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1 UNITED STATES OF AMERICA
NUCLEAR HEGULATORY COMMISSION

274TH GENERAL MEETING

() 3 ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

Roam 10464
1717 H Street , N.W.

5 Wa shington , D. C.

6 Friday, February 11, 1983

7 The Advisory Committee on Reactor Safeguards

8 met, pursuant to notice, at 8:30 a.m., Jeremiah J. Ray,

9 Chairman, presidiag.
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e

1 P B 0 C E E D I 11 GS

2 MR. RAY: The meeting will now come to order.

3 ra1= i= ** c==a a'r or the 22.th meeting of.O
4 the Advisory Committee on Reactor Safeguard s. During

5 today's meeting the Committee will hear reports on and

6 discuss ' the Clinch River breeder' reactor project. The-

7 items scheduled for discussion on Saturday are listed in

8- the schedule for this meeting which is posted on the

9 bulletin board at the back of the room and on the

10 outside'of the room.

11 Th e meeting is being conducted in accordance

12 with the provisions of the Federal ?.dvisory Committee

13 Act, and the Government in the Sunshine Act. Mr. Paul

14 Boehnert on ny right is the Designated Federal Employee

15 for this portion of the meeting.

16 Portions of this meeting vill be cloced as

17 necessary to discuss proprietary information applicable

18 to this project.

19 A transcript of portions of.the meeting is

20 being kept and it is regtiested that each speaker use

21 their microphone, identif y himself or herself , and speak

22 with sufficient clarity and volume that he or she can be

23 readily heard.

24 We have received no written statements or

25 requests to make oral statements from members of the

O
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1 public regarding today's meeting.

2 The only item on today's schedule is the

3 Clinch River breeder reactor project, and Dr. Carbon

4 vill begin this discussion. It's yours, Max.

5 3R. CARBON: This is obviously a continuation'

6- of- the ' review that has been- in progress f or some- tita.-

7 I would just review briefly, that in July we discussed

8 site suitability, and in December we had a plant

9 overview, and in January we had heat removal systems.

10 Kow today we look at the plant seismic margin,

11 and part of this is a review of material that was

12 covered last July, but part of it.Nas not. And in

13 addition, today there is the machanical nuclear and

14 thermal hydraulic design with the reactor core, the

15 internals of the reactor vessel.

16 This is to include some discussion at least on

17 instrumentation, and it is I believe -- I hope to

18 include a discussion of the maximum chilling transfer
.

19 for the core, which Mr. Ebersole wanted or raised a

20 question about last time.

21 In addition, there will be some discussion on

22 the pooled circuitry and the interfaces of steam-water

I'm sorry, sodium-water, sodium-air, and so on. And23 --

(D there will be a discussion on the materials and a24

25 discussion on the steam generator accidents and

Os
U

ALDERSoN REPORTING COMPANY,INC,

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

- - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



.. _ _ _

127

.

1 consequences.

2 Very briefly, for next month we have scheduled

( 3 reactor shutdown and control, and a very extensive

4 discussion on the containment philosophy and design,

5 which will cover both DBA 's and beyond the C3 A, CDA

6 energetics, structural margins-for energetics, and

7 non-energetic CDA's, including meltdown and thermal and

8 pressure margins for those non-energetic CDA's.

9 And then in April there will be a mix of

10 topicss reliability, in-service inspection, human

11 factors, accident contingency, probably some OA/Oc

12 discussion, and I'm not sure but perhaps something on

13 sabotage , depending upon your interest.

14 As sort of a second major item, let me call

15 your attention to how the Staff will be participating

16 today, which is different than it has been in the past.

17 As you are aware, we have been carrying on a review sort

18 of in parallel with the Staff, which we have had

19 extensive discussions with the Applicant at the same

20 time that the Staff has been.

21 Heretofore, the Staff has not had positions on

22 most of the topics that we have taken up. But in

23 contrast, today on these topics the Staff does have and

24 will present actually its final position, I believe, on

25 several topics. We don't have the SER yet. I believe

O
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1 it is scheduled out about March 1st, and so we can

2 reasonably raise any kinds of questions later that we

O at to *** r * *ae St"-

4 But on the other hand, the more that we can

5 finish up as we go along, the less we will have to
,

6 duplicate and parhaps the less-inefficient use-of time.

7 As a third general topic here, let me call

8 your attention to an article on 1HFBR's which was passed

9 out in the loose material that should be inside your

10 folder. It's title is "The State of the Art for Fast

11 Reactors." It is by a former Director of the U.K. fast

12 reactor program, and based to a considerable extent on

13 his interpretation of some of the discussion of the

14 material at the fast reactor safety conference in Lyons,

15 France, last July.

16 Dave Okrent and I both attended that. I

17 thought the article would provide good background. As I

18 commented in the cover letter, there are differences in

19 approaches among the French and the British and

20 ourselves that we take to fast reactor safety, and

21 certainly there is no reason to expect that everyone is

22 going to take the same features or anything lik e th a t .

23 It is simply tha t I wanted you to be aware

24 that there are differences and to give all of us the

25 cpportunity to explore these dif ferences when they seem

O
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1 worth explo ring. Some of the particular ones which have

and again, we use a2 been mentioned in the past --

3 heterogeneous core, which our people in the U.S. feel

4 offers some definite safety advantages. None of the

5 other three groups, the French or British or Germans, do

6 use'- such a core.

7 In contrast, the French and British at least

8 make more extensive use of in-core thermocouples, and I

9 believe the British have ultrasonic equipment for~ .

10 under-sodium testing. I think that the British and

11 French are both using core catchers in their large

12 prototype size reactors, severa.i times the size of our

11 CRBR.

14 Going on to item number 4, I would call your

15 attention again to the fact that everyone I think knows

16 that we're scheduled to run to 8400 o' clock tonight, and

17 tha t is all right. But I guess I would sort of suggest

18 we try and stay on the relevant topics, so as not to

19 extend it too fsr beyond that.

20 Finally, let me call on the other working

21 group chairman and Subcommittee members for any

22 additional comments they might wish to make before we

23 start. Bill, do you have any comments?
.

24 MR. KERR: No.

25 NR. CARBON: Bob Axtmann?

O
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1 MR. AXTMANN: No.

2 MR. CARBON: And Carson?

3 MR. MARK: No, thank you.

4 MR. CARBON: Paul?

5 MR. SHEWMONs No.

6 MR. CARBON 4 Does anyone else-care-to-make~

7 comments or suggestions?

8 MR. RAYa I would like to suggest that serious

9 consideration of your last remark about going beyond

10 8:00 p.m. be dominant, in order not to dilute our

11 considerations.

12 MR. CARBON 4 I don't think there will be much

13 of a difference of opinion on that.

14 Well, with that, then, let us proceed with the

15 agenda, and it calls for an introduction by Mr. Stark of

16 the NBC.

17 MR. CROSS 4 Mr. Chairman, this is Peter Gross

18 from DOE. In the interest of making sure ve aset the

19 8:00 o' clock deadline for completing this meeting, due

20 to the weather two of our presenters today will not be

21 able to make it. Their planes have been cancelled. And

22 this is Griffin and Mallett from Westinghouse, and

23 unf ortunately their flight has been cancelled, and we

24 don't have anyone here who can make those

25 presentations. It is approximately 45 minutes of the

O
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() 1 schedule.

2 MR. CARBON: Well, if we have to pass we

3 certainly will. On the other hand, the more things that
(}

4 pile up the more difficult it makes it down the road,

5 MR. SHEWMON: If we have to break at 7i15

6 tonight, we might be able to.

7 (laughter.) s

8 MR. BENDERS As an ex-Chairman, you sound very

9 tractablo.

10 (laughter.)

11 MR. STARK: Good morning. I expect all of our

12 reviewers will be present today at the required time.

13 As Dr. Carbon did indicate, the reviewers have

O
14 completed their SEB sections and our SER will be out on-

15 March 4th, so the positions you'll be hearing today will

16 be final positions of the Staff. And I guess that is

17 really all I need to say about that.

18 What I would like to then do is go into the

19 next subject, which is the external phenomenon. And

20 what I intend to do here is several things.

21 (Slide.)

22 Most of that information, in fact all of it,

23 is contained in chapter 2, so I thought I would give you

} 24 a summary of chapter 2 and then we would discuss one or

25 two items in detail.

O
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()- 1 The chapter 2 items were a part of the site

2 suitability report, which was, as Dr. Carbon indicated,

3 was discussed last summer. Since that time the Staff()
4 has also completed their SEE review for chapter 2.

5 There are two itams that have changed since last

6 summer.
I

7 One is in the meteorology review. You may

8 recall last summer that the meteorological dispersion

9 model then did not comply with Reg Glide 1.145. It now

to does. The SER reflects that. The results are

~

11 acceptable. They were acceptable before, but that is

12 just a minor change.

13 The other item is in seismology. The Staff

O
14 has since received an SER from USGS, who is an advisor

|
15 to the Staf f, and Bob Rothman, who will follow me, will'

16 discuss how that particular SER has been factored into

17 our SER. And since there has been a lot of interest in
18 the seismic activity, Bob is going to present in a

little vore detail the results of the seismic review,19

20 kind of a refresher plus an update.

21 The one thing I do want to point out in this

22 particular area in chapter 2 is that the standard review
I

23 plan does apply and gives us good guidance, and

therefore the review on chapter 2 was done in accordance24
[ -

25 with the standard review plan, and chapter 2 has no open

O
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O i ite s in it right now.

2 MR. BENDER: I don't even know if this is the

3 right place to raise this question, but I'm going to

4 raise it anyhow. The previous practice in licensing,

5 particularly with respect to hydraulics, has really been

6 related mainly to the questjon of having to do with

7 small releases of radionuclides.

P We really haven't tried, as I understand it,

9 to spend much time worrying about very large accidents

10 and how the hydrology of the region might relate to such

11 things. This is only one reactor, so maybe this isn't

12 impo r tan t.

13 MR. STARK: Well, the environmental statement,

O 14 the Staff 's final environmental statement, does address

15 that, and we looked at the impact on ground water, and I

16 will have to look a t that number again, but it is in the

17 order of 12 years or 8 or 9 years until the

18 radioisotopes are found in ground water. That is what

19 you're referring to, due to major accidents.

20 MR. BENDERS Do we have enough information in

21 the way of analysis to support that position? That is,

22 do we understand the mechanism of the accidents well
23 enough to argue that case?

24 MP.. STARKs I don 't know if I can personally

25 answer that, but I can look at the final environmental

O
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() 1 statement, see how it is addresse?, and give that

2 information, because it is somethi g that we analyze and

3 do predict numbers for. And as I slid, they are

{}
required as a part of the environmental review.4

5 HR. BENDER: This may not be the right place-

6 to raise that question.

7 MR. STARK let me get the information. Then

8 perhaps if we could look at your question from there. I

9 have a hydrologist here. Haybe he would have the answer

to to that. Dick Codell from the Hydrology Branch.

11 HR. CODE 11: Richard Codell from the

12 Hydrologic Engineering Section.

13 We have in this case presented a.small

O
14 analfsis for ground water contamination of the Clinch

15 River. That is in the environmental statement. What we

16 have been doing on all environmental statements is an

17 analysis in which we compare the potential ground water

18 releases and realizing that this problem is, as severe

19 as it might be, is much less of a problem than

20 atmospheric releases, we are able to draw conclusions,
,

21 and we have done so in the Clinch River case, on two

22 examples of light water reactors in recent times.

23 We have also analyzed the contamination of

) water supplies, surface water supplies, as a result of24

25 atmospheric fallout from large atmospheric releases.

O
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() 1 Those are Fermi 2 and Indian Point. Those cases are

2 being done ad hoc. We haven't gotten into a large

- 3 program of doing them on every site.

4 But the results further confirm that the

5 liquid pathway consequences and risks are far less than

6 the-atmospheric risks.

7 MR. BENDER. I think that maybe you didn't I

l

8 address the accident concepts in the right way. I i
i

9 really don' t have much of a feeling for the surface

10 contamination from an accident that largely involves ,

1
,

|

11 airborne contamination. I had more in mind those kinds i

!

12 of accidents that postulate penetration of the

13 containment and subsequently they represent a path,

14 liquid pathways from that kind of an accident through

15 the ground system.

16 MR. CODELL: That is exactly the situation we

17 looked at in the Clinch River case, and we considered

18 the penetration of the basemat and subsequent transport

19 of dissolved radionuclidos in the ground water to the

{ 20 Clinch River. I don't have the figures in front of me.

21 I am thumbing through the FES. I don't recall that it

22 was any particular problem. Tha t is, no worse than the

23 large majority of light water reactor sites that we have

() 24 studied.

25 MR. BENDER: What are we presuming that we

(
,

!
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() 1 know about the subsurface structure?

2 MR. CODELL: Well, there are certain basic

3 hydrologic factors that have been studied on the site,
)

4 such as the permeability, porosity, and there are

5 certain inferences you can make about the chemical

6 behavior of ra dionuclides- in the soil.
7 We also in our branch have been studying

.

8 methods by which the se types of releases could be

9 stopped before they ever reach surface water.

10 HR. BENDER: Could you just nrovide us a copy

11 of the analysis?

12 MR. CODELL: Do you mean beyond that which is

13 in the FES?

()
14 HR. BENDER: I don't think the FES has enough

15 substance to it to be able to analyze it. It has

16 general statements.

17 MR. CODELL: I would be glad to work a 'eriteup

18 for our analysis which would explain in a little more

19 detail, al though I believe in the Clinch River case we

20 did not spend very much time on it.

21 MR. AXTHANNs As I recall, a week or so ago

I
22 the project announced the basemat would never be

23 pen e t ra ted . But you assume that it would.

( 24 MR. CODELL: That's right, we assume that it

25 would. I wasn 't aware of what you just said.
i

()
f
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() 1 MR. BENDER: It certainly all right to make

2 assumptions about that. I'm not trying to argue with

3 yen. I ':st wanted to see what your analysis was.
)

4 MR. CODELL: Certainly I would be glad to work

5 something up on that. I could have it done in a few

6 weeks.

7 MR. OKRENT4 On the same question, while

8 you're standing, there is some part of the NRC that

9 considers high-level wastes and how long it should stay

10 put if you put it in the ground. And to them 12 years

11 is not a long time. In fact, it is almost like a day.

12 Is there someone within the NRC that locks at

13 how that pr0blem is being approached? Of course, there

O 14 is a different probability of something boing in the

i 15 ground if in one case you put it in the ground and in

16 the other case it takes an accident, so that would have

17 to be factored into the consideration.

18 But nevertheless, I am interested in knowing

19 whether somewhere within the NRC or within your branch a

20 look at both of these topics has been taken and somehow

21 they are put into a harmonious position.

22 MR. CODELL: I think I understand what you're

23 getting at. As far as I know, no one has ever looked at

) 24 long-term storage of accidental releases in the ground.

25 I think the assumption we have always cone under is tha t

,
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1 you would deal with it in'the short term , b ut j n th e()
2 long term you would not allow any kind of accidental

3 releases to stay in place. You would do whatever you

4 had te do after the event, and I can't really go beyond

5 that.

6 I think it would be prudent not to leave any

7 kind of high-level accidental releases in the ground,

8 and I think you would probably excavate and dispose of
.

9 this material somewhere else.

10 MR. BENDER: You see how easy it is?

11 (Laughter.)

12 MR. OKRENT: I'm impressed.

13 MR. RAYS Go on.
|

14 MR. STARK: Tnat's all I really had to say.

15 But what I would like to do is now bring Bob Rothman up

16 and have Bob give you an overview and an update of the

17 seismic , the Staff seismic evalua tion.

18 MR. OKRENT: Just one quick question. This

19 reactor is designed for the standard tornado in the Reg

20 Guide?

21 MR. STARK: Yes, I think they predicted 73

22 mile an hour winds, so I think it is designed for 90

23 miles.

() 24 MR. OKRENT: Now, this is tornado, I said.

25 It's just that the Staff is playing with some new method'

l
,

|
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() 1 of analys3s and I just wanted to find out whether that

2 in some way had drifted into this design.

3 MR. GROSS: Our presenter will cover that in

4 detail when he gets up.

5 MR. OKRENT: Okay.

6 MR. STARK: I will try to look it up, also.

7 MR. RGTHMAN: I'm Robert Rothman in the

8 Seismology had Geosciences Branch.

9 We completed our review of the geology and the

10 seismology of the Clinch River breeder reactor SEP and

11 the USGS has acted as advisors to the Staff. The

12 conclusions reached in the SER are that the faults at

13 the site and the site region are not capable of

14 controlling an earthquake. The design is a recurrence

15 of the 1897 Giles County mariana modified intensity 8

16 event, the SSC of 8.25g anchoring a Regulatory Guide 1.6

17 spectrum. It is possible to account for the occurrence

18 of this in the site vicinity.
\

19 There are no known capable faults in the

20 Southeastern United States, but as a further

21 confirmatory study of the non-capability of the local

22 faults, the Staff recommends a study to investigate the

23 relationships of the Pleistocene deposits in the local

() 24 faults in the Clinch River area -- |

25 MR. KERR I'm sorry, would you repeat that

)
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() 1 last statement.

2 MR. ROTHMAN: I said we know of no --

3 MR. KERBe I understood that. but then you

4 said the Staff recommends something.
;

5 MR. ROTHMAN: The Staff recommends as a

6 confirmatory item a study of the relationship between-
i

7 the Pleistocene river terrace deposits and the local

8 faults in the site region.

9 MR. KERR: And how long would you anticipate

10 such a study would take?

11 MR. ROTHMAN: We're not putting any time limit

12 on this. It is not even being put out as an open item.

13 We're just recommending that it would be prudent for the
O 14 Applicant to look at these and report on them , possibly

15 in the FSAR. We have no evidence that there are capable

16 sites, but this is something that was done for other
,

17 sites in the region, such as Watts Bar and Phipps Bend,

18 and the geologists thought such a study could be done

19 but they didn't want to put a licensing condition on
_

20 it.

21 MR. KERE: I guess I don't understand the

22 significance of the recommendation, then. But maybe I

23 don 't need to.

| () 24 Go ahead.
|

25 MR. ROTHMAN: What they recommend is that we

O
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1 look at where these terrace deposits overlie local(v~)
2 faults, that they look and see if there have been

.

3 displacements of the terrace deposits which would

4 indicate recent movement of the faults or possibility of

5 the faults.

6 MR. HOELLER If that was done for these other-

7 sites, would the data there not apply?
'

8 MR. ROTHMAN: Well, that's right, and the

9 Staff has based its conclusion on knowledge of work that

10 was done for the other sites. There are, however, from

11 what I understand -- and I'm not a geologist and I

12 haven't looked at this -- that there are river deposits
a

13 or terrace deposits in the vicinity of Clinch River,

O'
9

14 along the Clinch River, that have not been looked at.

15 They we re lo oked a t , a s I s aid , in the Watts Bar region
(

18 and in the Phipps Bend region.

17 The existence of a possible seismogenic zone

18 has ceen postulated in eastern Tennessee. The evidence
,

i
i 19 for such a zone does not wa rran t its consideration as a
' 20 capable f ault within the meaning of Appendix A to Part

21 100 of 10 CFR.

The results of seismological research in the22

23 r egio n , including the data from a well distributed

() 24 network of seismic stations, will be monitored to

25 f urther address this postu.1.a tion. A proba bilistic
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() 1 analysis was performed by the USGS and it indicates an

2 order of magnitude difference in the recurrence of the

3 SEE acceleration if this seiamogenic zone is consideredgg
G

4 to exist, as opposed to the diffuse seismicity in the

5 southern Appalachian region.

6 And that is-basically where we stand.

7 MR. OKRENT4 What would the numbers be for

8 each of the two assumptions, then? |

9- MR. ROTHMAN: For the diffuse zone, the
-4

'O numbers are on the order of two times 10 and you,

11 have about an order of magnitude higher if you assume

12 this. And this zone was assumed to be 140 kilcmeters

13 long, capable of an earthquake on the order of magnitude

14 7 or such, and it passes within 15 kilometers of the

15 Clinch River site. And.it would be about -- the

16 excedance was about an order of magnitude.

17 HR. OKRENT: So depending upon which postulate
-3 -4

18 you make, two times 10 two times 10 , is that,

19 wha t you're saying?

20 MR. ROTHMAN: Well, the diffuse zone is not

21 the one end of it and this zone the other. There are

22 other models that could be looked at, like requiring the
.

|

| 23 Giles County earthquake to be confined within the Giles

() 24 County seismic zone, which sould then decrease your

25 recurrence.

O
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O i So in other words, ve re not 1ooxino at two

2 end members.- These are just two things that the USGS

3 looked at.

4 MR. OKBENT4 I don't recall. If the USGS

5 recent considerations on the Charleston earthquake were

6 app 11ed, would they move that into a zone which

7 encompassed Clinch River?

8 MR. ROTHMAN We are not very clear on that,

9 on just how far west under -- you know, there are

10 several hypotheses on how the Charleston earthquake

11 could reoccur, and in maybe one or two of those it might

12 be, have to be considered, but not in all of them. And

13 this has not been addressed.
O 14 As you know, there is a planned program for

15 addressing the Charleston event, and part of that is

16 going to be a probabilistic study that will be

17 performed. So it will be addressed as far a= the

18 eastern plants are concerned.

19 I don't know what the USGS would say, if they

20 would say that they would consider Clinch River as part

i 21 of their eastern seaboard in their recent Char 1eston.

22 MR. OKRENT: I guess I'm a little surprised

23 that the project office hasn't tried to find out just

24 where this particular reactor fits with regard to that

25 question. I don 't think it is going to be a major
k

iO
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1 consideration, let me say, but nevertheless I would have

2 thought you would have tried to get that particular

3 point nailed down.

4 MR. ROTHMANs It is addressed in the SER, in

5 the geology section of the SER.

6 MR. BROCHAMs This is Steve' Brochan- with the-

7 Geology Section.

8 In the position the USGS sent to us, they

9 defined the eastern system as the coastal plain and the

10 Piedmont. Taking that definition strictly, Clinch River

11 is west of their definition of the eastern seabo:rd.

12 MR. OKRENTs Thank you. That is a direct

13 answer, I think.

14

15

16

17

18

19

*

20

21

22

23

24

25

O
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() 1 MR. CARBON: Any other questions?

2 (No response.)

3 MR. CARBON: Continue.

4 MR. ROTHMAN: Tha t's al] I have.

5 MR. CARBON: Good. Thank you. -

6 I guess that concludes the Staff

7 presentation. Let's move on then to the Applicant.

8 MR. MOELLER: Cculd you clarify f or me the

9 topics on tornadoes also, what were tornLdoes? Oh, this

10 is um .ornadoes.

11 MR. CARBON: Yes. I wondered if there were

12 any questions of the Staff.

13 MR. STARK 4 I was doing scMe looking after Dr.

O 14 Okrent asked me a quertion, and I guess I will touch on

15 both tornadoes and on Lorricanes in the SER section that

16 I'm reading.

17 It said between 1953 and 1974 54 tornadoes

18 within a 10,000 square mile aras containing the site.

19 This results in a mean annual tornado frequency of 2.5,

20 and a recurrence interval for a tornado at th e plan t

21 site of 1,450 years. The design basis tornado

22 cha racteristics selected by the Applicant conform to the

23 recommendations of Reg Guide 1.76, which is design basis

() 24 tornado for nuclear power plants,

25 It gives the characteristics rotational

O
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O i speed, 290 m11es pe= m11e> trens1etiona1 soeed, 27o,

d

2 miles; and at 3 psi a pressure drop occurring at a rate

n 3 of 2 1/2 psi per second.
U

4 It Coes on to say that remnants of hurricanes

5 and tropical storms occasionally affect the area, and

6 during the period of 1871 to 1973, nine- tropical storms
t

7 or hurricanes passed throuch the region. And it said

8 the fastest mile of wind recorded in this area has been

9 73 miles per hour at Knoxville in July of 1961.

10 That's all I have to say right now.

11 MR. CARBONS Are there any more questions of

12 the Staff?

13 (No response.)

O
14 MR. CARBON: Go ahead, Mr. Pals.

15 MR. PALM 4 My name is Bob Palm from Burns and

16 Rowe, the AE for the project. What I intend to cover

17 very briefly is a summary of how the Clinch Riser design

18 accommodates the effects of various netural phenomena

19 tha t could occur at the Clinch River site.

20 (Slide.)

These include the ternado, which Mr. Stark21

22 just talked about; maximum precipitation ef fects at the

23 site, specifically at the Clinch. River site; also, flood

O 24 effects et the Cunch R1ver site, end eec.woexe

25 con di tion s.

O'
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() 1 (Slide.)

2 As far as the design basis tornado is

3 con ce rned , the safety-related structures are designed in

4 accordance with the regulstory guide requirements, and

S ve have established a design basis tornado in accordance

6 with Beg Guide 1.76. >

7 Under Regicn I -- eastern Tennessee does fall

8 under Region I which is the maximum region in the

9 eastern part of the country which is subject to the

10 maximum tornado wind velocities -- the rotational

11 velocity of'290, a translational of 70 for a total wind

12 velocity of 360 miles per hour.

13 As Rich pointed out, we have a pressure drop

14 of 3.0 psi which is accommodated by the exterior
_

15 envelopes of all the safety-related structures. The

16 calculated velocity pressures are distributed in

17 accordance with wind distribution formulas which are

18 included in the ANSI standard. These are well known and

19 pretty much followed on all nuclear power plants.

20 (Slide.)

21 In line with tornado protective design we also

22 have generated a large spectrum of missiles which are

23 reportsd in the PSAR, and based upon the design to

() 24 protect the safety-related structures from these

25 missiles, we have a min im um thickness of concrete of 2

O
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() 1 foot 3 inches, and this 'is somewhat larger than the

2 required minimum for the current standard review plan.

3 We also do provide at open'ngs, whether they
}

4 be vent openings or exhaust openings or inlet openings

5 at roofs or walls, we have protective structures to

6 prevent any path of a missile entering inside the

7 buildings.

8 The method of analysis is reported in a lot of

9 detail in Section 3.5 of the PSAR, and this includes

| 10 formulas and design approach for protection of s, teel,

11 protection of vital equipment housed in either steel
'

12 structures or concrete structures. This includes

13 penetration, potential scabbing or generation of

O
14 secondary missiles f rom the impact on the outside f ace

15 of the structure.

16 hiso, the design includes overall and

17 localized stability of the structure to assure that the

i

18 protective envelope is not overstressed either locally

19 or in a general way.

20 MR. SHEWMON: If you go back to ycur previous

21 slide, you refer to this as being Region I.

22 (Slide.)

23 Is that more or less severe than out in the

24 plains where tornadoes are common?
l

25 MR. PALM Region I, I don 't know of the I

'

(2)
.
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,

() 1 specific extent of it. I do believe it does go out into

2 the midwest belt, and it comes as far east as the

3 Appalachians.

4 MR. SHEWMONs When was the last time there was

5 a tornado in Knoxville?

6 MR. PALM: When is-the last time? I'm sorry.

7 I don 't know, I believe it wa s f airly recent, within

8 the last ten years.

9 MR. EBERSOLE: I lived there. It was a fev

10 years ago. It took out a dock and left a path through

11 the woods down there of torn-out trees. And I think it

12 is probably about six or seven years ago.

.

13 MR. SHEWMONs They do come through

14 periodically then?

15 MR. EBERSOLE: Yes.

16 MR. SHEWHON: Thank you.

17 MR. PALMS That's right. There is a report on

18 the history of tornadoes in the ClincP River site in the

19 PSAR.

20 (Slide.)
.

21 As far as the maximum precipitation is

22 concerned --

23 MR. MOELLER: Excuse me. On the slide you had

() 24 shown just before this one vou pointed out that your

25 concrete is 2 feet 3 incaes versus 2 feet. How much

('
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() 1 more protection does that give you? Is there a way to

2 quantify that? I mean can you tell me a percentage?

3 MR. PALM: Well, it is pretty much --

O
4 MR. MOELLER Is it linear?

5 MR. PALMS It is pretty much linear for half

.

6 the depth, because the-rule says you design the missile

7 penetration or you calculate the missile penetration,

8 then you double the thickness of the wall. So, in

9 essence, we have about -- if you divide the 2 foot 3 in

10 half, you've got 1 foot, 1 1/2 versus the 1 foot, and

11 that is kind of a straight line f actor of saf ety above

12 the minimum requirement.

13 MR. MOELLER: Thank you.

14 MR. EBERSOLEs May I ask a question? The most
.

15 obvious result of a tornado would be to tear out the
16 normal power system and leave you riding on the diesels

17 for some long time. Have you put any particular design

18 protection for the diesel plants themselves to

19 accommodate that situation?

t 20 MR. PALMA Yes, sir.

21 MR. EBERSOLE: How quickly do you need power?

22 For how long an interval can you be in blackout?

23 MR. PALM I can't unswer that question. I

() 24 don't know if anybody from the project could.

25 MR. EBERSOLE: I take it you could be in AC

}
c

|
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() 1 blackout for some period of time?

2 MR. CLARE4 Yes. This is George Clare from

. 3 Westinghous,e. As we ha ve p re se n ted to some of the

4 subcommittees in the past, we do have the capability to

5 sustain a complete station blackout for some period of

6 time. We don't consider that to be a design basis for

7 the plant, but we do have that capability.

8 We also have the capability, a tornado

9 protective capability for all three of our diesel
.

10 generators to run many days without even any fuel being

11 brought on site.
I

12 ER. EBERSOLE: Thank you.

i 13 MR. CARBONS What have you done, as an

| (~
14 example, to especially. tornado-harden the diesel sites?

15 You answered Mr. Ebersole's question that you had taken

16 extra efforts. What have you done on it?

17 MR. PALM: The diesel generators are housed in

18 a concrete tornado-hardened enclosure, seismic Category

19 I setting on subsurface material to account for

| 20 potential instability f rom tornado winds or the

21 earthquaki. In general, that is what we're doing. <

22 MR. CARBONS I presume this is the same as
1

23 would be done at any plant.

() 24 MR. PALMS That is correct, sir. That's right.

25 (Slide.)
|

O
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() 1 Now, as far as the floods are concerned, Mr.

2 Newton, who will be following me, is from TVA, and he

3 will cover the basis for the flood condition at the
m ,/

4 Clinch River site in more detail. However, we have

5 determined or calculated the PMF -- that is, th e

6 probable-maximum flood -- at a maximum-elevation of

7 about 780, 780 feet, including a 40-m11e per hour wind

8 velocity and resultant wave runup. However, the maximum

9 flood at the site is governed by an upstream dam

to failure, tha t being the Norris dam. And this dam

11 failure is combined with one-half of the PMF; and as I

12 said, tha de tails of the basis for this elevation, the

13 , analysis for this elevation, will be covered by Mr.

14 Ne w to n .

15 In any case, the plant grade is established at

16 elevation 815. It is well above this maximum

l 17 hypothesized calculated water level. And further, the

18 safety-related structures, including the diesel

|
I 19 generator building, emergency cooling water facility are

20 designed for assuming that the flood level'-- rather,

21 the groundwater level, reaches the same level as the

22 flood, 809 feet.

23 *>e have accounted for hydrostatic effects and

() 24 included water tightness features in any of the design

25 of these structures below g rade or below this flood

O
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() 1 ele va tio n.

2 (Slide.)

3 The earthquake design --

4 NR . CARBON : Excuse me. Was it your intention

5 to skip over the slide on the maximum precipitation?

6 MR. PALM I'm sorry. That was not my

7 intent. Thank you.

8 (Slide.)

9 The maximum precipitation again at the site --

10 and I'm talking abo 9t the area or the region of
s

11 calculation for determining the maximum flood level of

12 the rive r, b ut this is cpecifically at the 1ccal area of

I 13 the site -- we have first of all desioned the drainage
'

/
14 f acilities f or a 100-year storm, which is a maximum 3

: 15 1/2 inches of rain per hour.

i

16 The design has further been evaluated for a'

17 ma::im um potential storm based upon probable maximum

18 precipitation, better known as PMP, where we have

19 examined the conditions at the site based on 14 inches
-

20 of rain in an hour and almost 30 inches in an 8-hour

21 period. And based upon this quantity of water
.

|

22 inundating the site, we have determined tha t we can

23 allow a 6-inch maximum of flooding in the plant area.

() 24 To account f or this, we ha ve building entries

25 12 inches above grade, and we have allowed a maximum of

O
!

,
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() 1 8 inches of ponding on the safety-related roof areas.

2 And if there is excessive water, it is discharged to

3 grade. We also do provide curbs, I believe, that are 18

4 inches or 2 feet in height around any openings in the

5 safety-related building roofs.

6 And equivalent to this PHP we have a

7 calculated 80-inch snowfall, and this is equivalent to a

8 40-pound roof load which is also included in the

9 design. Actually, the 40-pound roof load is covered

10 well by the tornado design requirements, so the capacity

11 is well above what both the water and the potential

12 collected snow on the roof.

13 MB. CARBON: The 100-year storm itself is, I

O
14 believe, taken to be 3 1/2 inches per hour maximum, is

15 that correct?

16 MR. PALMA Yes. This is from the records that

17 we have included in the SER. I don't know for how long

18 a period those records are.

19 Don Newton, do you have any idea on the

20 rainfall records?
~

t

| 21 MR. NEWTON: I think that all comes -- this is

22 Donald Newton, TVA, Flood Hazard Analysis. . mssume

23 that you'ra using the National Weather Service CP-40

24 rainfall, and the years of record that are in that, I'm

25 not really sure. That is a fairly old document, but it

O
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() 1 is still the standard.

2 ER. PALH: The origin of all of this data is

3 from the National Weather Service."

4 MR. MOELLER: I don't understand why you

5 designed for drainage at 3.1/2 inches per hour, but you

6 allow the rain to fall at 14 inches per hour.

7 HR. PALM Primarily because this is a maximum

8 probable event, and as long as the site can tolerate

9 some overcapacity of the system design, then we don't

10 see that there is any safety problem. The reason why is

11 primaril7 economics insof ar as the drainage system is

12 concerned. We would have to go to say from a 42-inch

13 drain pipe to something like maybe 8 feet.

O 14 MR. HOELLERa I see. That is helpful.

1

i 15 MR. PALM And we have accounted for this in

16 the local topography and the slopes, et cetera.

17 MR. OKRENTs If I could coma back to wind for

18 one minute, does the tornado design provision cover

is steady wind speeds far greater than the wind speeds for

20 which you've designed the plant, or if there were

21 greater wind speeds, steady wind speeds than you

22 designed for could that create problems for some

23 com ponents or systens, and 1{ so, how?

) 24 MR. PALM: Wind speeds greater than the design

| 25 tornado velo ci ty , you're talking winds in general?

!
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.

O i xR. OxREur no. Tou desion, 11 it uneerstand

2 it correctly, for tornado wind speeds, but also there is
.

3 some kind of whet I would call steady wind speed.>

4 MR. PALM 4 I had intended to cover this very

S briefly, but because of time or whatever, our design is

6 basically for an equivalent 90-mile per hour wind.

7 MR. OKRENT: Suppose it were 120 miles per

8 hour, would that create a problem, or does your tornado

9 design cover it?

10 ER. PALH The tornado design would cover it,

11 that is right.

12 MR. OKRENT: Would it cover 150? That is a

13 pretty high wind speed. I'm just trying to understand.

- 14 ER. PALM To understand it, we, as far as the

15 design is concerned, there is no time element invcived

16 in use velocity pressure distribution or design

17 pressures.

18 MR. OKRENT: Okay. That answers it.

19 MR. EBERSOLE. Let me ask a question in this

20 matter. The negative pressure in tornadoes, there's two

| 21 ways to go at this. You can either build a building to

22 sustain it, or you can fit it. Which did you do?

23 MR. PALM 4 We have a combination actually.

24 The structures, the envelopes are actually designed for

25 the 3 psi. There are certain systems that do allow for

O
.

|

|
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() 1 venting certain compartments because of --

2 MR. EBERSOLE: But you have, in general, you

- 3 have put an envelope around the whole thing for 3 psi?
\

4 MR. PALM: That's right.

5 MR. EBERSOLEs If that is bridged, do you then

6 have a flow path in side tha t will prevent excessive -

7 pressure in compartments?

8 MR. PALM It won 't be breached. The design

9 will not all ow it. .

10 MR. EBERSOLE: You're counting on the

11 perimeter., You don't have a bleed-down path from

12 compartatat to compartment inside.

13 MR. PALM: I believe we do, yes. Through some

14 of the openings and so forth there is a bleed-down path,
i

15 and we do have.
;

16 MR. EBERSOLE: And that assumes you have a

17 nole on the perimeter?

18 MR. PALM: That's right. I understand your

19 question now. You have to hypothesize that you do

20 indeed have a certain compartmentalization where you de

21 have bleed-in of the pressure reduction.

22 MR. EBERSOLE: So you use both approaches.

| 23 MR. PALM That is corrcct.

() 24 ' MR. EBERSOLE: Thank you.

| 25 (Slide.)

O
.
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() 1 MR. PALMS On the earthquake design this is a

i 2 review of basically what was covered at the summer of

3 '82 neeting, pointing out the major parameters for

4 establishing the safe shutdown earthquake for Clinch

5 River using the tectonic approach, the Southern Valley

6 and Ridge province, in accordance~vith the-regulation.

7 We have iden tified the largest historical

8 earthquake in the province and Charles County, Virginia;

9 and NRC had classified this earthquake as an intensity

10 8. And based upon these requirements, we correlated the

11 intensity to acceleration using the most co nserva tive

12 intensity correlation relationships recognized by NBC,

13 and on the basis of that we came up with a .25 g zero

O 14 period acceleration. And this large earthquake at Giles

-

15 was assumed to occur at the site, at the Clinch River

16 site.

17 We have used a one-half SSE as the OBE for

18 Clinch River. This is also included in the design. And

19 all the design, including damping factors, _ genera tion of

20 the ground motion input, modeling techniques, method of

21 analysis and so forth, follows the recognized and

22 accepted light-water practice that is identified in the

23 standard review plan and the regulatory guides.

() 24 So that is nothing unique about our approach.

25 And Mr. Morrone of Westinghouse vill get into the

O
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() 1 details insof ar as the available margin tha t we have

2 through this design approach that we have taken.

3 HR CARBOM. Have you gotten into different

O. -

4 kinds of earthquake design problems, this being a

i 5 liquid-metal reactor, things like sloshing in the pool?

6 What are the different problems that you face- on thin

7 vall pipes instead of thick? Can you comment on some of
j

8 those things?

9 HR. PALES Well, most specific analyses were

10 done by Westinghouse. We provided all of the input to

11 them insofar as the response spectra and time .

12 his to ries. And perhaps Paul Dickson or George Clare

13 might want to comment on that.

14 HD. DICKSON: This is Paul Dickson of

f
'

15 Westinghouse.

16 Yes, there are some differences, and they are

17 accounted for in the analyses.

18 MR. CARBON: Can you summarize the differences

|

| 19 and say something about how significant they have been?
|

20 What has been the net effect? ,

| 21 MR. DICKSON: One of the differences you
1

22 alluded to was the fact that we have a large surface in

23 i the pool, and there is some sloshing of sodium which is

() 24 different than a water system, at least in the water

25 vessel for a light-water reactor. And then the thinner

)

ALDERSON REPORTING COMP AN /, INC,

_ _ _ _ _ . .. .____ __ __ _ _



I

,

160

l
'

i

() 1 pipes, the seismic pipe at least in the primary system

2 tends to control the piping design for the location of

|
3 snubbers and hangers, as opposed to say a-light-water{)
4 resctor where the seismic design is probably less

|

5 controlling because the pressure is more of a

6 consideration. In the intermediate- system- the.

7 sodium-water reaction is more controlling than the

8 seismic design.

9 Did that answer your question?
s

:

! 10 MR. CARBON: Yes. I think so.

11 MR. PALMA I would sa y , just to make a general

|
12 comment further to what Dr. Dickson said, is that there

13 is a lot more detailed interplay between the structural

O 14 building design and the systems and component design for

15 liq uid-metal components, very much so.

16 (Slide.)

17 In summary, based upon potential natural

18 phenomena that has been identified that could occur at

19 the Clinch River site, we have established conservative

l 20 design bases to, in the Clinch River design, to

21 accommodate the loads effects generated from these

22 phenomena. And we hsve essentially completed the Clinch

23 River design to show that indeed the design does cover

( 24 these design bases and resultant conditions.

25 Mr. Newton of TVA vill now continue on the

(
l
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() 1 flood analysis.

2 Are there any further questions on this?

3 HR. DICKSON: While Mr. Newton is coming up,g-g
\)

4 if I could add just one more thing. One other

5 dif ference in order to accommodate our guard vessel

6 concept, most of our large components such as the

7 reactor vessel must be supported from the top, and that

8 enters into the seismic design analysis capability

9 significantly.

10 MR. NEWTON: I'c Donald W. Newton. I head the

11 Flood Hydrology section of the Flood Hazard Analysis

12 branch of the Tennessee Valley Authority, and what I am

13 going to try to do is to briefly summarize the

la determination of the design basis flood level for the

15 breeder site.

16 The handout that I provided, I have cut sonte

17 of that material out in an effort to shorten the talk;

18 so if you have any questions why, we can come back to it.

19 Our determinations, though made in the early
,

1

20 '70s, are in accordance with the current Regulatory

21 G uide 1.59 a nd the ANSI documents, and may be a little

22 safer than are required.

23 (Slide.)

() 24 This shows you the siin, the loca tion. We

25 have roughly outlined the wa tersheds, the site being

O
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() 1 here, which is directly on the Clinch River, with

2 drainage area some 3400 square miles. The site is

3 actually also on an arm of the Watts Bar reservoir, so

4 the watershed in yellow, which is the watershed above

5 Watts Bar dam, can also influence the site somewhat.

6 That-drainage area is -- the total in yellow is- some

7 17,310 square miles. This dam is some 55 alles below

l 8 the site.

9 (Slide.)

10 This is a diagram that maybe will show you a

11 little bit better what is involved in the

12 determination. You can see the site here between mile
(

13 16 and 18 on the Clinch River. Upstream where you have

(
; 14 the Norris dam, which really ends up being the
|

j

15 controlling feature in terms of flood levels at the
|

16 site, the small dam, Melton Hill, downstream, and then )

17 Watts Bar dam downstream on the Tennessee River, also a

10 potential source of flooding, with Tellico and Fort

19 Louden dams here, Douglas and Cherokee and Fontana. And

20 there being the site.

21 (Slide.)

22 MR. CARBON: Are you going to get into which

23 of those dams can be assumed to fail and what this does

() 24 to the flood level?

| 25 MR. NEWTON: Yes. Very briefly.

l ALDERSON REPORTING COMPANY, INC,
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() 1 MR. MOELLER: Would you repest the difference

2 in the red and the yellow? The yellow drains towards

3 the Watts Bar dam?

4 MR. NEWTON: Yes. The yellow is the total

5 drainage area above Watts Bar dam.

6 (Slide.)

7 MR. MOELLER: And then the red is above what?

8 M2. NEWTON: Above Clinch River. That is the

9 Clinch River; that long, skinny watershed is your Clinch

10 River. And we are, of course, on the Clinch River below

11 Norris dam, which is up in hero, and then this is that

12 total drainage area above Watts Bar which doesn't prove

13 to be controlling, but it has an influence so you have
,

f'

14 to take a look at it.

15 MR. MOELLER: Thank you.

16 (Slide.)
1

17 MR . NEWTON : Your potential sources of

18 flooding at the site are storms, storms which produce

19 the probable maximum precipitation on the Clinch Fiver,

20 and that I showed you in red, or on the Tennessee River

21 shown in yellow, or some combination thereof; floods

I

! 22 that we call the maximum probable flood are the

23 definition of the upper limit of flooding; and

() 24 seismic-induced floods from seismically-induced dam

25 failures. And this proves to be the contro111no event.

O
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(]) 1 We didn't examine in detail, but you need to

2 consider snowmelt or ice jams. We are in 'a temperate

3 climate, and that is not controlling. Or landslides,

4 and there is a small slide volume potential, but they

5 are limited. So the controlling event is the

6 seismic-induced dam failure.

7 (Slide.)

8 I'm going to skip over the determination of

9 the PMF, the most severe flood that can reasonably be

to predicted because it is not controliing by a significant

11 amount. In other words, we examined four different

12 storms, a number of different storm pattern s, different-

13 seasons, to try and determine the most critical flood

14 c en te rin g.

15 There were some dam failures. Fort Louden and

16 Tellico upstream would fail. Part of Helton Hill would

17 fail. But all of this together produced a design flood

18 level or a flood level of, I will show you later, which

19 is much less than the controlling event. So let's not

20 -- I will skip over that unless you have some questions

21 later.
I

22 MR. CARBON. I have one question there. You j

23 say some or those dams would fail. It's my impression

() 24 that your knowledge or our knowledge in general of which

25 dams will fail from seismic events is really not very

O
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O 1 good. rs your know1 edge of fa11ure fro f1ooding en a

2 auch firmer basis?
,

3 MR. NEWTON: Yes. In this case we are having

4 water overtopping the earth embankments, so it is a

5 question of will it overtop an earth embankment, a road

6 and fail, and we have enough information about that.

i 7 And the depth and duration of overtopping was such that

8 we are quite clear that the earth portions of the dam

0 would fail.

10 In the case of Melton Hill it was a concrete

11 dam, and the structural analysis would say yes, it would

12 fail.

13 MR. CABBON: And you're also on firm ground on

O
14 the ones that won't fail.'

(

| 15 MR. NEWTON: Yes. And it depends upon the

!

16 storm center where the largest floods occur. So we are!

17 pretty clear on that analysis.;

|-

18 In refreshing your memory now when we are

19 looking at floods resulting from seismic events,

20 obviously I'm saying if a dam should f ail f rom a seismic

21 event, we are talking about the two situations that we

22 examined: a failure caused by the safe shutdown, the
,

t

23 1argest earthquake, and that is assumed to occur

24 coincident with a 25-year flood with your reservoir at
I

25 that maximum level during that flood event, or a smaller'

O
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1 earthquake, OBE, and a larger flood, one-half of this

2 probable maximum flood. Again, with the recervoir at

( 3 the maximum level during that storm, the dam is assumed

4 to fail or at least is examined at that level.

5 MR. SIESS: Well, those two combinations must

6 be chosen on some kind of a probabilistic basis, am I

7 correct? That is, the larger earthquake and the 25-year

8 flood and the smaller earthquake I asstne at half the

9 PMF is a greater return period than 25 years, is that

10 right?

11 MR. NEWTON: Yes. Much greater than that,

12 yes. It is an attempt -- I don't know the details of

13 how that particular standard came up with, but this

O
14 would be your upper limit on your seismic, your SSE.

15 MR. SIESS: But not Lero probability.

16 MR. NEWTON: I don't believe so, and that is

17 not my field. Somebody else would have to tell you what

18 that probability is.

19 MR. SIESS: Is it intended that somebody will

20 address the probabilities associated with those?

21 MR. NEWTON: I'm not so sure. I would make

22 the point that what we are showing is that even those

23 were to occur, the plant is safe against that, so we're

24~ re.11y talking about something above what flood levels

25 this would cause. I believe the probability maybe on

.
O

|
|
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O 1 the order or wh t, 4 1 20,000 ter the SSr. 1 not

;

! 2 res11y sure. That is not my field. I think I've heard

3 that number.

4 3R. DICKSONa Tha t we will be addressing later.

5 HR. SIrSS: Thank you.

6

7

8

9

10

11
i

12

|

13,

O 14

f 15

l
16- .

'

17
|

18

J
; 19

|
20

;

|
21 |

i 22
|

23

24

25

O, .

a

I
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1 MR. EBERSOLE: Let me ask a question. Did you

2 say that if you have a PMF, that is, 100 percent PMF,

3 that you do or do not have to consider the dam f ailure?
)

4 MR. NEWTON: In the storm, the probable

5 maximum precipitation which occurs over the watershed

6 and-translating that flood into flood flows and flood

7 hydrographs, we do have to evaluate the upstream dams to I

|

4 make sure that they can contain that flood.

9 If it cannot contain it, if it would be over
i

1

10 top, then the question is if it is over top, is it

11 sufficient to fail the dam. And in our determination of

12 the PMF for the breeder reactor site there were, in the

13 critical storm combination situations, there was

O
14 overtopping and failure of some upstream dams.

15 MR. EBERSOLE: Then the worst order would come

16 from 100 percent PMF or maximum possible flood, which
.--. .... . . . . . . . . . . . - . . . . - . .

17 would produce the das failure, right? Not th'e s e ~ h b t~e .~ ~ ' ' - -

I
18 MR . NEWTON : These are the controlling

19 events. The PMFIs3 much lower flood level. j
,

20 MR. EBERSOLE: Is it?

21 MR. NEWTON 4 Yes, much lower, as I will show

22 You 1;ter on. I'm skipping over it because it is

23 non-controlling.

) 24 MR. EBERSOLE I see.

25 MR. NEWTON: It comes to elevation 778.

O
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I

O i ru. sszRs0tE= The eMr2 now, rou re ta1 kins

2 about the PMF on the Norris Reservoir?

3 MR. NEWTON: In this case, the storm which wasq
V

4 found to produce the maximum flood elevation at the site
e

5 was not centered above Norris Reservoirs it ves 50 miles
1

6 North-Mortheast of Knoxville, up at Bulls Gap. But that |

!
l 7 is a little different. |

8 MR. EBERSOLEs Let me get back to the crux of

9 it. On the Norris Reservoir the maximum possible flood I

l

10 level, it's consid ered to fail Norris Dam?

f 11 MR . N EWTON : No, no vay. It doesn't even come

i

12 close.

! 13 15t. EBERSOLE: So you don't have to deel with

: O
l 14 tha t.
|

| 15 MR. NEWTONS You don't even have to deal with
i

4
,

| 16 tha t.

17 MR. EPERSOLEs If you did, that would be the
..

~

98- wctr st_ ca se , wouldn't it7'

'

19 MR. NEWTON: Yes, it would probably'would b5 -

|

| 20 Depending upon whether or not !.t overtops and Norris Da m

21 vould fail, and it is a concrete dam and structurally it

22 might contain it.

23 MR. EBERSOLE: Are tiiere any earthen fills up

O 24 ever fre Merri ee- thet oo e cow 2 a=1 eaa1e ae 2

25 MR. NEWTON: Not that I'm aware of offhand.

- -
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.

O ' rn t ve aever 1===e, so e 414a t 1oox t it 1=

2 detail.

3 HR. M0ELLERs Do I understand correctly thatp
O

4 these two alternatives are sort of standard? I mean, do

5 you always use these?

6 MR. NEWTON 4 These-are the standards specified

7 by NRC.

8 MR. HOELLER4 Thank you.

9 HR. NEWTONS And that is why NRC criteria --

10 they have specified that we shall examine these, and we

11 have.

12 (Slide.)
,

13 Norris Dam we actually examined. Now, there

0- 14 were some 10 dams and combinations of dans that could

15 fail in various combinations or centerings of these

16 various earthquakes, and we examined all of those and

17 what you boil down to, which is pretty obvious, is that
,

,,_;

__ .
.

,__ _
,

.18---.Rocris Da+-u pstresar if ~ i~t "9ere "iE ~f' ail, becomes the

19 controlling events.

20 So the others were all looked at. You can

21 forget about them. We come back to Norris, and let's

22 take a look at Norris.

23 Now, we examined the dam. We concluded*

24 actually that it would not f ail in an SSE or an OBE.

25 The factor of safety would not be less than one, but

O
.
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P

: O i decause of the u certaintie in suca e timates, we went

2 ahead and did determine -- well, let's postulate'it
,

3 would fail -- and determine what is the most.likely mode

4 of failure should it occur.

5 So we have bypassed the argument -- well,

C would it or wouldn't it fail; we~ don't think it would..

7 And then we got into a discussion of well, given that

you haie decided that it would f ail, what is the most8 t

9 likely mode of fkilure. And let me simply show the two

to modes of feilure.

11 (Slide.)

This is in the operational basis earthqu'ake,'2.

13 which is the smaller earthquake. It is the larger flood

O 14 and therefore, the highest head water levels, and

| 15 therefore, it becomes controlling. And this is a brief

! . _ _ _ _ _ _ . . . . . .

16 outline of,what.us postul-ated wDirrd ~fiYppen in terms of
' ' ~ * * ^

, _ , _ , _ .
- . - . . - . - -

! 17 the mode of failure we're talking about. A concrete

18 gravity dam which is some 1860' feet across the top. It

19 is some 285 feet high. We have a spillway section in

20 here. We have the powerhouse section in here

21 (indicating). And for the OBE we postulated that these

22 taller blocks would simply ovarturn like this. That

23 would produce an opening here of some 66S feet wide.
,

24 The engineers estimated that if it did happen,
!

25 most likely mode of failure would be the overturning of
_ . .

O
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() 1 these blocks like this, and then the base of the dam

2 would create a debris level here, about elevation 970.

/ 3 This would all come into this valley such as this-

4 (in dica ting ) . Note that it doesn't completely valley

5 and there is actually significant end-around flow. But

6 wha t you ha ve- created, in a sense, is a weir here, 665-

7 feet wide, with an elevation of 970 for the top. But

8 there is end-around flow.

9 This would be judged to be the likely .

i 10 situa?.lon in an OBE.

11 (Slide.)

12 In the SSE, we ha ve a wider section. The

13 analysis indicated that there would be more of the

O 14 blo ck s th a t would fail, creating an 833 feet wide weir.

. .__1b..The tobof the. concxeta u g be :: g lied g the width
. _ _ . _ , _ _

16 of the base and again, would be at about elevation 970.

17 In this case, there is a wider section that

18 one nearly fills the valley and we have less end-around

19 flow, given the mode of failure. The next step is the
,

20 determination of the downstream flood levels.

21 (Slide.)

22 And the major elements of that kind of a

23 determination, of course, is to determine the flows in

() 24 the reservoir and in the streams and in the system for

25 this 25-year flood, and we have a watershed model which

O
-
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|

l () 1 was used to develop the Ph? calibrated against zero

2 flood, which was used to determine these flows.

3 We are concerned about the outflow from a

4 breached Norris Dam. This is a question of the rating

5 curves at the dam. Then we're talking about combined

6 flows at the site. The flow from the- dam out-breach and

7 flow from the surrounding watersheds.

8 The unsteady flow models were used to

9 determine the flows at the site. This is at present the

10 most sophisticated procedure for analyzing that. The

11 rating curves -- and that is the next slide --

12 (Slide.)

i 13 which establish the discharge from the failed

i 14 dam a re shown here. These were developed from a 1 to

15 150 scale hydraulics model stud y, and verified very

l 16 closely by hydraulic analysis. I won a $10 bet. This

17 is the rating curve for the OBE, the 665-foot section,

18 and to everyone's surprise initially, you get a little

19 more outflow because of tha t end-around fic s around the

20 concrete sections. And this would be the rating curve

21 for the SSE where you got more debris, more in the

22 downstream channel.
So the discharge from the dam is really more23

() 24 nea rly contro11+d by the debris, in this case, than it

! 25 is the width of the weir.

O
,

l
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() 1 (Slide.)

2 In the OBE, what you would have -- the dam was

3 postulated to fail at the peak of the flood. Tou would
{~}

4 have this very sharply rising outflow hydrograph with
!

5 1,960,000 cubic feet per second coming out of the dam.

6 The dam would drain relatively rapidly like this if it

7 f ailed a t elevation 1035.

8 MR. REMICK: What is the importance of the

9 March da te a t the bottom?

10 MR. NEWTON: The March date ties into the date

11 of the probable maximum flood. You not only need to

12 look at the time and aerial distribution of the storms,

13 but what time of year meteorologica11y. You can get

O
14 large area storms in our region in March; you get

15 smaller area storms and your maximum PHP tends to come

16 in July, and we had a fairy large 8000 square-mile storm

17 which produced PMP on 8000 square miles. So that is a

18 March storm. Most likely, it would occur in mid-March.

19 This is a one-half PMF, and you assume it

20 f ails at the peak of it, and that gets you to March.

21 MR. REMICK: March 26th.

22 (Laughter.)

23 (Slide.)
-

( 24 MR. NEWTON: This does creato sore interest.

25 Down at the site, then, we have reduced fron 1.9 million

O
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I() 1 down to about 900,000 cfs, and this would be tha

2 hyd rograph at the site et mile 18 upstream, reaching an

3 elevation of 804 with plant grade up here at 815 or
)

4 downstream a little bit lower, 798. And that would be

5 your elevations at the site.

6 (Slide.)

7 So that f rom the standpoint of the analysis,

8 then, we have these flood elevations, the PMF which I

9 didn't discuss but which was evaluated in detail with a

10 maximum flood level of 777.8. The OBE with a one-half

11 PHF, a controlling event. Now, this is without wind

12 waves; just the still water level. We would have

13 reached elevation 804.3 or for the SSE failure in a
! )
| 14 smaller flood, 796.
I

15 So then, then, becomes our controlling event.

16 And according to NBC criteria, if we are above that

17 elevation including wind wa ves , then we are safe.
t

18 Now, there has been some question about how

19 sensitive our conclusions are on tha t eleva tion 804,

20 regarding the modes of failure, the debris level and the

21 width of tha t f ailure. We made an engine 2 ring judgment,

22 we made a study. We said hey, this is the most likely
|

23 mode of failure.

() 24 (Slide.)'

; 25 But obviously, you could postulate somewhat

O
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() 1 different modes, se we looked at a number of

2 possibilities just arbitrarily. You make an engineering

3 judgment, and this one looks like it makes sense but
)

4 let's try and bracket it. So we took three blocks, 168

,5 feet. And this is all in the OBE, by the way. We

6 simply concentrated on that because-that is controlling .-

let's take7 168 feet wide in contrast to 665 --

8 it all the way down. Let's assume that debris is out of

9 the way. We would have reached 808 here at mile 18,

10 808.4, somewhat highet. Let's assume more blocks fail,

11 370 foot wide. let's assume that the debris is a lot

12 lower. We don 't think it would be completely washed

is out, but maybe it is lower. You would have 925.

O 14 Pick a number. Well, you would reach 811.9.

15 You are somewhat higher. Let's take the same 665-foot

16 wide sectionthat we postulated but let's lower the

17 debris level from 970 to 945. Well, we would get

<8 808.9. Let's give a dimension to the whole problem.

19 Let's see what the upper limit is.

20 Well, the upper limit would be assume that the

21 dam completely and instantaneously disappeared. It is

22 unrealistic but it certainly screens the upper limit,

23 and you have got elevation 818, which is some three feet

() 24 above. But using this as a device to see what is the

25 upper limit, -- and obviously, there is going to be

O
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() 1 debris -- we think it adds credibility to these kinds of

2 numbers.

3 We assume that we are not sensitive - > wo

4 think cur basic conclusion that it will not exceed 815

5 is not sensitive to these levels of debris levels.
'

6 NR. REMICK: Maybe you explained this and I

7 missed it, but the significance of mile 16 and mile 18

8 -- why two, and measured from what? From the dam?
,

9 MR. NEWTON. The miles are measured from the

10 mount of the Clinch River, so you are coming upstream.

11 And remember that we are on an ara like this of the -

12 Clinch River, so mile 18 is the upper side, and mile 16
-

13 is on downstream. There is some slope plus some

O 14 sto ra ge . So in a sense, it becomes the controlling

15 point. It is the first point of attack to the site, and

16 therefore, that is what we looked at.

17 ER. CARBON: Just for understanding, what is

18 the significance of 815 again?

r3 MR. NEWTON: This is the plant grade. This is

20 the one that we want to make sure that the plant grade

21 is above any maximum flood level. So this 815 is the

22 discussion we had previously. Everything -- all

23 safety-related structures are above that; at or above

24 tha t. So if we can show that that is above any flood

25 level, then we are safe.

OV
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() 1 There is one other argument in here that we

2 could make. That is, that we don't think that the dan

3 would fall in an OBE. It might be more like1r to fail

4 in an SSE, which is a smaller flood,1ess head water

5 1evels. And although we didn't compute it, if you

i 6 instantly vanish the dam, we estimate that the e1evation-

7 wou1d be on the order of 810.

- 8 So we think that any way you look at it, from

9 a practica1 standpoint, 815. A t tha t plant site level

to there is no flood 1evel; you are ve11 above any flood

11 level.
,

12 MR. EBEPSOLE: Don, cou1d I ask you a

l
13 question? That o1d Dam Norris used to have casoline

O 14 engine generatcrs with which they intend to control

15 theit gates and sluices in the event of a less of

16 power. Are all of your analysis based upon any iden

17 tha t those gates will be closed under these maximum

18 flood conditions? You know, I'm talking about spillway

19 gates.

20 MR. NEWTONa We're talking about the
i

21 spil1 ways, and in our flood studies -- and these, of

22 course, are even the 25-year -- we operated the dams as

23 ve would in that kind of a f1ood, and the gates were

O 24 essumed operab1e.

25 MR. EBERS OLE : But those engines were taken

O
!
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() 1 away about 30 years ago because they wouldn't work,

2 anyway. So do you not have to rake your analyses on the

3 basis that the gates are down and the power is lost?-

4 MR. NEWTON We don't believe so. In our

5 current dam safety program and inspection and the rest

6 of it, we feel sure that -- George, do you know what the.

7 auxiliary backup is for power for gate operation at ,

8 Norris?

9 MR. McCANON: Jess, I'm sorry, I do not knew

10 the answer to your question.

11 MR. EBERS01Es Woul.; you identify yourself?

12 MR. McCANON: I',m George McCanon, Civil

13 Engineer in TVA's Hydro-Design Project.

O 14 MR. EBERSOLE: Well, I remember that about 25

15 years ago they decided to throw those old engines away

16 because they never could get them started in the first

( 17 place. But that left a residual question of whether, in

18 a terrible storm condition you, in fact, had to lift the

; 19 gates. A storm which would have taken down the
|

20 transmission lines.
,

21 F.R. KERRs I would have thought there would be

22 a connection to the hydro generator station itself. I

|

f 23 don't know.
.

24 MR. EBERSOLE The engines were put there for

25 a purpose, Bill.

O
V
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() 1 MR. KERR That was put there in the days when

2 they thought there miJht be droughts and they thought

3 the reservoir might be empty.
{

4 ( La ugh te r. )

5 MR . NEWTON : Let me answer it this way. We're

6 right now involved in a complete review of older dams,

|
7 dam safety, what have you. As a part of that rule, we

8 are specifically examining the operability of the gates *

9 inflood, such as what we're talking about. This is a

10 part of wha t we are doing. I don't now remember the

11 details of Norris. I could of some others, but Norris I

12 don't because we haven't gotten to it.

13 MR. EBERSOLE: But your basic --

0
14 MR. NEWTON: Our basic answer is that we will

15 be able to operate those gates by some means in floods
'

16 of this type. This is specifically what we 're lookino

17 at.

*8 MR. EBERSOLE: You might have to put some new.

19 diesels there.

20 MR. NEWTON: We might have to. We might have

21 100 people standing up there.

22 (Lauchter.)

23 Whatever it is, we will have some means to

( 24 operate those gates. We've got to.

25 MR. EBERSOLE: I'm not sure that the people
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() 1 here appreciate the implications of having a bad flood

2 with those gates down. Would you explain that to them?

