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'O 1 PR0CEEDI N 35
v

2 (8:30 a.m.)

3 19. K r.R R s The meeting will come to order. ThisOv
4 is i meeting of the Advisory Comnittee on Reactor

5 Safeguards, Subco .ittee on Class 9 accidents. My name is'

.

6 Kerr. I as subcommittee chairman. Other ACES committee

7 members present are Mark, Okrent, Plesset, Shewmon,

8 Etherincton, and Siess.

9 We have cons ulta nts , lee, Seale, Stratton, and
,

10 Siegle and ACRS, Bessette, also present.

11 This mee ting will continue the subcommittee's

12 examination of the role of Class 9 accidents in the

13 licensing process. Specifically, we will also examine the

1-4 question of possible design consideration and analysis of

15 co re mitiga tion f ea tu res at the Zion and Indian Points

16 Nuclear Plants.

17 The subcommittee will also continue its review

18 of the FY al and FY 82 NRC research budgets, that part that

19 is dedicated to severe cccident phenomena and mitication.

20 In t he proce ss f or a t least some members of the subcommittee

21 an ef f ort is being made to define a Class 9 accident. 'J e

22 don ' t necessarily expect to be able to do that, but we shall

23 perhaps continue to try.

I'I 24 Rules for participation in today's meeting haveV
,

25 been announced as part of the notice of the meeting

i
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1 published in the Federal Register of June 17, 1980. A

.

2 transcript of the meeting is being kept. It will be

3 available as stated in the Federal Pegister notice. It is- (")v
4 requested ta a t 3 s c r. speaker identify himself and if possible

5 make use of a microphone, otherwise speak, recognizing that

6 your timeless words are being recorded. At least we are

7 making an effort to do so, and you will be of considerable

8 assistance to the reporter if you can get close to and

9 remember that you are speaking at a microphone.

10 'J e h a v e received more written comments or

11 requests for time to make oral statements from members of

12 the public. The designated federal employee for this |

13 mee ting , !r. Gary O ui tt sch re ibe r , is on my left.

O 14 We will proceed with the meeting, and the first
,

15 scheduled speaker is P.r. Thomas of NS A
l

16 M r. Tho.Ta s.

17 DR. THOMASs Thank you, Chairman Kerr and other j

18 members of the subcommittee, gentlemen and lady, I am Gary
|

19 Thomas. I am from FA's Nuclear Safety Analysis Center, or j

|
20 NS AC for short. ]

I

21 This morning I am going to have a chort delay in |
l

22 m y talk. |

23 (Pause.)

/~% ;

() 24 This morning I am going to summarize a report
]

25 th a t was is:ued last March by NSAC. It is designated

,,
t .-)s
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r'') 1 NSAC-2. The title of it in Mitigation of Small Preak LOCAs
b

' 2 Lin Pressurized k'atar Feactor Systems.

3 I can proceed with some of the preliminaries.
.O
'"

4 Hopefully, we will throw some more light on the subject

5 later. I hope today to open your eyes a bit. I hope to

6 viden your perspective on accident mitigation. The

7 objective of the NSAC-2 report was specifically to provide a

8 perspective on the ability to mitigate small break LOCAs in

9 a pressurized water reactor system and as a result of that

10 perspective provide assurance that the re sul ting threat to

11 the containment, threat to failure of the containment can be

12 virtually eliminated or car te eliminated thrcugh positive

13 mitiga ting actions.

(^ds 14 Now when I use the phrese " mitigation" it wass

15 . ue ed in the title of the report as slightly different than

16 NRC's current use of the phrase " mitigation." I consider a

17 mitigating feature or a mitigation of the accident any

18 process throughout the portion or sequence of the accident

19 which tends to reverse the direction or stop the progress of

20 the accident.

21 I believe the NRC's current definition involves

22 starting with a core melt situation and talking about

23 mitigating features from tha t pciat on. In ny talk I an

.() 24 talking about nitigation from tne very start of the

25 acciden t. Fome people may phrase some of there actions as

(
%'

r?
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n
( ). 1 preventive actions.

2 (Pause.)

r^g 3 As I indicated, I hope to provide here
Q

4 perspective on the ability to mi tiga te a small break LOCA in
i-

5 a PWR system. It involves active mitigating responses. As'

6 a result I believe it is very realistic to assume a very,

7 very high probability that containment can be protected

8 using installed or potentially inprovisable systems within a

9 PWR plant.

10 Ihe basic objectives in the report itself was to

11 define primary observables that develop throughout a small

12 break accident. Now observable is a physical major of the

13 current state and trends of the system, the FWP system
OV 14 undergoing the accident. For example, temperatures,

15 pressures, radiation monitor responses, neutron detector

16 responses. These are all observables.

17 The report also reviews primary automatic and

18 opera tor-initia ted responses that are available for

19 mitiga ting the small break LOCA. The report hopefully

20 demonstrates the resiliency of a PWR system for mitigating

21 the small break LOCA, and also d emonstra tes hopef ully,

22 potentially tha t the worth of the observables for

23 realistically projecting emergency planning capatility. By

A
(_) 24 this I mean an integrated use of observables which providei

25 you a tool to tell you where you are in the accident, where

D
\)-
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() 1 it is going and using extremely concervative projections

2 when possibly can it threaten the public as a tool for

7s 3 realistirally projecting emergency action.

4 The ultimate regulatory objective, I believe,

5 should be focused on control of public risk due to

6 environmental release of radioactive fission products. Tha t

7 is to say, ultimately the regulatory process should focus on

8 protecting the public from containnent failure.

9 As I said, my discussion today will try and show

10 th a t there are many ways that the system can inherontly be

11 made to protect that co n ta in m en t .

12 DR. KERE: Say that again.

13 DR. TH0 AS4 Okay. I will get that right next

("%
(l 1-4 time. The ultimate question of containment protection

15 involves two primary major points: assurance that the small

16 break condition can be identified and appropriately

*

17 responded to. The observaoles definitely provide abundant

18 evidence for this identifica tion.

.

19 The second major point is a ssurance that some
!

20 vater and pumping source can be made available in the event

21 that you lose all normal and installed backup systems.

22 Additionally, I have added in another item which

23 should be added to the notes an assurance of eventual

/'
t. s) 24 availability of a heat sink. And I will say eventual and
~

25 em phasize tha t. It is not necessary to have a heat sink for

O
-

.

.
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I the first several hours, several tens of hours potentially,(ss)
2 in a P'J E 'sy s t em , as long as eventually ycu can provide a

r-) 3 heat sink for dumping the decayed ener;y out of the
\_J

4 containment building.

5 I will try and display the ability to mitigate a

6 small break LOCA. I have defined a operating space. The

7 operating space involven four primary variabless the time

8 available to react; the observables tha t define the system

9 state and trends; the options that are available for

10 coun tering accident progression, and options include both
9

11 installed and improvised -- also should be added to your

12 notess I was making late additions last night -- and

13 finally, the magnitude of the responses that are required of
-

)v' 14 tte available options.

15 A small break LOCA demands a very small response

16 to completely contain or remove the decay heat from the core

17 C ecion . And when I say small I mean small with regards to

18 normally installed coolant water injection systems, either

19 engineering safety feature systems or normal systems such as

20 m a k e u p .

21 I tried to display this operating space in a'

|

22 graphical manner, representing it as a room, with the axis

23 of time,. system state observables, available and

r~) 24 improvisabla options fo r mitigating the accident. The twot j

25 variables time, system state observables provide a

O

ALDERSON REPORTING COMPANY, INC.

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



, _ _ _ _ _ _

9. . . .

( j. I historical development of-the accident. Essentially they

2 provide you an operating window that descrite, thrcugh use

3 of'the time and the observatles tell you where you are,(g
C/

4 again the system state and its trends.
.

5 The axis starts in this corner. As we move

6 through this opera *ing space on some directed path that is

7 responding to automatic emergency safety feature systems,

8 that is responding to operator-initiated actions, we will

9 either progress towards an acceptable direction in this

10 manner or under virtually non-- conditions we will proceed

11 to a degree of the core condition and finally possibly to a

12 core melt situation.

13 I have represented those boxes basically *in the

- 144 size that I feel really represent the situation. And that

15 is something I want to emphasize very much.

16 For example, in Three Mile Irland we spent over

17 two hours moving around in this space before we hit this

18 blue box. There was no core damage in Three Mile Island

19 until about two hours approximately. We spent a lot of time

20 vand ering around in this space. Any time during then a

21 proper continuous response emergency safety feature, such as

22 HPI, or a proper, sufficient response of another cooling

23 system would have taken ur away from the core damage

O 24 eituetion.

25 Additionally, if we enter this box, we can

OU
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<-i,j) 1 re t rea t from that box. We will not undo the damage but we

2 can stop'the progress of the damage and effectively prevent

(~T 3 movement upwards towards that small corner.
L/

4 I believe it is very realistic to state that

5 also if we have reached the little red box, if we-are in a

6 fuel meltin7 situation, under virtually any condition, we

7 can pull out of that situation also. *de can retreat from a

8 melt situation.

9 Some more informatio7 on the use of the

10 obse rvables. The observables represent the devia tions

11 basically f rom normal or expected c mditions during what

12 would be normally a shutdown of the reactor or a scram.

13 There are abundant observable conditions
C
\'' 14 indicating the state and the trend of the accident. The

15 scope use of these observables in the time a vailable provide

16 a v e ry rational basis for selecting of effective

l'7 cot ntermeasures, again both installed and improvised, as a

18 very effective basis for conservatively projecting your

19 potential public danger and emercency planning actions and

20 in f act provide realistic set points to use for implementing

21 emergency actions, deciding whether they are necessary to

22 implement and implementing.

23 The next viewgraph schematically takes us

(~^) '(. 24 through a small break LOCA. This is taken again from the

25 NS AC-2 documen t . 'dha t we ha ve a re an increasing time scale

r'(
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1 in this direction, increasing damage in this direction,
- -

2 increasing probability of occurrence.

3 I have broken this into four categories, th ree

V)
g.

4 basic times -- early, early neaning a few hours, possibly

5. tens of hours; intermediate, being several hours to

6 definitely tens of hours to a few days possibly; lo n g-te rm ,

7 days and onward.

8 Four basic conditions prevent core damage,

9 terminate core damage, terminate core melting, maintain

10 containment integrity, establish cooling a molten core as a

11 debris bed.

12 If we move through this, we move through in a

13 time sequence where initially in the early phase of a small
O
'd 14 break LOC A observables are showing immediately that we are

15 in this situation, and intecrated use of these observables,

16 f or example, through a safety panel, will tell us what the

17 system state is, what the trends are, the system will

18 respond with automatic responses, high pressure injection
,

19 for example, engineering saf ety f ea tures, operator options

20 are available based on the observables and we can move

21 straight down to a cooled, mitigated condition.

22 For example, at Three Mile Island, the base PI

23 had been left on. When it came on we would have moved

(J- 24 directly to this condition with no core damage.

25 If we have no automatic responses or no operator

(s
'

ALDERSON REPORTING COMPANY, INC. .W'

400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 (2021 554-2345



12.-

,~

.( ,) 1 responses or insufficient responses, we are going to mreve on.

