium through

25 it and remove decay heat in place.

\

l
|
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({) 1 There would be no venting or whatever of

2 primary coolant outside of the normal primary coolant

3 system.

4 HR. LIPINSKI: This is the question I directed

5 to the staff earlier, when the guidance was presented in

8 terms of providing redundant and diverse shutdown

7 systems, because there was no accompanying specification

8 saying what the damage should be after the systems had

9 f unctioned. And I believe the answer I received a t the

10 time was that they were supposed to be equivalent. And

11 if the staff accepts this no boiling criterion as being

12 the equivalent, then I guess the systems are

13 equivalent.

O
14 MR. CLARE: We believe that is the case, yes,

15 s ir .

16 MR. BENDER: In looking at that part of the

17 chart up there that shows redundancy --

18 MR. CLARE: Yes.

19 MR. BENDER. You show eight out of nine

20 con trol assemblies in the primary, five out of six in

21 the secondary. That is a fairly large proportion,

22 judging by some other events that I have seen occur.

23 You have not said much about how much they have -- what

() 24 they really have to do.

25 Do they all have to insert, the eight of

O -
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() 1 nine? Could some of the eight and some of the five

2 insert and get the same result? Or are those

3 combinations built into tha t thing, or --
{}

4 MR. CLAPE: A couple of points to make in that

5 regard. Yes, certainly, combinations would be

6 eff ective. There is no doubt about that. And I would

7 additionally say, we do not have to have eight out of

8 nine and five out of six. It is really 5 out of the

9 combined 15 or 8 out of the combined 15.

10 These numbers are selected for the worst

11 event , namely the 60-cent step that I referred to

12 ea rlier. By and large, for the kinds of events we would

13 anticipate to occur in the plant these numbers would be

14 lower, somewhat lover. And again, it would depend on

15 which event. I do not have a quantitative answer for

16 any specific event.

17 MR . B ENDER 4 Well, I did not expect a detailed

18 answer. I am just conscious of the way in which you

19 deal with those numbers, and they do not give me much

j 20 comfort as I see them right now. But you will explain

21 it at some future time.

22 MR. CLARE: I am sure we will have that

| 23 o pporutnity.

() 24 MR. MATHIS: Am I interpreting this properly

25 that you have to have a combination of the primary and

O
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(]) 1 secondary in order to do the job, or is each competent

2 to do the job by itself?

3 MR. CLAREs Each is competent to do the job by{)
4 itself. The question earlier was, would some

5 combination be as effective as all of one or all of the
.

6 other, to which my answer is, certainly, yes, some

7 combination would be effective.

8 MR. BENDER: It certainly is clear that if the

9 secondary did not work for some reason, tha t you would

10 need eight out of nine of the primary?

11 MR. CLARE: Only for our worst accident. For

12 some lesser accident it would be some lesser number of

13 the primaries.

O
14 MR. BENDER: When you say some accident and

15 some lesser accident, I am not sure that I know what you

16 are makino reference to.

r/ MR. CLARE: Well, we are somewhat sensitive to

18 the degree of reactivity inser ted by a certain event,

19 oka y . As I mentioned earlier, our most severe event is

20 a 6 0 cen t step. If for example the event we were

21 protecting against were a pump f ailure,- then we might be

22 able to get by with -- and here is a quess -- five out

23 of nine control rods.
f%
t) 24 MR. BENDER : Okay. So there is somes

25 probabilistic treatment tha t has to be used in deciding
! .

O
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() 1 when you would be happy with eight out of nine and when

2 you would want to have something like say two out of

3 nine. There may be some events where that is enough.},

4 MR. CLARE: In our risk assessment that we

5 mentioned earlier, that was done back in the '76 '77

6 time frame, we did take into consideration the differing

7 number of control rods that might be required to

8 terminate different types of events, yes.

9 MR. BENDERa Thank you.

10 MR. ZUDANS: One more question on the same

11 subject. In your worst event that you described as a

12 result of changing configurations, that leads to highest

13 reactivity at some loca tion, is it then necessary to

O 14 know exactly where it happens and these rods have to be

15 inserted where they should be? Is there any
i
l 16 relationship where that worst configuration exists where

i 17 your rods are?

|
18 MR. CLARE: No. The event that we are talking

19 about is a core-wide event. It is not a localized event

20 within one particular part of the core. And those

21 movements that we are talking about are fairly small,

22 are very small compared to the size of even a single

23 assembly. And these rods would insert with confidence

() 24 with the core in either of those configurations.

l 25 MR. ZUDANS: Well, I guess you answered my

|
| (2) '

.

i
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() 1 question. I am not quite sure yet myself. I can

this is a large area, a large cross-section2 imagine --

3 -- as a result of a seismic event your configuration may
{)

4 change locally a lot more than --

,5 MR. CLARE: Very small fractions of an inch.

| 6 MR. ZUDANS: But that is what would cause your

7 reactivity to change. Isn't'that true -- I am not a

8 nuclear physicist -- that you insert the rods around

9 that location where it is most effective?

10 MR. CLARE: No. The rods are in fixed

11 positions.

12 MR. ZUDANS: I understand that.

13 MR. CLARE: And they insert in that position,

O 14 and the worth of the rod is not particularly affected by

15 this very minor change in configur.stion that creates the

16 6 0 cent step. Again, you have a fast reactor which has

17 -- which is a very tightly coupled throughout its

18 diameter and its axial length.

19 Okay, to con tinue down the list. The sensors

20 that we use to detect the status of a particular

21 parameter are also diverse from primary to secondary.

22 As an example, we use ion chambers to sense core power

23 in the primary and the fission chambers for the

() 24 secondary shutdown reactor system.

25 MR. CARBON: Do you use any common sensors in

( '
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2 MR. CLARE: No, we do not use any common

3 sensors. And the example I have used is one of the very

4 f ew cases where we even sense a common parameter, in

5 this case core power, which we feel is a key part of

6 both the primary and the secondary.

7 Now, we use isolation devices to protect the

8 various channels within the reactor shutdown system, and

9 we have used diverse means of providing the isolation in

10 the two systems. In the case of the primary system, we

11 use light isola ted devices, auto-isolators they are

12 sometimes called. In the secondary we use direct

13 coupled transformer devices.

O\'
14 The logic concept and hardware is different in

,

15 the primary compared to the secondary. We use

16 integrated circuits in the primary. We use local

17 coincidence logic. On the secondary we use discrete

18 components, resistors, transistors, et cete ra . We use

19 general coincidence logic.

20 At the electrical-mechanical interface we have

21 diversity between the two systems. In the primary we

22 use electrical scram breakers; in the secondary we use a

23 solenoid valve that converts the signal f rom, of course,

() 24 an electric signal to a pneumatic signal.

25 The drive mechanisms which support the control

O
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() 1 rods, the individual control assemblies are different.

2 In the primary we have a roller nut type mechanisms on

3 the secondary we have a ball nut type mechanism. And
[}

4 this is merely a difference in the geometry , the types

5 of motors that drive these control assemblies up and

6 down and position them prior to the time they might be

7 actuated for a scram.
.

8 The latch mechanism --

9 HR. ETHERINGTON: I thought you had finished

10 with this. I was going to ask whether there is not

11 anything more sweeping than just the difference in the

12 nut diameter?

13 MR. CLARE: Far more diversity. And perhaps

14 when I get down through thi s , perhaps your question will

15 have been addressed. If not, feel free to raise it.

16 The latch mechanism, which is the mechanism

17 t ha t performs the scram function in terms of the

18 mechanism that releases the control rod to allow it to

19 insert into the core, is much different. In the case of

20 the primary , the roller nut mechanism includes the latch

21 mechanism. The roller nuts engage the' drive line up

22 inside the drive mechanism, above the head of the

23 reactor vessel. And this is the latch that disengages

() 24 to allow the rod to scram (Indicating).

25 On the secondary side of the system, the latch

O

ALDERSON REPORTING COMPANY,INC,

400 VIRGINIA AVE., S.W., WASHINGTON. D.C. 20024 (202).554-2345
i



. _ - . - .-

t

.

109.

() 1 is located down inside the assembly. duct, down just

2 above the core, below the upper internal structure of

3 the reactor vessel. So this latch would not be
[)

4 particularly affected by some event that could somehow

5 affect the upper internal structure or the mechanisms of

6 the reactor vessel head. In this case, this is a collet

7 latch type of latch, as opposed to the roller nut we

8 bave on the primary system.

9 I mentioned the latch location, in the case of

10 the primary above the reactor vessel head; in the

11 secondary, down just above the active core itself,

12 inside the assembly which ducts the sodium flow through,

13 the core.

O
14 The control assembly shapes are different from

15 the primary to the secondary. The primary has a

16 hexagonally shaped duct that contains the control rods

17 themselves, the pins. It slides up and down inside a

18 similarly shaped duct which interfaces with the rest of

19 the core.

20 In the case of the secondary, of course the

21 outside configuration is also a hexagon to fit in with

22 the rest of the core assembly. But inside that we have

23 a cylindrical assembly sliding inside a cylindrical

() 24 duct , giving us a diversity in shape.

25 Finally, there is a diversity in the

.
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() 1 motion-assisting mechanism that we have, which initially

2 accelerates the control rod down into the core and

{} 3 speeds up the reactivity insertion, the negative

4 reactivity insertion that is being called for. In the

5 case of the primary, th'at is a spring that drives on the

6 drive line to accelerate the entire assembly down into

7 the core.

8 In the case of the secondary, we have a

9 hydraulic pressure assist which is designed into that

to assembly so tha t the flow forces actually pull the

11 assembly down into the duct, down into the core

12 ele va tion, at the time it initially starts its

13 movemen t.

O
14 MR. LIPINSKI: In that last diversity, your

15 drives are over the core and now you are in troducing

16 hydraulic fluid into the secondary system. Is there a

17 possibility of fluid leakage down into the core and then

18 mixing with the sodium to give you crud?

19 MB. CLAREs This entire assembly, including

20 the piston-type arrangement at the lower end of the
i

| 21 assembly which provides that hydraulic force, is totally

22 immersed in sodium and is so by design. And the flows

23 which creates those hydraulic forces that I mentioned

( ( 24 a re part of the normal sodium flow that flows up through

25 the core support structure and is distributed.

O
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(]) 1 Part of the flow, of course, goes up and cools

2 the fuel assemblies; part into the blanket assemblies,

3 e t ce te ra . We have merely designed this so part of that
{}

4 flow pushes down on this control assembly.

5 MR. LIPINSKIs Okay, it is hydraulic via

6 s7dium.

7 MR. CLAREs Yes.

8 MR. BENDERa What is the insertion time that

9 you are planning on?

10 MR. CLAREa The insertion time is on the order

11 of a half a second.

12 MR. ZUDANS: Is this dashed line a

13 pressure-assist line f rom the solenoid down to the latch

14 assembly?

15 MR. CLARE: The dashed line?

16 MR. ZUDANS: That is the one.

17 MR. CLAPE: Okay, the way this mechanism works

18 -- and I have not explained it to you in de tail, but I

19 mentioned that this latch is located down inside the

20 core. When the solenoid valve here is opened,

21 essentially it relieves the gas pressure, which allows a

22 piston which is located inside the control rod drive

23 mechanism to move a very small amount, roughly a quarter

() 24 of an inch.

25 And tha t tension rod, is what we call it, is

Q ..
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() 1 what moves this quarter of an inch stroke, a very slight

2 movement required to open the fingers on the collet

3 latch which is located down here, thus allo wing the{)
4 assembly to insert into the core. And this dashed line

'

5 is intended to indicate that linkage between the

6 solenoid valve and the latch.

7 MR. ZUDANSa You mentioned gas. Is there

8 pressurized gas existing someplace?

9 MR. CLARE: The gas is argon gas that is

10 introduced into the solenoid valve which is located in

11 the drive mechanism at the reactor vessel head.

12 Okay, I mentioned a little bit earlier that we

13 had done some testing to assure that the design that we

O 14 have provided will perform, not only have the

15 performance characteristics but have the reliability

16 that we believe we have designed into the system. This

17 is merely a picture givino you an indication that we

! 18 have tested the electronics portions of our shutdown

19 system .
;

20 (Slide.)

21 This is on test at the Westinghouse location

22 a t Walls Mill, Penn sylva nia . We have representatives of

23 the primary system and the secondary shutdown system on

24 test there.

25 (Slide.)

O
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() 1 And we have found that the system behaves very

2 much in accordance with what the design called for.

3 Similarly, we have tested the mechanical

4 portions. Again, to actually show you the test would be

5 impossible since it is inside very much insulated and

6 instrumented assemblies. But this is just a picture of

7 the primary control rod drive mechanism and drive line,

8 also on test at Westinghouse.

9 We have tested a number of prototypes there.

10 (Slide.)
,

11 The secondary control rod system is shown

12 h ere. This is the insertion of one of the prototypes
,

| 13 into its test chamber. This you can tell by the good

O 14 vea ther is out in California. GE is doing tests there.

15 (Slide.)

16 That concludes my remarks on the reactor

17 shutdown system.

18 MR. HUMMELs Could I ask a question, please?

19 MR. CLARE: Sure.

20 MR. HUMMEL: You said you had a tightly

21 coupled core so that there is no concern about the

22 kinetic ef fects, is that right?

23 MR. CLARE: I am not sure I made tha t strcng a

O| 24 statement.

25 MR. HUMMEL: Have you checked any space-time

O
!
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(]) 1 kinetic ef f ects for the heterogeneous core?

2 NR. CLABE Yes, we have, okay. And I did not

3 sean to say it so strongly, to say that those were not

4 important. However, the more general question as to

5 whether it makes a lot of difference as to which of the

6 five control rods, for example, that we would insert at

7 any particular event, whether that would be controlling

8 on tha event, my statement was that we did not think

9 that was the case.

10 MR. LIPINSK14 Originally your reliability

11 analysis was based on parts count because you did not
,

12 have your equipmen t operational. Now that you have had

13 the systems under test, have you any statistical basis

14 for backing up your reliability estimates?

15 MR. CLARE: For our electrical portions of our

16 design, it is infeasible to a certain extent to apply

17 some statistical meaning to the data we have gotten for

18 our reliability tests. And as I mentioned, the system

19 has performed very much in accordance with our

20 predictions, in some cases better. We have not found

21 any real problems f rom tha t standpoint.
.

22 The mechanical systems, if one took a very

23 simplistic interpretation, one might say, yes, we have

() 24 proven out some of our assumptions there. However, we

25 recognize that there are some differences, for example,

O -
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(]) 1 in terms o'i the actual in-core conditions between our

2 testing and our actual in-plant experiences. So we do

3 not claim that there is a large statistical meaning to

4 our data .

5 We have not found unsafe failures in either

6 the primary or secondary mechanical systems. They have

7 performed well.

8 MR. LIPINSKI How many years have the

9 electronics components been cooking?

10 MR. CLAREs That program was phased in. It

11 did not all start up at once. I think some portions of

12 it have been on line for say four to five years now,

13 some of them less than that.

O 14 MR. LIPINSKI: With recorded failures or no

15 f ailures?

16 MR. CLARE: There have been certain equipment
,

17 f ailures that have occurred, and these again have been
i

18 in line with the predictions for individual failures of

19 elements. There have been no unsafe failures of the

20 systems as a whole.

21 MR. LIPINSKI: Thank you.

22 MR. CARBON 4 What changes have been made in

23 the shutdown system in the past four years?

() 24 MR. CLARE: The primary change that you would

25 see outwardly in the reactor shutdown system is a result

() ' ' ~
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() 1 of a change to the heterogeneous core, and tha t change

2 resulted in a decrease in the total number of control

3 rods -- total number of control rods from 19 to 15.
[}

4 (Slide.)

5 The J'.stribution between the primaries and

6 secondaries also changed. Earlier we had 15 primaries

7 and 4 secondaries. That has now changed to the nine and

8 six I have indicated here. That is the principal

9 outward change.

10 There have been very small refinements in both

11 the electrical and the mechanical portions of the
;

12 equipment. I do not have specific details to give to

13 you today. Many of the changes in the electrical area

O 14 did specifically result from the testing that we carried

15 on.

16 MR. CARBON: Are the rods themselves pretty

17 much identical except for the shape? Are they all solid

18 rods, about the same size?

|

19 MR. CLARE: They are solid rods. They are

i

| 20 roughly the same size. They fit into a single fuel

|
21 assembly-sized location within the core. There are some

22 dif ferences. Again, I noted the geometrical

| 23 differences, which is intentional.