3 BR. NEWTON: Well, having the flood with the

4 gates down would be advantageous to us.

5 ER. EBERSOLE: Would it?

6 MR. NEWTON: 'Yes, in the sense- that if those.

7 Norris gates -- you can raise to control storage, to

8 operate them. If they are down, then you have got your

9 spillway capacity with no stoppage at all. ,

10 MR. EBERSOLE4 But you have an overtopping of

11 the gates to deal with.

12 MR. NEWTON Well, the gates are down into the

13 spillway crest itself, so that then you hav e --

0 14 MR . EBERSOLE4 Oh , I'm sorry. I really mean

15 when the ga tes are up. I'm 180 degrees away.

16 HR. NEWTON: But the point is if the gates are

17 up, then you would have flow over the top of the gates.

18 But wha t we 're doing is opera ting those gates in floods

19 of this sort with our control downstream at

20 Cha tt anoog a . We would operate those gates as we would

21 during a flood of that type, and the details of the

22 operations we assume -- frankly, I don't remember.

23 MR. SIESS: Does it take power to operate

() 24 those gates, to lower them?

25 MR. EBERSOLE4 Yes.

(
l

I
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,'

() 1 HR. NEWTON: I think so.

2 MR. McCANON: Yes. And our policy is tha t we

3 will have bach.up capabilities of operating all of our
)

4 cates.

5 MR. SIESS: How long do you have to lower the

0 gates once one of these huge storms-- starts? Does it

7 have to be done in minutes, hours or days?

8 MR. NEWTON: You are now getting into the

9 details of this particular operation, and as I say, we

10 made these basic studies back in the 70s. Depending on

11 our dam we have anywhere -- some of them are remotely

12 operated and we can operate them right away. Some

13 require people going there and opening them, and then

0g
14 after you've opened them there is a certain-amount of

15 time.

16 MR. SIESS: I'm sorry, I'm assuming -- I'm

17 going along with Mr. Ebersole's assumption that for some

18 reason you've lost transmission lines and you -- how

19 much time do you have to do something in the way of

~

20 repair: or getting other sources of power?

21 MR. NEWTONS We have, in the first place there

22 is some warning that a flood of this sort is happening
i

23 and is occurring. Because we're talking about a storm

24 -- well, one of the slides we have which I didn't show

i

25 you talked about a storm where we had a three-day.

(},
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( 1 antecedent storm. A three-day dry period and then a

2 three-day main storm.

3 What we do is we think through, when do you(}
4 have to operate those gates, as a part of our analysis,

5 and I don't remember the details. And we have available

6 auxiliary power or some means to operate those- ga tes so

7 that we operate them the wa y we want to operate that dam

8 to efficiently control downstream flooding. And we've

9 thought through and worked out the timing and the rest

10 of it. I just don't know the details and I can get it

11 for you if you like.

12 HR. SIESS: And when you efficien tly control

13 downstream flooding, that's giving due consideration to

O
14 Clinch River?

,

,

15 MR. NEWTON: Yes.

16 MR. SIESS: Not to Knoxville?

17 HR. NEWTON: As a matter of fact, if we were

18 to operate strictly for the site we would havo not let
\

19 the elevation get to head water elevation,'1035. We

actually co' ld have let it go lower. What we did was weu20

21 operated the dam as we would in a flood like tha t. We

22 did reach elevation 1035 and we showed that if the dam
23 did fail in that situation, you were still below the

( 24 plant site.

25 M3. SIESS: Where is 1035 in relation to the

O
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h,) 1 spillway?

2 MR. NEWTON: I don't recall offhand. I would

3 have to look that up. I' ve got a book back here. Do
[}

4 you remember, George? Do you have it handy. I think

5 it's 1024, isn't it?

6 MR. McCANON: The crest is 1020.-

7 MR. SIESSs The crest of the spillway, so this

8 is with gates down and 14 feet ahead over the spillway.

9 MR. NEWTONS Yes. As I say, it has been some

10 years, and if you want those details we will get them

11 for you.

12 MR. EBERSOLE: Don, in general but i

13 specifically with respect to Norris, is the safety

O
14 concept of this sott of thing dependent on ha ving

15 g ua ra nteed operation of the spillway gates?

~

MR. NEWTON: No, I don't think so. Do you16

17 mean the safety of the dam or the safety of the site?
,

l

18 MR. EBERSOLE: Well, the safety of the

i 19 flooding problem I'm talking about. Are you depending

20 upon, in fact, getting the gates down? That's all I am'

21 after.

22 MB. McCANONs Are you talking about the Clinch

23 River reactor? We don 't believe the operation of the

24 gates has any effect.

25 MB. NEWTON: If we couldn't operate the gates

O
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() 1 and couldn't raise them and couldn't force the

2 headwaters that high --

3 MR. EBERSOLE: So you could take the p;oblem

4 as if you had a full maximum flood with the gates stuck

5 in the up position?

6 MR. NEWTON: I can't answer that.

7 MR. EBERSOLE: Well, they can stick in either

8 direction if you haven 't got power.

9 MR. NEWTON: I don 't know the answer to-

10 whether it was stuck up or not. I don't know.

11 MR. EBERSOLE: That is why I said assuming

12 they were down.

13 MR. NEWTON: I just don't now know that answer.

(
14 MR. SIESS: I think the case that Mr. Ebersole

15 is postulating would be gates up, half the PMF. Now, I

16 assume that would put the water level up above 1035.

17 MR. NEWTON I don't know.

18 HR. SIESS: And then fail the dam with an

19 earthquake?

20 MR. EBERSOLE No, I'm not on the earthquake,

21 I'm just on the flood. But I have stuck the gates.

|
22 MR. SIESS: Well, why would you limit it to'

23 the flood case and not the earthquake case?

! ) 24 MR. EBERSOLE: Well, I had a concept that if

25 the gates were stuck in the up position and due to this

(:).

|
,
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1

() 1 terrible storm you had no AC power to operate the gates

2 and you would overtop the gates with them in the up
:

3 position and that would lead to degradation of the dam(}
4 in the worst possible way.

5 MR. NEWTON: I don't know.

6 HR. SIESS. Overtopping a concrete- dam is not

|
| 7 nearly as automatic a f ailure as overtopping an earth

8 dam.

9 MR. EBERSOLE4 I don't know if there are other
|

|
10 aspects. ,

11 MR. NEWTON: No, there are not. We did not go

12 through and say bey, suppose the gates are up. And I

13 don't know when you would put them up in your flood

14 o pe ra tio n s. You have to lift them in a flood

15 operation. We did not go through -- and you would have

16 to postulate at what time they were up.

17 The Norris Dam, it was pointed out, is a

18 concrete dam, and you are beginnino to pile unlikely on

19 unlikely on unlikely now.

20 MR. EBERSOLE So you're ready to take the

21 maximum possible flood with the gates up? Do I hear

22 tha t?

23 MR. NEWTON We don't think that is a logical

O 24 prudent combination. That is, we don't believe the

25 cates will be stuck up. We did n ' t e xamine that to

O
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() 1 determine. If it was true, you would have to raise the

2 gates at the worst possible time and then assume they

3 are stuck. And that just doesn' t seem to be
.{ }

4 engineeringly sound.

5 MR. EBERSOLE: I think it focuses on the

6 reliability of power for the gates.
i

7 MR. NEWTON 4 The reliability of the ability to

8 operate the gates -- and we believe that with our

9 inspection and maintenance system, with our backup

10 systems and our constant checks, that we can, in truth,

11 operate those gates. There is considerable free board

12 -- I know this -- above the PMF, as we did compute it,

13 but before you get to the top of the dam. I guess it

O
14 would be that even if you a ssumed everything worst, the

15 worst storms at the worst time, the worst possible storm

16 at the worst possible time , and all your auxiliary power

17 operations and everything goes out and the gates are

18 stuck at the worst, at the top --

19 MR. EBERSOLE: Why were those engines put

| 20 there originally?

21 XR. NEWTON 4 Pardon?

22 MR. EBERSOLEs Why were those engines put

| 23 there originally?

24 MR. NEWTON: Jess, you always try to have a

25 backup system. That is what we're talking about, is the

O)(_
,

|

|
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() 1 reliability of the backup system if power is gone. In a

2 storm like, it is very well you would stop generating.

3 As a matter of fact, we postulate that the turbines are

4 not operating in a storm of this storm, and that is not

5 available tous, and that you do have to have some means

6 of opening those gates with the power- not- available- at ,

7 the site. This is standard operating procedure. And I

B apologize for not remembering all of those details.

9 MR. SIESS I would like to change gears and

10 get back to the slide you have on the screen, which is

11 the OBE with one-half the PMF in a sensitivity study

12 that is based upon reservoir elevation of 1035. <

13 MR. NEWTON: That's right.

O
14 MR. SIESS4 All of those examples, righ t?

15 MR. NEWTON: Correct.

16 MR. SIESS And that's 14 feet of f3ow over

17 the down gates.

18 MR. NEWTONS Correct.

19 MR. SIESS4 It seems to me that it would be

20 helpful as a sensitivity study to see what you would get i
I

21 there if the gates were up. Would it be overtopped with |

i

22 one-half the PMF? That is, would it be 103S?

23 MR. NEWTON: I would have to go back and

() 24 examine -- and as I say, it has been some time since we

25 did these flood routings -- as to specifically what our

1

i

|
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( 1 operations are. The bottom line would be that if you

2 could reasonably postulate -- well, not reasonably

3 because we think we have got one reasonable. But if you(}
4 were to say everything went bad and you did have a

5 higher elevation than 1035, in truth you would have some j

6 higher elevations down at the site.

7 Once again, assuming that the dam fails, which !

8 we don't think it will.

9 MR. SIESS : But again, for a sensitivity

10 study, that would seem to be an appropriate parameter.

11 I mean, right now I get a certain amount of comfort out

12 of looking at 818 there for just wiping the dam out. In

13 other words, you varied the conditions of the dam in

O
14 that figure, and it seems to me that varying the

15 elevation of the reservoir would be another basis for a

16 sensitivity study that might come out still comfortable.

17 MR. NEWTON: It could be it would be lower or

18 higher. We would also have to go lower. I would also

19 point out that another sensitivity is around the

20 earthquake. We don't think the dam will fail in an

21 OBE. It would be sore likely to fail in an SSE, and

22 that was the elevation 810 that I gave, in contrast to

23 the 816. So if you slice it that way, you come up with

( 24 818 down to 810. If you do simply debris levels you get

25 this, and as you say, whether the 1035 varied up or
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1 down, you would come around it.

2 But I would think that we might want to go

3 below 1035, too. I would have to review the actual

4 details of our assumed operation. And I wish I could

5 remember tha t because I have a feeling that that is your

6 answer. I think the gates probably got down pretty

7 early in the flood, and it may well have been right at

8 the start. I'm not really sure.

9

10

'11)

12

''

O
14

15
i

16
|

17

18

1

l 19

20

21

22

23

!O 24

25

O
|
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() 1 MR. MOELLER In your opening remarks you said
,

2 you examined Norris dam in order to postulate whether it

3 might fail, and you concluded that it probably would(}
4 not, but nonetheless you went ahead and did your

5 analysis.

6 Now, what do you mean by saying that you-

7 examined Norris dam? Did you look a t the design,
,

|

8 original design, or did you go out? Do they do annual
,

9 inspections, and you looked at that?

|

t 10 MR. NEWTON: Let me call upon Joe Hunt to
,

11 answer that.
'

12 MR. HUNT: Joe Hunt, civil engineer in our
:

13 Civil Engineering branch.

O
; 14 We did some analyses of our dam, earthquake

15 a,nalyses. We have looked at the performance of concrete

16 gravity dans during past earthquakes. We have requiar

17 inspection programs where we go out and inspect our

18 dams. Based upon all those things we feel very

19 confident that the dam will not fail.

20 We have a present dam safe ty evaluation study

21 under way where we have evaluated the dam f or

22 earthquckes, and the earthquakes we are 1 coking at are

23 larger than the OBE. They are not as large as the SSE,

24 but they are larger than the OBE. And in today's

25 eveluation the dam would not fail for an OBE.

(
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) 1 MR. HOELLER: Okay. That is helpful. Thank

2 you.

() 3 MR. NEWTON: I think the point, in answer to

4 the sensitivity, I think we have gone overboard to try

5 and make sure that the site was well above any flood

6 level. And I'm not just sure where you quit asking

7 these "what ifs," not that they aren't real.

8 MR. CARBON: Chet, is your question resolved't

9 MR. SIESS: I would still like to see the

10 sen sitivity stody on the reservoir elevation, as long as

11 Jesse has the question about the gates. It may not be a

12 reasonable assumption, but we are not noted for

| - 13 rea sonable a ssumptions.

,
14 MR. NEWTON: We can look a t that. I think I

|

15 would first like to review and have available the
16 information about what our actual gate operations

17 assumptions were in that flood. We can certainly

18 provide that. Our current workload would make that on
'

19 down the road some place, but dependino upon hov

20 important it was, it certainly can be done. And I would

21 have to ask somebody else as to their feelings as to

22 whether you want to get us to get into that.

23 MR. GROSS: If it is important, we can provide

24 that in a relatively short period of time, probably

i 25 before the next full committee meeting. That would be

O
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1 o.qa month.

2 MR. NEWTON: How much time?
> .

(G^T
3 MR. GRCSS: About one month.'

4 MR. NEWTON: I'm not sure whether physically

5 we've got the manpower that we could put off our other

I 6 jobs. We will have to argue about that.

7 HR. GROSS: If I understand the discussion --

8 MR. NEWTON: We can give the discussion about

9 the gate operations and the rest of the assumptions to

10 test in truth to see about the 1035, but to do a series

11 of runs postulating 1035 or 1040 or whatever the

12 different elevations are, and then the downstream flood

13 levels, you're talking about a healthy amount of work.

O
14 And whether that could be done in a month or not I don't

15 know.

16 MR. CARBON: I guess there would be no great

17 need before the April meeting, so a couple of months is

18 all right. But we would like it then.

19 MR. GROSS: Okay.

20 MR. CARBON: I have one more question there.

21 What role does the Melton Hill dam play?

22 MR. NEWTON: Very little. It is not important

23 to the final conclusion. That is assumed to fail.

24 MR. CARBON: The dams of the other branch past

i
25 Tellico and so on, do they play a role in terms of if

O
.
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N
1 they go out and you have flooding below Kingston, that

2 this backs up and affects CRBR?

3 HR. NEWTON: These were all exa61ned, and they{}
4 are noncontrolling. That is in the SAR. I don't

5 remember the exact flood levels, but they were all

6 investigated, and they are-lower flood levels.

7 HR. CARBON: But they don't in any way cause

8 backup combined with Norris that would change the values

9 you have given us here?

10 MR. NEWTON 4 You postulate a centering of an

11 earthquake, and we looked at an earthquake centered such

12 that Norris would fail. We looked at the forces on the

13 surrounding dams, and there would be no f ailure. So

5

14 what we have done is a whole reries of movements of''

15 earthquakes throughout the region looking for

16 combinations of possible failures and this kind of a

17 thing. And there are no other f ailures coupled with

18 Norris. There are other failures of other dams in which

19 Norris is not impacted and doesn't fail, so it is not a

20 reasonable or a logical combination. We ha ve icoked at

I 21 those logical combinations.

22 MR. CARBON: Anr further questions?

23 (No response.)

24 MR. CARBON: I guess that's it th en . Thank

25 You, Mr. Newton.

O
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() 1 We have a break scheduled. I guess we might

2 as well take it now.

3 (Recess.)
[}

4 MR. CAR 3ON: Let's continue.

5 MR. MORRONE: Good morning. My name is Tony

6 Morrone. I'm with Westinghouse Advanced Eeactors
:

7 div ision .

8 (Slide.)

9 This presentation is on reserve seismic
j

to margins available beyond the .25g SSE of CRBR. The

11 evaluation was Esde based upon a generic basis with

12 ratios and extrapolations.

13 As I was saying, the evaluation was made on a

()
14 generic basis with ratios and extrapolations f rom linear

15 ela stic analysis. We have not performed nonlinear

16 inelastic analysis, nor have we made a sta tistical

17 evaluation.

I 18 The margins thus determined are applied to the
!

19 CRBR SSE to determine a maximum ground acceleration or a
|

20 reserve margin earthquake at which systems, structures

|

l 21 and components begin to f ail.
l

22 FR. OKRENT: What does " generic" mean as you

23 used it?

24 MR. MORRONE: We did not look at every piece

25 of equipment. This, I believe, will become evident as I

O
|
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() 1 show how some of thase margins were obtained.
;

2 (Slide.)

3 First of al.1, I would like to define some[ (])
4 terms so we can understand what the reserve seismic

5 margin is; and that is, the seismic reserve strength or

6 capability available when the calculated effects atress-'

7 functional performance due to all loadings equal

8 allowable limits, like code or performance.

9 In some specific evaluation we also considered

10 a design margin, which is the ratio of the allowable

11 over the calculated. I would also like to define a

12 nominal margin. This is discussed in the Battelle Labs

13 report on realistic seismic margins by Rutabo and

14 Desei. And this is the ratio of the ultima te strength

15 over the allowable stress when the allowable stress is

16 equal to the calculated stresses; and that is the

17 seismic stress and the nonseismic stress.

18 MR. OKRENT: What has that got to do with

19 reserve margins, in your opinion?

20 MR. MORRONE: The reserve margin will be based

21 on a nominal margin, and I will show you that af ter this

22 nominal margin is determined, that I will convert this

nominal margin into a seismic only margin just using the23

24 seismic portion of the load.

25 MR. OKRENT4 But I'm trying to understand, are

O
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1 you suggesting that one can go to ultimate before

2 failure of all of the components?

3 MR. MORRONE: I am going up to failure, and I()
4 an using ultimate.

5 MR. SHEWMON: Let me ask a different

6 quection. I was going to ask you if all of these

7 stresses were elastic.

8 M?. 50RR0NE: All elastic.

9 MR. SHEWMON: Say they assume it's a piece of

10 glass. The ultimate is still elastic, I guess.

11 MR. MORRONE: The ultimate given by the ASME

t 12 code, yes, sir.
!

13 MR. SHEWMON: So what is the ultimate given by

14 the ASME code? How is it established? Physically what

15 happens to the material at that point?
,

I
16 MR. MORRONE: Well, I would say that

|

17 deformations become so large that there is structural

18 damage at that point.

19 MR. SHEWMON: Now, you have run a

20 stress-strain cu~rve. Where is it? Is it a t the

21 ultimate stress or at the elastic limit?
'

22 MR. MORRONE: At the ultimate stress.

23 MR. SHEWMON: So it is not el asti c.

! O MR. MORRONE: Correct. But as I mentioned, we
| 24

25 based this evaluation on ratios to ultimate.

O
;
|
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1 HR. SHEWHON: So what you have is some stress,

2 what the elastic strain would be to give you the stress ,

f 3 that would correspond to the ultimate, or is it the

4 strains which would correspond?

5 HR. MORRONE: It is the stress which would

6 correspond to the ultimate. I do ha ve a vu-graph here

'

7 that will show the margin that we get to ultimate.

8 Perhaps that might clear it up.

9 HR. OKRENT: I would like to understand why it

10 is whatever you're using is the right thing to use.

11' It's not clear to me whether you're talking about many

| 12 oscillations or a single applied load, for example, in

13 deciding what the failure point is. And also, I don't

14 know why for some components it is suitable to go to

15 failure, because something may need to function or it

16 may need to form and not allow something to function or

17 wha tever.

18 What you're doing may be fine, but I am unable

19 to relate it to the application.

20 MR. MORRONE If you will ' bear with me,
-

21 perhaps I might answer your concerns as I go through the

'

22 p re sen t a tion .

23 MR. EBERS01E: Pardon me. I guess I can't

24 believe that that is a conservative way to calculate

25 margin when you use S as the numerator. I got the
u

O
.
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1 impression that S was when you are really gone.
u

2 MR. BENDER: Why don't we wait and hear his

(]) 3 story and then challenge it?

4 MR. MORRCNE. There will be a lot of

5 calculations that you may want to challenge. But

| 6 anyway, to continue, the reserve margin earthquake- then
i

l 7 is the .25g SSE at Clinch River times this reserve

8- seismic margin.

9 The sources are the conservative predictions

10 of building and equipment response and conservative

11 definitions of structural and f unctional performance

!

( 12 limits.

13 (Slide.)

O
14 Okay. I would like to show you a system

.

15 evaluation procedure. We have this diagram with two

16 b ra nches . The righthand addresses the reserve seismic

17 capability of buildings and structures, which is given
!

I 18 by the product of the structural strength reserve
l

19 capability and the seismic restraint conservatism.

20 The lefthand branch addresses the reserve

21 seismic capability of system equipment which is limited
!

22 by either the structural reserve capability or the

23 equipment functional reserve capability. So we consider

24 the lower of the two to arrive at th e equipmentl

25 capability.

O
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1 The equipment structural reserve capability is

2 given by the product of the structural strength reservo

(]) 3 capability and seismic response conservatism.

4 Similarly, the equipment functional reserve capability

5 is given by the seismic response conservatism and the

6 system functional reserve capability. All of these-

7 blocks contribute to these margins. We will go through

8 all of them.

9 -MR. WARD 4 Since you may be talking about -- I

10 gather you 'r e going to be talking about strains beyond

11 elastic, isn't there some interaction or potential for

|
| 12 interaction between those two legs of the system as

13 you 've described it there,

14 MR. MORRONE4 In the equipment?
,

|

15 MR. WARD: I mean in the building and

16 structure. If it is deformed beyond , can't that have

17 some effect on the capability of the system contained
,

18 within the building?

,
19 MR. MORRONE: Yes.

20 MR. WARD 4 But that is treated in your

21 analysis.

22 MR. MORRONE To a small extent. For example,

23 when the building -- when the reinforced concrete

24 cracks, th e reinforcing steel would yield, we do have

25 lower responses for the building. So the equipment flow

O
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0 response spectra would pertain to this, so it would have1

2 a positive effect on tha capability of the equipment.

3 ER. WARD: Positive in that case. Is it()
4 positive in all cases?

5 MR. MORRONE: In this example it would be

6 positive in all- cases, because most of our equipment is~

7 designed with response spectra techniques, and we use

8 elastically-derived spectra.

9 ( Slid e. )

10 This vu-graph shcus the equipment structural

11 strength reserve capability. The first is given by the

12 material minimum strength assumptions. The ASEE code
,

13 dictates tha' minimum strength values be used to derive

14 allowable stresses. However, for seismic capability, a

15 reserve margin earthquake, it is appropriate to use

16 average streng ths.

17 From a study of ultimate strength curves

18 publ.ished by ASME, we found that the ratio of average to

19 minimum ultimate strength is 1.25. However, in this

20 report by Rutabo and Desel, they mentioned a ratio of

21 1.2, so we used those lower ratios here.

22 MR. OKRENT: Before you go on, I guess, 1 am

23 trying to understand why it is appropriate to use

O
# 24 average, since if some components or some parts of a

25 component are stronger than average and some components

O
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n
(_) 1 or some parts of a component are weaker than average but

2 always above code minimum, using the average will

(} 3 certainly underestimate the capability of the stronger

4 part, but it will overestimate the capability of the

5 weaker part. And it is the weak point that is of

a interest.

7 Could you help me?

8 MR. MORROME: Well, for design purposes I

9 scree with you. We should not use average. But

10 remember, what we are trying to do here, we are trying
|

11 to determine the lhrgast earthquake tha t this plant
!

| 12 coald take before the system starts to fail. And I

13 believe in this case using an average value is more

_/<

14 appropriate than using a minimum ralue.

15 MR. OKRENT I.would agree if somehow you have

16 eight columns, and they share the load in such a way

17 that if one gives, the other picks it up and so forth,

18 and in some way it is the average strength that works.

19 But on the other hand, if I postulate two pipes, each of

20 which you need one of them to have to serve a vital

21 function, and one of them is above average and one below

22 average, using the average doesn't tell you what will

23 happen.

24 3R. DICKSON: This is Paul Dickson of

25 Westinghouse.

O
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() 1 I think we're missing a little point here.

2 This plant is designed to an SSE of .25 g's for a zero

3 period of ground acceleration, and it is designed to all
(}

4 the code rules.

5 Now, all the components that must be Category

6 I will survive in the most conservative of analytical

7 methods as well as the use of minimum straight

8 properties. What we have been asked is since there is a

9 conce rn that 'the probability of an earthquake larger
,

10 than .25 is not absolutely zero, wha t is likely to be

11 the size of the earthquake where you really have

l 12 failures? And that is what we were trying to look at.

13 We are not pretending th a t this is an absolute

O
14 guarantee that you can go beyond that. We quarantee .25

'

15 g's ground acceleration. We're just trying to make a

16 reasonable view at what is the size of the earthquake

17 where you would expect failures to occur. And 1 believe

18 that if you will let Mr. Morrone continue through this a

19 little bit, we might get to that point.

20 MR. OKRENT Well, he is proceeding along

21 making certain assumptions. I would like to understand

22 the basis f or the assumptionn. And by the way, we might

23 as well go back to a point that was a little bit

24 obscure, I think, when the Staff made their

25 presentations, obscure to me compared to what I see in
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1 their evalua on.

2 What I read from the USGS is a somewhat

(]) 3 indefinite position concerning what they would choose as

4 even the SSE for the site, let alone what the frequency

5 of the SSE is that he mentions.

6 So I think in the first place it- would be-

7 a wk wa rd for everybody, for example, if this* plant were

8 built to a certain basis and had no reserve margin

9 really, and three years later, as hsppened in other

to plants, there is a re-evaluation for some reason. ,

11 Well, whatever basis you're using, it seems to

| 12 me you should be able to say why it is relevant; and I'm

13 trying to understand why in this particular case averagefg
L)

14 is relevant rather than what you think is the point

15 above minimum that you are pretty sure will occur.
l

16 MR. DICKSON: And basically that is what Mr.

17 Morrone is trying to address when he gets to the end.

| 18 He doesn't take the best of all of these margins. He

19 takes where he thinks the mean is. But when he gets to

20 his final number, it is not a number that if the SSE

21 were changed to we could immediately accept it.

22 MR. WARD: This is sort of a best estimate

|

l 23 reserve margin?

24 MR. DICKSON: That's correct. That is what it

! 25 is, and we want to present it on that basis.

O
|

|
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I

1 MR. MORRCNE. For a design basis earthquake we

2 have to remove the conservatism. The conservatism is a

3 big source. Certainly the other area of structural()
4 strength reserve capability is the code design stress

5 limits f or service limit level B, which is the faulted

6 condition.
;

|

7 The components, of course, are designed f or an

8 allowable main tensile strength stress of 70 percent of

9 the ultimate. Therefore, we o'otain a ratio of ultimate

10 strength to ellovable stress of 1.23, which is just the

11 reciprocal of .7. And the total rtractural strength

f 12 nominal margin is 1.72. And I sort of undwrline here

13 " nominal," because the seismic only margin given by only

14 the portion of the loading that is seismic will be
|

| 15 higher than this.

16 (Slide.)

17 Now we come to the system seismic response

18 conservatism. This consists of five items. First is

19 the system damping assumptions. The damping values used

20 in CRBR are consistent with Regulatory Guide 1.61, and

21 they are conservative, especially the 3 percent of

22 damping value for equipment and large piping.

23 From a Westinghouse report on damping values

24 of nuclear power plant components it was shown that a4

25 percent damping value was conserva tive, and we desigr.
;

O
(/, ,

l i
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() 1 our PWRs with this 4 percent value.

2 Now, considering the fact that for this

(~g 3 evaluation we are at stress levels at or near ultimate, .

V
4 a realistic damping value would be at least 5 percent

5 from floor response spectra for Clinch River, a typical

6 reduction in going from 3 percent to 5 percent is 1.2.

7 The other source is the development of the

8 ground accelerogran. In generating a motion time

9 history for the ground, we envelop the NRC criteria

10 response spectra very conservatively. It is shown in

11 the handouts. And also, we do not take advantage of the

12 standard review plan rule th4t we can be below the

13 criteria response spectra by five points.

14 We have estimated the conservatism here as

15 being S percent. Also, there is a reduction of floor

16 response spectra due to the inelastic action of the

17 building. This will be discussed in more detail when we

18 come to the building maroins. We only take a 5 percent

19 f actor for t his reduction.

20 We developed design response spectra with

21 computer-generated spectra by enveloping the upper and

22 lower bounds of soil moduli by widening the peaks and

23 smoothing the spectra to eliminate valleys and spectral

() 24 fluctuations. In addition, the flow response spectra
4

25 are conservative when applied to a piece of equipment

O
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() 1 uncoupled from the building.

2 Newmark showed that there is a limit on the

3 amplification above the design responso spectrum and
[}

4 floor response. Our floor response spectra exceed this

5 limit. So for this total conservatism-it's within 10

: 6 percent.

!
7 MS. BENDER: I just wanted to establish a

8 frame of reference. This kind of analysis is evidently

3 being dene to show that the pressure maintaining

10 capability of the system has some margin. If you're

'

11 referring to the Westinghouse work, for example, that

'
12 was mainly on piping systems, as I recall.

13 MR. MORRONE: Not piping systems, no, sir.

O
14 MR. BENDER It was not?

{ 15 HR. MORRONE: Do you mean the report on

I 16 damping talues?

17 MR. BENDER: Yes.
|

18 MR. MORRONE: No. This considered all

19 equipment. I happen to be the author of that report,

20 and I had Japanese test data, the Indian Point No. 2

21 results.

22 MR. BENDER: But it was all based upon a level

23 of stress applied under pressure loads, wasn't it?

( ER. MORRONE: I don't think pressure loadings24

25 even came int'o it. It was with small excitations. Some

O
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) '1 of these tests and structures, they came from class

2 tests, some laboratory tests. Pressure did not enter

{} 3 into this.

4 hB. BENDER: That is helpf ul.

5 !s there any question of displacement in this

6 analysis, 6eformations of any sort?

7 MR. MORRONE: That comes in in the f unctional

8 capability where some equipment is limited to a yield

9 criterion such that they will not deform excessively.

10 So the functional pericrnance is ensured by limiting the

11 stresses at or near r.o rmal yield . And I will show an
,

12 example of one of these components that had that kind of

13 functional licitation.

O
14 MR. BENDERS Okay. Thank you.

15 MR. MOBBONE: For time history analyses we

16 modified this for the possible frequency variations of

17 the building. One way would be to vary the time

| 18 interval at which the acclerations are given analogous

|
19 to compressing and expanding the time history.

20 The other method that we use on CEBR is to

21 develop spectra consistent histories; that is, we modify

22 the original motion and ensure that the response

23 spectrum of this original motion fully envelops the
,

( 14 design response spectrum. So we should have at least a

25 10 percent conserva tism in here.
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( 1 So the total system seismic response

2 con serva tism is the product, of course, of these first

(]} 3 three factors, and just once, the 1.1, depending upon

4 which type of analysis we perform.

5 (Slide.)

6 Okay. Now we come to the seismic only

7 margin. The equipment structural reserve seismic margin

8 is the product of the structural strength reserve

9 seismic margin and the seismic response conservatism.

10 Now, recall that we have had the nominal

11 margin of 1.72 for structural strengths. Using this

12 report by Rutabo and Desei, which is NUREG/CR-2137 and

13 using their terminology, we define a seismic only margin

()'

14 wit h either of these two equations.

15 The question here is by what amount can the

16 seismic load only be increased to yield a nominal margin

17 of 1 instead of 1.72. So with a conservative assumption

|
18 that the portion of the seismic load -- and our

19 equipment varies from 60 to 90 percent -- substituting

20 in this formula we obtain a structural strength reserve

21 seismic margin of 2.2 where K equals 60 percent, 1.8

22 where K equals 90 percent. Therefore, multiplying by

23 the seismic response conservatism, we obtain equipment
,

|

24 structural reserve seismic margin from 2.6 to 3.2.

25 MR. OKRENT4 Is this where I should understand

O
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() 1 why ultimate is the right thing to use when you may have

2 some hundred or so oscillations? In other words, I'm

3 trying to understand are you picturing where you're{;
4 going through significant plastic deformation but not

5 reaching ultimate on each of these oscillations and

6 therefore not failing.

7 What is the picture you have of what's going

8 on?

9 MR. MORRONE: The picture is that how far can

10 I load this equipment before it starts to f ail.

11 MR. OKEENT: But there is a difference between

12 loading once to near ultimate and loading 100 cycles to

13 near ultimate. Do you agree? ,

O
14 MR. MORRONE. Are you talking about fatigue?

15 MR. OKRENT: I am talking about multiple large

16 plastic deformations, that you can a failure mode due to

17 that without ever having nominally reached ultimate low

18 cycle fatigue.

19 Now, I'm just trying to understand whether you

20 think in wha t you've done you've incorporated that, and

21 if so, how; or if you think in fact you're not getting

22 to the ragion of low cycle fatigue because of what

23 you're doing. I'm trying to understand your picture.

24 MR. DICKSON: Excuse me.

25 Tony, how many cycles do we take in SSE and

O
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() 1 how many of them are close to reaching the .25g

2 acceleration?

3 HR. MORRONE: Well, first of all, fatigue is
)

4 not evaluated for a faulted condition, but the SSE, of

5 course, it is one SSE, and there are ten cycles of

6 motion in the-SSE. So we' re talking about ten cycles.

7 MR. OKRENT: Yes, but we're also talking about

8 larger earthquakes which are longer, which may have more

9 cycles.

10 MR. MORR0NEa Peak cycles. I'm talking about
,

11 peak cycles. ,

12 MR. OKRENT4 So am I. Again, I'm trying to
.

15 understand in what you've done whether you've included

O
14 an allowance for low cycle fatigue or you don't expect

15 to get into that region or just what.

16 MR. MORR0NEs Fatigue, in my estimation, is

17 not a consideration for the SSE. It is for the OBE.

18 MR. OKRENT: I'm sorry. You're trying to show

\

19 us how much margin you have, and you are using ultimate

~20 as a measure. If you're going to ultimate, you are

21 going beyond the point at which you normally design for

22 the SSE. And you tell me fatigue is no consideration

23 for the SSE, and I agree.

24 MR. MORRONE: Due to the small number of

25 cycles.

O
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() 1 MR. OKRENT: I would like to know whether this

2 has been factored at all into your choice of ultimate.

3 MR. MORRONE: No, sir.{)
4 MR. OKRENT4 It has not?

5 MR. MORRONE: It has not been. i

6 MR. OKRENT: Okay. Then that is somethinC to-

7 be looked at possibly.

8 HR. EBERSOLE4 Are you going beyond the point

9 where you get permanent deformation just a little bit?

10 All right. Then if you have ten cycles, why aren't

11 these just arithmetica11y added, because I don't see any,

12 reason for the equipment to return to its original

13 position.

O
14 MR. MORRONE: Okay. But remember this

15 evaluation is not based on strain levels.

16 MR. EBERSOLE: Well, I think that is one of

17 the problems. Later on I'm going to ask you how you're

18 going to design a battery rack, and I'm going to do so
N (

19 for a very good reason 4 the belief that you must

20 consider strain, because it will depend upon the level

21 of movement that is permitted in such a design as to

22 whether or not you succeed in shutting the plant down.

23 MR. MORRONE: Is that usua lly analyzed or is

( 24 it tested?

25 ER. EBERSOLE: I think it is analyzed from the

O
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I
.

() 1 standpoint of the straps that you put around the

2 battery. Now, on a modular basis they may shake an

3 individual battery, but I don't think anyone shakes an"

4 entire set of cells.
,

5 What you do is you bolt these rigid and

6 inelastic cells together with hard. copper bus bars, and-

7 you create a system which is highly susceptible to miner

8 deflections.

9 MR. OKRENTs By the way, is there some report

10 I should.have read that gives all of this in much more

11 detail?

12 MR. MORRONE: This report here is a good

!3 reference.

O 14 MR. OKRENT4 No. But-that describes what you

15 are presenting here, your analysis and so forth. Has

16 tha t all been documented?

17 MR. MORRONE: There is an older report where
.

18 we presented a seismic capability not going to

19 ultimate. Okay. We just considered basically the

20 conservatism we had in our design, and those were the

21 margins that we had at which the plant could operate

22 without any problem.

23 I understood that we wanted to look at the

( 24 margins beyond the SSE, and this is my attempt to show

25 margins beyond the SSE.

O
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() 1 HR. BENDER 4 It's been a while since I looked

2 at this report of Butabo and his associates, but I think

3 3 this was sort of an arbitrary definition that he used to(J
4 develop his margin of conservatism.

5 But really to do this.right -- and I'm not

6 sure you need to-do it right -- but it seems to me that

7 if you were trying to be rigorous about it, you would be

8 trying to look at what the deformations were as a

9 function of the load. In a seismic event the loading

10 has a very short peak period. Even if it is a long

11 period, the time at peak load is very short; and so the

'

12 time at which you would se:e the forces representing ,

13 ultimate strength would be short.

O
14 And it seems to me to look at it you would

15 vant to have some kind of a stress-strain relationship

16 that is a function of time. Have you tried to look at

17 anything lik e tha t ?

18 MR. HOBRONE: No. You would do this for all

|

|
19 equipment?

| 20 MR. BENDER: No. I would try to do it for
|

21 some typical equipment just like you're talking about

22 doing. I looked at a few typical applications so I

23 could get some feeling for what the relationship is

24 between the loading that might represent peak conditions

25 and what your nominal design loading is.

| /'%
U
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() 1 MR. MORR0NE: And wha t would you consider as

2 failure then due to strength?

3 MR. BENDER: Well, I wouldn't really try to{)
4 get to failure. I would try to look at something a

5 little bit less than f ailure, because f ailure is a very

6 hard thing to define.

7 MR. SHEWHON: But that's what he's asking you

8 to design. Granted everything you've said, you have to

9 take some condition. .

10 MR. BENDER: Well, I don't want to find the

11 margins of failure. I want to find cut whether there is
,

12 some ma rgin, a nd I can define it anywhere I want to. I

13 can defino it at 90 percent, which is not a bad way to *

() '

14 do it.

15 MR. PALM: I think perhaps to alleviate the

16 committee 's concern , there is additional margin beyond

17 what Mr. Morrone has identified as the seismic

18 capability limit. And that is about in the order of 70

19 to 80 percent of the whole plastic strain range of the
;

| 20 material. When you are talking ultimate strength as

21 your maximum capability, well, you're just up at the

'

22 front end of the flat part of the curve on a

23 stress-strain curve. And you do have a significant
i

24 plastic range beyond that.

25 MR. BENDER: For a period of time.

I ()
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(} 1 MR. PALM For a period of time.

2 Now, the important point is that under dynamic

3 type loads, particularly for the safe shutdown(;
4 earthquake, the structure or the component isn't going

5 to feel it once it gets out in that plastic range. It

6 will feel it to a certain point, but it will not be a

7 sustained type of load where the strain will keep

8 increasing until you do reach a rupture limit.

9 So that is a very importan t f undamental to

10 understand, that we are nowhere near that point. We cre

11 up at what we consider the ultimate. You do have a lot

12 more to go before you even would start to worry about
i

13 rupture.

O
14 MR. WARD 4 I think that may be true for a

15 system where you vorry about rupture, but here we're

16 talking about not just structures but equipment. And in

17 many cases you are concerned with loss of, function

13 somewhere. So I think maybe it's a little too

19 optimistic to say you have that long part of the curve
!

20 available.

21 MR. MORRONE For functional requirements we

22 do limit the stresses to the upper level.

23 HR. SHEWHON: Tell me, is it inherent in all

b) earthquake situations that one goes through several% 24

(
25 cycles and ultimately then builds up enough amplitude to

();
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l
1

() 1 take it to yield?

2 HR. MORFONE: Well, the cycles of the

3 earthquake are a direct function of the amplification.{}
4 MR. SHEWMON: Okay. But what you -- you see

5 where I'm coming from is that these damping values,

6 though the engineering profession is unwilling or

7 incapable of giving much credit for it, the damping

8 values rise precipitously as you approach the yield ; and

9 if you try to take an harmonic oscillator and oscillate

10 it at its yield strength, you've got a hundred percent

11 damping.
.

12 MR. HORRONE: They do increase, I agree.

13 MR. SHEVMON: So if one was or I was convinced

O
14 that indeed all of these things had to oscillate and

15 build up in amplitude until they got to the yield, then

to I would take much more comfort out of the assumption of

17 5 percent or 3 percent damping because I know that is

18 extraordinarily conservative as you approach yield.

| 19 But I am not familiar enough with the things

i
20 you are treating to know whether or not indeed it takes

21 several cycles for all of these things to build up to

22 that load or not.

23 MR. MORRONE: Well, certainly if we had an

24 earthquake with a single spot there would be no buildup,
!

| 25 so it is a function of the DBA and the number of cycles

O
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() 1 in a motion which builds up. Of course, when we say

2 yield we do mean that the state of stress in the

Cs)
3 component is yield.

4 MR. SHEWMON: But that state of stress is

5 critically dependent on the damping and how much energy

6 has been dissipated in the cycles before it gets to

7 yield.

8 MR. MORRONE: Yes. With an assumption of a

O certain damping value when we determine the stress.

10 Now, you may say well, but with this stress you could

11 use some more damping, so if you put more damping, then

12 the response is lower. So . you could go in circles that

13 way, but they are interrelated.

14 MR. SHEWMON: I think that is probably the

15 main source of the conservatism, though it gets

16 complicated enough that it is very difficult to take any

17 credit for it.

l 18 MR. MORRONE: Well, I feel quite comfortable

19 with 5 percent damping to ultimate.

I
20 MR. PALM 4 Would the committee like to see a

21 diagram on the blackboard of perhaps the conditions of
|

| 22 conservatism in this assessment?

23 MR. WARD: Yes, sure, if that's all right.

24 MR. MORRONE: I do have near the end a list of

| 25 additional conservatisms which we have not addresced.
:

O
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,

() 1 MR. PALNa It is a function of strain and

2 stress. You draw a simple stress-strain diagram of ,

3 steel material. Normal allowable stresses are basically{)
4 tied in with this point here on the curve below the

5 yield-limit -- the yield limit beine basically about
.

6 7/10 of -- allowable limit being about 7/10 of yield.~

7 You get up to yield at this point on the curve, and

8 beyond this we reach a poin t which is identified as the
-

9 ultimate limit.

10 Now, the margin that Mr. Morrone is talking

11 ab'out is basically the difference between the allowabie

12 and the ultimate. The question was raised about

13 additional capability to sustain cyclic effects, dynamic

14 loads beyond the design basis earthquake that we have

15 identified. This is what you do have available, and

16 this is a very significant road out on the plastic range.

17 Now, I'm talking generically. We can be

18 relating this to a structure. We can be relating it to

19 a piece of pipe or a reactor vesssel.

20 MR. MORRONE: There's a large amount of energy

21 absorbed.

22 MR. EBERSOLE: Can you relate it to a piece of

23 equipment which is sensitive to displacement, like a

() 24 sha f t, running in a shaft bearing, or I mentioned

25 earlier a brittle set of batteries contained in a bunch

)
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() 1 of iron straps. ;

!
'

2 MR. PALM Yes, this could be displacement

3 oriented. It is directly correlatable to displacement.
/}

4 But when you 're talking displacement you have to get

5 into specifics, whether you're talking about a shaft or-

1

6 a vessel.

7 MR. EBERSOLEa What I'm really saying is much

8 equipment is going to be displacement sensitive and not

9 strain sensitive.

10 MR. PALMS I understand that.

11 MR. MORRONE: Well, for that the limit is

12 yield, so it is elastic.

13 MR. EBERSOLE: No. I'm saying if you go

(
14 beyond a certain level of amplitude of movenant that the

15 machine quits even though it is still in the elastic

16 regime.

| 17 MR. MORRONE: But the stress limit will

18 p re ven t tha t f rom ha ppening.

19 MR. PALM That is all I wanted to say. If '

20 you wanted me to expand on this, or if Tony wan ted to.

21 MR. WARDS Tony, I guess what I haven't

|
i 22 understood yet is you have said that pieces of eq uipmen t
i

23 that perform, they are functionally limited. You

( 24 estimate they could just go to the elastic limit.
i

I 25 I don't see where that comes into your
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() 1 equations here. I guess you're treating it generically..
'

2 MR. MORRONE: Well, I do have another slide

{) 3 tha t will sh ow tha t.

4 (Slide.)

5 I just wanted to show you an example of a ,

6 specific component, in this case the containment

7 vessel. From a buckling analysis based upon ASME code

8 case and 284, we obtained a nominal margin of buckling

9 of 1.9. Then again, a seismic only margin when plugged

10 into this equation with an actual ratio of seisaic to

11 total loadings of 70 percant comes out to be 2.29 along

12 with the system response, seismic response

13 conservatism. The equipment structural reserve seismic

O
14 margin would be 3.3 as limited by the con tainment vessel.

15 Paul Falk this evening will give you an

16 example of another specific component -- the steam

17 generator.

18 Now, we come to the functional reserve

19 capability. As you saw from the system evaluation table

20 --

21 (Slide.)

22 -- The equipment capability is also affected

23 by functional requirem ents, and these requirements are

( 24 most important for the shutdown system and the shutdown

25 hea t removal system.

O
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() 1 Now, the question here is not stress but the

'

2 design intended function. The shutdown system

3 components must remain structurally intact with no(}
4 excessive deformation. Also, the effect of seismic

5 excitation on scram insertion rates must be shown to be

6 acceptable.

7 This vu-graph shows the margin that we have in

8 our scram calculations. The scram analysis is performed

9 with various retardation forces, including impact forces

10 given by the earthquake. These impact forces are

?1 multiplied by a certain coefficient of friction to

12 obtain equivalent vertical frictional forces which

13 retard the scram tim e .

O
14 The first item of conservatism was that the

15 scram insertion performance was evaluated by factoring

16 the impact forces to .33 g's instead of .25 ; theref ore,

17 ve have an initial margin of 1.32. Then for reactivity

18 insertion the assumption was made of the worst case rod

19 position and minimum rod worth rather than maximum rod

20 worth and associated rod position; and this was
t

21 calculated to be equivalent to an increase in the'

22 earthquake of 10 percent.

23 The other item is friction coefficient. We

24 used a value of 1.0 from tests on the primary con trol

25 rod system. We obtained a mean sliding coefficient of

O
.
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() 1 friction of .45, so the ratio of those two gives us

2 2.2. Also, we did not use any impact damping. And a

3 sensitivity calculation with a 10 percent impact damping(}
4 value based upon 50 percent coef ficien t of restitution i

5 showed us that the impact forces would be red uced f rom 7

6 to 10 percent, which was a factor of 1.07 here.

!

7 Therefore, the functional reserves seismic margin is the

8 product of those four, and multiplied by the seismic
,

9 response we have a seismic margin of 5.0 for scram

to calculations.

11 MR. OKEENT: Before you leave that, in that
;

12 friction coefficient what goes into the 0.45, which I

13 quess is the number you think is better. How well is

('

14 this ascertained, and does this allow for stainless

I

15 steel swelling and flowing or whatever kind of
|
I

16 distortion might occur?'

17 MR. MORRONE: They are actually tests that we

18 perform at ARD with a full-size control rod drive.

19 MR. OKRENT: But that would not be on a core

20 which has been subjected to distortion over life.

21 MR. MORRONE Well, this f riction is between

22 the drive line and the guide tubes.

|
23 MR. OKRENTs But does it depend at all on

( alignment questions or things of this sort? I'm just
24

25 trying to understand.

O
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( 1 MR. MORRONE: I d on't think so.

2 MR. SHEWMON: The normal f orce would. He's

3 talking about a friction coefficient which is the ratio
(}

4 of the normal force to the sliding force. And I think

5 you are saying he may not know the normal force very

6 well, and he is saying but he measured the ratios. I

: 7 think you're talking about different things.

8 MR. DICKSONs Yes. Let me add to that. That
;

9 1.0 coefficient, f riction coefficient was used in the

10 analysis. That ersumed the worst possible boiling in a

11 destroyed core and the worst possible off se t of the

12 upper internals to the core itself.

13 MR. OKRENT: Yes, but you're now assuming 45

14 in this analysis which related to, if I understand

15 correctly, a situation -- well, I'm just trying to

| 16 understand.
,

| 17 One other sma11 points in the 1.45 number,
,

18 part of this came from using 5 percent versus 3 percent
.

19 damping.

I 20 1R. MORRONE: Yes, sir.

21 MR. OKRENT: Now, does that change indicate

22 something that you feel should apply for all systems or

23 for piping systems? Is it something that originates in

24 the building itself?

25 MR. MORRONE: There would be additional

| ()
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1 equivalent damping given because of the cracking of the

2 concrete in the building. We have not considered that.
$

(~3 3 This 5 percent is for equipment and large diameter
w/

4 piping, all equipment in large diameter piping that were

5 allowed to use 3 percent for design purposes.

6 I'm saying that the close to ultimate, there-

7 is so much energy dissipation in --

8 MR. OKRENT: Well, I don't know what the valid

9 response is, but it is conceivable to me that you're

10 building to stay elastic and not cracking or whatever,

11 and so transmit forces with sort of normal kind of
12 damping and control rods are not the large piping. They

- 13 might get whatever it ir is transmitted via the floor

14 which is maybe very strong for whatever reasons or

15 whatever. But I'm just trying to understand now whether

16 that factor of 1.45 is good for all equipment of what.

17 MB. MORR0NEs I believe it is good for all

18 equipment. We 're no t stipulating that the building

i 19 would remain elastic and tha equipment would remain

20 elastic. We're saying for stress levels at or near

21 ultimate what would a realistic damping value be.

22 MR. OKRENTs Okay.

23 (Slide.

24 MR. MORRONE: For the shutdown heat removal we

25 considered two systems, or rather we evaluated two

O
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( ). 1 systenss the normal system and a backup system. The

2 normal system capability is limited by the rupture discs

3 that are in the sodium piping between the IHX and the()
4 steam generator.

5 The evaluation was based upon the worst loop.

6- The-other two loops experienced lower seismic

7 excitations, but we did not have the calculations for

8 those. They would have been more appropriate to use for

9 this evaluation.

10 And you can see f rom here how we arrive at the

11 seismic response conservatism, how we have this grading

12 of 339, and then we subtract five-year aging effects and

13 come up with 296 psi. Then we subtracted the steady

O
14 state operating pressure, normally 77 psi for seismic.

15 The calculations with the .25g SSE give us a 45 psi

16 pressure; therefore, the rupture disc functional reserve

17 seismic margin, tha t is 1 plus the 32 or 45 or some

18 place about 32 divided by 45.

\

19 Now, you see, the seismic response

20 conservatism here has decreased. It is no longer 1.45,

21 because in the analysis of the piping systems, the time

22 histories were used directly as provided by the,

23 architect engineer rather than develop the design

24 margin. So I took that margin out, and we have a

25 functional reserve margin of 2.26 for the rupture discs.

O
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O 1 MR. EBERSOLE: Ho'. do you test the rupture

2 discs?

O 3 "a "oano"c- no ao te t the ==ot==e 41 c ?

4 MR. EBERSOLE: Ye s. It is just like a fuse,

5 isn 't it? You can't test it.

6 VOICES In f requen tly .

7 MR. EBERSOLE: Infrequently somebody said. So

8 what is your level of confidence that you in f act obtain

9 on the ruptured stress that you intend to get? Do you

10 do a PRA on that or something?

11 MR. MORROME: I don't know.

12 MR. CLAREa George Clare from Westinghouse.

13 We have not, of course, tested the rupture

14 disc units that will be used in the plant. What we have

15 done is to build identical units from the identical

| 16 material tha t will be used in the plant and tested them,
!

17 both in the sense of a' static test and also in the sense
18 of putting them in sodium systems and testing them with

19 various types of loading there to understand th ei r

20 failure or their behavior as they ru pture.

21

22

23

O 24

1

25

O
'
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( 1 MR. EBERSOLE: How thin is the material?

2 MR. CLARE I can look that up for you asd

f]) 3 when we cet to the steam generator presentation later

4 today I will give you that number.

5 MR. EBERSOLEs Thank you.

| 6 (Slide.)

7 MR. MORRONE: The backup system for heat

8 removal is the direct heat removal service, DHES. And

9 here is a list of the major components of the system.

10 We evaluated all of them, and they showed very large

11 margins except for the electromagnetic pumps which were

12 limited by functional' criteria by keeping the stresses

13 at or below yield.

14 The evaluation of these pumps is shown here.

15 (Slide.)

16 Again, the calculated design margin based upon

17 yield criterion of 1.01. That is, we were this much

18 below yield than with the material minimum yield

19 strength assumption. We obtained the structural

20 strength functional margin of 1.21. The actual ratio of

21 the seismic to the total loading is 32 parcen t. Using

22 these values in th? equation we have seen previously, we

23 have obtained a reserve seismic margin of 1.66, which

24 when multipled by the system seismic response

l

25 conservatism gives us an equipment f unctional reserve'

O
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O 1 seismic margin of 2.41.

2 By the way, this is the limiting margin that I

() 3 will show you in our conclusions.

4 MR. EBERSOLE: Ma y I a s!i a quettion? Do you

5 need DC, direct current, to shut this plant down and

6 monitor'the success of the shutdown? Do you need the DC-

7 power supply ?
,

8 MR. DICKSON: Not to shut it down.

9 MR. EBERSOLE: I mean to remove decay heat.

10 MR. DICKSONa You don 't need it to remove

'

11 decay heat. You need it to monitor decay heat, and you

12 need it to control the water level in the steam drum.

13 MR. EBFRSOLE: What about the EM pumps?
{

14 MR. DICKSONs You do not need the EM pumps to

15 shut this plant down.

16 MR. EBERSOLE: You're telling me you can

17 really go completely blind on DC power?

18 MR. DICKSON: Thoss EM pumps are strictly

19 backup.

20 MR. EBERSOLE: So the awkwardness would be in

21 not knowing what you're doing, right?

22 MR. DICKSON: It is conceivable that you could

23 send two operators; one to operate a valve and another

O
24 one to look at the site class in the steam drum, and

25 they could do that. Obviously, that couldn't be done

O
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0 1 instantaneously.

2 MR. EBERSOLE: Are there any environmental

() 3 hea t-up problems that would result from that, a failure

4 of DC, because it a utoma tically means you would use the

5 AC cooler?

-6 MR. DICKSON: We have evaluated that and there-

7 are some equipment losses we sustained. If you have a

8 sustained loss of all AC power to provide cooling, you

9 could still successf ully shut the plant down.

10 MR. EBERSOLEs Thank you.

11 MR. MORRONE: These, by th'e w a y , are tested.

12 MR. DICKSON: The only things that need DC

13 power for safe heat removal is some valves that provide

14 the aux feedwater to the steam drums.

15 MR. MOELLER: Are the approaches that you are

16 using in calculating these reserve, or the margins, tre

17 these standard procedures? Why I ask, like you say, th e

18 scram insertion performance was evaluation to .33 g

19 instead of .25, so you divide .25 into .33 and you get

20 1.32.

21 Now, is that linear? You're treating it

i 22 linearly?

| 23 MR. MORRONE: Certainly.

24 MR. MOELLER: There's no question but what a

25 .33g is exactly 1.32 times as bad as a .25.

i (:)
.
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1 MR. MORRONE Well, the impact forces do come

2 . rom a non-linear analysis of the drive line. But the

() 3 inputs to this non-linear analysis come from a reactor

4 systems analysin. So the input to the non-linear

5 analysis would be, of course, just the ratio of the

. 6 maximum accelerations.
!

7 MR. DICKSON: If I could add just a little

8 bit, in some cases the results of the analysis is

9 non-linear, but when he gets down what he is looking at

10 is what is the size of the earthquake that this plant

11 can really stand and has margin to stand. And since

12 that shutdown system was evaluated specifically for a

13 .33g earthquake, that clearly is one place where you()
14 could use the ratio of the two.

15 HR. MOELLER: Okay, thank you.

16 MR. MORR0 net Before concluding the

17 presentation on equipment, I would like to show examples

18 of the reserve seismic margin for equipment, which is

19 qualified by tests rather than by analysis.

20 (Slide.)

21 This equipment consists mostly of

22 instrumentation and control equipment of the plant

23 protection Systems. The qualification is to IEEE

O
24 standard 344. We used two types of test motion; single

25 frequency tests at resonance, regardless of what the

O
~
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0 1 natural frequency o" the building is. We subject

2 equipment with a action which has the came frequency as

() 3 the equipment. Also, we use multiple frequency tests

4 with random motion.

5 The criterion here is a full enveloping of the

6 required response spectrum with the test respnse-

7 spectrum. The required response spectrum is the

8 spectrum calculated at the mounting of the equipment.

9 Test response spectrum is the response spectrum of the

10 shake table motion .

11 (Slide.)
,

12 To give you typical examples of some of the

13 equipnent that was tested, this is a typical comparison
{' }

14 of the RRS and TRS. This is the test response. You can

15 see that the enveloping is very conservatives way above

16 the requirements, to both ZPA values and maximum peak.

17 We have a similar comparison for the vertical

18 direction. That happened to be for the horizontal

19 direction.

20 (Slide.)

21 And this is even better. Based upon these two

22 viewgraphs, --

23 (Slide.)

O
,

24 then I have a typical example of the reserve

i

25 seismic margins. For tested equipment, the seismic

| h
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O 1 response conservatism here includes a 10 percent margin

2 required by IEEE 323, but not the margin due to damping

() 3 because damping is inherent in the equipment.

4 Therefore, the seismic response conservatism is 1.33;

5 than if we determine a margin on the ratios of the ZPAs

6 we would get a reserve seismic margin of 2.85 times

7 1.23, of 3.79 times the margin to fragility.

8 This equipment is not tested to fragility. So

9 we have a reserve rargin to fragility before the

10 equipment would fail. Based upon the peak we have 2.05

11 margin to fragility.

12 MR. OKRENT: Has this equipment all been

13 tested or is it going to be-tested?

14 MR. MORRONE: A lot of it has already been

15 tested. There is other equipmen t that has not yet been

16 tested.

17 MR. MOELLER: On this chart now, it is similar

18 to some of the other ones that you presented, you will

19 do certain things to two dozen places and other things

20 to one. Is that because of a less certainty in the

21 development of the requiced response spectrum? For
|

22 exa mple, on the shutdown margin, the friction

23 coefficient, you could have divided and gotten 2.22 but

O
24 you stopped at 2.2. I guess I just need to be educated.

25 MR. MORRONE4 It may be sloppiness, but there

O
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1 is no hidden meaning in the decimal places. The

2 conclusion goes to one place, anyway.

() 3 MR. MOELLER: Okay, thank you. Of course, if

4 you stop at one place on the ground and accelerate, what

5 is that accelerogram?

6 MR. MORRONE: Yes. We could not take

7 advantage of the 5 percent. Sometimes we have to go to

8 two places.

9 (Slide.)

10 We now come tc the buildings and structures'

11 structural strength reserve, seismic margins. This

12 evaluation was made for shear walls, since most of the

13 load at shear walls are seismic and the structures are-~

U
14 designed by strength methods with load factors and

15 strength reduction factors._ And the OBE load

16 examination -- and OBE is a service load and, by the
,

17 way, the design is controlled by service load, the load
|

18 factor for the OBE is 1.9; for the SSE it is 1.0.

19 Even though tha OBE is one-half of the SSE for

20 maximum ground acceleration, actually the OBE produces

| 21 much more than one-half the SSE loading because smaller

22 damping values are used for the OBE. And if we
,

23 conservatively assume that this ratio is 55 percent,

O 24 then we obtain a 5 percent margin, .55 times 1.9, for

25 the strength reduction f actors, the ACI code limits, the

O
V
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O 1 allowable below ultimate capacity and reduction factors

2 are applied, which range from .75 to .90. Using the

() 3 most conservative f actor taking the reciprocal of .90,

4 we get a margin of 11 percent.

5 Also, we have minimum strength assumptions

6 analogous to the equipment, so the reinforcing steel

7 yield -- we estimate that the yield strength is 15

8 percent higher than specified. The concrete design is

9 based upon 28-day strength. However, the plant will not

10 go into operation until a year or more af ter the

11 concrete is poured, and we estimate that the aging

12 effects of concrete result in a 25 percent increase in

13 ultimate strength. Since the shear strength va ries
)

14 oroportional with the square root of ultimate strength,
(

15 us obtained a factor of 1.22.

16 The last item here is the redundant path loads

17 that we have in buildings. Since these buildings are

| 18 interconnected in a common foundation map they are--

| 19 multiple, inter-connected cells -- the failure of one

20 would be picked up by the other. We will only assign a

21 5 percent margin here, so the total structural strength

22 reserve for seismic margins comes out to be 1.37.

23 MR. BENDER 4 It is not clear to me why the

)'

24 concrete and reinf orcing steel margins are additive.

25 Wha t is that?

O
l

ALDERSoN REPORTING COMPAM,INC,

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

-- _ -



_

|

|

236

.

''
O 1 MR. MORRONE: It's not clear why they are?

,

2 MR. BENDER 4 Why they are additive? Where did

| () 3 ve get 1.377

4 E2. MORR0NEa 1.37 is the product of all four,

5 but 1.2 is the square root of 1.25. Now, I did not add

6 the 5 to 15 on top of the concrete-aginc.
|

7 MR. BENDER: Never mind, it's not important.
P

8 MR. SIESS: There are some things you've done

9 now that I'm sure are strictly correct, but what you

10 have done I think has been done reasonably

11 conservatively. The 1.37 you come up with is a botton

12 line and does not look unreasonable. But you must

13 realize that that is an average value.

14 All of the parameters you've been messing with

15 up there are variables. They have some distribution. -

16 Some are low, some are high. And what you have been

17 dealing with pretty much are averages and not with

18 extremes. So on the average, you have a margin of

\

19 something like that, maybe a little larger.

20 NR . MCRRONEs But on the conserva tive side;

21 average on the conservative side.

22 MR. SIESS: I don't know what you mean by

23 conservative side, if I'm talking about a margin.

(
'

24 ER. MORRONE: Well, for example, we use .90

25 here instead of .75. That is on the conservative side.

O
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1 MR. SIESS: But the .90 is in there to take

2 account of low yield strength steel, so you've moved it

() 3 over from the lower side of the distribution to the

4 mean, and then in the next one you've moved it somewhat

5 to the right of the distribution to date. You can't

6 take account of the fact that the-average-strength of

7 steel is usually higher than the specified strength.

8 The minimum strength is usually lover; the average

9 strength is usually higher. So you've messed with some

10 of the distributions and I could say you counted things

11 twice.

12 MR. MORRONE: Well in this case, you

13 understand I only counted the concrete reserve strength.

14 MR. SIESS Yes, but that only affects shear,

1 15 and any connections are much more sensitive to flection

16 rather than shear, especially under repeated loads. So

17 the 1.37 is maybe conservative but it is an average and
,

l

18 there could be parts of the structure where it is less
\

'

19 1.37.

20 ER. WARD But yet, he agreed at the beginning
|

21 of that that what he is attempting to do is to assess

22 sort of a best estimate of seismic.

23 MR. MORR0NEa A statistical study would be

O 24 required. This is not a statistical study.'