2 to the next phase where now we have the chance to terminate

3 core damage. We are still moving around in that operating(T'J
ace and we are trying to direct it into a more reasonable'

5 position. The observables will tell us if we are

6 successful. The trends of the observables tell us if we are

7 successfully mitigating or if we are continuing into a

8 worsening condition.

9 We go through the same process. We are

10 developing more observables.

11 DR. PLESSETs M.n y I ask you a question?

12 DR. THOMAS: Yes.

13 DR. PLESSET: -- -- you have in this first box,

14 or the first distinguished set, if the operator has a small

15 break LOCA? How would you know that it is a small break

16 LOC A , not something else?

17 DR. THOMAS That is --

18 DR. PLESSEI: I meau if there is a way I would

19 lik e to know.

20 DR. THOMASs Oka y , basically, if we use

21 so m e thing , what we call -- we are trying to design what we

22 call safety panels. A safety panel has five basic

23 f unctions. It moni tors criticality. It monitors core

() 24 coolability or cool.ing. It monitors availability of heat

25 sink s. It monitors, the fourth one, containment integrity,

ALDERSON REPORTING COMPANY, INC.
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/''N 1 and monitors also release of fission products, particularly
\_/

2'outside the containment.

3 Okay, an integrated use of a panel such as this-

''
4 provides you indications, for example, of a small break LOCA

5 or something else that is disturbing the coolin; of that

6 core. The core very rapidly responds with observables,

7 thermocouples for example, pressure, pricary pressure

8 lowering.

9 Maybe I should go on to the next viewgraph.

10 That. right help.

11 DR. PLESSETs ' Jell, if you are going to explain

12 this later that is fine. I just don't believe anything you

13 have said so far tells the operator he really has a small

19
k' 144 b re a k LOC A a n d n o t some other transient. It look s like a

15 small break LOCA.

16 DR. THOMAS: Okay. My primary objective is

17 initially to protect the core. Okay, if we are in a small

18 break LOC A we are moving towards conditions which are

19 telling us the core may become uncovered. Ihat is

20 represented by temperatures -- again core exit

21 temperatures. It is represented by system pressure. It is

22 represented by approach to caturation conditions in the

23 primary system, again a temperature measure. It is measured

(3) 24 by voiding in the system, which is seen by source range

25 neutron detectors.

O
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,,
't j 1 'The-, are several incidents that are telling us

2 we.are appros a condition tha t the core can be.,

- 3 uncovered, whether it is a small break LOCA or something

4 else. There are several indications that are preliminary to

5 a core uncovering, preliminary to a core being damaged. i

6 DR. .<ERE: Dr. Thomas, did you understand Dr.

7 Plesset's question?

8 DR. THOMAS: Say again.

9 DR. KERE: Did you understand his ques *lon.
i

10 F rom what you are saying I don't think you understood his i

11 questio.

12 DR. THOMAS: Okay. Excuse me, could you repeat

13 it then?

O
1-4 DR. KERR I think he is asking whether you have

15 an unambiguous way of deterrining a small break LOCA is in

16 prog ress .

17 DR. THO.1AS: I cannot say wh ethe r it is

18 unambiguous. I think there are unambiguous --

19 DR. KERR: I mesn, we will accept an answer

20 'which is no , if that is an answer, that you don 't have a

21 way, that you hope to develop one. aybe that is the

22 answer.
J

23 DR. THOMAS: Okay, I think it can be developed.

() 24 DR. KERE: But you don't have one now?
1

25 DR. THOMAS: Well, specifically, no, I have not

.

.
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I') 1 developed a procedure for it.
v

2 DE. KEE? : Ckay.

3 D3. PLESSET: Thank you. I have got the answer.g3
U

4 DR. THDMAS: I would like to supplement that

5 though by saying I think it is very traceable by observables

6 that we are entering a condition of threatened coolability

7 of the core, and those observables develop very early in the

8 incident whether it is a ssall treak or some other

9 incident. 7.n d those observables can be responded to.

10 This is again taken from SEAC-2, and this just

11 presents sote of the examples of primary observables that

12 wo.ld be seen in an accident. For example, if we are in the

13 initial phases of it, we will see the prima ry systen

P)\
~ 1<4 pressure decreasing. We will see the pressurirer level-''

15 changing in an abnormal manner. HPI actuates on a low

16 pressure si7nal, 1500 PSI for example in Three Mile Island.

I'7 That is definitely an observable that you are in trouble.

18 It is also a very strong :altigating feature that should take

19 you to a control full condition.

20 Your primary, your containment pressure, your

21 containment temperature are increasing abnormally. These

22are all indications tha t you are in a small break 10CA.

23 I mentioned the source range neutron detecto r.

-( ) 24 Th a t was a very, very sensitive instrument for telling you

25 tha t you are approaching a core uncoverino condition.

.. /~T
-(,/
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e) .'g , 1 A direct measure of the system temperature

2 versus pressure tells you the naturation temperature for the

eN 3 system and the current temperature of the syste:. Are we
.V

4 approaching satucation conditions?

5 DR. SHE'a 50N Do you know if deviation and

6 source range monitor signals is part of the operating

7 procedures of reactors?

8 DR. THOMAS: I am sorry, say again, please.

9 DR. SHEW 5Cha Do you know wnether the

10 interpretation of deviations and source range neutron

11 monitor signals is part of operating procedu res?

12 DR. THOMAS: I don't believe it is now. I

13 believe it can be effectively run into it.

(~)
14 DR. SHEW CN ~.' e ll , you are saying that a''

15 technically trained person the week after can look at these

16 things and say something was going awry, but you don't think

17 the reactor operators either have on their control panel or

18 are trained to interpret this?

19 DR. TH3 MAS: I would say right new probably they

20 are not trained to use the source neutron detecter

21 currently. A source neutron detector I believe vill be an

22 important signal involved in the safety panel development.

23 For example, at Three Mile Island, virtually the

n
'( / 24 instant -- well.

25 DF. SHEWMON: I know, that is not T. y question

O
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) I though.

2 DR. THOPAS: Yes. Ckay, it is not currently

rg 3 involved in the systen. I believe le i s a very important

V
4 and a singularly accurate measure of system disruption.

5 DR. SIEGLE: At what power levels can a source

6 range system be operative?

7 DR. THOMAS: The source range neutron detector

8 at IMI was located outside the reactor. It responds

9 basically due to power levels below, I would say about 30

10 percent. I am not sure. A normal shutdown of the source

11 range detector is singularly projectable on simply a decay

12 h e a t curve. You could project ahead of time. Once you

13 scram the reactor you could project ahead of time what the

1-4 curve for a source range neutron detector would look

15 throughout all time. Once you receive a deviation from

16 th a t , that is a strong signal that you may be in trouble.

17 DR. KERE: I don't think you understood the

18 question. A t least it doesn't seem to me you are responding

19 t o i t .

20 DR. THOMAS: I am sorry, I thought I was.

21 DR. KERR: Maybe I misunderstood the ques tion

ZZ too , but --

23 DR. SIEGLE: I was concerned that source range

() 24 instrumentation would essentially not be operable and would

25 he swamped by other signals until the power level of the

.

-

u
|
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/

(_) 1 reactor was quite far down, and that may be much later than'

2 you want to have that information.

3 DR. THOMAS: .No , at TMI, using the actual{)
4 experience of T''I, the source range neutron detector

5 provided a signal almost instantly from shutdown and it

6 provided a rontinuous signal. It is still providing these

7 unusual signals.

8 DR. KERE: What do you mean by shutdown? Do you

9 mean effectively zero power?

10 DR. THOMASs No. Well, the scram of the

11 reactor.

12 DR. KERE: But this is Dr. Siegle's point, that

13 un til the reactor has been shut down -- I think, isn't it --

0 1<4 you won't see anything in the source --

15 DR. SIIGLE: That is one of my concerns, that

16 you may have an operatin. condition where the source range

17 instrumentation is simply blind.

18 DR. THOMAS: I see. That is a good point. I

19 was assuming I was in the scram condition. I was assuming

20 that we have scram based to upset conditions. Source range,

21 I was using as one particular instrument because of its

22 tremendous information content at Three Mile Island. I am

23 assuming basically-that since we are in a small break LCCA

} 24 that'some system parameter has scrammed the reactor.

25 DR. LEES I am somewhat puzzled. The impression

0v
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()' 1 I am gettin7 f rom your s catement, that you an get somehow

2 an ambiguous interpretation of source rance detector signals.

3 DR. TH3Y.AS: Did I say unambiguous?g3
%)

4 DR. LEE: Uniquely or singularly accura te

5 information or something-like that. I thought you could

6 interpret -- -- ' source range detector signals in a variety

7 of ways.

8 DR. THD.M A S : Okay, it can have a va riet y of

9 sources. And if I would say actual final interpretation

10 wan ted , what this signal does represent is a long-term

11 analysis effort. But the instant the signal starts to

12 deviate f rom a very prescribed and projectable course we do

13 know we are in an upset condition. It does not define what

1-4 that upset is. The upset could be a failure of +he source

15 range monitor.

16 DE. LEE: It could be then something unrelated

17 to a small break LOCA?

18 DR. THOMAS: Yes, it could be.

19 I an usir ; it as a -- okay,.I am using it as an

20 observable, and maybe I am focusing too much on the source

21 range neutron detector. It does have a unique scram

22 signal. A deviation from that signal is an observable that

23 you a re , that you have something of trouble that you should

-A
(,) 24 check out. There is sore trouble in th e syster that you

25 should check out. Eo from that point of view it is a very

n'
k_)

o
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()' 1 delicate. source of telling you that there is an upset in the

2 system.- It doesn't tell you immediately what that upset
. .

3 is. It could be a recriticality, an incressed signal.~g
(V'

4 It tells you I have to pay attentien to that.

5 From that point of-view.it is s useful observable.

6 DR. KEERs I think our concern, my concern stems

7 from the fart that in order to mitigate a small break 10CA,

8 unless it is done automatically, one needs to know that one

9 has one.

10 I .ould have thought that you would have first

11 told us how to unambiguously identify one. It seems to me

12 thst is fairly crucial in a mitigation process. Are we

13 ge tting ahead of you? Are you going to tell us how to

14 identify one.rnpidly and unambiguously?

15 DR. THOMAS: No. I am not going to get into a

16 specific case of unambiguous identification. It is an

l'7 integrated use of the observables. The observables that

18 would show up in a small break 10CA act in --

19 DE. KERR k' e ll , I would have an idea that if you

'
20 were trying to tell a reactor operator what to do you might

21 find what you are telling us confusing.,

22 DE. THOMAS: I am not telling you procedures.

23 Procedures do have to be developed. I am telling you that

( )' 24 oar first order of protection is core. 'J e have to cool the
1

25 co re . There are very strong signals primary system |

l

.

,
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fs() 1 pressure, primary system temperature for example are two

2 very prime ones -- that tell us the: we could be approaching
.

rs 3a condition of an uncooled core or a not fully cooled core.
(_)

4 Those are unambiguous signals: primary system pressure and

5 primary system temperature.

6 When you develop a superhea t, for example, in a

7 PWR systen, a superheat of more than a couple degrees that

8 could be involved from stored energy in the vessel

9 components, you have an uncovered core. Tt at is an

10 unambiouous signal.