() 24 MR. CARBONS I think Mr. Norris has a comment

25 to give us.
1

O
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1 MR. MORRIS: The question was raised regarding()
2 the staff's intention about the dual -- the need for two

3 separate independent redundant diverse shutdown systems

4 and wha t the inten t wa s. The intent was to assure that

5 the possibility -- or the probability of a core

6 disruptive accident would be very low, not to assure

7 anything abcut the kinds of limited fuel failures that

8 could occur during anticipated transients or desion

9 basis events, but rather that you would have ultima te

10 protection against the transients.

11 And I thought tha t Mr. Lipinski had asked the

12 question twice regarding what we intended, and T think

13 tha t that was it, rather than a specific concern about

14 fuel failures during f requent occurrences.

15 MR. CARBON: At any time in your analyses,

16 design and so on, did you consider rods -- some of the

17 rods being articulated or some such thing? Some LMFBR's

18' have such rods.

19 MR. CLARE: We a re a wa re tha t there are

20 concepts for articulated rods being developed. We have

- 21 never had as part of our design articulated rods. We do

22 have flexibility designed into, for example, our primary

| 23 control rod drive line, to assure the same kinds of

() 24 flexibility, insensitivity to some geometrical motion,

25 come lateral motions, that the articulated assemblies

O
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() 1 are intended to address.

2 Our perception at this point is that those

3 articulated assemblies are perhaps not quite ready to be{)
4 introduced into a design which is intended to be

5 implemented on this schedule as the Clinch River plant.

8 Again, we are aware of the development programs and we

7 of course watch over them, as we watch over the other

8 development programs. And we will make any decisions

9 later on that subject.

10 MR. CARBON: Thank y'u.

11 MR. LIPINSKIa On the subject of diversity,

12 when you get to the drive line boundary effectively you

13 lose diversity, because you still have to insert

O 14 reactivity via these control rods. Now, you did go to

15 the design of having a hex in a circular type motion.

16 This is to be compared with say an LWR where

17 you use rods, where you use boric acid f or reactivity

; 18 cha nges, to get complete diversity, whereas in your case
l
'

19 you are still limited to moving the rods within the

20 core.

21 MR. CLARE: It is true that both of our

22 systems rely upon the notion of an assembly inside the

23 core.

() 24 (Slide.)

25 Now, you said that our diversity was lost at

() i

|
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(]) I the drive line, and I am not certain that my point came

2 across earlier. In the case of the primary system, the

3 drive line in the assembly moves with the assembly. The
[}

4 drive line and the assembly move together during a
.

5 scram , as well as in position in the assembly during

6 normal power operations.

7 On the secondary, the drive line certainly is

8 used to position the assembly above the core for normal

9 power operations. However, the latching and unlatching

to mechanism is at the bottom of that drive line and the

11 drive line need not move in order for the assembly to

12 move within the core.

13 MR. LIPINSKIs Okay, you have diversity

O
14 there . The drive line itself can be frozen. You still

15 g et motion of the secondary system. But the diversity

16 with respect to the absorber, thouch, or fuel as the

17 case may be, is what is common. Only the difference is

18 within your shape.

19 MR. CLARE: The difference is within the

20 shape; some minor differences within the material that

21 is used , although I do not have the details of that.

22 Dave, did you have a point?

23 MR. GOESER: Just one other thing that might

() 24 be added . Both systems are very, very fast-acting,

25 particularly in comparison, as Walt brought out, with

( '
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(]) 1 the boric acid injection type systems for LWR's. So

2 tha t we have both that are capable of terminating rapid

3 transien ts, and that was an initial and very strongly
y

4 held design goal for both systems.

5 (Slide.)

6 HR. CLARE: Then we will move along to the

7 second safety system in the plant, which is the shutdown

8 hea t removal system. This is the system that takes over

9 over the reactor shutdown system has terminated the

10 chain reaction, and its purpose is to remove the

11 sensible and decay heat from the reactor following power

12 operation for all of our normal shutdown conditions,' as
i
I 13 well as the various conditions that we postula te might

14 occur during and af ter plant operation.

15 Now, I will note here that, just as a

16 reminder, we do operate our sodium systems well below

17 their boiling point, at a very low pressure, which means
i

18 that the decay heat removal systems have no requirement

19 to depressurize the primary coolant system or anything

20 along that line that you might be familiar with in a

21 light water plant.

22 (Slide.)

23 MR. KASTENBERG: Could I ask you a question on

() 24 th a t ? Could you put that back for a moment?
,

|

25 MR. CLARE: Sure, sure.

O
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2 thing again, the relationship between the shutdown

( 3 system and the shutdown heat removal system. The

4 criterion for the shutdown system or scram system

5 basically is to shut the chain reaction down and to keep

6 sodium from boiling, basically. So basically it is a

7 conditional requirement, based on the fact that you have

8 shutdown heat removal available to you.

9 HR. CLARE: Well, the uodium boiling

10 temperature that we have referred to as the criterion,

11 that is a criterion that is imposed in the core, and the

12 core is the only place in the plant where temperatures

13 approaching that point might be observed, okay. And

O 14 that is only a hot spot in the core. That is not a bulk

15 sodium temperature even in the core, okay.

16 As we move that into the plant, above the

17 core, out into the primary piping, certainly into the

18 cooled leg of the primary system, the tempe ratures

19 during the kind of event that results in a scram do not

| 20 change significantly with respect to the margin to

21 sodium boiling . In other words, the normal tem pe ra ture s

22 t ha t I mentioned in one of my very first vugraphs would

|
23 vary between 730 and 1,000 degrees; whould not change

24 more than a few perhaps tens of degrees compared to the

25 sodium boiling limit, which is 1700 degrees.
!
' O
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;

2 apply there. The normal sodium circulation that would

3 continue at the time the reactor shutdown system
|

4 performed its f unction would assure that the overall

5 system temperatures stayed down below, well, at about

6 the 1,000 degree temperature fo r peak.

7

8

9

10

11

12

13

O
14

15'

16

17

18

19

20
!

21 ' ' -

22

23

24

25

O
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(]) 1 MR. KASTENBERGs If I were able to shut the

2 reactor down but I lost my ability to remove decay heat

3 for some period of time, would I be outside of the
{}

4 design basis; and your first criterion then would no

5 longer apply.

6 MR. CLARE: No. The first criterion applies

7 to the reactor shutdown system, and really it is not

8 impacted by the ability to remove decay heat. And let

9 me put it in time frames for you.

10 The reactor shutdown system, as I mentioned

11 earlier, performs its f unction on the order of seconds,

12 oka y. Depending upon the kind of event we might be

13 terminating , there might be a few seconds building up to

O 14 the point where the shutdown system initiated a trip,

15 and the trip would occur in say less than a second or

16 perhaps a couple of seconds, okay?

17 The shutdown heat removal system performs its

18 f unction over many minutes, many hours, many days. We

19 could turn off all of our shutdown heat removal from our
20 primary system, and we could sit there for half an hour

21 or longer, and the bulk sodium temperature would not

22 rise much above a thousand degrees. The sodium has a

23 tremendous ability to just soak up heat, especially with

() 24 a reactor at decay power levels.

25 HR. LIPINSKI You partially answered my next

() ,
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() 1 question, and that is, under your list does a station

2 blackout get included, loss of offsite power and onsite

3 AC power?
{)

4 MR. CLARE: We will get to that in a little

5 detail later. If I do not answer that, be sure you ask

| 6 me, but I think I will probably address it.
I

7 MR. LIPINSKIs Okay.

8 MR. ZUDANS: I think you answered another

9 question; at least I have a strange feeling that you do

10 not need a shutdown heat removal system.

11 MR. CLAREs We would eventually need the

12 shutdown heat removal system. The primary sodium

13 temperature does rise, although it rises very slowly.

14 MR. ZUDANS: So I guess his question was will

15 the criteria , the first criterion be violated at any

16 time if you do not have the system available?

17 MR. CLARE: Well, we have numerous means to

18 remova decay heat, and our objective is to assure we

19 will always have one or more means to remove decay

20 h e a t . And the question of bulk sodium boiling in the

21 overall plant system is not the kind of scenario that we
.

22 e ve n add re ss . We have considered other criteria f o r th e

23 reactor shutdown heat removal system.

) 24 (Slide.)

25 Our overall approach to shutdown heat removal
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(]) 1 is to use the normally operating system as our preferred

2 mode of removing decay heat. Our reason for selecting

3 this approach is that our three main heat transport
[}

4 systems that normally transport heat from the core out

5 to the turbine generator are certainly capable, and

6 since there are three loops, they are redundant, these

7 systems are continously operating. There are no pumps

8 that would have to rtart valves that would have to be

9 opened in order to initiate this cooling action.

10 Finally, these systems are self-monitoring;

11 for example, from the standpoint of failures in the

12 system, pipe leaks, pump failures. We would become

13 immediately aware of those failures in that system, shut

O 14 down the plant, and be able to remove decay heat on the

15 other two loops without having to perform extensive in

16 service inspection , et cetera, to assure ourselves that

17 these systems were on board prior to plant shutdown.

18 Now we temper that overall approach by

19 recognizing that we do need standby systems that can be
|

20 utilized as necessary. What I would like to do --

21 MR. ZUDANSa Hold on. Your primary sodium

22 system has a pump in it. It is able to remove the heat

23 by na tural circula tion if the pump should not operate,

() 24 decay heat?

25 MR. CLARE: Yes, it can, and I will address

'

i

|

7
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() I that more specifically in a minute.

2 (Slide.)

3 MR. BENDERa Roughly how many pounds of sodium{}
4 in the primary system?

5 MR. CLARE Oh, gee. A million, a couple of

6 million pounds.

7 MR. LEES Is that correct?

8 YOICE: Approximately 1.3 perhaps.

9 MR. DENDER: Thank you.

10 MR. CARBON: Most of that is in the reactor

11 vessel itself, is it not?

12 MR. CLARE There is a considerable fraction

13 in each of the three heat transport loops. I believe it

O 14 ic equally distributed between the reactor vessel and

15 the loops approximately.

16 -The normal shutdown heat removal path that I

17 am referring to here in this vu-graph is the same as the

18 heat transport system that I noted earlier in the

19 introduction to the plant design. The reactor vessel
!

p 20 with the primary heat transport system, of which there
l

21 ' a re three loops. Intermediate heat transport system, -

22 again' three loops. Steam generator system, three

23 loo ps. And a single, what I will refer to as a balance

() 2A of plant with the three, steam generator systems feeding,

1 25 tha t balance of plant. . Ni

O ,

,
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3 () 1 Now, for decay heat removal we would simply,

2 bypass the turbine generator, superheat the steam, dump6

3 the heat out to the cooline tower, continue to circulate
}t
'

4 feedwater back to the three steam drums.

.

Now, during this decay heat removal mode we5
~ '

:s 1

; 6 would operate the primary and intermediate sodium pumps' '
.

,

-
'

<

'b 7 using pony notces that we have indicated here with a

8 PM. The pony motors are normally operating during power.

9 operation. They operate at all times and engage the,

* 10 pump shafts at the time the pumps coast down to
}

11 approximately ten percent of their normal flow following
,

12 the plant scram. We would continue to circulate the'

13 water to the two evaporators using the recirculation

.D.
14 pump shown here (Indicating).

A

l 15 MR. LIPINSKIs Are the pony motors DC driven?

f

16 MR. CLARE: The pony motors are driven from

17 our emergency diesel generators.
!

|C 18 MR. LIPINSKI: They are AC?'
'

.

7. 's 19 MR. CLARE: They are AC motors driven from our
s
'

i $/ 20 emergency diesel generators.

'

21 Now, of course, one of the items that we

22 address in our preferred reactor shutdown system mode is

5 23 the potential f or leaks in our primary heat transport
' '

i<,,

'
24 system.

/

[ 25 MR. CARBON: Before you leave tha t last'
,

| )~

.
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(]) 1 question, how many diesel generators do you have, and

2 will one of them run all the pon, motors or what sort of

; 3 --

4 MR. CLARE. We have three diesel generators in

5 our plan t, and I will note that the third diesel

6 generator is a change since 1977. It will be on our

7 list that we present tomorrow.

8 One diesel generator provides the power to

9 both pony motors in a given loop and the equipment that

10 is required to drive some of the other aspects of our

11 heat sinks that I will be addressing in a minute; so it

12 is one diesel generator per loop. We do not currently

13 have any capability to interchange between loops. That

O 14 is specifically in response to the requirements to

15 assure separation between the loads of our emergency

16 power supplies.

17 MR. LIPINSKI What about the main feedwater

18 pum p and the recirc pump? Where are they driven?

19 MR. CLAREs T.jo main feedwater pumps are

20 driven from offsite power, and that is why I mentioned

| 21 earlier we do us v ? some standby hea t sinks generally to

22 add ress the question of a loss of the balance of plant

23 equipmen t.

() 24 The recire pumps are not driven from the

25 diesel generators directly.

(:) ,
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() 1 MR. CARBON: Excuse me. The recire pump or

2 the motor? I just want to be clear.

3 MR. CLARE: There is a motor, a single motor

4 that drives the recire pump.

5 MR. CARBON: Thank you.

6 MR. CLARE: Okay. These pumps are not

7 considered to be critical loads for our diesel

8 generators. They are not driven. We are confident

9 there will be a natural circulation capability there on

10 the water side of the evaporators.

11 MR. LIPINSKIs Could you amplify on the loss

12 of the main feed pump in terms of these auxiliary --

13 MR. CLARE Let me do that in just a minute.

O 14 There is another heat sink that takes over from this,

15 and I will address that in just a minute.

16 MR. LIPINSKI: Okay.

17 MR. CLAREs Bef ore I do tha t, however, I
|

| 18 wanted to address the provisions we have in the plant to
i

! 19 accommodate a potential leak in this primary system,

20 since this is the one system where our inventory is

21 somewhat common compared to our other two systems.

22 What we have is a quard vessel elevated piping

23 concept. That assures that for any leah in a primary

( 24 pipe tha t we will maintain adequate primary coolant. If

25 a leak were to occur inside the quard vessel somewhere

'

O -
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2 vessel and assure that the sodium level in the reactor

3 vessel does not drop below the point where we could

4 maintain suctioa through our three primary outlet

5 pipes. And of course I have only shown one of the three

6 loops here.

7 If a leak should occur outside a guard vessel,

8 we would lose some sodium into the inerted cell in which

9 the equipment is contained. However, the elevation is

10 set in combination with the pump head so that in the

11 long run we would not be able to have enough pump head

12 to pump sodium out of this leak while the head of the

13 sodium, the level of the sodium in the reactor vessel

O 14 were well above the outlet nozzle of the reactor

15 vessel. So we have assured ourselves that these main-

16 heat transport loops are f ully capable of removing decay

17 heat even given a leak any place in the loop piping.

18 (Slide.)

'

19 Now, to go on and address the question of wha t

( 20 happens if we should somehow lose this heat sink, we

21 h a ve provided emergency heat sinks and power supplies --

22 MR. ZUDANSs Hold on.

For that eventuality.23 HR. CLARET --

24 MR. ZUDANSs This last portion of your
|

25 discussion that you took care of, the quard vessel, you

O
|
i
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0 1 said th t the pump head is combined in such a way that

2 you cease to leak after it drops down to a certain

3 level . Does it also cease to circulate at tha t point?

4 MR. CLARE: That particular loop would cease

5 to circulate , that is correct. However, the other two

| 6 loops that operate in parallel would continue to

7 circulate.

8 MR. ZUDANSa Why would they continue, because

9 the pressure in the vessel would drop correspondingly?

10 If they continued pumping, they would pump through this

11 hole.

12 MR. CLARE: No, they would not, because of'the

13 pressure drop in the core, and the pressures in the

O
14 elevated portions of the other loops would become

15 subatmospheric.

16 MR. ZUDANS I do not see how you can

17 interpret it that way. They are all connected.

18 MR. CLARE They are all connected.

19 MR. ZUDANS: Whatever pressure at the top of
|

|
' 20 the outlet, that is the pressure it will see; and as you

21 pump more, it will tak e the easiest path out and go

22 through the hole.

23 MR. CLARE: No. Let me try to walk through
1

0 24 this. This is -- we heve hed some treuste with this

25 concept bef ore . I will try it again.

O
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(]) 1 Let's assume -- and let me just move the break

2 over here.

3 MR. ZUDANS: Stay where you were.

4 (Laughter.)

5 MR. CLARE: I will leave the break over here.

6 MR. GOESER: You might note that that is a

7 syphon system from the outlet, from the outlet of a

8 vessel to the inlet of a pump. I am not sure that

9 everybody knows this. And that is true in all

10 situations.