25 MR. ETHERINGTOHa I don't know if this is a

O
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1 best estimate. I don't really think so, because it

.
2 doesn't take into account things that we have observed.

() 3 We have observed deficiencies in engineering. We have

4 observed deficiencies of construction, materials and

5 none of'these are factored in.

6 Of course, I would think if someone would try

7 to conduct all of the bad things that they could think

8 of, they could very well come up with a negative margin

9 if they neglected the good things.

10 MR. SIESS: That is the point I was trying to

11 m ak e ; tha t the worst case is likely to be below 1 and

12 the best case is likely to be well above the 1.37. So

13 if you take th e 1.37 as about an average margin, I think

14 it is not unreasonable. And that is what he means by

15 best estimate.

16 MR. 50RRONE4 Remember, the purpose of this

17 evaluation.

18 MR. OKRENT4 Well, we will get back to the

19 purpose when you're done.

20 MR. SIESS4 I don 't recall. that anywhere you

21 f actored into the structural strength the f act that all
1

I
22 of it is not contributed by earthquake.'

23 MR. MORRONE: At the beginning, when I started

O
| 24 discussing the buildings I stated tha t this considers
1

25 shear walls.

O
I
,
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O 1 HB. SIESS: I'm sorry.

2 (Slide.)

() 3 HR. MORRONE: Okay. A second viewgraph for

4 buildings and structures considers the seismic response

5 conservatisms, which is a bit diff erent from equipment

6 we still have, the 1.05 for the development of the

7 ground accelerogram. However, here we considered the

8 reduction of the response spectrum due to the inelastic'

9 action of the buildings.

10 As you know, there is a substantial reserve

11 strength in the inelastic range with energy absorption

12 due'to cracking of the concrete and yielding of the

13 reinforced steel. Newmark discusses an inelastic design!

)
14 response spectrum in this document here, NUREG/CR-0098,

15 where the spectral accelerations are reduced for all

16 frequencies bele w 33 hz. This reduction is a function

17 of the ductility factor and the frequency.

18 And the suggestion for the ductility f actor of

| 19 structures' housing plus Class 1 equipment was 2 and 3.

20 Also, the constant production in the design spectrum

21 from 2 to 8 hertz was given by this equation 1 over the

22 square root of 2U minus 1. And using four ductility

23 factors of 2 and 3 in this equation, we come up with

O
24 elastic accelerations reduced by 45 to 58 percent, which

25 results in the reserve margin of 1.7 to 2.2.

O
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1 Multipled by the 1.05, we get building and

2 structures' seismic response conservatism of 1.8 to 2.4.

() 3 MR. SIESS: Are there any cases in the design

4 of this plant where failure would be defined in terms of
4

5 excessive deformation rather than inadequate resistance?

6 MR. MORRONE: Probably wi th the EM pumps.

7 That is why we had the yield criterion.

8 MR. SIESS I'm talking about structures nov

9 in relation to this slide. .

10. MR. MORR0NEs Bob, can you help?

11 MR. PALM The answer is no.

12 MR. OKRENT: How about penetrations in

13 structures?

14 MR. PALM I'm sorry?

15 MR. OKRENT: Where there are penetrations in

16 structures.

17 MR. PALM I'm not sure how that relates to

18 Dr. Siess's question.

19 MR. SIESSa You see, the point is that some of

20 the conservatisms you've taken advantage of here in

21 terms of inelastic behavior will lead to increased

22 strength, but also, to increased deformation, and that

23 is not the conservative direction if deformation is a
O 24 governing factor.

25 MR. PALM: Yes, I understand that.
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0
1 I am not quite sure I understand your

2 question, Dr. Okrent.

) 3 MR. OKRENTt Well, I would have to assume that

4 the reliability of some kinds of penetrations in an

5 earthquake would depend upon the amount of deformation.

6 If I am wrong, correct me.

7 MR. PALM. You are right.

8 ER. OKRENT4 All right, then. I will add my

9 question to Dr. Siess's and ask whether, in fact, that

10 soMething that one should read about -- it is not in the

11 list of viewgraphs.

12 ER. PALMA I understand your question now, and

13 that is considered as part of the design process between
[

14 the architect engineer and the systen designer where we

15 do, in addition to providing responses, we do give
l

16 displacements -- time history displacements, and the

17 design of penetra 61ons that are liked to the structure

18 are also included in the loads and the displacements

19 translated between, let's say, a fixed point on the

20 structure and a connecting system. Does that answer

21 your question?

22 MR. OKRENTa Let me pursue this just one

23 minute. I would have to assume that you do this at the

O
24 SSE level. They also did this at the SSE level at

25 Indian Point 2, but when they looked beyond the SSE

O
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'A
\l 1 level, as I am sure you are aware, the clea rances were

2 not sufficient. In this case, the deformations might be

() 3 awkward.

4 Well, what I find is of in terest, but I can't

5 tell ---

| 6 MR. PALM I have your question now, and I

7 think the answer is, at least from my end, that we have

8 not checked displacements at penetra tions or at sim,'lar

9 type of locations.

10 HR. OKRENT: Well, this is a problem with what

11 you call a generic look, because if when one does a

12 generic look,you are not sufficiently complete, it may

13 be dece ptive.gs
O

14 (Slide.)

15 MR. 50RRONE: Here is the summary of the

16 reserve seismic margins. You see that the system

17 reserve seismic margin is 2.4, which is really

18 controlled by the functional reserve seismic margin.

19 This was the DHRS functional margin. The structural ,

20 reserve margin is 2.6 to 3.2, which is similar to that

21 of the buildinos nd structures.

22 MR. DICKSON: Tony, I think it's worth noting

23 here that all of the argument earlier about whether you
O
"# 24 should go to ultimate does not become a controlling

25 one. It is thrown out with the 2.4 functional, which is

O
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O' 1 based upon yield.

2 MR. MORRONE4 Good point.

O a MR. OxRexT We11, that is for some

'

4 applications; nct for al1.

5 MR. WARDS It is based upon yield for that one
~

6 particular piece of equipment.

7 MR. DICKSON: Well, that's right, but you see,

8 t'ist is what is the controlling number. That goes righ t

9 on up to the top which limits the reserve seismic

10 capability f or the whole plant.

11 MR. MORRCNE: So we're saying let 's take this

12 down to 2.4, then, and that would not affect this

13 reserve seismic capability.

14 MR. DICKSON: In that chart, only the minimum

15 is allowed to proceed on to the top; whatever is

16 limiting.

| 17 MR. OKRENT: Okay. Within that context. But

18 you have lef t an impression that there are some larger
;

19 margins on other things based upon the analysis.

20 .MR. WARD: I guess the point is if one of the

21 other systems that was ana172ed to ultimate, if it had

22 been analyzed to yield, it might have come out lower

23 than 2.4.

O
24 MR. DICKSONs Tha t is possible. What he

25 looked at to yield were those that required

O
|
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1 dimensionality in order to work, and the two he used

2 here were the EM pumps and the control rods.

() 3 MR. SIESSs Let me postulate something, the

4 answer to which migh t help me a little bit. Suppose now

5 you vent about the design of this plant-for seismic

6 excitation 2.4 times what it has been designed for in

7 the present SSE, but you allowed a criterion of no loss

8 of function. Would you make any changes in the design?

9 MR. OKRENT4 Or in the tests.,

l

10 MR. MORRONE: Now, as far as giving the

11 qualification by~ test, no. Changes in the design, I

| 12 would not think so. But remember, that we can do that

r 13 because of code requirements.

14 MR. SIESSs That was a postulation. It was a

15 way of looking at it. You are satisfied yourself now

16 that you can take 2.4 times the SSE with no loss of

17 function?

18 MR. MORRONE: No, I'm sa ying 2.4 times the

19 SSE , we will get malfunction, or it will start there.

20 MR. SIESS: But at 2.39 there would be no loss

'

21 of function?

22 MR. MORR0NEs That is the bottom line.

23 MR. DICKSON: In all likelihood.
\|

! (_) 24 NR. MORRONE: I do believe that we have even

25 more than this because of this liat of conservatisms.

()

ALDERSON REPORTING COMPANY,INC,

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



.

24S

O 1 (Slide.)

2 I will not go through all of this and take the

() 3 time. You have it in your handouts. I would just like

4 to highlight that the design of most equipment is

5 controlled by the OBE and not SSE. And again, the CBE

6 loads are greater than one-half of the- SSE load. So

7 really, the margin that we had before, the reciprocal of

8 1.47, that is too low because under the SSE design,

9 we're below the code allowables, quite a bit below

10 because they were controlled by th e OB E. And we have

11 all of these margins that really have not been
-

12 q ua n tif ied .

13 So the 2.4 I believe is a good estimate and
}

14 not necessarily optimistic.

15 (Slide.)

16 So in conclusion, we have the-CRBRP system.

17 For system equipment we have a structural reserve
|

18 seismic margin of 2.6 to 3.2, which when multiplied by

19 .25g gives us a reserve margin earthquake f rom .65g to

20 .8g. However, the functional reserve seismic margin 's

21 2.4; therefore, the reserve margin earthenake is .69

22 For CRBRP boildings and structures, the

23 reserve seismic margin is 2.5 to 3.2, and the equivalent

O
24 reserve margin earthquake is from .62 to .80. The

.

25 conclusion, the bottom line, is that the CRBRP seismic

()
I
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1 capability is at least .6g.

2 MR. OKRENT: Well, in the letter tha t the ACRS

() 3 wrote dated July 13, 1982, there, the last two

4 paragraphs read as follows, and I will just read th en

5 and then costant.

6 "With regard to the seismic design of this

7 plant we believe it is important that the combination of

8 seismic' design basis and margins and the seismic design

9 be such that this accident source represents the load

to contributions to the overall loads of the plant. We

11 believe this matter will warrant detailed examination at
|

12 the construction permit stage to insure that necessary

13 margins are available for all important systems and

14 components.

15 "The NRC staff has concluded that the CRBR

| 16 plant can be designed and constructed in such a manner

17 that it will no greater risk to the health and safety of

18 the public than an LWR plant using current safety

19 criteria. We agree the proposed site is suitable for

20 such a plant."

21 Okay. Reading that leads me to request the

22 applicant and to the staff -- not to be answered today,

23 but I think, although your presentation is interesting,

'

I 24 I don't find myself able to digest it all, nor can I

25 take the set of vievgraphs and send it to appropriate
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)
1 consultants and ask for a review as to its adequacy. So

2 in my opinion, this is an area that should be

() 3 documented, and with a chance f or the ACRS to have it

4 looked at hard as to why what you say is adequate and

5 that your generic sampling is adequa te as well as your

6 sethodology and so forth for- the- purpose.

7 And again, I'm giving an individual opinion, .

8 reading this letter and interpreting it I think in what

9 to me is a sort of straightforward way, and I think from

10 the staff at some point we need to hear why, in view of

11 unat they now deem to be the margins for LWRs, in view

12 of what they can tell either qualitatively or

13 quantitatively, that the SSMRB program or so forth ---{)
14 why, in this regard, Clinch River is equivalent to an

15 LWR, since in some of the recent 1WR studies the seismic -

16 is turning up as a non-unimportant contributor to risk.

! 17 And as an af terthought, it seems to me it

18 would be of some interest to see whether, -- without

19 asking the SSMRP program to try to analyze this, which

20 would be another two-year project or something --

21 whether what they have learned from what they have done

22 introduces any questions to be looked at for CRBR, that

23 perhaps you wouldn't look at without the benefit of
' ()

24 whatever comments they have.

j 25 MR. WARD: Is there a topical report on the

O
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O
1 material which Mr. Morrone has covered?

2 MR. MORR0NEs Not yet. We do have no report.

(.
3 We have a 1977 report that discusses margin, but not

4 beyond the SSE.

5 MR. WAEDs Is tnat report available, the 77'

6 recort?

7 MR. MORRONE: We've given it to the staff.

8 MR. DICKSONs Yes, the 77 report is available,

9 and basically, it describes the methodology and some of

10 the designs have changed.

11 MR. CARBON: Let me ask the applicant if it

f 12 clear to you what Dr. Okrent has asked and requesed.

13 MR. GROSS: Well, let me try and take a stab()
14 at that. I believe that what Dr. Okrent requested was a

15 report that describes in a little greater detail the

16 material which Mr. Morrone presented here today so that

17 he and some consultants could review it.|

| 18 MR. OKRENT4 Well, it is for you to judge what

19 you consider to be adequate to be responsive to the

20 issue. I wouldn't say specifically, it was a report

j 21 which covered only what was here, because that may not
!

22 be adequate for answering the question. The ma terial

23 presented here.

24 In other words, as I indicated earlier, the

25 generic sampling itself has to be thought about and one

O
|
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O
1 has to make a case for why it's adequate to the purpose.

2 MR. BEMDER: Could I ask the staff %hether it

() 3 agrees with the conclusions that have been drawn by the

4 applicant?

5 MR. STARKs I would try to answer that

6 indirectly. I was going to discuss this at the end of

7 this pre senta tion anyway. But ACRS prepared a letter on

8 January 11th which the staff is reviewing right now

9 concerning this particular subject. And the staff has

10 prepared a formal response for it. I had an opportunity

11 to look at it briefly yesterday and it says basically,

12 they agree with the need to assess or produce additional

13 information in this area.

14 The staff, as f ar as Clinch Biver is concerned

15 -- I am going to give a little bit of an overview and

is then at the end talk about some specifics for Clinch

17 River. The response that the staff has prepared for

i 18 this letter is saying that the staff and researchers are
l

19 proposing a seismic research plan to work on this

20 particular item.

21 In addition to this, the staff is talking

22 about the SSMRP program to see if it can be osed or

23 modified to support this particular program. But in
'

(:)
24 g en e ral, the staff feels for Clinch River that the

25 structural and equipment design margins can be handled

O
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1

1 on a generic basis, but it appears that the piping .

2 design margins can 't be handled generically. And it is

() 3 the piping design margins that we are looking at an d

4 incorporating into our mechanical and materials review

5 for Clinch River.

6 So, the way I have answered it, I guess-to*

7 both of you but to Dr. Okrent, is that we hope we can

8 handle a large portion of it generically, but the piping

9 i's f eel we can 't .

10 MR. OKRENTs Well, I as willing myself to have

11 someone make a case that there are some parts of this

12 plant that look enough like other plants that have been

*

13 analyzed, even though they are LWRs that you can draw

14 some general conclusions and so forth. And maybe it is

15 only the piping that is enough different. The piping is

16 clearly different, being thin-valled.

17 I myself haven't tried to look at other parts

18 to see whether there should be a few additional things -

19 or many additional things that need their own look.

-

20 Maybe the piping may be able to stand up, but it should
i

21 be a considered judgment.

22 MR. EBERSOLE: Can I ask Ken a question? A

23 while ago I was searching f or what I guessed might be

O 24 the Achilles heel of the shutdown heat removal process,

25 and I picked the ba tteries because that is where it is

O
i
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0
1 in LWRs. In essence, the whole shutdown heat removal

2 process is propped up by the batteries.

( 3 I got the impression that you're better off

4 than they are. But I wonder, since I saw a few things

5 here and you mentioned about looking at the gauge glass

6 and I though t about what is getting the' water to the-

7 gauge and is it continuing to run, so unless you can

8 really show that you can, without benefit of DC,

9 continue the shutdown heat removal process, then we get

to back to questioning what ought not to be as difficult a

11 design problems the ba tteries in the DC systems.

12 There was an LER not long ago that said in

13 some plant and maybe more plants these critical cells
[

14 were simply spontaneously cracking. They didn't need an

15 earthquakes they were cracking while they were sitting

16 therec And the reason for that was that the structure

17 of the entire integrated cell was, of course, different

18 from that of an individual -- the entire battery,
N

19 rather, was different than an individual cell and they

20 were bolted'together with rigid copper bus bars, and a

21 minute amount of deflection in these would simply crack

1
22 these brittle plastic or other brittle material cells,

23 and promptly create an open or short circuit and you

O
24 would lose the DC.

25 I only mention this as a point of fine detail

O
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1 where unless you really cover it carefully, the whole

2 show is lost. So I will ask you again to either defend

| () 3 that you can get along with out the DC system or show

4 that you will always have it. And I suspect the latter

5 is going to be the case.

| 6 MR. DICKSON: I'm sorry, sir, you suspect the-

(
7 latter is the case? That you would have to have th e

8 batteries?

9 MR. EBERSOLE4 I don't think you can get along

10 without it.

11
' NR. DICKSON: For all design basis events we

12 have assumed the batteries are available. We have

13 considered what would happen if you lost the batteries,
)

14 and it can be operated manually.

15 Now, we have not dona a detailed review to

16 determine just how long you have and what are the

17 resultant temperatures. But as was presented earlier,

18 the sodium in the system is fairly forgiving and it

19 absorbs a significant amount of heat. At one of the

20 earlier meetings you saw that we have considerably more'
|

21 time than the light water reactor to respond so while we
|

22 have not done an analysis to look at it, I am reasonably

23 confident that if we did, we could show that two

O
4

24 operators could operate a shutdown heat removal system

20 without batteries, except in their flashlights and in

O
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1 their walkie-talkies.
;

2 MR. EBERSOLE: I think that would be a major

() 3 showing if you could do that.

4 MR. REMICKs I have a question of the staff.

5 Are there, in the Commission's rules and regulations,

6 any requirement for design margin beyond the SSE-for

7 CRBR7

8 MR. STARK 4 There are no regulations right now

9 beyond the SSE for any plant.-

10 MB. REMICKa Ligh t water, also?

11 MB. STARK That's correct.

12 MR. REMICKs And so I'm not sure what this

13 exercise, other than being of interest in knowing, but
[}

14 from a licensing standpoint, the importance of it if

15 that shutdown margin was 1.2 or 1; having certificates
,

|
16 from the licensee on the plant?

17 MR. STARKs As it stands righ t now, according

18 to the requirements it doesn 't, but ACRS sent a letter

19 last month to the Commissioners who in turn sent it on

20 to the staff and we are assessing that and trying to

21 initiate new research programs and modify existing

22 research programs to look at this and attempt to address

23 it. But the re are no regula tions righ t now.

24 MR. REMICK: To try to get an understanding of

25 wha t shutdown margins migh t be?

O

1
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O 1 MR. STARKs That's correct.

2 MR. OKRENT4 If the staff stays with its

() 3 current approach -- in a sense one migh t say it's the

4 legal approach -- that they are faced with this big

5 problem of lots of reactors potentially being in the

8 same tectonic region that contained the Charleston

7 earthquake. I don't think they can live with the psst.

8 MR. STARK: We also don't currently have a

9 good method to evaluate this particular margin, and know

10 tha t it is conservative and know that it is well tested

11 and well founded, also.

12 MR. SIESS: If the staff stays with the saae

13 legal approach, the remedy is to raise the SSE to a
[}

14 lower probability earthquake.

15 MR. OKRENT: But we've got a lot of reactors

16 that are sitting there.

17 MR. BENDERa I think the point I was going to

18 make is simply this. I'm not sure I would agree with

19 Dr. Okrent that we need to change the SSE, but even if

20 we did, it is not necessary to show that you can stand a

21 .6g.

22 MR. OKRENT: I wasn't suggesting we need to

23 change the SSE. From a safety point of view, I was

O
24 saying if you say there are certain legal requirements,

25 as in Appendix A, that they go by tectonic regions and

O
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O 1 use the largest historic one and so on, it creates some

2 problems.

() 3 MR. BENDERa Well, it bothers me some that we

4 are trying to -- we have gotten ourselves wrapped up in

5 a legal ques tion. And this is something that ought to

6- be dealt with in a tecnnical way. And really, if the-

7 staff has looked at the site enough .to draw the

8 conclusion that there is no reason to change the SSE, I

9 think I would have to agree with Dr. Remick that we

10 surely ought not to vaste any time trying. But if you

's 11 haven't reached that position, then we would like to

12 know what it is you are going to go to.

13 And that's the main reason, as I understood

14 it, that we put something in the letter to deal with

|

15 margins beyond the SSE. If you can really establish

16 that you've got the right number, it doesn't make, sense

17 to start fighting f or a bigger number. That is a

18 personal opinion.

19 MR. OKR ENT : Well, Mike, I think there's

20 another interpretation to the letter, and in fact, it

21 doesn't say that the SSE should be larger. I think the

22 question is when you design f or the SSE, whatever it is,

23 is the contribution to risk from earthquakes an

O
24 acceptably low portion of the overall risk and so

25 f or th . That is not the same as saying designed for a

(2)'
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O 1 larger earthquake. And all of the rulas and so forth.

2 MR. BENDER: I don 't know what the statement

() 3 meant, and right now I guess I would like to know what

4 it is we're trying to get it. What do we want the staff

5 to do?

l 6 MR. STARK: Let me try it again. The-staff.
;

7 believes we would license the plant at 2.5g without a

8 requirement for additional seismic margins. We are,

9 however, openminded to the comment of ACRS, and ACRS has

10 been asking this question for a long time for a large

11 number of plants. And therefore, we are honestly

12 looking i to this particular area for additional

13 inf ormation to see what we should do with it.
) ~

14 MR. SIESS4 I don't see how the staff can talk

15 about additional seismic margin when they don't know

16 wha t the seismic margin is now. That is, you don't know

17 the return period of the SSE.

18 MR. KERR: Well, it might be that they have to

19 do this in order to carry on a conversation with the

20 ACRS, who keeps talking about additional seismic ma rgins.
I

21 (Laughter.)

22 MR. CARBON s I wonder if we could move on.

23 Mr. Cla re?

()
24 HR. CLAREs Yes.

25 (Slide.)

O

ALDERSoN REPORTING COMPANY,INC,

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



_ _ _ _ ._.

257

1 I'm George Clare with the Westinghouse Advance

2 Reactors Division. I do have a few comments to make

() 3 about seismic margins. Perhaps in light of the ongoing

4 discussion this is more of a footnote than anything of a

5 great amount of significance, but let me go ahead

6 anyway. It may help perhaps put a cap on some of the-

7 discussion.

8 (Slide.)

9 I am not here to give you the results of any
i

10 independent assessment of seismic margins. The most

11 detailed look that we have is the one that Tony Morrone

12 just presented to you. However, we do have the benefit

13 of a compilation of studies that have been done over the

14 last 10 years or so of earthquakes in the Oak Ridge

15 area, and these have been plotted up on a particultr

16 graph by some gentlemen at Oak Ridge National

17 Laboratory. Mr. Beavers, Mr. Hanrod and Mr. Stoddart.

18 And without going into any detail, wha t you

19 can see from this particular viewgraph is that the range

20 of the studies over the last 10 years is consistent with

21 the conclusion that was drawn by USGS and cited by Mr.

22 Rothman earlier this morning that the .25g SSE chosen by

23 CRBRP would have a recurrence frequency on the order of

O
24 e ve ry 1000 to 10,000 years.

! 25 Now, the question is how does this relate to

(
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m
k- 1 what Mr. Morrone said a few minutes ago. And what he

2 said is that he thought, without being too detailed,

() 3 that the plant would be able to withstand an earthquake

4 on the order of two times the SSE peak ground

5 acceleration, and that would take us well beyond th e

6 point where these curves are- drawn, and it would take-us ;

7 Well above the once in every 10,000 years.

8 (Slide.)

9 The conclusions that we draw from that rather

10 simplistic look at things are, as I said, the recurrence
-3 -4

1'1 frequency of our SSE is 10 to 10 per year. The

12 earthquake with an acceleration twice that of the SSE

13 would have a recurrence frequency considerably less than

J -4
14 10 per year. And therefore, we think that is a. good

15 kind of intuitive f eeling f or the risk we get f rt1 the

16 plant.

17 No w, in light of the questions that were

18 raised a few minutes ago, I can reflect a little bit on

19 studies that were done by the project several years

20 ago. And we did do some ea rly risk assessments. They

21 were for a design other than the current design of the

22 plant, however, very similar designs.

23 And what we found, using the analysis

O and we are24 methodology that was used in WASH-1400 --

25 a wa re that there are some criticisms of that assessment
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O
1 technology, but that was what we used. And in fact, the

2 likelihoods of earthquakes tha t were used in that study

() 3 were of the ordy,r of the midpoint of the spread of
4 data. What we found was that the risk from large

5 earthquakes was not insignificant, but was not the

6 dominant factor in the risk from the plant. It was a

7 sigificant contributor, but I believe the contribution
,

8 was less than 50 percent of the overall risk, and, of

9 course, that was broken into several categories and so

to that 1.s a little bit of a vague statement.

11 We know more about the plant today, both from

12 studies similar to the ones that Tony said, and most

13 particularly I would point out his comments on the{}
14 rupture discs in the intermediate heat transport system,

15 where we know a lot more today than we did back in 1976

16 when the earlier assessment was done. And in fact, that

17 would lead us to the conclusion that the seismic risk is

18 less than what was estimated in the earlier assessment.

19 The only other point is, of course, that we

20 are doing a PRA at this point in time. Rea'11y, we're

21 just getting started on it. It will be concluded

22 sometime in the next couple of years, and that

23 assessment will specifically include an assessment of
')

24 seismic risk. It will include the consideration of the
likelihood of the larger earthquakes as well as the25

O
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0 1 fragility of the equipment for such events. And that is

2 the situation we find ourselves in at this point in time.

() 3 MR. SIESSt Could you tell me who Wiggins is

4 on that chart?

5 ER. C1ARE: J.H. Wiggins.

6 MR. SIESS: Fron- California?
!

7 MR. C1 ARES Yes. That's it.

8 ER. CARBON 4 Any further question s?

9 MR. OKRENT Well, again, although I think it

10 will be helpful when the PRA is available, the design of

11 the plant can't be changed very readily as a result of-

12 the PRA. I don't think it will be helpf ul to anyone if

13 a plant is built and there happen to be one or two

14 places in it that are less capable to withstand seismic

15 events than what has been estimated here. These turn

16 out to be rather important.

17 I might note a number like something smaller
,

f -4
18 than 10 per year is a pretty small number in some

19 contexts, but it is a pretty large number if you

20 envisace that you don't have containment in tegrity and

21 you hav' a serious accident. So one has to, again, look

22 more deeply into these numbers to see what their context

23 is.

O
| 24 I really think it is better to know more now
l
i

! 25 than to invite the kind of troubles that keep croppina

O
<
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(
1 up in this area later.

2 MR. CARBON: Any other comments or questions?

() 3 If not, thank you, Mr. Claro. Le t's move

4 right on.

5 MR. GROSS: Before we move to the next

6 subject, I wonder if we could ask for Mr. Newton of TV A-
i

7 to come back. He has gotten some information which

8 responds to earlier questions.

9 (Slide.)

10 MR. MENTON: The question that was raised was

11 around the question of how high was the head water level

12 and the sensitivity of our conclusions about the maximum

rN 13 flood level at the site, and let me go through that.
U

14 The answer lies in the operations that we assumed.
.

! 15 MR. CARBON: Excuse me, just a second. Was

16 tha t in reference to Dr. Siess' question?

17 MR. NEWTON: No, it was in ref erence to - your

18 question and Jesse Ebersole's question that raised a
!

19 question about the maximum flood level at the site.

20 There were two questions. It was the operability of the-

21 gates, and Mr. Buchanan , in a minute, will tell.you what

22 the backup system is.

23 The answer really lies in how we assume the

O 24 operation. And I know this is an extremely tall slide,

25 but basically, these are hydraulic lift gates so

;

|

,

ALDERSON REPORTING COMPANY,INC,

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



262

*ftw/ 1 normally they are in a down position. So that we have

2 an OG overflow crest and these hydraulic lift gates are

() 3 in the down position in a flood operation. And to

4 ope ra te the ga.tes we open a valve, run the water in and

5 lift these gates up. And we can lift them from a crest

6 elevation of 1020, so that it is up in a full position

7 with the top crest elevation at 1034. We raise the

S gates.

9 In our flood operations in both the PMF and in

to the one-half PMF -- remember, the one-half PMF goes with

11 the seismic OBE failure -- we have lif ted the gates

12 deliberately to force the flood levels to the maximum

13 heights possible, because what we are doing is we are

14 utilizing the storage that we h a ve . Norris Dam has a

is tremendous amount of storage; it is safe against a PMF

16 so we are using it in these big floods, or we would use

17 it. They haven't happened yet.

18 We would use it in these big floods to

|

19 minimize the downstream impacts. We 've got that

20 storage. So what we did postulate was an opening of the

21 gates, and we forced the hea t wa ter levels to the

22 maximum that they could be forced to. We couldn't get

i
23 it any higher than the 1035 th a t we use in our OBE

24 operations.

25 So the answer to your question is there is nc

C) -

|
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() I
1 other operation. If the gates were not to operate, we 1

|

2 would assume they would be down in the closed position

() 3 and we would have passed more water and we wouldn't have

4 gotten that high. If they were to be opened and not be
.

5 operable, it doesn't make any difference because in

6 effect, that is what we have already assumed.- We have

7 assumed that they are up. So that we do have the

8 maximum head water level in the PNF and in the OBEs, and

9 we think we are fully. covered.

10 Now, I will let Mr. Buchanan answer the backup

11 system. Suppose we had to operate the gates --

12 MR. CARBON: Hold up a minute. Chet, does

13 that help you?{}
14 MR. SIESS: Well, it was Jesse's question.

15 MB. EBERSOLE: Yes, you an swered my question.

16 MR. NEWTON: I just didn't remember.those

17 details. These are our normal operating procedures

18 which we assumed, and that is what we assumed.

19 MR. EBERSOLE: Well, that's the most

20 pessimistic assumption you could make.

21 MR. NEWTON: That 's righ t.

22 MR. MOELLER: Since you said the water raises

23 the gates, then these engines that Jesse was talking

'

| 24 about, are they to lower the gates?

25 MR. NEWTON: There is a hydraulic lif t ge te,

O
V

|
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'

('l%' 1 and we have to open up valves and let water in, and that

2 water lifts the gates.

() 3 MR. MOELLER: So is the power to open the

4 val ve s?

5 MR. NEWTON: It is the power to open them.

6 Mr. Buchanan can tell you about that and the' backup.

7 system.

8 MR. CARBON: Is there no f urther interest in

9 this?

10 MR. EBERSOLE: I have none. If he is already
.

11 in the worst configuration, I guess we can close it on

12 that.

13 MR. CARBON: Fine, thank you.

14 HR. NEWTON: We've got a backup system. It is

15 manual.

16 (Laughter.)

17 MR. CARBON: Thank you, Mr. Newton. Let's go

18 ahead, then. Mr. King?

19 HR. KING: I'm Tom King of the staff. We

20 actually have three speakers for Chapter 4. I will

21 introduce them. The first one is Ralph Baarr of Los

22 Alamos National Laboratory and he will talk about the

23 mechanical design and the fuel blanket and control

O
24 a ssem blie s. He wa s the primary reviewer and worked

25 under the direction of Mike Tokar of the Core

O
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O
1 Performance Branch.

2 Following Ralph, Walter Erooks from the Core

() 3 Performance Branch will present our evaluation of the

4 electronics design , and following Walter I will present

5 the evaluation of the thermal hydraulic design.

6 Ve will start off wit.h Ralph Baars.

7 (Slide.)

8 MR. BAARSs My name is Ralph Baars from Los

9 Alamos National Labo ra tory. As indica ted by the last

10 bullet on the viewgraph, I was the reviewer of the fuel

11 system. This first viewgraph where we are enumerating

12 the scope of the review that was conducted, we looked at

13 -the mechanical design of the fuel blanket and control()
14 pins and assemblies, including .the design criteria

,
15 limits, the design methods, the steady statt conditions

|

16 and the transient conditions.'

17 We reviewed t.he development testing plans,

18 including in-reactor, ex-reactor, steady state and

19 t ra nsient conditions. banyouhearmeokay?

20 MR. SHEWMONs Sir, in your presentation

21 someplace will you get to a comparison between this and

|
22 the FFTF fuel or what the experience base of this fuel

I

i 23 is in use or would be in use?

()i

24 MR. BAARS : I touch on it very briefly. I

25 didn't have anything specifically prepared as a direct-

,

O
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()
1 comparison. They are very similar systems.

2 HR. SHEWHON: Well, it seems to me that if one

() 3 takes an empirical approach, the proof is in the burning

4 or the heating or whatever the simile should be, and

5 t he refo re , I would be interested in hearing not only

6 what you did in your ab- initio mechanical parts, but

7 indeed, how much you think we can rely on the experience

8 that has been developed in other people's radiation

9 experiments.

10 MR. BAARSa I think I will get into that later

I don't know whether what I have got is specific11 on.

12 enough for your satisf action, but I will try to address

(]) 13 it.

14 MR. SHEWMON: Fine.

15 MR. SCHWALLIE: San Schwa 111e from

16 Westinghouse. In my presentation a little bit later I

17 can get into just exactly what he's talking about in

terms of geometric comparisons with FFTF as well as the18

| 19 data base.

20 HR. BAARS: We do think that this is a rather -

21 powerful favorable factor in favor of the CRBR system.

22 (Slide.)

For tite neans of guiding ourselves as to
| 23

24 adequacy of the fuel system, we adopted these acceptance

25 c ri te ria . We looked at the conformance with the general

O
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1 design criteria as they were modified to four LMFBRs,'

2 this having been done in the first review on the CRBR.

() 3 In particular in this review, we were concerned with

4 what is the general design criterion 8 for reactor

5 design, and this was the one that specified acceptable

6 fuel design limits must be established and are- to have

7 an adequate margin.

8 Secondly, we spent some time reviewing 4.2 of

9 the standard review plan for guidance in reviewing the

10 fuel system design, and we tried to stay fairly close to

11 the intent of that document. That, of cour'e, is rathers

12 specifically oriented toward LWRs, but we attempted to

13 comply with what we perceived as the intent.'

[
14 Thirdly, we looked st the completeness and

15 adequacy of the applicant's design criteria limits, the

16 design methods and the conceptual design, and we

17 reviewed the development testing to support these

18 criteria limits and methods.

19 (Slide.)

This vievgraph identifies some of the20

21 f avorable f actors that we see for the CRBR fuel system.

22 First of all, there is a massive test program that has

i

23 been conducted and is ongoing now and will continue. We

O
24 think that the results from these tests have shown that

we can expect there to be rather few failures to the25

O
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1 CRBR core exposure, which is what we 've considered here.'

2 I don't mean to say that there have been no

() 3 fuel failures in the test program. What I do mean here

4 is that the failures that have occurred have been almost

5 all related to factors that have notaing to do with

6 CRBR. In mos t ca se s, the y a re related to reconstitution

7 of test assemblies.

8 Secondly, the operation is f ar from coolant

9 saturation lessening the chance of cooling

to discontinuities. Thirdly, the proposed scram trip

11 settings terminate abnormal occurrences far short of

12 significant fuel damage or distrption. Fourthly, we

13 feel that the relatively low smear density design of
)

14 CRBR inel, 85 percent, 85 1/2 percent to be precise, is

15 about twice -- provides about twice the relative volume

to to accommodate radial expansion, as is the care with LWR

17 fuel design.
,

{ 18 MR. WARD: What is the definition of smear

|
19 density?

20 MR. BAARS: Smear density is simply what the

21 definition of the fuel would be if it was smeared out

22 completely throughout the volume available inside the

23 cladding.

O
24 MR. SHEWMON: In cross section, usually, is it

25 not?

O
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O 1 MR. BAARS: Yes, that is correct. One minus

2 that number, or 100 minus that number would give you the

() 3 percent of the volume inside the cladding. That is not

4 actually dense f uel .

5 MR. WARDS So you're saying that it is a

6 similar number for LWR fuel, 93 pe rc en t ?

7 MR. BAARSs Something like that. There are

8 fall back positions of reduced power exposure and

9 operating temperature available in the event of -

10 significant problems involved in operation.

11 An d finally, one of the more important f actors

12 here, we are now beginning to accumulate data and will

13 have a suostantial amount of data available on a very{}
14 similar system ; namely, the FFTF fuel pin. It has the

15 same fuel density and has slightly less pellet density,

16 slightly smaller cladding gap and does not have axial

17 bla nk et s. Apart from that, it is very nearly identical.

18 (Slide.)

19 We have identified some issues, and the first

20 one here is related to the criteria concerning the

21 coolable geometry limits. Before launching into the

22 details of this, I want to make sure to try to put this

23 in the best perspective that I can.

O
24 The fuel designs with the current scram trip

25 settings do not being to approach any challenge to

O
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0 1 coolable geometry. We are concerned here strictly with

2 whether the coolable geometry limits themselves as

() 3 proposed by the applicant would do the job if they were

4 ever approached.

5 The first problem that we have here is

6 cladding melting and appears to be the basis for

7 assuring -- a lack o f cladding melting appears to be the

N
8 basis for insuring against coolable geometry. Now, I've

9 called this a limit heret it is net, in fact, a limit.

10 As the applicant treats it, he, up until now, has not

11 been willing to regard that as a limit. That is a

12 somewhat abstruse point at this time because if we have

13 a limit, we have a problem with it.
)

14 First of all, we find no good basis ~provided

15 in the PSAR as to why simply avoidance of cladding

16 melting would insure coolable geometry. We did look at

17 some data, a small amount that was relevant and that we

18 had time to look at. We did not find evidence there

19 tha t either a ballooning or a gross slumping was-likely

20 before you got right up to melting.

21 Nevertheless, we are dubious that any large

22 portion of the core could withstand extreme temperatures

23 of this sort withcut some impact on coolable geometry.

O 24 We strongly recommend that the applicant adopt a firm

25 cladding temperature as a coolable geometry limit, one

O
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0
1 that would be well below melting, and for which he has

2 data that he can show that coolable geometry definitely

() 3 would not be affected, if that were observed.

4 MR. WARD: Is there any -- you say that the!

5 have a cladding limit. Is there any monitoring of core

6 temperatures which will be helpful in precluding the

7 problem you're talking about?

8 MR. BAARS: There is outlet temperature

9 monitoring. I am not extremely f amiliar with it, but I

10 think it probably will be treated better in the later

11 p re senta tion s. The presentation on thermal hydraulics.

| 12 And possibly, the applicant will have some more

/"T 13 information on that.
V

14 Secondly, to assist in assuring the cladding

i
15 melting will not be reached, a no-boiling guideline is

| 16 used. This is a violable limit that is tha t boiling can

17 be exceeded in essentially screening criteria where

18 above boiling you would analyze further to determine

19 whether the cooling geometry would be compromised.

20 The operable thing here is the word " viable"~.

21 and we are concerned because we've got no information as

22 to how such cases would be evaluated er what sort of

23 criteria they would use to judge whether coolable

O 24 geometry would be compromised or not, and whether they

25 would address all the relevant phenomena.

O
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()
1 These first two points I think primarily

2 relate to other cooling type transients. The third

() 3 point is that we don't believe that either cladding or

4 coolant temperature base limits are adequate of

5 themselves to guard against molten fuel expulsion, when
.

6 overpower conditions are present.

7 We f eel that some limit more directly related

8 to overpower should be named here. We feel this has

9 some basis in the testing program in that the

10 unterminated transient overpower tests that have been
,

11 conducted, those in which molten fuel expulsion

! 12 occurred, almost all of them occurred with coolant

i
13 temperatures below boiling. And sometimes, at cladding

{~);

14 conditions that were within some of the cladding

15 tem perature guidelines.
j

!

16 MR. CARBON. Excuse me, Mr. Baars. We seem to

17 be falling further and further behind, and I wonder if

18 you could speed up any.

| 19 MR. BAARS4 Sure. At any ra te , the applicants

20 here have committed to address all of these issues and

21 document a comprehensive basis for coolable geometry

22 limits by the time the FSAR is submitted.

23 (Slide.)

O 24 MR. CARBON If you could wind up in five

25 minutes or something it would be very helpful.

O
|
|
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0 1 ER. BAARSs I will do my best. This

2 enumerates,-identifies the issues on methods-that we

() 3 have. The applicant uses two models to evaluate fuel

4 performance. The cumulative damage function model,

5 commonly referred to as CDF, and the ductility limited

6 strain or DLS model.
|

7 The first one, the CDF model, is the more

8 sopnisticated of the two. It uses realistic properties

9 and addresses things that are generally in a more

10 mechanistic fashion . The ductility limited strain model

11 is very much an empirical model. The problem we have

12 with the cumulative damage function is we feel the model

("3 13 should be qualified to integral rod test data so as to
kJ

14 be sure to pick up any mechanisms that might be

15 operating that are modeled in the procedures for the

| 16 model.

17 Secondly, the model does not address the fuel
,

18 adjacency effect. I don't want to get into that. It

19 occurs when the cladding next to the fuel appears to be

|
20 more degraded than at the molten fuel. We feel at the

21. present time the model does not address tha t; a t lea st,

22 the inf ormation available to us. And we feel that this

23 should be addressed. It is an important fact.

O
24 Finally, the statistical base does not cover

,
25 the data variance. This stems prima rily because the

l
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O
\/ 1 applicant wishes not to include the part of data

2 variance that is due to error in measurement, inability

() 3 to run identical tests, et cetera. We don't disagree

4 with this, but we feel the applicant should provide a

5 firm supportable basis for that amount of the data

6 variance, and to date he has not done so.

7 The ductility limited strain model is very

8 similar to the FFTF design proced ure . There have been

9 some changes in the model, and we feel that it should be

10 requalified to the integral rod test data. The margin

11 to failure with this model we don't believe has really

12 been established. Some sort of means to quantify what

13 margin there is between wha t - this model predicts and
,

~)
14 what actually occurs we think should be enumerated.

15 The applicant has committed to address the CDF

16 issues by submittal of the FSAR. We have not
!

|

j 17 specifically asked him to sign on the dotted line as f ar

18 as the DLS model is concerned. We do say in the SER

19 that if he wishes to use the model f or the FSAR, that we

20 think these issues should be addressed.

21 (Slide.)

22 This addresses some of the issues we have

23 identified f or data base issues. This covers the

O
24 atypical factors, the coverage for operating range and

j

25 then some data in the cladding area. Again, I want to'

O

|
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1 put this in perspective. Many of these factors the

2 applicant agrees with. He has ongoing programs

() 3 addressing them. In some cases he has the data in hand,'

4 although we have not seen it.

5 What we have attempted to do here primarily is

6 to provide a snapshot as to our view of what- the status

7 of data is as of the information that was available to

8 us when we made the re view. In particular, the item

9 here under cooling at the end of life and the response

to to high fluence and high temperature, I believe he has

11 that in hand but has not relayed it to us. The atypical

12 factors are something that have hung around for a long

i

13 time and we feel they should be addressed so that the

14 perceived relevance of the data is not marred.

15 Under the coverage area there, virtually all

16 of the data base is 25 percent plutonium, and the CBBR

17 design value of plutonium content is 32 percent. So
I

( 18 there is some data available in this area that indicate

19 there aren't any great cliffs out there, but we feel

20 that a firmer data base is desirable.

21 Blanket rods -- we think there is not much

22 data, or there are not many tests that have been run.
'

23 There is no data that is available to us. There is an

O
24 extensive program plan to address this area,

25 particularly with the radiations in the FFTF.

O
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1 Slow over power -- again, in the range from

2 the power to melt test up to the 50 cent per second

() 3 crack test, there is virtually no data at all as to the

4 mechanisms involved in a claddino ~ breach. de feel quite

5 strongly about this, and the applicant does have an

6 ambitious program running in EBR-2 in a transient mode

7 to address this area.

8 Finally, on cladding, the fuel adjacency

9 effect, how much data is actually needed here I guess at

10 this point is problematical. There is a lot of

11 information available. I think it needs to be -

12 integrated and put together, and perhaps at that time,

13 additional data might be needed.m

14 (Slide.)

15 Our conclusion on the fuel system is that we
!

16 believe that prospects for success of the CRBR fuel

17 system justify issuance of a construction permit. We do

18 have a caveat here tha t , however, we feel that the

19 ability to clearly demonstrate acceptability of the

20 system for an operating license without resorting to

21 fallback positions depends upon addressing the

22 identified issues.

23 (Slide.)

O 24 Our basis for these conclusions includes the

25 previously-enumerated favorable factors. I think that

'
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1 was about the third vievgraph I showed. Se con dly , all

2 of the foregoing issues are primarily relev ant to the

() 3 ability to evaluate fuel performance, and not to fuel

4 performance itself.

5 Thirdly, the programs are underway or have

I
|

6 been committed by the applicant.to resolve the issues by

7 FSAR submittal, and the final, point is we believe that

8 the availability of fa13back positions allows deferral

9 of resolution to the FSAR. And that concludes my

10 prepared presentation.

11 MR. SHEWMON: Before you got into controlled
I

f 12 ramps, when you talked about failure you were talking

13 then about rupture of the cladding during normal'

14 operation. Is that what you were judging against when

15 you talked about failure margins or probabilities or

16 whatever?

17 ER. BAARS: That was with the CDF model under ,

|
18 the f uel evaluation models.

| 19 MR. SHEWMON: When you talked about failure I

20 didn 't know what you were talking about and I'm asking

21 what you meant.

22 MR. BAARS: I'm talking about failure of the

23 cladding.

O
24 MR. 3HEWMON: So it is rupture of the cladding.

l 25 MR. BAARS: That's correct.

O
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O 1 MR. SHEWMONs Wha t is the predicted or

2 expected life that you judged against? There was

() 3 something in here.

4 MR. BAARS: What was the goal that I judged it

5 against? 80,000 megawatt days per ton.

6 MR. SHEWMON: Okay.~ And the control material.

I didn't hear it -- is boron7 which you mentioned --

;

8 carbide? Pellets and stainless steel?

9 MR. BENDER 4 That's correct. It is in

to pellets. They're in stainless steel, relatively a half

11 an inch in diameter or larger.

12 MR. SHEWHON: And the blanket is UO2

13 unenriched?

14 MR. BAARSs That is correct. Those are also

15 relatively large pins. Th e re a re 61 pin bundles. I can

16 show some of these.

17 MR. SHEWHON: I will take your word for it.

18 MR. BAARSs Yes, they are 61-pin bundles.

19 They are in exactly the same duct as the fuel assemblies

20 are insta11ec in. The fuel assemblies are 217-pin. The

21 absorber assemblies, the primary controls, are, I

|
| 22 believe, 39-pin a ssemblies, and the secondary control

23 systems are 31-pin assemblies.

O 24 MR. SHEWMON: Fine, thank you.
,

|

| 25 MR. CARBON: Other questions?

|
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O 1 (No response.)

2 Thank you, Mr. Baars. .Let's move on, then.

O 3 ar 8toox 2

4 MR. BROOKS: My name is Walter Brooks and I am

5 with the Core Performance Branch at NRC. And I will

6 discuss --

7 (Slide.)

S --the section 4.3, which is nuclear design of

9 the PSAR, or the SER. And I will discuss the design

10 bases including development of the principal design

11 cri te ri a , the design description which I will describe

12 only very briefly because it will be described in

13 considarable detail later by the applicant. I will talk

14 a little bit about the reactivity coefficients and, as
|

| 15 you see, power distributions, reactivity coefficients,
!

16 et cetera.

17 I should say tha t the nuclear design portion

18 of the safety evaluation report was based on a technical

19 evaluation that was prepared by Los Alamos Laboratories,
'

20 and one of the preparers of that report, Mr. Kinman, is

21 with us today in case you have detailed technical

22 questions, the answers to which I might not know. He is
|

f 23 prepared to answer questions.

'O 24 The Core Performance Branch then took that

1 25 technical evalustion report and prepared the safety

O
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0 1 evaluation report from'it, putting it in the terms of

2 the various requirements and meeting those requirements.

O a <s11de.)

4 The next slide shows.the principal design

4

5 criteria affecting the core, and some of~these, of

6 course, you recognize. The PDC-8 is-the one that was-

7 just talked about with the fuel and specified acceptable'

8 dasign 11mits. And the rest of these -- that is the

9 list. I wil1 talk about them independently as I go down

10 through the subjects. We don't need to spend anymore

11 time on this, since we are in a hurry.

12 (Slide.)

13 What I will show next is a core layout, and
{}

14 this, again, will be presented and discussed in

15 considerable detail by the applicant. I would just like

16 to point out the control systems. There are two control

17 systems, two scram system. Both a primary control

18 system and a secondary control system. The primary

19 control system consists of the se three assemblies in

| 20 what is called ro'w 4 on the corners, and the six
l

21 assemblies on the corners of row 7.

22 So there are a total of 9 control assemblies

23 that make up the primary control system. There are 6

O
24 which are on the flat of row 7. These make up the

25 secondary control system. And there is another

O
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1 interesting part in here; there are 3 more -- I'm sorry,

2 there are 5 more. There are 6 assemblies here that

() 3 start life as blanket assemblies and stay in the reactor

4 for a year as blanket assemblies and then are

5 transferred like Cinderella's pumpkin into a fuel

6 assembly to extend their life for another year.

7 MR. BENDERS Have you prescribed any mode of

8 control here? Is there a modal control specified?

9 HR. BROOKS: A mode of control?

10 MR. BENDERS Yes. That rods have to move

11 collectively or separately or some such thing as that.

12 MR. BROOKSs That has been prescribed, and I

13 think the applican t will probably discuss that. But let
["}

14 me say what is. The secondary scram rods are removed

15 from the core. The three primary scram rods in the

16 center of the core. The row 4 rods are also parked

17 above the core during opera tion. Operational control of

i
18 the plant is then obtained from the six other primary

19 control rods which are partially in the core during

i 20 operation.
I

21 These are operated, as I understand the

22 system, they are each operated separately but they-are

23 constrained to be within a very short distance of each

)
' 24 other. That is to say, they do not get lif ted as a

25 bank, but they must be banked.

(~i)'
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1 MR. BENDER: quess I was leading into a

2 question. Does the staff try to put any limits on

() 3 variations in the rod behavior within that bank, or are

4 you relying on the applicant to tell you what he's doing?

5 HR. BROOKS: We would have no restrictions.

6 Well, let me say it a different way. We would permit

7 anything as long as he didn't violate his f uel limit.

8 ilis linear hcat generation limits.

9 MR. BENDER: So you would correla te this with-

10 the previous information regarding the thermal

11 performance of the fuel? Is tha t what we are hearing?

12 MR. BROOKS: What we will come down to in a

i 13 bit --

14 MR. BENDER: Maybe I ought t wait, I'm sorry.

15 MR. BROOKS: Well, I just wanted to point out

16 the control systems, and there will be considerably more

17 detailed information later.

18 (Slide.)

19 Now, let me talk a little bit about the

20 relevant criteria to the reactivity control system.

21 These are, as you see, 23, 24, 25, 57 and 58. Now, 23

22 is the criterion which states that SAFC0 shall not be'

23 exceeded for the reactivity control system. This is the

O 24 so-called single failure; that is, any single

25 malfunction.
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O 1 24, which requires two independent systems,

2 that one has to protect against SAFCOs in' normal-

() 3 operation, and anticipated operational occurrences. Th e

4 other of which must protect, must assure the ability to

5 cool the core in the event of such an occurrence.

6 These systems, both systems,-have to have

7 sufficient reactivity worth in order to hold the core

8 suberitical at the hot shutdown state, with a stuck

9 rod. Each system must independently be able to do this

10 in the absence of the other system, and in the presence

11 of a stuck rod in the system. And then, one of the

12 systems has to be capable of taking it all away to

13 refueling temperatures.

14 PDC-25 requires both systems to maintain the

15 capability to cool the core under accident conditions.

16 And also, you assume a stuck rod for that case, also.

17 And PDC-57 requires that the reactivity control system

18 he designed so that reactivity insertior rates and

19 amounts are limited -- the amounts a re limited to

20 preclude significant damage to the core boundary or loss

21 of ability to cool the core.

22 Criterion 58 requires that the systems be

23 designed to be highly reliable. Mostly, that is -- tha t

O
24 criterion will be discussed further when we get around

to talk about the control systems themselves, and I25

O
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O 1 The design bases that the Applicant derived

2 from these criteria vill be discussed later by the

() 3 Applicant, and I will merely say that it is the Staff

4 judgment that the design bases that were chosen by the

5 Applicant meet these' criteria.

6 Now, the rod worths that were calculated by

7 two-dimensional diffusion theory code, which actually

8 all of the effects were treated by use of the buckling

9 turn, and this is the sort of procedure that is standard
a

10 and is acceptable if properly verified. The Applicants

11 have verified these calcalations against a number of

12 critical experiments in the ZPTR series.

13 We have some concern that the experiments for

14 which we so far have data have not been terribly close,

15 and a number of them are homogenous core experiments,

16 and there has been one pre-engineering mockup. So we

17 have some concern about the fine-tuning the methods, but

18 the Applicant has committed to perform experiments and I

19 think probably has already performed them, but to

20 document the results for the FSAR review.
I 21 As f ar as the results of the calculations are

22 concerned, the results in the PSAR showed that in f act

23 the systems do meet the shutdown requirements with an
O

24 additional margin of more than a dollar a t the worst

25 case.
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O 1 NR. OKRENT: That 's not very much reactivity.

2 MR. BROOKS: No. It is not one percent, but

() 3 it is like half a percent.

4 MR. OKRENTS Is there any U-275 in this?

5 MR. BROOKSa There is very little. The beta

6 is 0034.

7 NR. RAYa Is this in 1967 or in 1983 dollars?

8 (Laughter.)

9 NR. OKRENT: It is a U-238 dollar.

10 (Laughter.)

11 NR. BROOKS: With regard to PDC-57 which

12 requires that the reactivity insertion limits be

13 limited, the Applicant has looked at the case where the

14 rods go out the fastest they can, th a t i s to sa y , they

15 go out at some, as I recall at 35 or 37 inches per

16 second or something of that nature when the roller nuts

17 spring off by centrifugal force and drop the rods, so

18 that's as f ast as you can move them. .'.nd have shown

19 that they still have plenty of margin to core

20 coolability.

21 MR. CARBON: If we coold try and wind up in

| 22 about five minutes.
|

|

23 MR. BROOKS Yes. The power distributions are

O 24 used here --

25 Well, let me then take the next slide.

(
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1 (Slide.)

2 Here the power distribution and

() 3 instrumentation, the relevant criteria with respect to

4 these things are 8, 11 and 18. Criterion 8 requires

5 that the reactor and associated coolant and protection

6 system be designed to assure that SAFCOs are not

7 exceeded during normal operation or anticipated

8 operational occurrences.

9 Now, the design basis that has been used to

10 meet this requirement is that incipient fuel melting

11 shall not occur under these conditions -- that is to

12 say, normal operation -- and anticipated operational

13 occurrences. And specifically what they have done is to{}
14 take 15 percent over power conditions and include three .

15 signal uncertainties.
i

16 Now, as you have heard earlier, incipient,

17 because this coolant is so far from saturation,

j 18 incipient fuel melting is the thing you get first. So

19 this is an appropriate criterion to use here for SAFCOs.

20 The Applicant has set design limits, linear

21 heat generation design limits of 16 kilowatts per foot

22 on the fuel and 20 kilowatts per foot in the blanket,

23 and the arrangement of the f uel and the blanket

O these conditions.s So24 assemblies has been chosen to meet

25 that as the plant progresses through life with different

O
I

|
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O' 1 control rod positions and so forth, you always need the

2 16b kilowatts per foot, and they have shown, given part

() 3 of the distribution values f or this six cycles, and

4 shown that they meet these limits.

5 Now, the prior distributions again are ,

6 performed by the 2D-2D synthesis method, which is againi

!

7 a technique which is used for light-water reactors and

8 is acceptable if it is properly verified. And here

9 again, they have verification that has been performed of

10 the synthesis, but here again not for the engineering

11 mockup critical. And again, the Ap'licant has ' committedp

12 to perform these oests and document them for the FSAR

13 review.

14 Our Criterion 11 requires that instrumentation

15 be provided to monitor the core variables over the range
i

16 of operation for normal operation occurrences, normal

17 operation anticipated occurrences and postulated
!

18 accidents in order to assure adequate safety.

19 MR. CARBON: Mr. Brooks, could you simply go

20 to your results and conclusions? Just take up your

I
'

21 results and conclusions on these.

22 MR. BROOKS: All right.

Then let me the make an overall conclusion. I
23

)'

( 24 won't go through the rest of these individual subjects.

25 Let me make an overall conclusion.

()
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I

1 Our overal!. conclusion is that we believe that

2 the nuclear design of the core meets the requirements of

() 3 the criteria that are listed here. What we will require
1

4 and the Aprlicants have committed to do is more

5 verification of their methods and some more

6 documentation of their methods so that these can be

7 reviewed in the FSAR. That is the thrust.

8 MR. CARBON s But you anticipate no particular

9 p ro blems?

10 MR. BROOKSs We anticipate no particular

11 p ro blem s . We think tha t there may be small differences

12 as a result of the new critical experiments that will be

13 perf ormed, but we don' t anticipate any problems.
) ,

14 MB. CARBON: Fine.

15 Are there questions?

16 (No response.)

17 MR. CARBONS Thank you.

18 Let's move on to Mr. King.
.

19 And, Mr. King, could you try and wind up by

20 1:15?

21 MR. KING 4 I will try and wind up before that.

22 (Slide.)

23 My name is Tom King, and I am with the Program

O 24 Office in NRR, and I will just run through quickly the

25 scope of our review.

O
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0
1 What it involved was a thermal hydraulic

2 design of all the in-vessel components. We looked at

() 3 the criteria, the design methods for both steady state

4 and transient conditions.5 We looked at the development

5 testing done and sta rtup testing planned, and we had

6 h el p . We had Brookhaven and Argonne National

7 Laboratories do some independent calculations for us to

8 overcheck some of the Applicent's analysis, and we hadl

9 Wolfgang Barthold of Barthold and Associates do an

10 independent review of the thermal hydraulic design.
|

l

| 11 (Slide.)

12 Briefly, our acceptance criteria were

/~ 13 conformance with two principal design criteria the one
V)

14 on reactor design and the one on flow blockages

15 conformance with the applicable sections of the standard

16 review plan on thernial hyraulic design.
,

17 We looked generally at the comple teness and

| 18 adequacy of the Applicant's design criteria methods and

19 design, and the same thing for his development testing. !
,

|

20 And as I mentioned, we did some confirmatory analysis to

21 overcheck the results, the Applicant 's results, in what *

22 we felt were some of the critical areas of thermal

23 hyd raulic design. A nd I will talk about those in a

. ()
24 little bit more detail.'

25 (Slide.)

|

ALDERSON REPORT |NG COMPM4Y,INC,

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



_ _ _ _ _ _ - _ _ _

291

0
1 The major safety features that we considered

2 the design has is it provides for decay heat removal via

() 3 natural circulation. It prevents gas entrainment in the

4 reactor vessel by venting potential collection areas and

5 providing a suppressor plate it the top of the upper

6 plenum. It minimizes the potential for flow blockage

7 via several features incorporated in the designa

8 multiple flow paths at the inlet strainer, wide openings

9 at the bottom of the assembly to allow for any axial

10 motion of the assembly. It provides monitoring

11 instrumentation for core assembly outlet temperatures.

|
12 Someone had a question on that earlier. That

1

13 is not safety grade instrumentation. It is not part of
'

14 the plant protection system, but it doea provide pretty

15 thorough coverage of the core outlet temperatures.

16 (Slide.)

17 MR. WARDa Does that monitoring permit, for

18 example, recognition that a fuel element might be

19 swelling; there migh t be clad ballooning before there is|

20 failure of the clad?

21 MR. KING Only if there was swelling due to

22 overtemperature. If the swelling was not resulting in
,

23 some out of normal temperature, it would not tell you

O
24 that.

25 MR. WARDa But I meen will the swelling

O
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0 1 introduce enough change, the swelling itself be a cause

2 of change in coolant temperatures?

() 3 MR. KINGS Theoretically, if you get enough

4 swelling and it sta rted to cut off flow through the

5 assembly, you would notice the outlet temperature drop.

6 MR. WARD: That is what I mean. Does that

7 system -- can it be expected to detect serious fuel

8 swelling before there is failure of the cladding in an

9 individ ual f uel element?,

10, MB. KINGS If you had serious fuel swelling

11 that was causing flow starvation, it would tell you that

12 that was happening. Whether or not you would get

13 cladding failure before you got to the point where the

14 thermocouples were detected, I don't know.

15 MR. CABBON: Dave, there are not thermocouples

16 on all channels.

17 MR. KING: There are on most channels. For

18 the fuel and inner blanket there are only about 12

19 positicas out of about 170 that do not have

20 thermocouples.

21 This is the second halt of that slide on what

22 we consider important features. The design requirements

23 require prevention of control rod flotation during

O 24 refueling due to inadvertent start of the primary

25 pumps. The design requirements for the thermal

O
{
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1 hydraulic design requirements are based upon being able

2 to meet all of the structural temperature requirements

() 3 of the in-vessel components: the fuel blankets, th e

4 permanent core support structure, upper internal

5 structure, pipe components, and the new orificing design

6 of the fuel and blanket control assemblies provides.

7 shielding to the core support structure.

8 ( Slid e . )

9 Resulting from our review were four areas that

10 we had some concern in that we consider +o be acceptable

11 for resolution during final design, and these are the

12 margin of flotation on the primary control rods. We're

13 not satisfied that there is enough margin. Since it is

14 a replaceable component, we consider resolution of that

15 issue as part of final design acceptable.

16 In the FFTF operation, cycle 1, they observed

17 a delta P increase of approximately 4. We don't knov

|
18 what the cause of that was or what the implications are

\
' 19 on CRBR design, but that will be something that will

20 have to be resolved as part of the final design and

21 factored into the design.

22 HR. OKRENT: How much?

23 MR. KING: Sixteen psi.

O 24 MR. OKRENT: Out of what?

| 25 MR. KING: Out of roughly 120. Again, we

()

1
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Ob- 1 consider that adequate for resolution during final

2 design because there are fallbacks to reduce power,

() 3 red uce flow, reduce burnup.

4 The latest power-to-melt data from FFTF

5 testing needs to be factored into the final design, and

6 we had some questions on the application of hot channel.

7 factors, primarily in -- well, one in the natural

8 circulation area for which high channel factors should

9 be used, and then in the normal steady state operation.

10 The uncertainty is on the hot channel f actors

11 and the fact that they're being applied in a linear

12 fashion. Again, we feel the Applicant has committed to

13 address our concerns in that area as part of final

14 design, and we feel tha t is adequa te.

15 (Slide.)

16 I sentioned our overcheck calcula tions done by

17 Brookhaven and Argonne. Just briefly what was done is

18 we have done overchecks of steady state full power core

19 conditions, the natural circuha tion con di tion , the DHRS

20 flow, which is the direct heat removal system. Our

21 concern there was what the in-vessel thermal hydraulics

22 were like. And we are continuing even beyond the CP

23 stage to do some more work in that area, independently

(1)i
| 24 looking at primarily sensitivity of these various

25 calculations to changes in what we consider key

O
|
l
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1 parameters, trying to find out really what are the key

2 p ar am et ers .

() 3 The results of our independent calculations,

4 we didn 't look for exact agreement with the Applicant,

5 but we wanted to see if we independently calculated the

6 design criteria he met and see-if we came up with the-

7 same trend f or the transient that the Applicant did.

8 (Slide.)

9 And this is our overcheck using the

10 supersystems code by Brookhaven on the natu ral

11 circulation case station blackout, and we got very good

12 agreement between SSC and what the Applicant was

13 proposing.