11 For example, if the core outlet thermocouple

12 shows a superheat of 20 degrees Fahrenheit, ycu have a

13 partially uncovered core. You must cool that core first of

14 all, even if -- whether it is a small break 10CA or whatever

15 the accident is. You must cool that core, which basically

116 is b ringing in more water.

17 DR. KERR: Mr. Thomas, I think what you have

18 ju st said was well known to almost everybody before TMI,

19 that if you have a temperature above saturation you would

20 have a problem. And yet one had such signals available and

21 they certainly were not unambiguously interpreted.

22 DR. THOMAS: That is true, and tha t is because I

23 think primarily the engineering, or man-machine interface at

(k 24 Three Mile !sland, and possibly as a general case for

25 reactors prior to "hree Mile Island. We do need to develop

|

.($)
1
,
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(_/ 1 an integrated system that provides a physical, if I want to

2 say it, a panel of maybe a two by three foot size that

3 integrates these signals and tells them what the current

4 state of the system is and the trends in that system.

5 DR. KERRs Your presentation takes up at the

6 point.at which one has identified a small treak 10CA and

7 goes on from there, but you are not going to tv concerned

B with how one identifies it. Is that correct?

9 DR. TH3 PAS: No, but I am concerned that we do

10 formulate a method of integrating the information so the

11 operator can identify that. I believe it is an identifiable

12 system or situation and that it can be identified if the
.

-
13 operator has the proper info rmation in f ront of him in an

O'd 14 integrated way that permits that. I think it is most

15 decidedly a situation that can be defined through proper

16 man-machine interf aces.

I'7 DR. KERR4 Continue.

18 DR. THOMAS: Okay, the next viewgraph tries to

19 point out some of the differences between the NEAC-2

20 approach and the WASH-1400 methodology. I also managed to

21 have three typographical errors in it cn one page, and I

22 a ttribu te _ tha t to moving offices over t he last three days

23 over three siles. y secretary was almost in the moving van

24 typing this in the process of moving.

25 The NSAC-2 report is not a rontradiction of

4

%,J .
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( }) 1 WASH-1400 technology or methodology. I beli?ve it is a

2. preliminary, and I emphasire preliminary extension of the

3 methodology. And I believe the extension f alls into foure-).
V

4 basic areass a reevaluation of some of the conservative

5 assumptions that are involved in the ~4 ASH-lu00 study.

6 The first major conservatism, I believe, in the

7 WASH-1400 study is the assumption tha t reaching a high

8 temperature in the core melt, or high temperature in the

9 core, 2200 degrees Fahrenheit, represents a core melt

10 situation .

i
11 In reality a core with 2200 degree Fahrenheit

12 temperature can be - recovered. You can retract from tha t

13 condition throuch mitigating actions. In actuality, also

14 temperatures , melt temperatures rance from 3500 Fahrenheit

15 u p to over 5000 Fahrenheit for the components in the core.

'6 You have e lot of time and space, operating space, available

17 to still return from a progressing damage to a control

18 condition .

19 The core melt progress would tend to be a very

20 noncoherent effect. Possibly it would be self-limiting, and

21 this is an area that needs definitely more study.

22 I believe under almost any conditions it is

23 reversable with cooling, and I think Three hile Island

(f 24 provided a tremendous landmark and a cigantic experiment of

25 this condition.

'

-
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p
\_) 1 For Three Mile Island, if I go back to it, you

2 see I got'Three .".ile Island basically was somewhere in this

(-} 3 stase. It was a very late Condition 2 or a very early
s_,

4 Condition 3. I believe there was some liquefication or

5 melting in the core. And also we have I believe

6 irrefutable, virtually irref utable prcof tnat once cooling

7 was brought into the TMI-2 core it was aleost monitonically

8 decreasing temperature, an increasing coolability.

9 We started with a core that had at least some

10 liquefication or melting. Water was brought in and it

11 cooled, a very strong gigantic datapoint that I am extremely

12 interested in investiga ting tha details when we finally get

13 into that reactor. It has tremendously important

14 information f or mitigation purposes. Try and trace down''

15 exactly how it did become coolable.

16 The second major conservatism in the WASH-lu00

17 is that containment failure probability and environmental

18 release are eff ectively a probability of one if core melt

19 occu rs.

20 Now the two conditions together provide a

21 tremendcus concervatism in the risk evaluation that is

22 presented in the WASH-1400, and it provides a tremendous

23 amount , again a use of the phrase, operating space, a

() 24 tremendous amount of room to maneuver with available options

25 or possibly improvisable options that will tend to move you

-b
~
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~ f^) :1 into a cooled condition.v
2 A third major conservatisr is an accident

f~ 3 mitigat. on systems. If they fail on first call, are never
y) .

4 again useable in the k' ASH-1400 type treatment. For example,

5 if emergency diesels do not start the first time you try

6 there is no option to try again. There is no option to fix

7 a relay that may have failed tha t cause them not to start.

8 If one of the coolant injection systems does not operate the

9 first time because of valve misalignment there is no

10 opportunity to correct that valve misalignment.

11 Basically, that falls in the, picks up the other

12 conservatism. There is no consideration for positive use of

13 time aspect in actual accident sequence. And the time
(~\
N/

; 1-4 aspect basically results in increasing time, accident time,

15 provides opportunity for understanding the accident

16 prog ress , for taking positive actions involving installed

17 systems and for improvising new mitigating systems and

18 actions if necessary.

19 I would like to try and emphasize -- I mentioned
,

|
20 magnitude of response. ,I think it is s very salient point |

!

21 in a small break LOCA. You do not need a tremendous amount

22 of response of systems to provide enough cooling to remove

D the decay heat from the core. And here I present a table.

D) 24 This is f or a TXI type core, 180 megawatts electrical. In(_

25 proportion these vslues according to the size of the plant.

(/s__
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o
ts,) 1 A 2 percent full power, decay power, occurs at

2 about 14 minutes or a quarter of an hour. At that time it

3 will require about 3u0 gallons of subcooled water from the{}
4 HPI coming in at 90 degrees Fahrenheit or 540 gallons a

5 minute saturated water coming in, inlet to the core or inlet

6 to the core region, to completely remove the decay heat.

7 By about two and a half hours you are down to

8 170 gallons s minute subcaoled water coming 2n by the HPI.

9 170 gallons a minute would fill a deep bathtub to two foot
i

10 deep in one minute. It is not a lot of water.

11 In lass than a day you are down to less than 100

12 gallons requiret or slightly over 100 gallons for saturated

13 w a t e r . In less tnan five days you are down to about 40

.

1<4 gallons of water required inlet to the core region to remove

15 the decay heat.

16 These values are far less than many, many

17 redundant emergency systems and even standard systems that

18 can provide wster to a PWR system, and they are also very

19 small if you need t'o recycle with your -- recirculating the

20 water using the secondary system. Again it is a very small

21 capacity of that secondary system necessary to remove the

22 decay heat.

23 I do want to emphasize also that a large break

. g-)
(/ 24 - LO C A , if you have a large break LOCA and you initially

25 respond to it, if the system automatically responds to a

D;:
\,)

'

.
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o
() 1 high pressure injection, low pressure injection if

2 necessary, fer the first ten to twenty minutes you remove

,w 3 the stored energy, you are now basically in a small break<

'O
4 L3CA situation. That is, you are now in a condition where

5 again this type of a response to the system would be

6 sufficient to remove tha t decay heat.

7 The last viewgra ph is some experimental data ,

8 and what we have plotted here are TMI core exit thermocouple

9 time history, hours after the accident starting from three

10 hours out to the end of one day, percent of thermocouples

11 that were offscale. And as you recall at Three Mile Island

12 there was a set point offscale at 700 degrees Fahrenheit or

13 370 degrees centigrade. No temperatures were measured above
_

\''! l'4 that. You look here at the fraction of thermocouples and

15 percent that were above 700. At 17a minutes, just slightly

16 ' b e f o re three hours, the 25 pump came on for less than 10

17 seconds. It dumped somewhere, 4000 to 8000 gallons of water

18 into the pressute vessel. Virtually the instant that

19 occurred we started on a coolino trend, a virtually

20 continuously cooling trend. The core was in what I consider

21 a coolable condition to maintain that coolability.a

22 About a half an hour later, at about three and a

23 half hours the HPI came on and guaranteed that the core

D
's _) 24 remain covered. That is a necessary requirement if you want

25 to cool . it , to make sure tha t it is covered.
|
',m.

(J'l '

|~-

,
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(o_j 1 But we continue cooling. This is the time when

2~they were feed and bleed basically trying to burp the

3 hydrogen out of the system.,)
4 Between four and five hours there were physical

5 measurements of temperatures, basically around this area,

6 physical measurements of temperatures as high as stainless

7 steel melt, which is 2500 Fahrenheit. So there were

8 definitely hot epots in the core, but it was in a

9 progressively cooling condition. And I think that is a

10 tremendously important experitental data point that has, I

11 think, very wide implication on the ability of a very badly

12 damaged care to be made coolable with injection of water.

13 That com pletes my presentation.
,_

(') 14 DR. KEREs Thank you, Mr. Thomas. Are there

15 ques tions? Mr. Shewmon?

16 DS. SHEWMON: If you were advising the NRC on

17 w h a t research they should do to try to better determine how

18 to mitigate or reduce the probability of a Class 9 accident,

19 wh a t would you ru; gest?

20 DE. THOMASs I would suqqest emphasis more on

21 the first part of it. And the first part would be in the

22 early phases ranging up to -- I would like to emphasize the

23 ability to reverse a core, a damage process ranging in one,
rm

.(m) - 24 t w o , three; that is, where we are, early phases, virtually

25 no damage . That is not too well unknown, you bring water

O
%,)
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1 into a rystem, tha t core is not danaged, you are not going(J*

u

2 to damage it.

3 In the area when we start damage, the damage I
b,-s

4 define as deformations, failure of the fuel rode,

5 disruptions of normal ;oolant pads. Startinc from that area

6 up into this area, how can we assure that we can cbtain a

7 coolable geometry. I believe this is a very important area,

8-because I believe, again if that operating space represents

9 the room, we are moving around in this room --

10 DF. SiEWMON: Yes, I agree that you can cool if

11 you haven't got trouble, but I don't, and I sucpect

12 everybody would agree that there is indeed conservatism in

13 WASH-1400 in this particular part of the process where they

1-4 had 2200 F. to a melted core. But the reasen they do that,'

15 as I understand it, is because they have gone thrcugh

16 sequences whicn have convinced them that they didn't have

l'7 enough coolant to '< eep it from getting to 2207 F. and so

18 they won't be able to do much thereafter.

19 And the only thing that you have talked about, I

20 remember, in this vein so far is gee, if it didn't work once

21 it won't ever work again, and we should look at that a

22 little bit harder.

23- I guess what I am bothering you to do is to put
,

{') 24 it more in the context of the WASH-1400 scenario and how we

25 vot into this hole in the first place.
;

!

!b%j ;
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() 1 DR. THOMAS: % ASH-1400, I think righ tf ully at'

2 the time, took very conservative assumptions on core damage

3 and the ability to remove -- not remova, but prevent{}
4 additional core damage, to mitigate the situation. I think

5 at the time it was a useful document from that point of

6 view. I think now, particularly in light of Three Mile

7 Island, the lack of understanding before Three Mile Island"

8 and improved understanding since then show us that in fact

9 we can move around a lot in that operating space beyond 2200

10 degraes Fahrenheit as a set point and still come back to a

11 coolable coadition.