11 MR. CLARE: When the sodium level even is up

12 a t the higher level in the reactor vessel because of' the

13 pum p suction here -
'

14 MR. ZUDANS: That is why you put it in the hot

15 l eg .

16 MR. CLARE: No. I do not believe so.

17 MR. ZUDANS: No?

18 MR. CLARE: No. This piping would operate at

19 subatmospheric pressure. It is a syphon system. So

20 essentially what I do with a leak here is I would break

21 syphon to this pump. As long as the piping were solid
.

22 in the other two loops, I would continue to pull the

23 sodiun out of the outlet plenum into the other two

f () 24 pumps, circula te it, remove decay heat in the IHXs.

25 It has to do with when I have a leak I have an

O -
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() 1 open systen , so the break location, wherever it is,

2 becomes atmospheric. In the other two loops I would

3 continue to have a closed system, and the pumps would
{)

4 continue to circulate the sodium. ,
,,

5 MR. ZUDANSs Okay. I guess I have to see this

6 in more detail to really understand if your concept

7 works okay.

8 MR. ClARE: We have a fairly thorough

9 discussion of that in our PSAR, and we certainly would

10 be ready to walk through a more detailed discussion if

11 you ar : interested.

12 (Slide.)

13 Back to the heat sinks. And again, I am

O 14 addressing the potential for the unavailability of this

15 balance of plant heat sink.

16 (Slide.)

17 So what we have provided is another set of

18 h ea t sinks, power vent values, air-cooled condensers,

19 and auxiliary feedwater system, and diesel generators.

20 A nd the way the system works is demonstrated on this

:
i 21 vu graph.

22 First of all, we do have an auxiliary

23 f eedwater system that draws on a seismic Ca tegory 1

24 protected water storage tank. This auxiliary feedwater

25 system , as mentioned by Bill Morris earlier, is the

O -

|
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() 1 essential equivalent to a current state of the art PWR

2 auxiliary f eedwater system.

3 There is a turbine-driven auxiliary feedwater

4 pump 100 percent capacity and two actor-driven auxiliary

5 feedvater pumps. This combination of pumps would

6 provide feedwater to all three of the steam drums.

7 Now, in the initial period following the

8 isolation of the system from the balance of plant heat

9 sink, we would remove heat by venting through two

10 power-operated valves on each of three loops, so that is

11 a total of six valves.

12 Now, either one of these valves is sized to

13 remove sufficient heat to cool down the entire plants so

O 14 we have six valves, any one of which would be adequate

15 to remove the decay heat.

16 Now, at the same time --

17 MR. CARBON: Excuse me. That is any one, not

18 any three of them, is that correct, any one of the six?

19 MR. CLARE: That is correct.

20 Now, at the same time the auxiliary feedwater

21 system comes on which is essentially the early, the very

22 early part of the transient. From plant scram we turn

23 on what we call the protected air-cooled condenser.

() 24 There are three of these, one for which loop. Now these

25 three protected air-cooled condensers pick up the

O
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() 1 long-term decay heat load, when the steam drum comes

2 down to the pressure, that this valve closes. And the

3 additional heat dumped into the superheater is reduced{}
4 to t'le point that this valve closes. And those set

5 points are set so that these valves will close when the

8 vater side is at about 600 degrees Farenheit. So these

7 air-cooled condensers do remove some of the heat early

8 on. They take over the entire load when the system is

9 brought down to 600 degrees.

10 MR. LIPINSKIs Are they forced draft? You'

11 show a f an there.

12 MR. CLARE: The air-cooled condensers are
|

13 forced draf t on the water side. Each of the air-cooled

O 14 condensers has two motors and two f ans, so we have a

15 dual capability th e re.j
I

16 MR. LIPINSKIs AC driven off the diesel?
.

17 MR. CLARE4 They are AC motors driven off of

18 the diesels, so that is correct. The water side

19 circula tion is natural circulation through two parallel

20 tube bundles in each air-cooled condenser.

21 MR. BENDER: Could you say again how long you

22 can remove decay heat by blowing down the steam

23 generators?

24 MR. CLAREa If we were restric ted to the

25 protected water storage tank volume, we would be able to

O
l
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() 1 remove the heat for a period of a few hours, say two

2 hours, just by dumping heat through these valves. In a

3 normal shutdown situation -- I say normal -- when we
{)

4 would be disconnected from our turbine generator system,

5 we would expect these valves to close at approximately

6 one hour, perhaps a little less, and the entire heat

7 load be taken over at that point by the air-cooled

,8 condensers.

9 MR. BENDER: So there is a transition you are

10 expected to make f rom one system to the other, is that

11 the idea?

12 HR. CLARE: Well, we would expect a

13 transition. There will be some minor cycling of these

O 14 valves when we first bring the pressure down. It might

15 build up again. However, the difference between the two

16 tha t I was commenting on, the two-hour time period would

17 be given absolutely no heat removal by the air-cooled

18 condensers , and we would still be able to take the

19 entire load .

20 MR. BENDER: That I understood. I was just

21 trying to understand the sequence of events, is what I

22 had in mind to understand. I think I understand it well

23 now . Thank you.

() 24 MR. KASTENBERGa The cycling of valves is

25 manual?

'

.
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() 1 MR. CLARE: It would be automatic. At the

2 time the plant scrams, these valver are armed to open a t

{} 3 their pressure set point. There is some history in the

4 control system that they would close and then

5 potentially re-open if the pressure came up. The

6 operator would not be directly involved in that.

7 MR. LIPINSKIa What is the motor power on the

8 auxiliary feedwater pump?

9 MR. CLARE: Again, the auxiliary feedwater

10 system has three pumps. One is turbine-driven with DC

11 battery supplied controls. The other two are

12 motor-driven from our two main diesel generators.

13 MR. LIPINSKI: Now, when you say th ree pumps

14 is it three pumps per steam drum? There are three steam

15 d ru ms . Now, how many steam drums are effective and how
!
! 16 many have aux feedwater systems?

| 17 MR. CLARE: Okay. There are three steam drums

18 for a given shutdown. We would anticipate using all

19 three steam drums. However, any one steam drum would be

20 adequate . Okay. We have one auxiliary feedwater system

21 which contains three pumps to serve all three steam

22 drums. Now we have one turbine-driven pump with 100

23 percent capacity that feeds all three steam drums

) 24 through one header. We have two AC motor-driven pumps

25 which feed all three steam drums through a completely
(

'

i
|
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() 1 separate header. So we could use either the

2 motor-driven pumps through their header or the

3 turbine-driven pump through its header to f eed feedwater{}
4 to any one of the three steam drums.

5 MR. LIPINSKI What might help on this

6 schematic is to show that t.lere is a branch coming off

7 that pump going into other directions. When I looked at

8 this I got the implication that this was triplicated.

9 MR. CLARE: I guess we tried to cut tha t off

10 here, but we will take that into our notes for future

11 meetings.

12 MR. CARBON: The motors to the atmospheric ~

13 vent valves are driven by wha t ?

O' 14 MR. CLARE: These valves?

15 MR. CARBON: Yes.

16 HR. CLAREs These motors are driven by our DC

17 ICC batteries, instrumentation and control batteries.

18 MR. KASTENBERG: At what point would an

19 operator have to get involved in decay heat removal in

20 an of f-normal situation ?t

21 MR. CLARE: You are stealing my thunder on one

! 22 of my downstream vu-graphs. You would not be involved

23 a t all in a situation where we might lose any number of

() 24 our design f ea tures, and I will walk through some of
|

25 tha t a little later.

)
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(') 1 MR. BENDER: Before you take that vu-graph

2 off, can you tell us when the air-cooled condenser is

[}
3 operating what equipment needs to be functional, just so

4 we understand.
.

5 MR. CLAREa When the air-cooled condenser is

6 operating, water would naturally circulate through the

7 evaporators to the steam drum.

8 MR. BENDER: Does that mean no pump?

9 MR. CLARE4 No pump here (Indicating).

10 MR. BENDER: Okay.

11 MR. CLARE: The steam that was generated in

12 the evaporator would separate in the steam drum. The

13 steam would rise to the air-cooled condenser. It would

() 14 be condensed there with the air flow being provided by a

15 f an , diesel-backed fans. The water -- the condensate,

16 if you will, would f all back down to the steam drum

17 where it would naturally circulate.

18 Now, we do have the aux feed system that would

19 pick up any leakage say from the pump bearings, or there

20 is a non-condensables vent valve to assure we do not
21 have gas trap. -

22 MR. BENDER: But you only need the aux feed

23 system to the extent --

) 24 MR. CLARE: That is correct. It --

25 MR. CARBON: Excuse me. I am not clear. You

O
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(]) I have a diesel-driven fan in the air-cooled condenser and

2 two pony motors. Those three things all have to work |a

3 and nothing else.
)

4 MR. CLARE: Those we intend to work. We

5 provide those as safety features in our plant design.

6 These are Class 1-E motors seismically qualified. We

7 assure our pumps will operate through all our design

8 basis events.

9 Mow, as we have mentioned briefly, there is a

10 natural circulation capa5ility, and perhaps the best

11 thing to do is to skip one vu-graph and jump directly to

12 this one which you will find a couple of vu-graphs later.

13 (Slide.)

14 MR. CARBON: Excuse me. Before you leave

15 this, you do not need the aux feed purps operating for
,

16 the air-cooled condenser? That is part of that question.

17 MR. CLARE: That is correct. The primary

18 purpose of the aux feed system is to make up the water

19 t ha t is vented through these vent valves.

20 MR. CARBON: And once you flip over the

21 air-cooled condenser then --
|

22 MR. CLARE: We would expect some very small

23 amount of leakage over the long term, and we would use

() 24 the aux feed system to make that up, but that is a very

25 small load on the aux feed system.

O .
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1 MR. CARBON: And one other question. If your

2 primary pum p failed -- bea rings go out or some such

3 thing -- will the pony motors still provide the flow

4 there, or will the pony motor only provide it when the

5 pum p itself is okay?

6 MR. CLARE: The pony motor drives the main

7 pump shaft, so if for some reason the pump' were

8 inoperable, the pony motor would in essence be

9 inoperable.

10 MR. CARBON: Any kind of common mode failure

11 then that hit all three pumps, unlikely as it is, would

12 knock this whole system out.

13 MR. CLARE: It would eliminate forced

O 14 circulation in that loop. However, as we have indicated

15 around this vu-graph, we ha'a provided the elevational

16 dif ferences starting f rom the reactor vessels up through

17 the intermediate heat exchanger to the evaporators, the

18 steam drum , and the protected air-cooled condenser so

19 tha t we will have natural circulation capability in all

20 o f these loops.

21 The total elevational difference is on the,

!

22 order of 100 feet. We have done analyses of this entire

23 configuration, and we are confident that we would be

24 able to remove decay heat with any two out of three of

25 our loops operatino in a natural circt stion mode.

O
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() 1 If you are not aware, there had been a number

i2 of fairly recent tests at FFTF testing not this exact

3 configuration because of course they do not generate

4 steam, but testing the principle of natural circulation

5 in the sodium loops; and those tests were very

6 successful and showed that the concept worked very well.

7 MR. ZUDANSa The elevation difference between

8 the IHX and the reactor vessel, is there enough?

9 MR. CLAREs Yes. We believe there is. Again,

to we have done detailed analyses of those using similar

11 tools to what vss used on FFTF analyses, and they

i

| 12 predict more than adequate circulation.
i

13 MR. ZUDANS: Of course, you can check it when

O- 14 you build it, right?
|

t

15 MR. CLARE: It could be done. As I say, FFTF
|
,

! 16 has done it.
|

17 MR. LIPINSKIs Going back to station blackout,

18 given that the rods go in, this system takes care of the

19 initial transient, takes you to a steady state?

20 MR. CLARE: Given a plant blackout situation,

21 we could operate with this system with initially after

22 reactor trip the turbine-driven auxiliary feedwater pump

23 providing aux feed to the steam drums and the vent

j () 24 valves removing the decay heat from the water in the

25 steam drum .

(:) -
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() 1 In the longer term there is some capability

2 f or air side natural circulation through the air-cooled

3 condensers. We expect roughly 30 percent capacity,
[}

4 which is five megawatts per protected air-cooled

5 condenser given natural circulation air side flow.

6 MR. LIPINSKIs Let me ask the question again.

7 Going back to the system on the left --

8 MR. CLAREa They are the same system.

9 MR. LIPINSKI: I know they are. But accept I

10 have natural circulation in this other system, and if

11 all I did was drop the rods and I had no diesels to

12 function, would this system take me through the initial

| 13 transient?

O
14 MR. CLARE: Yes, it would.

15 MR. LIPINSKIs Okay. So I do not nead to use

18 the aux feed system with a blowdown.

17 MR. CLARE: Well, excuse me. This system, I

18 am sorry, you are referring to this system with a

19 protected air --

20 MR. LIPINSKI: Everything you are showing

21 th e re , whether I can just drop the rods and have a black

22 plant and take care of the heat.

23 MR. CLARE: Okay. Ignoring this vu-graph , I

() 24 can take a black plant and remove all the decay heat.

25 The way I do that is by replacing that air-cooled

O
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|

|

() 1 condenser with a turbine auxiliary feedwater pump and

2 the vent valves to remove the decay heat from the steam

3 drum.
)

4 MR. LIPINSKI: I need an active system in

5 terms of that turbine aux feed pump in order to take

|
6 care of the first part of the transient. '

7 MR. CLARE: Yes, but that does not involve the

8 diesel generators.

9 MR. LIPINSKI: That is correct, but I still

10 need an active system rather than this passive system in

11 order to take care of the first part of the transient.

12 MR. CLARE: You do need the turbine-driven '

13 pumps and the valves , yes.

O- 14 MR. LIPINSKI: So depending on what the

15 reliability of those components are determines my

16 overall probability of failure to take the event.

17 MR. CLARE: Yes.

18 MR. LIPINSKI: The passive system has a lot

19 more reliability to it if I do not have to call for any

20 spinning turbine-driven aux feedwater system with

21 associated controls. They are coming off the DC system.

22 MR. CLAREs Well, we believe that is a fairly

23 high reliability system, especially for the kind of

() 24 e ven t tha t we are talking about, with a failure of four

25 connections to the grid and three emergency diesel

O c
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1 generators.

2 MR. LIPINSKI Does this appear in your PRA?

3 MR. CLARE: Again, a third diesel has been

4 added since our PH A was performed. Certainly this

5 system will be snalyzed in detail as part of our update

'?his is one of the major parts of our6 to the PRA, yes. .

7 risk assessment.

8 MR. CARBON: Are there any check valves or

9 anything that have to work inside the vessel or anywhere

10 when you switch from forced convection to natural

11 circulation ?

12 MR. CLARE: None whatsoever. We continue

13 using the identical flow path. Again, the operator

O 14 would not perform any function for natural circulation

s
15 to occur.

16 MR. CARBON. Is there any way that failure of
,

17 the primary pump could prevent natural circulation other

18 than some physical disassembly of the pump?

19 MR. CLARE: No. In fact, our analyses have

20 assumed locked resistance 'in our primary pumps, so we

21 assume that those things tighten up and present the
[ >

22 greatest resistance to flow.

23 MR. ZUDANS: One more question. This

O 24 protected water storege tenk, eiven the scenerio that

25 Mr. Lipinski postulated, how long will it lasi ? In how

O,

ALDERSON REPORTING COMPANY,INC,

400 VIRGINIA AVE., S.W., WASHINGTON. D.C. 20024 (202).554 2345

- - - _ . .__ - . . . - . _ - -_



_ _

146

() 1 many hours do you run out of that water?

2 MR. CLARE: I do not have an exact number for

3 that, but it is on the order of a few hours.

4 MR. ZUDANS: A few hours.

5 MR. CLAREs I am sure it is a t least two

6 hours. How much longer than that I do not know.

7 MR. LIPINSKIs Let's go back to station

8 blackout. You only have a single turbine aux feedwater

9 pum p.

10 MR. CLARE: Yes, sir.

11 MR. LIPINSKI: Therefore, the entire

12 probability of tha t event hinges on the availability ^ of

13 that one pump. That is feeding three of the systems.

O 14 That could function, but given that the one pump is not

15 available, you would not be able to withstand the event.

16 MR. CLARE: Okay. The probability of the kind

17 of event you are talking about would be one which has

18 the probability of the loss of all of our four offsite

19 connections , the probability of the loss of three diesel

20 generators, and then the probability of the loss of the

|
21 turbine-driven auxiliary feedwater' pump during the

|

22 initial time period before the air-cooled condensers

23 could take over the load.

() 24 MR. LIPINSKI: Correct. And that is the

25 reason the event is of concern is because of the

, .
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() 1 unreliability of diesels. The event is of concern on

2 every LWR that is operating, and it is because of diesel

3 reliability.