14 MR. CARBON Have both those codes been

15 benchmarked against the FFTF results such that you would

16 expect then to agree?

17 MR. KINGS They have been checked against

! 18 FFTF. They have not been changed to exactly fit FFTF,
,

19 but they were checked to verify that they predict actual

20 in-reac tor data.

21 MR. CARBONt Were they changed to some extent?

22 MR. KING 4 I will ask. Jim Guppie is here

23 from Brookhaven. I will ask him to comment on that

O 24 since he 's the one that did the calculations.

25 MR. GUPPIE: I'm Jim Guppie from Brookhaven

(
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.

1 National Labs talking for the SSC calculations.'

'

2 We have not fully completed our FFTV

() 3 validation studies, but we have done analyses

4 comparisons out to say five or six minutes into the

5 various transients at 175 percent, 35 and 5 percent

6 power. Wha t is ' done- is the modeling is not changed.
|

7 However, the input, the geometric description for SSC is

8 then appropriately changed to sinnlate the FFTF plant.

9 And when we did that and ran comparisons,

10 having then known after the fact what the power levels

11 were and the power history so that you can better

! 12 determine what the decay heating is and so on and so

13 forth, our comparisons were fairly reasonable with the

14 plant data.

15 MR. CARBON: All right.

16 (Slide.)

17 MR. KINGS We had similar calculations done by

18 the COMMIX code at Argonne, and this is just one example

19 to give you a feel for the kind of comparison we're

20 'getting between COMMIX and the Applicant, which is

21 called ARD-308 here.

22 (Slide.)

23 I will skip some of these in the interest of

24 time.

25 On the DHRS operation we had concern about the

O'
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O 1 in-vessel thermal hydraulics; that since the inlet and

2 outlet lines of the DHRS vere basica137 the same s

() 3 elevation and were not too far apart, were we going to

4 get any short-circuiting.

5 (Slide.)

6 And not remove heat but have- incoming flow go

7 right out the outlet line.

8 We had run a calculation using the same

9 assumptions the. Applicant had used on short-circuiting

to and came up with this comparison of prediction of what's

11 going to happen to in-vessel temperatures under a 20

12 percent short-circuiting, and then it showed the SSC

13 predicts f airly well what the Applicant predicts.
[}

14 ( Slide. )
i

15 We also did a little sensitivity calculation

16 to show if the short-circuiting were higher dr lover,

17 how that would affect temperatures. The middle curve is
i

18 the nominal case, the one the Applicant used, and that

19 corresponds to 20 percent short-circuiting. And as you

20 get more and more short-circuiting, your temperatures go

21 up.
l

22 COMMIX is a very detailed in-vessel thermal

i
23 hydraulics code, and we did a calculation to try to get

O 24 a better handle on what kind of short-circuiting did we

25 really have, and we just got some results this week, and
|

|
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1 it really indicates the short-circuiting is very close

2 to zero, and it's going to be very close to what is

(]) 3 represented by the botton line.

4 (Slide.)

5 Our conclusion basically is that the design

6 has a high probability of meeting the design criteria.

7 There are fallbacks of reduced power, flow or burnup if

8 complications arise during final design. We consider-

9 the design acceptable for ACP, and the basis for these .

10 conclusions --

11 (Slide.)

Are what we consider the incorporation of12 --

13 the significant safety features, the fact that the

14 Applicant has significant test program, development test

15 program to support the thermal hydraulic design, both

16 full-scale tests, sodium and water, on assemblies and

f 17 scale models of in-vessel geometry.

18 The FFTF f uel design and tide in-vessel thermal

19 hydraulic design is similar to CRBR, and we would

20 consider continued FFTF operations certainly would give

21 us useful information and would apply to CRBR. And we

22 consider the independent calculations that we have done

23 so far confirm that the Applicant's design will meet the

24 design criteria. And the Applicant has committed to

25 testing during initial startup to confirm natural

O
,
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O'' 1 circulation and to confira DHRS performance, and to

2 measure in-vessel temperatures and vibrations as part of

() 3 the startup program.

4 And the prelimina ry safety analysis we feel

5 has been done with all or a lot of conservatisms that

6 result in conservative predictions.

7 MR. BENDER Have you tried to compare what

8 has been done for CRBR with.what was done for PHOENIX?

9 MR. KINGS In terms of the development testing?

10 HR. BENDER: Was the same kind of confirmation

11 program used of the design?

12 MR. KINGJ I have not tried to make that

13 comparison.

14 MR. BENDER 4 Just as a frame of reference, it

15 seems to me like there would be some advantage in seeing

16 what a successful reactor system has used, if that one

17 is said to be successful, because we don't have a lot of

l

l 18 experience.

19 MR. KING: It is very similar to FFTF. I have

20 rade that comparison. It is very similar in terms of

21 the analysis method, the development testing, and the
,

22 designs and in fact, there is probably more being done

23 in C1. inch River than there was in FFTF.
O

24 MR. BENDER: Well, that is a good frame of

25 reference,
i

1

,
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0 1 MR. EBERSOLEs Is the FFTF cooled by liquid

2 wa te r in the final sense?

(]) 3 MR. KING: FFTF is sodium cooled, and the heat

4 is dumped directly from an intermediate sodium system to

5 the air through an air blast heat exchanger.

6 MR. EBERSOLE: I was really getting around to

7 this. What is the practical consequence of rupturing a

8 steam tube in this plant? Well, I guess one way to

9 express it, how long a shutdown would that produce if

10 you burst a steam tube in the steam generator?

11 MR. KING: I can ' t answer that.

12 MR. EBERSOLE: Would it be a year for heaven's

13 sakes?

14 MR . KING: I would have to ask the Applicant.

15 MR. DICKSONs We ' re going to go into that

16 later in the presentation.

17 MR. KING 4 That concludes what I had to say.

18 MR. CARBONS Are there other questions?

19 (No response.)

20 MR. CARBON: Fine. Thank you, Mr. King.

21 Before turning the session back to the

l 22 Chairman, let me introduce Dr. Grace, who is with us

|

23 today, Dr. Nelson Grace, who is replacing Paul Check as

O
I 24 the director of the CRBR Project Office.
l

25 I might just comment that he used to be with

|

.
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O
'

1 FFTF and then strayed into the f usion field and is nov

2 back home.

3 M r. Chairman, it's back to you.
,

4 MR. RAYS I would adjourn now for lunch and

5 with the understanding we will be back at 2:15.

| 6 (Whereupon, at 1: 5 p .m ., the meeting was

!

7 recessed for lunch, to be reconvened at 2:15 p.m., the

8 same day.)

9
6
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( 1 AFTERNOON SESSION

2 (2:15 p.m.)

(]) 3 MR. RAYa The meeting will resume, and Dr.

4 Carbon will chair it.

5 MR. CARBON: And we will move on with Mr.

6 Baloh.

7 MR. VIJUKa I'm Bob Vijuk rather than Frank

8 Baloh. The reactor portion of the agenda vill be

9 covered as shown on this vu-graph. Frank Baloh will

10 talk about the reactor vessel and internals -- that is,

11 e ve ry thing other than the reactor core -- and then we

12 will discuss the reactor core in three parts: the

13 nuclear design, thermal hydraulic design, and finally

14 the mechanical and structural design and the fuel and

15 bla nket assemblies.

16 Our plan is to spend about a half hour in each

17 area unless you would like us to alter it. We intend to

18 tell you -- to describe the design to you and tell you

19 the basis for the design. We intend to describe the

| 20 design and tell you the basis for the design, but we
1

21 want to focus on the development testing that we have

22 done to either demonstrate features of the design or the

23 performance of the total design.

24 You will see that the state we are in is very
|

25 different as we move through here. Most of this part of

! (

|
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1 the reactor is either totally f abricated or well along'

2 in the fabrication. Then in the core areas you will see

() 3 that all of the development programs are essentially
,

4 done, and we will present you some data tha t is not in

5 the PSAB on criticals, but work has been completed. So

6 the Staff did not have the benefit. of that in their

7 review.

8 In the thermal hydraulic area we are almost

9 done with testing, and we will show you some -- what

10 that program looked like. In the fuel and blanket area

11 there is much testing that is still in progress, largely

12 in FFTF, and you will be told what that is going to be.

13 So our fccus is to show you how we demonstrate or will

14 dem onstra te that the design will do its job.

| 15 With that, unless you want us to revise our

16 pla n , we will move right into reactor internals.

17 (Slide.)

18 MR. BALOHa Okay. As Bob has said, what I am

l 19 going to be doing is giving you a brief description of

|
20 the reactor enclosure.

' 21 MR. CARBON: Mr. Baloh, could you sort of

22 stand aside if possible?

23 MR. BALOH I'm going to be describing the

() '

24 reactor enclosure which includes the enclosure *.ead, the

25 vessel, the lower internals, which includes all of the

O

|
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O 1 permanent structures other than the core removal

2 components which will be discussed later, and then

(]) 3 finally the upper internal structure itself.

4 (Slide.)

5 This is an isometric of' the reactor vessel

6 closure head. It is approximately 21 feet in diameter.

7 by about 13 feet high, and in its normal operating

8 condition weighs about a million pounds. When it's

9 configured for ref ueling it will be ' up to about a /

10 million and a half.

11 Characteristics that distinguish it are the

12 three rotating plugs. That configuration is to support

13 the refueling operation. The in-vessel handling machine

! 14 would be mounted on the nozzle you see here on the small

15 rotating plug, and by rota ting the intermediate plug you

16 can envision being able to locate over any radial'

17 location of the core . The core is directly below these

18 control rod drive mechanism nozzles that you see here;

19 so with the rotation of the IRP one would be able to

20 locate this radially over a ny loca tion, and then by

21 rotation of the large plug hit any of these

22 circumventional locations at that radius.

23 These operations would be done in parallel.

O 24 It wouldn't be necessary to sequence one to the other.

25 The nozzles you see here are support nozzles for the

()
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upper internal structures which I will describe briefly1

2 later. The head structure itself is mainly carbon

() 3 steel. These 22-inch plugs that you see on the top,

4 there are three plugs that are nested. They are

5 effectively the same composition all the way down, but

6 the are separated obviously so that they can rotate.
j

7 Each of the plugs are suspended from what we

8 call riser assemblies. These are cylindrical shells

9 that attach to the plugs and then have a phlange on the

10 top to which a bearing assembly which has an integral

11 bull gear attached to it driven by the plug drives for

12 the ref ueling operation.

13 The temperatures of the plugs themselves are(}
I 14 kept uniformly at 400 degrees throughout both operation

15 and refueling to sssure consistent alignment at all

18 times. The main function of the risers is to reduce

17 that temperature down to a maximum of 125 up in this

18 area where there are some elastimer seals and the

19 bearing.

20 The primary separator for tne cover gas is a

21 dip seal. That exists between each of the plugs and

22 also between the outer plug and the phiange of the

23 vessel.

O
24 MR. CARBON: Is the entire cooling by gas?

25 MR. BALOH4 Cooling of what?

O
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O 1 MR. CARBON: The what.

2 MR. BALO!ss No. There are head heaters. As

() 3 you can see here, during normal operation approximately

4 half the heat is supplied f rom the reactor itself, the

5 other half from these electrically controlled -- they
|
l 6 are on a control system. There is also a forced

7 circulation so that the entire head access area is
8 available for manned access at all times. We predict

9 less than S MR per hour during operation in this area.

10 The design requirement is 25 E6 per hour in that area, .

11 and it has got a nominal temperature of about 80 degrees

12 in that location.

13 MR. EBERSOLEs We were talking earlier about

14 the loss of power. Are there any cases where loss of

15 power would affect these artificial heating systems that

16 keep the sodium liquid below the dip seal sodium -- any

17 sodium anywhere, including impulse lines or whatever?

18 MR. BALOHs I don 't think there is any

19 concern. If the reactor was critical, obviously loss of

20 power would shut you down. You would then have natural

21 circulation set up.

l
22 MR. EBERSOLE: No. I don't mean that. I mean'

23 are there other places in the circuit where one must fit

O 24 in artificial heat at all times to keep it liquid?

25 MR. BALOH. No. In fact, the heating of the

O
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O 1 head itself is to maintain consistent alignment. It is

2 not directly s safety consideration. And you could lose

() 3 all of these heaters, and it would not prevent shutdown

4 or anything of that nature.

5 MR. CARBON: To understand this, does the

6 reactor vessel support ring more or less rest on the

7 platform, the floor?

8 MR. BALOH The outer -- you'll see a little

9 bit later when I show an isometric of the vessel there

10 is a ledge here that the outer ring is mounted to, and

11 then it goes up through the outer assembly, and tha t is

12 --

13 MR. CARBON: Well, in effect, the head

14 assembly sits in.

15 MR. BALOH: That's right. There's an annulus

16 here between the riser assembly and the vessel phlange.

17 There are three shield plates that are between nine and

.

18 ten inches depending upon which one in thickness down to 2

|
l

19 this location. We're talking all carboa steel

20 material. On the lower shield plate we have suspended

21 -- and this picture doesn't show it -- these are

22 subassemblies of reflector plates that provide reflected

l 23 insulation. There is somewhat over 300 degree

| 24 temperature.
!

25 MR. ETHERINGTON: I'm missing something

O
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/ 1 somewhere. You mentioned heatin g. Isn't this cooling
l

2 during operation?

() 3 NE. BALOMs No. We 're hea ting to maintain'

4 uniformity of temperature.

5 HR. ETHERINGTONs But why did it need to be
1

6 heated? Is it losing temperature below? There would be
,

7 a gradient across it if we did not hea t it, and there

8 would be gradients set up. What we're doing is

9 maintaining uniformity. We're actually maintaining

to within about 15 degrees plus or minus with a design

11 gequirement around 50.

12 MR. REBICKa Frank, I believe EBR-2 had

13 problems with the rotating plugs freezing and binding,
i

14 or I shouldn 't say binding. But are there any special

15 provisions to prevent that here?

16 HR. BALOH Well, first off, we have had

17 considerable contact with the EBR-2 people. Th ey ' ve

18 been involved in our design as consultants from its

s
19 inception,'and we believe we have addressed all of theirr

'

|

20 problems.
-

'

21 First off, they used a bismuth-based tective
~

22 which they have frozen and into the blade section of the

23 dip seal they heated. The problem that they run into is

O
24 they had a very lagal seal system, and oxygen was able

25 to get down into the dip seal area and cause what they

C:)
'
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O' 1 called clinkers that actually froze things up, and they r

2 did not have the necess for cleaning which we have also

O a incorverated.

4 So, yes, we were aware of their problems. We

5 have addressed them.. And we use sodium which is always

6 liquid. And the seal system that we have has argon over--

7 it, a nd it is a multiple barrier seal system. In fact,

8 the seal systems up in this portion, the primary

9 function is to maintain the purity. The radioac tive

10 cover gas interface is right here, so the remainder of

11 the seal system is to keep that environment pure so that

12 we don't have those problems.

13 MR. REMICK: Thank you.

14 MR. BALOH: The last portion I will describe

15 here --

16 MR. SHEWMON: Before you leave that subject,

17 you said you do have ports for cleaning.

18 ER. BALOH: Yes.

19 MR. SHEWMON4- -How-do you_ expect to cle.a n...i.tY'

20 MR. BALOHs Well, first of all we don-* t have a

21 freeze-thaw cycle, so that the approach tha t is taken is

22 that we would put in a scoop-type device, slowly rotate

23 the plug, and we can actually through a glove box

0 24 mechanism take the crud that would accumulate on the
25 surface of the sodium dip seals.

O
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) 1 MR. SHEWHON: And you think you could sweep it

2 up to a given point?

(]) 3 MR. BALOHa Yes. There has been testing done

4 of that operation. The lower portion of the head has

5 the suppressor plates. These are also suspended from

6 the- bottom of the lowest shield plate, and th eir -

7 f unction is to assure that we do not get gas entrapment

8 into the melted sodium. ,

9 And one of the areas where the core-to-scale

10 tests that were done on the outlet plenum indicated that

11 initially this design had the suppressor plates

12 approximately two feet below the sodium. They are now

,

l 13 three feet. Testing has confirmed that that is where

( ,

14 they should be to do the job.
|

15 The closure head itself is assembled and has

16 cone through considerable functional testino of the

17 plug-drive systems, the ela stimer seals, leakage rates,

18 and eff ectively it has been confirmed to do all the job

19 that it has been set out to do. Postioning accuracy

20 came well within all of our requirements and guidelines.

21 (Slide.)

22 The reactor vessel is primarily a 304

23 stainless steel structure. It 's 5 9 f ee t high b y
,

24 approximately 20 feet in diameter. The top phlange you

25 can see here. The phlange where the closure head sits

(

I
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1 you can see schematically the area where the trough or

2 the dip seal would be. This phlange is carbon steel.

(]) 3 It thermally matches the expansion characteristics of

4 the closure head, and it is also maintained at the same
'

5 400 degree temperature.

6 There is a transition joint in the vessel of-

7 inconel-600 that takes us from the carbon steel down

8 into the 304 stainless structure. This transition joint

9 is low temperature. The top is around 400; the botton

10 around 600. And it is a couple of feet above the sodium

11 level, so it doesn' t see sodium.

12 Inside the vessel is a 316 liner. Its

13 function is to shield the 304 primary structure of the

14 vessel f rom th e h ot outlet plenum. It effectively keeps

15 the entire vessel then outside of the creek regime, and

16 that was its f unction. It comes in at around a maximum

i , , 17 of,,870 . degrees. It fs moudte'd on a forging at this
~

18 elevation.

19 Now, there are three outlet nozzles, three

20 three-f oot diameter outlet nozzles, and this is one of

21 the areas where special consideration had to be given.

22 Because of the feature that we added, there is some
|
' 23 differential expansion between the vessel liner now and

24 the vessel itself.

l
1 25 The design accommodates that and can prevent

O
1
1
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1 leakage of the bypass coolant which goes behind the

2 liner and prevents it f rom sixing wi th the hot outlet

3 plenum coolant.

4 We have done extensive testing in that area,

5 both to demonstrate that the seal can accommodate the

6 differential expansion and the interfaces for wear

7 couples and so on.

8 At the lower portion of the vessel there is

9 another forging. It has a support cone which on this

10 picturo you can see how it supports the core support

11 plate itself; and I will address that a little bit

12 f urther later.

13 The inlet nozzles, there a re three of those

O
14 two feet in diameter again. The deflection of the

15 incoming sodium downward is a result of inlet plenum

16 testing, core-to-scale testing again, and to assure that

17 the flow does not impinge directly on some of the lower

18 internal components, as you will see in one of the next

19 vu-graphs.

20 MR. WARDa At the end of life will the neutron

21 irradiation down the core area significantly affect the

| 22 stainless steel properties?
|

23 MR. BALOH No. This is going to be well down

24 below any threshold for loss of ductility in this area.

25 MR. CARBON: What is your philosophy on why

O
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() 1 you have the inlets down below the level of the core

2 rather than up above?

3 MR. BALOH Philosophy? I would think from a{)
4 natural circulation point of view that this would be the

5 ideal location.

6 Paul,-do you want to add anything to that?

7 3R. DICKSON: No. What Max is referring to is

8 the idea of bringing in the inlet nozzle at a higher

9 elevation rather than the downcomer down inside the

.0 vessel. It obviously makes for a much larger vessel.

11 And you realize it is inside a guard vessel.

12 MR. BALOH I didn't mention that, but there

13 is a guard vessel that goes above the minimum safe level

O 14 with a three to six-inch annulus all the way around this

15 vessel.

16 3R. CARBON: But the inlet pipes nevertheless

17 go through the guard vessel and out, I guess.

18 MR. DICKSON: They actually are an integral

19 part of the g ua rd vessel.

20 MR. CARBON: All right. To be.sure, they turn

2 or ,ust as soon as they go outside?

h2 MR. DICKSON: There is no piping in the

23 primary system. That is outside the guard vessel. That

) 24 is not an elevated pipe. That is the rule. And it

25 applies to this as well.

O
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l

() 1 (Slide.)
l

2 MR. BALOF T*is is a picture of the completed ;

3 reactor vessel prior to its shipment to storage, which
[}

4 it is in now.

5 HR. BENDER: Could I ask about that transition

6 weld from carbon steel to inconel-600 to stainless? Is-

7 that the combinatiot '

8 MR. BALOH That's right.

9 HR. BENDER Are there any metallurgical

10 pitfalls in that thing that you have to watch for?

11 MR. BALOH Yes. And we did considerable

12 addressing of that. In fact, in Appendix G of the PSAR

13 there is a discussion of that very question. One of the,

O
14 things in our research that we found was that the

15 primary cause whereby metallic welds do fail occurred

16 above 800 degrees. We were virtually unable'to find any

17 f ailures in fo ssil fueled vessels or elsewhere at lower

18 ' temperatures, and especially when a high nickel filler

19 is used for making the weld to cut down the carbon

20 migration and factors such as that.

21 This entire concern has been addresse? and has

22 been documented in that section of the PSAR.

23 MB. BENDER: Is any surveillance required?

( 24 MR. BALOH: Right now the surveillance is a

25 VTM-2 type inspection for Section 11 of the code. The

O
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() 1 initial radiography and such was wide spectrum x-ray

2 double angle, and the normal PT and so forth to go

3 through it.
{}

4 MR. BENDERS I wasn't sure what operating

5 history might do to you.

6 MR, BALOMs Again, the temperatures I think

7 are the key. The actual ferritic weld at the top is

8 just a little over 400, about 450.

O MR. SHEWMON: How many cycles of temperature

10 do you expect to go through up there?

11 MR. BALOHa Well, again, that's very near the

12 area where we control temperature with the head heaters

13 and so on. In ternal cycling is extremely small. There

O
14 are very small temperature changes up there and very

15 long in nature, nothing very rapid.

16 MR. CARBONa We speak once in a while and ask

17 questions about the core su pport structure. It's highly

18 unlikely to break, of course, but with the vessel wall

19 itself and all the weight that it is supporting and the

20 sodium and so on is that an equal improbability to the

21 core support?

22 MR. DICKSONs We consider both of those well

23 beyond any design basis.

24 MR. CARBONS I know you do. But again, we

25 frequently ask to discuss questions about core support.

O
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() 1 MR. DICKSON: We're going to give you a

2 complete rundown of that at some later meeting.

3 MR. CARBON: And my question.is, improbable as
[}

4 it is, is the possibility of the pressure or the reactor .

5 vessel itself in the core equally --

6 MR. BALOHa In this particular case I think

7 the key is that we would never expect -- and I would

8 just use the actual picture --

9 (Slide.)

10 -- A rapid failure. This whole area is going

11 to be monitored for any leaks.. And so that if there is

12 any cracking or anything, which we certainly don't

13 expect, that would be monitored, and then the YTM-2, th e

O
14 visual inspection that would take place in this annulus,

15 would also be another means of identifying any potential

16 initiation of flaws.

17 (Slide.)

18 This is a picture of the lower internals. It

19 is slightly enlarged, but basically it is the area you

20 see here. And sta rting at the bottom end we have t'ne

( 21 core support structure itself, the plate, which is

22 two-feet thick. We have a number of channels for

23 feeding sodi um to the bypass, which goes into this

() annulus to feed the liner and some of the other24

25 peripheral assemblies which I will discuss.

O
|
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k 1 The core support itself is welded to this core

2 support cone which I showed you on the vessel vu-graph

3 earlier. Also attached to the core support base is aQ
4 16-foot but 2-inch thick structure with two forgings at

5 the elevation where the load paths of the core

6 assemblies are reacted.

7 The base of the core support has what we call

8 module liners. These are cylindrical capsules which fit

9 into the base of the core support. They provide the

10 blockage fea tures, and if you can imagiae when all of

11 these assemblies are in, there would be another barrier

12 here. And testing again has confirmed that you could

13 take essentially complete blockage of several of these

14 and see almost no change in the outlet temperature

15 because of the bypass feed that can come in from various

16 other locations.

17 MR. SHEWMON: Halfway up that dra wing I see

18 something called core former structures. Do those move

19 in and out? .

I

20 MR. BALOH This is a passive core restraint )
21 system. Let me work my way up. I was going to say a

22 few words on those.

23 HR. SHEWMON: Fine.

24 MR. BALOH Into the module liners we insert

25 what we call lower inlet modules, LIMs; and what these

O I
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() 1 are are assemblies having a body and a stem which you

2 can't see because they are down into the module liners.

3 But seven assemblies insert into each of these. Ths7(}
4 can be control rod assemblies, blanket assemblies or

5 wha t have you.

6 For the blanket and control rod ' assemblies

i 7 there are orifice cartridges in here that meter the

8 flow. The orificing for the fuel itself is contained

9 within the fuel assentlies and in some of the peripheral

10 LIMs. There are also cartridges in the stem which

11 provide flow to the outer shield assemblies through

12 these bypass flow modules, which there are six of around

13 the base on the outside of the lower inlet modules.

O
14 There is a seven-inch thick shield surrounding

15 the core area on top of which is the core former

16 itself. These are forged streams which have six

17 segments pinned in place at the predetermined radius to

18 give the proper gaps for containment of the assemblies

19 that go into the core. And I'm not sure if they will be

20 talking about this further, but it is mainly a matter of

21 setting these gaps in the band between acceptable

22 refueling loads to pull them out and compactness of the

23 core to control reactivity during no rmal operation.

) But these are preset at installation. What is24

25 set is the actual orientation and their location

O
s
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() 1 relative to the center of the core.

2 MR. SHEWMONs Your feeling is that with the

3 316 you won't have enough swelling to actually bind up(}
4 your co re a t f ull burnup, is that it?

5' MR. BALOH You mean swelling of the fuel

6 assemblies in the core itself?

7 MR. SHEWMONa Yes.

8 MR. BALOH Yes. I would have to def er + >.4t

9 question to the people who will be talking about

10 a ssembly design, but yes.

11 MR. SHEWMON: Well, the reason for them is so

12 that you could get the fuel out after.

13 HR. BALOH But even an FFTF where the design

O 14 was started with both passive and activated core or core-

15 former capability, at the end it was a pin and set

16 operation. That is now also a passive system, and I

17 believe it has been confirmed te show acceptable

18 operation.

19 MR. SHrWMON: I doubt if they have full burnup

20 on the core yet. Okay.

| 21 MR. BALOHs The inst of the items I will
|

22 discuss is the horizontal baffle. You can see it in

23 better perspective here. It provides the boundary

24 between the hot outlet plenum sodium ard the inlet

25 plenum sodium which is bypassed; about 2 percent of the

O
i
|
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) 1 flow is bypassed up through and behind the liner to

2 provide the cooling and the lower temperature on the

/^) 3 vessel itself.
(_/'

4 There are five fuel transfer ports in the

5 horizontal baffle assecbly itself. This is where when

I 6 the in-vessel transfer machine temporarily. parks-

7 assemblies f or pickout by the ex-vessel transfer machine.

8 (Slide.)

9 This is a picture of the upper internals

10 structure. It is primarily a 316 stainless steel

11 structure, box structure, 3-inch plate top, 4-inch plate

12 in the bottom. The whole assembly is suspended from the

13 intermediate rotating plug of the closure head via

14 14-inch columns that are one-inch thick.

15 The lower portion -- and I will give you just

16 a little more detsil af ter I go through the general --

17 is a mixing chamber basically where the effluent from

18 the core is mixed. The delta t 's from varying

| 19 assemblies can run 250, 260 degrees, and so this chamber'

20 in this location serves to mix and then pass up through

21 these chimneys which also show a little more detail on.

22 Beyond that, the control rods, 15 control rod

23 drive mechanisms mounted on the IRP, the drive lines

24 pass through the shrouds which are made of inconel, and

25 the shrouds then connect to -- not the shroud but the

| (2)

!
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() 1 drive lines which pass through them connect to the

2 control assemblies themselves.

3 Decause the upper internal structure is
[}

4 mounted on the closure head, the fuel assemblies'and

5 such are on the core support. There are alignment keys

6- that the- UIS inserts into during normal operation.- For

7 refueling operation there is a jacking mechanism on top

8 which Jacks this whole assembly about 9 1/2 inches up

9 and out, and then it rotates with the refueling

10 equ ipment .

11 (Slide.)

12 Just to give you a brief runthrough on what

! 13 the functions are, mainly I've already said that it

O 14 provides the contro rod alignment with the core via the
,

:

15 shroud tubes and the alignment features where it goes

16 into the core former at tha t eleva tion. It also

17 protects against cross-flow as it comes out into the

18 outlet plenum region, so that the concerns for vibration

19 and such of the drive lines is minimized.

20 It mixes the core outlet flow.

21 (Slide.)

22 As the flow comes out, as I said, there is a

23 relatively large delta t, and there are a number of

( 24 items in this mixing box. The box itself is encased in

25 inconel to withstand the thermal cycling imposed by the

O
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() 1 striping of these relatively large delta t's of the core

2 ef fluen t.

3 These items you see here, instrument post, I(}
4 will speak a little bit about the analysis. The shroud

5 tubes come down through the chimneys and also are in

6 this location, so that as the fluid comes up into- this

7 chamber beca use of the distribution and velocity and so

8 forth, there is a torroreal motion here, and then there

9 is mixing and then passing up th ro ugh the chimneys.

10 There are 29 of these chimneys. They are also made of

11 inconel. And as the fluid comes up, it then is injected

12 into the higher portions of the outlet plenum. Tha t is
,

13 one of the next items here, mitigates transients.

O ,

14 During a scram when the effluent from the core

15 would be cold there was concern that there would be

16 short-circuiting. In fact, testing showed there would

17 be short-circuiting. So by having the sodium, the cold

18 sodium injected into the hot outlet plenum, we avoid the

\
19 short-circuiting effect, and indeed have confirmed that

-

20 the outlet planum flow during transients as well as

21 day-to-day operation meets all the design requirements.

22 (Slide.)

23 It also serves as an additional backup

() 24 holddown. The core assemblies themstives are held in

25 place by hydraulic balance. 1he lower portion -- and I

(

|
|
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() 1 don 't have that picture -- the lower portion inside the

2 core support plate itself. There is communication to-

(]} 3 low pressure plenum. All of the assemblies have direct

4 access to that, so that the pressure underneath all the

5 assemblies have access to the low pressure plenum, and

6 so they are hydraulically stable. However,-if for

7 whatever reason hydraulic balance should be lost, all o f

8 the core assemblies, blanket assemblies have this

9 secondary feature, and what you are looking at is the

10 bottom portion of an instrument post, which looks like

11 this.

12 And you a re seeing the three pods, or whatever

13 you would call them, that would cover all of the core

O
14 assemblies, blanket assemblies and such. And in

15 addition, where the instrument posts are not there, the

16 lower portion of the shroud tubes serve as that function.

17 The overall upper internal structure can exert

18 166,000 pounds of upward force. If it were required to

19 ha"9 the upward force of several assemblies, it would be

20 weli within any of that capability.

21 The instrument posts themselves, these, each

22 of the instrument posts con tains a dry well which

23 terminates either at the center or in one of the three

24 outer locations into which a thermocouple is inserted.

25 These are replareable thermocouples, and they provide

O
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() 1 then the indication of the temperatures of the effluent

2 coming from the va rious subassemblies.

3 They 'are mounted on the top plate of the
(}

4 mixing chamber, and the leads, one of the concerns again

5 was to assure the.t when ve -- the leads themselves --

6 ( Slj de. )

7 -- Then come up through the support columns

8 and into the head access area.

9 I think I have probably taken my time. If

10 there aren't any questions, I will let the people who

11 are going to be talking about all of the action in the

12 core itself take over at this point.

13 (Slide.)

O
14 MR. L'ONCALS: In this part of the reactor

15 discussion I will present an overall overview of the

16 CRBRP nuclear design with special emphasis being given

17 to the experimental support that we have performed to

18 validate our predictions.

19 As you can see, the outline is as follows.

20 Initially what I will do is present you a very brief
l

21 discussion of the reactor description and show you some-

22 of the design bases that we used in laying out the CRBRP

23 core arrangement.

24 This will be then followed by an overview of

25 the critical experimen tal program f ollowed by very

O
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(O_/ 1 speclife examples of reactor design areas that have been

2 supported by the experimental program. This will give

3 you some insight into our ability to predict the nuclear(]}
4 predictions on CRBRP. I will then have a b rief summary.

5 (Slide.)

6 The CRBRP-reactor has 156 fuel assemblies and

7 76 inner blanket assemblies arranged in what we call. a

8 heterogeneous arrangement. As you can see, in the

9 center of the reactor we have a small island of blanket

10 assemblies, and this island is in turn surrounded by

11 rings of fuel, blanket fuel, blanket fuel assemblies.

12 This whole heterogeneous arrangement of f uel

13 and internal blanket assemblies are then in t n
-

14 surrounded by 126 radial blanket assemblies. The design

15 of the radial blanket assembly is identical to that of

16 the inner blanket assembly. In turn, the blanket

17 assemblies are then surrounded by 312 radial shield

18 assemblies.

19 The core height of CRBRP -- that is, the

20 active core height -- is 36 inches. On the top and

21 bottom of this active height of core we have 14 inches

22 of axial blankets.

23 Now, the particular arrangement that we have

24 here for the heterogeneous arrangement was basically

25 selected to achieve a breeding ratio of 1.2 in all

O
|

I
,
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1 operating cycles of CRBRP using a fuel assembly very

2 similar to that used in FFTF. We call that the small

() 3 pin design or .23 pin diameter.,

4 So to achieve a breeding ratio of 1.2, we went

5 to the heterogeneous arrangement. In going to that

6 arrangement we also noted that we have additional
.

7 benefits such tha t we reduced the fluences on the fuel

8 assemblies by approximatetly 20 to 30 percent. So that

9 was a significant gain.

10 In addition, we cut down the sodium void

11' worth. We made a considerable reduction in the sodium

12 void worth in the fuel assemblies in the reactor. So

13 these were positive gains we achieved in going to the

O .

14 heterogeneous configuration.

15 The next point that I would like to make is

16 that we did a lot of detailed analysis in coming up with

17 this overall arrangement where you see the selective

l 18 arrangements of fuel and blanket assemblies. And in

19 doing this we achieved a configuration that only has one

20 single fuel enrichment. In other words, we only had one

21 single fuel enrichment in all of these assemblies.

22 In addition, you can see around the control

assemblies we made pockets of fuel assemblies. This wa s
23

24 done to enhance our control rod worth, and thus we were

25 able to achieve the requirements tha t are listed in

O

ALDERSON REPORTING COMPANY,INC,

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

-- . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ , . _ _ _ _ _ _ ,



e -

327

|

() 1 General Design Criterion 24.

2 (Slide.)

3- The next point that I would like to very
(])1

4 briefly cover with you is the CRBRP fuel management

5 scheme because it is quite simplified.

6 As you can see here, all f uel and inner

7 blanket assemblies are replaced as a batch every two

8 years. In other words, this whole entire iuel and inner
,

t

9 blanket assemblies are replaced as a batch with the

10 exception that in alternating years at this loca tion --
;

11 we have six of these locations -- we start 'with internal

12 blanket assemblies, and then at the end of the burn we

13 replace them with six fuel assemblies to give us

0 14. sufficient excess reactivity to perform the subsequent

15 burn.

16 In the radial blanket assemblies you can see

17 first the first row because they are in the high flux

18 region. We operate them f or f our years at continuous

|
' 19 operation. We can't keep them in the reactor. And the

1 20 second row of radial blanket assemblies are maintained :
1

21 wit hin the -- are kept in the reactor five years.

22 Using this fuel management scheme that I've

23 illustrated here, we are able to keep the fuel peak
|

24 linear powers in the fuel assemblies below 16 kilowatts

25 per foot on all operating cycles, and in the internal

-
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( 1 and radial blanket assemblies below 20 kilowatts per

2 foot. 1

3 E3. WARD: Is that 1.2 breeding ratio the
(])

4 average in equilibrium?

5 HR. DOHCALS: In fact, it is. Our minimum

6 value is very close to 1.2. We are actually in excess

7 of that in our equilibrium cycle.

8 3R. SHEWMON: Did yo u sa y what your heat per

you said it was 20?9 linear foot --

10 MR. DONCALSa In our fuel assemblies -- I will

11 get to that a little later, but in our fuel assemblies

12 the design criteria that we used, it's only a design

13 criteria in laying out this arr angem en t , was that we

O
14 would maintain the peak linear power in the fuel below

15 16 kilowatts per foot, and in the inner blanket

16 assemblies and the radial blankets, 20 kilowatts per

17 foot.

18 MR. DICKSON: Excuse me, Dick. You should add

19 to that tha t is with 15 percent overpower.

20 ER. DONCALSs In the later part of my

21 discussion I will present that. Tha t is th e definition

22 of a peak linear power. But in'a subsequent part of the

23 discussion I will present what we in clude, wh a t we

' 24 define as the peak linear power.

25 (Slide.)

O
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O i very brief17, on the casse contro1 essemb u es,

2 just to identify them for you, CRBRP has 15 control

3 assemb11es, and they are broken down into two banks. We

4 h av e tw o ban ks -- th e secondary control system and the

5 prinmary control system.

6 The secondary control systems are located in

7 what we call the flat position of the seven row

8 position. These control assemblies are parked at the

9 exit of the core during full power operation; that is,
,

10 at the exit of the core at the top of the core and the
:

11 axial blanket interface. They have sufficient

12 reactivity to shut down the reactor from any operating

13 condition with a step rod and any anticipated f ault down ~
b

14 to refueling conditions. That is the purpose of the

15 secondary system.

16 The primary system we have nine control

17 assemblies, and you can see there are three in the row 4

18 position, and they are also removed from the reactor at

19 hot f ull power conditions and parked at the exit of the

20 core. The remaining six primary rods here at the corner

21 positions are used to maneuver reactivity and supply the

22 necesrary reactivity in the operating cycle.

23 This combined bank here is able to shut the

24 reactor down to hot standby conditions with a stuck rod

25 and also any anticipated fault that we have considered

O
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() 1 to date.

2 (Slide.)

(^T 3 Now, the next subject that I would like to
s/

4 briefly go over and rea lly highlight in my discussion

5 here is the CRBRP nuclear experimental program that we

6 have used to support all of our analytical predictions.
!
'

7 Here is a schematic of the various disciplines

8 that either have planned, analyzed or actually performed

9 the experiments. Since we are the lead reactor

10 manufacturer, Westinghouse specified the experimental

11 needs of this design in very general terms.

12 We then met with Argonne, GE and ourselves in
f

13 what we call program planning meetings. These occurred

O
14 very six months, six to eight months. And th eit after

I

15 those meetings we then met with the Departm ent of Energy

16 under our basa program, Phil Henning's organizations,

| 17 and our own Clinch River project organization, and we

18 had an agreed plan to perform the subsequent experiments

19 at ANL, ANL or the A rgonne Na tional Laboratory who

20 performed these experiments in the ZPPR facility. And

21 then each of the disciplines -- and that is the point I

22 would like to get across; it is not just Westinghouse --

23 but Argonne would analyze those experiments,

( 24 Westinghouse and GE. These results were then compared,

25 and Westinghouse would then ircorporate the biases and

|c:)
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() 1 uncertainties in the design. So we have a lot of

2 cross-checks between the various disciplines.

3 (Slide.)

4 Just to show you, the experiments were

5 performed at the ZPPR facility or the Argonne on the

6 west site at Idaho Falls, and deep within this. massive-

7 structure here -- it is really concrete, steel and sand

we have our ZPPR plutonium critical assembly.8 --

9 (Slide.)

10 And as many of you are aware, it is a split

11 bed type assembly in which the halves are shown on the

12 side and also on this side. The CRBRP core was mocked

13 up by taking two-inch drawers with the representative

O
14 core material and what we call platelet form and

15 inserting them into this matrix, and also in this matrix

16 you can't see here too well, but this was one of our

17 configurations in our experimental program. After the

18 core is configured, these two halves are brought

19 together, and we have our critical assembly.

20 (Slide.)

21 Now, the reactor design areas -- and this is

22 the meat of my discussion here -- have been supported by !

23 other critical arsemblies as are shown. Shown are the

/ 24 power reactor design parameters that the nuclear people

25 basically predict, and the critical experimental data

(
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/ 1 source that has been obtained.

2 You can see se ha ve a lot of da ta in support

3 of our fuel enrichments, power distributions, control()
4 rod margins, reactivity coefficients, the various ones,

5 and also other parameters such as breeding, temperature

6 defect, ex-core detectors, and fast flux and fluences.

7 Now, wnst I would like to do is to highlight

8 various experimental results that we have had obtained

9 in these different design discipline areas and show you

10 how well we do in our analytical predictions. !

11 (Slide.) !
!

12 The fuel enrichment philosophy in CRBRP, as
I

13 many of you are aware, is just to guarantee that the i

() I

14 reactor can be maintained a t hot full power conditions

15 throughout each design burnup cycle. To do this we

16 normally just put enough nominal excess reactivity into

i 17 the system to do that, plus whatever uncertainty level

18 that we want to accomplish this at.

s
19 Now, as you can see, the key under the nominal

20 excess reactivity is the prediction of the cold critical

21 Eigen value, and I brought along some predictions in the

| 22 ZPPR-7 facility of this value that we have achieved. ;

23 ( S lid e. )j

24 And here you can see -- here are some
,

1

25 different configurations in ZPPR-7. He re is our
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() 1 calculated K effective values, our experimental values,

2 and our C/E values. And as you can see, the mean is

3 .989, or we have roughly a 1 percent value in our{}
4 predictions. likewise, the standard deviation is very

5 tight on this. It is something on the order of .16

6 percent. So we do f airly well on- our predictions of the
.

7 Eigen value.

8 And using information like this plus a lot of

9 other experimental data, we have come up with the CRBRP

to fuel enrichments are on the order of 33 percent. That's

11 defined as plutonium over plutonium plus uranium.

12 That's the single enrichment for all fuel assemblies.

13 And our beginning of life fissile inventory is on the
O
V

14 order of 1S00 kilograms.

15 Another area that we have a lot of

16 experimental data -- and I'm not going to show you too
'

17 much of it, but I would just like to highlight it to

18 you, and here is what Paul Dickson was alluding to, what
\

19 we call our peak linear power.

20 (Slide.)~

l

21 Really it is like most physicists do. We use

22 the radial power distribution normalization, the axial

23 normalization, and we define it with our 15 percent ,

24 overpower consideration. Likewise, we use the 3 sigma

25 value when we quote the 16 kilowatts and 20 kilowatts

O
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1 value.

2 What I would like to do is just briefly

O 3 *1 a11 at ao c a co => ita tai ==c r* tatr ta

4 the analytical predictions that we use in our power-

5 distributions.

6 Now, you won't be able to see this too good.

7 (Slide.)

8 Here is -- this is the mockup of the ZPPR

9 facility. Here is the blanket fuel, blanke t f uel,

10 blanket control assembly locations, and here is the

11 blanket assemblies, ' radial blankets surrounding the core.

12 The only point that I would like to point out

13 here is that we have a lot of detail. Choen here-is the

14 calculated-to-experimental ratio for the Uranium-235 n

15 fission reaction rate. And the point that 7 would like-

16 to bring out here is we have a lot of radial definition

17 in both the fuel assemblies and the internal blankets as

18 well as the radial blankets, and also in both directions

! 19 and throughout the reactor.

20 Now, we have similar data like this for all
~

21 the major different reaction rates in CRBRP.
|

22 (Slide.)

23 And I have summarized them for you on this

24 sheet here to show you the accuracy that we do predict'

25 these various reaction rates.

O
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() 1 Here's the reaction rates in the fuel at the

2 beginning of life and at the end of life. We have

3 listed the C/E values so you can see in the plutonium(}
4 it's very good because that is the most power

5 normalization that we have, and about 2 percent 1 sigma

6 in fission reactions. You can see the.various values in

! 7 the inner blankets.

8 Now, taking data, this data, and using it with

( 9 our predictions, we then came up -- we predicted the

10 power distribution in all of the operating cycles.

11 (Slide.)

12 Now, this figure here shows you a composite or

13 a snapshot of the maximum powers in the reactor. It is

O
14 not at any given time, but the maximum power in the fuel'

15 assemblies -- these are these locations here -- that
16 occur at the beginning of the cycle, and in the radial

17 blanket assemblies where you see the 20 and these heavy

| 18 hot line values. It is at the end of cycle 4 where you
|

| 19 build up most of your plutonium.
I

20 So you can see here at this location this is

21 where we've refueled that blanket with the fuel

22 assembly. At the midterm we have 15.9 kilowa tts per

23 foot.

() MR. SHEWMON: What is your average linear24

25 power then in that? Pick a high number at random and
t
1

O
!
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( 1 tell me what the average would be. .

2 FR. DONCALS: I can tell you our radial --

3 well, let me define it this way for you.| [}
4 (Slide.) .

5 The combined effects of the FNR and FNZs,

6 maybe the FNRs around 20, 25 percent, and the FNZ is

7 around 30 percent. So you 've got like 50 percent due to
.

8 your shape factor.

9 MR. SHEWMON: Is that max-to-average ratio?

,

10 MR. DONCALS: Yes. Say 25 percent for the

11 radial parameter; say 30 percent for the axial. So it

12 is about the 50 percent for those two combined effects.

13 Does that take care of it?

y. C )
-

14 MR. SHEWMON: No, because I want to know what

15 an average rod power is at the middle, if you wish, and

16 there is also 3 sigma in there plus 15 percent.

I
17 MR. DONCALSs The 15 percent, well, se ha ve

,! .

18 about 50 or 55 percent f or this quantity; we have about

19 15 percent for that. If you just do not multiply them

20 but add them, you ge t about 60, 65. This value is not

21 large. It is about 8 percent. So we don't have a lot

22 of gradients in the assembly, so basically you can take

23 that value and divide by tha t magnitude , and you will

f} have the average value.24'

! 25 But as you can see, the uncertainty is

O

l
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() 1 relatively small in their prediction.

2 (Slide.)

3 The next subject that I would like to briefly{}
4 cover, also to give you some more insight into the

5 experimental results that we have to support our design,

6 is-in the area-of the control rod worth data in CRBRP.
7 Now, we have taken a whole host of

8 experimental data, and you can see we have performed

9 various bank vorths as illustrated here. We have also .

10 looked at asymmetric groupings of rods with different

11 banks in and out. We have looked at pin control rod

12 mockups versus these plates that we have in the ZPPR and

13 bunching experiments where you will take pins in one

O
14 array and then bunch tnem or predict those, and we also

15 obtained the axial worth profile,

16 We also have not in the control area, but we

17 have performed fuel blanket interchange worth

18 experiments where we do interchange those six assemblies

19 at the mid-year cycle.
+

20 Now, what I would like to do is show you some

21 of the bias factors that are associated with these

22 various control rod bank worths.

23 (Slide.)

( 24 That will give you a magnitude of how well we

25 do predict these worths. And shown is the control rod

O
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1 worth predictions, the calculated worths and the

2 mea sured worths. For the beginning of life condition

() 3 that is identified as ZPPR-11B and end of life as 11C.
4 And you can see in the row 3 or the inner -

5 control three control rods; these are close. And in

6 the row 7 position, flat positions, about 7 percent and-

|
7 4 percent. In the corner positions at the end of cycle

8 mockup they were slightly better than that. So the

9 biases are fairly small in these parameters.

10 Our uncertainty that we apply also is of the

11 order of 12 percent; so in our control rod predictions

12 in Clinch River we apply these biases plus a 3 sigma

13 value, and we quote an additional 12 percent reductiong
G

14 in these worths.

15 (Slide.)

16 The last area that I would like to very

17 briefly cover with you is show you some of the

18 experimental results that we have obtained in the
|

19 reactivity coefficient areas, and this is a significant

20 one here.

21 This is again the ZPPB-11B configuration. You

22 won't be able to read these different numbers, but what

23 it illustrates is we performed a detailed radial zone

k' /')
I

24 voiding map in the ZPPR facility in which we took the
|
:

25 sodium vold out of selective regions in the reactor; and

| (1
|
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() 1 you can see the highest number is 13. So we really

2 voided this whole reactor in 13 individual steps. This

3 gave us a host of data that we could then go back and
[}

4 look at our analytical predictions and see what the

5 normalization to this would mean in the way of sodium

6 void in CRBRP.

7 What is shown here we feel is very significant.

8 ( Slid e. )

9 And let me discuss this very briefly. Using

10 ENDF-3 data file one would predict -- and I'm only going

11 to talk about the six-inch fuel height region -- one

12 would predict about $1.15 in sodium void worth for

13 CRBRP. If one would take the ENDF-4 data, which is a

14 later data than we are currently using, one would

15 predict $1.90.

16 Now, what we did, we then went back to the

I 17 experimental data that I illustrated tha t we were taking

18 and got biased factors of what we call our moderation

19 and leakage terms in our perturbation calculation, and

20 we now predict with -- we analyzed the ZPPR facility

21 with ENDF-3, and then we got those biases and applied

22 them to predictions using ENDF-3, and we got $1.50 for

23 the sodium void worth.

() 24 We did the same calculation with ENDF-4. We

25 went back to the experimental data, analyzed it with

O
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0 1 that, brought the appropriate biases, and we predicted

2 $1.49. So we feel fairly confident in the biasing

() 3 technique that we came up with here, and we got

4 consistent bias sodiam void worths in CRBRP.

5 (Slide.)

6 The next subject I would very briefly cover is-

7 we have also made Uranium-238 small sample Doppler. We

8 have performed a small sample Doppler experiment. Shown

9 is the measured fuel U-238 Doppler in the ZPPR

10 facility. And also we calculated the Doppler, and you

11 can see we got very good agreement. In fact, we

12 underpredicted it by about one or two percent. So it

13 gave us a lot of confidence that the Doppler predictionfg

V
14 that we are putting in PSAR and that we are quoting is

15 fairly good.

16 (Slide.)

17 In summary, I would like to just say that the

|

| 18 bias factors and the uncertainties in the calculated

19 CRBRP nuclea r parsmeters are based on an extensive zero

20 power critical experimental data base. The experiments

|
21 have been completed. We are now in the process of

|

22 finishing up the analysis on them and incorporating them

23 in our data.
t

24 Thank you.'

25 MR. REMICK: One of the criticisms one hears
4

O
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,

( 1 of the CRBR is that it is an outmoded design. Would you

2 have any reaction to that from a nuclear design

3 standpoint?{}|

4 MR. DONCALS: Well, myself we have actually

5 written some articles on that particular rubject where

6 we have counterargued on it, and we-feel that CRBRP is

7 not an outmoded design. It is a very advanced design.

8 We are incorporating the he terogenous configuration

9 which has considerable meritt. We find that, as I

10 showed before, that with a small pin similar to FFTF one

11 can achieve high breediho ratios. You can reduce the

I 12 fluences on the fuel assemblies by 20 to 30 percent, and

13 that has a significant effect on fuel life time. We cut

()
14 the sodium void by half with the design. And we have

15 breeding ratios in excess of 1.2, and our doubling time

16 is on the order or 30 years, and that is very similar to

17 the large plant design. So we feel it is a very

18 advanced design and not an outmoded design.

19 MR. BENDSR Excuse me. Can I ack a couple of

! 20 questions about the evaluation of the core under

21 malfunction conditions? You assume sticking rods, I

22 guess. What does it do to the power distribution?

23 MR. DONCALS: In CRBRP -- the question came up

( earlier this morning -- but we keep our bank, we operate24

25 in a bank mode, but we keep the bank within an iach and

I
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' a half. We want al.7 the rods to be within an inch and a

2 half of the average position. And that would result in

3 power perturbations with the extreme one being out()
4 relative to the bank on the order, I would estimate, of

5' 4 percent.

6 Now, that 4 percent uncertainty has been

? included in when we quote the 15 kilowatts per foot.

8 HR. BENDER: I don't have any reason to know

9 that it can or cannot happen, but is it possible for one

10 rod to stick in a position that is significantly

11 dif ferent f rom that allowed for inch variation?

| 12 HR. DONCALS: There are procedures that if it
[

13 does stick, there will have to be -- and I believe maybe

14 Paul Dickson could explain it better than I. If a rod
|

15 would stick in a given position and it gets out of

16 alignment more than an inch and a half, some corrective
'

17 action must be taken at that point; that is, in our tech

18 specs and in our proced ures.

19 HR. VIJUK: You're really assuming the rod is

20 stuck and doesn't come in. The bank is maintained. It

21 is monitored. There are two kind of displacement

| 22 transducers on the rod positions, and there are

electronic rod blocks on the positions. The controlling
23

24 bank must be within an inch and a half during operations.

25 HR. BENDER: And if it isn't, what happens?

O
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O 1 Does the reactor ecram?

2 MR. VIJUK If i t isn ' t, there's a technical

3 spec shutdown.

4 MR. BENDER: Okay. Let me ask a slightly
f

dif ferent question. Since the fuel is moving around a

6 little bit in this reactor, I guess, you are shifting-

7 fuel elements occasionally, I guess, or are you?

8 MR. DONCALSa Do you mean shuffling fuel?

9 MR. BENDER: Yes.

10 MR. DONCALS: No. In CRBRP ve burn in place

11 and then replace the whole core. We never shuffle

12 assemblies.

13 MR. BENDERa And how about the blanket?

O
14 MR. DONCALSa No. We burn in place and then

15 remove it.

16 MR. BENDERa So there's no problem of

17 misplacement of fuel.

18 MR. DONCALS: No. That is one of the things

19 we like about our design, that we are able to, because

20 the power distribution is relatively flat, we achieve

21 uniform burnups, and we don't have to shuffle fuel.

22 MR. ' BENDER: That's good. Thank you.

23 (Slide.)

24 MR. MARKLEY: I am Bob Markley, and I will be

25 discussing the core thermal and hydraulic analysis and

O
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() 1 design. I will cover the core TCH description and

2 bases, including flow paths, principal design data, flow

3 allocation; summarize the performance predictions, both I
(])

4 steady state and in transients, cover the TCH

5 development test programs, including some examples of
.

6 data; and conclusions.

7 (Slide.) f

8 This is a schematic of the reactor itself.

9 The flow comes in through inlet nozzles, mixes in the

i

10 inlet plenum, is fed into the lower inlet modules via

11 p rima ry or auxiliary ports. The lower inlet module

12 directs the flow to the core assemblies -- and when I
13 say core here I mean fuel blanket control -- and even

O
14 the radial shield assemblies.

I
i 15 The flow there is predominantly axial. It is

16 just like swirl to the flow and the bundles, the volume

17 in the mixing chamber and through the outer plenum up

18 here.

19 MR. WARD. Where does the swirl come from? Is
;

20 that the stable swirl just by - the inlet flo w?

!

21 MR. MARKLEY: We have wire wrap spacer
|

22 systems, so they are excellent mixing devices.

23 (Slide.)

24 The principal core TCH design data, just to

25 review this with you, for fuel and blanket, this is the

O
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() 1 number of rods per assembly. The rod diameters, as we

2 mentioned, about .230. This is the outside diameter,

3 about a half an inch b3anket, the pitch-to-diameter{}
4 ratio, the wire wrap lead or pitch, and some of the

'

5 lengths of flows in the bundles themselves.

6 ( S lide. )

7 This vu-graph summarizes the flow allocations

8 that we have determined to meet design requirements.

9 What I have here are the principal or major flow paths.

10 We have orificing zones as shown here in these

11 assemblies, and then the major constraint, the

12 constraint that has determined that flow basically

13 determined the flow that we have allocated to those
O 14 assemblies. And let me just go through that a little

16 bit.

16 We have 66 percent of our flow fed to the fuel

17 assemblies, 16 percent to the inner blankets, 12 percent

18 to the radials, a little over 1 percent to the control

19 assemblies and so forth for removable radial shield, the

20 vessel and leakages and so forth. And the 66 percent'

21 flow to the fuel assemblien is metered in 6 orificing

22 zones, 6 different flows.

23 Naturally, the highest power essembly gets the

() most' flow and so forth. So we can optimize both24

25 tempera tures and the use of flow. The same thing for

O
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() 1 the inners, the bisnket and the radial blanket. As you

2 notice, there is one zone of 6 here in both. That is

3 the alternsting f uel blanket assembly.[]}
4 MR. BENDER: When are those orifice

5 adjustments made? Are they predesigned into the core?

6 MR. MARKLEY: Yes.

7 MR. BENDER And are they never changed during

8 the life of the core?

9 MR. MAEKLEYa No. The fuel orificing is in

10 the fuel assembly, so they would be designed into the

11 fuel prior to putting it in whenever you replace these

12 assemblies. The same thing for the inner blankets. A-

13 portion of the radial blankets is in the assembly and

14 some in place. So you have -- you can control the flow

15 basically as you put the core in as you design it.

16 MR. BENDER: How do you check to be sure

|
17 you've got the right flows?

18 MR. MARKLEY: We have outlet thermocouples.

19 That is certainly one check.

20 MR. SCHWALLIEs We have a mechanical

21 discriminttion system; that is one-way discrimination

22 such that any asseraly that goes into its right place,

23 and if it's in the wrong place it's always overcooled.

24 MR. DICKSON: You 're not relying upon

25 thermocouples to tell you have the right flow

O
.
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() 1 distribution, the mechanical discriminators that he just

2 spoke of.

3 MR. BENDER: That doesn't tell you whether
)

4 you've got too much. It just keeps you from getting too

5 little.

6 MR. DICKSONs Ths t 'n- correct.

7 MR. SHEWMON4 Why don ' t you two hold a public

8 discu ssion ?

9 (Laughter.)

10 MR. WARD: They can't all be overcooled. You

11 couldn't get them all in.

12 MR. DICKSON: That's correct.

13 MR. MARKLEY: We certainly have flow checks to

O
! 14 check the flows so we know what the flows are.
|'

15 MR. DICKSON: Prior to inserting them in the

to reactor.

17 MR. MARKLEY: Within a very close amount.

| 18 MR. MOELLER: On the last item on the right

I s
L 19 there you have what, 1.4 percent. I can understand

20' bypass. How much is actually leakage, or are you

21 referring to leakage as sort of another way of saying

22 bypass?

23 MR. MARKLEY: As you know, we have piston
.

24 rings in our assemblies, and we have run a considerable

25 number of tests on the piston rings. We have them
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) 1 characterized, and that is what we mean by data and

2 calculations. And again, this is a maximum value of

() 3 leakage through the various paths of that sort.

4 MR. MOELLER: It is leakage through the

5 paths. It is not leakage as you would think of leakage

6 out of the primary system or something like- that.

7 MB. 5 ARK 1EY: No.

8 Just to go through one of the se , and ce rtainly

9 the basis for our allocation of the fuel assemblies are
10 the pin lifetime and in transient considerations, the

11 striping and the assembly outlet temperatures, and we

12 consider all of those a priori in setting the flows.

13 (Slide.)

O
14 This vu-graph summarizes the principal core

,

15 TCH performance data. These are the design conditions

16 for the plant. I think you have seen thos before.

17 This is the pressure drop from nozzle to nozzle in the
f

18 reactor, and by f uel inner blanket and radial blanket.'

i s

| 19 I have already mentioned the number of flow zones,

l .

for'the range of20 orificing zones. This gives you a feel

| 21 the hot spots.

22 This is the claddinc ID temperature tha. we

23 see in the frel, and the maximum temperature in the fuel

O- 24 in the inner blankets and the radial blankets. These

25 are the values of the fission gas pressure buildup

)
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. ,

() 1 through burnup, maximum value of the fuel around a

2 thousand, for the inner blankets 2 to 300 psi. And

3 those temperatures and pressures meet the lifetime{}
4 requirements that Mr. Schwa 111e will discuss later.

5 These are the type of velocitie we see in the

6 bundles of the f uel and blanket assemblies; and again,

7 that is well below the limit of about 30 feet per second

8 which .ts a very conservative limit that we've set.

9 Also, the maximum mix mean outlet temperatures

10 on a nominal basis here for the various assemblies, and q

11 the magnitude of the temperature gradients, the maximum

12 temperature gradient we will see between a fuel and a

13 radial blanket assembly.

O
14 MR. WARDS What is the basis for the 30 feet

15 per second limit?

16 MR. MARKLEY: We have looked at capitation

17 erosion-corrosion considera tions. We feel 30 feet per

18 second is even no problem, but we set up a limit of 30

19 feet per second for that. We also have limits in the

20 orificing the same way, but again, we feel they are very
'

21 conservative for those considerations.

22 MR. MOELLERa Help me with understanding this

23 pres.nure of the fission gas. What is the cladding

( 24 designed to withstand?

25 HR. MARKLEY: Well, it is a f unction of

O
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1 tempera turo , of course, but it is -- well, it is

2 certainly above that.

3 MR. MOELLER: And does that assume some

4 leakage rate?

5 MR. MARKLEY: No. This is the gas that is

6 captured in your pins.

7 MR. MOELLER This is the pressure inside the

8 pin itself?

9 MR. MABKLEY: Right.-

10 MR. MOELLER: Okay. Not the pressure being

11 exerted on the fission gas.

12 MR. MARKLEY: It's the internal fission, your

13 fission gases due te burnup which you accumulate inside

14 the pin.

15 MR. MOELLER: Okay.

16 MR. AXTMANNa Have your fuel elements been

17 tested for four years in a reactor?

18 MR. MARKLEYa Ambrose. I think Ambrose

19 Schwa 111e knows that history very well.

20 MR. SCHWALLIEa This is Ambrose Schwallie.

21 We have run pins in EBR-2 of this very similsr

22 design except for overall length considerations,

23 certainly these pressures and beyond those times for

24 years. The EBR-2 data base I'm going to call the

25 reference pin design which is similar to Clinch River,

O
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() 1 and that of FFTY has shown that 80,000 burnup is very

2 easy to accommodate in all stainless steels, and we've

3 achieved burnups of around 140,000 and 160,000 in a few{}
4 experimental pins.

5 MR.'AXTMANN: Let me propose a scenario that

6 the wire wrap is -- how is it held to the f uel element?

7 MR. MARKLEYs It's captured at each end and

8 wrapped around the rod.

9 MR. AXTMANNs Suppose in two years that.the

10 wire wrap starts to degrade. Somebo dy used the wrong

11 weld to attach it to the fuel element, so that you start

12 getting little fragment bits as a progressive disease.

13 And this is imaginary. How would you find out about

O-
14 that as wire wrap starts to fragment?

15 MR. MARKLEY. First of all, as you know, there

16 is a lot of experience with wire wrap bundles. In

17 irradia tion experiments we have not seen that kind of

18 performance.

19 MR. AITMANN: I suppose you haven 't, but I'm

20 postulating now --

21 MR. MARKLEY: I think you might get -- again,

22 as you know, the wire wrap does give you a slight local
s

23 hot spot. If the wire wrap accumula ted , you would still

'

% 24 have that hot spot. It has to be right at the top of

25 the fuel to give you any real hot spot problem. I don't

O
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( 1 think it would give you auch of a problem.

2 MR. VIJUK You would pick that up through

3 your operating fuel monitoring system. If you got this()
4 hypothetical degradation, eventually you wo uld get some

5 breached cladding. We have a tech spec on the

6 operations. We would detect failures as they occur

7 where the activity in the cover gas at the top of the

8 vessel. We would then have delayed neutron detectors on

9 the primary pipes and so forth, and then we have a tech

10 spec limit on how many failures we can operate the

11 reactor with.

|
12 MR. MARKLEY: I don 't even --

I

13 MR. VIJUK: That's the only control on it.'

14 There was no other way that you would be monitoring for

15 such a phenomenon taking placing. You just look for

16 breaches of the water.