12 DR. SHEWMON: That is a defensible credo but it

13 still doesn' t answer my quest;on.

O_
14 DR. THOMASs I am missing everybody's question

15 this morning. Sorry about that.

16 DR. SHEWMCN The question was what do we urge

17 the staf f to do f or research so that they can feel better

18 about the probability of mitigating events of this sort.
,

19 DR. TH3':AS: Okay, my interpretation of that

20 question is that I think we need to study the ability to

.21 cool a partially damaged core, and the partially damaged

22 goes up to early melting as an area of focus. It is an area

23 that has not been studied to any ;reat det311, and the

- 24 current plans cf NRC I believe do not have that area covered

25 very well.

OL).
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(q 1 DB. SHEWMON Thaik you.,
,

2 DR. KERRs P. r . Plenset.

3 DS. PLESSET4 Well, I just wanted to indicate a{
4 little concern in the kind of thinking that yeu have put

5 into this, which seecs to a to be pretty much limited along

6 the line of the TMI-2 accident. It seems to me that that is

7 not the way to get us into a more comfortable situation.

8 You think entirely in terms of a small treak LOCA and how it

9 proceeded at TPI-2, and tha t bothers me a little bit,

10 particularly since we ce.n't tell the operator to recognice a

11 small break LOCA when he has one, or maybe he doesn't have

12 one and thinks he does.

13 DR. TH3 MASS Okay, the small break LOCA is a

0 14 relative high probsbility accident, and that is one reason

15 for f ocusing on the small br eak LOCA. I will reiterate a

16 poin t that the primary objective initially in an accident is

17 to cool the core. And there are a progression of

18 observables that tell you that you are heading towards an

19 uncooled condition and they can be reversed with operator

20 action or automatic engineering safety feature reaction.

21 Regardless of what the accident is, whether a

22 small break or any other accident, if we are heading towards

23 an uncooled condition it is a reversable condition, but you
n

(_) 24 have to understand you are heading towards that uncooled

25 condition and it does require an integrated use of the

m
.

,
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() 1 observables to define the current system state and its

2 trends.

3 DR. SHEWMON: Well, I just might add in the past
}

4 eight or nine months there have been four transients which

5 lack like a small break LOCA and there was no small break

6 LOCA involved. Pressure fell, the pressurirer empty, and

7 the operatoc proceeded as if he had a small break LOCA,

8 which he didn't.

9 DR. "HO?.AS No, but he certainly cooled the<

10 co re .

11 DR. SHEWMON: Yes, that is true, and that is why

12 I think that you shouldn't just think entirely in these

13 terms.

O 14 DR. THOMAS: No, I an using a small break LOCA

15 as a context. I do not want to limit it to a small break

16 LOCA as f ar as the philosopny. But I was using it as a

17 context in this presentation.

18 DR. KERR: '' r . O k r e n t ?

19 DR. OKRENT: I am developing a strong interest

20 in getting what I call quality assurance in protabilistic

21 snalysis, and in a sense this is a semiprobabilistic

22 analysis , since on page 31 there is a statement that, quote,

23 a preliminary evalua tion by NSAC of the ESF and primary

() 24 makeup, letdown systems and equipment using methods and data

25 comparable to those used in WASE-luCC indicate that the

O
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() 1 installed hardware properly deployed by the operator is

2 capable of reducing the probabili ty of core melt and

3 subsequent containsont buildinc failure resulting from a

4 small break LOCA by a factor of 10 to a 1000.

5 DR. TH O ?. AS : Correct.

6 DR. CXRENTs And later you say, therefore judged

T

7 very improbable that the accident will proceed through the

8 full progression without recognition of the increased

9 established core cooling.

10 Okay, get ing back to my first statement about

11 quality assursnce, it seems to me it is ti;A for everybody

I an not sure12 involved -- that means the nuclear industry --

13 vhether that is the nuclear industry or not. When it was
("i
kl 14 formed I originally hoped it was net, but I have decided it

15 probably is. The NEC also. And in fact I will include

16 intervenors or members of the public or so f orth in the same

17 comment. It seems to me there is a need for quality

18 assurance, and to me, I will define that term in the

19 f ollowwing too abbreviated aay, that after you have done a

20 study you yourself critique it and examine where there may

21 be things you haven ' t said that are relevant to, let's say

22 the other side of the picture, that you have clearly stated

23 the assumptions you have made and the thin;s you hope will

O(j 24 apply or whatever it is.

25 When I first read this document, I didn't have a

'%

.
6

,
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o) 1 feeling that it reprerented what I would call a documenttv.

2 that had reroived that kind cf quality assurance. In other

3 words, so that comsone picking it up, sophisticated or

4. naive, could see what were the assumptions where there were

5 things that hadn't been included in this that night be

6 important and so forth. I suspect that while the statement

7 is probably one that you could argue in a narrow sense can

8 be justified, you could show, taking a narrow view, that if
4

9 certain things applied you could include things by a factor

10 of 10, I question the factor of a 1000 unless you are really

11 assuming a very hi7h probability initially.

12 But I equally well suspect that I could quickly

13 make a short list of ten things that could defeat this

1-4 improvement because they didn't fall into the pattern. And

15 the sophisticated person might be able to read it and look

16 a t this and say, gee, well, you know he has omitted the

l'7 possibility of a small leak affecting equipment that you

18 really need to run by the environmental qualification or

19 whatever, and not being right or a variet) of things.

20 The less sophisticated person may tak e this at

21 face value and be deluded, and if we are going to get to

22 come kind of quantitative approach in this area I think it

23 is really past due that each person trying te make a
.

(_/ 24 cont ribution -in this area really do his own quality

25 assurance on his study. I must say I didn't feel myself

C
.
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,-),( 1 that this study in fact too would come anywhere close to
'

2 meetinc minitum standards in that regard.

3 I don't know whether you think it does or such a
b<s

-

4 step is even appropriate but I think it is time.

5 DR. TH0rAss Okay, the NSAC-2 docur.ent is most

I almost feel it is somewhat6 decidedly a preliminary or a --

7 a philosophical document because it is trying to raise

8 questions. It is trying to raise new questions in people's

9 minds about methods of mitigating accidents, about methods

10 of statistically treating the risk assessment, and it is a

11 preliminary document. It is not fully technically

12 def e ndable.

13 It did receive quite extensive peer group

O 14 review, both in the industry and particularly in NSAC. I

15 would apprecia te your dettiled comments because I would like

'16 to improve it if possible. So if possible, I would like

17 your specific comments on where you f eel the assumptions

18 were not made or were inadequately defined, because it would

19 be very helpful.

20 DR. CKEENT Well, it is conceivable I could-

21 provide comments, but I think you are missing in a sense the

22 po in t of my.ccament. I think the author or authors of the

23 document should begin feeling a deep responsibility, and in

7-m
(_) 24 f act it should, in my opinion, becone a necessity to clearly

25 write out what ' the assumptions and clearly point out the

V
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() I things that might in fact go the other way and then possibly

2 still conclude if they so da re af ter stating all of this

3 that there is a trend in the direction that they hope.
(v~}

4 Rut I think to only present part of the picture

5 is no longer acceptable.

6 DR. THOMAS: Okay, point well taken. The

7 probability analysis you did mention th e re , the 10 to a

8 1000, is very preliminary. We do go, I think, into

9 basically a new field that is definitely an extension of

10 W A SH -14 0 0, beyond WASH-1400, in trying to involve a time

11 aspect, a positive --

12 DR. KERE: Well, 7 think you do get Dr. Okrent's

' 13 mess age , don't you?

"
1<4 DR. THOMAS 4 Yes.

15 DR. KERRs Okay. Yes, sir?

16 MR. SUDMANs I am Bill Sudman from NSAC. Dr.

1:7 Okrent, I would just like to heartily agree with what you

18 ssid . I had scme hand in helping Gary investicate the

19 probability aspect of this. h'e realized at the time we did

20 not have a rigorour case for supporting a definitive

21 probability argument, and in our desire to publish in a

22 timely f ashion we decided not to wait for a more thorough

23 probabilistic analysis.

() 24 The rearon why there are no more definitive

25 claims than the ones that are in there is because we didn't

OV

ALDERSON REPORTING COMPANY, INC.

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



37."

()- I have that case ginned down at the time, and I think you are

2 absolutely right, that future work should try and pin it

.

3 down very.csrefully and explain exactly the basis such that

4 it becomes apparent to the reader what the case is being

5 made.

6 DR. KERE: .ir. Shewmon?

7 DR. SHEWKON I would like to make one other

8 comment to the speaker and I guess to others, and that is

9 that it seems to me that the staff in ;etting out WASH-1400

10 g a v e up a lot of lines of defense in taking the 2400 degree
,

11 F. core equal to a core melt. And I hope that we can get

12 some of then; that is, the staff and their research program,

13 to develop some of these options and learn a little bit more

14 about them so we don't givs up those lines of defense, and I

15 think in that regard this has been a useful exercise.

16 Wh et her it nas the adequate quality to be accepted by all

17 concerned I think is not as essential as pointing out some
,

18 additional lines of def ense.

19 DR. KERR: Mr. Thomas, it seems to me we have

20 seen in a number of reports recently comments indicating

21 that in retr ^ ,pect , at least as to Three Mile Island, the

22 equipment perf ormed .very reliably, but that the operator

23 perf ormance, maybe because of training and other things,

D)(, 24 lef t something to be desired. ,

25 It is not clear to me whether in your

O
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1 cSnsidera..on of mitigation you are taking such comments

2 into account, whether ycu agree or disagree with them. I

() 3 woulc be interested in whether you think ene should move

4 more in a direction of less dependence on operators or more

5 operator training or any comment you want to take on at

6 least what I perceive to be a number of comments concerning

7 the relative importance of operators and equipment.

8 D?. THOMAS I think if I was able to manage the

9 philosophy of the approach of an accident it would

10 definitely be more operator training, a definite improvement

11 in man-machine interface in allowing him to understand the

12 c%rrent trends and also probably a greater or a response to

13 the current state rather than, if I can use a quick story by
7-

()
14 Dr. Pigford from the -- Commission, he said the operators at

15 Three Mile Island couldn't use a small break LOCA procedure

16 because whe,n . hey looked it up the first step in it said
17 assume a loss of onsite and offsite power. And they didn't

18 h a v e th a t , so they didn't have a small break LOCA, and they

< 19 had no procedure to follow.

20 This is a situation -- use of the observables

21 can tell you where you are and tell you which direction you

22 are going and tall you if mitiga ting responses are improving

23 the situa tion. And I think a more real-time use of this
(~%
iJ 24 info rmation, involving operator training and integrat3d use

25 of the safety systems would provide a much safer approach.

fha
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t 1 DR. KERRs Thank you.
L

2 DR. O T R .'. N T : Just for the record, I doubt that

eg 3 it said a loss of onsite and offsite power.

O
4 DR. THOMAS It may have been a loss of occite

5 power. I am paraphrasing what I remember his stating at

6 Knoxville.

7 DR. 3KRENT: All right.

8 DR. KERE: Mr. Lee.

9 DR. LEE: Could you comment on the observables --

10 - DR. KERE: Excuse me, let .9e explain. The

11 microphone really goes to the recorder. The other

12 microphone is connected to the speakers.