4 MR. CLAREa That is right, but again my

5 perception is this is as good a system as you will find

6 to mitigate a black plant situation on an LWR.

7 MR. LIPINSKI Relative.

8 MR. KASTENBERGa Could you just refresh my

9 memory on other thing? On your original PRA was a major

10 seismic event, the major contributor to risk or not for

11 this plant.

12 MR. CLARE: I would have to refer that

13 question back to Dave Goeser.

O
14 MR. GOESER: I do not know the answer right

15 now . We can check it.

16 MR. ZUDANS: The remaining two auxiliary

17 f eedwater plan t, they are from diesel or offsite power?

!

| 18 MR. CLARE: The two motor-driven auxiliary

19 f eedwater pumps are driven f rom the two main diesel'

20 generators on site, seismic Category 1 diesels.
I
l
'

21 MR. CARBON: The reason that you cannot go

22 directly to natural circulation without the aux

i 23 feedwater system is simply that the air-cooled condenser

() 24 does not have adequate capacity durina that first hour,

25 is that correct?

O
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() 1 MR. CLARE: That is correct. That is correct.

2 MR. CARBON: Thank you.

3 MR. CLARE: Okay. Now, the other point I
)

4 wanted to make about these emergency heat sinks that we

5 have talked about and have shown here is their

6 separation in the plant, their physical location, if you

7 vill.

8 (Slide.)

9 What I have shown here is kind of a top view,

10 a plan view of the plant with the reactor containment

11 building of course in the center, and this is the steam
,

12 generator building. We have provided extensive

13 separation with massive concrete walls between the three

O 14 loops in the containment building that house -- these

15 loops would be the primary heat transport system and the

16 in containment portions of the intermediate heat

17 transport system.

18 That separation is maintained out into the

19 steam generator building where we have the intermediate

20 sodium system, along with in other cells the auxiliary

21 or rather the steam drums, the evaporators and

22 superheaters, and the intermediate pumps, et cetera.

23 This separation assures tha t an event such as, let's

() 24 pick a leak in a primary system here, would not

25 propagate its effects to the others within the plant.

O
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() 1 (Slide.)

2 Now, this system, to get back to the question

3 of operator action, is controlled, initiated and

4 controlled automatically such that no operator action is

5 required to either initiate or maintain shutdown heat

6 removal using this system.

7 And to step through the kind of scenario that

8 one might see in an emergency trip of the plant, first

.9 the reactor and turbine would trip, the reactor shutdown

10 system would trip both of these. The diesel generators

11 would presumably start if we were to lose our offsite

12 power connection, which we will assume. At the same'

13 time the steam generator system would isola te f rom the

O 14 main feedwater and condenser system, and I have shown

15 that with this valve here. The steam would no longer be

16 allowed out to the condenser.

17 Upon bottling up this system these vent valves

! 18 would open to relieve the overpressure. At the same
l
i

19 time the auxiliary feedwater pumps are starting up

l

|
20 automatically getting ready to provide feedwater to the

|
! 21 steam drum. As soon as I have vented enough water to

22 allow the steam drum level to drop a certain amount, the

23 control valves between the aux feed system and the steam

() 24 drums would open, allowing the water to be driven in by

25 the a uxilia ry feedwater pumps.

O .
.
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() 1 MR. CARBON: How do the power event valves

2 dump the steam? They have a motor on them, but when you

3 speak of them, they sound like they are pressure relief
)

4 valves.

5 MR. CLARE4 They would work similar to that in

6 concept. However, it is a motor-operated valve with its

7 control based on sensing the pressure in the steam drum.

8 MR. CARBONS They are not pressure relief

9 valves; they are motor-driven valves?

10 MR. CLAREs That is correct.. However, your

11 question reminds me to make another point I did want to

12 m ak e . Although they are not shown here, we do ha ve

13 saf ety relief valves on the steam drum. Though

O 14 certainly required by the code and any prudent designer,

15 those valves would form a back-up, provide a backup

16 f unction in case these valves did not open. They, of

17 cou rse, have a higher set pressure, but these are

18 typical pressure relief valves.

19 We were stepping down through here. We are

20 relieving heat through the valves, pumping in water from

! 21 the auxiliary feedvater system.A at the same time we

22 scram the plant, the fans on the protected air-cooled

23 condensers would start up, and although they could not

() 24 handle the entire load, we would be removing a small

25 portion of the decay heat through the protected

) ''
'
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(]) 1 air-cooled condensers.

2 MR. CARBON: Is heat ordinarily being lost? I

3 sean ordinarily during regular operation through the

4 air-cooled condenser?

5 MR. CLARE: Yes, there is some small amount of

6 heat that is normally lost through the air-cooled

7 condenser. We do have insulated louvers and dampers

8 above and below the tube bundles on those condensers.

9 Those would automatically open at the time the plant was

10 scrammed in this case, so we would begin to remove

11 heat. We insulate those dampers to try to reduce our

12 losses during normal operation.,

!

13 MR. CARBON: What causes them to automatically

O 14 open or close or whatever?

15 MR. CLARE: In the case of the louvers on the

16 d um p , they are f ailed open, so any failure of power or a

| 17 signal to open would cause them to essentially spring
l

id open. In the case of the louvers --
|

19 MR. CARBON They are held shut magnetically,

20 you are saying, electromagnetically?

21 MR. CLAREs I cannot speak to tha t de tail.

22 They are somehow -- it might be pneutmatic. I do not

23 k no w .

() 24 MR. CARBON: Loss of electricity, loss of

25 off-site power causes them to open?

O
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() 1 MR. CLAREs Yes, it would. The louvers on the

2 inlet are controlled using a control circuit that is

3 backed by our instrumentation and control batteries.
}

4 These do have the ability to be manually operated by an

5 operator on the roof of our steam generator building.

6 So they could be open even in the event of a loss of our

7 control batteries in that particular case.

8 MR. LIPINSKIs What is the megawatt capacity

9 of one of those air-cooled condensers at peak ?

10 MR. CLARE: One of these air-cooled condensers

11 with the steam drum operating at 600 degrees can dump 15

12 megawatts.

I 13 MR. LIPINSKI: One five?

)
14 MR. CLAREs One five. As this scenario is

15 taking place out here with the heat sinks being lined

16 u p , the primary and intermediate sodium pumps would be

17 coasting down, and something on the order of two minutes

18 into the event, they would coa st down to the

! Is approximately 10% flow level. And the pony motors would

i 20 engage and pick up the sodium flow through these loops,

21 of course, given the fact that we had either off-site

22 power or the diesels to provide the pony motors. And we

23 would continun in that mode, removing decay heat to the

() 24 heat sinks we have identified here (indicating).

25 A point I wanted to make very strongly is on

.
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(]) 1 this bottom bullet on this viewgraph, and that is, even

2 if we were to have a failure, a leak in the primary

3 piping or the intermediate piping, say, or we should
[}

'g4 lose all of our diesel generators or we should lose all i

5 of our prima ry and intermediate pumps, there is still no . J

6 operator action required. We would naturally circulate *

7 in the loops. We could continue to pump even in the

8 event we had a leak in one of our loops.

9 The operator's role in that situation would be
,

10 strictly to stand back and observe in the control room

11 that these actions were taking place in accordance with

12 the design of the plant.

13 MR. ZUDANS: Could you put some kind of a time

O 14 tag ou each of these lines? Say the first one is zero

15 time.

16 MR. ClARE: If this is time equals zero, this

17 is measured in less than a second, this is measured

18 probably in a second or two, just a few seconds. The

19 power vent valves, again, you are talking about

20 seconds. These are all related. As you isolate the

21 system you would immediately build up the pressure and

22 immediately relieve the steam.

23 MR. CARBON: Excuse me, you said immediately,

() 24 but you have to sense it and then the motors have to

25 opera te. How long does it take those motors to open

'

l

I
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h '' 1 th'o'se atmos 3heric vnnt valves?
'

i .

2 MR. .CLARE 'I doInot have the details on the

3 control circuit, but they are f airly - fast-acting valves ,

4 as I understand it.
<

5 MR. CARBON: Like' a seSon3? It could not be a
'

'8'second, sutely. They mus't be a rather' large' valve.
,

|

| 7 NR. CLAREs A New seconds perhaps. I do not
'

t

8 have the exactscharacteristics. When I was speaking, we
s

9 would initiate the 've' nting. Perhaps the valve would not
, .

! 10 be vide open at that point.
s

| 11 The auxiliary feedwater pumps would start off,"
,

12 and I[believeitis'30secondsafterthetriphere,PACC
's

., ,

.

13 f ans ssimilarly within abou' tuSe, I believa -- the

O : <: '' '

.

14 P ACC f ans here. N q. s

[ s
'

! ''
15 MR. CARBON: Are there soce valves -- I guess

16 there ; must be sone check v'alves or'Enmething that would
,

- N '

( N.

( 17 have to operate for tihe turbineaux/feedpaharpump to

18 start operating.,

19 MR. CL AR E s There are not check valves but'

20 control valves. There'are isolation valves on the lines
i

21 from each of these three steam drums. The supply line

l 22 to the turbine-driven aux feed pump, to the turbine on

23 the aux feed pump. Those three isolation valves, or at~

.24 least one of them and the control valve would have to
25 operate , yes , for the turbine-d riven pump to kick out.'

O '
, .

'
i

\ I
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Qi 1 MR. CARBON: Is the steam from one drum

'' 2 adequate to operate the turbine-driven aux feed pump?

3 MR. CLARE Yes.

4 MR. CARBON: And that pump has adequate

5 capacity to provide all the needed water to the drums.

6 MR. CLARE: That is correct. I mentioned
,

7 earlier that the pony motors would coast down on

f
8 something of the order of two minutes, based on our

9 water tests. Does that answer your question?

10 MR. ZUDANSs Yes, my question is answered.
.

11 Nov let's see, you have a certain amount of heat to be
'

,

12 removed . At what point in time the air-cooled condenser

13 heat capacity matches that of decay heat generated?

O
,' 14 MR. CLAREa Approximately one hour.

"
15 MR. ZUDANS: An hour before > hat, the decay

16 heat generated is higher than the capacity to remove the

17 heat.

18 MR. CLARE: Before that, the heat removal

19 capacity of the air-cooled condenser is insuf ficient.

20 The heat removal capability through the vents is f ar

21 more than sufficient to remove the decay heat.

22 MR. ZUDANSa Good. Now, the auxiliary

23 feedwater system pump capacity is also adequate to

O 24 rep 1ece the 31own-of f steem ?

25 MR. CLARE: That is correct.

O
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() 1 MR. ZUDANS: And that lasts for about one hour?

2 MR. LIPINSKIs Until the valve closes.

3 MR. CLAREa A couple of hours.{}
4 MR. ZUDANS: And about in one hour you have

5 the decay heat generated equalled to air-cooled

6 condenser ca pacity.

7 MR. CLAREa Right. A single protected

8 air-cooled condenser. I should point out that is with

9 one loop performing the function, that in one hour the

10 air-cooled condenser could take over.

11 MR. LIPINSKIa The reactor power is down to 15

1:2 secavatts in one hour?

I 13 MR. CLAREa The amount of heat being dumped

() ^

14 through a single loop is about at that level, yes.

15 MR. ETHERINGTON: Is the delivery shutdown

16 operator controlled?
i

17 MR. CLARE: I'm sorry, I am not sure I

18 understand.

19 MR. ETHERINGTON: The operator shut down

20 intentionally? Does it go through an automatic sequence

21 or is it operator controlled? -

22 MR. CLARE: In a normal plant shutdown, the

23 operator would bring the plant down to a fairly low

() 24 level, and then he would push the scram button as part

25 of his assurance that the reactor itself was shut down.

()
|
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() 1 MR. ETHERINGTON: He would go through this

2 sequence ?

3 MR. CLAHE: Provided that he had off-site

4 power. Okay. The diesel generators would not turn on.

5 The steam generator system would not isolate the valves

6 from the plant. The vent valves would not open; the aux

7 f eed pumps would not start. However, because he hit the

8 scram button, the PACC f ans would turn on and we would

9 begin removing some heat through the PACC's, protected

10 air-cooled condensers.

11 The pony motors would take over the flow in a

12 normal shutdown, so this would occur, this would occur;

13 the others above it would not occur in a normal shutdown.

O 14 MR. ZUDANS: Your answer to Mr . Lipinski's

15 question with respect to 15 megawatts at one hour was

16 per loop or for all three loops?

17 MR. CLARE: One air-cooled condenser, of which

18 there is one on each of three loops, is good for 15

19 megawatts with the steam drum at 600 degrees, which is

20 its design condition.

21 MR. ZUDANS: To my question, you answered

22 decay heat equals that capacity.

23 MR. CLARE: My understanding in in one hour

() 24 the heat being delivered through this system to the

25 steam drum is roughly equal to 15 megawatts. That is

O .
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() 1 cor rect.

2 MR. ZUDANS: But in answer to his question,

3 you said per loop, 15 mega wa tts. That means you need
)

4 all three air-cooled condensers to take care of it at

5 one hour. Is that correct?

6 MR. CLARE: No.

7 MR. LIPINSKIs I under~ stood you to say one

8 loop was sufficient at one hour, so that the total power

9 out of the core is 15 megawatts at one hour.

10 MR. CLAREs I believe that is correct.

11 MR. LIPINSKIs That is what I understood, the

12 way you answered.

13 MR. CLARE: I think that is correct.

14 Approximately 40 minutes, an hour and ten minutes, you

15 kno w. I do not have those exact numbers.

16 MR. ZUDANS: You need one hour -- you do not

17 need more than one air-cooled condenser to take care of

18 decay heat?

19 MR. CLARE: I believe that is correct.
i
'

20 Certainly on that order of magnitude. Again, I am not

21 splitting the hairs here, but in that timef rame.

22 MR. ETHERINGTON: To get back to the previous

23 question on the reactor and turbine trip, the signal for

() 24 diesel generator start is not that. It is loss of

25 off-site power, is that right?

) '

,
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() 1 MR. CLAREs The kind of scenario we were

2 walking down through here might be initiated by a loss

3 of of f-site power, that is right.
)

4 MR. ETHERINGTONS But if there were no loss of

5 off-site pow'er, would the deisel generators start?

6 MR. CLARE: No, if there were no loss -- well,

7 as long as the balance of plant were available, as long

8 as things looked normal, outward from the steam

9 generator and looking outward from the steam drum out to

10 the normal heat transport system, the normal f eedwater

11 system, the deisel would not start, the steam generator

12 system would not isolate f rom the balance of plant.

13 (Slide.)

O 14 If I can summarize where we have been so far,

15 the three heat transport loops and the heat sinks that

16 we have been discussing do embody extensive redundancy

17 and diversity. We have three heat removal paths from

18 the reactor. We have six vent valves from our steam

19 generator system. We have three protected air-cooled

20 condensers , we have two tube bundles and two fans per

21 P ACC. We have three auxiliary feedwater pumps. We have

22 diversity in the system. We have sodium circulation

23 either by the active pumps with the Class 1E pony

() 24 motors, or we have natural sodium circulation.

25 In our steam vents we have the power vent

-O
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(]) 1 valves that were shown on the viewgraph and the safety

2 relief valves that we mentioned a little later.

rs 3 In the auxiliary feedvater pumps we have
ks)*

4 motor-drivan pumps backed by our diesel generators, and

5 we have a turbine-driven pump, either of which would be

6 adequate. In our power supplies we have two main diesel

7 generators, we have a third diesel generator backing up

8 our third loop, and we have our instrumentation and

9 control batteries which can spocifically support the

10 turbine-driven auxiliary heat pump and our natural

11 sodium circulation.

12 MR. CARBON 4 What is the significance of your

13 statement that you have a third diesel generator backing

14 up the third loop?

'15 MR. CLARE: We have two main diesel generators

16 tha t support by and large most of the equipment in our

17 plant. Okay? The third diesel generator is provided

18 specifically to support the pony motors and the

19 protected air-cooled condenser fans in the one loop. It

20 is a different diesel generator than the two main diesel

21 generators, by current design. -

, 22 MR. CARBON: Just one loop.

23 MR. CLARE4 Essen tially one loop.

() 24 HR. ZUDANS: Does it mean the remaining two

25 can take care of more than the other two loops?

O
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(]) 1 MR. CLARE: That is correct. The two main

2 diesel generators each take care of a loop. The third

3 diesel generator takes care of the third loop.

4 MR. ZUDANSa The first two can take -- take

5 either of two remaining loops, or they are dedicated to

6 a given loop?