17 MR. WARD: How do you locate the fuel pin or
,

!

18 the assembly that fails?

19 HR. VIJUKs We have a discrete tag gas. Each

i
20 assembly contains a tag gas that you can pick up.

21 MR. AXTH. INN: Thank you.

22 (Slide.) .

23 MR. MARKLEY: Okay. This is a map of the core

24 assembly mixed mean outlet te m pe ra tu re s . This is at the

!
| 25 beginning of cycle 1. What I was showing here, this is

r)(_I

ALDERSON REPORTING COMPANY,INC,

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

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



.

353

() 1 the center of the core, and this is a one-sixth sector

2 of the core. Your radial blanket, two rows of radial

3 blankets out here.

4 The control assemblies -- and this is the

5 assembly number, the nominal mix in the outlet

6 temperature, and this is the outlet. temperature on a 3

7 sigma basis. The darkened-in assemblies here are just

8 the ones where we look at every assembly, we look at

9 every pin and analyze it and determine where the hottest

10 pin and where the peak pins are.

11 And these are -- this is a peak fuel pin that

12 is located in this assembly, the hottest fuel pin in

13 this assembly, the hottest and peak inner blanket

O 14 assembly in this assembly, and the hottest -- I'm sorry

the peak radial blanket pin in this assembly and the15 --

16 hottest pin. And those pins we look at in great detail

17 and do a lot of structural analyses on those to

18 determine that they are the limiting pins and
;

| 19 characterize them.

20 MR. WARD: During operation you will have a

21 single thermocouple at the outlet of each one of those

22 assemblies?

23 MR. MARKLEY: That's right. Except I think

() 24 there are eight fuel and a few radial blankets that

25 don't have it.

O
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1 MR. HARD4 During operation how do you expect

2 you will deal with failures of those thermocouples?

3 Will you allow operation if a certain number of them

4 fail?

5 MR. MARKLEY: Yes. We will allow operation

6 and with a certain number of failures, and that-will be-

7 determined.

8 HR. CARBON What is the magnitude of the
^

9 percentage that you will allow?

10 HR. MARK 1EYs I don't believe we've come up

11 with that number unless Paul Dickson has.

12 HR. DICKSON: Yes. As Mr. Vijuk stated

13 earlier, we are looking for failures for monitoring ths

14 activity of the cover gas, the tag gases appearing in

15 the cover gas, or if the failure results in the breach

16 of the f uel region , the delayed neutron detectors.

17 Those are our primary means of detecting failures rather

18 than thermocouples.

19 The only requirement to continue operation of

20 the plant as f ar as thermocouples are concerned are

21 those that we discussed last which are the control
22 thermocouples.

23 MR. MARKLEYs And there are 30 of those.

24 MR. SHEWMONs Replacing a thermocouple isn't

25 too hard, or is it major exercise even when you're

O
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() 1 changing fuel?

2 MR . M ARKLEY: You can replace the

3 thermocouples. You may elect to wait until the end of
{])

4 the cycle when you are shut down to do that.

5 MR. SHEWMON: That wasn 't my question. The

6 question was how much extra work is-it when you are shut |

7 down at the end of a cycle?

8 MR. MARKLEY. I will have to ask someone else )

9 to answer that.
|

10 MR. SHEWMON: Is it harder than putting in

11 another fuel rod?
t

i 12 MR. BALOH: This is Frank Baloh.
| l

13 You would only replace thermocouples when you l

()
14 were shut down, and it is an extensive process. It is

;

|

| 15 not like putting in another assembly. You would not

16 just do it in a very quick manner like a few minutes or

17 even an hour.

18 MR. SHEWMON: Thank you.

19 MR. EBERSOLEs When one of these fuel pins

20 bursts for whatever reason, does tha t produce any sort

21 of immediate reaction?

l 22 MB. MARKLEY: Yes. You release cover gas

23 where we detect that.

24 MR. EBERSOLE: In the course of dumping the

(
25 962 psi gas load into the core, in the worst place does'

()'
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( 1 that produce a minor power pulse of any sort?

2 MR. MARKLEYs No. We would not see that in

(]) 3 this power.

4 MR. EBERSOLEa Th ank you.

5 HR. ETHERINGTON: Do you have a procedure for

6 locating failed fuel pins?

7 MR. MARKLEY: Yes, we do. We have tag gas

8 which is a different type of concentration.

9 Ambrose, do you want to answer that?
,

10 MR. SCIIWALLIE: Yes. This is Ambrose

11 Schwallie.
~

12 Each assembly has a tag gas which is a

13 xenon-krypton mixture and those isotopes. And through

14 mass spec dialysis or diagnosis of the cover gas we

15 could determine which assembly it is.

18 MR. WARDS I guess I missed the significance

17 of the 30 control thermocouples.

18 MR. M ARKLEY :. Throughout this core we have 30

19 thermocouples that are used for control, and they are,

20 if you average them, they are very close to the value of

21 the average.

22 MR. WARDa They represent the core average?

23 MR. MARKLEY: Right. There are 30, and they

24 a re symmetrically located, et cetera, so that we get a

25 good average condition of the core, and they are also

O
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l

() 1 over even the maximum temperature assemblies and so -
,

2 forth, too.

3 HR. REMICK: Can you select a different 30
[}

4 from time to time? If one fails, can you select another?

5 MR. MARKLEY: Yes, you can hook up others.

6 You could actually lose some of those and still have a

7 very close average. And over a lifetime of a core those
I

8 average out very close to staying constant, within a ?ew

9 degrees.

| 10 HR. DICKSON: The 30 includes an allowance for
i
,

11 failures. The 30 includes spares.

12 (Slide.)

13 MR. MARKLEY. The next page in your handout

O
14 also shows a similar map for the hot spot temperatures

15 also. I didn't intend to show that. You can look at it-

16 in your handout.

17 (Slide.)

18 The naxt page in your handout also shows a

19 typical cladding and temperature pressure history

20 showing how the hot spot temperature, the hottest pin in

21 that assembly, the hot spot temperature changes over two

22 cycles and how the pressure vill build up as you

| 23 typically see. And this type of information is given to

( the structural analyst, and they use those to determine24

25 the integrity and the lifetime of the assemblies
i

O
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1 themselves.

2 (Slide.)

3 The next area I would like to cover or at(}
4 least summarize are the design transients, and they fall

5 into two categories, undercooling and overpower type

l 6 events. And whst I'm going to show you-here is-our
j

| 7 worst case undercooling event, the results of it.

8 This is the three-loop natural circulation

9 transient which I believe you had presented to you

10 before. I will summarize the maximum cladding. This

11 was the hottest spot in the core in each of these

( 12 assemblies that we predict and the time of occurrence.

13 These results are presented in detail in this

14 report. What I have listed here is the assembly, the

15 fuel assembly where you see the hottest pin inner

16 blanket assembly and the radial blanket assembly. These

!
17 are the nominal temperatures, and they are 1300 below,

I
|

18 and in a 3 sigma worst case with a lot of conservatisms,

19 we calculate temperatures as high as 50 and 65. Our

-20 acceptance criteria is boiling, less than boiling, and

21 boiling at these locations would be 1720 or greater

22 because that is based certainly -- the hottest spot is

23 at the top of the fuel. It is also based upcn these

| \~ 24 conservative conditions of zero flow, zero cover gas

25 pressure, and the minimum cool level.

O
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1 And as you can see, we have even with the 3(])
2 sigma condicions, we have greater than 150 degrees

,

3 margin on a 3 sigma worst case basis, and like grea ter

O
4 than 400 degrees margin on the basis of a nominal

5 calculation.

6 (Slide.)

7 And the next vu-graph shows you one of the

8 reasons why we feel these a re very conservative

9 calculations. And I have not listed all of the

10 conservatisms here because there is a long list of them,

11 but I think this puts it all together in perspective.

12 What I am showing here is we have done some

13 pre- and post-test analyses of the FFTF natural

14 circulation tests, and they ran their. tests from 100

15 percent power and 100 percent flow, and wha t I'm showing

16 here is the measure and the predicted sodium
|

17 t em pera tures .

18 This is at the top of the f uel section where
|

19 you get the maximum temperatures. It is this particular

20 thermocouple located in the fuel, and it is for the row

21 2 photo in the FFTF test.

22 This shows the sodium temperature versus time,

|

| 23 and here we have the measured data as measured from that

() 24 test. These were the pre-test predictions and the

25 post-test predictions of our best expected values, and
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() I they are pretty close to nominal. Actually, if anything

2 they are a little conservative because I think the

3 designers always want to make sure they have some{}
4 conservatisms in there. But they are pretty close to

5 nominal-type calculations. They are best expected.

I
I S The difference here is that when we put the-

I actual operating conditions in that test, the decay

8 powers and so forth, we got a little different

9 conditions but still quite close to what we expected.

10 Now, if you go to the same basis as the 3

11 sigma worst case temperatures that I just presented to

| 12 you, this is this prediction, predictions from the
l

13 current CRBR assessment approach, you would predict a

O 14 temperature like this, and that is about 3 to 400

15 degrees above what ycu expect.

16 We also f eel there is a lot of buoyancy help

17 in these kind of low flow conditions and inner assembly

18 heat transfer. These things, your hot spots, are always

19 going to be helped by those self-compensating effects.

20 And there's even about a hundred degrees conservatism in

21 that. And this is the prediction with accounting f or

22 what we call inter- and intra-assembly flow and heat

| 23 redistribution. Basically it is buoyancy and hea t

() transfer tetween the assemblies, as you will see, in a24

25 low flow condition.

O
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I

l

,C 1 1R. CARBONa On the measured data curve are

2 there quite adequate points to really shape that curve?
1

'

3 MR. MARKLEYa Yes. There is a lot of

4 intermediate points, though it would get too busy if I
|

5 put them all on. ;

|

6 MR. M0ELLERs Excuse me. Could-you go back

7 two slides where you'were showing the pressure buildup

8 with time in the plenum?

9 (Slide.)

10 What I need clarified is across the abscissa

11 you show CY-3 and CY-4 Is that -- no, go back one more

12 on the graph, the graph before this chart -- you show --

13 is that the third and fourth year?

14 MR. MARKLEY: Yes. This just happens to be

15 one typical example I show you for the third and fourth

16 cycle. It is typical of the tempera ture and pressure

I 17 histories that we see in a fuel pin.

18 MR. MOELLER: Well, what ab ut the first and

\
19 second year?

|

| 20 MR. MARKLEY: It's similar. Just not as long.

l
21 MR. MOELLER I'm not with you.

'

22 MR. DICKSON: Bob, he's missing t he point .

23 Each assembly is only in there two years. This assembly

! O 24 dr aa-ae t the deoiaa1#9-

25 MR. M0ELLERs I'm sorry. I thought they were

1 O
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i

() 1 in there for four years.

2 MR. DICKSON: Some of the blankets are in

3 there for four years, the radial blankets, and some of

4 the radial blankats are in there for five years; but

G everything within the core is two years.

6 MR. MOELLER: Thank you.

L
'

| 7 (Slide.)

8 MR. MARKLEYa Again, because of the press of
i

| 9 time I'm summarizing our transient area. And this just

! 10 summarizes.

11 We certainly have established the proper

12 interface requirements such as the PTS settings, flow

13 coastdowns and other things that aff ect your

O 14 transients. We have compatible steady state operating

15 conditions, and this vac greatly influenced by our

16 orificing, by flat tening and reducing maximum

17 temperatures, by optimizing the flow to the various corel

18 assemblies.
\

19 And all design basis accidents, both overpower

20 and undercooling, have b'een evaluated on a conservative

21 basis and meet the guidelines of no boiling , no clad
-

22 melting, and acceptable lifetime structural integrity.

|
23 (Slide.)

) 24 Okay. The next area I would like to coveri

25 then is the TCH development testing. The last time I

O

ALDERSON REPORTING COMPANY,INC,

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

_- _ . _. ,_



'
,

363

.

(]) 1 was here I presented the exampla on the list of the fuel |

2 assembly development area, so I will go through quickly

| 3 some of the development testing for blarket assemblies 1

)
.

4 that we've conducted.

5 (Slide.) !

6 We have- conducted or performed a full-scale

7 61-rod heat transfer test in sodium -- this is a
l

8 prototypic blanket bundle -- looking at the very

9 detailed temperature distributions. We had around 700

10 thermocouples in this. We got electrically heated rod..
,

i

11 We not only looked -- we covered a very wide range of

12 operating conditions, and we also included transients,

13 natural circulation, and so forth, and that program is

| Ov 14 about completed. And I will just show you a few

15 examples of that and try to give you a feel for what we'

16 have done there.

17 (Slide.)

18 These are the wide range of test parameters

19 tha t we have covered. As far as flows, well below

20 anything we expeqt in natural circulation. The

21 tem pera tu re range, we have looked at flat power skews
|

22 all the way up to 4.6 to 1, very steep power skews. We

23 have simulated our adiabatic boundaries. We have

() 24 auxiliary reduction inside, so we can look at

25 inter-assembly heat transfer. You can cool these ducts

,
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O 1 er rou can heat th e . And we have covered a 1ot or data

2 in that area. We also have a lot of transient and

3 natural circulation data, too.

4 MR. CARBONa These are electrically heated
,

5 rods?

6 MR. MARKLEYa Yes, they are. Let me-just show-

7 you one or two pieces of data f rom that.

8 (Slide.)

9 This is a plot of normalized temperature

10 across this 61-rod bundle, and these are the typical

11 sets of data that we have obtained. This is at the core

12 midplane, the heated zone midplane. This is a plot at

13 the outlet of the heated zone, and of course there is

O 14 where you see your maximum temperature. And this is a

15 plot of an elevation 25 inches up in to the bundle.

16 We have several test series here, and every

17 time we would run a test series with a gradient of this

18 sort, which is 2 to 1 across the bundle, we would then

19 reverse it and check the test again. And you can see

20 excellent duplication of test results.

21 We also made code predictions, and you can see

22 our subchannel code predictions versus that. And

23 naturally, one of the important things we look at are

24 the peak predicted hot spot versus the measured hot spot.

25 MB. WARDa Did you actually make those as

O
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O ' ar 41ctioa= derare ro= r a *ne t t'

2 MR. MARKLEY: Yes. And after, too.

'

3 MR. WARD. That's easier, isn't it?

4 (Laughter.)
,

5 (Slide.)

6 MR. MARKLEY: And then you would take those-

7 hot spots you measured and predicted data for all of the

8 varying conditions that you looked at, plet them, and we

9 would do a statistical analysis of that, get the direct

10 bias and the statistical variations, and that determines

11 the uncertainty with which you can predict that

12 temperature. And you can see we have a lot of data

13 points for a prototypic bundle there

14 (Slide.)

15 MIT has done a lot of work, fundamental work,

16 research work in these areas. We also had a 5 to 1

17 scale air flow test where we lea rned wha t these flows

18 really looked like because you have got to understand

19 them, and it is not easy. And with a large bundle like

20 this we could map in very great detail the cross-f2ows

21 and the axial flows.

22 Pressure drop tests -- and let me show you an

23 example of those.

O 24 (S11ee.>
i

25 Here is over 200 data points of a friction
I
1

0
1
1
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() 1 factor versus the rod bundle Reynolds number for the

2 blanket bundles. There is air data, there is water

3 data, and there is sodium data here, and there is also

4 some other correlations by other people up here at the

5 higher flow zones. But you see very good correspondence

6 a nd no instabilities in that kind of a rackup of test

7 data. And that is actually used in all of our -- that

8 is the basis for our analysis.

9 HR. WARD What sort of Reynolds numbers do

l 10 you have with the plant operation?

11 MR. MARKLEY: If you're at a hundred percent

12 flow, you would be here 10 percent, 1 percent. We have

13 gone down to almost 2/10 of a percent. We expect maybe

O 14 3 percent as the lowest in our reactor.

| 15 And then just to summarize one area again --

|
! 16 (Slide.)

17 -- I have tried to summarize all of our core

18 pressure drop testing in this sheet, and I've lifted the

| 19 components, the component parts of those components that

i
; 20 you would test, how much they mean in the pressure drop

i

| 21 -- this is an approximate value -- the range that we

22 have covered. And in all cases we have gone 100 percen t

23 or more down to again much lower than we expect in

() 24 natural circulation for at least all of the high heat

25 generating type assemblies.

O
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() 1 The others are either out of the core or very

2 low, but we have still covered a good range there. But

S we have not gone quite as far, and you can see the
)

4 status. They are practically all completed except one

5 or two there which will be completed, anti certainly this

6 data will be-factored into the FSAR work.

7 (Slide.)

8 I then put some more examples in the handout

9 of friction factor data for our fuel bundles.

10 (Slide.)

11 Pressure drop data for the overall fuel

12 assembly. So that you can take these component parts

13 and add them up. They should check to the total

O 14 pressure drop for a prototypic bundle -- I'm sorry -- a

15 prototypic assembly.

'16 Pressure drop data for our control assemblies

17 where we again have over 50 points that we have taken,

18 and I have included that in there, and also some
|

19 pressure drop data of some of our orifice shield

20 assemblies; but they are all tested and cha racterized by

1 21 flow tests.

22 MR. CARBON. Would you comment on what we

23 heard this morning about the pressure drop in FFTF went

f () 24 up 15 percent or something like that? Why was that?

25 MR . M ARKLEY: We don't know yet, and they

O
i
t
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() 1 don't either. We are looking at it, and we will

2 certainly try to f actor that into our design. We do

3 have fallback methods in case that is a reality.{)
4 MR. CARBON : Did it occur right after startup

5 or over a period of time?

6 MR. MARKLEY: It would build ap slightly, I

7 believe, like a psi per day until it got up to the 10 to

8 15 percent.

9 MR. CARBON: And then just sat there?

10 MR. MARKLEYs Then it would peak out as far as

11 we can see. When it shuts down you would partially lose

j 12 it, and then it will build a little bit.

|
13 MR. CARBON: Is it consistent throughout all

O 14 the fuel or just sporadic?

15 MB. MARKLEY: I think we are working with them

{ 16 trying to get the answers to that at this time, Dr.

17 Carbon, and I'm not sure we have it yet.

18 (Slide.)

| 19 In conclusion, on --

20 MR. MOELLER Excuse me. Has that been the

21 experience in France or any of the others?

22 MR. MARKLFYa It has been experienced in a few

23 out-of-pile loops where you had sodium endurance testing

( 24 in a few cases. At the time we thought it was bearing

|

| 25 scoring or something, and we were really trying to

l

i (2)

)
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() 1 decide what it is.

2 MR. CARBON 4 Excuse me. Still in answer to

3 his question, have they experienced anything like this

4 in Phenix or PFR?

5 MR. MARKLEY: The EBR-2 people were not aware

6 of-this and do not think they - have experien ced it.

7 MR. CARBOKs What about the British and the

8 French?

9 MR. MARKLEY: When 1 talked to the British

10 three or four years ago they did not know of anything of

'

11 this sort. I talked to the French, and I do not know

12 their experience in that.

.13 In conclusion, in the core TCH development

O 14 testing area ve do have a large TLH data base available

15 already. The data is on all components over a wide

16 range of operation, and I tried to illustrate that with

17 cJr pressure drop testing and our heat transfer data.

18 The uncertainties that we use are based upon

19 this data and have been f actored into the PSAR, and all

20 the data vill be f actored into the FSAR, what little we

21 don 't have remaining.

22 (Slide.)

23 And in final conclusion, the reactor flow

() 24 distributions do meet the component design

25 requirements. The cooling flow paths are well

O
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() 1 characterized. They are controlled by orifices which

2 have been tested over a very wide range of conditions

3 and are factored into our analyses.
{"

's

N 4 We have a large component TCH dev elopment base
\

x
N 5 already available. We have a comprehensive design wheres

s

-

6 you look at every assembly, every pin based upon

7 conservative yet realistic limits; and the analysis

8 methods are verified with a large data base, as I showed

9 you one or two examples.

10 MR. BENDER. You have clearly done all you

could ,yll you think you ought to do prior to building11

12 the reactor and putting it into operation. What do you

13 envision as other kinds of confirmatory tests that might

O 14 be needed when the plant starts to go to power or prior

15 to going to power?

16 MR. MARKLEYa We will be running a natural

17 circulation confirmatory test. T!.9re are system flow

| 18 tests, as you know, many of them cc:. and at heated

i ' 19 conditions during startup.

20 HR. BENDER: I'm thinking in terms of just

21 monitoring the flow distribution over the core. You've

22 got the thermocouples which will tell you what is

23 happening when you are at power, but is there anything

24 prior to that that should be done?

25 MR. MARKLEY: I think th e testing that we have
i

l
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l

O i aoae cert 1=1r vive rou ea ex=e11 eat re 1 ror the

2 pressure drop. These are well characterized.

3 MR. BENDERS Well, what I'm trying to find out

4 now is how to look for surprioes like the 15 percent

5 change in flow that was observed at FFTF. Would I know

6 about that by something other than thermocouple

7 indications?

8 MR. MARKLEY: Yes. Your flow meters, your

9 p um p . You certainly would have a pump that would be

10 affected by that, and your thermocouples.

11 MR. DICKSON: Tha t is not a 15 percent change

12 in flow. That was a 15 percent increase in pressure

13 drop, and it was picked up because the pump did not take
O 14 care of it.

15 MR. BENDER: Thank you, Paul.

16 MR. MARKLEY: Any other questions?

17 MR. DICKSON: Bob, before you go away, I would

18 like to note one thing that you didn't mention. The

19 Japanese b3ve also seen an out-of-pile test at pressure

20 drop increase in fuel assemblies but not in-pile. But I

21 would like to follow up with Dr. Remick's question that

22 he asked of Dick Doncals.

23 I don't want you to take too much time, but if

24 you can just take a minute to describe where your

25 analytical capability is today compared with where the

O
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() 1 analytical capability was when Clinch River was started,

2 in other words, that using an FFTF. And also, since you

3 have been a member of the technical interchange with{}
4 foreign countries, if you could compare our analytical

5 capability, particularly that that the French would like

6 to have, with some of the foreign capability.

7 MR. MARKLEY: Oka y. First of all, certainly

8 we also designed FFTF at Westinghouse ARD. A lot of our

9 tools were extensions of the tools used for FFTF core

10 design. I think we have developed them to a much

11 greater extent, and with a lot of data to back up those

12 analytical methods.

13 In summary, I could get into any detail, but I

14 don't think we want to. But we are using a lot of the

15 -- at least in the TCH area and physics and so forth, a

16 lot of che methodology we used to design the FFTF

17 reactor, and we are using that or improvements on it now

18 for Clinch River. This is the same people.

19 MR. DICKSON: I thought you would note that in

20 the FFTF the orificing was done to eauilibrate

21 temperatures at the beginning of life. A major advance

22 was thought to have been achieved when we equilibrated

23 temperatures at the end of life, and we are now

24 orificing to maximize lifetime within constraints set by

25 d el ta t's between assemblies and all transient and

O
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,

({} 1 safety analyses.

2 MR. MARKLEY: We factored them all in to a

3 prediction of the lifetime, so our flows are determined
|
'

4 by optimizing lifetime throughout the plant. We do the

5 entire calculation of that. We have been a round that

6 cycle'several times, so we feel we-can-do it. -

7 As far as foreign, foreign methodo?.ogy, yes, I

8 have talked to several -- the Japanese, the Germans and

9 the British. I think they're way ahead in methodology

10 and in the TCH area. That is all I can speak for. I

11 think we in this country have put a lot mor e in to

12 developments of methods and also in testing. We have

13 performed a lot more testing in the core area I believe

t
's' 14 than those countries.

15 I cannot speak for the French. We were not

16 able -- I have never been able to talk wi th the French

.
17 very freely.

I

18 MR. DICKSON: Is it a fair statement to say

19 that they put in more instrumentation in order to

20 measure temperatures and flows because they have a.less

21 degree of certainty in calculating them?

22 MR. MARKLEY: I could only guess on that, and

23 that might be unwise.

() 24 hB. WARP Since you --
|

25 MR. BENDER: Tha t is a two-sided coin. You've

O
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() 1 got a lot of faith in your computations and are arguing

2 tha t you don 't need this much measurement capability

3 because of it. But I think your case is somewhat

4 self-serving as you presented it.

5 MR. DICKSON: We tend to put forward

6 self-serving cases, but ve heartily agree =with it.

7 (Laughter.)

8 MR. WARD: Since the assemblies are

9 individually designed or the flow orifice designed and

'

10 you don't have a thermocouple, let's say, at the outlet

11 of each assembly, it is conceivable that you could get

12 one in. There are controls, mechanical or

13 administrative controls, what have you. You could get

O 14 one in and operate the reactor, and you would have a

15 auch higher sodium outlet temperature there.

(

16 Now, is there a safety issue there?'

17 MR. MARKLEYs We have discriminator posts that

18 you just can 't put that assembly in the wrong position. -

19 He just can't put it in there.

20 MR. WARD 4 What if you've got the wrong piece

21 of hardware? I don't know what your orifice plates are,

22 but it is some piece of hardware. What if the incorrect

23 piece of hardware gets in that assembly?

() 24 MR. MARKLEY: I believe there is very close

25 surveillance and QA for that, so I don 't think we expect

()
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(]) 1 it. That is very unlikely. It would be very unlikely

2 maybe that that particular assembly didn't have a

3 thermocouple.

4 As far as locations, we do have symmetry in

5 the core, so you do have symmetrical sectors at least

6 covered. If one-assembly is not-covered here, you have.

! 7 five other assemblies just like it that will have

8 thermocouples over it. So there is a lot of redundancy

9 and duplication from that standpoint.

10 MR. WARDa If the assembly was operating with

11 a lov flow and it was undetected, is there a safety

12 issue there?

13 MR. MARKLEY: Certainly if you got low enough

14 flow you would have failures, and then we would have DND

15 systems and cover gas systems that detect that.

16 MR. WARDa And you see that as just an
/

17 operational issue, or is there a safety issue?

18 MR. MARKLEYa I think it's an operational

19 issue, because we do not see propagation in any cort of

20 these assemblies. Even in the unlikely happening that

21 they would get into trouble, our calculations say they

22 do not. I think Fermi proved that. They had a couple

23 of assemblies where they shut off all the flow, and only

() 24 those assemblies failed, and it did not propagate beyond

25 that.

O
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() 1 MR. KERR But Fermi was operating at fairly

2 low power at the time, as I remember.

3 MR. MARKLEY: It did not propagate at all
{

4 either, but you are right.

5 MR. CARBON : I would like to add to that that

6 some of us would a.rgue that Fermi, the. statistics there-
!

7 don't prove anything. And it is the project's intention

8 that there would not be propagation from same small

9 something up to a major event. But the French and

| 10 British looked at that quite differently, and it.used to

11 be a concern here in the United Sta tes that propagation

12 would be something to be quite concerned about. And we

13 have asked them to present a more extensive argument on

O
| 14 this in about two or three weeks.

15 MR. WARD Does this include, for example, can

16 a pin failure -- maybe Mr. Schwa 111e will be addressing

17 this -- but if there is an individual pin failure, is

18 there a sodium oxide reaction?
\

19 MR. MARKLEY: Again, we do not think -- and

20 therd's a lot of evidence based upon our Argonne

21 National Laboratory work -- that these do not propagate

22 if you have different kinds of f ailures, gas release or

| 23 whatever. But I gather that is the subject of another

() 24 meeting.

25 MR. CARBON: It will be a more extensive

O
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2 MB. MARKLEY: And incidentally, knowing my >

3 discussions with the British, I'm very surprised that

4 they feel that way, because several years ago they did

5 not. They agreed wi':..a us on propagation.

6 MR. CARBON: Dave, I didn't want to stop you

7 from asking questions. I simply wanted to tell you that

8 there will be more discussion later on this.

9 HR. MARKLEYa Thank you.

10 HR. SCHWALLIE: My name is Ambrose Schwa 111e,

11 and I ask you to bear with my head cold today. I

12 apologize for that.

13 (Slide.)

14 The areas that I'm going to talk about in the

15 next half hour is try to give you some confidence in the

16 limits that we talked aboat and were pointed out by Mr.

17 Baars this morning, to try to tie that back to what ther

18 try to serve in terms of what the design can

19 ' accommodate, and relate that somewhat to the safety
~

20 sit ua tion .

21 I would point out some of the things that

22 we've talked about just briefly in the design

23 description and give you some feel for some of the more

O 24 pertinent eve 1uetions in terme of the margins es we see

25 them today as contrasted against those design limits and

O
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1 the sta tus of th e testing programs. And I'm not going

2 to put too much emphasis on what we have completed but

3 what is ongoing to solidify the design a little bit more.{}
4 (Slide.)

5 I'think at a previous meeting Dr. Dickson

6 talked about core- design criteria a little- bit. The

7 point I want to make here is that from the RDT standard

8 in terms of the damage severity limits for the core

| 9 through unlikely events -- and sometimes I will use the

to terminology " normal upset" and " emergency upset,"

11 referring to anticipated events, and "unlikely" and

12 "smergency" are synonymous.
I

! 13 But through this point we tried to design the

) 14 core such that we preclude failure from any mechanistic
,

15 phenomena that we would understand. Okay. And in the

16 case of the fuel rod and the blanket rod, we use two

'17 techniques.

18 The ductility limited strain criteria is more

19 of a recipe-type criteria that is not so

20 phenomenological in nature but accounts for certain

21 pertinen t aspects, namely thermal creep and pla sticity ,

22 and was derived primarily in the FFTF days, and it has

23 been modified by us to account f or a somewhat little

() 24 more understanding about fuel. But it's basically a

25 recipe that is a designer-oriented quick tool for

O
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|

(]) 1 assessing the design.

2 We have gone to the cumulative damage f unction 1

l

3 technique which is more predictive in its nature and

4 tries to dynamically track the materials properties :
I

5 through time, the fuel performance with time,

6 irradiation effects, fluence effects, hardening, what-

7 have you.

8 This technique is being integrated very

( 9- heavily right now in the national fuel programs in terms
!

10 of the IIF code and the generstion of the data base to

11 try to qualify that technique.

12 (Slide.)

13 In terms of the assembly, what I thought I

14 might do is just walk you through and point out the

15 pertinent features. From the outside of the assembly
|
i
| 16 starting from the bottom to the top this lower inlet ;

17 nozzle region which extends about in this area, this

18 interfaces with the lower inlet modules. There are two

19 piston rings to try to prevent excess leakage flow from

l
20 goint past the assemblies, up the outside, through the

21 interstitial region of the core. Really, these

22 elongated holes in the inlet slot are such that if the

23 assembly moves up and down from its full seated position
|

() 24 to a secondary holddown position, reduced flow would not

25 result.

O
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() 1 This discriminator post is designed such that

|
| 2 if you go in to the wrong core position, it vill not
i

3 seat, and this is in a core position that would result

4 in the assembly having less flow than it is supposed to

5 have such that this length is long enough the refueling

6 machine would not let go, it wouldn't seat down, and the-
|

7 interlocks would say I'm locked in a position; you can't|

8 let go.

9 This is totally a stainless steel structure

10 316. The duct region itself which is from here to the

11 top of the handling socket is 20 percent cold core

f 12 material.

13 Now, a little while ago somebody was asking

)
{ 14 about the core restraint aspects and do we get core

15 compaction against the core thermal rings to do the

16 swelling. This load pad is located well up above the

17 axial blanket region out of the high fuelant region such

18 that we don 't get an y swelling in stainless steel at
.

19 that axial elevation above the core.

f
I 20 The fluences up in this region are low,. only 2

22
21 times 10 .

22 MR. SHEWMON: Where are there discontinuities

|
23 in the length of that then? Where is your fuel?

() 24 HR. SCHWALLIE: The fuel would -- okay, the

25 fuel region itself, the core region, is about at this

O
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() 1 elevation down to here. I've got this cut in two here. j

2 But this load pad is about four inches above '-- the

3 bottom of it is about f our inches above the top of the-

n,

4 core itself. So we don't really get any gross

5 deformation of the assembly here, and any deformation of l

6 the duct that we take down in this region is
|

7 accommodated by the diameter difference of the duct and

8 the load path.

9 The outlet nozzle of the assembly is welded to

i

10 the duct. It has a load pad, and it has these sloping

| 11 fea tures on the top so that that feature, along with the

l

i 12 transition from the round to the hex here, provides the

'

13 camming and gearing so that the assemblies as they come

14 in a little bit misalign f rom the refueling machine,

15 straighten themselves up and slip into the core. And
s

16 the inside of the nozzle has a ledge feature for the

17 refueling machine to g rab a hold of, and then this
/

18 scalloped region on the top is put in there so that it

10 is small enough such that if you had a refueling

20 accidentand tried to put an assembly dowh where there

|
21 was one, it would not go down in and damage the rod

i 22 bundle, and the scallops would still provide flow access

23 through the assembly.

() 24 HR. WARD: How do you get -- you have to have

25 rotational orientation. How do you get --

| (2)
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() 1 HR. SCHWALLIE: If you're just a little hit

2 off-line, the assemblies will clear themselves in such

3 that the load paths line up correctly by slipping pact

4 these camming f eatures here. And there is a similar

5 feature here in the transition from round to hex.
6 MR. CARBON: Do you have the same-orifice size-

7 in each of the fuel assemblies?

8 MR. SCHWALLIE4 No. Both the number of plates

9 and the hole diameters themselves vary from each orifice

10 zone to the next.

11 MR. CARBON: How do you know? How can you be

12 certain you've got the right orifice?
,

13 MR. SCHWALLIE: It is primarily administrative

O 14 QA control and fabrication.
15 Now, we do do an air flow test when we

16 f abricate each assembly, and that gives us a final

17 confirmation that we have the right orificing with the

18 right assembly and its identification system, which is a

19 notched system which is read both administratively and

20 by th e re;ueling machine.

So after fabrication we get a confirmation21

22 that the right orifice is in there through that air flow

23 test.

() 24 MR. CARBON: How sensitive is that test?
i

25 MR. SCHWALLIEs On FFTF where we have had

O
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() 1 three discriminator zones it has been very good. As a

2 matter of fact, we have never nad a case where we had

3 the wrong orificing in, but I think the air flow testing

4 is within 15 percent of differentiation of flow rates

5 between different orificing zones itself.

6 MR. WARD: And then the size of that

7 discriminator post is tied to that?

8 HR. SCHWALLIE That's right. That's tied

9 also.

10 MR . W ARD : But down in the reactor internals

11 then you 've got some thing tha t receives tha t. Is that

12 changeable, or is that fixed with the reactor?

13 HR. SCHWALLIE: You can change LIMs, but

O
\- 14 suppose we go in with just A-1 and we never decide to

15 change it. That always stays, each zone stays

16 permanent, and it is the female matchup of this male

17 insert.

18 MR. WARD: But if af ter your first cycle you

19 decide to change the orificing for some design, in your

20 next cycle you have to go in and change those female?

| 21 HR. SCHWALLIEs No. If I want to allocate

22 flow a little bit differently from zone to zone, I can
.

23 change --

() 24 MR. WARD: What if you want to make another

25 zone I guess is what I'm asking.

O
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() 1 MR. SCHWALLIE4 Then you would have to change

2 LIMs.

3 MR. CARBON: What is the maximum flow{}
4 difference if you have the worst wrong orifice size?

5 Wha t is the flow difference from the biggest orifices to

6 the smallest orifices?
|

7 MR. MARKLEY: Roughly you have about 150,000

8 pounds per hour in a minimum flow assembly and around

9 200,000 pounds per hour in a maximum flow assembly --

10 fuel assemblies.

11 MR. CARBON: Your delta t is what, 300 degrees

12 or something, so this gives you another hundred degrees,

13 and thus, it doesn 't really change things too much?

O
14 MR. MARKLEY: That prorating or allocating of

15 flow helps your temperature because you put the hig her

16 flows in the higher heat generating assemblies and

17 reduce --

18 MR. CAR BON : But I mean if you made a mistake

|
19 and the minimum flow orifices were in the hottest

20 assembly. .

21 MR. MARKLEY: Yes. That would give you higher

22 temperatures.

23 MR. CARBON: But only by about 100 degrees.

( MR. DICKSON: I don't think we would want to24

25 make a claim that they would survive. I think we would

O
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() 1 assume that it would run to overtemperature and would

2 fail sometime during life.

3 MR. WARDa What is the delta t in your air

4 flow tests?

5 MR. SCHWALLIEa I can 't be too- definitive on

6 the-numbers. I'm not sure exactly of the total pressure,

7 drop they have been running on FFTF. The air flow

8 testing and water flow testing correlation has been very

9 good in EBR-2 also.

10 MR. CARB0h: Excuse me a second. Can I ask

thg Staff if you looked into the -- explored the quality11

12 control aspects of this?

13 MR. STARK: Are you referring to the analysis

14 or the manufacturing itself?

15 MR. CARBON: Everything connected with it.

16 MR. STARK: Well, to date what we have been

17 lecking at is largely the analysis of the overall Q A

18 program. We have been looking at some components that

19 are manufactured, but I don 't think that we have looked

20 a t any f uel assemblies yet.

21 MR. CARBON: Have you adopted some sort of

22 position on being sa tisfied with the procedures that

23 will be followed on that? -

() 24 MR. KINGS We have gotten a commitment that

25 this air flow test will be done as one of the last steps

O
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(). 1 of fabrication. We have not reviewed in detail or in

2 fact I.think to any extent the fabrication process

3 itself, the OA administrative controls, that kind of

4 thing, other than that we did get the commitment to do

5 this air flow test. I think we consider that more of an

6 OL-type item than a CP item .

! 7 MR. CAaBON: Okay.

8 MR. WARDa That may be true unless you find

9 out at the OL stage that you wished they htd more

10 thermocouples in the reactor.

11 MR. SCHWALLIE: Okay. In the bottom-of the

| 12 assembly just above the inlet region or the orifice

13 plates, and then there's this very bulky region here

)
14 that provides shielding for the permanent reactor

15 structures, nothing too complica ted about this. Then

16 just above that is the initiation of the rod bundle

17 region, and there is a key-way assembly design, a rail

|

|
18 attachment assembly design. That actually restrains the

I
19 fuel rods from any axial movement. And then the tubel

20 bundle itself is 270 pins with a wire wrap spacing on it.'

|

21 Now, the previous vu-graph I showed you just
(

22 gave you an example of the kinds of quantified design

23 limits that we used for the fuel rods. In terms of the

() 24 other assembly structures, the ducts, the outlet nozzles

25 and inlet regions and so forth, we not only look at
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O i ductise fracture modes end fatigue effects and britt1e

2 eff ects due to irradiation hardening. That really is

3 on.Ly a consequence of the duct, because everything from

4 here down and up above is a very low fluence type

5 situation where you don't lose ductility.

6 But we also worry about the- functional aspects -

7 of fit, form and function, both in reactor from a core

8 restraint point of view in terms of what that translates

9 into refueling loads, and then the configuration of the

10 assembly in terms of bulging and residual, and

11 transferring the assembly out of reactor. And we worry

12 about that aspect also.

13 (Slide.)

O 14 In terms of how do we compare with FFTF an an

15 assembly basis, we have six discriminating zones in the

16 fuel; FFTF has three. And that is just primarily

17 because of our core arrangement and the larger core

18 size. In terms of lower shielding, we are about the

19 same. They were a little bit more than us because of

20 the requirement at one time to have the closed loops in

21 FFTF for specialized testing.

We have a little bit bigger outside dimension22

23 across the load pad, and that is primarily because we

O 24 need e utt1e mme meet fx the 1erger cxe end the

25 seismic load kilo-carrying ca pabilit y. The load pad

Oi
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2 more room fo r the d ucts to bulge outward.

3 We have a little more axial room at the top of

4 our tube bundle between the top of it and the handling

5 socket than FFTF does, and that is just anticipation of

6 a little bit more higher burnuc eventually.

7

8

9

10

11

12

13

1

- 14

. 15

16

.

17

18
!

19

20

'

21

22

23

24

25

O

ALDERSON REPORTING COMPANY. INC,

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

_. . . _ . . . . . . . . _ . . _ . _



_

389

() 1 He have a fixed load pad at the top. FFTF had

2 a floating color and that was primarily-put in back in

3 the days of the evolution of the interation, or the

4 understanding of creep and swelling, the core restraint

5 and pipe calculations. We don't need that and they're

6 not going to have-it in their next build, And we- ha ve -

7 got a little bit more misalignment capability than they

8 have in terms of the refueling grappler mismatch. But

S that is just to allow for a larger core.

10 So, all other aspects in terms of the wire

11 wrap lead and the pin pitch to diameter ratio and that

12 kind of thing and the inside -- the cross-dimension of

13 the duct and the wall thickness of the duct and so

14 forth, we are identical to them.

15 ( Slide. )

16 In terms of our fuel rod, we've talked about

17 most of the features and most of this has been mentioned

18 today, but very simply, it is a hermetically sealed

19 component, welded with tubing and cladding 15 mil wall

l
20 thickness as it is welded to a top and bottom end cap.

21 _The wire wrap is welded at each end. From the bottom

22 end cap you've got 14 inches of blanket material with

23 three foot of actual active core, another 14 inches of

() 24 axial blankets, a spring to keep everything tight,

25 closed pack during shipping. Just a tube to transmit

O
|
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A
1 the for ced to the top end caps, and then this tag gas( ,j

2 capsule assembly that upon welding or sealing of the pin

3 we rupture the diaphragm and release the xenon-crypton

4 tag gas mixture into the pin and it becomes part of the

5 bond gas, and then-each assembly has a unique tag gas

6 composition.

7 Our fuel is a dished fuel such tnat when the

8 fuel comes to hot conditions, there is no doming of the

9 fuel to elongate the stack. We have a 91.3 percent

~

to theoretical density with about a five to six and a half

11 mil gap. That is a diametral gap between the pellets

12 and the cladding. The blanket pellets above and belowj

13 are 96 percent density wit h a 10 mil gap. The 10 mil

O 14 gap is prima rily there to allow for the migration of

15 cesium fLssion products in the upper region of the fuel
!
| 16 column. Everything else, I think, is pretty

17 self-explanatory. The cladding is 20 percent CW 316.
l

| 18 MR. BENDER: Can I ask my question now?

\

19 MR. SCHWALLIEa S ure .

-

20 HR. BENDER: Do you pre-pressurize the fuel?

21 HR. SCHWALLIE: No, we don't.

22 MR. BENDER 4 There is nothing in there that is

23 u nd er-docum e nted ?

() 24 MR. SCHWALLIEs Our glove bor is welded at

25 atmospheric pressure.

O
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1 MR. BENDER 4 And they contain what, a mixture(]) '
2 of argonns?

3 MR. SCHWALLIE4 The fuel gas is helium.

4 HR. BENDER: What happens with burnup to the

5 gap? Does it change with time?

6 MR. SCHWALLIE: Yes.

7 MR. BENDER 4 Can you tell 12s a little bit

8 about its behavior?

9 MR. SCHWALLIEa Sure. What happens is in

10 Clinch River, first of all, from a design standpoint,

11 smear density is the controlling parameter in terms of

12 overall fuel performance in a global nature. And smear

13 den sity as we talked about it this morning is the total

14 void available inside the pin for a swelling

15 combination. What happens is on your ascent to power,

16 the fuel will thermally expand out toward the cladding,

17 but you do not close the gap until you restructure the

18 void deployment that you build into the fuel and create
i

19 a central void.
'

20 Now, you can do that~within two to three days

|
21 of full power operation, and then as you burn up and,

22 say, get the 2 ;ercent burnup, you will have pretty much

23 fully restructured the fuel. You've got about a 20 to
,

() 24 30 mils central void in the center. And the fuel will

25 be in contact with the cladding at that point in time.
1

!

()
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() 1 And then from that point on , you start getting f uel clad

2 and mechanical interaction until about 5 to 6 percent

3 burnup. The cladding reaches a fluence, then it starts{}
4 to swell a little bit.

5 So that is the relieving mechanism plus a

6 radiation creep, which is very good- for us in a

7 relieving sense from the secondary stress levels. That

8 off-balances the differential growth between the fuel

9 cladding and time, and we would predict that we would

10 maintain fuel-clad contact over three-quarters of the

11 fuel height throughout life time to the end of life from

12 about 2 percent burnup, on.

13 HR. BENDER: Now, the fission gas pressure

O
\~# 14 builds up in the system, does it not?

!

15 -HR. SCHWALLIE: That's right.

16 MR. BENDER: Does it exert enough external ;

17 pressure or internal pressure to cause the gap to open
|

| 18 up?
i

19 HR. SCHWALLIE: No. The stainless steel is
~

20 very stable. We don't have any of the zircalloy type

21 irradiation creep instability problems that you might

22 have in another reactor.

I 23 MR. BENDER: And the cladding is strong enough

() 24 to hold the ?ressure?

25 MR. SCHWALLIE: That's right. One of our

|
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() 1 design-imposed constraints is that that balance of

2 fission gas pressure under steady state operation, we

3 never want the stress level greater than the

4 proportional elastic limit. That kind of keeps us clean

5 from a lot of considerations.

6 What we are off-balancing is the stress

rupture capability of the cladding in time under th[t7
,

8 internal pressurization.

9 MR. BENDER: How about the ratcheting

10 phenomen;? Are any of those of concern in this

11 particular fuel?

12 HR. SCHWAL1IE: We haven't seen it in our

13 testing programs. Just one test we did to try to

O 14 address that about a year and a half ago is we took some

15 pins of varying burnups in EBR-2, cycled th e pin s f rom

16 about 100 to 150 percent over power for 54 cycles. And

| 17 we got -- we couldn 't measure the strain diff erence

18 prior to and after testing.

19 MR. BENDER: Thank you.

20 MB. SHEWHON: Staying on those two subjects

21 fcr a minute, you've never seen any fragmentation of

22 your pellets?

23 MR. SCHWALLIEs Yes. When we do destractive

() 24 exam, we crack the pellets very severely.

25 MR. SHEWMON: And they never get out of whack

O
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() 1 and out of orientation and give a local strain to the

2 cladding?

3 MR. SCHWAllIE4 The only time we ever -- not
{}

4 an oxide fuel. He have never been able to see localized

5 stress concentrations other than in some very early days

6 in carbide- f uel when we had sodium-bonded pins and we-

!

! 7 had very large fuel clad gaps, totaling an applicable

8 situation to here wherc you've got a big pellet chip in -

9 that annulus and carbide fuel being very, very hard and

10 very, very stiff, did give rise to a breach mechanism of

11 the cladding.

' 12 In oxide fuel we have never seen fuel

13 fragmen ts or anything like tha t , and we have tests where

O
14 we have known that we have -- in the radiation program

15 we have rogue pellets, so to speak. We speak of.an

i

|
16 off-normal pellet as a rogue, and what you get is you

i

17 tend to get a lot of elasticity of the fuel itself. The

18 f uel has pretty good radiation creep characteristics to

19 allow it to hot press, so to speak.

I 20 MB. SHEUMON: A different question. You've
1

21 got a quarter of an inch of stagnant sodium between your

22 sub-assemblies, ap p a ren tl y , that being something like

23 the offset of your subassembly shims up top. Has that

( 24 caused any sort of prablem or extra transient when you

25 change power? Or if the temperature doubles?

O
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~() 1 MR. SCHWALLIE: We ref er to that as the

2 interstitial flow throughout the core region, and we

3 modeled that and we predict its behavior, both where it

4 goes and wha t its temperature seeks, and what you find .

|

5 is flow is -- first of all, leakage flow is very low,

6 and wha t you find is wherever it goes- it takes on the
|
|

| 7 temperature of the duct structure that is next to you.

8 MR. SHEWMON: So that is basically stagnant

9 sodium convecting?
I

10 HR. SCHWALLIE: It kind of perks its way up

11 very slowly.

-12 MR. SHEWHON: Okay.

13 (Slide.)

O
14 HR. SCHWALLIE: Okay, in terms of rod'

15 internals in FFTF -- we have a different plutonium
i

16 concentration than in FFTF, and our EBR-2 data base is

17 primarily on 25 percent plutonium, and I will come back

18 to that a little bit later. We have a little bit higher

19 pellet density than FFTF. We found that it was a little

20 bit better to put our void in the side of-the plenum

21 rather than in the pellet itself, so we translated it to

22 a little bit smaller diameter than FFTF. The

23 combination of the two gives you the same smear density.

() We have axial blankets. FFTF only had a24

25 couple insulated pellets to make the damage transition

O
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() 1 from the top fuel pellet to'an inconel reflector that

2 they have on the top of their pin, above and below.

3 That is reflected here (indicating). We have a bigger '

[
4 fission gas plenum than FFTF, and of course, our rod is

5 longer.

6 MR. WARDS The fission gas plenum, does that

7 count as part of the smear void?

8 MR. SCHWALLIE: No, the sneer is totally an

9 area concept, not a volume concept.

10 (Slide.)

11 Okay. In terms of the blanket assembly, --

12 MR. WARD: It is a cross-sectional area'?

13 MB. SCHWALLIE: res, a cross-sectional area.

14 Now, in terms of the blanket assembly, externally they

15 look the same. The inlet nozzle is just a little bit

16 different. The orifice plates are in the bottom of the

17 shield region. The primary diff erence is in the tube

18 bundle itself.

19 (Slide.)

20 The blanket rods, there are 61 of them in the

21 assembly. They are 506 in diameter, 15 mil wall

22 cladding. The big feature is a four-inch axial pitch on

23 the wire wra p, and that is primarily due to a desire on

() 24 the part of mitigating the gradients of cross-radial

25 blanket assemblies. The four-inch wire wrap pitch gives

O
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() 1 you very good distribution across the assembly so that

2 in the outer rows you try to.get the hot and cold flow

3 communicating so the temperature gradient across it from

4 a bowing standpoint is mitigated.

5 The pin pitch to diameter ratio is very much'

6 tighter. This is a 33-mil wire wrap as compared to 36-

7 mils for the fuel. Again, though, just a stack of

8 pellets with a spring and a spacer, and these also tave

9 tag gases in them. So that if they fail, we can detect

10 them, also.

11 MR. EBERSOLEs Does that wire wrap form the

12 actual spatial separation itself ?

13 HR. SCHWALLIE: Yes.

14 MR. EBERSOLE: Is there any potential for

15 gnawing over the years, or chewing up that 15 mil cover?

16 MR. SCHWALLIEa Yes, we learned our lessons

17 there. In the early days of EBR-2 when we went to

18 61-pin bundles we always had a concern of introducing

19 too much bundle duct into action. In other words, where

20 you wanted to make loose bundles so that when we got a

21 lot of swelling we didn 't pinch the pins too much.

22 What we found is we made them too loose and we

23 did get vibration and wear and we chewed some cladding

() 24 ap. The fix is if you stay, as a rule of thumb, below 6

25 mils per ring of fuel total porosity, you can preclude

O
l
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() 1 th a t , and we have done that in EBR-2 and the bundlec

2 have worked very well.

3 We have looked at bundles out of FFTF; one of{}
4 the lead assemblies that was in there that has had over

5 100 days of full flow conditions on it, and it is very

6 clean. And, of course, the French experience has been

7 very good that way, also. So we have got that problem

8 licked, but we did have it at one time.

9 HR. WARD: You seem to be able to recount

10 French experience on some issues and not en other issues.

'

11 HR. SCHWALLIE: Well, I think . hat comes

12 primarily from in the fuel business we have quite a bit

13 of interaction with them from time to time. Different

14 disciplines interact a little bit differently in terms

I
15 of the interaction of the base programs.

|

16 (Slide.)

17 I th oug h t I would just show you what a shield

18 assembly looks like and what its functions are.
|
|

19 Actually, it is the shield of permanent reactor

20 structures. They are very sirv' o in external

21 appearance, just like a fuel anc 3 Dianket. They have

| 22 f or a tube bundle just solid rods, just for shielding

|
23 purposes, and we double-decked these rods in certain

) 24 locations, 14 of them on two sides of the core protect

25 some baffle welds.

(a~T
'
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() 1 And then the other function is that we have

2 the center of several of these assemblies dedicated to

3 having a tube on the inside. That contains surveillance

4 specjmens to get lead information on ductility and so

5 forth of the permanent reac tor struc tures. So it is

6 basically a shielding and surveillance f unction , and -

7 also, to transmit the forces of core restraint loads out

8 to the core former rings.

9 (Slide.)

10 In terms of'some design evaluations, in terms

11 of the cladding on the fuel for the'two limits that I

12 talked about for steady state operation we 've got about

13 a 35 percent margin on the CDF technique, 75 percent on

O 14 the constrained technique including transients through

15 the unlikely events. We have got 2 percent margin on

16 the ductility limit. This should be CDF and this is

17 ductility-limited strajn.

18 We analyzed the wire wrap through time, and we

19 have two concerns; one is we don't stretch it too much,

20 and the other is that it doesn't get too loose versus

21 time. So we talk in terms of keeping the stress levels

22 pretty low, arid also, its ductility-limited strain. And

23 then we don't want any wire slackening such that you get

() 24 wire movement up and down the pin.

25 MR. BENDER: Excuse me. Have you had any

O
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) 1 experience with wires breaking?

2 MR. SCHWALLIE. We have never been able to --
,

there are two cases that I'm aware of. When we took the
| [}

3

4 bundle apart we have broken wire; one was on the fuel
'

5 and one was on a blanket. But my opinion is that we.

I

l 6 broke them when we were taking them off because-we were-

7 try ing to strip the duct off the tube bundle. When we

8 -- let me back up a second.

9 When we take these assemblies out of the

10 reactor, we do six-position neutron radiography of the

11 assemblies, and you can see the outside rows of the

12 assemblies very plainly, or the fuel pins. We go to

'

13 pull the duct off and it is tight, and we h a ve ac tually

O
14 had to slit -- and both of these bundles we had to end

15 up slitting the duct to get it off, and after the fact

16 we found a wire on an outside pin, but we could never

17 see it broken on the radiographs and I think we broke

18 them when we were trying to strip the duct off.

19 MR. BENDER: If wires did break, what would be

!

l 20 their behavior in the flowing sodium? Would they just

21 stay where they are?

! 22 MR. SCHWALLIE4 I think certainly, after we

|
23 got into where we had a bundle, a positive bundle

) 24 interaction effect with the multiple contact -- you have

|
| 25 contact with the pin continuously along that wire's
[

|

|
|
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() 1 length. I wouldn't project that it would move. I think

2 it might move if it broke, and if there was a little

3 pre-stress lef t in it you might expect it to give a{)
4 little bit. But it is sort of like a springs it has a

5 permanent set and as you vrap it I wouldn't expect it to

6 move much. The- ones that were b roke, they just stayed

!
7 there, they didn't coil up or anything.

8 MR. BENDER: There are advance fuels coming

9 down the pike. What is the nature of the things you can

10 see further down the line?

11 MR. SCHWALLIE: Well, from a fuel lifetime

12 point of vie w, my biggest concern has been the

13 deformation in that in the three 16 cl a d. din g , higher

O
14 fluences will swell a lot, and the advance alloys,

15 alloys that are lower swelling will certainly mitigate
i

16 that problum. And that the wire wrap will probably work

17 fine as long as we can keep the overall deformation of

18 the assembly below, say, two wire diameters. That is,

19 the interaction between the bundle and the duct.
|

20 We do have fallback positions in the program.

21 We do have derivative assemblies in FFTF right now that
|

|

22 could eventually be utilized as an alternate spacing'

23 mechanism.

24 MR. BENDER 4 Well, I've heard talk of thinner

25 cladding. Is that real or just one part of the passing
:

l

($)
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( 1 parade?

2 ER. SCMWALLIEs I don't think personally it is

(]) 3 too real. I think the way to go is we migh t increase

4 the smear density in the f uel a little bit more, or we

5 find that smear density would go a little lower but

6 thinning the cladding below 15 mils doesn't have a lot

7 of practicality in my opinion, primarily from a

8 f abrication point of view and the defects that you get.

9 MR. BENDER: Thank you.

10 MR. WARDS One other question. What are the

11 heat transf er characteristics of that wire wrap? Does

12 it act as a fin , or does it cause a hot spot on the

13 cladding?

14 MR. SCHWALLIE: What you get is if you can

15 imagine an azimuthal profile of the temperature as you

16 go around the pin and you start under the wire, you will

17 get roughly a 50 to 100 degree, depending upon where you

18 are in the pin and what the heat flux is at that point,

19 you will get a 50 to 100 degree hot spot. Then as you

20 90 away from it and you start dropping around, you will

21 get in the middle of the subchannel and so forth. So

22 you do get this cusp type temperature distribution

23 around the pin.

24 MR. SCHWALLIE4 All of the hot spot

25 temperatures that Mr. Markley discussed earlier were

O
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() 1 under the wire wrap.

2 (Slide.)

3 In terms of bundle duct interaction, we don't
)

4 vant to get too loose, we don't want to get too tight.

5 This is the limit that we learned ont of EBR-2 that was

6 good to stay away f rom, from a looseness point of view.

7 And we tried to stay within one wire wrap diameter on

8 bundle tightness.

9 (Slide.)

10 I have similar information for the blanket

11 assemblies but I think I will skip it because of the

12 tim e .

13 (Slide.)

O
14 In terms of the development programs, these

15 are in a global nature the status of the activities that

16 have occurred up to now. Some of these tests were

17 listed by Bob Markley. I list them because I am

18 interested from, not a hydraulic point of view, for

19 example, on these flow and vibration tests, but I'm

20 interested in vibration characteristics of the
21 assemblies. And again, that goes to the amount of

22 porosity you put into the bundle.

t 23 All of our out of reactor testing is done from

24 our vantage point. We would consider our steady state

25 irradiation program in EBR-2 on reference fuel to be

O
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fva
1 complete. Of course, we will be getting IFTF data and

2 ve have completed the transient testing on TREAT reactor

O 3 oa ta ota c t o cerereac via -

4 We have got a lot of information on both the

5 machanical properties and their dependency with time and

6 irradiation effects, and we have correlations that

7 describe the swelling in reactor def ormation and

8 post-irradiation properties of different heats of steel

9 so that we can. encompass what our steel is going to

10 behave like.

11 And wo have also got quite a bit of experience

12 now on run beyond breach experience in EBR-2.

13 MR. WARDS How long -- let's say the cladding

14 breach occurs and we have this system for detecting it.

15 How long is it before you know you have it, and what
l

16 sort of damage can you do to the fuel pin in the

| 17 meantime?
1

18 MR. SCHWALLIE: There are two aspects. If we

19 have had plenum breaches not in the fuel region itself

20 in EBR-2 our experience has been that they do not result

21 in f ool-sodium contact leakers of any kind. We have

22 logged some sodium in some pins but nothing happens; we

23 get no DND signal release out of them at all. The gas

pd 24 comes out, the covered gas system says yes, we let it
.

25 run and they are very stable. -

O
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1 The other thing, if we get breaches in the

2 fuel region itself, what we find in oxide fuel is that

Q 3 you generally get a very thin, intergranula r crack

4 through the cladding. Now, if you are not in a region

5 where you had clad swelling so that the fuel is still

6 pushing out'and it is' the d riving fo rce , we4 can run
?

-

| 7 about 20 to 25 days in EBR-2 and we get a DN signal,

8 provided we haven 't had a shutdown during that time.

9 If we have a shutdown, we find that going down -

10 and logging sodium and coming back.to power with some

11 fuel-sodium reaction we open up the breach and we get a

12 bigger DN signal than we had when we shut down. There

| 13 a re pins in EBB-2 that have not nad shutdowns, and we
- 0

14 can usually run 25 days with confidence. And we have

15 had a couple of subassemblies that have been in a high

16 swelling regime that have run 96 days. So we are kind

17 of optmistic.

18 We're also finding that the kinetics of

(
19 fuel-sodium reaction are pretty slow, and its burnup is

20 dependent upon the amount of free oxygen that is

| 21 available on the pin surf ace at that time. But it is

22 not accelera ted , it doesn't just happen in a matter of

23 hours. It takes a couple of days.

24 Okay, I have a similar kind of slide on the

25 blank et developmen t testing.
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1 (Slide.)

2 Just a couple to point out because blankets

() 3 were so much different and FFTF didn 't have them. We

4 vent ahead and did some of this bundle compaction

5 testing to try to determine the stiffness of that bundle

6 snd how it might in teract f rom a pinch plane- point of.

7 view of the wire and pin against the duct.

8 That kind of testing was done for the fuel in

9 FFTF. We have also done flow and vibration testing on

10 the blankat since it was different. We have done some

11 duct load pad crush tests to see how the bundles react

12 to it.

13 And we have done some cladding rupture testing-

14 because of the larger diameter cladding, and this test

15 here was an irradiated duct out of EBR-2 to try to get

16 -- f or a long time people thought th at there was no

17 ductility left in the irradiated matorici and we

18 demonstrated tha t there was plenty of ductility left to

19 handle any kind of deformation that we got from our

20 seismic loadings.

|

21 (Slide.)

22 The emphasis today in the testing program of

23 the fuels program is to try to link our EBR-2

24 understanding to FFTF to account f or the things that nov

25 vs have got long pins instead of short pins, we've got

O
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() 1 different fluence to burnup ratios, different chemistry

2 and so forth. We have three tests in FFTF; two of them

3 are in there now, this one is going in in May that has{)
4 axial blankets and 33 percent fuel. So that through

5 these three tests we can directly relate our plutonium

6 dif f erence to the- 25 percent' data base' that we have.

7 These two assemblies will also give us information in

8 that they have axial blankets, also.

9 We have some experience to date -- there was a

10 test done in EBR-2 that had both 30 and 40 percent

11 plutonium in there, and the destructive examination data

12 on that to date says that within the scatter statistical

13 behavior of each of the kinds of phenomenon that are

O
14 sensitive to plutonium concentration, there is no

15 significant difference.

16 Again, these tests will address that'. And

17 then the reload fuel for FFTF is about 30 percent

18 plutonium, so we're getting a large amount of data to

19 extrapolate off of that.

20 In terms of this linkability here, two things

21 are going on there. And this is primarily not only

22 steady state. We are reproducing a lot of the fluence

23 to burnup tests that were done in EBR-2 but this is also

( 24 testing FFTF rods at coccarable ramp rates as they are

25 done for EBR-2 rods to see if long f uel columns behave

O
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() 1 any differently than short fuel columns.

2 We do have somewhat of a lack of overpower

3 transient data for slow overpowers, and this is below 10{}
4 cents per second. I described this test to you. This

5 was a blanket' test.

8 MR.< CARBON: Excuse-me, Mr. Schwallie, could

7 you wind up rather quickly?

8 MR. SCHWALlIEs Yes, no problem. This

9 opecational reliability testing program was to get from

10 .1 to 10 percent ramp rate data to go along with the 50

11 cent up to $3.00 per second ramp rate data ve have. Two

12 tests were done last week and were taken to 60 percent

13 overpower in EBR-2 and did not fail, so we got a factor

O
14 of 4 on a 14 sercent overpower capability at Clinch

15 River.

18 This FCCT testing is fuel cladding transient

17 testing; that is, ex-reactor testing of cladding that

18 has been irradiated both naxt to f uel and not next to

19 fuel so we can get the fuel adjacency effect that Mr.