13 DR. LEE: Could you comment on the observables

l'4 available to the operator of a plant, especially in case

15 they have not been able to arrest the accident in the

16 initial case of the accident, and you might have some kind

I 17 of degraded core, and especially in light of the type of

18 problems we have experienced with the instrumentations at

19 Crystal River?

20 DR. THOMAS: I do not think I would like to

21 comment in detail on that, particularly at Crystal River. I

22 have not been that clor3 to the analy sis of Crystal River.

23 I would recommend reviewing -- I tried to present that in

) 24 detail in the report -- a development of increasing, as you

25 increase damage you increase existing observables, you bring

n
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Im/ 1 in new observables, for example, production of hydrogen when

2 oxidation occurs, that is a new observable, that tell you

(]} 3 where you are, again defining state and trends

4 Eather than get in detail I would recommend,

5 could we talk about this later, using NSAC-2 as a basis. I

6 do have a few copies of NSAC-2 left, about fcur of these,

7 and anyone interested in the document they could give me

8 their business card.

9 I had better sign off.

10 DR. KEER: Thank you, Mr. Thomas.

11 I next have F. r . -- I am sorry, Mr. Sieglet
,

12 DR. SIEGLEa I would just like to make a couple

13 of commen ts. It seems to me that F. r . Thomas has maintained

1-4 that evidence is available that the small break LOCA

15 exists. I think Dr. Plesset suggested that that evidence

16 wa s a t best circumstantial and that the interpretation of

17 this circumstantial evidence indicates an additional input

| 18 of plant design parameters that are plant specific and that

19 ve need a presentation then of the results of that

20 evaluation in a coherent format that is useable by the

21 operator and the STA if we have one.

22 And we also need to know wnether or not that

23 interpretation is unambiguous. It seems to me an

A
() 24 appropriate recommendation at a risk of making one at 9:30

25 in the morning is that the research needs do include th e

(VO'

.
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1 addressing of the interpretive needs to assure the

2 identification of whatever sccident sequence is in progress

w 3 and also indicate the needed interventions and also the
(%)

4 extent to which a given intervention is relevant to various

5 accident sequences, Crystal River and IMI, whatever.

6 And as the last comment I would make, it seems

7 to me that the kind of thing we are lookinc for is the fact

today' people suggest that the availability of8 that even

9 hydrogen as the result of oxidation was something that

10 wasn ' t predictable. I would maintain that that was

11 imminently predictable.

12 DR. KERR: Thank you, Mr. Elegle.
i

13 Mr. Cybulskis, we were going to get to you and I

'

14 think we are there. And tell me if I am pronouncing your

15 name correctly.

16 DR. CYEULSKIS: Cybulkskie.

I'7 DR. KERR: Cybulskis?

18 DR. CYSULSKIS: Yes, sir.

19 DR. KERE: I did leave off the "s ," didn ' t I?

20 Thank you.'

21 DR. CYBULSKIS. That is a cardinal --

22 (Laughter.)

23 Good morning. I am Peter Cybulskis. I am with

() 24 Batte11e's Columbus Laboratories, and this morning I am

15 . go in g to talk to you very briefly.

('

i
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q) 1 Those of you that naven't heard to before, MARCH

2 stands for Meltdown Accident Response C ha ra c te ris tic s. In

{} 3 the first slide, very quickly and perhaps very basically,

4 what I would like to review is some of the key phenomena

5 that take place given a core meltdown accident, and we will

6 go on to the APCH code from there.

7 There is nothing particularly sacred about the

8 nomenclature. It is a way we at Battelle like to think of a

9 ---- accident. We have a meltdown for a thernal hydraulics

10 box, which is just basically the core reltdown process -- --

11 associated with a meltdown thermal -- it is core melt, so

12 ov erhea t , and you have a fission product release factor

13 which can have a feedback -- -- on the meltdown process. It
7_
V 14 ca n have, get to the terminal stages of a core meltdown, you

15 have a potential f or steam explosions. And of course if you

13 a re , particularly if you are in the de:raded core cooling

I'7 situation you are interested in what is happening in the

18 containment in terms of pressure, temperature response, so

19 t h at you can predict whether the containment will or will

20 no t fail or what are the relative probabilities.

21 Some of the features that have a containment

22 response are things like hydrogen combustion; i.e., if the )
1

23 pressure gets too high the containment will fail. I alluded
.

s_/ 24 to the steaa explosions earlier. That happens to be a
.

25 mechanism thata then directly leads to containment failure,

/"S
.O
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() 1 though nowadays it is believed to be a very low probability.

2 In the fission product release area of course

/~T 3 you are interested in the fission product transpcrt
V

4 processas; namely, how are the fission products -- -- from

5 the containment, how do they -- -- out, what happens to them

8 during the course of the accident.

7 Of course the bottom line to all this exercise

8 is the fission products relessed to the environment. If the

9 fission products aren't released to the environment,

10 presumably the accident is re2atively benign. It may be

11 econcmic chaos, from a public viewpoint, but there should be

12 no g reat problem.

13 Let se just make a comment. The MARCH code does

C 1-4 not treat sufficiently the product transport process. Gets

15 t o t ha t later.

h 16 !;ov juct thinking about those meltdown
;

17 processes, let me go on to this slide, which is the

18 amplification of the previous one, and in this we have tried

19 to illustrate how the M ARCH code addresses some of the

20 aspects associated with core meltdown and which aspects it

21 d oe s n ' t address.

22 In the meltdown thermal hydraulics area I have

23 tried to indicate some of the key thin:s that are included

24 in the MARCH code or the parts of the problem that MARCH

25 reached. '4a have a primary system trying to, basically it

-

~
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A 1 is a sicple blowdown model for fission transients and small(_j

2 breaks.

r~s 3 We have the core meltdown analysis, which is a
V

4 takeoff of the 30IL code that was developed for the reactor

5 safety study. That is a meltthrough model predicting how

6 the core chews through the bottom end of the vessel --

7 DR. SHEWMON: "r. Cybulskis, pardon me for a.

8 minute.

9 DR. CYBULSKIS: Yes.

10 DR. SHEWMON: The last talk was only small break

11 LOCAs. This talk is only la rge breax LOCAs, is that right?

12 DR. CYSULSKIS: No, MARCH treats all accidents,

13 so large breaks --

O
'

14 DR. SHEWMON Okay, well we have talked core

15 m el t . Could you tell me a little bit about boil? Is this

16 something that has some supplements to it, or is there any

17 water arcimd during the boil except f rom any thing cominc in

18 or what?

19 DR. CYBULSKIS4 Let me back up for a moment.

20 The primary system transient, prime-P model, basically keeps

21 track of the water in ventory in the primary system for

22 transients and,small LOCAs. For large LOCAs it vill
23 typically take the blowdown results of other codes and use

/'s
(> 24 them as a starting roint.

25 For small LOCAs and transients it will start out

Oa
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() I with a full system and the prine-P -- -- and keeps track of

2 the wa ter -inventory. Leakage as well as makeup, if there is

C 3 any. .

' t)
4 ." hen we get to the point where the core becomes

5 uncovered, we transfer to the BOIL code, which basically

6 then looks at the -- the assumption is made that as long as

7 the core is covered it is well-cooled. Once you start

-- -- routines take over8 uncovering the core, then the boil

9 and parallel the uncovering of the core as well as the

10 heatup of the fuel route.

11 Then if you reach nelting point, a specified

12 melting point in tne SOIL code, then you get into the core

13 meltdown problem.

[~)'
1-4 DR. SHEWMON: And the molting point is 2200 F.

15 or 3 500 F.7

16 DR. CYBULSKIS The melting point is an input

17 o p tion a t the option of the user. In the typical

.3 calculations we use -- or shall I ;ay typical, or our

19 f avorite number currently is 4,130 degrees.

20 DR. SHEWXONs Fine, thank you.

21 DR. CYEULSKIS: Something less than the melting

22 poin t of the 0-2. If you are using the code you can input

23 whatever you like, however.

() 24 There are three meltdown models in the 30!L

25 cod a , a nd that is a key aspect here. None of the melt d o wn

I
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n
(,) 1 models are mechanistic in the sence that we do not calculate

2 through the flow of the molten fuel down the tuel rod or

3 stress calculations in the fuel rod, sad what have you. We"

}
4 do keep track of the metal-water reactions, the oxidation of

5 the clad, the energy input, et cetera.

6 The slumping of the core is modeled in each of

7 the three models in what we believe is a bonding type of

8 approach. One of the meltdown models maximizes the downward

9 progression of the core melting, but still assumes that the

10 molten core is retained in the core region up to some

11 trigger threshold when the core falls into the bottom HEAD.

12 The second of the meltdown models maximizes, if

13 you will, the upper movement of the core, or if you want to

O 14 look at it another way, the slumping of the upper portions

15 of the core into the molten region, it still retains the

16 tail or molten region of the core in its original area up to

17 some trigger level when the core falls coherently in the

18 bottom HEAD.

19 The third of the meltdowm models assumes that as

20 soon as a mode is molten it f alls into the bottom HEAD of

21 the reactor vessel.

22 When the core gets down into the bottom HEAD of

23 the reactor vessel, it boils out any residual water there,
e

I )s. 24 attacks the HE AD, falls into the reactor cavity. In them

25 reactor cavity we have the HOTDEOP option, which caused

/~N.

U
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() 1 considerable controversy recently. It basically arsumed

2 that the debris fragments and interacts witn the water in

3 the cavity and can generate a high steam pressure.r-
(_)

4 After that it will go on to the core concrete

5 interaction model, and we have adapted the Sandia developed

6 INTER code for our purposes.

7 Throughout the processes we calculate fission

8 product loss and redistribution of the core melt, and we

9 have the meltdown calculations continuously coupled to the

10 containment pressure and temperature.

11 The steam or gasses put out by the meltdown

12 enter into the containment calculations, taking into account

13 sprays, coolers, heat sinks, what have you. If we are

'J 14 interested in a hydrogen burning case, they can do that.

15 Th a t is a user-selected option. Again the code keeps track

16 of the flammability of the mixture, and if you want the

17 hydrogen to burn it will burn. It will not burn unless it

18 is flammable though.

19 Going on to the containment failure mode, the

20 code does not calculate when the containment fails. It

21 requires an external calculation to specify failure

22 pressu.;e. If in any given calculation you reach that

23 f ailure pressure, the code will open the containment up with

.fm 24 a given hole size orifice coef ficient and release the( )
25 contents to thy atmosphere. i

i

(~%
\g/
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() 1 A couple of words about stea.m explosiens. There

2 is no expli:it modeling in MARCH of steam explosicas except

3 for the eff ects associated with steam explosions, again lik e

4 steam production, vapor production, what have you,

5 maintained as an energy balance.

6 DR. KERE: Y. r . Cybulskis?

7 DR. CYBULSKIS: Yes, sir.

8 DR. KERE: You spoke of handling the combustion

9 hydrogen if you decide you are going to call on that.

10 DR. CYBULSKIS: Yec, sir.

11 DR. KERE: That it won't burn unless it is

1:2 flammable. That is right. Do you also discuss hydrogen

13 generations in this code?
O

-14 DR. CYBULSKIS: Yes, within certain limits. In

15 the core meltdown area ve take into account the reaction of

16 the circonium cladding with the water, and there is a fairly

I'7 elaborate procedure. You have your choice of reaction rate

18 laws . 4'e calculate diffusion ir. he gaseous phase and in

19 the solid state and pick the lowest of the two. So we do

20 keep track of the reaction of the zirconium wi th the

21 cladding.