7 MR. CLARE: They are dedicated to a given loop

8 by current design.

9 MR. ZUDANS: All right.

10 MR. MARK 4 Excuse me, you probably explained

11 this and I missed it. What is it the batteries need do

12 in order to support natural circulation? They have blow

13 f ans, air-through f ans or something?

O 14 MR. CLARE: The principal thing that they do

15 is to control the turbine-driven auxiliary feedvater

16 p um p . The turbine drive, if you will, to provide flow

17 to the steam drums so that we can vent the steam and

18 remove the heat.

19 MR. MARKS Thank you.

20 (Slide.)

21 MR. LIPINSKI What is your battery capacity

22 when you lose charging capacity of all AC? How long can

23 they run with the loads that are hung on th em ?

() 24 MR. CLARE: I do not have a specific analysis

25 of that, but it is required to be more than two hours at

,
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() 1 a minimum.

2 HR. LIPINSKI You need them for one hour to

3 get through that early phase with the aux feed pump?

4 HR. CLARE: If we were to assume that all the

5 other power was lost for that long, right.

6 HR. LIPINSKI But have you done a specific

7 analysis for station blackout with your new equipment,

8 taking the scenario in terms of what some of the

9 limiting features are in terms of time? Like battery

10 capacity. What your reserve is on the battery.

11 HR. CARBON: I am not aware of an analysis

12 that goes out beyond the point where certain things

13 begin to run out of capacity or f ail. We have not done

O 14 tha t , to the best of my knowledge. We are sure that we

15 have at least two hours' capacity.

16 HR. LIPINSKIa Okay, so if it ever happens in

17 the plant, it is up to the operator to exercise his

18 ing en uity, do an on-spot analysis and try to improvise?

19 HR. CLARE: Well, I am not sare I would

20 project to that point in time as to what we would have

21 and what we would not have.
.

22 HR. BENDER 4 They are a long way from

23 operation yet, Walter.

() 24 HR. CLAREa We will work on the construction

25 permit .

O
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(]) 1 (Slide.)

2 In addition to the decay heat removal

3 capabilities that we have been discussing for the past

4 while, we have what we refer to as the direct heat

5 removal service that provides yet an additional' path to

6 remove heat from our reactor.

7 ( S lid e. )

8 Without dwelling on it extensively, here is a

9 simple schematic of how the system works. Sodium would

10 flow out of the reactor vessel into an overflow vessel

11 where the sodium could be picked up by electromagnetic

12 pumps here. Note that there is a difference in the

13 pumping prin ci ple . In our main nodium pumps we use

O 14 centrifugal pumps; here we use electromagnetic pumps,

15 taking advantage of the unique liquid-metal coolant. We
i

:

16 would pump that sodium through what we refer to as our

17 overflow heat exchanger back into the reactor vessel.

18 Now, by pumping the sodium back into the

19 reactor vessel, we force additional sodium to overflow

20 back into the overflow vessel. On the secondary side of

21 the overflow heat exchanger, heat is picked up by NAK

22 sodium potassium which flows to two air-bla st heat

23 exchangers, circulation being provided again by two

() 24 electromagnetic pumps, and back to the overflow heat

25 exchanger.

' '

!
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() 1 Now, the f ans on the air-blast heat

2 exchangers, the NAK pumps and the sodium pumps are

3 supported by the two main diesel generators, so the

4 system would operate in the event of a loss of off-site

5 power. Again, th'is is seismically qualified, safety

6 class equipment and we would be able to pick up that

7 load even in the event of some adverse event.

8 MR. LIPINSKI4 Are those NAK pumps DC?

9 MR. CLARE: The NAK pumps are AC pumps
,

to supported by our diesel generators.

11 MR. LIPINSKIa Okay, they are not DC with any

12 kind of a battery for them to flow on for any period'of

13 time .

O 14 MR. CLAREa That is correct. This system

* 15 requires the on-site diesel generators to operate.

16 MR. LIPINSKIa So on loss of the diesels,

17 everything stops?

18 MR. CLABEa That is correct. This system is

19 not designed to accomodate the loss of diesels. Again,

20 our natural circulation capability that I explained for

21 our other three loops provides the protection against

22 that kind of an event.

23 MR. ZUDANS: This, of course, would not work

() 24 in the case of any break in the primary loop, correct?

25 MR. CLAPE: This system is not designed to
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(}
1 operate in the event of a break in the primary loop.

2 Again, our other three loops provide protection against

3 that kind of event.

4 MR. ZUDANSs Okay.

5 MR. CARBON: How many valves have to operate

| 6 for this system to come online?
|

I
7 HR. CLARE: This system is normally operatingi

8 with a purification unit that is not shown here, and I

9 do not have an exact count but we are talking about one,

10 two, three -- I would say four to eight valves, and I do

11 not have an exact count between there.

12 Now, those valves are operated by a sequencer

13 in the control room. The operator would walk up to the

14 control panel and by flipping a total of six switches on

15 his sequencer, he would operate the two trains that are

16 shown here. Three of the switches would control one of

17 these pumps , and the associated valving in this pump and

18 the associated valving. The other three switenes would

19 take care of this pump and this part of this one

20 (indica ting) .

1
'

MR. LIPINSKIs What is the capacity of the21
|

22 system? One loop can take care of power immediately
|

23 af ter shutdown or not?

() 24 MR. CLARE: No. This system is designed from

25 a very severe design standpoint where we postulated all

O
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/'T 1 heat that might be removed from the IHX to be completely
V

2 stopped . What we call our adiabatic IHX's at the time

3 the reactor scrams f rom 100% power with 100% full decay

4 hea t load, and the system would pick up the load

5 following that kind of an event.

6 Basically, the heat would be absorbed in the

7 primary sodium during the first half hour, after which

8 we assume the operator has had time to initiate this

9 system and that then the system would pick up the heat

10 load.

11 MR. LIPINSKI: Are both loops necessary, or is

12 one loop sufficient?

13 MR. CLARE: In the kind of scenario that I

14- discussed, which we feel is a conservative scenario that

15 we picked for the design of this system, we would need

16 both pumps and both fans in both loops, if you will. By

17 certainly sometime af ter shutdown, that would no longer

18 b e the case.

19 MR. LIPINSKI: Okay.

20 (Slide.)

21 MR. CLARE: So to summarize where we have
.

22 been , the shutdown heat removal systems consist of four

23 paths that are shown on this viewgraph. The three main

() 24 hea t transport loops with protected air-cooled

25 condensers and vents and aux feedwater system capable of

O -
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() 1 removing heat on any of the three loops, as well as the

2 turbine bypass valving in the turbine generator system

3 as a hea t sink.{)
4 In addition, we have the direct heat removal

5 service. As we men tioned earlier, we have extensive

6 redundancy and diversity built into the three main heat

7 transport loops. The direct heat removal service

8 provides additional redundancy and diversity in heat

9 sinks, flow path and in the pumping principle.

10 And that completes my remarks on the reactor

11 shutdown system.

12 (Slide.)
!

13 Now, the third sa f ety system that we will

O 14 discuss is the containment system, and I have chosen to

15 use that term rather than containment confinement. We

|
| 16 will discuss the confinement. The purpose of this

17 system is to mitigate the off-site radiation doses

18 resulting f rom any number of accidents that could be

19 postulated to release radionuclides to the containment

20 building atmosphere.

21 (Slide.)

22 Now, I will talk first about our design basis

23 events, and then, as we promised earlier, pick up

G(_) 24 consideration of the core melt type events that we

25 considered for mitigation of the off-site consequences.
1

*\- e *
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() 1 (Slide.)

2 Tne containment system must accomodate a wide

3 range of conditions within the design basis. We have{)
4 radioactive gas systems housed inside our containment.

'

5 Principally, our primary sodium cover gas system, that

6 is an argone system, has the potential to contain

7 fission products. It must be able to accomodate sodium

8 leaks and fires within the containment building, and as

9 was discussed earlier, we have a site suitability source

10 term that has been specified for the plant.

11 Now, one thing worth noting abott these types
i

12 of events, as is true for all of our design basis

13 events, and that is that the accidents would develop

}
14 slowly.

.

| 15 (Slide.)
I

! 16 And I am using the word " slowly" here to

17 contrast the conditions in this plant with what you

18 might expect in a light water reactor. We have lov

19 pressure systems. The sodium systems and the argone

20 system do not have the kinds of internal energies with
|

|
21 the ability to pressurize the very large containment

22 volume in a short period of time.

23 The sodium is well below its boiling point;

() 24 there is no possibility of flashing from the coolant

25 systems. And we have inerted and lined cells that

C:)
|
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() 1 contain our sodium equipment so that any potential leaks

2 or spills would not result in extensive sodium burning

3 or pressurization of the containment building.

4 (Slide.)

5 Now, the system that we have provided is shown

6 briefly here . In terms of the structures, we have a

7 steel containment vessel that varies. We have a

8 quarter-inch thick liner at the bottom of the

9 containment vessel. The wall thickness varies from an

10 inch to an inch and three-quarters in various places,

11 depending on the stresses along the containnent dome.

12 Then outside the containment vessel we have a

13 confinement structure which is a reinforced concrete

14 structure. The annulus between the two giving us the

15 capability to filter any leakage that would occur

16 through the containment vessel.

17 As I mentioned, our sodium-containing

| 18 equipment is housed within cells below the operating
l

19 floor of the containment building.

20 (Slide.)

- 21 The other equipment which makes up our

22 containment system is shown in this viewgraph. We do

23 have a fairly typical containment isolation system where

() 24 we have provided one or two valves on our various lines

25 in accordance with the general design criteria, and our

O
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1 criteria are essentially identical to those for a light

2 water reactor.

3 We have a redundant containment isolation

4 system, using two out of three logic. It is located out

5 in the control room. One train controls the valves

6 inside containment; the other controls valves outside

7 con tainment. We have redundant sensors, diverse

8 sensors, inside the containment building to detect high

9 radiation conditions that would be of concern.

10 Finally, we do have a filtration system on the

11 annulus. This is a redundant system which has a number

12 of f ans to maintain the negative pressure; roughly a'

13 quarter of an inch of water negative pressure in the
|

O 14 annulus. The air then is drawn through the annulus

15 through a filtration system, most of which is dropped

16 back into the annulus so we get the benefit of multiple

17 passes through the filter. There is a small exhaust to

18 the environment to maintain the negative pressure.

19

20

21

I 22

| 23

24

25

o .
.
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() 1 MR. BENDERS I think you said earlier the

2 design pressure was 10 psi.

3 MR. CLARE4 The code design pressure for this

4 vessel will be 10 psi, yes.

5 MR. BENDER What is the design temperature

6 and how is it set?

7 MR. CLAREa The design temperature is 250

8 degrees Fahrenheit. That was set on the various

9 considerations of potential accidents that could occur,

10 design basis accidents that could occur inside the

11 vessel. We found, as someone mentioned, in a pool fire

12 in one of these cells with the hatch opened up so we'

13 could consume 100 percent of the oxygen in side the

O 14 containment vessel that we would get to a temperature of

15 about 200 degrees and about 2 psi inside the

16 containment.

17 The 10 psi, the 250 degrees, provides a

18 considerable margin to those conditions.

19 MR. BENDER: That presumes the sodium fires-

20 stay in the cells, is that right?
i

21 MR. CLARE: The particular event we are

22 talking about, the fire does not stay in the cell. We

23 assume arbitrarily there is a hatch in that cell and

() 24 that all the oxygen can communicate down in there, all

25 the reaction products can circulate out and there would

() '
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({} 1 be communication.

2 MR. BENDER: I think I am trying to understand

3 the way in which the heat is dispersed. You could have

4 a localized hot area.

5 MR. CLARE: Yes, certainly there would be

6 localized hot areas. Our analysis has considered that. *

7 We have designed the liners for those cells, the

8 concrete structures that back them up for the localized

9 higher temperatures, that is correct. And they do get

10 up above 1,000 degrees.

11 MR. BENDER: The burning is occurring down in

12 the cell ?

13 MR. CLARE: That is correct. Again, we have

14 purposef ully maintained our sodium-containing equipment

15 down in those cells.

16 MR. BENDER: Thank you.

17 MR. LIPINSKI: Is there any scenario that gets

18 that containment up to 900 degrees Fahrenheit?

19 MR. CLARE: To 900 degrees Fahrenheit, I do

20 not believe so, no, not the atmosphere here. In a

21 particular cell on some fire that might result from a

22 sodium spill, certainly the temperatures would get to

23 900 degrees or higher.

() 24 MR. LIPINSKI: But not the steel containment

25 vessel itself ?

O
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() 1 MB. CLARE: No.

2 NR. ZUDANS4 What about the concrete in those

3 celic where the temperature goes up to 1,000 degrees?

4 MR. CLARE4 We have done extensive analysis of

5 that and we have a system which includes what we refer

6 to as insulating concrete -- you might think of it as

7 sacrificial concrete -- between the liner which would

8 contain the sodium and the structural concrete, which

9 takes up a lot of the heat we are talking about.

10 And we have analyzed the concrete at the

11 temperatura at which it might come during these severe

12 accidents that we postulate.

13 MR. BENDER Do we see all the closures on

O +4 that containment in that picture?

15 MR. CLARE: No, this is certainly not the kind

16 of detailed drawing that would show you all the

17 penetrations. I am sorry, I do not have that. We do

| 18 have some other air locks, for example.
!
|

19 MR. ZUDANS: Actually, you have a very complex

20 picture. Where those heat cells are, in case of a

' 21 sodium burn you would have a veri high temperature in

22 some spots, much lower in the others. And you plan to

23 look at what happens to the entire structure under those

! O 24 cenditions?
|

25 MR. CLARE: That is correct. Our

O
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(]) 1 architect-engineer is doing a lot of analysis on the

2 construction of those structures.

3 HR. ETHERINGTOMs What is the design pressure

4 of your intermediate heat transfer system.

5 HR. CLARE: The design pressure? I believe

6 the design pressure is about 250 psi.

7 NR. ETHERINGTONs How would it tolerate water

8 from the evaporator?

9 MR. CLARE: We believe it vould tolerate it

10 very well. That is essentially the controlling design

11 basis event for that piping system. It has been

12 designed to do that.

13 MR. ETHERINGTON: Could it not reach steam

O 14 pressure?

15 MR. CLARE: We have rupture discs, several

16 rupture discs located on each of our intermediate heat

17 transport system loops, which will sense -- well, ther

18 will rupture -- well, depending which rupture disc you

19 are talking about, a t a certain pressure, and relieve

20 that pressure so that it would not come to the steam

21 pressure. -

22 KR. ETHERINGTON: Are you saying that it will

23 tolerate a leak of some specified size, then?

() 24 MB. CLARE: Yes. We have a specific design

25 basis event which has been specified for the design of

(}|
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() 1 all of the systems that surround the steam generators,

2 yes.

3 MR. ETHERINGTON: It is more than a pinhole
[}

4 break.

5 MR. CLARE: Oh, certainly. It is the

6 equivalent of several double-ended ruptures of tubes,

7 yes.

8 Okay. Now, that I believe is all you have in

9 your handout. I had not actually planned on discussing

10 the function of our containment system in mitigating the

11 kind of core melt condition that was discussed earlier

12 today. We did have some vuoraphs along, so we did offer

13 to do that if you want to proceed with that.

O
14 HR. GOESER4 George, do you need a drink of

15 water, af ter having been talking for a couple of hours?

| 16 MR. CLARE4 I can probably make l't through

17 this small batch of vugraphs if I do not get too many

18 questions.

19 (Slide.)

20 Of course, our approach to core disruptive

21 accidents in general is that they are beyond the design

22 basis, and we believe that approach is appropriate

23 because of the design features which we have included in
|

24 the design to assure that those accidents do not occur,

25 and those are the very features that we have- just been

,

|

ALDERSoN REPORTING COMPANY,INC.

400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (202).554 2345

- . ,.



176

(]) 1 discussing for the last couple of hours.

2 However, in spite of the fact that these

3 events are considered beyond the design basis, we have
)

4 provided margins in our plant to assure that there is

5 some considerable reduction in the public risk from

6 those events.

7 Now, we split up our consideration of these

8 events into two areas that we have names for. One is

9 SMBDB and the other is TMBDB, and that tha t se t of

10 acronyms means is structural margin beyond the design

11 basis, which considers the potential for an energetic

12 sort of disassembly of the core, which was talked about

13 earlier today; and the other, thermal margin beyond the

O 14 design basis, is the long-term containment of the core

15 mass, if you will, that might result should it lose its

16 coolable geometry and essentially melt and reconfigure

17 in the lower part of the reactor vessel and then into

18 the containment.