20 Baars talked about this morning. And we will be doing

21 three tests at 10 cents a second to see how it

22 correlates with the EBR-2 data.

23 We have an active RBCB program in EBR-2, and

24 we have three blanket t ests for FFTF. These two are in

25 the reactor, and this is an instrumented assembly that

O
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1

() 1 will be going in about a year or yea r and a half from

2 now, and we will do a natural circulation simulation on

{) 3 a blanket assembly in FFTF. It is a fully instrumented

4 assembly.

5 (Slide.)

6 The next slide just summarizes- that' testing

7 p ro gr am . I don't think we need to spend much time on

8 i t, but everything is in place to answer ~ the questions

9 and address the concerns that the staff had.

10 (Slide.)

11 In terms of my o'verall conclusions, we do have.

12 a design basis that is relatable back to the regulatory

13 guides and the damage severity limits .tha t the core has

O
14 to survive under. The anlysis and testing that has been

15 done to date shows that there's a very high probability

16 of thic core performing acceptably and meeting its goal

17 lifetimes, and that the testing programs are in place to

18 gain the understanding tha t some people think we might

19 not have.
I

20 MR. REMICK: What are you trying to accomplish

21 in the RBCB test in EBR-2?

22 MR. SCHWA 11IE: One of the big things we're

23 trying to do is from an operational point of view, we

( would like to use the DND system, the delayed neutron24

25 detection system, as a diagnostic to give us information

O
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() 1 on that breach in the core.

2 What we've found so far is that we can relate

(~g 3 DN signal strength to breach size. The amount of
V

4 exposed fuel that is available to coolant.

5 HR. REMICKa Are you looking at propagation or

6 is that pretty well settled?

7 MR. SCHWALLIE No. I think propagation, as

e far as I'm concerned, is a dead issue. We are primarily

9 just wanting to get experience on the kinetics of that

to fuel-sodina reaction and how it translates into

11 diagnostic information.

12 This also has very important applica tion for

13 the reactor maintenance. We are also trying to see if

O
14 We actually do put plutonium into the system. That is

| 15 another positive thing that has come out of the RBCB
l

16 program in EBR-2; that we have yet to eleva te the'

17 plutonium level in EBR-2 with all of the tests that we

18 have done. We don't apparently create a maintenance

19 problem with BBCB type operations.

20 MR. WARD: The reason, I guess, propagation

21 you say is a dead issue -- is that mainly because the

22 failed rod doesn't swell up and interfere with the flow

23 in the rest of the assembly?

( 24 MR. SCHWALLIE: That is primarily it. Plus,

25 you tend to -- first of all, the nature of the breaches

O
,
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() 1 we get, we don't get rapid gas ejection. If you fail in

2 a plenum region it is generally a micro-fissure

( 3 inter-granular type thing, and the gas just comes

4 blowing down very slowly. If you fail in the fuel

5 region, it is generally because you've got fuel-cladding

6 interaction and the fuel is plugging up the- breach, so

7 to speak, and the gas doesn 't come out quick, either..

8 HR. WARD 4 How much of the favorable overall

9 characteristics is due to your helical flow? I think ,

to you mentioned you have got a backup fuel design that
.

11 would have not wire wraps but some other type.

12 HR. SCHWALLIEa Grids.

13 MR. WARDS Should we be concerned about

)
( 14 whether there might be more of a failure of flow

|

| 15 reduction in propagation reaction?
t

! 16 HR. SCHWALLIE I think grids have a little

l 17 bit more concern to me from a blockage, debris
I

18 ret en ti o n , point of view than the wire wrap does.

19 MR. CARBON: Any other questions?

20 (No response.)

| 21 Let us take a break, then.

22 (A short recess was taken. )

23 MR. CARBONa Let's go on with the meeting.
,

() I've been requested to announce that if we go beyond24

25 7400 o' clock we should warn people in the garage that

O
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() 1 the garage downstairs closes at 7:00. But if we are to |
|

I
2 stay on schedule, we will be done before 7:00.

!

3 MB. CLARE: I will do my very best. The
[}

4 subject I would like to address at this point is what I

5 have called fluid-system interfaces, which is

6 alternatively on the-agenda called fluid circuitry

7 interfaces. I am not certain that there is any real

8 dif fe rence .

9 What I will do is to step briefly through each

10 of the major fluid systems in the plant and identif y the

11 interfaces that that fluid system has with other fluids,

12 including gases, environments, et cetera, and identify

13 in a general sense -- and I believo that is all that

O
14 time would allow for -- the kind of approach, the

15 f eatures that we have to assure that whatever the

16 interactions might be at that interface, will be

17 acceptable.

18 (Slide.)

19 And the first system that I will address is

20 the primary sodium coolant system. And it has three

21 other fluids that it has interfaces with. And I might

22 note that I will add ress the argonne cover gas last, so

23 it will not show up until we get to the last viewgraph.

24 Of course, a principal interface with the

25 primary coolan t system is the sodium coolan t system , and
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() 1 that interface is through the passive boundary of the

2 intermediate heat exchanger.

3 Now, one of the principal thihgs we do on that(}
4 interf ace is to maintain the pressure of the

5 intermediate heat transport system greater than the

6 pressure of the primary hea t transport system, which- 1

.

7 means that if a leak should develop, any leakage would ,

8 be from the non-radioactive sodium system into the

9 radioactive sodium system, thereby reducing any

10 consequences in terms of leakage of radioactive material

11 out towards the environment.

12 We no have leakage detection that will tell us

13 when any significant volume of IHTS sodium has leakedg-

14 into the primary heat t ransport system, and there is a

15 very considerable volume beyond the detection capability

16 to accommodate that in terms of an expansion of the

17 volume ofthe PHTS. Sc that there is no immediate hazard

18 f rom whatever leak age migh t occur.

19 MR. MOELLER: Excuse me, when you say that is

20 a passive boundary, what do you mean by that?

21 MR. CLARE: I mean it is a tube, a solid steel

22 tube. There are no valves, for example, leakage paths

23 from the original design standpoint. It would have to

A
(l 24 be a structural failure of some sort in order for the

25 fluids to in termix.

O
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s,) 1 MB. MOELLER: Okay.

2 MR. CLARE: We do have also on the primary

3 sodium coolant system an interface with Nak, and before
{~)

4 I go further, let me talk briefly about Nak. A question

5 that has come up a couple of times in prior meetings.

i 6 Nak is a eutectic mixture of sodium and potassium.
l

7 (Slide.)

8 22 percont sodium, 78 percent potassium by

9 weight. The melting temperature is 9 degrees

10 Fahrenheit, the boiling temperature is just a bit below

11 the boiling temperature of sodium. The Nak boiling

12 temperature being 18 degrees F. Any mixing of sodium

13 and Nak would not result in a chemical reaction, would
,

(J
14 not result in an adverse effect on the process equipment.

15 There would be an increase in the Nak melting

16 temperature as we moved away from the eutectic point.

17 Similarly, there would be a decrease in the sodium

18 melting temperature as we add Nak.

19 Now, the fact of the matter is that when we

20 look at our systems there is very, very little Nak

21 compared to the sodium systems that it interfaces with.

22 So there would , in f act, be very little eff ect in terms

23 of a decrease in the sodium melting te m pera tu re. There

24 might be some increase in Nak melting tempe ra ture, but

25 even that, within the volume that could be accommodated,

O
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O i wou1d be essentia111 insignificent.

2 ER. SHEWHON4 Why did you use Nak ?

3 HR. CLARE: We used Nak principally because of

4 this tampera ture.

5 HR. EBERSOLE: I figured you did. Now, when

6 you mix sodium with it, tha t tempera ture- is going to go

7 up, isn't it?

8 HR. CLAREa That is correct.

9 MR. EBERSOLEs Will that cause some problems

10 in the instrumenta tion?

11 HR. CLARE: No, it would not. The statement

12 about adverse effect on process equipment is essential 1y

13 true. Now, if there were large amounts -- let's assume

O
14 I approach pure sodium. That th eore tically could become

15 a problem. However, one would detect any leakage before

16 any significant percentage increase in the sodium

17 content, and you might increase this to 20 degrees

18 Fahrenheit, but there would be no significant difference.

19 HR. SHEWMON: The Nak is what you cool your

i 20 cold tra p with? Is that right?~

21 MR. CLARE: The Nak is what we cool our cold

| 22 trap with. It is also the secondary coolant in what we

23 cal 1 our direct hea t remova1 service. The interface

24 there is in a heat exchanger; shell and tube heat

25 exchanger. We call it the overflow heat exchanger.

G
U
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() T MR. MOELLER What is the sodium melting

2 temperature?

3 MR. CLAREa For pure sodium, I believe tha t's{}
4 218 degrees.

5 MR. REMICKa What are the limitstions on the

6 amount of Nak you can get into sodium and still
,

7 operate? Is it an activation problem? Primarily, a

S long-term activation problem?

9 MR. CLARE: Getting Nak into sodium would

10 result in some activation products we would not
>

11 otherwise expect in any significant quantity. Is that a
,

*

12 problem? That would be a slight operational problem and

13 it wouldn't even be a very significant one from that

O
14 s ta nd poin t. So it is not even clear that for the small

!

| 15 amount of Nak that one might expect to leak that it is a

16 problem at all.

| 17 MR. REMICKt .So there is no limitation on the

18 leakage of Nak in the sodium?

19 MR. CLARE: Well again, we vill detect it, and

20 we can detect it by d'etecting the levels in the

21 expansion tanks on the Nak systen. And we would expect

22 to detect very few gallons going into a million gallons

| 23 of primary sodium.

() 24 HR. SHEWMON: Is there any straightforward way

25 you could get sodium out of Nak, or I'm sorry, sodium

O
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|

() 1 out of~the Nak, or potassium out of sodium?

12 MR. DICKSON: Distillation is the only way.

3 You might have noticed that the Nak systems are all at
[}

4 higher pressure, so you would almost never expect sodium

5 to leak into the Nak, raising the boiling point. Any

6 inteface would leak Nak in, and the quantity of-primary

7 sodium is so vast compared with the quantity of Nak that

8 you would never get into any activation problem that you

9 would notice in consideration of the design basis amount

10 of fission products that you assume is in the sodium.

11 HR. BENDER: Does'the potassium influence the

12 corrosion chsracteristics of the sodium at elevated

13 temperatures at all?

O 14 MR. CLABEa To my knowledge, it does not.

15 There have been successful operations of Nak-cooled

16 reactors bef ore, with no specific problems.

17 MR. BENDER: I know, but I wasn't sure what

18 the temperature was.

19 MR. CLARE: I don't knew the exact

20 temperature, but to my knowledge, there are no such

I

21 effects.

22 MR. SHEWMON: I would be willing to bet you

| 23 even more money than a dime that it's just about like

) 24 sodium, and once you get the oxygen out, why, you're in

25 good shape.

(
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() 1 MR. BENDER: You're a good enough authority

2 for me.

3 MR. CLARE: Now, the third interface that I{}
4 have identified here is that of the nitrogen environment

5 in the RCB cells, and all of our p_imary sodium, piping

6 and components are located in inerted. cells within the.

7 reactor containment building. And, of course, the

8 piping and the components provide a passive boundary to
.

9 those cells.

10 There is sodium leekage detection in each of

11 the cells to tell us should there even be a tiny leak of

12 sodium, and in addition , the inerted environment in the

13 cell, along with the liner, a carbon steel liner which

O
i,

14 completely surrcunds the cell or completely lines the

15 cell I should say, completely surrounds the primary heat

16 transport system equipment, avoids any sodium-concrete

17 reaction.

18 This type of provision I assume we vill

1

19 discuss in detail next month when we discuss the'

20 containment philosophy.

21 Now, the other point I have identified for

22 this interf ace has to do with the separation of any

23 leaked sodium in that cell from any cooling water that

( 24 is separated by Yet another passive boundary. And just

l 25 to note quickly without going into detail that we have

O
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() 1 the additional protection of being able to detect,

2 isolate and drain away any water tha t might have leaked

3 from the water cooler for that particular cell for the
[}

4 remote case that we would even have any sodium leakage

5 into the cell.

6 (Slide.)
|

7 Now, the second fluid system that I will

8 address is the intermediate sodium cooling system. Nov

'

9 again, following out the heat transport system, the

10 principal interf ace is with our steam water system,

11 through the passive boundary of the staam generator

12 modules. I will discuss at length in my next

13 presentation the f ea tures ve have for leak detection and

()i
t 14 leakage accommodations which include rupture discs,

15 reaction production separation and collection system,

16 and a dump system and safety relief systems to relieve

17 the water on the water side.

18 Now, some of the intermediate sodium piping

tuns in the same inerted' cells in the containment people19

20 as the primary heat transport system, and we have the

21 identical protection against any leakage into that cell

22 for the inte rmedia te that we do for the primary.

23 In addition, a major portion of the

( 24 intermediate sodium equipment is located in an eir

25 environment in the steam genera tor building cells. Now,

()
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() 1 the key difference between these cells and these cells

2 (indicating) is that the sodium out in the air

3 environment is not radioactive, and therefore, there is{)
4 no particular need to absolutely prevent the release of

C any sodium-sodium reaction products from those cells.

6 The equipment, of course, provides-a passive-

7 bou nd ary , and in the intermediate building we also

8 provide very sensitive leak detection. As leakage

9 accommodation, we have catch pans in the bottom of the

10 cells to collect any leakage and protect any concrete

11 below the equipment. On some of the catch pans where

12 there would be the greatest accumulation of sedium, we

13 have fire suppression decks which are -- think of them

O
14 as a sheet metal cover over the catch pan, which will'

|

15 act, by reducing the amcunt of air access to the sodium,

16 to reduce both the amount of burning and the duration of

17 burning for the pool fire that would result from the

|
18 collection of sodium in the catch pan.

l

19 Another important feature we have is loop

20 separation. Each of the three heat transport loops is

21 located in a completely environmentally separated set of

22 cells from the other heat transport loops. So a sodium

23 fire that results f rom leakage in one loop would not
|

() ?4 carry over in any direct way and affect the other loop.

25 However, we do relieve the pressure in any one

}
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() 1 of those cells which can release aerosols from the

2 building, and of course, depending upon meteorological

3 conditions, there could be some aerosol carryover into
[}

4 some other portion of the building. And we have

5 qualified our equipment, we have specified tha t the

6 equipment will be qualified as necessary to operate- in-

7 tha t sodium aerosol environment.

8 Now, another sodium :oolant system tha t we

9 have in the plant is the sodium system that cools the

10 ex-vessel storage tank, and tha t is our version of a

11 spent fuel pool that you would have in a light water

12 plant. It is a tank on the outside. It appears much

13 like our reactor vessel, and in it we store any spent

O 14 fuel which has been discharged from the reactor.

15 Because we are dealing with radioactive sodium

16 in this case, we will bring radioactive sodium into this

17 vessel as a result of refueling. He contain that sodium

18 system in the same type of lined inerted cells that we

19 have for the primary coolant system, and all of the

20 provisions are identical.

21 MR. WARD: Why don't you use Nak in the

22 ex-vessel storage tank? I should think the re migh t be

23 some advantage to that in freezing temperatures.

() 24 MR. CLARE: One could, but the way we transfer

25 both new and spent fuel is we carry the fuel assembly in

O
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() 1 a little pot of sodium, and since we're going to be

2 interchanging it with the reactor, it makes more sense

3 to keep this sodium.
[}

4 Now, the EYS" sodium coolant system is itself-

5 cooled by three Nak coolant system, and these Nak

6 coolant systems have the same sorts of protection from.

7 the radioactive system as does the intermediate heat

8 transport system from the primary heat transport

9 system. Pressures are maintained so leakage will be

10 towards the radioactive source.

11 Leakage detection, leakage accommodation --

12 the Nak itself is located in a combination of nitrogen

13 environment and air environment, and when it's in a

O
14 nitrogen environment, it has the same sort of protection

|
15 as the sodium does; when it's in an air environment it

16 has essentially the same protection as the intermediate

17 heat transport system sodium.

| 18 MR. AITMANN: On the previous slide you listed

19 an aerosol mitigation system. Could you describe that

20 in a sentence or two?
-)

21 (Slide.)
'

i

'
22 ER. CLARE: The aerosol mitigation system per

23 se is merely a system which we provide while providing

( some cell pressure relief and we don 't design the24

25 building as a high pressure containment sort of building

()
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() 1 so we do have to vent the building. At the same time,

2 we want to limit the amount of venting and limit the

3 amount of aerosol that may be released to the{}
4 environment which can then carry over into other parts

5 of the plant.

6 So, it principally vf.ll consist of some

7 combinations of louvers, dampers, et cetera, which can

8 be closed at some appropriate time af ter the pressure

9 has been relieved.

10 EB. EBERSOLE: But your rupture discs, they

11 dischar'ge into some space, which I take it is of limited

| 12 volume.

13 MR. CLARE: Yes, they discharge into the

O
14 reaction product separation tank, and I will be covering

15 tha t in another schematic later.

16 MB. MOELLER: On the right hand, what did RCB

I 17 stand for?

18 MR. CLARE: Reactor containment building.

19 MB. MOELLER: Thank you.

20 (Slide.)

21 MR. CLARE: The final poin t I will cover is

22 relative to the argonne cover gas system, and all of our

23 liquid-metal systems are capped wi th their f ree surf aces

On
\_/ 24 exposed to an argonne atmosphere. So we have an argonne

25 cover gas on the primary and the intermedia te system.

O
|

.
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() 1 The EVST sodium coolant system I have left off for

2 purposes of space. The EVST Nak coolant system. But it

3 would f all into the same situation.{};

4 We also have argonne in our fuels handling

5 cell, and this is because in the fuel handling. cell we

6 would be- handling spent fuel assemblies which are

7 essen tially covered with a film of sodium. So we want

8 to maintain that as an inert environment.

9 There, of course, is a direct interface with

10 the coolant, the liquid-metal coolant, in every case. ,.

11 And, of course, the pressure is the same in the cov' re

12 gas as it is in the codium. Most of the systems are at

13 about one atmosphere.

O
14 The key difference being that in the

15 intermediate sodium coolant system you will recall I

16 said we wanted to keep the intermediate pressure higher

|

17 than the primary pressure in the intermediate heat

18 exchanger, and we do that by pressurizing the cover

19 gas. So it is significantly greater than one

20 a tm os ph e re . In fact, our nominal setpoint for that

21 would be 93 psi.

22 In essentially all cases, we monitor the

23 purity of the argonne cover gas, principally from the

24 standpoint of radioactivity. Also, we look at such

25 things as oxygen content, water vapor. We can sample

(
!
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() 1 the cover gas, an then we have various means of

2 processing the cover gas, depending on what it might be

3 postulated to contain.
[}

4 In the case of the primary system, as we

5 discussed a few minutes ago, there could be leaking in

6 fuel pins-which would result in-fission-gas bubbling up--

7 through the sodium and entering the argonne cover gas.

8 Therefore, we have a radioactive argonne processing

9 system that will remove those fission gases. And that

10 is by uce of a cryogenic still.

11 MR. REMICKa Question. What do you do with

12 the gases after you take them out through the cryogenic

13 still? Do you release them to a tmosphere, or are you

O
14 going to bottle them up and store them in perpetuity?-

15 MR. CLARE: We- bo ttle them up and store them,

16 but not for perpetuity. What we do is we accumulate

17 them for about a period of a year. After a year, we

18 drain the still bottle into what we call the noble gas

19 storage vessel. Throughout the following year, we

20 release that radioactive gas through another rad waste

21 system,.which we call CAPS, the cell atmosphere

22 processing system. That system contains cryogenic

23 charcoal debris beds which will provide some additional

24 holdup, and then they are vented to atmosphere.

25 HR. REMICK And what comes out the venting ?

O
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() 1 Is it mostly cesium?'

2 MR. CLAREs No, these are noble gases. It

3 would be crypton and xenon.
(}

4 MR. REMICK: What is the longest term of the

5 half life?

6 MR. CLARE: I believe the xenon is-the'

7 longest-lived isotope or has the longest lived isotope,

8 but I would have to check the numbers to be sure.

d MR. REMICK: Well, am I correct cesium comes

10 out of the cover gas also, or am I incorrect in that?

11 MR. CLARE: Cesium will not come out of the

12 cover gas. The cesium will stay with-the sodium and it

13 will be plated out. Most of it, we would assume, is

}
14 going to be plated out in our cold t ra p , or at various

15 cold surfaces in the system. We would not expect that

16 with the cover gas.

17 I mentioned the cold trap briefly before, and

it is a couponent where18 it is just a situation that --

i

19 we cool the sodium down and trap out any impurities that

20 might be in it.

21 Note that for the intermediate sodium system,

22 the cover gas, the argonne, is non-radioactive, so that

23 is simply a once-through system. We shove the a rgonne

24 in, and if we need to vent it we just vent it to the

25 environment.

O

ALDERSON REPORTING COMPANY,INC,

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

|
_ .__ _

'



1 J

I I
I

427

O
(_) 1 The EVST coolant system -- we do monitor that

2 system but by and large, that is a once-through system.

3 We vent it to the environment through the cryogenic

4 charcoal beds of CAPS that I mentioned a few minutes ago.

5 The fuel handling cell is a rather large cell,

6 and it has a lot of penetrations. So there is some

.otential for ingressive oxygen and water, and we have a7 '

8 special atmosphere purification unit that cryogenically

9 removes oxygen and water from the argonne atmosphere

10 there.

11 MR. WARD: The argonne doesn't get exposed to

12 neutrons anywhere? You don 't get any argonne 41?

13 MR. CLARE: We do get a small amount of

O
14 argonne 41, but it is not a large amount. And to the

15 extent that it exists. it will just stick with the

16 argonne itselt. It just stays in the system.

17 MR. REMICK. Do you happen to know what the

18 gaseous effluent from CRBR would be compared with a

19 current BWR?

20 MR. C1ARE: I know that the doses are very

21 much smallar, principally because our iodine will hold

22 up in our cold trap just like th e cesium. It is very

23 tightly tied to the sodium, and also, tritium releases

( 24 are /ery low for this p1Lnt. So from an overall

25 radiological standpoint, this plant has a much lower

O
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() 1 normal off-site dose than a light water plant. I can't

2 give yo'1 a quantification of that.

3 That, then, completes the overview of the
}

4 fluid systems interfaces.

5 MR. CARBON 4 Any farther questions?

6 (No response.)

7 Thank you, Mr. Clare. The next topic on plant

8 materials, none of the people scheduled to speak are

9 here, so we will completely drop it and move on then to

10 the final topic, the steam generator accidents and

11 consequences. And I understand Mr. Stark will speak for

12 M r. Beckner.

13 MR. STARK 4 This is Richard Stark again.
i

! ()
.

14 Unfortunately, Dick Beckner couldn 't make it down in the
l

15 snow. I, nevertheless, met with Dick yesterday when we

16 had a kind of dry run, and I'm going to attempt to

17 summarize what I believe are the bottom line items of

18 the stafr findings.

. 19 7. would like to start off by saying first of

20 all, I want to compare the safety function of the Clinch

91 Piver Breeder Reactor steam generators to thoce of a

22 light water plant. A PWR steam gene ra tor typically

23 provides three safety functions. One is decay heat

24 removal, one is it plays a significant role in the steam

25 line break accident, and th e thi rd one is if you do have

O
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bus 1 an accident that involves the steam generator, usually

2 you have radioactive isotopes,- so yot have a radioactive

] 3 penalty to pay with it.

4 Looking at each one of these three items, the

5 Clinch River Breeder Reactor steam generator is used for

6 decay heat ~ removal, so in that' respect it is aimilar to

7 a light water plant. The second item on the steam break

8 accident -- it is not similar. The steam line break

9 accident in this particular plant is just a very minor

10 accident. As a matter of fact, it 's an extremely small

11 accident for two principal reasons.

12 One is this particular reactor has a very

13 small negative temperature coefficient as far as

14 reactivity is concerned, and that alone would do it.

15 Another item is with the intermediate loop and the

16 primary loop and the steam generator being the third

17 loop, the loop times along, there is well over a

13 100-second delay time from the time you have this rapid
\

19 cooldo'fn until it is sensed in the core.
~ The rods or a scram -- the PBS system would20

21 scram the reactor in three to four seconds based upon a

22 steam flow mismatch, so for several reasons this is not

23 a significant concern.
.

- 24 The last item, I wa s talking about the

25 radioactive consequences. Asira irom a small amount of

O
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() 1 tritiut, the intermediate loop is non-radioactive. So

2 therefore, any leak that would go from the water side

(~) 3 into the sodium side, while it would be a violent
U

4 chemical action, is essentially non -- has no

5 radioactive consequences.

6 HR. MOELLER: You mentioned the- tritium .. Does-

7 the tritium permeate?

8 HR . ST ARK : Through the I dets, that is

9 correct. The staff nevertheless looked at some

10 accidents and we analyzed small leaks and large leaks,

11 and the bottom line on small leaks is they are picked up

12 by hydrogen and oxygen monitors in the intermediate loop

13 and the consequences are insignificant.

O
14 The inrge leaks -- there is a rupture disc

15 into a steam to water reaction product system; I think

16 it is callad SWEPS or something, and that handles and

17 deals with the reaction prodvet.

18 It appears from what we have looked at that

N

19 the pressure pulse is such that the intermediate loop is

20 no't challenged. There are rupture discs on the

21 ovaporators and the superheater, ar.d it looks like there

22 is also capability in the expansion tad - There is a

23 lot of buffers there and a lot of relief mechanisms that

() 24 vill protect the IHX, which is the primary boundary

25 between the intermediate loop and the primary loop.
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1 The IHX design pressure is on the order of 700

2 psi. All of these rupture discs rupture in the order of

3 300 to 325' psi, I believe.

4 In addition to that, it looks -- this is

5 another matter, but we have looked at the test plan and

|
6 it is a pretty good test plan. The steam generators ~ in

7 the past have had Not a very good history, but it looks

8 like the applicant is certainly trying to test it and

9 trying to get a lot of test history.

| 10 In addition to-that, we do have an 'n-service_

11 inspectio'n program that is tied to this, monitoring the

12 steam generator. And there are a few other design

13 f eatures which I'm sure the applicant will tell you

O .

14 about.

! 15 In a PWR the wate r - the steam comes in on

16 the shell side and evaporates on the shell side. All of

17 the good steam is boiled off and anything that

18 precipitates out falls down to the tube sheet, and

19 therefore, it collects all of the precipitates. I guess

'

20 they are all bad. .

21 This particular steam generator is different

22 in that the water flows tnrough the tubes, and the

23 sodium goes in the shell side. And all the separation

24 tends to take place in another tank, which is the steam

25 drum. So, therefore, the steam generator should be

O
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O 1 spared from thet perticn1ar item. ,

2 But in general, we think that from a safety

3 standpoint it looks as though the accidents involving

4 the steam generator have acceptable consequences. It

5' looks as though the applicant is trying to make a

G reliable-steam-generator just from a<-commercial

7 operation standpoint, looking at the history that PWR

8 has And-we find from a safety standpoint that it is

9 acceptable, and I hope from a commercial standpoint tha t

10 he has good success.

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

O
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() 1 MR. SHEWHON: What is the allowable leak rate,

2 or what happens if a leak does come in one steam

3 generator?(}
4 MR. STARKs That is the small break accident.

5 As I said, there are some sensors. Unfortunately, I

6 don't have all of the details, but the. Applicant-senses-

7 for the presence of hydrogen and oxygen in the

8 intermediate loop and then takes the appropriate action,

9 shuts the plant down.and fixes that particular leak. He

10 doesn 't continue it. And I guess he will address this

11 in greater detail.

12 As I said, unfortunately our reviewer is not

13 here, and I'm trying to just give you the bottom line.

O
14 MR. EBERSOLE In a bad failure what keeps the

15 failure from progressing to a failure when you might

16 generate a fire in the vicinity of the first failure?

17 MR. STARKs I'm not sure I can answer that

18 precisely, but we have looked at accidents that have
i

happened and have gone back to Fermi, and looking at theis

20 whole history of leaks that we have seen. The Applicant

21 proposes three complete breaks in tubes, one followed by

22 another and then followed by another one. And at least |

23 from an experience standpoint we feel that this

24 envelopes all of the experience -- more than envelopes.

25 What has been experienced in the past -- and I
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) 1 am going to have to ask the Applicant to address that --
'

2 the real reason.

3 MR. EBERSOLE: It looks like it ought to be(}
4 autocatalytic and could just progresF to something very

5 bad indeed. I mean having broken one and now two.

6 MR. STARKs It-doesn't, but I don't know why.

7 MR. MOELLER: Recently I saw a news release or

8 something of a leak in the French Phenix. Was that in a

9 steam generator?

10 MR. STARKt Yes, it was. I think it happened

11 in December.

12 MR. MOELLER: You 've looked at that, or will

13 someone tell us wh y we won't have one here?

14 MR. STARKs The Applicant's going to do a

15 better job than I have. What we have looked at, the
.

'

16 steam generators have had a lot of.these little

17 problems; and as I indicated, f rom a reliability

| 18 standpoint it is something we are trying to look at and

19 make sure it is factored in. It has no safety

20 implications. And Phenix fixed it, and they are back up

21 aquin and running, and they were down for just a short

22 period of time, a couple of weeks, I imagine.

23 I know people are looking at steam genere. tors

24 both from a safety standpoint and from a commercial

25 reliability stindpoint. From a safety standpoint we

O
.
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. () 1 feel very good, and from a reliability standpoint it

2 appears that the Applicant is really trying to test this

3 particular steam generator as much as he can; and I{)
4 certainly hope he is successful in it because it will

,

5 help t'o demonstrate a good plant later on from a

6 commercial standpoint.

7 MR. CARBON: Just as a point of information,

8 have you looked at the several leaks that have taken

9 place in the PFR steam generator from the saf ety

10 standpoint?

11 MR. STARK We have been aware of them, and we

12 have looked at the consequences, and we have looked at

13 the impact on Clinch River; and as I have indicated, we

O 14 don't see a safety problem.

15 MR. CARBON: Any f urther questions?

|
| 16 MR. STARKs That is all we have, and what I

17 would like to do is I would like to excuse ourselves

18 since we are all Washington-based now, and try to get

19 home.

20 MR. SHEWMON: One more question. If I wanted

21 to find a description of the neutronic safety-related

22 con, trol system, where would I find it?

23 MR. DICKSON: Chapter 15 of the PSAR.

() 24 MR. STARK: He's talking about neutronic

25 control.

|

|
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( 1 MR. DICKSON: Related to this accident?

2 MR. SHEWHON: Related to neutronics.
,

3 MR. DICKSON: Chapter 7.{}
4 MR. SHEWHON Chapter 7 doesn 't do much, and

5 it refers me to 3.2, and 3.2 is a misprint. So maybe

6 before you quit you can show me where-in 7. -

7 MR. CLARE: We can try to do that. The

8 control "ould be divided into two sections. In Chapter

9 7 you will find a discussion of the instrumentation of

to control equipment itself, wires, transistors and those

11 kinds of things. In Chapter 4, 4.2.3, you will find the

12 discussion of the physical control rod and those kinds

13 of things.

14 MR. CARBON: Does anyone have any other

15 questions to address to the Staff ?

16 (N o response. )

17 ,MR. STARK: Thank you.

l 18 MR. CLAREs I hope I can deliver on all the

19 promises tha t I and others have made for what this

20 presentation will contain.
|

21 The subject is steam generator leaks.

22 (Slide.)

23 What do they look like, and when they happen

24 how do we accommodate them.

25 To begin wi+ h, I thought we could look just

O
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() 1 conceptually at what are the kinds of problems that one

2 might get into as a result of steam generator tube

; 3 leaks. And Mr. Stark touched on them briefly.

4 The first is that if you d o ha ve a steam

5 generator leak, you would be in a situation where you

i 6 were shutting down the reactor with less shutdown heat-

7 removal capacity than you might otherwise have.

8 The second is that because of the vigorous

| 9 t eaction between wa ter and sodium, mechanical loadings

10 on the primary and intermediate coolant boundaries could

'

11 be generated, and specifically, the inte.rmediate heat

12 exchanger, the separation between the two boundaries is

13 of most interest. And then as a by-product of the

O 14 chemical reaction, hydrogen is generated, so that
|

15 reaction product needs to be dealt with in order to
,

|
16 avoid any adverse consequences.

17 Now, to address the first of these potential

18 indirect effects just simply and directly, we have a

19 multiple heat transport system, heat removal pads, and

20 operator flexibility to isolate, repair or replace a

! 21 leaking steam generator, as vc11 as the direct heat

22 removal service which is a heat removal path from the

23 reactor which is totally independent of the steam

- ) 24 generators, all of which serves to mitigate the effects

25 of any steam generator tube leak on shutdown heat

Ov
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() 1 removal system capacity.

2 Now, I will talk in a little more detail about

3 the latter two effects, and I will note for your
)

4 reference that this was discussed in somewhat more

5 detail by Paul Dickson in a June 25, 1982 meeting of the

6 CRBRP subcommittee.

7 (Slide.)

8 Now, we have three levels of protection

9 provided against the effects of steam generator tube

in leaks. The first of these is leak detection f rom which

11 the operator can detect a leak a'nd manually shut down

12 the reactor.

13 (Slide.)

O 14 And what I've drawn over on this other

15 vu-graph is a part of our heat transport system, a part

16 of one of our heat transport loops. What we have is an

17 intermediate heat transport system, sodium, that comes

18 into the superheator and comes down through the

19 superheater, and then there are actually two

20 evaporators. I've only shown one to keep things

21 simplified on the drawing.

22 The sodium goes through the evaporator and

23 back to the intermediate heat exchanger. We have leak

() 24 detectors on the piping, both exiting the superheater

25 and exiting the evaporator. In addition, we have vents

O
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() 1 at the top of each of these units that vents a small

2 flow of sodium from the unit, collecting any gas

3 accumulation that might happen at the top of the heat
[}

| 4 exchanger during normal operation, and we monitor those -

5 areas. And what we do is to look for either oxygen or

6 hydrogen which would be the products of any sodium-water-

7 reaction, and take the appropriate operator reaction in
1

8 response to it.

9 Now, there was a question -- and I think Dr.

10 Shewson asked about it -- a bout what would be an

11 acceptable leak. There are three sorts of alarms, if

12 you will, that will tell the operator to do different

13 things. And I might note that these are preliminary

O 14 kind of procedure thoughts that we have at this point in
i

15 time.

Thefirstalarmthdtwegetinthesystemwill16
-5

17 come at a level of about 2 times 10 pounds of water

18 per seccad -- a very, very small leakage rate. That is

19 not even a pinhole. At that point the operator will not

20 shut down the reactor. He will proceed to try to

21 understand what is going on using his various leak
|

22 detectors and try to be sure he knows exactly where the

23 leak is.
-5

O 24 MR. SHEWMON: That was 10 gallons per
.

25 minute?

O
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-5
g

sJ 1 MR. CLAREs 10 pounds per second. |

2 HR. SHEWMON: I will be glad when SI units 1

(} 3 come to this field, but go ahead. )

4 (Laughter.)
-2

5 MR. CLAREs 10 grams per second. How's

1

6 that?

7 MR. MOELLER: Now, you say you will pinpoint

8 where the leak is. How does he do that?

9 MR. CLARE: He will not pinpoint it in terms

10 of a particular tube or even where within a unit, but he
,

11 will make certain that he knows which module it is in by

12 looking at which detector is giving him the strongest

13 signal.

14 Now, at a leakage rate between 10 and

15 TO -- and I'm sorry, it is pounds per second, and I

16 don't have a quick conversion to grams -- the operator

17 will begin to ta ke this lea k very seriously , and once he

18 has confi;med the leak, he will prepare to and go ahead

19 and shut down the reactor. So that would be at about

20 the limit at which we would operate the plant without

21 immediately scramming.

22 MR. SHEWMON. You have done enough work so

| 23 that you feel that the growth of the void is still slow

24 up beyond that limit, or how do you pick that as an
i

25 action point?

|

1
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1 MR. DICKSOHs I want to add, one of the |()
2 problems with experience with little leaks is when you

3 shut down and close up, you can't find them at all. So
[}

4 it isn't a matter of operating them and saying it's no

5 problem. Below-this you know you can't. detect it, so
|

6 all you do is shut down and then come back up again.. So

7 you have to wait until it has gotten large enough to do

8 something. I

!

9 MR. SHEWMON: B u '- this is a singularly i

10 unspecific detection system, and all it does is to say

11 there 's a hole in the steam generator some place. And

12 you can then go back and do what?

13 MR. DICKSON: Which is why you wait until the

14 leak is large enough to be able to detect it, after you

15 have taken the water out and can go inside and inspect

16 it.

17 MR. SHEWMONs Do you detect with an eddy

18 current?

19 MB. DICKSONs Eddy current and pressure. Both

20 are means of detecting the leak .

l

|
21 MR . SHEWMON s So you're looking through 10,000

22 tubes with a probe to try to find something, is that it?

23 MR. CLARE: We are pressurizing the tubes,

( 24 yes. And that is why we at the very least want to know

25 wha t module it is in. We wouldn't want to go through

O
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() 1 all three of them in a particular loop.

2 Now, the second level of protection that we

3 have is an expansion tank rupture disc on each loop with
[}

4 automatic water dump.

5 Now, what this is is a-rupture disc which

6 looks-at the cover gas pressure- in- the expansion tank,-

7 and just a few minutes ago I mentioned a 93 psi cover

8 gas, and that is what is contained in that tank, and the

9 tank level is used as a way to control volume as the
.

10 sodium heats up and expands and cools down and contracts.

11 If the pressure in the system reaches 150 psi,
,

I

( 12 a good 50 psi creater than the normal pressure here,
t

13 this rupture disc will burst, and it merely vents gas to

Ox
14 sonething called a sodium dump tank whic'. I haven't even

15 shown here, and it's just a big, empty tank filled with

16 nitrogen which will then come back and equalize with the

17 argon.

la At that point there will be a signal which

19 automatically dum s the water in the evaporators into

20 the evaporar $ dump tank, which again is just an
,

21 empty tank wh2%.. As there to receive the water from the

22 evaporator, and that relieves the driving pressure to

23 push the water into the sodium, ar.d reduces the reaction

24 to a lower level, and would in the long run, if the

25 operator didn't ramp the plant down, very quickly result

O

l
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() 1 in a scram. So, in effect, the plant will scram in the

2 event this rupture disc bursts f rom a slow buildup of

3 the pressure in the system to about 150 psi.
,

4 And we would expect that to occur relatively

5 quickly if you were to get a leak of the size of

6 approaching a pound per second, to give you- a- feeling;

7 for what kind of a leak tha t is.

8 Now, the third level of protection is what we

9 call the main rupture discs, the result of the bursting
i

! 10 of which is that we have an .utomatic reactor shutdown

11 tied into our plant protection system, and also the same

12 kind of water dump I've talked about before.

13 What those rupture discs are are pairs of

O 14 reverse buckling rupture discs at the outlet -- excuse
.

15 me -- at the inlet of the superheater and at the outlet
;

16 of each of the evaporators. And this is actually not a

17 properly drawn figure, beca use the rupture disc is
|

18 actually on the side of the T that looks directly into

19 the shell side of tha steam generator module, so the

20 pressure wave will come out through the sodium, directif

21 strike the rupture disc, and then the reaction products

22 from the reaction are vented into this reaction product

23 separator tank.
I.

() The gaseous reaction products then'are24

25 separated and just taken out of the steam generator

,

l

!
I
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() 1 building through a vent. There is a small rupture disc

2 with a low set p oin t , a f e w psi , on that line which

3 merely protects the inert environment that we maintain
)

4 in this tank prior to any accident occurring.

5 Again should any one of these three sets ofe

6 rupture discs on any loop be- ruptured, there would be an

7 automatic plant scram, an automatic dump of the water

8 side in that particular loop.

9 This collection of equipment that I have just

10 discussed is what we call the sodium-water reaction

11 pressure relief system or SWRPRS, sometimes abbreviated

12 SWRPS.

13 (Slide.)

O
14 Now, the important question then is how big do

15 you have to make the systen; what is the phenomenology
|

16 of the leak; how do you evaluate whether or not you've

17 got the right system. And what we do is to define a

18 design basis accident for the SWRPRS which serves also

i

19 as the design basis accident for the primary and

20 intermediate coolant boundaries in the mechanical

21 loading. And we suggested tha t using engineering
,

i

22 judgment, considering reactor experience, which is!

23 admittedly limited, a very extensive experimental data

24 base, and some analisis results. And I will run through

| 25 some of that with y ou, summarize it briefly. And again,

O
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r
( 1 I would refer you to the June 25th transcript for more

2 detail.
,

3 The important parameters of the design basis
{}

4 accident is the size of the leak, how much water is

5 leaking per second into the sodium, and that tells you

6 how much energy will be- given of f; and then, of course,

7 if there is more than one tube leaking, how many er them

8 leaks and then perhaps a not so cbvious parameter is the
,

9 timing. And the reason that the timing is important is

13 because only extremely rapid events and the propagation

11 in terms of enlarging the water flow rate is important,

12 only that very short propagation is important because of

13 the rapid pressure relief.

O
14 Now, let me give you a feeling for that. If I

15 were to get a complete double end rupture of one tube,

18 the pressure pulse would arrive at the rupture disc, and

17 the rupture disc would be burst. To the extent that the

18 pressure is relieved down so that it stays around the

19 300 to 400 psi range in a matter of tens of

'

20 milliseconds; so any thing that occurs beyond seconds is

21 clearly out of the range of interest. So let's take a

22 look at the phenomenology.

23 What I have tried to draw here is a

() 24 cross-section of a steam generator tube. And as a bit

25 of a reminde r, each steam generator tube is 5/8 of an

O
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(O_/ 1 inch in diameter, the wall is about 109 mills as

2 f abrica ted. We have allowances for degradation over

3 life, and what we count on is 77 -- there should be a(}
4 zero in there -- 77 mills of wall thickness at end of

5 life.

6 Now, the types of failures-that one-would

7 expect to occur will be a small pinhole type failure

8 that originally occurs, and th e smallest people have

9 measured any particular leak is down in the order of

10 just where the sensitivity of a leak detection system
-5

11 begins, this 10 pounds per second.

12 At that point we would expect plugging to be

13 experienced. We would see a leak for a little while,
f-
(_/

14 but then the reaction products and the sodium and what

15 not would plug up that crack, and it would stop leaking,

16 and we migh t see it again. However, after a while there

17 would be some reaction products, a reaction wastage

18 erosion, et cetera, and it would begin to eat away at

19 that leak site until at some point we had a fairly large

20 area of erosjon around the leak site.

21 Now, the process to come from this point down

22 to this point would be on the order of hours to days to

i
23 months, and it is uncertain to that extent how long it

24 would take. It depends upon the configuration of the

25 original leak and what the conditions happen te be. For

O
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() 1 example, the conditions in a superheater where you have

2 less dense water coming through your leak is -- well, I

3 should say steam leaking through the leak -- is less of
)

4 a severe situation than where you actually have

5 subcooled wa ter coming through if it were an evaporator.

6 Now, what happens when you get sufficient

7 degradation in the area of the tube is you get a stress

8 rupture when that wall gets so thin that it no longer

9 can contain the say 1500 psi that it sees on the inside

10 of the tube, 1500 psi or greater, and then what you get

11 is a blowout of the bottom of that crater. And from

12 experiments we know th a t that is on the order of 50

13 mills through the orifice with the degraded area being

O 14 some three times that in diameter.

15 A leak of that size in the evaporator where

16 the subcooled water is inside the tube would be on the
I

17 order of 15 grams per second. Now, that is what we call ,

|
'

18 a precursor failure. That is not an event which is
|

19 large enough to lead to an immediate burst of a rupture

20 disc. It would gradually begin to pressurize the system

21 as we introduced hydrogen.

22 (Slide.)

23 However, this is the kind of thin? where, as

() 24 Mr. Ebersole pointed out, we would have a reaction near

25 the adjacent tubes. So what kinds of mechanisms then

O
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() 1 are there.that could cause tube-to-tube failure

2 propagation.

(')N
3 We believe there are three important ones to

%

4 be considered. Wastage and corrosion of the tube, that '

5 breaks down the material or takes it away. Now, we have

6 done numerous experiments in this country and abroad on

7 that question, and indeed wastage and corrosion will

8 take place. Wastage we find to be most rapid, and it

f 9 will occur on the order of 1 to 5 mills per second

i
'

to maximum. And if you think about our 100 mill wall

11 thickness, it takes tens of seconds to do significant

12 degradation to tha t tube, and that then gets beyond thej

{ 13 range of consideration where it's important for the

14 sizing of our reaction product system.

15 The third mechanism is the one we think is
!

16 most important to locA at, and it is stress rupture.'

17 And when we say stress rupture what we really mean is

18 we're going to overhea t a tube to th e point at which its

19 material property is degraded so that it can no longer

20 contain the stress, the pressure internal to the tube,|
.

21 and it would rupture in a tensile sort of way.

22 Experimentally we have observed that stress

23 raptures on the order of 10 seconds -- actually I

24 believe the shortest has actually been 16 seconds --

25 after the precursor leak has begun. We have done a

(~ .

%

ALDERSON REPORT'NG COMPANY, INC,

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

.__ . _ _ _ _



__

d

449

() 1 bounding analysis, and in the bounding analysis we

2 assumed we had a piece of the tube wall. We assumed it

3 was an ediabactic piece of steel, no heat being removed

4 from it, and we put it in instantaneous continuous flame

5 on one side of it. That was at the temperature that one

6 woold get if one had a stochastic mixture of water and-

7 sodium. And that temperature is 2700 degrees

8 Farenheit. And given the thickness of the steel, it
i

9 would take on the order of 1 second to heat that wall up

10 to the point where it would no longer contain the water

11 pressure.

12 So the experiment says this is indeed a(
13 bounding analysis in the sense -- and it is much shorter .

O 14 by an order of magnitude compared to anything we have

i
15 seen in real life.

!

16 Now, I also mentioned that size was important, '

17 and what we have found from experiment -- and it made

18 sense -- is that stress rupture failures are limited in

19 size, and when we get one of these f ailures it is a

20 splitting of the tube. The tube will split open, a

21 fis h-mo u t t. , if you will, from the overheating.

22 Typically we will see a 45 degree opening in the tube.

23 And perhaps the most important thing is that the extent

() 24 of that in an axial direction alon g the tube is only

25 about an inch and a half at maximum. And this is the

( !
'

|

l

|
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() 1 part that makes sense logi.cally.

2 The reaction zone which is heating the tube up

3 is only present in one particular spot at one particular{)
4 point in time, and indeed, the material is cooler when

5 you get away from it. It is cooler not only because the

6 flame ~ front isn't theres it is-being contin uously- cooled

7 by sodium flowing up around the tube , a t least until the

8 bubble pushes the sodium away, and it's also being

9 cooled by the water of the steam on the inside.

10 In any case, we have never experienced in any

11 of our tests a leak greater than the equivalent of 50

12 percent of a double-ended guillotine rupture. The water

13 flow from the tube has never been greater than 50

14 percent.

15 (Slide.)

16 So if we just put t picture up of what I've

17 just talked about --

18 MR. M0ELLERs Excuse me. It's never been

19 greater than 50 percent? What is typical? I mean has

20 it --

21 MR. CLARE: Typical is more between 10 and 30

22 percent.

23 HR. MOELLER: Thank you.

( 24 MB. CLABE: Although there haven't been that

25 many, I should point out.

O
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() 1 The kind of situation then we 're talking about

2 is where we have this precursor f ailure where we have

3 hundreds or tenths of a pound per second of water()!

4 impinging with its reaction zone on some adjacent tube,

5 a relatively small reaction. Then if we were to get one

6 of these stress ~ ruptures, we would relieve-a much

7 greater amount of water into the sodium, and we would

8 get a Jarge reaction zone around that f ailure.

9 It would be a very dynamic environment. We

10 nave flowing sodium on the outside. We have the

11 reaction zone. There would not be a stable situation.

12 However, we have said let's assume that before we can

13 vent the water down, and let's assume before the bubble

O
14 pushes all the sodium away, tha t the reaction indeed

I 15 overheats some other tube -- and let me pick this one

16 over here -- and this one fails, and we call that a

17 secondary failure. And then we could continue going

18 from there.

19 (Slide.)

20 However, we again drop back --

21 MR. CARBON: Would you leave that up just a

22 second? I'm not sure of your sequence.

23 (Slide.)

( 2. Is P your precursor failure?

25 MR. CLARE: Yes.
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() 1 MR. CARBON: And then you have a primary

2 failure on a different tube? I'm not sure what you're

! 3 saying.

4 MR. CLAREs Tha t is correct. The water

5 leaking out of this tube creates a reaction which

6 overheats the adjacent tube. That adjacent tube-

7 sustains the stress rupture that I talked about, and

8 then it creates a larger reaction. Then if one goes

9 ahead and postulates the additional failure of another

10 tube, then one would get a secondary failure.

11 MR.' CARBON But the primary tube which had

12 the leak in the first place isn't the one that failed?

! 13 MR. C1ARE: Well, it has the original pinhole

O
14 type leak. If you were to consider a weld defect, for

15 example , where there was a small leak or some other

16 material, a stochastic failure type of thing, this is

17 the precursor.

18 MR. DICKSON: It failed up to the point of the

19 blowout that he described. That raised the leak rate up

20 to the 15 grams per second.

21 MR. CARBON: And then you assume from there on

22 a bigger failure takes place?

23 MR. DICKSON: Yes. By virtue of the flame

24 f ront on it heating.

25 (Slide.)

O
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() 1 MR. CLARE4 This is the precursor here, a 50

2 mill hole roughly.

3 MR. CARBON: But then you get a bigger failure

4 in F .
t

5 MR. CLAREa Yes. This is the tens of a

6 percent of a double-ended rupture typically.

7 MR . MOELLER Now, if it f ails, if it causes a

8 secondary f ailure two or three tubes away, why doesn't

9 it just cause a propagation of failures in a whole

10 cluster of tubes?

11 MR. CLARE: In a theoretical sense it can do

!2 that, and the question then comes down to a sense of

13 timing a nd what one actually experiences in life. And

O
14 indeed, because there was a question about that, there

15 has been a vast experimental program, not necessarily a

16 well-integrated one, however, in the past.

17 MR. DICKSON: Could I add something to that?

18 In that very much disrupted zone the mechanism that was

19 going on is the erosion and corrosion that he showed

20 takes tens of seconds, and we're assusing here that the

21 next rupture is another stress rupture, and that can

| 22 only occur out at the flame front because there is no

23 high tempera ture well inside the disrupted zone. It's

() 24 only a flame front where the two products are

25 interacting.

O
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() 1 HR. MOELLER: Thank you.

2 ER. ' ARD: But it still could. It might very

3 well insolve several tubes.{}
4 HR. CLARE: That is conceivable. But again,

5 let 's look at the --

6 MR. WARD: In fact, it's almost inconceivable-

7 that it would involve just one, isn't it?

8 ER. CLAREa The effects will certainly be felt

9 by more than one tube. The question is from the
.

10 standpoint of timing and the simultaneous nature that is

11 needed in order for this to be a significant problem.

12 And I will go back to the point that what we are really

13 interested in is something prooably less than a second,

14 but let's be generous and expand our horizon to several

15 seconds.

16 MR. HOELLER: On these experinents will you

17 please tell us how they were done or how many tubes

18 there were? Were they at temperature and so forth?

19 ER. CLARE: I will try to do that, and if you

20 will allow me, I will focus on the U.S. tests. I have

21 other information and tables that I could ;et to on the

22 f oreign tests, but I would have to dig that out.

23 Now, tnere have been some 63 tests related to

24 sodium-water reactions throughout the world in the last

25 20 years or so. Now, I will point out that that is a

O
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() 1 dif ferent num'oer from what Paul Dickson presented in

2 June of last year.

3 (Slide.){) ,

4 There are two reasons for that. One is I have

5 been somewhat more generous to myself and included tests

6 that he may not have considered large. sodium-water leak-

7 tests, and an example would be where we have injected

8 inert gas into a sodium-filled circuit to try to

| 9 understand the behavior of a rupture disc. Also, there

10 have been additional tests done since June.

11 Now, an important point about that is that

12 there have been secondary failures in only four tests

13 out of all 63. Specifically in the U.S. there have been
.

(
| 14 niae tests performed in large leak test rate out in

15 California, those tests specifically designed to be

1e prototypic of CRBRPS and re had two tests there that

17 p rod uced secondary failures.

18 Now, let me tell you about thos9 tests. There
,

19 were two series of LLTR tests. The first series used

20 the test article, which was originally built by Atomic
|

21 International, and I believe it began operation in

| 22 1968. The modular steam generator, which is a 158-tube

I steam generator, otherwise prototypic of our steam2-J
t

( 24 generator, the sizing of the tubes and the material, et

25 cetera.

O
I
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() 1 The way the test was conducted there was the

2 water tubes were capped off at the bottom, and a plenum

3 of water was put ess entially beyond the upper tube{)
4 sheet, so you did have water in all of your tubes except

5 in one location where you had the stagnant water in the

6 one location principally coming from the- bottom, and at-

7 least in some of the tests in some cases it came from

8 the top.

9 We put in the tube which one used to simulate
c

to the original leak, so thera was a special tube run in so

11 that you could turn on the water and dump it into the

12 sodium and let it run. On the sodium side we just had
(

13 staonant sodium in there to a reservoir and also to a
C)

14 rupture disc system. That didn't relieve the pressure.

15 So then using various tests at various

! 16 conditions, and the conditions did simulate CRBHP

17 operating conditions up to close to 1000 degrees as low

I 18 temperature, as I believe 500 degrees were so with wa te r

f
19 pressures on the order of 2000 psi which we might see in

20 variou; degrees of subcooling, steam superheat, et

21 cetera -- the whole range of conditions.
|
t

22 The second series of large leak tests was done

23 in a similar manner, but they used a special steam

( 24 generator unit for the purpose which was half the height

25 of the current CRBRP steam generator but otherwise the

ALDERSON REPoRTlf:G COMPANY,INC.

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

. _ __ _



i
-

i

457

() 1 same, about 750 tubes four feet in diameter -- very
1

2 similar from that standpoint. ,

)
3 No", there were two tests in the series that

4 produced secondary failures. The secondary failures

!

5 occurred in tens of seconds. Again, the shortest one

i

6 occurred in 16 secondr.- And indeed, in one of these

!

7 tests there were additional failures. They occurred

8 well beyond that, and in fact, the next failure beyond

9 this, beyond the secondary failure in this test occurred

10 as an additional f ailure in the tube that was put into

11 purpocely leak.
!

| 12 Now, in every one of these tests you have to

|
|

13 put one in that you make leak when you want it to leak,

O 14 and that tube was the source of the third failure.
| 15 But again, the im portant pdint is --

; 16 MR. WARD: That is interesting because that is

|

| 17 apparently righ t ne xt to -- obviously right next to the

l

| 18 primary failure.
I
i 19 MR. CLARE4 That is correct.
l
L

MR. WARDS And this argument about it is more20

21 likely that the secondary f ailures are going to be out

22 at some distance where the flame front is doesn't hold.

23 MR. DICKSON That argument applies to a quick

O(,) 24 rupture which would occur from the stress rupturel

25 effect. Tc have a leak within that erosion zone after

)
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k 1 tens of seconds corresponds to an erosion-corrosion type

2 of rupture which could cccur anywhere, and you would

({ }
3 expect it to be fairly close.

4 MR. WARD: And the secondary failures weren't

5 stress failures.

6 MR. CLAPE: The secondary failures *in all-

7 cases where stress failures. But the point is, number

8 one, they were not full double-ended rupturess they were

9 more like 10 percent, 20 percent of a rupture.

10 MR. WARD: Well, if they are stress failures,

11 don't they involve the flame front then?

12 MR. DICKSON: No. You could erode the wall
.

13 away until it could no longer handle the stress.

14 HR. CLARE: In tens of seconds corrosion can

15 be involved. If you will recall, I talkad about the

16 timing in tens of seconds that could occur, and that is

17 the point Paul is making, is that given that you extend

! 18 that time frame, then that could have been the
\

19 mechanism. Indeed, wastage when you go long enough is

~

20 often combined with stress rupture. When you wa ste awa y

21 enough of the tube, you then get the stress rupture.

22 MR. MOELLER: How did you fix up the precursor

23 tube to be sure i.t leaked and initiated the event?

24 MR. CLABE The way it was done -- and I don't

25 have the exact details with me -- we actually drilled a
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|

() 1 50 mill hole in the tube and then otherwise covered it
2 up, prevented the wa ter f rom getting to it, and then

3 allowed the water to come flying in through the hole.
{}

4 MR. MOELLER Okay. Now, with the other tubes

5 around it, was there any care -- well, I'm suca there

6 was care - -bat did you try to select tubes that were-

I
7 brand new or tubes that had been used for some purpose

8 for a while or what?

9 MR. CLARE: I don't know that there was any

10 particular attempt to choose a tube in any condition or

11 another. It was a typical tube. The one thing that wa s

12 done is the orienta tion of that leak was chosen to

13 optimize based upon earlier laboratury scale tests the

. ()
| 14 impingement of the reaction zone on the target tuba.

15 And,in fact, I believa in many cases the bench test,

16 the laboratory scale tests said that this is not the

17 worst configuration.

I

! 18 (Slide.)
s

19 In fact, the worst configuration is when you

20 are impinging over here on this tube. So the target

!

| 21 tube was selected to be some adjacent tube where we

22 could optimize that reaction time.

23 MR. DICKSON: And if I could add, although

I) 24 they were new tubes, they were minimum tube vall as

25 simulating an end-of-life condition.

O

<

|
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) 1 NR. MOELLER: That is helpful.

2 (Slide.)

3 MR. CLARE: So now if we consider the(}
4 experimental results, the analytical results, the

5 understanding of the phenomenology, the kind of failure

6 tha t we right expect- to happen in this plant - and this

7 has been horne cut by the in-reactor events that have

8 occurred, and there have been some -- we would expect a

9 small leak, likely a detectabl3 leak. But if you assum e

10 the leak was not detected, you would assume a gradual

11 rise, possibly a fraction of an EDEG secondary failure

! 12 after which you would burst the expansion tank rupture
1

l 13 disc, the water side would be vented , and you would

O
14 never see a burst of the main rupture disc and SWRPRS.

15 On the other hand, if you assume that some

16 secondary f ailure occurred with a large enough water

17 release, you could get a rupture of your main rupture

f
18 discs Vith that initial failure af ter your precursor,

|
,

19 and you would expect that to occur in tens or sec on d s ,

20 indeed probably minutes after the blovout on the

l

| 21 precursor.

22
- (Slide.)

23 However, to be conservative what we have done

24 is to define a design basis sodium-water reaction event

25 which includes a precursor, and I will come back to the

O
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() 1 pressure in a minute, followed by a primary failure not

2 equivalent to 10 percent or 50 percent of a double-anded

3 rupture, but one equivalent to a double-ended rupture --(}
4 we will call tha t time zero -- followed by a secondary

5 failure at 1 second, followed by a tertiary failure at 2

6 seconds. So that's pop, pop, pop on double-ended

7 ruptures.

8 Now, we define this precursor in such a way to

9 maximize the mechanical loadings on the system, and we-

10 have done sensitivity studies to assure ourselves that

11 this is the case. And what we do is we assume that this

12 precursor is just right so that we raise the system

13 pressure to 325 psig, which is just at the bursting

O
14 point of the rupture disc, the main rupture discs, but

15 we do it so rapidly that the expansion tank rupture disc

16 does not rupture. And therefore, we do have this

17 overpressure condition at the time this double-ended

18 rupture occurs. And that is our design basis leak.

19 (Slide.)

20 Now, just for some perspective --

21 MR. EBERSOLE: 1s that conservative, or could

22 you argue that it is just lifting the set point to the

23 point where you will get an immediate response of the

| ( 24 rupture disc?

25 MR, CLARE: rhat was a question we asked

(,
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() 1 ourselves,and I said we did sensitivity studies. We

2 wanted to evaluate that. I will talk anout our

3 evaluation techniques in a few minutes.
[}

4 But having done the sensitivity studies, we

5 find that this indeed gives us the highest pressure

6 downstream. It-turns out that from the- double-ended

7 rupture you get such a rapid peak anyway that this

8 doesn't affect the rupture time.

9 Schematically, if you think of this as the

10 water flow rate and think of the double-ended rupture as

11 coming very rapidly, we do have the precursor leak which

12 may take tens of seconds, one double-ended rupture

13 followed by a second, followed by a third. This is

O
14 contrasted with a more plausible leak where you might

|
15 get a single fraction of a-double-ended rupture. Very 1

18 likely you would rupture one of your rupture discs here,

17 but based upon the test data you say well, maybe you

18 would have another one. In fact, all of these have ;

19 happened, a minute or two minutes past the point of the

20 initial rupture in our experiments.

21 (Slide.)

22 Let's cotpare this design basis event witn the

23 foreign events that have been considered in the design

24 of those reactors, and we find tha t that comparison is '

25 very favorable.

O
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() 1 The U.K. uses essentially cn identical design

2 basis accident as we use. In Germany and France ther

3 use only one tube rupture as a design basis. Japan we

4 don 't quite understand. We know they use one tube for

5 the licensing process, but we know that they otherwise

6 consider one followed by three- o thers. And although ve-

7 don't know the exact timing between those others, we

8 know they are not considered to be simultaneous.

9 And then, of course, what we have is three
~

10 tubes at a one-second interval.

11 (Slide.)

12 Taking tha t then as our design basis accident,

13 we evaluate the effects en the system. We do that using

O 14 a computer code called TRANSWBAP -- transient
i

15 sodium-water reaction analysis program. For the purpose

16 of the evaluation we select the worst leak location and
17 the worst initial conditions for the leak based upon the

18 sensitivity studies. And the results of those

19 sensitivity studies are tha t th e lea k is 3 ;i the

20 evaporator where the water is subcooled, and that,

21 therefore, gives us the highest mass flow rate for any

22 particular leak size of the tube. And we find that the

23 highest, that the worst combination of pressure and

O)(, 24 subcoolant occura at some slight delay af ter loss ofi

25 offsite power where we have already started a transient

O
I
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() 1 in the steam generator system.

2 The actual leak rata of the water through the

3 tube, the failed tube, again is assumed to be a{}
4 dounle-ended rupture. This is established using the

5 RELAP code. Of course, that is -a well-validated GE code

6 used in the water reactor business.

7 The phenomenology that is assumed in TR ANSWR AP

8 is that there is a hydrogen yield of 65 percent, and

9 what we typically find in the experiments is that that

to yield will be somewhere between 35 and 50 percent. 'I

11 believe the British used 55 percent in their

12 calculations, and the Germans perhaps used 60. We are

13 at the high end of that range.

O
14 Of cou se, the hydrogen yield is only one part

15 of the story. If you're trying to figure out how f ast

18 this bubble is expanding and what the pressures are down

17 in the system, we need to know vhet temperature the

18 hydrogen is at, and we assume 1700 degrees which bounds

19 our experimental results. And this combination does do

20 a good job of predic ting the events that we have seen in

21 the experiments. It bounds those experimen tal results.