22 During the initial portions of the core through

23 t h e EGIL and the HEAD models we do not take into account any

() 24 reaction on steel with water that may be available.

25 DR. KEFR: Speaking to the zirconium, you have
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m
() I the reaction rates, and if the temperature gets high enough

2 you can burn hydro;en a t a great rate, which implies the

(^s 3 presence of a considerable amount of water and in fact about
L)

4 ten times as much as is burned, because the efficiency of

5 burning the steam is itself not 100 percent. You would have

6 the cooling effect of that water in the coolant?
,

7 DR. CYBULSKIS: Yes, we do have the cooling

8 effect of the steam. With regard to the reaction rate as

9 well.as the extent of reaction, one would typically see in

10 f a c t that the extent of reaction er the rate of reactice is

11 controlled by the availability of steam. It is not the

12 re ac tio n --

_
13 DR. KERE: Okay, it doesn't assume that the water

\# 14 appears magically?

15 DR. CY9ULSKZS: No, it is all continuously

16 coupled. The ficw of steam through the core in fact is

l'7 tracked undebatably, and that more often than not controls

18 the extent of reaction.

19 DR. KERR Well, I have seen some assumptions

20 where the cooling of the water was not allowed for or its

21 availability was magical. That woull not have been a MARCH

22 code calculation then?

23 DR. CYBULSKIS: That would not have been. If it

O)( 24 wa s , it wasn't used correctly.

25 DR. SHEWXON: Carson, let me proceed that. The

O
.% J

. . , .
.
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(~)
(_) I water you are talking about is steam f rom vnst is boiling

2 inside the pressure vessel er are we talkin; about core

/~} 3 spray at this period -- containment spray at this point?
'
,

4 DR. MAEX: !t is water which would have to be

5 provided in order to give the substance of a hydrogen-metal

6 reaction.

7 DR. SHEWP.ON: Okay, so that is inside the

8 pressure vessel?

9 DE. MARKS !nside the pressure vessel, inside

10 the core channels. And you have all seen this calculation

11 of hydrogen generstion in which th e water was just provided

12 ou t of thin air to burn as fast as it could burn.

13 DR. SHEWMON: Ckay, but the hydrogen will burn

0 7
14 in the containment?

15 DR. MARKS No, that is not hydrogen burning. It

16 is hydrogen generation.

17 - DR. SHEUMON: Gkay, but he was talking -- all
e

18 righ t , let ne ask a different question then. Is there any

19 option to discuss the h ydrogen combustion in the containment

20 with the core sprays on and off -- sorry, the containment

21 sprays on and off?

22 DR. CYBULSKIS Yes, certainly. Whether the
,

23 containment sprays are on and off, that does not really

~( 24 af f ect that option, as a matter of fact, which is typically

25 seen . If the containment sprays are on, the atmosphere will

.Ov
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( )- 1 tend to be more flanmable than with them off, if mere
,.

2 flammable is the proper expression.

3 DR. SHEW ON: Sorry. You are saying it is
)

4 easier to burn hydrogen in the presence of a steam droplet

5 or water droplete than it is without?

6 DR. CYBULSKIS: Steam can act as a suppressant.'

7 Given enough steam in the containment atmosphere the steam

8 acts as a suppressant to hydrogen burning. You move out of

9 the flammability limit. With the containment sprays on, if

10 they are in fact cooled, tney condense the steam and you are

11 basically down to an air-hydrogen mixture with a small

12 partial pressure of steam.

13 DR. SHEWMON: No, you are down to an

.Q
,

1-4 air-hydrogen mixture with a suspension of water droplets,

15 which will tend to quench any flame.

16 D3. CYBULSKISs In these particular

17 calculations , if there is a quenching effect due to the

18 water in terms of eliminatino flamnability, that is not

19 taken into account. The hea t transfer effect of the water
i

20 droplets, once the turning takes place, is taken into
i

:

21 account. |

22 DR. SHEWMON: I am not sure what you just said.1 !

23 DR. CYBULSKIS: What.I said is that given any --

(^s(s) 24 DR. SHEWMONs If I have a suspension of water

25 droplets and the burning front comes through that will tend

'

r~%
Q.
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1 to evaporate the droniets and slow down the burn, as I

2 understand it, or cool the burn.

3 DR. CYBULSKIS4 Well, it will cool the burn. I()
4 don't know whether it will slow it down. As a matter of

5 fact, recently I heard a discussion of water droplets

S speeded up the propagation of a burn front. But the cooling

7 effect is there.

8 DR. SHEWMON: Ic in the code?

9 DR. CY3ULSKISs Yes.

10 Let me again allude to the fissien product

11 transport which we handle with the CORFAL code. % ARCH does

12 no t calculate the fission product trancport problem. MARCH

13 provides the essential input that is needed for that

O 14 problem, including determining whether there are released

15 emissions in the containment, and defines the time dependent

16 leak age rate out of the containment, which are all needed to

17 define that problem.

18 Let me just go on a moment, indicate how we use

19 M ARCH and its companion code or what has become the

20 companion code, CO3R AL. We can start out with input

21 accident deformation, physical description, what have you.

22 We go through M ARCH with all its various subroutines, and

23 MARCH will calculate the thermohydraulics conditions,

) 24 acciden t event times and give you the basis for calculating

25 the containment failure node.

A
V

. .
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r~)(_ 1 We take these two branches, if you will. We

2 feed them through a data processing code and feed thent into

r^T 3 the COREAL code and then CO?EAL takes the h AECH up and
()

4 calculates the release to the environment.

5 There is one other step that I could have shown

6 that I didn't. Of course you can take the release to tts

7 environment as well as some of the HAECH inputs and feed

8 them into a consequence coic such as COERAL II, translate

9 the results into property damage or fatalities or whatever

10 measure of effects you want.

11 Before I get into some specific examples of

12 M ARCH calcula tions ,,let me just use an idealized picture of

13 w ha t we are talking about. A convenisat way to represent

O 1-4 results for meltdown calculations, a convenient framework,

15 is a pressure and temperature history in the containment

16 which is usually closely coupled to the events that h e. p p e n .

17 In this particular idealized diagram you are

18 boiling off the steam generators in this tineframe, uncovery .

t

19 of the core takes place here -- I am sorry, the lifting of

'
20 the pressurizer, release all takes place here, and you start

21 dumping steam into the containment. The pressure goes up,

22 the core is uncovered at this point. As you start uncovering

23 the core the rate of steam -input to the containment goes

() 24 down . The core is fully uncovered, slumps into the bottom

25 HE AD of the reactor vessel at this point. There is an

(

.,
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') 1 arrest in the pressure while the core melts through the\_
2 botte." HEAD. At this point here the core is =citen through

'") 3 the bottom HEAD to release trisary syscam steam to the/

(_/
4 containment. You interact with acute core debris in the

5 reactor. They accumulate the water. You get a high

6 pressure spike. In this particular case, the containment

7 fails to depressurize.

8 Somewhat cf an idealized diagram as a lead-in to

9 some of the specific calculations.

10 The calculations I am about to show are related

11 to our recent exercises for the Indian Point / Zion study, and

12 many of the people in the audience have seen these things

13 quite a few times. This is a TP.LB sequence based on Indian
7_sU 14 Point-3 reactor, loss of power conversion system, 1 css of

15 all hea t removal, loss of electric power. Leads to -- I

16 w o n ' t read off the numbers in terms of the timing of the

l'7 e v e n t . Again, start dunping steam to the containment. The

18 pressure goes up. Core uncovers. A low arrest in pressure
,

19 At this point here all the bad things happen. The head of

20 the reactor vessel f ails, and there are two key things that

21 happen.

22 One, as the head fails, and in this calculation

23 it is assumed to fail in a catastrophic way, meaning the

(~\
(/ 24 very large opening in the bottom HEAD. Felease the primary

25 system steau -- let me back up for a moment. Throughout

_O'
-%)
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() I this sequence the primary system is a t the relea se

2 offsetting and the boiling off the water inventory, high

3 pressure.

4 At this point you release the steam in the

5 primary system. You get an increment of pressure up to

6 about here. As the pressura in the primary system drops the

7 accumulators discharge. The accumula tors have not been able

8 to discharge up to this point because the primary system

9 pressure was high.

10 If you make the assumption that the accumulator

11 discharge leads to some kind of a fragmentation interaction

12 with the core debris, you can predict capid steam

13 generation, which takes the pressure way up --

O 14 DR. SHEWP.ON: How rapid is rapid?

15 DR. CYBULSKIS: In this particular calculation I

16 f orget the exact number, but the evaporation of the water

17 takes place over a number of seconds, like 5 to 10 seconds,

18 I assume.

19 DR. SHEWh0Na So you are saying in seconds the

20 co r e , the entire core no doubt, gets the water, 'amediately.

1

21 breaks up into small particles, and you then worry about

22 trar sferring the heat f ror. *.he small pa rticles?

23 DR. CYBULSKIS& Have you ever done anything to

() 24 t r y to make this more realistic? If people really got to

25 where they thought they were coing to put vented centainment

f)
Ad
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p)_(_ 1 on things and believe this code?

2 DR. CY9ULSKIS4 As I made the ecmment to a

3 question earlier, I would not treat XAFCH as a design code.
V(~'s

4 I wouldn 't design a mitiga ting system strictly on the basis

5 of MARCH results. There ara too many approximations in

6 there. I think it can be indicative of the types of

7 problems yoJ can run into.

8 Obviously, as you -- within the context of MARCH

9 you do make the assumption that the entire core fragments.

10 In this particular case the fracments are very small, though
.

11 the size of the fragments is not quite as important as you

12 might think.

13 DR. KERE: I have indeed heard you say you

i ]
14 wouldn 't use MARCH as a design code. Have you worked cut a

15 system to prevant other people using it that way?

16 (laughter.)

I'7 DR. CYBULSKIS: That is not within our control

18 obviously. The only taing they can do is stash it.

19 Let me just cross out the alternate care, if I

20 can overlay this. Of course, if you don ' t get this

21 frsamentation event, the situation is much more benign, and

22 the pressure only goes up to about here, and then again it
,

23 clim bs back u p to essentially the same level over a longer

24 perio . of time, and the difference, which in this is the

25 interaction of water with the core deb ris.

).

u
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(~\
(_) 1 DR. STRATTON: Is this interaction an input that

2 you can control if you have a specification -- --

3 DR. CYBULSKIS: Yes, you can either interact or
)

4 not interact, end if you suppress the interaction, then the

5 code assumes that the core debris will-fall to the bottom

6 cavity essentially in the slab, a monolithic form, and the
l'

7 heat transfers to any overlaying water as controlled by

8 rad.*ation and film boilinc, and that is why you still get

9 the relatively slow p, Jre rise.

10 DR. STRATTON: So the code can be used to at

11 least identify certain problems at certain points in the

12 seque nce, and then if there is something alarming or

13 suspicious, then you can examine the specific substance in
_

" 14 M A RC H --

15 DR. CYBULSKIS: In greater detail. Precisely,

16 or specific points could be examined in grea ter detail in

l'7 separate calculations. I think that is an excellent way of

18 putting i t.