19 What I will be talking about is the thermal

20 margin beyond the design basis. We do not have any of

21 the details with us today on the structural margin
.

22 beyond the design basis.

23 (Slide )

24 Now, our approach to TMBDB is to provide

1

25 features in our plant that allow the operator to observe
*

1
1

1
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() 1 the developing accident and to manage the accident,

2 which would be a f airly slowly developing one. And

3 specifically the steps that are involved in that, in our
[}

4 understanding as the plan c designers, how these core

5 melt events might look to the operators assure that the

6 control room is habitable during this type of events we

7 do assure the structural capability within the

8 containment building that is required to allow the

9 accident to develop slowly; provide instrumentation

10 within the containment building that the operator can

11 follow the event with; and then we have provided

12 specific features -- venting, cooling, cleanup systems

13 -- th a t the operator can initiate from the control room
,

14 and thus mitigate this sort of an event.

15 NR. KASTENBERGs Does this preclude, then, any

16 energetic core disruptive accident?

17 HR. ClAR E: No, it does not, okay. But again,

18 I d o not have details on the SMBDB, which is what

19 addresses the question of energetic events. But perhaps

I can say very briefly20 -- and I will use this vuoraph --

21 wha t our approach is.

22 (Slide.)

23 And our approach is to assure that our primary

() 24 coolant boundary, our reactor vessel and closure head

25 have the structural capabilisy to minimize to a very

() '
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() 1 great degree any potential release of sodium or

2 radionuclides from the system early on. That prevents

3 any initial challenge to the containment vessel during{}
4 the very early parts of this scenario.

5 And we would have to get into the details of

6 the way we analyze the potential for the energetics and

7 how we analyze the structural capability of that

8 equipment. We do not have the information to do that

9 today.

10 However, given that we have succeeded in our

11 approach to bottle up any potential energetics f rom this

12 event, this gives you a feeling for the kinds of

13 equipment that is involved. And what we have is a vent

O 14 between our reactor cavity and the upper containment

15 a tmosphere, so that should the reactor cavity atmosphere

16 exceed a certain pressure it would blow down into the

17 containment vessal area.'

18 We have provided a venting system which is

19 capable of blowing down the containment vessel through a

20 set of scrubbers and filters and release to the
i 21 environmen t. In the event that this has occurred and
1

l
22 the reactor vessel becomes essentially atmospheric in'

23 pressure, we would turn on a blower, which would lower

24 the pressure in the containment vessel to be

25 sub-atmospheric. We could open up a purge valve to

O

1
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(') 1 allow in additional oxygen, should that be needed to

2 manage the accident.

(} 3 In addition, we have what we refer to as an
,

! 4 annulus cooling system , which can f orce air at a fairly

5 large flow rate through the annulus, cooling the

6 containment vessel from the outside, the ho t air

7 exhausting tnrough the top of the confinement

8 structure.

9 HR. BENDERS In putting that scrubber-blower

10 system in place you are postulating that something is

11 going to come out of there. What sort of stuff ?

12 HR. CLARE: let me walk through that with my

13 next vugraph and give you a perspective of how this

O 14 accident develops. And if I have not answered the

15 question, ask it again.

16 (Slide.)

17 What we have done is we have taken these plant

18 features with the assumption tha t, for wha tever reason,

19 the core in the reactor vessel is not coolable and the

20 entire f uel mass, the steel, et ce te ra , falls down to

21 the bottom of the reactor vessel and the guard vessel.

22 We have done some sensitivity studies to determine at

23 w ha t time the reactor vessel and guard vessel might

24 f ail. It is somewhere on the order of 1,000 seconds,

25 although the rest of this scenario was not particularly

O
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() 1 sensitive from what we assumed there.

2 MR. CARBON: Is this scenario tha t you have

3 lost your flow, but your rods are in?{}
4 MR. CLARE This is essentially a

5 non-mechanistic initiator. For whatever reason, the
.

6 core was not cooled and it lost its cooling.

7 MR. CARBONS Okay, but you are shut down?

8 MR. CLARE: We are neutronically shut down.

9 MR. CARBON: And you have lost your cooling.

10 MR. CLAREa That is correct. However, it is

11 possible that the rods did not insert and the

12 consequences of tha t type of a scenario might be what

13 caused us to lose our coolable geometry. So there might

O 14 have been, for example, an energetic HCDA, and we will

15 look at the potential radiological consequences of that

16 a little bit later.

17 Okay. At 1,000 second s, then, we lose the

18 integrity of the reactor vessel and the quard vessel,

19 and this mass of core material would move down to the
20 bottom of the reactor cavity, spread out there in the

21 reactor cavity. We have assured tha t the flow paths

22 will be available to allow that debris to spread out to

23 a f airly coolable bed on the bottom of the reactor

24 cavity.

25 However, we assumed that the cell liner plate

() i
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() 1 that protects the concrete on the bottom of the reactor

2 cavity is unable to sustain the molten, potentially

3 molten fuel and steel impacting it. So we assumed that{)
4 that liner fails, and what that means is that there can

5 be a sodium-concrete reaction in the botton of that

6 cavity, and further, any water released from the heating

7 up of the concrete would rise up to the sodium pool,

8 where certainly a chemical reaction can take place.

9 Because we dump a mass of hot material into

10 the reactor cavity, we would immediately pressurize the

11 reactor cavity to the pressure required to burst the

12 rupture discs in the spent line. Those are something

13 between 10 and 20 psi.

(:)
14 So what we have is a situation roughly 1,000

I

15 seconds af ter we assumed this core to become molten,'

16 t ha t we have the core material down here in a pool of

17 sodium , ' roughly a million pounds of codium. Sodium can

18 be reacting with the concrete and with the water that is

19 rising up through it.

20 The pool is being hea ted by the decay heat and

21 the gases that are given off, the sodium vapor from

22 boiling potentially, which could begin at about nine

23 hours, along with any hydrogen given off by the

O
\_/ 24 sodium-water reaction, would vent out through the

25 reactor cavity vent to the upper containment

'
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1 atmosphere.

2 Now,-we have studied the potential for sodium

3 and flydrogen burning in various mix +.ures and

4 costnation[s' of them with oxygen , and we have
'

s
8, .

5 estilblisheCa,, fairly conservative set of criteria for
, x . s

6 our analhsiss as to1when we assume that theihydrogen will

7 burn. 'fNo a't roughly ten hours into our scenario out
*

' - 3 -
s, , ,

8 hydrogen barning criterion is met, which means the
,

. s
9 hydrogen'Lbat is being given off in the chemical

-ss

10 reactions 'down inside the reactor cavity will begin to
'

11 burn up here in the upper containment atmosphere.

, 'i

12 Now, I might note that all durint; thi,s time

13 period while we are boiling sodium and passing material '

O 14 up through this vent, that we are dumping helt into the
.

15 concrete stru'ctures, the structures of 'the rear. tor

16 ca vity. And although I have drawn a simplified eklagram'

' 17 here, ,there are pipeway cells through which thdse vents
18 pa sc. s'

19 There are two vents, a redundant set,of vents
' -

s .,

~

20 tha t expose those hot gases t'o more surf ace area or

21 concrete. So we are absorbing some-of the decay heat

22 and some of the heat given off by the chemical reactions

23 in the' concrete structures here.
'

24 You might note that the 24-hour criterion back,

25 from the Ma y 1976 letter f alls somewhere at this point

O
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() 1 in-the scenario. Because we are dumping heat into these

| 2 structures and the structures are reaching a point where
l

} 3 they can no longer retain their integrity, we assume

4 some of the liner f ailures would occur starting in the

5 30-hour period , and this is 'again based on specific

e analysis of specific portions of these liners. And the

7 concrete to back them up here in certain areas are't

8 predicted to fail in roughly the 30-hour area.

9 This exposes more surface area of concrete

10 potentially to the sodium pool, and it also allows more

11 water that is being given off from the concrete to flow

12 into the sodium pool.

13 At roughly 36 hours the operator, given our

O 14 base case analysis that I am showing here, would see a

15 situation developing in containment where he might run

16 into a problem of exceeding his hydrogen concentration

17 limit. I might note that we have chosen what now

18 appears to be a very conservative criterion f or the

19 hydrogen in our containment at six percent. We have

20 evaluated this base case on the assumption tha t the

21 operator will keep his hydrogen concentration below six''

22 percent, which requires him to vent at 36 hours.

23 Now, the reason he is building up hydrogen is

() 24 because he has run out of oxygen up here in the outer

25 containment and he can no longer burn hydrogen and

O
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() 1 sodium up here in this atmosphere. So after 36 hours

2 the operator would initiate the venting through this

(} 3 system, and what would be blown down would be the
;

4 atmosphere that is contained here in the containment

5 vessel.

6 It would be gas, certainly the initial

7 nitrogen from here; it would contain hydrogen, possibly

8 other gases given off by the concrete. It would contain

9 a f airly high concentration of sodium aerosols, and tha t

10 is why we have the scrubber out here on the front end of

11 our filtration system, to be able to handle all the

12 aerosols that' would come through there.

13 I put a little "2" up here on this diagram.

O 14 It is a redundant system. I have two penetrations in

15 containment and all of our active equipment for this is

16 redundant, so we could withstand a failure of a blower,

17 a f an , a pum p, whatever.

18 MR. KASTENBERG: Question. Do you have

19 fission gas in there as well?

20 MR. CLARE: Yes, there are assumed

21 radionuclides, and I will get into our source terms in
.

22 just a minute.

23 MR. KASTENBERG Okay. And this limit of six

24 percent, is it a detonation limit you have chosen?

25 MR. CLARE: I think that is a conservative

() .

a
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2 the light water people have found that concentrations up

| 3 to ten percent or perhaps even more might occur before

4 you reach a detonation limit. ,

5 HR. KASTENBERG Because you already have some
,

6 burning early on, at your ten hours, right?

7 HR. CLAREs Yes. That would be from a

8 detonation standpoint, compared to this, that is

9 correct. This would not approach six percent at the

10 time this burning was initiated.

11 HR. KASTENBERG: Right, okay.

12 MR. MARK If you had sodium boiling for an

13 hour, haven ' t you used up the oxygen at nine e.nd a half

O 14 hours?

15 NR. CLARE No, we have not, primarily because

16 the sodium boiling moves sodium out of the pool.

17 However, as I mentioned, we dump heat into these

18 structures. The sodium would condense on the walls of

19 some of this upper area of the reactor cavity and the
.

20 pipevay cells, as I mentioned, and reflux down into the

! 21 poo1.

22 HR. HARKS Okay. After you have burned the

23 oxygen out of the air, why do you have a hydrogen limit

O u et an2

25 HR. CLARE: That perhaps is a good question.

O -
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() 1 The consideration has to be, in the longer term what is

2 the potential for oxygen coming into the situation? And

3 I mentioned that this 36 hours is based on the hydrogen
{}

4 limit. It is possible that if we did not vent the

5 containment on that limit we might be put into a

6 situation where, based on pressure or some other

7 consideration, we would want to do that.

8 MR. MARK: I could understand a pressure

! 9 limit, but six percent is marginally flammable even in

10 vhole clean air.
,

t
'

11 MR. CLARE: Right, and that is why we said we

|
12 thought that was conservative'.

|

13 MR. MARKS It surely is.'

)
14 MR. BENDERS What pressure is associated with

15 six percent?

16 MR. CLAPEs The pressure is specifically --

17 the pre ssure is not specifically related to the hydrogen

18 pressure. Again, we have been tracking this thing

19 mechanistically through this analysis. The pressure at

20 36 hours is about 15 psi.

| 21 MR. BENDER: I see. So it is somewhere near

22 the pressure where you would have already been committed

23 to do something about it anyhow.

24 MR. CLAREs Well, not really. We have done

:
25 analyses of our containment vessel that show that we!

t

l
t
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() 1 would be good for pressures well above 15 psi, depending

2 on the exact scenario.

3 MR. BENDER: Well, would you say well above a
\

4 f actor of two?

5 MR. CLARE: Yes, a factor of two.

6 MR. BENDERS Thank you.

7 HR. ETHERINGTON: The hydrogen burning, are

8 rou planning to have ignition sources?

9 MR. CLARE: Well, as I mentioned, the exhaust

10 f rom this vent will be a combination of sodium vapor and

11 hydrogen coming into an oxygen atmosphere, starting with

12 clean air initially and then of course decreasing in'

13 oxy gen.

O
14 MR. ETHERINGTON: So you are relying on the

15 sodium vapor to give you the ignition.

16 MR. CLARE: Yes. I did mention we have done

17 testing on that. Hanford Engineering Labs have done a

|
18 couple of sets of experiments which have defined for us

19 we think a f airly conservative set of limits as to when

20 things will burn and when they will not.

21 MR. ZUDANSa'- During all this time, in the'

22 reactor ca vity you have a pretty hectic temperature

23 the re . You stated that the structures of course would

() 24 abcorb the heat. At what time will these structures

25 collapse because of the heat they absorb?

O
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2 concrete to assess the structural capability of concrete

3 at high temperatures, and your point is exactly what

4 leads us to a conclusion that after 30 hours we cannot

5 assure that certain structures -- and we ha ve tracked

6 dif ferent parts of the structuras separately, and the

7 first ones to fail would f ail at about the 30-hour

8 period. Or at least we do not feel we can claim they

9 would retain their integrity. And then others fail as

10 other areas begin to heat up.

11

12

13

O
14

15

16

17

! 18
(

19'

20
1

21

22

23

24
|

25

0 .
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(]) 1 That is corrrect.

2 MR. GOESERs You might note that those initial

3 failures, the liner failures, they are not at the point{}
4 of having a major structural. capability, lo ad-bea ring

5 capability, fail at that point, although we have carried

6 analyses out to some 8000 hours to make sure that that

7 does not occur.

8 MR. ZUDANS: At the time you have nothing

9 structurally capable below that floor where your burning

10 takes place?

11 MR. ClARE Our analyses have shown that these

12 structures will maint?.in their integrity for a very

| 13 considerable period of time, at least beyond our sodium

() 14 boil-dry time, at which point the structural capability

|
l 15 of these members is not very important to the

16 development of the scenario.

17 Now, continuing on from our 36-hour point, we

18 have opened up this vent line, allowing this atmosphere

19 t o blow down . At some point in time we would come close

20 to atmospheric. We would turn on our blower, which

21 would draw on the containment volume. Then at roughly
|

22 39 hours we would initite purging, opening the valves on

23 this line.

() 24 That allows more oxygen to be drawn into the

25 containment without additional burning of hydrogen and

() '

|
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() 1 sodium, which would continue out until the roughly

2130-hour time period when the sodium would boil dry. We

/~ 3 would no longer have sodium vapor being driven out of
V)

4 the reactor cavity. We would also no longer have sodium

5 reacting with the water or the concrete, giving off

i 6 hydrogen.

|
i 7 So at that point the principal sources of heat

8 up here, the sodium burning, the h ydrogen burning, would

9 no longer exist. We would still have some gases being
;

10 given off from the attack of the core debris on the

11 containment , and this would be swept out through the

12 ven t system.

| 13 We have extended our analyses out to 8000

}> 14 hours beyond our initiation of the event.

15 HR. MATHIS: Have you looked at what would

16 happen if, say, after your nine hours or so you

17 inerted ? Naturally, you would have to have the

18 capability but --

19 HR. CLARE: No, we have not looked at that.

20 We do not have that inerting capability, and we do not

21 believe that is the best way to manage this.

22 MR. MATHIS: You would rather just let it

23 burn?

24 MR. CLARE: I think so. I think as we walk

25 through this you will see that the consequences of doing

O
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() 1 that are not outrageous in any sense.

2 (Slide)

3 We have studied the radiological consequences{)
4 of this kind of event from a parametric standpoint, if

5 you will. We have one case which is our -- I might

6 consider our base case -- this is a B-9 core meltdown is

7 what it is intended to characterize. And entering the

8 initial release phase, which is right here, at the time

9 ve lose our primary boundary integrity, we arsume.that

10 100 percent of the noble gases, 100 percent of certain

11 volatiles -- cesium and rubidium -- are released to the

12 upper containment atmosphere.

13 During the sodium boilup phase, we will

() 14 release additional radionuclides as the sodium begins to

15 boil and as the sodium is brought up through the reactor

16 cavity up into the upper containment atmosphere and

17 vented out into the scrubber system.

18 Case 2, what we have done is increase the

19 initial release by assuming essentially that we are

20 reducing some fuel, some of the solid fission products,

21 and some sodium through the head of the reactor vessel, -

22 presumably as a result of an energetic core-disruptive

23 accident.