22 We model the rupture disc with dynamic elastic

23 plastic rupture disc behavior. We actually model in a

( 24 stress-strain sort of sense the beha vior of the two in
|

25 series rupture discs. As the stress increases, they

i )
|

i
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() 1 begin to buckle backwards. They contact the knife edge,

2 which will eventually tear the disc open, and then af ter

3 some hold time tears the rupture disc open allowing the
[}

4 sodium to pass through. That is all discretely modeled

5 in the TRANSWRAP code, and we h a ve valida ted that model

| 6 against the experimental results in the large leak test'

l

! 7 facility.

8 (Slide.)

9 The mechanical loadings from the event are

10 also predicting using TRANSWRAP, and TRANSWRAP actually

11 uses the water hammer model that comes from the computer

12 code HITBAN, which is an old standby developed by the

i 13 Army Corps of Engineers.

()
14 Sodium is treated as a compressible fluid. It'

15 is a one-dimensional code. For sodium hammer the

16 friction effects of the fluid are modeled. The strain,

17 which would dissipate the energy as the wave propagates

18 down the pipino, is not accounted for; co by the time
.

19 the pressures get down to the intermediate heat

20 exchanger, which again is the critical boundary, we have

21 very conservatively treated it, and much of the energy

22 which would have been dissipa ted is still contained in

23 our predicted pressure pulse.

24 Again, the TRANSWRAP results are validated as

25 being conservative, using the data from the large leak

O
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() 1 test facility which did have rupture discs and did have

2 runs of sodium piping to try to be sure we can predict

3 this type of behavior.{}
4 (Slide.)

5 So then as a summary, we have conservatively

6 selected a sodium-water reaction event as-our design

7 basis, and we have a validated computer code which we

8 used to conservatively model the consequences of that

9 design basis event.

10 Now, I have just a few words to try to address

11 the additional questions that were raised in the request

12 that we come here and speak on this subject. _And a key

13 one of those questions was what about steam generator

O
14 reliability.

15 (Slide.)

16 We have looked at that for the purpose of

17 doing a number of these sensitivity studies we have done

; 18 on the plant on reliability, availability, et cetera ;
i

'

19 but because the steam generator modules are rirst of a

20 kind components, there has not been extensive

21 operational or testing data in terms of many, many years

| 22 of actual operations; so we don't ha ve a statistical

23 data base. However, what we have done is to survey

24 various steam generators and fossil fuel plants, LWR

25 plants, and what data does exist for steam generators

O
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i

( 1 for both thermal and f ast reactor units and test units.

2 And I might note that there have been some 18 !

3 years of testing with steam generators similar to the(}
I

4 one we're going to have in the plant. The modular steam

5 generator that I mentioned earlier was first put into

6- testing by AI in 1968. It will be-20 years before we-

7 put that unit in operation in the plant. We haven't

8 accumulated 20 years yet. We will before we start up

9 the plant.

10 Engineering judgment was applied to all of

11 this data to derive failure parameters'that we used in

12 our reliability studies, and this next vu-graph gives

13 those.

O
14 (Slide.)

15 This is a very small leak, one which could be

16 detected prior to the bursting of the expansion tank

f

17 rupture disc. The medium leak is one that would result

18 in rupturing of the intermediate -- excuse me -- of the

19 expansion tank rupture disc, and the larger leak is one

20 which we are sure would rupture the main rupture discs

21 and relieve the system.

22

23

24

25

O
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( 1 Now, if you are interested in how you convert
-6

2 10 hours per module to years in a plant with nine

(]) 3 modules, let me do that for you. Thi s is about once

4 every two years, this is about once every ten years, and

| 5 this is about once every 4C years.
1

6 Our understanding of this is- that- it is - kind-
,

|

7 of a lower limit of a conservative limit of the

8 p ro bability of leaks based upon the data we have

9 a vail able. I might note that the Phenix experiment

to suggests that this is indeed conservative. They've been

11 onerating that plant since 1974, and to the best of my

12 knowledge they have-sustained two steam generator leaks.

13 HR. SHEWMON: The British, on the other hand,

f( 14 had a fair amount of trouble on this.
|

I
15 MR. CLAREs That's right. And the Staff said

16 1 would address this, didn't they? PFR had a much

17 different steam generator than the one we have, and they

18 have indeed had considerable problems with it. To begin

I19 with, tht/ built their units out of stainless steel --

1

20 forget the number -- 221 or 321; and they found that
'

|
'

21 their welding process was not necessarily very

| 22 reliable. And we have taken the specific actions of

23 developing the new weld process, and I think you have

24 probably seen some discussion of tha t in one of the

25 prior meetings with your working group, and we are using

O

ALDERSON REPORTING COMPANY,INC,

" " " " ' " ' ^ ^ ' ' ' ~ * " ~ ' " ^ * " ' * " ' " ~ '"''"*''"
| --- - __ .



469

() 1 ferritic 2 1/4 chrome one moly material, which based

2 upon our experience, as well as others, is probably the

3 best material to use.{}
4 MR. SHEWMONs Well, your reason why you think

5 you've got a better design in the system than the

6 British- is tha t you aren' t- using welded 321 ?

7 MR. CLARE: Well, it is that we have

8 specifically put together a weld configuration which is

9 highly reliable. These are the principal differences,

10 and I don't know all of the details between the units.

11 And we are using a material which would be less subject

12 to attack from reaction products.

13 MR. SHEWMON: What did the French use in their

O
14 material, do you know?

15 Md. CLARE: Tney have used a couple of

16 differeat materials. They have some stainless steel and
,

1

17 some ferritic, and I don 't have all of the details.

18 MR. DICKSON: I wanted to add one thing. The

19 British experience is that most of their leaks occurred .

I

20 in their welds, and those were tube-to-tube sheet welds, !

21 and that seemed to be where the problem existed. We

i

22 have eliminated that, not just as a weld technique but j
l

23 as a design concept.

'

24 MR. LONGENECKER The French used 316 in the

25 superheater, and the used 2 1/4 one moly in the^

O
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() 1 evaporator, and they have had leaks in the ferritic

2 units and they think their problem is they didn't

(]} 3 stress relieve the welds.

4 The British problem, the same configuration,

5 they've got stainless steel units. In the superheater

6' and the reheater they didn't stress-relieve their U-tube-

7 f erritic unit. 'Jhen they developed tha first leaks they

8 veren 't very big, and they got some constant sodium

9 hydroxide. They shut down. By the time they did thut

10 the caustic had been transported over to the other

i1 units, and nov what they're getting is just a continual

12 succession of very small leaks in the austenitic units.

13 So what thay are doing ir they are building new ones out

O
14 of 9 chrome one moly.

15 They did three things wrong which we have

16 corrected. One is they used some bad materials. Ther

17 used some dirty 2 1/4 chrome one moly. When they tested

18 they didn't stress relieve nor did they have a

19 volumetric J nspection of the tube-to-tube sheet veld.

20 And the third one is they didn't really do any testing

21 for any of the operating phenomena like flow-induced

22 vibration.

23 So what we have done is go to the vacuum arc

24 remelt forgings and very pure tubing, and do the rod

25 anode inspection on the internal bore weld tha t we

O
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()i
1 have. And we have told you today about some of the

2 testing.
I

3 The te sting that we still have to do besides
{}

4 the prototype is the full-scale flow-induced vibration

5 model in water to make sure we have taken care of all

6 three.

7 HR. SHEWHON: When you say dirty you mean the

8 vacuum are? You're thinking of oxide occlusions

9 primarily?

10 MR. 10NGENECKER4 Yes.

11 MR. CARBON: Put this in context, would you,

12 please, John. It is my impression that the British have

13 some pretty capable technical people, and yet -- and

O
14 they were trying to build this steam generator for the

15 big unit. They thought they had all of their problems

16 solved and ran into all kinds of difficulties.

17 Is this because of a normal learning cycle, or

|
18 did they goof, or did they not test enough?

|

| 19 MR. LONGENECKERa I think the principal -- it
|

| 20 is hard to tell back that f ar because everyone has

| 21 different views on what their hindsight was. But I

l,

22 think the general consensus is that they thought at the

23 tim e that they could dump before they got very much

| () 24 caustic in tne unit so that they could use stainless
i

the use of those ferritics'

25 steel. They didn't know --

(

l
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() 1 was so new a t the time, they really didn't have a very

2 good data base on the stress relief. And we have done a

3 pretty extensive program, like about seven or eight{)
4 years' worth, through Oak Ridge National lab and

5 Combustion Engineering on our 2 1/4 one moly learning

6 all of the phenomena.

7 The other was that they didn't do enough

8 preservice inspection to determine whether they had any

9 leakc. Had they done the kind of tests that we do to

10 pressure, I think they would have found that they

11 probably did -- the Russians did; they put the units

: into service anyway, the ones that they had leaking.

13 What that led to, the leaks happened so early

O
14 in the service that they weren't really accustomed to

15 reading their hydrogen and oxygen monitors, and so when

10 they star ted getting the leaks, they ran for about six

17 weeks seeing the leaks. By the time they found out how

18 many th e y ha d , they had formed caustic, snd it didn 't

19 take much to get over to the reheaters.

20 The Russians, on the other hand, did dump on

21 the order of 400 pounds of reaction products into the

22 sodium side. They had ferritic units 2 1/4 chrome one

23 moly, cold-trapped them out and fixed the units and went

() 24 back up. So primarily it was just bad judgment in using
,

)
'

25 an austenitic material.
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() 1 MR. CLARE: I might note in all of those

2 events we're talking about we did not or they did not

3 get the kind of energetic reaction in terms of a very{)
4 rapid millisecond type of propagation that would give

5 you any problem in terms of pressure pulses on your

6 current boundaries.

7 MR. MOELLER: Earlier, a ceuple of slides

8 back, you vent past rather fast for me. This TRANSWRAP

9 computer code was well proven?

10 MR. CLARLs Yes.

11 MR. MOELLER: And that we could have faith in

12 it? Now, why should we have a warm feeling about it?

13 MR. CLARE: It has been validated by usino it

O
t 14 to predict both before and after the leak tests that

15 have been performed in this large leak test rig that I

16 talked about.,

|

17 MR. MOELLER: In the sodium-water?

| 18 MR. CLARE: In the sodium-water both for
| \

| 10 smaller leaks and for' larger leaks.

20 MR. ~MOELLER: And it has been shown to yield

:

21 pretty good correlations?

22 MR. CLAREs That's correct in terms of, for

23 example, rupture discs, burst times, Durst pressures,

() 24 peak pressures, on down the line.

25 MR. MOELLER: All rig h t . Thank you.

O
o
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.

O i na. orcxS0x. 11 1s conservative in some

2 areas. There is s loss around every elbow that is not

3 predictable and not in the code. But there is some loss

4 that varies depending upon a variety of conditions, and

5 that is not in the code at all. So when he says it is

6 yalidated, it is valida ted to the - extent it does- not-

7 underpredict.

8 MR. CABBON: Were there further questions? If

9 not, thank you, Mr. Clare, and thank all of you for your

10 fine effort and presentations today.

11 Mr. Chairman, I turn it back to you.

12 MR. BAYS Thank you, Max.

13 I might comment that while grueling, it was a

0s
14 very interesting presentation.

15 We will recess now until 8:30 tomorrow morning.

16 (Whereupon, at 6 : 30 p .m . , th e mee ting was

17 recessed, to be reconvened a t 8 4 30 a .m. , the following

18 day, Saturday, February 12, 1983.)
,

19

-

20

21

22

22

24

25

O
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| NATURAL PHENOMENA ;

~

'

i

e TORNADO

e PRECIPITATION

e FLOOD -

'

.|

e EARTHQUAKE
.

4

9

e e

i

e
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t

: DESIGN BASIS TORNADO :

e SAFETY RELATED STRUCTURES DESIGN TO WITHSTAND TORNADO EFFECTS
'

'

e DESIGN TORNADO IN ACCORDANCE WITH REGULATORY GUIDE I.78 - REGION I

e TORNADO EFFECTS COMBINED WITH OTHER LOADS

e NIND VELOCITY = 360 MPH
'

eROTATIONAL VELOCITY = 290 MPH
:

eTRANSLATIONAL VELOCITY = 70 MPH

e PRESSURE DROP = 3.O PSI

e VELOCITY PRESSURES DETERMINED IN ACCORDANCE WITH ANSI A58.l

.

e

e

9

e
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i

TORNADO MISSILE PROTECTIVE DESIGN
e SPECTRUM OF MISSILES IDENTIFIED

e MINIMUM THICKNESS OF EXTERIOR CONCRETE = 2'3"

eGREATER THAN MINIMUM 2'0" REQUIRED BY SRP

e MISSILE PROTECTIVE STRUCTURES PROVIDED AT CRITICAL OPENINGS

e METHOD OF ANALYSIS DESCRIBED IN PSAR SECTION 3 5
'

ePENETRATION INTO STEEL AND CONCRETE STRUCTURES -

ePREVENTION OF SCABBING IN CRITICAL AREAS

eOVERALL AND LOCALIZED STRUCTURAL RESPCNSE EVALUATED TO ASSURESTRUCTURAL INTEGRITY

,

.

.

_ - -
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DESIGN FOR MAXIMUM PRECIPITATION
t

* DRAINAGE FACILITIES DESIGN FOR 100 YEAR STORM

e 3.5 INCHES PER HOUR WAXIMUM
-

e CRBRP DESIGN EVALUATED FOR EFFECTS OF PROBABLE MAXIMUM PRECIPITATION (PMP{
'

e MOST CRITICAL STORM FOR LOCAL SITE CONDITIONS
* 14 INCHES PER HOUR MAXIMUM
e 28.5 INC.ES IN 8 HOURSH

e 8 INCH MAXIMUM LOCAL FLOODING ALLOWED IN PLANT AREA

e BUILDING ENTRIES 12 INCHES ABOVE GRADE

e 8 INCH MAXIMUM PONDING ON ROOFS

e EXCESS DISCHARGED BY OVERFLOWS TO ORADE
e CURBS PROVIDED AROUND ROOF OPENINGS

e EQUIVALENT 80 INCH SNOWFALL DEPTH ACCOMMODATED IN DESIGN

e~40 PSF ROOF LOAD
,

*
e

*

*
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i DESIGN FOR FLOODS i
;

I e PROBABLE MAXIMUM FLOOD (PMF)
,

eMAXIMUM ELEVATION = 779 8 FT. INCLUDES 40 MPH MIND AND WAVE RUNUP,

i

e MAXIMUM FLOOD LEVEL AT SITE = 809 2 FT.
,

eBASED ON UPSTREAM DAM FAILURE COMBINED WITH I/2 PMF
*(DETAILS TO BE PRESENTED LATER BY TVA)

e PLANT ORADE AT ELEVATION 815 FT.

e STRUCTURES DESIGNED FOR' MAXIMUM GROUNDNATER LEVEL'0F C09 FT. .

eHYDROSTATIC EFFECTS
eNATERT10HTNESS '

. - . .
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EARTH 0UAKE DESIGN >

i
-

e TECTONIC PROVINCE APPROACH FOR DETERMINATION OF SSE I
'

|

eIN ACCORDANCE WITH 10CFR100. APPENDIX A
' ,

l

e LARGEST HISTORICAL EARTHQUAKE IDENTIFIED AS GILES COUNTY. VIRGINA. 1887

eNRC' CLASSIFIED THIS EARTHQUAKE AS INTENSITY VIII
|

e CORRELATION OF INTENSITY TO ACCELERATION RESULTS IN SSE = 0 25 0

e EARTHQb4KE ASSUMED TO OCCUR AT THE CRBRP SITE '

i

e OBE =|/2 SSE = 0.I'25 0

e SEISMIC DESIGN OF STRUCTURES. COMPONENTS'AND SYSTEMS IN ACCORDANCE
WITH APPLICASLE CODES. REGULATORY OUIDES AND SRP

,

e

t

|

- - - _ _ _ _ _ _ _ _ - - _ _ _ _ _ _
,



- -- - - - - - - - - - - - - - - --

~

- O O' O
.

||

:

: SUMMARY AND CONCLUS10NS
'

e CONSERVATIVE DESIGN BASES HAVE BEEN ESTABLISHED FOR
POTENTIAL EVENTS FROM NATURAL PHENOMENA.

* THE CRBRP DESIGN ACCOMMODATES EACH OF THESE EVENTS
~
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' POTENTIAL SOURCES OF FLOODING

EXAMINED IN DETAIL

'

- STORMS -

PRIMARY WATERCOURSE - CLINCH RIVER4

ADJACENT WATERCOURSE - TENNESSEE RIVER

- SEISMIC-INDUCED DAM FAILURE -i

[}
!

,

NOT EXAMINED IN DETAIL
4

- SNOW MELT / ICE JAMS

-- TEMPERATE CLIMATE --

- LAND SLIDES

-- SLIDE VOLUME POTENTIAL LIMITED --

O:

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



. .-_ . . .-__ _ . ~ .

,

< <
,

*

,

.

(:)'

J

DEFINITIONS
:

I

PMP - RAINFALL DE?TH

FOR A PARTICULAR SIZE BASIN

APPROACHES THE UPPER LIMIT

FOR A SPECIFIED DURATION

PRESENT CLIMATE CAN PRODUCE

O
PMF - MOST SEVERE FLOOD,

CAN REASONABLY BE PREDICTED
i

OCCUR FROM HYDROMETE0H0 LOGICAL CONDITIONS

ASSUMES

OCCURRENCE OF PMP CRITICALLY CENTERED

SEQUENCE OF RELATED METEOR 0 LOGIC AND HYDROLOGIC FACTORS

i TYPICAL 0F EXTREME STORMS

:

i

.
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PMP

9 DAY STORM:

*3-DAY ANTECEDENT STORM 6.9 INCHES -

*3-DAY DRY PERIOD 0
'

*3-DAY MAIN STORM 17.2 INCHES.

| * TOTAL 214.1 INCHES

I * AVERAGE ON 17,310 SQUARE-MILE WATERSHED ABOVE !

.

WATTS BAR DAM

;

O
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i
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NRC CRITERIA
;|

FLOODS FROM SEISMIC EVENTS

ALTERNATIVE 1 - DAM FAILURE CAUSED BY SAFE SHUTDOWN

EARTHQUAKE (SSE)

- COINCIDENT WITH 25-YEAR FLOOD

ALTERNATIVE 2 - DAM FAILURE CAUSED BY OPERATING BASIS
j EARTHQUAKE (OBE)

: COINCIDENT WITH h PMF
!
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NORRIS BACKGROUND INFORMATION
'

*

:

1

|- CONCRETE GRAVITY DAM

|
COMPLETED IN 1936

LENtiTH - 1860 FEET

HEIGHT - 265 FEET.

:

! OVERFLOW SPILLWAY

SLUICESO
NONOVERFLOW SECTIONS ON EACH SIDE

ORIGINALLY DESIGNED FOR AN EARTHQUAKE ACCELERATION-0F 0.le

THROUGHOUT ITS HEIGHT
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! MAJOR ELEMENTS
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NORRIS FAILURE FLOOD ANALYSIS
i
i

. WATERSHED FLOWS IN h PMF OR 25-YEAR FLOOD

-- WATERSHED MODEL --
L

|

{

OUTFLOW FROM BREACHED NORRIS DAM
'

;

' -- RATING CURVES --

,

COMBINED FLOWS AT SITE ~
,,

| -- UNSTEADY FLOW ANALYSIS -- i

|
|

|
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u(])_ SENSITIVITY ANALYSIS<

CRBR |

ELEVATION

POSTULATED FAILURE MODE MILE 16 MILE 18 |
1

OBE CONDITIONS WITH h PMF

vANISHMENT OF 3 BLOCKS (38-40)
TO GROUND LEVEL'(168-F00T WIDTH) 802.2 808.4

OVERTURNING OF BLOCKS 37-43

(370-F00T WIDTH) WITH 925 DEBRIS |.

LEVEL 805.3 811.9

() OVERTURNING OF BLOCKS 33-44i

(665-F00T WIDTH) WITH 945 DEBRIS
LEVEL 802.6 808.9

INSTANT VANISHMENT OF ENTIRE DAM
(N0 DEBRIS) 811.0 818.0
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CRBRP RESERVE SEISMIC MARGINS

ADVANCED REACTORS DIVISION
WESTINGHOUSE ELECTRIC CORPORATION

. .

i

MADISON, PENNSYLVANIA 15663-0158

i

!

.

'

!:
1

February 11,1983
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CRBRP RESERVE SEISMIC MARGINS

e Reserve seismic margin: seismic reserve strength / capability
available when calculated effects (stress, functional
performance) due to all loadings equal allowable limits
(code, performance)

e Nominal margin: Su/Sa when Sa =o+os n

e Reserve margin earthquake: 0.25g x reserve seismic
margin

Sources:

1 * Conservative predictions of building and equipment
j response
U e Conservative definitions of structural and functional

performance limits
o

.

@ARD me.,

.



.

'

O O O

RESERVE SEISMIC CAPABILITY OF CRBRP
i SYSTEM EVALUATION PROCEDURE
|
t

System Reserve,

'

Seismic Ccpabi! sty

| t
i

I
; Reservo Seismic Reserve Seistnic

Capabihty Of Capabihty Of
System Equipment Buildings & Structures

'l JL

I I

Equipment Equipment
Structural Quahtication Functional Buildings & Structures Buildings & Structures
Reserve --- By Test --- Reserve Structural Strength Seismic Response

Capabihty (Class IE) Capabikty Reserve Capabihty Conservatism
JLJL JL

I II
*'* ' Load Fae: ors Development ~Structural System Material

- r em ce - Of GrouMes p seStrength Funwonal Minimum
- s Accelegam"* ^ * *Reserve Reserve Strength

Capability Capabihty Assumptions
inelastic System Strength inelasticAction Of - - Damping - Reduction - Action OfBuilding Assumptions

eel Shutdown Redundant Factors Building
Minimum System Structural -

-

Strengrn Ground NWBDesign
Assumption * - AccelerogramSpectra &

DevelopmentHistones
Development Heat

Ccde Design Removal
--

Stress Limits Systems
_
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EQU|PMENT STRUCTURAL RESERVE CAPABILITY
STRUCTURAL STRENGTH RESERVE CAPABILITY

Material minimum strength assumptions:e
Code minimum strength*

e Average strength for seismic
e Ratio of average to minimum 1.20

e Code design stress limits
e Service Limit Level D allowable membrane tensile

stress = 0.7 Su:

| e Ratio of ultimate strength to allowable stress 1.43
,

'

STRUCTURAL STRENGTH NOMINAL MARGIN = 1.72

@ARD eme
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| EQUIPMENT STRUCTURAL RESERVE CAPABILITY
SYSTEM SEISMIC RESPONSE CONSERVATISM

e System damping assumptions:
R.G.1.61 3% damping valuee

;

e Test results, 5% damping value
e Peak response ratio 3% versus 5% 1.2

e Development of ground accelerogram:
| e NRC SRP rule on spectra enveloping

e Artificial response spectra conservatism 1.05

e Reduction of floor response spectra due to inelastic action of
building 1.05

e Development of design response spectra:
e Envelop upper and lower bounds of soil moduli
e Peaks widened and higher due to uncoupling
e Spectra smoothed to eliminate valleys and

spectral fluctuations 1.1

e Development of design histories:.

e Possible frequency variations of building
,

! e Vary .it, compress and expand history
e Develop spectra-consistent histories 1.1.

SYSTEM SEISMIC RESPONSE CONSERVATISM:
(1.2)(1.05)2(1.1) = 1.45

@ARD 82283

r .
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CRITERIA RESPONSE SPECTRUM @"
ENVELOPING WITH HORIZONTAL
E-W MOTION, SSE-7% DAMPING

O ACCELERATION (G)
! 0

8 -

|6 -

4 -

:

3 - |

2 - :

ARTIFICIAL EARTHQUAKE
RESPONSE SPECTRUM1 -

.8 -

.6 -

d iO
-

'

8 -

.TE M C oc au 3 x
RESPONSE SPECTRUM.2 -

.1 -

.08 -

.06 -

.04 -

.03 -

.02 -

*' ~'~ ' ' ' '' ' ' ' ' '' ' ' 'O 234 6 81 2 34 8 810 20 30 40
FREQUENCY (HZ)
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SSE E-W HORIZONTAL + TORSIONAL
COMBINED-DESIGN AND ORIGINAL T.H.j

RESPONSE SPECTRA AT R.V. SUP. PORTS, EL.

J| 800 FT.

(3% CRITICAL DAMPING)
,
'

ACCELERATlON (G)
,

_

_

| 5.0 -

' 4.0 -

3.0 -

DESIGN SPECTRUM
| _

;

I

| 1.0 - -

_

0.8 -

0.6 -

_ _

_

'

0.4 -

,

\O.3 -

,

ORIGINAL T.H. SPECTRUM
_

' ' ' ' ' ' " ' ' ' ' ' ' ' ' - ' ' ' ' ' ' ' '
0.1

O.10.2 0.5 1 23 5 10 2030 50
FREQUENCY (HZ)*n-.
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SSE EW COMBINED HORIZONTAL AND TORSION- @"

DESIGN AND SYNTHESIZED RESPONSE
SPECTRA

(3% CRITICAL DAMPING)
'

ACCELERATION (G) -

;
_

g

_

5.0 -

4.0 -

3.0 - SYNTHESIZED SPECTRUM
t

.

'

2.0 -

1.0
!_

0.8 - 1

0.6 2 Q -

_

/0.4 -

DESIGN SPECMUM0.3 - ,

0.2 -
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EQUIPMENT STRUCTURAL RESERVE CAPABILITY .

STRUCTURAL RESERVE SEISMIC MARGIN

e NUREG/CR-2137:
'

e Nominal margin (NM) = Su/Sa = Sulo +o
| s n

| e Seismic - only margin = Ms '

e Ms = (Su - Sa)/a + 1 = 1/k (NM-1) + 1s ;

e Structural strength nominal margin = 1.72
e Conservative assumption of k = o /Sa = 60% to 90%s

e Structural strength reserve seismic margin:
1/0.6 (1.72-1) + 1 = 2.2 for k = 60%; 1/0.9 (1.72-1) + 1
= 1.8 for k = 90%

e Seismic response conservatism = 1.45

EQUIPMENT STRUCTURAL RESERVE SEISMIC MARGIN
= 2.61 to 3.19

@ARD em.4
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EQUIPMENT STRUCTURAL RESERVE CAPABILITY
CONTAINMENT STRUCTURAL RESERVE SEISMIC MARGIN

,

e Nominal margin (NM) on buckling = 1.9
e Seismic - only margin, Ms = 1/k (NM-1) + 1
e Ratio of seismic to total loadings, k = 70%

,

* Containment buckling strength reserve seismic margin
= 1/0.7 (1.9-1) + 1 = 2.29

e System seismic response conservatism = 1.45

EQUIPMENT STRUCTURAL RESERVE;

S'dlSMIC MARGIN = 3.32

@ARD em-s
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EQUIPMENT FUNCTIONAL RESERVE CAPABILITY
SHUTDOWN SYSTEM FUNCTIONAL

,

RESERVE SEISMIC ' MARGIN

Design capacity in excess of requirements:e
Scram < insertion performance evaluated for*

SSE of 0.33g 1.32
Conservative system response requirements:e

Worst case rod positions and minimume

rod worths 1.10
t

Friction coefficient (1.0 versus 0.45) 2.2e

| e Impact damping 1.07
| e Shutdown system functional reserve

seismic margin = 3.42.

| System seismic response conservatism = 1.45e

EQUIPMENT FUNCTIONAL RESERVE
SEISMIC MARGIN = 5.0

@ARD mu
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EQUIPMENT FUNCTIONAL RESERVE CAPABILITY
RUPTURE DISCS FUNCTIONAL RESERVE SEISMIC MARGIN

e Evaluation based on worst loop
! e Zero time rupture disc rating = 339 psi

Five year aging effects (creep, corrosion, stress relieving)e;
'

= 43 psi
Rupture disc rating after five years = 296 psi! e

e Steady-state operating pressure = 219 psi
Allowable pressure for seismic = 77 psi: e

Pressure' due to 0.25g SSE = 45 psie
i e Rupture discs functional reserve seismic margin
j = 1 + 32/45 = 1.71
i e Seismic response conservatism = 1.2 (1.05)2 = 1.32
i EQUIPMENT FUNCTIONAL RESERVE SEISMIC MARGIN = 2.26

:

@ARD m. , ,
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EQUIPMENT FUNCTIONAL RESERVE CAPABILITY
DIRECT HEAT REMOVAL SERVICE (DHRS) COMPONENTS

e Overflow Heat Exchanger
e EVS (Ex-Vessel Storage Sodium Cooler)
e Air Blast Heat Exchanger
e EM Pumps *

e NaK Expansion Tank
.

'

e Sodium Piping;

e Critical valves (evaluation in progress)
..

i * Limiting component
4

|
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EQUIPMENT FUNC1;ONAL RESERVE CAPABILITY
DHRS EM PUMPS FUNCTIONA'L RESERVE SEISMIC MARGIN

Calculated design margin based on yield criterion 1.01e

e Material minimum strength assumptions 1.20

Structural strength functional margine
; e = 1.01 (1.2) = 1.21

e Ratio of seismic to total loadings, k = 32%
EM Pumps functional reserve seismic margine

e = 1/0.32 (1.21-1) + 1 = 1.66
System saismic response conservatism = 1.45e

| EQUIPMENT FUNCTIONAL RESERVE SEISMIC MARGIN = 2.41

!

!

'
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SEISMIC TESTING FOR CLASS 1E EQUIPMENT

e Qualify to IEEE std. 344-1975
e Single frequency tests
e Multiple frequency tests
e Single frequency plus multiple frequency

! e Multiple frequency and recommended single frequency
! :

!

|
i

! !

:

!

7230-6.

i
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EXAMPLE OF COMPARISON OF TRS/RRS
FOR TESTED EQUIPIAENT

-

e Reactor shutdown and isolation equipment
'

e Housed in cabinets and whole cabinet shake table
|

tested

| e Both sine beat unidirectional and multiple frequency
biaxial motion

e Cabinet rotated 90
t

Functioned properly during and after testinge

* TRS conservatively enveloped RRS
Additional conservatism by enveloping horizontal RRS,e
10% IEEE-323 margin and use of design spectra

7230-19
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I PRIMARY REACTOR SHUTDOWN SYSTEM
COMPARATOF / BUFFER CABINET AND

LOGIC CABINET ASSEMBLIES
10

Max. Peak = 2.85g Max. Peak = 4.4g

I e

3 [ZPA = 1.85g*, ,

8 J %~ _ - Y zgg

i /81.0 , /-ZPA = .65g
< /

' f
RRS

*

;

0.1 | |

1 10 100 1000
Frequency (Hz)

-

Damping 5% '
7230-1_
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PRIMARY REACTOR SHUTDOWN SYSTEM
COMPARATOR/ BUFFER CABINET AND

LOGIC CABINET ASSEMBLIES ;

10

Max. Peak = 5.2g
'

A
Max. Peak = 2.3g #

'

3 ,/ %, ZPA = 1.5g

5 %---- TRS

b e/m 1.0 -

ZPA = .52gf; < o.

; RRS

.

:

0.1 ! |

00Frequency (Hz)
_

Damping $ SSE - Vertical 7230 2

.I
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EXAMPLE OF RESERVE SEISMIC MARGIN
FOR TESTED EQUIPMENT

Seismic response conservatism for testing:e

Development of ground accelerogram 1.05e
,

'

Reduction of floor response spectrum 1.05e

. Development of requir.ed response spe.ctra
.

1.1e

IEEE-323 margin 1.1e

Total seismic response conservatism = 1.33e
"

Margin from TRS/RRS enveloping:e
e Ratio of ZPA = 2.85

Ratio of maximum peak = 1.54:|
e

j RESERVE SEISMIC MARGIN on
i ZPA = 3.79 x margin to fragility
'

j RESERVE SEISMIC MARGIN on
1 peak = 2.05 x margin to fragility
:

!

@ARD em,
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BUILDINGS AND STRUCTURES RESERVE SEISMIC CAPABILITY
STRUCTURAL STRENGTH RESERVE SEISMIC MARGIN

e Load factors for service loads (OBE):
e OBE load factor in load combination = 1.9 (1.0 for SSE)
e Design controlled by service loads

Loading produced by OBE > 50% SSEe
e Result in reserve strength at least 1.05

e Strength reduction factors: -

e ACI Code limits below ultimate capacity
e Reduction factors range from 0.75 to 0.90
e Result in reserve strength at least 1.11

e Material minimum strength assumptions:.
.

Reinforcing steel yield strength 5% to 15% higher than specifiede

,j e Concrete design based on 28 day strength
i e 25% concrete strength increase due to aging in one year

; Result in reserve strength at least 1.12e

i e Redundant structural components:
Interednnected buildings on common foundation mate

o Multiple interconnected cells,

! e Estimated margin due to redundant path load 1.05

! STRUCTURAL STRENGTH RESERVE SEISMIC MARGIN = 1.37
: i

!

!

x
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BUILDINGS AND STRUCTURES RESERVE SEISMIC CAPABILITY
SEISMIC RESPONSE CONSERVATISM

Development of ground accelerogram 1.05e

Reduction of response specrum due to ine:astic action:e

Substantial reserve strength in inelastic rangee

Energy absorption due to concrete cracking and yielding of reinforcing steele

Newmark's inelastic design spectra (NUREG/CR-0098)e
e Reduction of spectral accelerations below 33 Hz

Reduction is function of ductility factor and frequencye

NUREG/CR-0098 ductility factor ( ) between 2 and 3 for structures housing*

Class I equipment
2Peduction for 2Hz to 8Hz range = 1/(2 -1):e

Elastic input accelerations reduced by 45% to 58%e

Results in reserve margin of 1.73 to 2.24e

BUILDINGS AND STRUCTURES SEISMIC RESPONSE CONSERVATISM = 1.82 to 2.35
i

i
t

!

i

s
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RESERVE SElSMFC CAPABILITY OF CRBRP
RESERVE SEISMIC MARGINS

System
j Reserve 3eismic
; Margin

- 2.4
i d
! |

|
Reserve Seismic

Reserve SeismicMargin Of System
Equipment Margin Of Buildings

And Structures
-- 2.4 - 2.5 to 3.2

h n
I I

Equipment Equipment
Structural Reserve Functional Reserve

'

Seismic Margin Seismic Margin,

'- 2.6 to 3.2 2.4=-

8 8
I I I

Structural System System
_ _ | | |

System
i Strength Seismic F.unctional Seismic Buildings And Structures Buildings And Structures

.5 Reserve Response Reserve Response Structural Strength Seismic Response
Scismic Margin Conservatism Seismic Margin Conservatism Reserve Seismic Margin Conservatism

,

| = 1.8 to 2.2 - 1.45 = 1.66 = 1.45 - 1.37 " 1.82 To 2.35
1
4
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,
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CONSERVATISM IN RESERVE SEISMIC CAPABILITY

Assumption of calculated stress equal to allowable stress for equipmente

Design of most equipment controlled by OBE*

OBE = 50% SSE but OBE equipment loads > 50% SSEe

f
Use of linear-elastic dynamic and stress ana ysese

Reduction of floor response spectra due to inelastic action of buildinge

Reduction for ductility factor of equipmenti e

Envelope spectra for multiple-support system'
*

Response spectrum versus time history analysisei

e Exclusion of non-structural elements
e Redundance of structural elements

Ground response spectra with high amplificationso
,

e Absolute combination of seismic loads with other loads1

Conservatism by designer action and duplication for design simplificatione
t

e Load factors on dead and live loads for buildings
Building serviceability requirements (shielding, stiffness, TMBDB, tornado missile)e

.

;

4

,
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CONCLUSIONS
.

Reserve Seismic Capability of CRBRP System Equipment:e
Structural Reserve Seismic Margin = 2.6 to 3.2*

Reserve Margin Earthquake = 0.65g to 0.80ge.

e Functional Reserve Seismic Margin = 2.4
Reserve Margin Earthquake = 0.60ge

Reserve Seismic Capability of CRBRP Buildings and*

Structures:;

Reserve Seismic Margin = 2.5 to 3.2**

Reserve Margin Earthquake = 0.62g to 0.80ge

|
CRBRP SEISMIC CAPABILITY = AT LEAST 0.60g

4
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SEISMIC MARGIN.

.

ESTIMATES OF O.25g SSE R$CURRENCE*

FREQUENCY RANGE FROM 10-3 TO 10-4 PER YEAR
AN EARTHQUAKE WITH ACCELERATION TWICE*

THAT OF THE SSE WOULD HAVE A RECURRENCE
FREQUENCY SIGNIFICANTLY LESS THAN 10-4 PER
YEAR

MARGIN ASSESSMENTS INDICATE CRBRP COULD* -

BE SHUTDOWN AND MAINTAINED IN A SAFE
! CONDITION FOR EARTHQUAKES WITH A

RECURRENCE FREQUENCY SIGNIFICANTLY LESS
THAN 10-4 PER YEAR4

| <

2 83 3229-16
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j CRBR PJEL. B_LANKET AND CONTROL _ ASSEMBLY

| NECHANICAL DESIGN

!

!

| PRESENTATION TO ACRS - 2/11/83
:

l

! *

!

BY - M. TOKAR - NRC'

! - R. BAARS - LANL
i
|
!
!

|
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|

|

|
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O

SCOPE OF STAFF REVIEW

O
o MECHANICAL DESIGN OF FUEL, BLANKET AND CONTROL PINS

AND ASSEMBLIES, INCLUDING:

- DESIGN CRITERIA / LIMITS

I DESIGN METHODS-

- STEADY STATE CONDITIONS

- TRANSIENT CONDITIONS

o DEVELOPMENT TESTING,. INCLUDING

- IN-REACTOR -

([) - EX-REACTOR

STEADY STATE-

- TRANSIENT

,

o REVIEWED BY LANL

i

,

.

- 9

4
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ACCEPTANCE CRITERIA

o CONFORMANCE WITH CRBR PRINCIPAL DESIGN CRITERIA: ,

- #8 - REACTOR DESIGN

o CONFORMANCE WITH INTENT OF SRP 4.2 " FUEL SYSTEM DESIGN"

o COMPLETENESS AND ADEQUACY (BASIS) 0F APPLICANTS':

!

- DESIGN CRITERIA / LIMITS

O DESIGN METHODS-

' - CONCEPTUAL DESIGN

,

o ADEQUATE DEVELOPMENT TESTING TO SUPPORT THE

DESIGN / CRITERIA / LIMITS / METHODS

'
.

O

4
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FAVORABLE FACTORS

FOR SUCCESS OF SYSTEM

o MASSIVE LMFBR TEST PROGRAM SHOWS MIXED OXIDE FAILURES

VERY RARE FOR CRBR GOAL EXPOSURE

o OPERATION IS FAR FROM COOLANT SATURATION, LESSENING

THE CHANCE OF COOLING DISCONTINUITY
,

o PROPOSED SCRAM TRIP SETTINGS TERMINATE ABNORMAL

OCCURRENCES FAR SHORT OF SIGNIFICANT FUEL DAMAGE

OR DISRUPTION

.

O o LOW SMEAR DENSITY OF FUEL (850 - ABOUT TWICE THE

RELATIVE VOLUME TO ACCOMMODATE RADIAL EXPANSION4

AS LWR FUELS

.

o FALLBACK POSITIONS OF REDUCED POWER, EXPOSURE AND

OPERATING TEMPERATURE ARE AVAILABLE

o OPERATING DATA ON SIMILAR (FFTF) SYSTEM AVAILABLE

BY FSAR

O

.

o

- - , r-- -e -, ,,.- ---, - - , ,., . - _ _ , _,, 7,-,. , p,__.,.. .__,,, . , _ _ , _ , . . . . ,_ ,,,
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fRITERIA ISSUES

C00LABLE GECMETRY LIMITS

O'

o NO BASIS PROVIDED TO SUPPORT CLADDING MELTING LIMIT

FOR ENSURING C00LABLE GE0 METRY

,

o VIOLABLE NO B0ILING GUIDELINE INADEQUATE -

NO INFORMATION AS TO HOW CASES INVOLVING BOILING

WOULD BE EVALUATED

o NEITHER CLADDING NOR COOLANT TEMPERATURE BASED LIMITS

ADEQUATELY GUARD AGAINST MOLTEN FUEL EXPULSION FOR

V R POWER CONDITIONS
O

RESOLUTION: APPICANTS HAVE COMMITTED TO ADDRESS ALL OF

THESE ISSUES AND DOCUMENT A COMPREHENSIVE

BASIS FOR C00LABLE GE0 METRY LIMITS FOR REVIEW
l BY THE STAFF PRIOR TO FSAR SUBMITTAL.

.

O

|
.

e
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METHODS ISSUES

FUEL EVALUATION MODELS
,

o CUMULATIVE DAMAGE FUNCTION MODEL

MODEL HAS NOT BEEN QUALIFIED TO-

INTEGRAL R0D TEST DATA
' ~

- MODEL DOES NOT ADDRESS FUEL

ADJACENCY EFFECT

STATISTICAL APPROACH DOES NOT COVER-

DATA VARIANCE

CL DUCTILITY LIMITED STRAIN MODELo

- MODEL SHOULD BE REQUALIFIED TO
,

INTEGRAL R0D TEST DATA
,

MARGIN TO FAISRE NOT ESTABLISHED-

- MODEL UNCERTAINTIES NOT ESTABLISHED

i RESOLUTION: APPLICANT HAS COMMITTED TO

ADDRESS CDF ISSUES BY SUBMITTAL

OF THE FSAR.

O'

i
|

|*
|
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DATA BASE ISSUES
'

O
o ATYPICAL FACTORS

FLUENCE /BURNUP-

SHORT RODS-

- TRANSIENT TEST RADIAL POWER DEPRESSION

NO PRECONDITIONING IN TRANSIENT TESTS-

o COVERAGE1

,

- 32% PLUT0NIUM

BLANKET RODS-

O - SL0w OvERe0weR

- UNDERC00 LING AT END-0F-LIFE

o CLADDING

- FUEL ADJACENCY EFFECT

RESPONSE AT HIGH FLUENCE AND HIGH TEMPERATURE-

"

RESOLUTION: APPLICANT HAS ACTIVE COMPREHENSIVE

PROGRAM TO ADDRESS THESE ISSUES.

THESE ISSUES ARE ENUMERATED AS THE PRESENT

STATUS OF THE DATA BASE FOR WHICH WEO
HAVE DOCUMENTATION.

.

. _ . - _ , . . . _ . _ . . . _ . . . . _ , _ , . - _ _ _ _ . . _ . . _ . _ , _ , _ _ , . _ . _ . . _ _ _ _ _ _ . _ . . , _ . _ . _ _ _ . _ . _ , . . _ _ _ . . _ . , . _ . _ . . _ _ _ _ _ . _ . ,_. -
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.

O
CCNCLUSION

.

PROSPECTS FOR SUCCESS OF THE CRBR FUEL

SYSTEM JUSTIFY ISSUANCE OF CONSTRUCTION

PERMIT.

HOWEVER, ABILITY TO CLEARLY DEMONSTRATEi

! ACCEPTABILITY OF THE SYSTEM FOR AN OPERATING

|O LICENSE WITHOUT RES0RTING TO FALLBACK

POSITIONS DEPENDS ON ADDRESSING IDENTIFIED

ISSUES.

I

O

-

.

|
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O BASIS FOR CONCLUSIONS

o PREVIOUSLY ENUMERATED FAVORABLE FACTORS.

o ALL OF THE FOREGOING ISSUES ARE PRIMARILY

RELEVANT TO THE ABILITY TO EVALUATE FUEL

PERFORMANCE, NOT TO FUEL PERFORMANCE

ITSELF.

PROGRAMS ARE UNDER WAY, OR HAVE BEENO
COMMITTED BY THE APPLICANT, TO RESOLVE

THE ISSUES BY FSAR SUBMITTAL.

o THE AVAILABILITY OF FALLBACK POSITIONS

L ALLOWS DEFERRAL OF RESOLUTION TO THE

FSAR.
|

|

0
|

|
|

'

.
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! CRBR REACTOR THERMAL - HYDRAllLIC DESIGN
.

i

I -

I

} PRESENTATION TO ACRS - 2/11/83 i

.

:
i
'
n

| BY T. KING - NRC
.!
:

i

! -
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SCOPE OF STAFF REVIEW
,

O
|

1) THERMAL / HYDRAULIC DESIGN OF IN-VESSEL:

COMPONENTS, INCLUDING: '

DESIGN CRITERIA / LIMITS-

DESIGN METHODS-

STEADY STATE CONDITIONS-

TRANSIENT CONDITIONS-

2) DEVELOPMENT AND STARTUP TESTING

:
- STEADY STATE

O TRANSIENT
'

-

3) REVIEW AND INDEPENDENT ANALYSIS BY:

BNL; -

- ANL

- BARTHOLD & ASSOC,

|

0

.
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O

ACCEPTANCE CRITERIA

O
- CONFORMANCE WITH CRBR PRINCIPAL DESIGN

CRITER.TA:

#8 - REACTOR DESIGN

#60- FLOW BLOCKAGE

CONFORMANCE WITH SRP SECTION 4.4 " THERMAL-

HYDRAULIC DESIGN"

- COMPLETENESS AND ADEQUACY ,CF APPLICANTS':

DESIGN CRITERIA / LIMITSO
o DESIGN METHODS

o CONCEPTUAL DESIGN

ADEQUATE DEVELOPMENT TESTING TO SUPPORT-

THE DESIGN / CRITERIA / LIMITS / METHODS

1
-

l CONFIRMATION OF APPLICANTS' ANALYSIS BY-

SELECTED INDEPENDENT OVERCHECKS
-

.

l

|

- - _ _ _ _ . - . , . . .. . - . - - .-. ._. -
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.

MAJOR SAFETY FEATURES OF DESIGN

-

o PROVIDE FOR DECAY HEAT-REMOVAL VIA NATURALO
CIRCULATION

,

o PREVENTS SIGNIFICANT GAS ENTRAINMENT BY:

VENTING POTENTIAL GAS COLLECTION AREAS-

SUPPRESSING VORTEX FORMATION AND TURBULANCE-

IN THE UPPER PLENUM
,

o MINIMIZES THE POTENTIAL FOR FLOW BLOCKAGE BY:

PROVIDING DISCRIMINATION FEATURES TO PREVENT-

ASSEMBLY PLACEMENT IN A CORE LOCATION OF ,

| HIGHER POWER THAN WHAT IT IS ORIFICED FOR.

PROVIDING MULTIPLE FLOW PATHS TO THE ASSEMBLY
'

-

INLET N0ZZLES.

PROVIDES CORE INLET STRAINERS WHICH WILL FILTER-

OUT PARTICLES LARGER THAN 1A INCH.

PROVIDING INLET N0ZZLE OPENINGS WHICH ALLOW
|

-

ASSEMBLY VERTICLE MOTION WITHOUT CUTTING OFF

FLOW.

o PROVIDES MONITORING INSTRUMENTATION FOR. CORE

ASSEMBLY OUTLET TEMPERATURES.

O

, - , - _ . . . - - _ _ . - . . . _ - . . .. _ - - _ ._ .__. .- . . _ - .
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!

o REQUIRES PREVENTION OF INADVERTENT CONTROL R0D

($) FLOATATION DURING REFUELING.

o REQUIRES SUFFICIENT FLOW TO ALL PERMANENT AND

- REMOVEABLE CORE COMPONENTS TO MAINTAIN THEM

WITHIN THEIR STRUCTURAL LIMITS FOR ALL STEADY

STATE AND TRANSIENT OPERATION

o ORIFICING DESIGN WHICH PROVIDES SHIELDING TO

CORE SUPPORT STRUCTURE.

($)

>
.

/

.
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,

.

.

O
ITEMS TO BE RESOLVED AS PART OF

FINAL DESIGN

o PRIMARY CONTROL R0D FLOATATION
i

4

o AFFECT OF OBSERVED FFTF CORE AP

INCREASE ON CRBR DESIGN

o AFFECT OF LATEST POWER TO MELT DATA

|O ON CRBR FUEL DESIGN _

o CORRECT METHODOLOGY FOR APPLICATION

OF HCF's.

|o

;

._ ~ - . - - , , . _ . _ . . _ _ . . . , _ . _ . . - . , . . . . . , _ , _ _ _ _ _ _ . . . . _ _ . _ _ _ . . . . _ . . . _ . . . - - - - . . _- - . . . - - -
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INDEPENDENT-0VERCHECK ANALYSIS
.

O o STEADY STATE, FULL POWER CORE CONDITIONS

o NATURAL CIRCULATION:
-

COMPARIS0N WITH APPLICANTS' BASE CASE-

COMPARISON WITH FFTF RESULTS-

o DHRS:

COMPARISON WITH APPLICANTS' BASE CASE-

- COMPARISON WITH FFTF DATA

'

FOLLOW ON WORK IN SUPPORT OF OL REVIEW:O
SENSITIVITY STUDY ON BASE CASE|

-

- NATURAL CIRCULa. TION CALCULATIONS

- SENSITIVITY STUDY ON BASE CASE DHRS

CALCULATIONS

- ANALYSIS OF NATURAL CIRCULATION TRANSIENT

FROM REFUELING CONDITIONS

O
|

,

| , _ . . , . _ , _ , _ _ _ _ _ _ _ . , _ _ . , ., .___- - , .__ __ _ _ , , _ _ _ , , _ - , . . . _ , _ _ __



. .- - .. . - , . . - - - . - . - . . . . . . . . _ -. . _ - . - . . - - - - . - - . . . - . . ..

i
'

:

:
L

-

O o o
; .. :,,

I

1400i

L
/ :
*

i

j 1300- ,

, -

o
;

,
*

i I
o o

1200- o-
9m.

o.
,

! " o.
W*

g1100-
,

0
,

x
! cr >

e,
,

! w 3 0
I

! Q. i
r 1000- o oi

4 w
1 V-- o

,

e3 - SSC 3
'

/ o PROJECT .
<

i 900 - %

I i
! '

e

I

800 : , , , ' ' ',
' 0 1 2 3 4 5: 6 7' 8' 9' 10

TIME (MIN)
i

I

t'

,

STATION BLACK 0UT - COOLANT TEMPERATURE FOR HOT FUEL PIN
,

4

.

..# .c -



- _ - .

e

: O. O o
i

| ue Assemaly Cu"et Temaerature
-

-

,

':

i

:;

700 -.

.

b
O
$ 600- ARD-308

'

$ -

[\~
^

g l

a. 1 \

.

E
,e 500- COMMIX-1A
r-

.

.

400 i i i i

0 50 10 0 150 200

- Time (s') .

-

. .

. ._ _ _ . _ _ _ _ _ _ _ . _ _



_ _ . . _ - . - _ . _ . . _ .-_ ._ . _ -__ -_ _- _ _ . _ . _ _ - . _ . _ _ _ . _ _ . _ _ . .._ _ - _ _ _ . . . . _ . . _ _ _

l
-

O O. O| 1
1

.
,

,

1400 [

1

|

1300--

; '

I
;

-

|
o

0 o
i

1200- o* - o om; ,e-
;

| o-

W o o
; m 1100- o o o
j O og o o& o'

C o >+ o o
L e e
.

L1J
! n_
; r 1000-
i

w
&

!
- SSC

-

i e PROJECT
! 900 --

!
-

i

| '

l
! 800 , , , , , , , , ,

| 0 1 2 3 4 5. 6. 7 8 9 10
1 TIME (MIN)- i
,

1

STATION BLACK 0UT - COOLANT TEMPERATURE FOR. HOT INNER BLANKET PIN
i

4 :.

!
'

:

*
I .- ,, - . . . , . - , - , . - - . .-, . - - - - - - - -- -. . _ - . - . .

-



. - _ _ ___ _ - - _ . _ _ _ .._. - _ _ _ _ . _ . _ _ . - _ . _ . . . . _ ._ _ ._. _.._._ _ __. _ . _ _ _ . _ . _ _ _ _ _

t
' O O g ;

~ ~

i. !
!
5

, - 1

:

.

!

| 1200 . .

,

i
'

|- !
.

?

j 1150- ;

i ;

! ,

! 1

: . .t

! 1100- ,

'-
,

LL.

i =

j
.

!-

i i

!
lij o o e;

; te 1050-- 7~o e o o <

o o o o o! a or o o ;
.

o oE o
(E ' ]

o ;
.

ttj

O-.

I 1000- |tu '
w .

SSC |
-

o- FROJECT
t950 -
i

i

|
c

! 0 2 4 6 8 10 12' 14 16' 18 ;! 900 . . . . ' '

I . TIME lilR) -|
!

~

!

!
! DmS DESIGN BASIS ACCIDENT - BULK UPPER PLENUM SODIUM TEMPERATURE. i

>
*

L

I

i 1

t,

i :, ,

6 - .-- . --,- , - . . - ,,,1-- .. _ - , . . - , . m



___ _. __ _ ._- _. _ - _ _ . _ _ . - - _.

O O O
' '

4
.

!

l

i

'

1200
2 !

i

r

|-
1150- '

,

I

.j 1100-
.

u-
i .
; ;-

. EE 1050- ~ ~x
1 B

cr N'
-

5 [ . :
"

1000- i
'

.

+ 40 %_ SHORT CIRCUIT
x 20 % SHORI CIRCUIT l

. 950 -,

| ^ COMPLETE MIXING
0 .

-

i

! 900 , , , , , , , ,

! 0 2 4 6 8 10 12 14 16 18'
IlME lilR)

'
;

1

i

DfRS EVENT - SENSITIVITY OF BULK UPPER PLENUM SODIUM TEMPERATURE TO VARIATIONS IN
{ "SHORT CIRCUIT" FLOW FRACTION
j
,



- . . _

!-

|

.

;

.

.

CONCLUSION
(]) ,

o DESIGN HAS HIGH PROBABILITY
;

'

MEETING CRITERIA.

:

FALLBACK 0F REDUCED POWER, FLOWo

OR BURNUP EXIST IF COMPLICATIONS

ARISE DURING FINAL DESIGN.

o THEREFORE, STAFF CONSIDERS DESIGN

ACCEPTABLE FOR CP. -
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FACTOR'S WHICH INDICATE DESIGfj IS ACCEPTABLE FOR CP
,

Q o INCORPORATES FEATURES T0:

MINIMIZE THE POTENTIAL FOR FLOW BLOCKAGE-

PREVENT SIGNIFICANT GAS ENTRAINMENT-

MONITOR ASSEMBLY OUTLET TEMPERATURES-

- ALLOWS DECAY HEAT REMOVAL VIA NATURAL CIRCULATION

o FL0d DISTRIBUTION, AP's FRICTION FACTORS, GAS

ENTRAINMENT ARE SUPPORTED BY EXTENSIVE WATER AND
'

S0DIUM DEVELOPMENT TESTING.

o FFTF FUEL DESIGN AND IN-VESSEL THERMAL HYDRAULICS DESIGN

IS SIMILAR TO CRBR AND CONTINUED FFTF OPERATION WILL

PROVIDE DATA DIRECTLY APPLICABLE TO CRBR.

o STAFF's' INDEPENDENT CALCULATIONS INDICATE THAT APPLICANTS'

DESIGN METHODS PROVIDE A REASONABLE ESTIMATE OF SYSTEM

PERFORMANCE.

o APPLICANT HAS COMMITTED TO TESTING DURING INITIAL STARTUP

i T0:

CONFIRM NATURAL CIRCULATION PREDICTION-

CONFIRM DHRS PERFORMANCE-

dEASURE SELECTED IN-VESSEL TEMPERATURE AND VIBRATIONS.-

o PRELIMINARY SAFETY ANALYSIS HAS BEEN DONE WITH

CONSERVATIVE ASSUMPTIONS:

C''

.

4
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REACTOR TOPICS

1. Introduction Mr. Robert M. Vijuk
Manager, Nuclear Systems
Engineering

2. Reactor Vessel and Internals Dr. Frank J. Baloh
Design Manager, Reactor Enclosure and

Lower Internals

3. Core Nuclear Design Mr. Richard A. Doncais
Manager, Nuclear Analysis

4. Core Thermal and Hydraulic Mr. Robert A. Markley
Design Manager, Thermal and Fluid

,

System Engineering

5. Fuel and Blanket Design Mr. Ambrose L. Schwallie
Manager, Fuel and Removable
Assembly Design
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REACTOR VESSEL AND
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PRESENTATION OUTLINE

||I

0 GENERAL OVERVIEW

~

- CLOSURE HEAR (5 MIN)

- REACTOR VESSEL (5 MIN)

- LOWER INTERNALS (5 MIN)

i

0 UIS DESIGN (15 MIN)

- FUNCTIONAL REQUIREMENTS |||
- DESIGN DESCRIPTION

- PERTINENT DESIGN CONSIDERATIONS

O

|



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

: @ARD 3

CRBRP REACTOR VESSEL .l.
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LOWER INTERNALS SYSTEM @ARD -
'

CORE SUPPORT STRUCTURE ,

.
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WHAT DOES IT DO?
UlS FUNCTIONAL REQUIREMENTS

i

| Maintain control rod alignrnent with core' e

Provide cross flow protection for control rod drivelinese
|

e Mix core outlet flow
Mitigates transients in PHTS hollego

,

Provide secondary core holddowno

Position and support above-core instrumentatione

:

l

,

1

@ARD em.e

.

.
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. ELEVATION SCHEMATIC OF THE UPPER
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UlS CHIMNEY MECHANICAL SUPPORT BETWEEN
THE LOWER AND UPPER PLATES @ARD-
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UlS MATERIALS SELECTION @ARD

e 316 stainless steel,

1. Compatibility with liquid sodiurn
2. Well developed fabrication technology
3. Creep rupture allowable superior to that for 304 SS

e Alloy 718
1. Compatibility with liquid sodium

8 92. High fatigue strength at high cycles (10 to 10 ) at high
temperature

3. Commercially available ;in product forms required
4. Essentially no cobalt
5. Adequate material property data base '

6. Fabricable into required configurations:

|

|

8213-5
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REACTOR TgH DEVELOPMENT TESTING
i

~ INLET REGION

TEST TITLE SUPPORTING INFORMATION STATUSi

!

8 EII. INLET PLENW FEATURE TEST - CHARACTERIZATION OF INLET PLENUM M |JDPER COMPLETED
.1/11 SCALE

INTERNALST8HPERFORMANCE

G EDL INLET PLENW FEATURE liDEL PARTICLE TRANSPET Am AN @EAKUP COMPuiTED
| PARTICLE IbBIUTY M OEBLE CHARACTERISTICS

|DISPSSION IESTS

S !M INLET PLENW FEATURE IEST -VISUALIZATION OF INLET PLENW FLOW PATTERNS - COMPLETED
.1/21 SCALE DETERMINATI0f! 0F MIXIm A.@ TRANSPORT IIMES

,

S EDL PISTUN rim LEMAGE IESTS PISTON rim 1.zAxAGE RATES COMPLETED

8 M LIM @lFICIm TESTS FLOW CONm0L 10 BLANKET ASSDEUES, REMOVAR.E & E COMPLETED
:

i
-

RADIAL SHIEGS AND BYPASS

8 M LIM CHPACTERIZATION TESTS FLOWDISTRIBUTIONANDPkESSUREIh0PINllM COMPLETED
{

e M llM @lFICE LIFE TEST @lFICEl!FETIMECHARACTERISTICS COMPLETED
;

.

e R RRSA & IFICE TESTS IN WATER CHARACTERIZATION OF @ !FICE PLATES COPFLETED

;
'

i

,

!
.

;
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REACTOR TtH DEVELOPMENT TESTING

OUTLET REG 10H -

;

TEST TITLE SUPPORTING INFORMATION STATUS

4 EDL INTEWAL REACTm FLOW ltDEL, PLENW VELOCITY PATTERNF, MIXING Afe aP COMPLETO
OUTLET PLENW FEATURE FLN m CHARACTERISTICS, VIBRATION,GASENTRAIN-

VIBRATIONTEST-PHASEITESTING MENr m STRIPING *

; 9. EDL INTEGRAL REACTOR FLOW ltDEL, HymAouc Ale VIBRATION CHWCTERISTICS HywAuuC COMPLETE
! -

OUTLET PLENUM FEATWE FLOW Are w UPPER INTERfW.S VIBRATIONINFABRICATION! ! VIBRATION TEST - PmSE 11 TESTING
:

: i '

} j e KL DJTLET PLENW STRATIFICATION ft0W DISTRIBUTION Ate TEMPERATURE 00@LETED f
:

! TEST
RESPONSETOIRANSIENTOPERATION

'

i e #L 1/10 SCALE OUTLEr PLENUM IESTS TEMPERATURE DISTRIBUTION m RESPONSE AT COMPLETED !i
STEADY STATE Ale IRANSIENr OPERATION !

! 0 #L 1/15 SCALE OuTLEr PLENW IESTS TRANSIENT IESTS IN WATER Afe SODIUM COMPLETED1
-

i 0 #L CHIMEY VIBRO-lMPACT IESTS FULL-SCALEFLOWINDUCEDVIBRATIONOFUlS 8 @ COMPLETED |
:
'

j -

'CHIMEY: ,

i
~

$ EDL FUEL TRANSFER m STORAGE llEAT IRANSFER CmRACTERISTICS w STMED COMPLETED
,

ASSeeLY fuel ASSeeLY, ,
,

: I

J, i
.

-

i

;

*
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REACTOR T&H DEVEiOPMENT TESTING

! STRIPING TESTS '

;
-

.

! JEST TITLE
SUPT)0RTING INFORMATIM STATUS!

! 9 R IWM STRIPING IESTS STRIPING b.TA ON: CHIf90f APO INSTRUENr PbST, COPFLETED [.j
CONIROL ROD Sm0to Tues, UPPER INTERNALS

|
STRUCTURE AND BYPASS, ReUVABLE RADIAL SHIELDy'

4
RANET Af0 fuel N0ZZLES, CORE BARREL, FORER

RINGS,HORIZONTALBAFFLE,LINERANDSUPPRESSOR I
1PLATE, OUR.ET lbZZLES, ETc,

![t # L STRIPING IESTS STRIPINGDATAON: MIXIIG TEES,
COMPLETED i

SEVEN N0ZZLE ASSeeLY WITH PbRTION OF UPPER INPh0GRESS-

INTERNALS
,;.

,

,

9 M STRIPING IESTS STRIPINGDATAON: SEVEN ASSeely alTLET COfLETED '

N0ZZLEFEATURETEST,
.

SEVEN ASSeeLY OtiTLET Nn77: n TEST, E CDPFLETEDs
1.0 CAL INTERSTITIAL FLOW STRIPING TEST, COMPLETED '

INTERSTITIALFLOWMTERIABLETESTS, COMPLETED
;

THERM L STRIPING TESTS IN SODitM - DUNK COPFLETED
APo ROTATING CYUf0ER

'

1

6 .
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| CRBRP NUCLEAR DESIGN

Outline

) e Reactor description and design basis
.i

e Critical experimental program

o Reactor design areas supported by critical experiments

| e Summary
i
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j CUNCH RIVER BREEDER REACTOR CORE LAYOUT @ARD
1

|
1

Ii

;
e

'

;
'

i :
!:

!
!
E

b

i

!

|
.