19 I always seem to start out with bad

20 calculations. In the last calculation the pressure spike

21 was due to, I think, rapid steam production. And the

22 atmosphere was not flammable due to the high partial

23 pressure of steam. In this pa rticula r calcula tion the high

! ) 24 pressure- was due to a combination of hydre;2n burning and
.

25 rapid production of steam and again this happens to be a

/~T
i .)

i
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l('~T 1 large LCCA. .

,

2 Again, in the limiting case, you can get to very

3 high pressures. If you eliminate the hydrogen turnoff from-

4 this particular seguence, you take out the pressure spike

5 (inaudible)

6 DR. SHEW 20Na All right, could you tell me what

7 coolant is Joing on in the system during the scenario? Are

8 the containment spra ys opera ting ?

9 DR. CYBULSKIS: In the 1. st seguence, as well as

10 this sequence, there is no containment sprays operating.

11 Loss of electrical power, so they are not available.

12 From my point of view these are limiting

13 sequences. Sequence AB is a large LCCA with complete loss
A
\l 14 of electric power by definition.

15 DR. SHSWMON: So you are telling us that -- okay.

16 DR. CYBULSKIS: These --

I'7 DR. SHEWMON: -- -- system with water and hot

18 metal we have got problems?

19 DR. CYBULSKIS: Basically, that is a very

20 simplified way of putting it, and what MAECE does is go

21_ t h r o ugh the arithmetic and show how bad the problem is. But

22 certainly that, you don't really need a f ancy calcula tion if

23 th a t is the right word, to tell you that you have a problem.

[
(_)\ 24, DR. LSE: Can I infer from the comparison of the

25 two figures transference (inaudible) that somehow for the

On
- k./
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() 1 DJrpose of liniting all the pressurination in the

2 containcent you had rather not use accumulated water?

3 DR. CY2ULSKIS: I did not make that statement,Oa
4 and I personally would not make th a t assumption. The

5 calculation tries to follow the behavior of the system as

6 realistically as it can, given the initial definition of the

7 sequence.

8 In the previous case the saquence was a

9 transient in which the, without any heat removal, and in

10 f a ct , given that type of sequence you would boil off the

11 primary system inventory through the relief valves. And the

12 accumula tors would not be able to discharge. And if you

13 vill f ollow that sequence logically to its conclusion, what

(~)/\- 14 happens is that when the primary system fails the pressure

|
15 drops, the accunulators would discharge. And if you

16 discharge the core out of the primary systen at high

I'7 pressure and follow it by accumulator water at high

18 pressure, one has to recognize at least some possibility of

19 interaction between the two.

20 If you take what might be considered a limiting

21 case interaction, you get very high pressure.

22 DR. SIEGLE: Cocid I ask a question on a couple

23 of your charts?

( )' 24 DR. CYEULSKIS: Certainly.

25 DR. SIEGLE 4 On your case one, without hotdrop,

* ':

.
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O ' detweea etert1=c un eae core e1u=> 7 u aeve et=ut 3

2 minutes. Then on the next one, the gamma base case between

3' core melt, between starting up and core slump you have about
.

4 15 minutes. What specifically needs that factor of two

5 difference?

6 DR. CYBULSKISs In the first case, in ?-prime

7 sequence, the core is entirely covered with water,

8 completely coverei, and you have to boil off all the water

9 effectively to get to conplete core melting. In the

10 AR-gamma sequence it is a large LOCA sequence where you have

11 blowdown, excuse me, blown down the primary system inventory

12 to the containment. You have also lost some of the
!

13 accumulator water to the containment so the core is only

i 14 pa rtially covered at the start of the boil calculation.
1

15 So the major dif f erence then is the amount of'

16 wa te r . tha t you have to evaporate before you melt the core.

17

18

19

20

'

21 ;

22

23

O |24

- a

ba
!

'

ALDERSON REPORTING COMPANY, INC.

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



NRC-CALIF
7-2-80 $},, ,

Connolly
Tcpa 3 1 DR. CYBULSKIS: Let me go on quickly to again run

o/\
2 through some calculations. In this particular case I'm talking''

3 about as S2D sequence in the nomenclature of +w safety study.a

O
\# 4 S2D is an initiating event which is a small break. B is failure

e 5 of the emergency core pooling system in the injection mode. The
h
j 6 containment safeguards are operating in this particular case.
R
6 7 And the specific calculation that was done and the containments
M
j 8 considered were the containment coolers. The sprays were not'
d
C 9
z,

included, and the reason why the sprays were not included was

o
g 10 because in the initial phases of the accident, the containment
i
j 11 pressure was extremely low, and the containment sprays were not

g 12 be required. The coolers are more than adequate to take care of

/~') 3
(_/ g 13 it until things get bad.

m

| 14 I don' t have the numbers printed on here, but I believe
$
2 15 the core starts to uncover somewhere in this phase. It's probably
$
j 16 done (inaudible) at the bottom head at this point. Again, the
M

d 17 head fails, and you get a high pressure peak. In this particular
$

{ IS case.again the high pressure peak is a combination of hydrogen
C

19 burning as well as the discharge of the accumulator water.

20 DR. OKRENT: Excuse me. Do you have an indication some-

21 where of when the hydrogen gets into the containment for this

() 22 event?

23 ; DR. CYBULKSKIS: We do have an indication. I do not

_( ) 24 have that in the transparencies. In the transients and the small

25 breaks typically some of the hydrogen is re1 eased to the

| ALDERSON REPORTING COMPANY, INC.
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containment during the course of the meltdown. The majority ofj

O the hydrogen tends to be held up in the primary system until the2

failure f the vessel head when you discharge essentially out of
3

O the primary system inventory into the containment. That is a4

typical scenario for the small breaks and transients.

3

} In a large break the hydrogen tends to be released to6.o

h the containment a little sooner.
" I

Aga n, ver ad dese tMngs -- de &st one is8

j the worst combination. You have both the burning as well as the9
z'

h 10
steam reduction. In the second case if you eliminate the burning

z
j g first, the pressure is somewhere close to the design pressure.
<
3
6 12 If y u just go en and just look, this is the converse
3

O ! i3
' """" " "" ***r '^ri"ti " ' it- " i=i""'a '"e "te"= or *" ** "

=
and look at the burning only. Again t.he pressure is up in the 80E 14w

psi level. Instead of 60 it's up to 80, but it's not anywhere15
u

f. 16
near as high as the combination of the two effects.

E
us

j7 Let me go on to the next case which is kind of inter-

esting. Let's look at it singly. If you assume a small particle

k size for fragmentation, hydrogen burning Tnd the pressure due to39
R

20 steam production tend to reinforce each other. If you assume a

21 very large size for fragmentation, and if you have a large size

O 22 f r fragmentation and if you have containment safeguards operating,
a

23 as in this particular case, what you see is a separation between

the two effects./7. 24
%)

'

25 This is a first peak due to the hydrogen burning which

l
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1
in itself isn't a factor, but due to the large particle size for

O
(_j 2 fragmentation assumed in this calculation, it takes some time to

3 develop to steam generation; so that by the time the peak due to

r~
' _). 4 the steam generation comes along, the hydrogen peak has already(

*

e 5 Passed.
A
N

d 6 So it does make a difference on the types of assumptions
e

7 that you make. And let me just go on to the last slide.

A
8 8 DR. OKRENT: Could I ask one more question on the
N

d
d 9 hydrogen --
z

h 10 DR. CYBULSKIS: Yes.

E
5 11 DR. OKRENT: -- Release to the containment for the
$
d 12 small break or the transient. Do you reach flammability limits
3-

(]) E 13 in the containment prior to the point where you calculate that
s'

E 14 the molten core goes through the bottom head?
w
$
2 15 DR. CYBULSKIS: That's an excellent question. In the

$
j 16 transients, the particular transient that I presented, specifically
A

d 17 you in fact don' t have enough hydrogen in the containment prior

s
$ 18 to the failure of the bottom head of the reactor vessel. When

5; 19 you release the steam as well as the hydrogen, then again it
M

20 wasn't flammable because of the high partial pressure of steam.

21 In the small break locus you may or may not reach a

(~') 22 flammable mixture before you go through the bottom head. It will
, s-

1

23 I depend on sequence and the spec'ific things that are going on.
d

i

24 We typically in the types of calculations that we do don't know{}
| 25 | when the hydrogen will burn. We have typically assumed that the

| \ \
4'

;

| I
'
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1
failure of the bottom head and the falling of the hot debris on

/~T
(_j 2 the concrete in the cavity is the most convenient or perhaps the

3 most likely ignition point for the hydrogen. It tends to emphasize

() the burning or make the burning worse because at what time you have4

e 5 a lot of hydrogen in the containment.
3
N

N 6 If you make the assumption that the hydrogen burns as
e

7 soon as it reaches a flammable composition, you have a tendencey

A
8 8 to stretch out the burning and have much lower peak pressures as
a
d
d 9 a result.
i

$ 10 Does that address the question adequately?

E_

5 11 DR. OKRENT: For now, yes. I'd be interested at some
<
a
d 12 future time in seeing what the calculated curves of the hydrogen
E
m

(]) j 13 release are, but no rush, not today.
m

E 14 DR. CYBULSKIS: The last curve, just for illustration,
d
k
2 15 it's all part of this S2D sequence. I pointed out that in this

s
.- 16 particular area here the coolers are operating, and the pressures

a
W

g 17 are very low. For the purposes of the calculation we turn now

$
$ 18 to coolers at this point here to see what effect the coolers have

5
E 19 on the peak pressure that one et culates.
A

20 And in terms of these real bad situations, we see that

21 the coolers have essentially no or very little effect on the

'

(N 22 pressure spikes that you would reach in an event like this. Of
%-) ,

23 | course, they,have (inaudible) f actor in the tail. |
.

1

's 24 DR. MARK: Could I ask in this case or one of these
(V

25 ' cases where you do have hydrogen burn after the failure of that
t

I
i
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; baseplate, is the hydrogen generation then calculated by boil?

n
(_) 2 DR. CYBULSKIS: Yes.

3 DR. MARK: So that as the melting proceeding, there was

() 4 hydrogen being formed.

e 5 DR. CYBULSKIS: Yes.
3
N

$ 6 DR. MARK: And there was water being supplied in a

7 sufficient rate for that much hydrogen to be formed. Does this

%j 8 have anything to do with a likely supply of water? I mean, if

d
d 9 you boiled the core off, then you don't get any hydrogen unless
z
$ 10 you have some water coming in.
E

11 DR. CYBULSKIS: Well, the two effects are simultaneous

3
d 12 to a great extent.~ As the water level in the core drops, it
z
E

13 generates steam. The reason why it's dropping is because you're(])
$ 14 generating steam and not making it up.
6
k
2 15 The steam rises up through the core as portions of the

$
16 core get hot. The steam reacts with the zirconium and goes off'

3 is

^
|

b' 17 | es hydrogen. So they're simultaneous effects, if you will.