) 24 So we have now tossed this material up into

25 the upper containment atmosphere at time zero. What we

O
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(]) 1 have here is what is left of our other source term.

2 (Slide)

3 We have continued to look at more pessimistic{}
4 cases with even more material, 1 percent of the fuel, 1

5 percent of the fission products, tossed up at the

6 initial part of the scenario. And then as an even more

7 limiting case, we have considered 5 percent of the fuel,

8 5 percent of the fission products, and three times 1.s

9 auch sodium going into the upper containment atmost.nere

10 to pressurize the containment.

11 I might note that during the initial part of

12 the time sequence we listen to the reactor -- rather,

13 the containment vessel leaks, not the design leak rate

)'

|
14 but at the design leak rate modified by the leakage

!

15 assumed to occur as a function of the square root of the

16 pressure . So when a pressure does go up to the design

17 pressure of 10 p.s.l., the leakage would. increase

18 correspondingly.

19 (Slide)

20 This is a summary of the off-site doses that

21 would occur as a result of the four cases that I have
22 just run through. On the top we have the two-hour doses

|

23 for the exclusion boundary. On the bottom we have the

( 24 30-day dose at the low-population zone. And you can see

|
25 tha t the doses range, for case 1, fairly small doses,

l

O c
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() 1 especially early on, compared to the more severe cases

2 where we toss up more of our source term in the initial

3 part of the scenario are higher in case 4.()
4 Now, the 30-day dose is controlled more by the

5 ove rall source term, including the long-term behavior,

6 than in the reactor cavity. So it does not change as

7 auch with the different assumptions on the source term

8 itself. There is some reduction, you will note, because

9 in certain cases by putting the source terms up into the

to atmosphere with the sodium aersols, other aerosols, the

11 radionuclides are actually taken out of the a tmosphere,

i 12 taken out of the releases to the environment. In no

13 cases do we have the kind of doses off-site that would

O 14 result in terribly significant health consequences to

15 the public.

16 MR. BENDERS Excuse me. I do not want to

17 belabor this point, but how did you establish the

18 relationship between pressure and leak rate?

19 MR. CLARE: Lee, can you address the question

20 of how -- why we use the square root of pressure

21 assumption on the leak rate ? It is a fairly standard

22 physics approach. I am not sure if there is anything

23 more complicated.

() 24 MR. STRAWBRIDGEs There is nothing more

25 com plicated .

O

ALDERSON REPORTING COMPANY,INC,

400 VIRGINI A AVE., S.W., WASHINGTON, D.C. 20024 (202).554 2345

. - - . - - . - . - _



194

() 1 MR. CARBON 4 Would you identify yourself?

2 MR. STRAWBRIDGE: Strawbridge, Westinghouse .

3 There is nothing more complicated than the{)
4 straight approach assumed for a given hole size that the

5 leak rate would be proportional to the square root of

6 the pressure delta P across the leak path.

7 HR. BENDER Okay. Well --
,

8 MR. ZUDANS: Have you --

9 MR. BENDER 4 It is pretty simple-minded. It

10 may be all right.

11 MR. ZUDANSs No, it is not all ri gh t. It

12 should be at least at power, because the size of the

13 hole varies linearly with pressure. If you have any

O 14 crack, it will increase linearly with the pressure.

15 MR. BENDER: It depends on whether the size of

16 the hole is a function of pressure, of whether it is

17 just -- 1. depends on where the hole came from. I just

|
18 vanted to see where it came from, that is all.

19 MR. ETHERINGTON: You discussed releases. Is

20 the heat generated a problem in the worst of the

21 conditions you have considered , the heat generated in

22 the containment from the fission products?

i 23 MR. CLARE: The heat again is dumped into the

() 24 sodium pool initially.

25 MR. ETHERINGTON: How does it get back? You

C)- -

;

!
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() 1 are assuming a lot of fission products in the

2 containment atmosphere.

{} 3 MR. CLAREs Right.

4 MR. ETHERINGTON: And they are generating heat
.

5 in the containment.

6 MR. CLARE Yes.

7 MR. ETHERINGTON How does that get back to

8 the pool?

9 MR. CLAREs It would not get back to the

10 pool. It would pressurize the gas space.

11 MR. ETHERINGTON: That is the question I was
I

l 12 a sk in g . Have you looked at tha t? And is it serious?
l

13 MR. CLARE: Essentially, it would not make a

O- 14 great deal of difference whether the heat was being put

' 15 in down here, forcing sodium up heTe, which itself adds

16 more heat, or not (indicating). We investigated the

17 effects of the decay heat compared to the chemical

18 reactions. I do not have exact numbers for the split of

19 that or the exact pressures that might result.

20 MR. ETHERINGTON : Well, is it not true that

21 with a steel sheel like that and the concrete shield -

22 around it, that this could not get rid of all the decay

23 heat over a considerable length of time?

) 24 MR. CLAREa That is correct.

25 MR. ETHERINGTOMs Without gross

O
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() 1 overpressurizing?

2 MR. CLARE: That is correct. And that is why

3 we provided this annulus cooling system. It is
[}

4 redundant. It removes the heat by cooling the outside

5 of the steam structure.

6 MR. ETHERINGTON: I see. So it gets through

7 to -- you are cooling the annulus?

8 MR. CLAREa That is correct.

9 MR. KASTENBERGs What kind of decontamination

10 f actors do you assume for the scrubber?

11 MR. CLARE: The scrubber is a set of scrubbers

12 and filters, a design which has again been developed'up

13 a t HEDL . They have tested it on various mixtures of

O 14 things. The decontamination factor ranges slightly,

15 depending on which specific items you are talking about,

16 but it is very high. I believe the lowest

17 decontamination f actor that has been demonstrated is 90,

18 around the 99 percent point.

19 MR. KASTENBERGs These numbers are available?

20 MR. CLAREs Yes, they certainly are. Lee

21 Strawbridge can address that.

22 MR. BENDER 4 Would you say -- excuse me.

23 MR. STRAWBRIDGE: I was just going to

( 24 clarify. The requirements that we have for performance

25 of the scrubber system are the efficiencies of 99

}
,
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() 1 percent for particulate, 97 percent for a couple of

2 specific nuclides, and no requirement on efficiency for

3 the noble gases.

4 We have done testing of the scrubber system

5 training at HEDL, and those tests have indicated that we

6 have exceeded those design requirements for all the
.

7 different classes of nuclides.

8 MR. BENDER What inventory of nuclides do you

9 assume might show up in that scrubber? You said some

10 iodine would get there, some noble gases would go

11 through , I presume. Do any of the solid nuclides show

12 up there?

13 MR. STRAWBRIDGE: Yes, some fraction. We do

14 take into account aerosol effects . within the containment

15 building. So we take that into account and then look at

16 the venting of the bulk material that is remaining at

17 any given point in time after taking into account

18 aerosol eff ects, vent that fraction into the cleanup

to system and then the cleanup system is designed to handle

20 the resulting heat loads of radioact:. re materials that

21 accompany that vented material.

22 MR. BENDER: Presumably, it is shielded. If

23 there is radioactivity there, there is a way to make

() 24 sure that the radiation exposure is tolerable or what?

25 That must be the assumption.
~

()
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() 1 MR. STRAWBRIDGE: Any active components

2 associated with the system are located in a different

(} 3 area which would be accessible in some longer-term time

4 f rame.

5 MR. BENDER: Okay. Thank you.

6 HR. CLARE: We have done sensitivity studies

7 on the scenario as I initially described it. And the

8 time line that I had up over on this screen was

9 indicative of what we consider to be our base case.

10 Just very briefly listed, we looked at

11 variations of fission product decay power. We have

12 looked at differences in the chemistry between the
;

13 sodium and the steam. We have looked at differences in

(!

14 the thermal conductivity of the concrete, differences in
|

15 the amount of sodium that is initially spilled with the
{

| 16 f uel material down into the reactor cavity.

17 I mentioned earlier there are sensitivity

| 16 studies On the reactor vessel / guard vessel penetration
|

19 tim e. We looked at variations at the time the

20 structures might not support the cell liners, so there

21 would be liner f ailures at various times. We have a

22 30-hour point we mentioned earlier, and here are two

23 variations on that.

24 We have looked at variations in the-

| 25 sodium-concrete reaction rate and the limits of that

O -

1
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() 1 reaction. And finally, we have looked at variations in

2 the amount of venting essentially, the availability of

3 venting an area from the reactor cavity to the upper

4 containment atmosphere.

5 HR. CARBON: When you'1cok at the

6 sodium-concrete reaction rate, does it make much

7 difference overall as to what kind of concrete you

8 assume you have that the sodium is reacting with?

9 MR. CLARE: Our assumptions have not assumed

10 different kinds of concrete. I am not a concrete

11 expert. My understanding is that different kinds of

12 concrete behave diff erently . We have analyzed limestone

13 concrete, which is what is in our design -- which was in

O 14 our design.

15 I should point out t'l a t -- let me get myself

16 u p to speed herc -- there are a couple of different

17 kinds of limestone concrete, dolomitic and calcitic.

|
18 And we are in the process of assuring that we understand

19 the diff erences between those two.
i

20 MR. MARKS What assumptions did you make about

21 iodine behavior? You mentioned cesium and rubiduin.

22 Iodine is also volatile. Did you absorb it all in the

23 sodium or --

() 24 MR. CLARE: We basically absorbed it all in

25 the sodium. If I can get my vuegraphs here. Well, here

O
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() 1 is one. You can see 100 percent of the halogens show up

2 with the sodium which goes down into the reactor

3 cavity.
)

4 (Slide)

5 The difference comes about in cases 3 and 4

6 and our sensitivity cases where we put all the halogens

7 up into the containment atmoshpere early.

8 MR. MARK: Having gotten them up there early,
.

9 there is still going to be sodium vapor around and lots

10 of sodium iodide made.

11 MR. CLARE: That is correct. And we tracked

12 that. I cannot --

13 MR. MARKa Okay.

O
14 MR. CLARE: I think we do.

15 MR. CARBONa I am not clear on that. Expand

16 just a word or two. Do you mean that the iodine went

17 into the upper part of the containment and was abso rbed ,

18 taken up by the sodium?

19 MR. CLARE: I will let Lee Strawbridge try to

20 ansvcr that one.

21 MR. STRAWBRIDGEa For cases 1 and 2, which

22 includes the normal progression path that we would

23 expect the scenario to proceed, in those cases the

24 iodine is assumed to always go with the sodium, so

25 initiate the iodine, goes down into the reactor cavity

O
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() 1 vith the sodium, combines with it, forms sodium iodide.

2 When the sodium boils off, we make the

3 assumption that on a f ractional basis equally the iodine
[}

4 is going with the sodium once again, going up into the

5 upper atmosphere of the containment at that time, and

1 eventually, some of it getting into the cleanup system,

7 and again, iodine and sodium traveling together.

8 In cases 3 and 4, what we were trying in some

9 f ashion to assess was the impact of potentially higher

to energetics where you may in f act have higher releases

11 through the head. In those cases, we assume that

12 because you are generating some significant amounts of

13 f uel vapor here that some of the other materials would

O' 14 be volatile enough to possibly be released during that

15 very early time th rough the head. And so we lumped the

is halogens in cases 3 and 4 with that early release going

17 through the head. So in that case, it did not then

18 tra vel down into the cavity and boil off with the

19 sodium.

20 MR. CARBON: And did not encounter the sodium

21 vapor in the upper containment, I am asking?

22 MR. STRAWBRIDGE: In cases 3 and 4, it would

23 remain as sodium iodide in the upper containment, some

() 24 o f it f allo u t , some other part being released into the

25 cleanup system in the analysis that was done.

O .

1
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1 MR. CARBON: But in every case, you do assume

2 that the iodine reacts with the sodium?

3 MR. STRAWBRIDGEs If there is sodium present,

4 the iodine reacts with it, yes.

5 MR. CARBON: Was it present all the time in

6 cases 3 and 4?

7 MR. STRAWBRIDGE: After some several hours

8 there is some sodium vapor coming up into the upper

9 containment building.

10 MR. CARBON So that before you started

11 venting or anything like that, was the sodium always

12 reacted ?

13 MR. STRAWBRIDGE: Yes.

14 MR. ETHERINGTON Was the decision to use

15 limestone aggregate an economic decision? It seems to

16 me there are many questions about the carbonates that do

17 not apply to noncarbonate aggregates.

18 MR. CLARE: The decision to use limestone

19 concrete was essentially an economic consideration in

20 that limestone is the aggregate that is readily

21 available in the Oak Ridge area, that is right.

22 However, we have not found that it is a particularly bad

23 actor compared to other concretes that have been

24 tested.

25 MR. ETHERINGTON: It does release a lot of

*'
a
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O ' c rdo= aiox1ae-

2 HR. CLARE: It does release carbon dioxide,

T 3 although again that is not a limiting factor in the{J
4 analyses that we have seen.

5 (Slide)

6 Our conclusions from our sensitivity studies

7 are that we have reviewed extensive variations from our

8 base case and tha t in all of these cases the features --

9 the vent system, the annulus cooling system, and the

10 filtration system - provide mergins for the parameters

11 and conditions that are postulated.

; 12 And specifically for the sensitivity studies

| 13 that I mentioned, we do not feel tha t the operator would

) 14 be inclined to vent the containment before the 24 hours
15 which is the goal that the NBC staff asked us to use

16 back in 1976.

17 (Slide)j

18 Our overall summary and ' conclusions on the

19 TMBDB is, of course, going back to the very beginning,

20 we do have design features in our plant to prevent the

21 initiation of an HCD A, and that assures us that the
l

l 22 meltdown is beyond the design basis.

23 We have performed extensive evaluations. The

() 24 results of those evaluations show that we have design

25 features and margins in the plan t that allo w the

O
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() 1 operators to follow and manage the meltdown ; that our

2 ev,.iuation shows that no operator action to vent

3 containment would be required until at least 36 hours
(}

4 after the initiation of the event; and the off-site

5 doses that result from the management of the accident in

6'that way would reduce -- the le vel off-site would be

l
; 7 reduced to a very low level.

8 MR. ZUDANS: What would be the containment
i

9 steel shell temperature at 36 hours?

10 HR. CLARE: We have done TTF analyses of the

'11 containment temperatures at various points in time. So

12 we have a complete distribution of these temperatures.

13 I do not know what the peak temperature is at 36 hours.

14 I believe our temperatures range of between 400-500

15 degrees, in that range.

16 MR. ZUDANS: And yet you have sodium steam

17 coming up. That is at what temperature?

18 HR. CLARE: The sodium and hydrogen coming

19 f rom the reactor cavity, sodium boils at a temperature

20 of 1700 degrees or more, so it would be in that range.

21 NE. ZUDANS: So what would prevent the steel

22 shell from leaking semeplace in that neighborhood?

23 MR. C1ARE: Well, again, our analyses have

) 24 looked at the heat sinks and the heat removal from the
25 annulus cooling system that I have shown here that

O
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O i re ove tae ae t ero the out 1ae or ene sne11-

2 (Slide),

3 This wou1d be -- I think we assume 100 degree

4 error or 90 degree error. That cools the stee1.

5

! 6

7

8
1

9

10

11

i

| 12
i
1

l 13

0-

14

15

16

17

18

19

20

21
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24
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() 1 MR. ZUDANS: That means you have some place

2 around 90 degrees on the outside and some place around

3 1000 degrees on the inside.
)

4 MR. CLARE4 It would be less than 1000 degrees

5 on the inside. Again, the containment temperature at

6 the time we intiate the system, the containment

7 a'tmosphere temperature is around 600 degrees.

8 MR. ZUDANS: Six hundred.

9 MR. CLARE4 But --

10 MR. ZUDANSa That is a very severe gradient.

11 I assume that your structural people are looking at the

12 shell's capability to live with that.

13 MR. CLARE: They certainly have design

O 14 requirements to be able to withstand the kinds of

15 temperatures that we are talking about.

16 MR. BENDER: Are there any scenarios that

17 involve penetration of the basemat?

18 MR. CLARE: I did not discuss it. We have

19 looked at the long-term consequences of this event, and

20 again , given that we have one hundred percent of the

21 core here, we would see cracking and failure of this

22 concrete to the extent that we do not feel we would be
23 able to stand up and assure that the integrity of that

24 liner is maintained.

25 We do not see the concrete being entirely

() -
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() 1 molten, so we would actually get core material moving

2 down below the basemat. We have looked at the potential

3 for ground water to come in there and leach
[}

4 radionuclidos, and find that that is not a particular

5 pro blem . Again, I do not have detailed numbers on that.