Q155 FUEL ASSEMBLIES g5 LTER ATE FUEL BLANKET

e ni ER mAnn ASSE uES
O aca=tassE=uES

Q 126 RADIAL SLANKET ASSEMBLIES312 RADIAL SHIELD ASSEM8 LIES

1
. .
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'

i CRBRP FUEL MANAGEMENT
'

.

!

FIRST ROW OF RADIAL SECOND ROW OF RADIAL ,

i BLANKETS ARE REPLACED BLANKETS ARE REPLACED
I AS A BATCH AFTER FOUR AFTER FIVE YEARS OF :

YEARS OF OPERATION - OPERATION j.
,

!
! "hfE '

, , ,,,

' p,.. . i.
. jg 3u ,, ,..

;

|h')j
~;

..H'" lH; | |
,f '

,

?...! +g
,|

'

j| "i ""
,

) , .,
_

'
;; .

f . 'e LL

, ,a_ .

j"i C '~'

h ;
.

, , ,
_

,.

&mu;
"

'

!
P

'

:

IN ALTERNATING YEARS OF :
THE EQUILIBRIUM CYCLES, '

THESE SIX INNER BLANKET ALL FUEL AND INNER
ASSEMBLIES ARE REPLACED- BLANKET ASSEMBLIES;

'

WITH SIX FRESH FUEL REPLACED AS A BATCH AT
ASSEMBLIES TWO YEAR INTERVALS; -.

: __,.

_ _ _ . _ ___ __ __
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i CRBRP CONTROL ASSEMBLIES L

!-
!'

i:
4

'

Primary Control t
jAssemblies

|:(Operating)

Primary Controlt

M:
_. - Assemblies

(Startup)

-- Secondary
Control

Assemblies

|

|
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CRBRP NUCLEAR EXPERIMEN'TAL PROGRAM
'

W Specifies
Experimental Needs
Of CRBRP Design

t

ANL, W , GE
Program Planning '

4-- Agreed-U;:on e USDOE (Base Program)
y Program Pian * CRBRP-PO

ANL
Performs Experiments,

Reduces Data
if

W Specifies CRBRP. ~ Experimental Analysis
Design Methodology--> (Comparison With Experiment)

ANL, W , GE

ANL W GE Analysis Reportsy y y

W
Incorporates Biases
And Uncertainties
in CRBRP Design

7021-8
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I REACTOR DESIGN AREAS [
I SUPPORTED BY CRITICAL EXPERIMENTS [

|
'

Power Reactor Design Parameter Critical Experiment Data Source |
e Fuel enrichment Critical fuel loading, Doppler and core !

'expansion worth, core conversion ratio'

e Power distribution isotopic fission and capture rate distributions, i

gamma heating, blanket epiking studies

e Control rod margin Control rod subcritical reactivity worth
;

* Reactivity coefficientj'
Doppler Small heated-sample U238 Doppler worth

4 Sodium void Large zone-voiding reactivity worth
i Core restraint (sxpansion) Small-sample worth d!stributions
i CDA-related Sodium void worth, fuel and steel slumping

worth

e Other performanco datai 238 p239/Breeding ratio C ,

Temperature defect Doppler worth, core expansion worth
Ex-core detector capability Control rod worth with ex-core detectors
Fast flux / fluence Neutron energy spectrum, spectral indices

7021-7'
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|

! FUEL ENRICHMENT PHILOSOPHY
:,

Guarantee that the reactor can be maintained at hot-full-power
!

'

conditions throughout each design burnup cycle
[ Nominal excess reactivity: !

| Cold-critical eigenvalue, Kgpp 1

! Cold-to-hot temperature defect
| Fuel burnup reactivity deficit
i Mid-term refueling reactivity addition
! Uncertainties:
| Criticality . prediction

Fuel burnup reactivity swing
; Temperature defect
' Fissile loading and core geometry tolerances

impurities
Refueling worth

6110-10
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; CRITICAL EIGENVALUE PREDICTIONS
'

VERSUS EXPERIMENTAL VALUES

Calculated Experimental '

keff keff C/E
,
'

ZPPR-7A 0.99010 1.00045 0.9897
; ZPPR-7B 0.98924 1.00083 0.9884

ZPPR-7C O.99089 1.00161 0.9893
ZPPR-7D 0.99347 1.00110 0.9924
ZPPR-7F 0.98873 1.G0079 0.9880

i ZPPR-7G 0.98858 1.00075 0.9878
i ZPPR-8F 0.99156 ' 1.00090 0.9907

Mean = 0.9895
i

1a = 0.0016

; 8190-24
,.
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..
i

1 O O O-
,

I

E.

i.

CRBRP FUEL ENRICHMENTSt

:

; Cycles Pu/(Pu + U)

1&2 32.8
'

Equilibrium 33.0
.

Beginning of Life Fissile Plutonium inventory,1498 kg
i

@ARD .,,,,,
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,

I

POWER CALCULATION C.OMPONENTS

,

** ' " * ' " '*8 ' " ""*' "" " FNpN .1.15 - (1 + Scr)! Linear power (kW/ft.) =

no. of rods length of rod (ft.) R Z!

: |

|

|

i

Where F la the normalized radial power distribution ?

is the normalized a'ial power uletributionF x

1.15 la a 15% overpower-margin multiplier

; 1 + 3a represents the 3a power envelope f
1 !

i

e

7021-6
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REACTION RATE CALCULATION TO EXPERIMENT RATIOS
:

| ZPPR-118 ZPPR-11C
Bogenmg Of Ufo End Of Ufoi

Reacten C/E 1a C/E la

Fuel I

| Pu239(n,f) 1.000 h19* 1.000 1 .019,

U235(n,f) 1.057 .028 1.043 * .026
| U238(n,f) 0.879 .034 0.922 * .034

Inner Blanket

: Pu239(n,f) 1.014 .023 0.989 .023
U235(n,f) 1.050 i .028 1.022 * .028
U238(n.f) 1.093 .041 0.983 2 .032
U238(n,capt) 1.055 .025 1.088 .025

, uncertainer dudes seemsscal m m ha ces pkm ess.cs.ad systemene uneenswy h meassomentm

!

7571 4
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FUEL REGION POWER UNCERTAINTY FROM I
REACTION RATE UNCERTAINTIES !

t

Component 1a(%) Power Fraction !
'

39PU fission 1.9% .765 .

U s fission 2.6 .005
.

238U fission 3.4 .065 i

Other fission 5.0 .065
Gamma hesting 8.0 .10 :

| Resulting 3a uncertainty is 5.5%

4

: @ARD m,,

1

I

_ _ _ _ _ __ __ __ __________ _ _ ___ _ _ ___ ________, _



. . -.

* ;
i

| O o o-

.

@ARD !
,

t
,

i

PEAK LINEAR POWER DISTRIBUTION (KW/FT)
(30 + 15% OVERPOWER CONDITIONS) FUEL AT BOC1

;

;

! (EXCEPT REFUEL CNANNELS) INNER BLANKETS AT EOC4 :

! (NOTE: THESE VALUES DO NOT OCCUR SIMULTANEOUSLY) j

.I
,

:
i

:
i

3 114 ne 13.4 ,

13.3 MA EP 13.4
1

!

118 E7 114 M.3 13 4 f

ne na ns na us -

,

' '
| 114 118 [ NA til 13 2

'

EP t&S Es tal 174 13.3
'

II3 16 3 16 7 MS

<
,

, .. .. 4 f. . ..

til 10 0 MS 16 3 til 13A

13.3 13 1 89 5 Ill 16 5

13 3 13 3 .4 1 KS

g .. ... 1... I .1 1. .

..13 . t. . . . .

33.3 13 3 stW .0 M8 133

18 9 13.1 13 I skt IFA

18.1 18 9 19 5 .
16 7 13 8

14 8

4110-38
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SUMMARY OF USE OF ZPPR CONTROL ROD j
WORTH DATA IN CRBRP DESIGN

Experiment Application

3R4, 6R7F, 6R7C bank worths in Bias factors
ZPPR-11B i

Asymmetric-group rod worths Verify that control rod worth bias is I
not substantially different in faulted ,

(stuck rod) shutdown configuration ;

Pin control rod mockup Pin versus plate extrapolation !

effects, evaluate B'O enrichment i:

effects !!
e

Pin bunching Evaluate capability of relatively j..

| simple central-rod calculational '
.

model to account for control rod
worth reduction associated with ,

'absorber-pin bunching
Axial worth profile Verify RZ calculations and chopped

cosine approximation
Fuel / blanket interchange worth Assess CRBRP mid-term refueling '

worth uncertainty

|
|
!
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i

)
~ ..

ZPPR-11 CONTROL ROD BANK WORTHS

ZPPR-11B ZPPR-11C
Beginning Of Life End Of Life

Calculated * Measured Calculated * Measured
Worth Worth Worth Worth

$ $ C/E $ $ C/E
,

3R4 3.33 3.34 0.997 6.17 6.27 0.984

6R7F 12.97 12.42 1.044 15.81 15.36 1.029 f
6R7C 16.95 16.28 1.041 16.71 16.19 1.032

* Calculations with 4 mcsh per ZPPR-drawer
3

@perr = 0.003426 (ZPPR-11B) |

0.003540 (ZPPR-11C) !:

!.

:
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,

HETEROGENEOUS CRBRP SODIUM VOID REACTIVITY ($)
END OF CYCLE FOUR

FLOWING SODIUM ONI,Y (APPROXIMATELY 82% OF THE TOTAL)
.

1
-

ENDF/B-3 ENDF/B-3 ENDF/8-4 ENDF/B-4 UNCERTAINTY
BIASED BIASED 21 O'

36- Inch fuel 1.15$ 1.50 1.90 1.49 1.28

Lower axial .17 .19 .15 .14 2.03
blanket

Upper axial .17 .19 .16 .16 2.03
blanket - - - -

|Total .81 1.12 1.59 1.19

|

m.4

-_
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ZPPR-11B FUEL U23s DOPPLER CONSTANT .

,

-T dk/dT '

8Measured fuel U Doppler .00332

Calculated Doppler .00327

C/E 0.986

.

@ARD -
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|
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'

;

!

|
|

SUMMARY

!

Bias factors and uncertainties in calculated CRBRP nuclear j
parameters are based on an extensive zero power critical j
experimental data base

|
Experiments include.

,

ICritical fuel loading
Power distribution parameters !.
Control rod worth characteristics
Reactivity feedback effects

,

@ARD _
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; @
; CRBRP CORE T&H ANALYSIS AND DESIGN OUTLINE
|
!

i

!
i

r

i 0 CORE T&H DESCRIPTION AND BASES
'

'

-- FLOW PATHS

; -- DESIGN DATA

-- FLOW ALLOCATIONS,

S PERFORMANCE PREDICTIONS

-- STEADY STATE

-- DESIGN TRANSIENTS

9 T&H DEVELOPMENT TEST PROGRAMS / DATA

0 CONCLUSIONS

.

- - _ _ -
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CRBRP SCHEMATIC FLOW PATHS
@

.

Sodium Level
Cover Gas

Suppressor Plate
.

Note: All nozzles- ,

4-- rotated into view 4=4- Make-Upfor clarity "-

Nozzle

|

Outlet Plenum
_.

Chimney | -

-->-
4
|| r

Mixing Chamber
,rit _L, t

p T 1 c\d d

A1

,

*- Reactor$ dl, Vessel, ,

fy { 1; ; ; Core
~

.

} d j $ j h'$ $ E j j Barrel ~2

f 3 4 4 ! j e 0 ! ! ?~

I 8 0 0 5 8 8 5 5 k I
'

! E
5 3 3 ; 3 5 9 6 5

8-

b b b b b b b b bb

J
- [' f f f Y k' k f k"L

"' '' '''

11
. . . -< o

8 c< o o o 8 8o a
--u oa

O \ 'aiet e' eau =\
/~

6990-13
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CRBR PRINCIPAL CORE T&H DESIGN DATA

Fuel Blanket
Rods per assembly 217 61

-

Rod diameter (in.) 0.230 0.506
Pitch-to-diameter ratio 1.25 1.07
Wire wrap axial pitch (in.) 12 4
Axial lengths (in.):

Lower axial blanket 14 '
Active core 36 64-

Upper axial blanket 14
Fission gas plenum 48 48

i

|
=

7038 2

|
,
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CRBRP FLOW ALLOCATIDW
W !

TOTAL REACTOR FL0d
'

(1001)

.

FUEL lill4ER BLANKET RADIAL BLANKET CONTROL REl0VABLE VESSEU. OTIER BYPASS
ASSEMBLIES ASSEMBLIES ASSEMBLIES ASSEMBLIES RADIAL SHIELD TIERMAL LINER AND LEAKAGE

(661) (161) (121) (1.251) (1.35X) (21) (1.4%).

I / 2ORIFICING
ZONES b h 0 0 .hJ IE '

-

y ~
'

,,
t

.
.

. .

.

!* *
:i ..

ig 1. - .
~

# h: ;1 LI - >

e LiRTIEIE/flW610 \'
. .

Pl.1 -- ^
9 S0WI e LIRT. IE ' 'TEWERATI.EE)

*

~ ~ IUllllDENTS
: eSTRIPiHG - ETIE/flh61EN1 ~ '

L

' "~ ^* l

-
"

'~ LIMITe FLOTATIGl' '" e alILET 10f.~ '

,'
,

~

!
'

-
-

. ,
,

MAJOR FLOW PATH
. .

(FLOW ALLOCATION) ' - -

-.. .

-

;

I I BASIS FOR FLOW
ALLOCATION .

.

**
s . ,

- . . ..
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CRBR PRINCIPAL CORE TgH PERFORMANCE DATA

REACTOR INLET TEMPERATURE 730*F
REACTOR OUTLET TEMPERATURE 995*
REACTOR DESIGN FLOW 41,446 x 106 t3fgg

j REACTOR VESSEL N0ZZLE-TO-N0ZZLE PRESSURE DROP 123 Psi

INNER RADIAL'

FUEL BLANKET BLANKET

NUMBER OF ORIFICING ZONES 5-6 3-2 4

RANGE OF MAXIMUM HOT ROD CLADDING
'

TEMPERATURES (2o), "F 1201 - 1312 1057-1262 989 - 1228
MAXIMUM FISSION GAS PRESSURE (2a), PSIA 962 249 273
MAXIMUM FLOW VELOCITY IN BUNDLE (FT/SEC) 23 18 13
MAXIMUM MIXED MEAN EXIT TEMPERATURE

(NOMINAL), F 1123 1029 1003 ,

MAXIMUM TEMPERATURE GRADIENT (NOMINAL),
'

op 273 (FUEL / RADIAL BLANKET)

.
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CORE ASSEMBLIES MIXED MEAN
g OUTLET TEMPERATURES

,

| BOC1 (THDV "F)-

308 313 XX ASSEM8LY N'!MBER

XXXX NOMINAL792 787 -

827 307 821 312 XXXX 30
801 804

302 841 - 306 346 311
820 841 793
855 301 883 305 829 310

848 838 796

_ 823 , 50 873 304 833 210
'

1072 844 796

51 \ 1146 49 887 833 211'

1111 1090 793*

43 1179 45 1167 43 204 829 212

1112[14
1123 1088 844 804

1189 1103 46 1165 28 887 205 846 213
1118 897 1087 838 787
1197 102 958 47 1164 27 879 206 821 209 *

C/A 885 1110 1089 841 769

37\943 ] 1186 12 1166 26 883 207 793,

1104 896 1070 801.

98 1180 36 68 957 13 1144 841 208' i i

874 1032 1104 1099 4 - 792
927 1165 1179 67 1165 25

-

r 202 827
C/A 885 1088 820

-

32 100 11 942 14 1152 24 855+

826 851 1090 1089 1091
/863 33 896 60 1163 10 1162 15 1169
/1065 850 1075 1083

(C/A) 1138
34 895 61 1146 / 1155

1068 840 C/A

94 1141 3 882 62 1
| 846 1058 872

30 890 59 1129 4 924
1047 841 820 1

'
1115 29 844 128 855

IGS6 830
93 1127 2 869

835

1058[875 5 1129

875[69
800
829

. _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ - - - _ - - --
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ENVELOPE OF FUEL, INNER BLANKET,.

C MAXIMUM CLADDING ID
TEMPERATURES FOR FIRST

CORE (PEOC-20-)

\
XX ASSEMBLY NUMBER

XXXX \ TIME ATMAXIMUM

| xxxxh MAXIMUM CLA010 TEMP.(8F)3,
- BOC1

289 [BOC 1
51 4g

BOC-1[ 451303 1301 48; 43
!

BOC 1['
BOC1 BOC1

1283 44 1309 46 1297 28
BOC1 EOC2 BOC1

(
1288 102 1153 47 1298 27

37 1 52 130 12 1298 26<

| 80C1 EOC2 BOC1

| 98 1270 36 68 1170 13 1285

| EOC2 BOC1 BOC1 BOC1

25\1206 1274 1285 67 1277-

C/A EOC2

BOC1[ 24
-e .f

32 100 11 1194 14 1271
EOC 2 E0C2 B0C2

B0C 1[ 15
B0C1

| 1106 33 1140 60 1267 to 1247 1309
| 80C 1 EOC 2 - ECC2 80C-1

(C/A)1233
34 1156 61 1254 1245

BOC2 EOC2 C/A
1 94 1248 3 1192 62

EOC-2 BOC2 E O C-2
- 6230 1111 59 1253 4 1307
EOC1BOC 2 EOC2 EOC2
1120

1217 29 1114 128 1158|

BOC 2 EOC2
93 1239 2 1113

EOC-2 80C2 '

1126 57 1243

O 'EOC2
69 1127

EOC2
1057 6990-'6

-, ,_ __.

.. - - - _ _ --
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CLADDING TEMPERA RE/P
5 OZ1

-

$ 1400 1400
E

$1300 1200~ -

g
= cy1200 ~

1000 E~
,

,# ,s- e
1100 800 g~ _

E 1000 ,p' =
600- -

E
A e'/,

400 b900' ~ -o
5

$ 800 e',s- PEOC-2a 200 E-

E

~$ 700
g

0y
CY3 Cy4

= 274 Days 274 Days _; = ~

6215-11

1
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DESIGN TRANSIENTS

WORST CASE UNDERC00 LING EVENT g
CRBRP THREE-LOOP NATURAL CIRCULATIOR

TRANSIENT - MAXIMUM CLADDING / COOLANT TEMPERATURE (*F)
'

AND TIME OF OCCURRENCE (SEC.)
.

8 PRESENTED IN CRBRP-ARD-0308

NOMINAL 3o

ASSEMBLY TEMP. UME TEMP. UME

FA-52 1299 178 1565 180

.
IB-99 1229 222 1544 239

RB-203 1279 275 1556 389

ACCEPTANCE CRITERION: T < BOILINGMAX
#

AT TOP OF FUEL ACTIVE REGION
ZERO FLOWT = 1720 F

< ZERO COVER GAS PRESSURESAT.

MINIMUM OPERATION POOL LEVEL
,

,

m e -
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MEASURED AND' PREDICTED SODIUM TEMPERATURES AT TOP

OF THE FUEL SECTION, TX1016, FOR ROW 2 FGTA-FFTF
,

! (Test initiated From 100% Power /100% Flow)

1400

/ Sg ,

*N1300 -

$-- - - Measured data
~~

r2 C- Pre-test prediction with flow
_ 1200 L''J- / and heat redistribution;y.

/ best expected
,

Ei I 6- -- Post-test prediction with flow
E 1100 r- and heat redistribution;
5
a ~

/
. best expected

i

IIg ;, / ~g 0---- Pre-test prediction with
f cunent CRBR assessmentF 1000 4- p~%'$ apprcach; 3 r; without flowE I /

g / and heat redistribution;
,

3 / / y Pre-test predictions with
'

900
1

/u) q g CRBR design approach (3,r; .

I with flow and heatg

redistribution)g g

800 1 -

( '
.

'700
O 100 200

Time (Sec.) erro.ie

!

.
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TRANSIENT REACTOR / CORE DESIGN REQUIREMENTS SUMMARY

.

,

O PROPER INTERFACE REQUIREMENTS HAVE BEEN ESTABLISHED

0 COMPATIBLE STEADY STATE OPERATING CONDITIONS HAVE BEEN ESTABLISHED
(E.G., THROUGH ORIFICING)

6 ALL DESIGN BASIS ACCIDENTS (0VERPOWER AND UNDERC00 LING) HAVE BEEN

EVALUATED ON A CONSERVATIVE BASIS AND MEET THE DESIGN 6UIDELINES OF:

-- NO BOILING
'

-- NO CLAD MELTING

-- ACCEPTABLE LIFETIME / STRUCTURAL INTEGRITY
'
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! h
CORE T&H DEVELOPMENT TEST PROGRAMS |

.

|

!
!

,

8 FUEL ASSEMBLY |

8 BLANKET ASSEMBLY1

| 8 CORE PRESSURE DROP
'

| 8 EXAMPLES OF DATA

| ,

I
,L

?

e

|

,

b

. ._ -_ . . . _ _ -
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OUT-0F-PILE TEH DEVELOPMENT TESTING

FOR FUEL ASSEMBLIES

TEST TITLE SUPPORTING INFORMATION STATUS

e ORNL 19 Af0 61-ROD BUNDLE HEAT W/WBUNDLETEMPERATUREDISTRIBUTION COMPLETED

TRANSFER-SODItn OVERWIDEOPERATINGRANGE, INCLUDING

TRANSIENTS
'

s IEDL 217-ROD LW FLW llEAT LW FLW BUNDLE TEMPERATURE DISTRIBLITION COMPLETED

TRANSFER .S mIUM

& IEDL 217-Pm BUNDLE MIXING - H O DETAILED BUNDLE MIXING COMPLETED2

e ML 91-ROD BUNDLES MIXING - H O BUNDLESWIRLANDMIXING COMPLETED2

e MIT FUEL BUf0LE TPJI FLW SPLIT AP, FLN DISTRIBUTION AND INPROGRESS

MIkING .

g W M D 11:1 SCALE WIRE WRAP EUNDLE DETA!LEDS/CAXIALANDCROSSFLN CmPLETED
AIR FLOW CHARACTERIZATIONANDMIXING

e EDL CRBR ASSEMBLY FLW AND VERIFICATION OF FL W AND VIBRATIm CmPLETED
VIBRATION CHARACTERISTICS

e WDL FFIF ASSEMBLY / BUNDLE FLW BUNDLEPRESSUREDROP COMPLETED

e KDL INLET /0UTLET N0ZZLE'AND CAVITATION AND AP CHARACTERIZATION 90% COMPLETED

QtIFICEFLOW ,

e EBR-II ORIFICE CAVITATION PROOF TEST FL0wCONTROLORIFICELIFETIME/ CAVITATION INPROGRESS

e ICDL ASSEMBLY OUTLET IbZZLE INSTRU- CORRELATE T/C 0UTLET TEMPERATURE
TESTING COMPLETE

MENTATION IIMSUREMENTS ,

,
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OUT-0F-PILE TEH DEVELOPMENT TEGIlit(i

FOR BLANKET ASSEMBLIES
1

%

; TEST TITLE SUPPORTING INFORMAT'tDR STATUS.

e WARD Fuu. SCALE 61-ROD ASSENLY W/WBUNDLETEMPERATUREDISTRIBbrIONOVER R COMPLETED
HEATTR/dSFER-SODIUM WIDEOPERATINGRANGE,INCLUDirsTRANSIENTS

I e MIT BLANKET Bur 0LE T8H - Sf) FLs Seur, AP, FLOW DISTRIBUTI0tt AND INPROGRESS

MIXING

e WARD 5:1 SCALE WIRE NMP BUNDLE DETAILED S/C AXIAL AND CROSS FLOW COMPLETED

AIR FLs CHARACTERIZATION
\

,

O EDL ASSE! SLY FLs AND VIWATIM - VERIFICATION OF AP AND VImATIm CmPLETED

y CHARACTERISTICS

e WARD Fult SCALE BUf0LE PRESSURE lh0P BUNDLE AP OVER WIDE Fum RANGE CmPLETED

- SODIlN Af0 WATER

0 WARD BLANKET FLs ORIFICING PRESSURE DROP CHARACTERIZATION PLANNED

CHARACTERIZATION

e EDL ASSEMBLY OUTLET N0ZZLE CORRELATE T/C OUR.ET TEMPERATURE
TESTING COMPLETE

CHARACTERIZATION %ASURENNT

,
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WARD BLANKET ASSEMBLY HEAT TRANSFER TEST

<

RANGE OF TEST PARAMETERS

0 POWER INPUT 17 To 880 KW

8 FLOW 2 To 140 GPM

4 REYNOLDS NUMBER 500 To 26000

0 POWER-TO-FLOW RATIO 100 To 300*F

0 POWER INPUT GRADIENT 1:1 TO 4.6:1 (MAX: MIN)

CONDITIONS SIMULATED
'

0 ADIABATIC BOUNDARIES

I INTER-ASSEMBLY HEAT TRANSFER EFFECTS:

-- AUXILIARY COOLING
-- AuxlLIARY HEATING

,

I TRANSIENT AND NATURAL CIRCULATION
.

*

1
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< I I i 1I 4 I II 1 1 II | 1 I i 1

'LEGE3D: RUN NO 328

U" "O I,' DATA RUN 313
i.SFLGW St EPR- -

3DATA RUN 321 AEVERSED 12.7 es /NR

ER 4M EW*COTEC" CODE PAEDICTISE

A a De /3 FLOW 5FLif 7,g 980'F,316'C3 ,
,

$=.000, 8 a 1.8. F = 0.2, AM = 1.3 RE 13,000
.

I

E Q I.E k
~ "

Y ,4 so) IS IW.
'

DOWNSTREANI0F..

1.g NEATED 2ONE LEVEL"E"_

ans

E.h

E I.s : -- _

I
e

$3~" "
DUTLET OF ME ATED

d PRELIMIN ARY RESULTS ZONE LEVEL "A*
BASED ON A4W TEST DATA

E i.e - _

]
| C

Jas - _

>

e.s - -

'l

MEA 1ED

ZONE MlOPLAtt
8,4 LEVEL-p-

,

- -

O
I II l' 8 ff II II II II IIg

1.4 71 1.ste .7s7 i t. git m

b1.777 I 1.275 .883 0.712 I s.541 Rus113

0 1.781 V.482
l

-

1 1.031 e.7ss e.s79 , .

.Ils dRUN att reyt.2ee .ss . 713

;oRMAL12Es ROD POWEA'PER asw

Predicted Ys. Measured Temperature ProfUes - Input 2.8/1 Gradient - 440 KW
Re 13.000

1225 8 ,

.-,-. . - . - -.. - ,.-.- - - .. .- _ - - - .-. . - .
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4

i

4

i
'

- 1.8
COTEC Parameters.

e' dBLANKET HEAT TRANSFER TEST 1.7 - p - 0.08,

PREDICTED VS. ho?,,'- 0.2 ' ," /,fj,3aMEASURED PEAK 1.6 3,,, , 3,o f
NORMALIZED TEMPERATURE DH Flow Split /

f *g
RISE S

.s ,e p1 -

,

Re > 4000 ', /2 g f.

/ /' o 1.4 -

/o f/ Heat input Gradient>. ,

.o / /
/ a 4.6:1 Max / Min.u 1.3 -

| j / a 2.8:1 Max / Min.f 0 2.0:1 Max / Min.! 15 1*2
i * ~

/ a 1.0:'i Max / Min.'

#jj/ e Inner Blanket-"'
.

1.1 1.1:1-1.7:1 Max / Min.-

m Across Corner-3.4:1 Max / Min.
l l I I I I ij - o,o

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.s
Measured,

,

i

t

,

e -



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _

. ..

O O O.-

. .
.

.

.
..

.

.
-

.

.
. .

@
'

'
-

. .

FRICTION FACTOR TEST DATA FOR TIGHT PITCH TO'
--

-

_ DIAMETER ROD BUNDLES WITH 4 IN. WIRE WRAP SPACER. LEAD -
-

.
. .

. . -
PERCENT OF DESIGN FLOW 120NE 9) - *

, ,
.

. -
.

S.1% 1% 10% 100% . .
-

*

10.9

h I RAO!AL BLANKET MEAT TRANSFER TEST - NA 1316'C. SOS'F) , . .

g . WATER TEST ROOM TEMPEL4ATURE. .
,

- a.e n cuiU a voOREAs- - -
. .

.e g S TO 1 SCALE AIR FLOW TEST -
**

O REHME P/D =-1.125 *

' I. == HOFMANN KFK 10 3 P|O = 1.3218*
8- * *.

, ,
, ,

( TRANSITION-I 1. $ + p... j $: WHERE: $ = R. _

*

,
1.0 *

-- g*e - .8 - e.
=,, . -

-. . - - . . . .= c. r O$i
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; @
CORE PRESSURE DROP TEST RESULTS

1

!

0 RANGE OF DATA AND STATUS-

!
! O TYPICAL EXAMPLES OF TEST DATA / CORRELATIONS /RESULTS l

:
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CORE PRESSURE DROP TESTING - STATUS

*aP AT 100% RANGE OF TEST TEST i~

COMP 0NENT FLOW (psi). DATA (D STATUS, -

CDRE
'

', FUEL: ~, INLET-ORIFICE-SHIELD 35.5 1.5 - 120 COMPLETE -

R00 BUNoLE 58.4 0.5 - 120 COMPLETE
4

,

F R00 BUNDLE INLET AND OUTLET 1.8 1.5 - 120 COMPLETE,j
,

'0UTLET N0ZZLE , , 1.8 1.5 - 120 COMPLETE

,

'

INNER BLANKET: INLET-0RIFICE-SHIELD 37.7 2 - 120 PLANNED
,j -

R00 BilNDLE 60.4 0.2 - 100 - COMPLETE

-

R00 BUNDLE INLET AND OUTLET 1.4 2 - 120 COMPLETE

*

OUTLET N0ZZLE 0.9 2 - 120 COMPLETE

,

,

RADIAL BLANKET: ' INLET-0RIFICE-SHIELD 63.5 2 - 120 PLANNED
R00 BUNoLE 32.6 0.15 - 135 COMPLETE
R00 BUNDLE INLET AND OUTLET 0.7 2 - 120 COMPLETEj, OUTLET N0ZZLE 0.4 2 - 120 COMPLETE

.

' PRIMARY CONTROL:INLET-0RIFICE-SHIELD 94 2 - 200' COMPLETE
a

| R00 BUNDLE 3.0 2 - 200 COMPLITE
| R00 BUNDLE INLET AND OUTLET 0.9 2 - 200 COMPLETE'

OUTLET N0ZZLE 7.1 2 - 200 COMPLETE'

| SECONDARY CONTROL: INLET-0RIFICE-SHIELD 75 18 - 125 COMPLETE
R00 BtfNDLE-

,

2.5 18 - 125 COMPLETE -

-

.

00TLET 28 18 - 125 - COMPLETE
'

,

REMOVABLE RADIAL SHIELD: OvERALL 30 30 - 120 COMPLETE,

PrsTON-RINGS 100 30 - 120 COMPLETE

, _
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FRICTION FACTO'R' DATA AND CORRELATION FOR
'

.

217 PIN WIRE WRAP SPACED FUEL ASSEMBLY- -
-

;

. . .
_

.
..

Percent Of Design Flow (Zone 1) -. .
, , ,

0.5 1.0 2.5 5 10 25 50 100 *

1.0
.

'

k , , g , ,,ggg g i g igigi, g , g igiggi , .

. ,
,

_

' f = fc [1.080 + 0.0927(1000/Re2) + .1694 (1000/Re4)] .
.

,

for Re > 1000-

,, .,

- *

= 84/Re for Re s 1000
'

-.
.

E 0.1 =- -..

g ~ 217 Rods - -

,

5 - 11.9 Wire Lead - * ,
.

t _ 0.058 Wire Diameter -
''

' ~
*4.335 Duct Across-Flats -

' ~

0.230 Rod Diameter (Inches)
' '''''''| ' ' ''''" ' ' ' ' ' ' " ' '

"

0.01 .' .

102 103 104 105
' -

Reynolds Number, Re '

.-.,

*
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OVERALL FUEL ASSEMBLY LOSS COEFFICIENT 'AS A FUNCTION'
'

-

OF REYNOLD$ NUMBER FROM CRBRP FUEL ASSEMBLY FLOW.,
.

AND VIBRATION TEST
-

-

.
-

.

-
. .

.
' -

Percent Of Design Flow (Zone 1)-
.

''

-c
1% 2% 5% - 10% 20% 50% 100% . -i * .- .

-s to 1 I
1 I ! I I

.

.' - -

! ii --

8 - .o ~

0
Reference Area - 3.9/4 In.2

. .
- -

6 -g Diameter = 2.25 In. .

i j
.

~

, . - 3*4 w .
''

-O Inlet Nozzle Re =30 x rod bundle Re-

$-
.'i

4 ~
E - -* .

.

= --

.

A2 ~

. f1 y o.Q''" "*""
' '

. .:
- '

..
'

,.
.

'a W -

! iii 105 106
.

,

h
- - -

b Inlet Nozzle Reynolds Number (Re) '
'

-
-

'.
- . ..

y .- ,-..
-

* e
,
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*

O
* .

y

. .

'I
.

, ,

6990-14-.

.
** .

i * .

' .

e
*

. . * *
,

.

.

.

* .

.|*
-

,

.. . . _ _ A



. __ _ _ _ - _ _ _ _ _ - _ _ _ - - _ _ _ _ _ _ _ _ _ _ - _ - _ - - _ _ _ _ _ _ _ _ _-

'

O Q Q-. .
. .

.

. .
,

'
.

PRIMARY CONTROL ASSEMBLY ROD
.

- .

''
- BUNDLE FRICTION FACTOR-

..
, * . .

PERCENT OF DESIGN FLOW '
| .' h -

.

-
-

a "O 2% 5% . 10% 20% 40% 50% 100% -

; o. -

1 il i I I| | |
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I* E ! TRANSITION
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CORE T&H DEVELOPMENT TESTING
,

CCNCLUSIONS
i

: 1) LARGE CORE T&H DATA BASE AVAILABLE
1

2) DATA ON ALL REACTOR COMPONENTS - OvER WIDE RANGE OF
! OPERATION, E.G., AP, HEAT TRANSFER DATA

.

| 3) UNCERTAINTIES USED FOR PSAR BASED ON AVAILABLE
EXPERIMENTAL DATA

,

| 4) ALL DATA WILL BE FACTORED INTO FSAR INPUT
!

l

!
< *

k

|
j'

4

.i

|

',

!
'

.
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! CONCLUSIONS
l

!

i O REACTOR FLOW DISTRIBUTION MEETS COMPONENT DESIGN REQUIREMENTS
;

8 COOLING FLOW PATHS WELL CHARACTERIZED, ORIFICE CONTROLLED,

TESTED, MODELED
'

..
O LARGE COMPONENTS T&H DEVELOPMENT DATA BASE

8 COMPREHENSIVE DESIGN WITH CONSERVATIVE, YET REALISTIC, LIMITS
.

O ANALYTICAL METHODS VERIFIED WITH LARGE DATA BASE

.

i

;

i

i

,

,

|

,

. , _



*

_

.

.

.

_

-
e. _

m
_

_

_
e

O
_

-

_
-

-

.__

-

-

._

N
.

_

-

-

G -

_
-

-

I
-

D S -

-N E _
-

A D
-

-

_

0 L T-

-

_ E E._

U KF N. -

A -
-

-

L -

-

B
-

._
-

-
-

-

D -
-

O R>

A
@

-

.

s | | | : | | : ; ,



.-_..

i O O O.

!

l

!
,

I CRBRP CORE MECHANICAL DESIGN
FUEL, BLANKET, SHIELD

e Bases

e Description

e Evaluations

e Testing programs

i
!

@ARD m,



.

O O O;
.

.

DAMAGE SEVERITY LIMITS
,

Damage Severity Level
Event Category (RDT C-16-1) Design Limit

Normal operation No significant loss of effective Ductility limited strain s 0.2%
lifetime (normal creep & plasticity)

Power-to-melt
Proportional elastic limit.

'One wire diarneter-f ow channel
closure

'
Anticipated events No reduction of effective lifetime i Ductility limited strain s 0.3%
(Upset) below the design values

Unlikely events A general reduction in the fuel y Cumulative damage function
(Emergency) burnup capability and, at most, a s 1.0(creep rupture, plasticity,

small fraction of fuel rod cladding , ' fatigue damage)
failures

Extremely unlikely events Maintain coolab|e configuration Cladding solidus, no Na boiling *
(Faulted),

| *PSAR guideline

i

. 8253-2

-_ -
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.

CRBRP FUEL ASSEMBLY

TOP LOAD PAD

CW 318 SS
*

ABOVE CORE
LOAD PAD

,

INCONEL 718'
PISTON RINGS

SA 316 SS
! HANDLING SOCKET

OUTLET NOZZLE
j

COOLANT FUEL F4OD BUNDLE (217 RODS) .

,

INLET SLOTS
,

'f DISCRIMINATOR ' .I 1' ^%
P%T SA 316 SS . v .c -

SH' ELD BLOCK
'.9

{4~ ,'g -4

..
ii(-

,
.

SA 316 SS INLET
i NOZZLE ASSEMBLY

FLAT TO FLAT OF DUCT-4.575"
* 1 g LENGTH-1C8"-

ORIFICE RCO ATTACHMENT
PLATE ASSEMBLY

ASSEMBLY mee

,

_ _ _ _ _ _ _ _ _
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CRBRP FUEL ASSEMBLY COMPARISON WITH FFTF -

i

CRERP. FFTF
D' sign Parameter Value Value Reason for Differencee

Types of descriminators (orificing' 6 3 Core arrangement and core size
zones)

Lower shielding length (inches) 20.0 21.5 FFTF closed loop cooling not
(1 piece) (3 piece) required in CRBRP

Duct load pad (inches):

| -Outside dimension 4.745 4.715 Accommodate larger seismic loads
! in larger core

'-Wall thickness 0.205 0.190 '

! Fuel rod growth clearance (inches) 2.10 1.00 Provide more space for irradiation
j induced deformation in higher

,

; - . burnup reloeds

! Type of top load pad (outlet nozzle) Fixed Floating Evolution of creep and swelling
'

collar equations for core restraint

Misaligned grapple pickup capability 1.75 1.25. Allow for more tolerance stackup in
(inches) larger CRBRP core.

j

|

1

, m.

1

1 6185-15
t

_ ___ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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| CRBRP FUEL ROD
-

!
|

Dished Fuel Pellet Blanket Pellet Top End Cap
O.1935" Dia. O " Dia.

20% CW 316SS912% T.D.-- -

Plenum Space
,

' Tag Gas Capsule

3

I
' Bottom End Cap

302SS Spring
I .

14" UO2 Blanket Pellet Stack

36" Mixed Oxide PuO UO22!
Fuel Pellet Stack

14" UO2 Blanket Pellet Stack
\ /' Pull Through Wire 4

Attachment Cladding - 20% =

CW 316SS
+ Wrap Wire - 20% CW 316SS
' Length 114.4"

Cladding
0.230" Dia.
0.015" Walt

ei ns.

.

-__
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CRBRP FUEL ROD COMPARISON WITH FFTF
~

CRP7P , FFTF
Design Parameter j'a!ve Value Roason for Difference

,

l Pellet PuO2 content 0 33 0.225/0.275 More power per essembly in CRBRP
j heterogeneous core

i Pellet density (percent of 91.3 90.4 Reduced FCMI for same smeared
'

j theoretical) density*

Pellet diameter (inch) 0.1935 0.1945 .

Axial blanket stack lengths (inch) 14.0 0.8 Breeding requirements of CRBRP

Inconei reflector lengths (inch) 0.0 5.7 Shielding provided by axial blankets

Fission gas plenum length (Inch) 48.0 42.0 Provide more space for
accomodation of fission pas in
higher burnup reloads

Overall rod length (inch) 114.4 93.4 As above

;

|

s185-1s4

.

s

_- - - _ _ - - - _ - _ - _
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CRBRP BLANKET ASSEMBLY

,

Outlet Nonle

Platon Rings -

~

Top Load Padinconel718
SA 316SS

' * *
Duct3 r

.

CW 316SS

Inlet Nonle SA 316SS.

Discrimination Post Blanket Rod Bundle (61 Rods)
'

Overall Length 14 Ft.

!

Rod Attachment
! SA 316SS
i Shield Block *-

Coolant Handling

inlet Holea Grappk
Groove

Orifice Plate Assembly

9116-6

|
'

.

,

I,
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CRBR BLANKET ROD

"E*"'* %
** "U

UO2 Pellet
0.47010.001" Dia. /

95.6 1 1 % TD Spring h End Capg,

Plenum
; Spacer
i
,

3

; 64" Pellet Stack
Depleted Uranium Oxide#

'
End Cap Bottom

|

'! Wrap Wira

\
Pellet To Cladding'

N Diametral Gap Length 114.75o
Cladding 316SS 20% CW 0.006" Nom.

0.506 * 0.001" O.D.
0.4760 t 0.0005"1.D.

6112-28

.
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REMOVABLE RADIAL SHIELD ASSEMBLY
.

j -- ,

i Above Cors *

| Ovwsil Length 14 ft Load Pad.
,

, _

!
'

j ,

i
*

Outlet Nonle
Load Pad .

Duct . ,.

!
i
,

;. scrimination Post Rods Above ACLP#

j; 14 Locations
; e W

'; Shield Rod W
j (57 in.)
i e 81% Steel

!;
!
'

Inlet Nonle .

-

Surveillance Specimen
(as required)

,

Orifice Assen bly

,

I , et t e-3

i
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DESIGN EVALUATIONS - KEY FUEL RESULTS

Cladding damage
e Cladding damage is within design limits

| 35 percent margin on steady-state cumulative damage.

75 percent margin on steady-state ductility limited strain.

2 percent margin on steady-state and transient ductility limited strain.
.

! 8 percent margin on steady-state and transient ductility limited strain.

Wire wrap
e Maximum wire wrap stress and strain are below limits of 21 ksi and 0.6%
e Maximum wire slack is 0.1 inch; acceptable

Bundle / duct interaction
e Maximum bund;e/ duct interference of 0.020 inches below limit of 0.056 inches

e The maximum bundle / duct clearance of 0.04 inches is less than the 0.054 inches
(6 mils / ring) limit

Duct dilation <

e The maximum duct dilation is ~ 80 mils which is less than the limit of 108 mils4

.

@ARD
~
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DESIGN EVALUATIONS - KEY BLANKET RESULTS

Cladding damage
e Cladding damage is within design limits

68 percent margin on steady-state cumulative damage (Radial).

250 percent margin on steady-state ductility limited strain (Radial).

9 percent margin on steady-state and transient ductility limited strain (Inner).

600 percent margin on steady-state and transient ductility limited strain (Radial).

Margins are not reduced due to FCMI from a mid-life power jump.

Wire wrap
e Maximum wire wrap stress and strain are below limits of 21 ksi and 0.3%
e Maximum wire slack is < 0.1 inch

Bundle / duct interaction
e Maximum bundle duct interference of ~ 0.013 inches is below the design guideline

0.033 inch
Maximum bundle / duct clearance of ~ 0.065 mils. Adequate based on testinge
Adequacy of design due to unique blanket features (stiffness) to be obtained from EBR-ile
and FFTF irradiation testing (WBA-40, 41, 45)

Duct dilation
e The maximum duct dilation is 67 mils for the IBA and 82 mils for the RBA which is less

t

than the limit of 108 mils

!

@ARD
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STATUS OF DEVELOPMENT TESTING FOR
BLANKET SUPPORT

Title Supporting Information Status

R.B. heat transfer test Verification of heat transfer Testing > 90% complete
behavior

Blanket rod irradiation testing Verification of steady-state Two tests complete, post-test
in EBR-Il performance evaluations complete
Blanket assembly irradiation Verification of steady-state Two experiments in FFTF,
testing in FFTF performance instrumented blanket test being

fabricated
Blanket flow control testing Provide orificing data Testing complete
Blanket bundle compaction Verification of rod bundle Testing complete
test behavior
Blanket mechanical testing Verification of design adequacy Testing complete
Blanket assembly flow and Verification of flow vibration Testing complete
vibration testing characteristics
Duct load pad strength and Verification of duct behavior Testing 80% complete
bending stiffness test
Cladding rupture test Verification of cladding behavior Testing complete
EBR-il duct crushing test Verification of irradiated duct Testing complete

behavior

@ARD .m.7
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KEY FUEL AND BLANKET
ONGOING DEVELOPMENT TESTING

Effects of axial blankets on fuel pinse
e CRBR-1, CRBR-3, CRBR-5, D9-4, AB-1

e 33% Pu content in CRBRP fuel
e PIE of ANL-08 (30-40% Pu)
e CRBR-3 and CRBR 5 experiments,

e FFTF reload fuel ~ 30% Pu
< e Link FFTF data base to EBR-Il data base

Slow overpower transient responsee
e WSA-10 and WBA-24 tests completed

Operational reliability testing program in EBR-Ile
e Slow ramp rate FCTT testing
e TREAT transient testing
RBCB tr. sting in EBR-Ile

e FFTF blanket confirmatory testing
_

e WBA-40, WBA-41, WBA-45/46

@ARD ,, m
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SUMMARY OF DEVELOPMENT PROGRAMS

e EBR-il fuel and blanket steady-state testing completed
'

e TREAT testing of reference EBR-il fuel rods completed
e Major FCTT testing completed - testing to link different

heats of materials is ongoing -

e Slow overpower and RBCB testing in EBR-II (ORT)
ongoing

'

; e Future TREAT testing of FFTF and CRBRP prototype rods
i is planned and ongoing

!

!

@ARD m,

-

__ _



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

O O O
.

|

DEVELOPMENT TESTING FOR FUEL SUPPORT
i

Title Supporting Information Status

! Assembly flow and vibration Verification of flow, vibration Complete
characteristics

'

Inlet / outlet nozzle feature Verification of design adequacy Complete
tests
Fuel transient performance Verification of transient EBR-II/ TREAT testing partially

performance completed, FFTF and CRBRP
testing to be done in EBR-il
and TREAT

Fuel steady-state irradiation Verification of steady-state EBR-il testing complete, FFTF
performance testing initiated

Reference cladding / duct Irradiation induced swelling, EBR-Il testing essentially
i material in-reactor deformation, complete; FFTF testing planned
'

post-irradiation tensile
properties, post-irradiation
fracture, cumulative damage

Run beyond cladding breach Establish feasibility and EBR-Il irradiations in progress
allowable operating time of
breached rods / assemblies

@ARD nm
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CONCLUSION

! e The fuel and blanket design limits have been derived from
i damage severity limits

e Analysis and testing to date have shown that core design;

! limits are met

e Major testing programs are complete. Extension of the
EBR-il and TREAT data base to CRBRP specific design is
ongoing

,

e

j @ARD _,o
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i CLINCH RIVER BREEDER

REACTOR PLANT g |

""*
|

BRIEFING FOR:
! ADVISORY COMMITTEE ON
) REACTOR SAFEGUARDS (ACRS)

'

! FULL COMMITTEE
i

! FLUID SYSTEM INTERFACES '

PRESENTED BY:

G.H.CLARE
LICENSING MANAGER,

! CRBRP PROJECT
WESTINGHOUSE
ADVANCED REACTORS DIVISION
. OAK RIDGE SITE -

FEBRUARY 11,1983
2 83 3229-17
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PRIMARY SODIUM .

COOLANT SYSTEM
4

4

i ,
II

ENVIRONMENT INTERMEDIATE NaK COOLANTi

| N2
IN RCB CELLS SODIUM COOLANT SYSTEMS - DHRS

SYSTEM AND COLD TRAPS
,

1

\ PASSIVE BOUNDARY
PASSIVE BOUNDARY * PASSIVE BOUNDARY (IHX) *

; (OHX AND COLD TRAPS)
*

(P)lHTS > (P)PHTSNa LEAKAGE DETECTION *
*j (P)NaK > (P)Na*

LEAK ACCOMMODATION * LEAK DETECTION; *
LEAK DETECTION*

N2 ISOLATED FROM * LEAK ACCOMMODATION
COLD TRAP NaK ISOLATED

*-

*

COOLING WATER BY FROM COOLING WATER
i PASSIVE BOUNDARY DOWTHERM COOMNT

| ISOLATION VALVES LOOP

| _ H2O LEAKAGE
DETECTION (MOISTURE i

DETECTOR AND LEVEL

DETECTOR)

| _ LEAKAGE COLLECTION
(DRAIN LINES FROM
COOLERS)

2 83-3229-6

.
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SODIUM - NaK COMPATIBILITY

NaK IS 22 W/O Na AND 78 W/O K (EUTECTIC*

MIXTURE)
- MELTING TEMPERATURE ~9 F

- BOILING TEMPERATURE (1 ATMD ~1518 F

MIXING OF Na AND NaK WOULD RESULT IN*
~

- NO CHEMICAL REACTION
- NO ADVERSE EFFECT ON PROCESS EQUIPMENT
- INCREASE IN NaK MELTING TEMPERATURE
- DECREASE IN Na MELTING TEMPERATURE

2 83 3229-2



. _ . _ _ - . _ . ._ __ -

'

O (O O-

,

INTERMEDIATE
SODIUM COOLANT

SYSTEM <

|
_

i
,

|

ENVIRONMENTSTEAM / WATER N2'

AIR ENVIRONMENT 4

IN SGB CELLS SYSTEM IN RCB CELLS |
!

L

PASSIVE BOUNDARY * PASSIVE BOUNDARY * PASSIVE BOUNDARY !

(SG MODULES) (PIPING) f
*

|

| LEAK DETECTION
* LEAK DETECTION * Na LEAKAGE DETECTION !

*

CATCH PANS*

* LEAKAGE * LEAK ACCOMODATION
FIRE SUPPRESSION DECKS ACCOMMODATION . N2 ISOLATED FROM |

- *

LOOP SEPARATION EXPANSION TANK COOLING WATER BY*

CELL PRESSURE RELIEF ASSNE BOUNDARY |
*

-

AEROSOL MITIGATION MAIN RUPTURE DISKS ISOLATION VALVES ||- *

EQUIPMENT ACTION PRODUCT H2O LEAKAGE |-

QUALIFICATION SEPARATION SYSTEM DETECTION (MOISTURE !

WATER DUMP SYSTEM DETECTOR AND LEVEL |
DETECTOR)

SAFETY RELIEF VALVES !
LEAKAGE COLLECTION
(DRAIN LINES FROM |

COOLERS)
,

s

>

4

2 83-322S4
.
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EVST SODIUM
COOLANT SYSTEM

'
1i,

N2 ENVIRONMENT NaK COOLANT |

|N RCB CELLS SYSTEMS |

PASSIVE BOUNO. ARY
* PASSIVE BOUNDARY*

(SODIUM COOLERS)Na LEAKAGE DT.:TECTION=
* (P)NaK > (P)NaLEAK ACCOMADATION*
* LEAK DETECTION

ISOLATED FROM* N2
COOLING WATER BY * LEAK ACCOMMODATION :

<

PASSIVE BOUNDARY * NaK ISOLATED FROM N2 <

ENVIRONMENT BY
_ LEAKAGE DETECTION

,

(MOISTURE DETECTOR - PASSIVE BOUNDARY
AND LEVEL DETECTOR) - LEAK DETECTION

_ LEAKAGE COLLECTION - LEAK ACCOMODATION
(DRAIN LINES FROM = NaK ISOLATED FROM AIR
COOLERS) ENVIRONMENT BY

- PASSIVE BOUNDARY
- LEAK DETECTION
- LEAK ACCOMMODATION

2 83 32294
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!

ARGON i

COVER GAS ,

I I I I
,

! PRIMARY INTERMEDIATE FUEL EVST

j SODIUM SODIUM HANDLING SODIUM |
COOLANT COOLANT CELL COOLANT

'

i SYSTEM SYSTEM SYSTEM
IDIRECTDIRECT * DIRECT *e DIRECT *

| INTERFACE INTERFACE WITH INTERFACE WITH INTERFACE WITH !

| WITH Na Na COOLANT Na COOLANT Na COOLANT
: COOLANT FREE SURFACE FREE SURFACE FREE SURFACE

(P) ARGON > 1f FREE SURFACE (P) ARGON > 1 * (P) ARGON > 1 *.

(P) ARGON > 1 ATM (EQUAL TO ATM ATM (EQUAL TO*
THE SODIUM

| ATM (EQUAL TO THE SODIUM . ATMOSPHERE '

PRESSURE ATTHE SODIUM PRESSURE AT PURIFICATION
FREE SURFACE) ;

PRESSURE AT FREE SURFACE) UNIT REMOVES
PURITYFREE SURFACE) PURITY O2 AND H2O *' *

PURITY MONITORING MONITORING*

MONITORING * NON-
RADIOACTIVE RADIOACTIVE*

ARGON
PROCESSED
TO REMOVE
FISSION GAS

2 83-322S 3
,
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CLINCH RIVER BREEDER
REACTOR PLANT;

"
BRIEFING FOR:

ADVISORY COMMITTEE ON
REACTOR SAFEGUARDS (ACRS),

| FULL COMMITTEE

STEAM GENERATOR LEAKS

PRESENTED BY:
I
( G.H.CLARE

LICENSING MANAGER,
CRBRP PROJECT
WESTINGHOUSE
ADVANCED REACTORS DIVISION
OAK RIDGE SITE

FEBRUARY 11,1983
2 83 3229-19
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THE INDIRECT EFFECTS OF STEAM;

GENERATOR TUBE LEAKS COULD
j POTENTIALLY IMPACT SAFETY :

..

* REACTOR SHUTDOWN WITH LESS SHUTDOWN
HEAT REMOVAL CAPACITY

* MECHANICAL LOADINGS ON THE PRIMARY AND
'

INTERMEDIATE COOLANT BOUNDARIES
* HYDROGEN GENERATION

MULTIPLE HTS HEAT REMOVAL PATHS AND .

OPERATOR FLEXIBILITY TO ISOLATE, REPAIR, OR
REPLACE A LEAKING STEAM GENERATOR MODULE
AND THE DHRS CINDEPENDENT OF STEAM
GENERATORS? MITIGATE THE EFFECTS OF SG TUBE
LEAKS ON SHRS CAPABILITY. |

:

2 83-3229 9
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THREE LEVELS OF PROTECTION ARE
PROVIDED AGAINST THE EFFECTS OF

SG TUBE LEAKS
'

* LEAK DETECTION WITH MANUAL REACTOR
SHUTDOWN

* EXPANSION TANK RUPTURE DISKS WITH'

AUTOMATIC WATER DUMP'

* MAIN RUPTURE DISKS WITH AUTOMATIC
| REACTOR SHUTDOWN AND WATER DUMP

SODIUM WATER REACTION PRESSURE
RELIEF SYSTEM LSWRPRS?

2 83 3229 6
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CRBRP SODIUM WATER REACTION
PRESSURE RELIEF SYSTEM

VENTq
+ c

N TO SODIUM y
DUMP TANK

~

l _

ZIHTS -
'

EXPANSION
TANK __

__

.l. EVAPORATOR

d I-)( - - -- - - -- + - - - - -- _ _ _ _ _ _ _ _ATER

TANK
|+ __ -

IHTS SODIUM PIPING

hI
' ' = -

h LEAK DETECTOR
REACTION PRODUCTS

| HTS PIPING' -

SEPARATOR TANK

----------- WATER / STEAM PIPING

- 7. RUPTURE DISC
a u wauo mov3,,, ,,
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THE DESIGN BASIS ACCIDENT FOR SWRPRS
AND THE PRIMARY AND INTERMEDIATE
COOLANT BOUNDARIES WAS SELECTED '

USING CONSERVATIVE ENGINEERING
JUDGEMENT CONSIDERING REACTOR

'

'

EXPERIENCE, EXPERIMENTAL DATA, AND
ANALYSIS RESULTS

|

* SIZE OF LEAK (S)

NUMBER OF LEAKS*

'

* TIMING

ONLY EXTREMELY RAPID EVENT
PROPAGATION IS PERTINENT
DUE TO RAPID PRESSURE RELIEF
LFEW SECONDS) |

. . . . . . . .
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DEVELOPMENT OF SWR PRECURSOR
.-0.63 IN+
,/ ,

-

~10-2 GRAM /SEC
(~2 x 10-5 LB/ttR)

5*'PLUGGING
O.109 IN- --

.,

(0.77 IN) '. [
'

.
.

REACTION AND EROSION-

4 ,,

''

CONTINUOUS LEAKAGE
HOURS TO DAYS TO MONTHS

/ ? ,,

0.15 IN
pj- =I

?'

E'

j i ~15 GRAM /SEC
(~3 x 102 LB/SEC)

f ,,

= 0.0 5 IN

,,

y
A1

/
. .

Aq

Na HO2
.2 83 3229 to
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THREE MECHANISMS CAN CAUS[

-

.

TUBE-TO-TUBE FAILURE PROPAGATION

* WASTAGE '

- EXPERIMENTAL,
TENS OF SECONDS

* CORROSION s

STRESS RUPTURE (OVERHEATED TUBE)*

EXPERIMENTAL =10 SECONDS-
-

,

BOUNDING ANALYSIS =1 SECOND
|

-

STRESS RUPTURE FAILURES ARE LIMITED
IN SIZE: 45 GAP,1 1/2 INCHES LONG,

4

LESS THAN 50% DEG.
4

2 83-322& 11
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SWR EXPERIMENT SUMMARY

63 LARGE LEAK TESTSa

SECONDARY FAILURE IN 4 TESTS ONLY*

NINE U.S. TESTS (LLTR) SPECIFICALLY CRBRP*

PROTOTYPIC TWO TESTS PRODUCED SECONDARY
FAILURES

SECONDARY FAILURES OCCURRED IN TENS OF*

SECONDS

2 83 2887-13-1
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DESIGN BASIS SODIUM WATER
REACTION EVENT

'

l.

PRECURSOR - SODIUM PRESSURE - 325 PSIG*

PRIMARY FAILURE - 1 EDEG @ T = 0*

SECONDARY FAILURE - 1 EDEG @ 1 SEC.*

TERTIARY FAILURE - 1 EDEG @ 2 SEC.: *

,

i

i

:

i

I

6 82 2887-17
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PLAUSIBLE EVENT VS DESIGW
BASIS EVENT

WATER INJECTION
(NUMBER OF TUBES - EDEG)|

| 4
NOTE: DESIGN BASIS EVENT INCLUDES IHTS

| PRESSURIZATION TO 325 psig. PLAUSIBLE EVENT'

INCLUDES IHTS PRESSURIZATION TO 150 psig ,

3 DESIGN BASIS EVENT
-

--- PLAUSIBLE EVENT
.

l

|. 2 -

PRECURSOR LEAK
(TENS OF

i SECONDS)
r--------------------------1 -

1

I
. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

;

~ ' ' ' ' '
0 -

0 1 2 3 4 5
:

TIME (SEC)

..

. - _ _ _ _ _ _ _____ __ _ __________
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DESIGN EVENTS

' NUMBER INTERVAL
FAILU RE OF BETWEEN

COUNTRY SIZE FAILURES FAILURES

| * UK 1 EDEG 3* 1 SEC '

* GERMANY 1 EDEG 1 NA

* FRANCE 1 EDEG 1 NA

* JAPAN 1 EDEG 4** UNKNOWN

* US 1 EDEG 3 1 SEC .

,

,

*NOT A LICENSING DESIGN BASIS ACCIDENT

**ONLY (1? ONE FOR LICENSING PURPOSES

!

6-82-2887-19
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LARGE SWR EVENTS ARE
CONSERVATIVELY EVALUATED USING
THE TRANSWRAP COMPUTER CODE

WORST LEAK LOCATION AND INITIAL CONDITIONS*

BASED ON SENSITIVITY STUDIES (EVAPORATOR
AFTER LOSS OF OFFSITE POWER)

LEAK RATES ESTABLISHED USING RELAP 4/ MOD 5*
'

ASSUMED HYDROGEN YlELD OF 65% AND 1700 F*

REACTION ZONE TEMPERATURE WHICH BOUNDS
EXPERIMENTAL RESULTS

DYNAMIC ELASTIC-PLASTIC RUPTURE DISK*

RESPONSE MODEL BASED ON EXPERIMENTAL
RjSULTS

2 83-3229-12
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MECHANICAL LOADINGS FROM SWR
EVENTS ARE CONSERVATIVELY
PREDICTED USING TRANSWRAP

* SODIUM COMPRESSIBILITY MODEL
* ONE-DIMENSIONAL " SODIUM

HAMMER" MODEL

|
* FRICT!ON EFFECTS MODEL
* ENERGY CONSUMED IN PIPING

,

STRAIN IS NOT ACCOUNTED FOR

VALIDATED USING EXPERIMENTAL
DATA FROM THE LARGE LEAK TEST
RIG PROGRAM.

I

2 83-3229 13
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SUMMARY

THE DESIGN BASIS SWR EVENT IS CONSERVATIVE*

RELATIVE TO EXPERIMENTAL & ANALYTICAL
EVIDENCE

i - PRECURSOR PRESSURE
- SIZE OF FIRST FAILURE
- TIMING AND SIZE OF SECOND FAILURE
- EXISTENCE OF THIRD FAILURE
- COMPARED WITH FOREIGN DESIGN BASIS

EVENTS

THE TRANSWRAP COMPUTER C' ODE IS USED TO*

CONSERVATIVELY MODEL THE CONSEQUENCES
i OF THE DESIGN BASIS SWR EVENT

- LEAK RATE
- REACTION PRODUCTS
- MECHANICAL LOADS

2-83 3229-14
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STEAM GENERATOR MODULE FAILURE
RATE EST! MATES

.

* THE STEAM GENERATOR MODULE ARE FIRST-OF-A-KIND
; COMPONENTS, AND THERE IS NOT EXTENSIVE
'

OPERATIONAL NOR TESTING DATA FROM SIMILAR
i COMPONENTS IN SIMILAR ENVIRONMENTS.

BASIS
* THE FOLLOWING TYPES OF UNITS WERE INCLUDED IN:

: THE REVIEW OF HISTORICAL EXPERIENCE OF TUBE
'

FAILUPiES: e

- FOSSIL-FUELED PLANTS
- LWR PLANTS
- SODIUM-HEATED STEAM GENERATORS, INCLUDING

.BOTH THERMAL AND FAST-REACTOR POWERED
UNITS, AND VARIOUS TEST UNITS.

ENGINEERING JUDGEMENT WAS USED TO DERIVE THE*

CRBRP STEAM GENERATOR FAILURE PARAMETERS FROM,

THE HISTORICAL DATA.
2 83 3229 22
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CRBRP STEAM GENERATOR MODULE

'

'

FAILURE RATE ESTIMATES FOR
RELIABILITY STUDIES.

WATER-TO-SODIUM LEAKAGE*

- SMALL LEAK: A = 7.0 x 10-6 HR-MODULE;
LEAK RATE LESS THAN .01 LB/SEC

- MEDIUM LEAK: A = 1.4 x 10-6 HR-MODULE;
LEAK RATE BETWEEN .01 AND 5 LB/SEC

- LARGE LEAK: A = 0.28 x 10-6 HR-MODULE;
LEAK RATE GREATER THAN 5 LB/SEC

2 83-3229 23
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