6 MR. BENDER: I did not expect that you would.

7 It would be a pretty complicated analysis anyhow. But

8 if you were to have a melt and the debris collected down

9 there at the bottom, are there strategies f or getting

10 the staf f out , or do we just assume that if it ever got

11 there, it will be there until something freezes over?

12 (Laughter.)

13 MR. CLAREs To my knowledge we have not

O 14 attempted to devise a way to remove anything once the

15 core material was located down in the reactor cavity.

16 Whether that stands until something freezes over I

17 cannot say.

18 MR. BENDER: Well, I do not know that I have a

19 position on wha t ought to be done, but I think the

20 regulatory staff ought to think about that scenario.

21 MR. KASTENBERG4 A question. Could we look at

22 your last vu-graph again?

23 (Slide.)

( 24 In view -- I was just a little curious. In

25 your number two you say you have an extensive evaluation

O
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() 1 based on one scenario that you showed us, and it really

2 only applies to I think a nonenergetic coremelt. Would

3 you say that what you have shown us is bounding in some,

4 way?

5 HR. CLARE: Okay. I tried to indicate that it

6 was not just one case that we looked at, and

7 specifically , for the radiological aspects of the event,

8 we have looked at scenarios that we believe give us an

9 indication of what might happen under varying degrees of

10 energetics, including those well beyond, that we believe

11 we actually have s potential for in this plant.

12 We have also done the other sensitivity

13 studies on f ailure times and some of the chemistry, so

O 14 ve have looked at a number of cases, not just one.

15 MR. KASTENBERGs But in all cases you are

' 16 assuming that .your containment works pretty well as

17 designed , and I can envision as I would go to more

18 energetic HCD As, I would start to violate containment in
|

19 ways that you have not considered and my outcomes might

20 be different.

[ 21 MR. CLARE: Okay. If I sense where you are

22 heading , the potential for an HCDA so energetic that we

23 sight have some early challenge to our containment

( 24 integrity is well beyond anything that we see the

25 potential f or given our specific core and the potential

O
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|

(]) 1 initiators that we might have f or that core. And that

2 is really getting into the SMBDB area that we have not

3 presented any detail on. But there is in our minds'

)
4 anyway a very considerable margin between anything that

5 ve are even analyzing as very pessimistic bounding sorts

6 of cases compared to the point you would have to be at

7 in order to have a real challenge to containment.

8 MR. KASTENBERG Thank you.

9 MR. CARBON: In your chart, on the righthand

10 board where you showed chronology to 8,000 hours, you

11 have air blowing in cooling the annulus and so on.

12 MR. CLARE: Yes.

13 HR. CARBON: Was there some significance -- I

O 14 get 8,000 hours is a year or more, isn't it?

15 MR. CLARE: Yes.

16 MR. CARBON: Can we get copies of all these

17 slides that you put on here lately?

18 MR. CLARE: Yes.

19 MR. CARBON: Each of us I am sure wants them.
,

!

20 I would like to go back with one quick question to your

21 first presen tation , the shutdown protection system, and

22 this is just a very general question.

23 The CRBR core I guess has a positive sodium

() 24 void coefficient .
!

25 MR. CLARE: That is correct.
,

|0 .
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() 1 MR. CARBON If you had boiling --

2 MR. CLARE: I answered that too quickly. As

3 an overall it does. There are regions of the core which
[}

4 certainly have a negative coefficient.

5 MR. CARBON: If you had boiling in the core,

6 vapor like at TMI or something, you would go through a

7 series of reactivity gains in contrast to TMI. What

8 sort of rod worth do you have in the primary and the

9 secondary systems? How much reactivity can you

10 accommodate? How much reactivity gain from sodium voids

11 or some such thing?

12 MR. CLAREs Well, we have characterized the

13 sodium void worth of our core, and that is going to be

O 14 covered specifically for our heterogenous core tomorrow

15 in our presentation of that. I do not want to get into

16 the details of that. Can we leave that discussion until

17 then, because I am not sure I would do it justice

18 outside of that context.
|

19 MR. HUMMELs It is about a dollar, a dollar

20 and a quarter according to the calculations we did.

21 MR. CARBONS And then my other question is how

22 much extra strength do you have in the rods? Do you

23 have wa y more than a dolla r? .

( MR. CLARE: Yes. Many dollars.24

25 *MR. CARBONS Many dollars.

O .
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1 Any more questions, points to bring up this

2 evening?

3 I guess we are at the point where we should

4 perhaps recess. Let me call your attention to the fact

5 that our meeting tomorrow is in Room 762. I do not know

6 wha t tha t is, but it is certainly different than usual.

7 The meeting is at 8s30.

8 If there are no more points, we will recess

9 until then.

10 (Whereupon, at 6 :05 p.m., the meeting was

11 recessed, to be reconvened at 8 :30 a.m. , the following

12 d a y , Wednesday, February 3, 1982.)

13
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U 14
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.
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PARTIALLY INSERTED CIRCULAR DUCT ASSIST'

.

| OUT OF CORE

[C,$, f)'f| ,C9RE
!

1 82 2573 11 1
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O O o
!

:

!
!

!

! THE PURPOSE OF THE SHUTDOWN HEAT
| REMOVAL SYSTEM IS TO REMOVE ALL
i SENSIBLE AND DECAY HEAT FROM THE
I REACTOR FOLLOWING RATED POWER

OPERATION FOR ALL NORMAL SHUTDOWN
| CONDITIONS, ALL OPERATIONAL
| OCCURRENCES, AND ALL POSTULATED

ACCIDENTS.

10 81 2597-16
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O O O.

! THE PREFERRED SHUTDOWN HEAT
.

!

REMOVAL PATH USES NORMALLY
I OPERATING SYSTEMS
|
! * CAPABLE AND REDUNDANT'
i

! * CONTINUOUSLY OPERATING
i

i * SELF MONITORING
:

i

STANDBY SYSTEMS ARE UTILIZED WHERE APPROPRIATE
i

!
!

!
,

!

|1-82-2520-3-1
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:

) CRBRP NORMAL SHUTDOWN
| HEAT REMOVAL PATH

_

( - _____--_, TURBINE GENER ATOR
V

: "
m

,

INTERMEDIATEi

HEAT TRANSPORT SUPERHEATER
BYPASS4

,SYSTEM VALVE COOLING- ~

CONDENSER=

TOWER

REACTOR |-

i

) VESSEL ( ] - f ,
TEAM DRUM -

! !
MAIN FEED PUMPS"

! ,
.i

b h PONY MOTOR
_

..

~

;
PRIMARY

hMOTOR
1

HEAT

I TRANSPORT
SYSTEM EVAPORATORS RECIR''ULATION PUMP

' (2) 9
'

i I
V

~

I TYPICAL'OF 3~
|- HEAT TRANSPORT LOOPS '

i

:

iv u,wvu <i

| .

.
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GUARD VESSELS AND ELEVATED PIPINGi

l ASSURE PRIMARY COOLANT INVENTORY
l IS MAINTAINED
!
i

k

,, -. c; /,
--

g _ - _
_ _ _

c

% eu so f%3 a,g eu RoCOss vessets ,ess,< %!
<>

REACTOR

I

1

.

| 182250431
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O O O

EMERGENCY HEAT SINKS AND POWER
SUPPLIES ARE PROVIDED

|

* POWER VENT VALVES f. REDUNDANT

* AIR COOLED * SEPARATE
CONDENSERS < * SEISMIC CATEGORY I

* AUXILIARY FEEDWATER * CLASS 1E
SYSTEM

*^ ' '
* DIESEL GENERATORS k

'.82 2mi
_ ,.
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O O O

CRBRP OFF-NORMAL SHUTDOWN
HEAT REMOVAL PATH

; L

VENT TO ,
ATMOSPHERE |

IM
SUPERHEATER PROTECTED

JL INTERMEDIATE WATER
HEAT TRANSPORT VENT TO STORAGE TANK

SYSTEM ATMOSPHERE

CONDENSER

REACTOR |_

VESSEL u ( } f^
I

ISTEAM DRU)M
!

( AUXILIARYl I(
| FEEDWATERJ L

s i g i
SYSTEM

| |

| 1 (3 PUMPS)

v e*RIMARY b .)
HEAT IHX @ PONY MOTOR

TRANSPORT
SYSTEM OTOR

EVAPORATORS
(2) O

i i

TYP OF3
HEAT TRANSPORT SYSTEM LOOPS

182 U04101OVD04 Ill
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.,
CRBRP OVERALL LAYOUT

! (PLAN VIEW)
(

-
740FT -

'

CONTROL Bull DING
r PLANT SERVICE BUILDING

CONTROL / DIESE E TOR
PLANT ROOM / /l NORTH INTERMEDIATE

HEAT EXCHANGER j w p p
]

r

P NERATORS
'

OVERFLOW TANK y [| f[ SUPERHEATER(1PERCELL)FU EL HANDLING -
'

DECONTAMINATION / /j-- STEAM DRUM"
CELL

| FACILITY N EW-FU EL g.

ST A E 7 '% -

DEAERATOR--

|
,

=
%1 ,

-
- $LOOP 1

f g _
TURBINE GENER ATOR"" = 1 g-

i

j. m| e amis e o2 -
m ,1, _

~

[ ^; g TURBINE GENERATOR* *

E M / BUILDING
j 7 g

h '
EX-VESSEL REACTOR N **

"

= - g
| STORAGETANK ,

j w,_
a

DIRECT HEAT CONTAINMENT
l

-

OVAL SERVICE CONFINEMENT

^ ^
fHOINTERMEDIATE AND

^ "
dNSPORT-

SYSTEM SYSTEM g
|i

| REACTOR SERVICE REACTOR CONTAINMENT STEAM GENERATOR
! BUILDING BUILDING BUILDING
i

|.n-.,
_ __ _____ __ __ -
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O O O

THE ELEVATION DIFFERENCES IN MAJOR
COMPONENTS PROVIDE A NATURAL

CIRCULATION CAPABILITY FOR CRBRP

* *-- PROTECTED
*W AIR COOLED!

+ CONDENSER
;

; REACTOR
I CONTAINMENT & THERMAL

CENTERS
| FLOOR STEAM

*-L J C DRUM!

| THERMAL MI _

CENTERS [|
' '

, ,

i REACTOR = f -+- _

| CORE IHX+
MIDPLANE = * * v

'I

1'

REACTOR CONTAINMENT STEAM GENERATOR
BUILDING BUILDING

l

i
10 812'e7 M

i
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O O O

NO OPERATOR ACTION IS REQUIRED TO
INITIATE OR MAINTAIN SHUTDOWN

HEAT REMOVAL
:

|

|
* REACTOR AND TURBINE TRIP

* DIESEL GENERATORS START'

* STEAM GENERATOR SYSTEM ISOLATES FROM MAIN FEEDWATERj

| AND CONDENSER
:

: * POWER VENT VALVES DUMP STEAM
'

* AUXILIARY FEEDWATER PUMPS START AUTOMATICALLY

* PACC FANS START AUTOMATICALLY

j * PHTS AND IHTS PUMP PONY MOTORS ENGAGE
' * EVEN IF LOOP PIPING, OR DIESEL GENERATORS, OR ALL

PHTS/lHTS PUMPS FAIL, NO OPERATOR ACTION IS REQUIRED

)
I

:

i

! 1 82-2520-9-1
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_

| THE THREE HEAT TRANSPORT LOOPS AND
| ASSOCIATED HEAT SINKS EMBODY
' EXTENSIVE REDUNDANCY AND DIVERSITY
i

! REDUNDANCY
|

| * 3 HEAT REMOVAL PATHS * 3 PACCs; 2 TUBE BUNDLES AND 2
FANS / MOTORS PER PACC* 6 VENT VALVES

* 3 AUXILIARY FEEDWATER PUMPS
i

DIVERSITY

* SODIUM CIRCULATION - ACTIVE PUMPS WITH CLASS 1E MOTORS
NATURAL SODIUM CIRCULATION-

POWER VENT VALVES* STEAM VENTS -

- SAFETY RELIEF VALVES

MOTOR DRIVEN PUMPS* AUXILIARY FEED PUMPS -

- TURBINE DRIVEN PUMP

MAIN DIESEL GENERATORS* POWER SUPPLIES -

- 3RD DIESEL GENERATOR
I&C BATTERIES-

1 82-2720-4
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'
.

|

|
'

THE DIRECT HEAT REMOVAL SERVICE
PROVIDES AN ADDITIONAL PATH TO

REMOVE HEAT ,

!

:

'
,

, - , _ _
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DIRECT HEAT REMOVAL SERVICE IS
PROVIDED FOR ADDITIONAL

.

| DECAY HEAT REMOVAL CAPABILITY
AIR

BLAST
HEAT mo

EXCHANGERS

| 1 2
.

!

REACTOR2 -
' PUMP E'

VESSEL
NaK 2'

' '

N=PUMP
, ,, _

,
'

| 1
<

k
OVERFLOW

HEAT EXCHANGER '

PUMPS

e > G
IHX

,

OVERFLOW :

VESSEL i

|. . . . . . . . . . .
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THE CRBRP SHUTDOWN HEAT REMOVAL
SYSTEMS CONSIST OF FOUR

SHUTDOWN HEAT REMOVAL PATHS,
O THREE INDEPENDENT HEAT TRANSPORT

LOOPS AND AN ADDITIONAL DIRECT |

HEAT REMOVAL SERVICE

a-
PACC H & I

'

e
A

O PACC

M s 5,A b^+- -

ex w_g -,

^ R
i DABHX

,,-

|PACCN
| |

A
1 C SJ7 7 4OV1 C 597 8 3r

___ _ _ _ _ _ _ _ _ _ _ _ _ _
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!

'

THE THREE HEAT TRANSPORT LOOPS ANu ASSOCIATED'

HEAT SINKS EMBODY EXTENSIVE REDUNDANCY AND'

i DIVERSITY ;

4

REDUNDANCY

* 3 HEAT REMOVAL PATHS * 3 PACCs; 2 TUBE BUNDLES AND 2
,

FANS / MOTORS PER PACC
| * 6 VENT VALVES

,

* 3 AUXILIARY FEEDWATER PUMPS

DIVERSITY
I

| * SODIUM CIRCULATION - ACTIVE PUMPS WITH CLASS 1E MOTORS
- NATURAL SODIUM CIRCULATION

i

POWER VENT VALVES* STEAM VENTS -

SAFETY RELIEF VALVES-

MOTOR DRIVEN PUMPS* AUXILIARY FEED PUMPS -

- TURBINE DRIVEN PUMP

MAIN DIESEL GENERATORS* POWER SUPPLIES -

- 3RD DIESEL GENERATOR'

IEtC BATTERIES-

THE DHRS PROVIDES ADDITIONAL
REDUNDANCY AND DIVERSITY'

I

* HEAT SINKS

* FLOW PATH

* PUMPING PRINCIPLE

_
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-

_

| THE PURPOSE OF THE CONTAINMENT :

i SYSTEM IS TO
|

;

! MITIGATE OFFSITE RADIATION DOSES RESULTING FROM
! ACCIDENTS POSTULATED TO RELEASE RADIONUCLIDES TO |

! THE CONTAINMENT BUILDING ATMOSPHERE.
;

____ _ 1 _ 1 __ _ _ _



~ lO O O

THE CRBRP CONTAINMENT SYSTEM MUST
ACCOMMODATE A WIDE RANGE OF

CONDITIONS |

'

* RADIOACTIVE GAS SYSTEM LEAKS

* SODIUM LEAKS AND FIRES

* SITE SUITABILITY SOURCE TERM

-

.

t

*

1 82 2520 14-1
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O O O

ACCIDENTS IN THE CRBRP CONTAINMENT
WOULD DEVELOP SLOWLY

* LOW PRESSURE SYSTEMS

i * SODIUM WELL BELOW ITS BOILING POINT

INERTED AND LINED CELLS MINIMlZE SODIUM BURNING*

'.82 2s20-ie.i
- - - - - - _
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O O O

CRBRP CONTAINMENT SYSTEM
a

CONCRETE
CONFINEMENT

STRUCTURE RECIRCULATING
___

ANNULUS
, |

FILTRATION
'

"

INSTRUMENTATION SYSTEM (2)

| ese p
'

\\
'

V
STEEL CONTAINMENT U

I= VESSEL

CIS SENSOR (3) CIS VALVES'

RE /
#

M ;,,
..__k 1NSULATION !. .7 . ..

ii CIS LOGIC
g CIS SENSOR (3) |' '--------- -

TRAIN #1
_

I I
.

- ,f g

(INERTED | CIS LOGIC-

/ ~ ~ - - - - - - ~~ -'''
TRAIN #2CELL

CONTROL ROOM

'
' ..P

..

'
i
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