18 | Now, a point I might mention that is perhaps germane5

5
{ 19 to this question or comment you raised, if you use our meltdown
n

20 model C, which is the model where we assume that the molten nodes
i

21 drop.immediately to the bottom head of the reactor vessel as soon

(w) 22 as they melt, no holdup on the rods, no holdup on structures or
x_-

23 anything. What we would calculate is that as the nodes drop into

(g 24 the head, they generate more steam. The steam rushes up past

V
25 ' the core, and.you evaporate all the water in the bottom head

i

|
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before you get significant heatup of the core, before you getj

() extensive amounts of metal-water reaction. In those cases you2

3 w uld in fact run out of available water, and you would predict

less metal-water reactions.4

e 5 That was the last of my prepared remarks. I would be

$
8 6 happy to entertain any questions.
e

DR. KERR: Other questions?7
,

! 8 Mr. Shewmon.
n

N DR. SHEWMON: Tell me, this very sharp pressure spike9
i

h 10 that I see in the last three slides is due to steam generation?

E
DR. CYBULSKIS: In the S2D sequences?g jj

$
d 12 DR. SHEWMON: Yes.
5

({} $ DR. CYBULSKIS : It's steam generation and hydrogen13
m

$ 14 burning for the very high pressures, and then there are variations
a
$
2 15 where I eliminated one or the other.

$
.- 16 DR. SHEWMON: The original sharp drop then is due to
3
W

6 17 what?
w
x
$ 18 DR. CYBULSKIS: In the base case calculation, the sharp |
= |

5 '

19 drop is due to the fact that you do have the coolers on in this
X

20 sequence.
!

21 DR. SHEWMON: And what is the width of this spike, the

~T 22 . first vertical line segment there?
(%J |

23 i DR. CYBULSKIS: I don't recall the exact numbers. It's

-

24 of the order of seconds of fractions of minutes. For the purposes

1

25 of containment loading it's a quasi-static pressure load. -

ALDERSON REPORTING COMPANY, INC. j
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I DR. SHEWMON: I guess I'm trying to decide what it is

O 2 that drops the pressure within seconds over a matter of 25 percent.

3 DR. CYBULSKIS: In the case -- well, again, in this

(" ,

4 particular case you nave the coolers on and the capability of the'

5g coolers is more than adequate to quench this thing if it's stretched
9

3 6 out in time. The problem comes in --
A |

b 7 DR. SdEWMON: So there are fans which bring the air past
Aj 8 coolers, and you're saying it will cool this, they are so vehement
d
o; 9 in their cooling that this will bring temperature down that far

;z
o i

g 10 in seconds?
E |

$ II DR. CYBULSKIS: In seconds. It's probably not seconds;
3

I I2 it's minutes. Of course, the temperature is very high in hydrogen
EOa 135 burning cases, so you have an extremely large delta T to work with
=

| 14 in the cooler.
$j 15 DR. SHEWMON: Docs your containment fail in the code
x

E I6 under these calculations? l
'w

h
I7 DR. CYBULSKIS: In these particular calculations there

z
5 18 is no -- the containment did not fail whether we were doing this
P

"g 19 following the pressure response, assuming that the containment
n

20 is intact.

2I DR. SHEWMON: So if indeed then the generation of

22.i ) this steam or the dropping of the core into the water below took

23 to the order of minutes or whatever the relevant period is here,

24
([-]) then the spike would be dropped back down by this 30 percent that

,

25 I am looking at, is that right?

i ALDERSON REPORTING COMPANY,INC.
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I DR. CYBULSKIS: Yes.

s> 2 DR. SHEWMON: Okay. Could you tell me what determines

3 the fact that in a hundred minutes -- is this a hundred minutes

() 4 from the rods in?

5 DR. CYBULSKIS: All these accidents start -- time zero

j 6 would be the time of the initiating event in all these calculations .

R
b 7 DR. SHEWMON: And the initiating event is the SCRAM plus -

A

[ 8 DR. CYBULSKIS: Is a SCRAM plus a break in the system.
d
; 9 DR. SHEWMON: Okay. And at that time then we lose any

z
O
g 10 ability to put any water into the core, is that right?
E

$ II DR. CYBULSKIS: By definition of the sequence you have
a

Y I2 lost the ability to put water in the core.
=

() 13 DR. SHEWMON: Okay,

h I4 DR. KERR: Other questions?
$j 15 Mr. Lee.
m

j 16 MR. LEE: I have some comparisons of' MARCH calculations
A

h I7 | with TMI-2 data, and I thought they were quite good considering,z

{ 18 as you indicated, there are approximations inherent in the MARCH
c
8 I9g model; but I thought that calculation perhapc had to use some
n

20 adjustment or the selection of certain parameters.

2I DR. CYBULSKIS: Yes. If you are referring to the

22() report that we put out for the Rogovin inquiry, there was a

23 ' substantial amount of adjustment, if you will, of parameters to

24(]] get the agreement. We knew certain things that were -- to use

25 ' Mr. Thomas' words, there were certain observables that we could,

ALDERSON REPORTING COMPANY, INC. ,
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j benefit from in that particular case. There is no way that we

() could have predicted a priori or without any adjustable parameters2

3 what happened.

(f 4 DR. LEE: Have any attempts been made to compare these

e 5 components of the MARCH code or MARCH model against some experi-

h
8 6 mental data?
e

DR. CYBULSKIS: Of course, that's one of the key aspects7
-

E 8 that is missing in the core meltdown area. Of course, there is
n
d
d 9 no experimental data. In the development ~of the MARCH code we
i

h 10 have compared components, say the large loca-type blowdown calcu-

E
5 11 lations, the peak pressures that we calculate in the containment,
<
w
d 12 with other codes like CONTEMPT. We have calculated our heat sink
3

('^ ) 13 subroutines against exact solutions where they are known.'

x

E 14 We are in the process now of comparing parts of the
du
! 15 MARCH code with corresponding codes that are being developed in

5
.- 16 Germany. They have a similar approach to what they're using, and

B
W

6 17 j that comparison is in progess and hopefully will continue.

5
5 18 DR. KERR: Mr. Stratton. l

I=

19 DR. STRATTON: Mr. Lee covered certainly part.of my ,

R 1

20 question. I note that the MARCH code is a collection of -- in j

l

21 Part a collection of subroutines, some of which look to be

22 pretty significant. If we should wish to examine one of these
b''N

23 , or several of these for our own satisfaction or because Mr. Kerr
!

!

' (~) 24 might ask us to judge them, could you furnish Mr. Quittschreiber |
%) |

25 ; with a letter that would just list the references for each of |
\ |
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j these is described and where each has bcen tested against some

() physical experiment?2

DR. CYBULSKIS: The MARCH code is in the process of3

() being documented presently. Our commitments to the Nuclear Regu-4

e 5 latory Commission call for the MARCH documentation to be completed
M
N

8 6 Prior to the end of the fiscal year. That document would, of
e

7 course, be the prime starting point for anyone who would wish to
,

E 8 examine the code.
N

N 9 DR. STRATTON: Very good. Thank you.
i

h 10 DR. KERR: Mr. Thomas.

E

g 11 DR. THOMAS: I have a couple of questions.

3
6 12 The BOIL code originally was a quasi-static calculation;
E

(]) 13 that is, temperatures in the steam region, temperatures in the

E 14 cladding are dependent strictly on level, not how you reach that
w
b
! 15 level. Has that been improved in the MARCH code?

$
. 16 DR. CYBULSKIS: I'm not sure to which version of the
3
A

g 17 BOIL code you are referring. The temperatures in the steam are

Y
$ 18 calculated as a function of flow rate through the rod which in

2d

h
19 itself is calculated, and as a function of what's happening.

E
M

20 The steam can cool the rods or vice-versa. The rods can cool

21 the steam depending on the relative --

;

/'T 22 DR. THOMAS: That is not my point. The MARCH or the
^

(./

23 ; BOIL code when I have worked with it is a quasi static solution;

24||
that is, the temperatures above the water level are dependent(-

%s

25 ' only upon the water level, and the resulting steam produced at that
!
I
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water level. They are not dependent on how you reach that level.

(]}) They are not dependent on prior history.

DR. KERR: Mr. Thomas, if you want to go into details,

(~T we are behind schedule, and I would appreciate it if you could(/ 4

maybe get together with Mr. Cybulskis.

A

} DR. THOMAS: Okay. I would like to question your state-
o

ment or realism. You said you use realistic methods of trying to
7

^3 calculate the events like in TMLB'.
g 8

4 DR. CYBULSKIS: As realistic as we can. There are: 9
i

bviously limitations. As realistic and as self-consistent ask 0
E
E we can.
p 11

". DR. THOMAS: Okay.c 12
E
3 DR. CYBULSKIS: Given the definition of a C-flex (?) --

13g
m

this is somewhat --p j4
d
'

DR. KERR: We all recognize the limitations on " realistic8

2 15
,

w
*

I think..

. 16j

Are there other questions?
b. 17
w
5 Mr. Shewmon.
w 18
.

E DR. SHEWMON: As the keeper of this code you're probably
399

5
m re familiar than many of - us with what sorts of things lead to20

the problems of concern to us here in class 9 accidents. If you
21

were 1 king for ways to mitigate the occurrence of a containment7T 22
\_/

rupture, what avenues do you think would be most fruitful to23
,

r]) 24 pursue?

\a.
DR. CYBULSKIS: I'm not sure I fully understood your25

ALDERSON REPORTING COMPANY. INC.
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question.

]v DR. SHEWMON: The problem of concern that this code
2

addresses itself to is when there is substantial fission product

release. Our problem is to try to generate regulations or research

t o support those regulations which woul.d reduce the risk to the

M
public from this kind of an accident."

@ 6

{ My question is if you were involved in trying to formulate
" I

E that or look for ways to reduce that risk, what do you think are
g 8

4 the most crucial avenues?
c 9

! DR. CYBULSKIS: I keep hearing the words " reduce the
[ 10
z
E risk," particularly in the case of say the Indian Point / Zion

11g
3 study in which I've been involved. I have not heard any words as
c. 12
3
S to how much one desires that risk to be reduced, and I think that'sOs i3

1~
'

g kind of an integral question.
w

h DR. SHEWMON: Let me start with an order of magnitude.
I 15
w
* I'm certainly not interested in anything less than that..

. 16j
d DR. CYBULSKIS: I think the types of things you would
b. 17 ;

'w

g do in a design basis would depend on the particular design you are

=
# considering. Some designs may be more amenable than others in

j9

R
terms of reduction of risk.

20

But obviously, the primary thing that controls risk to

the public is early containment failure, early in relation to ;22

the coremelt process. And if you re trying in fact to reduce the |

23 ,

t
risk to the public, you would want to do something that in any

24
%./ ,

_given accident -- I'm sorry -- in any given design would reduce
25
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the probability of that early containment failure given the

/~)'
coremelt accident. In some cases that may be vented containment.( 2

I'm not sure though. There may be limitations to what you can do

r~ with vented containment. I don't think it's a fruitful idea.(,T) 4
,

In other designs there may be very little that you can

b
j do given, again, the starting point that you have an accident that
e

f is going involved.
2 7

E DR. SHEWMON: Thank you.
5 0

9 DR. KERR: We now come to -- thank you very much, Mr.
9-

i
d Cybulskis -- Mr. Paddleford from Westinghouse.
g 10
z .

5 DR. PADDLEFORD: Thank you. I'm Don Paddleford from
XXXX $

[. the Westinghouse Nuclear Safety Department. This morning I want
3

g S to take about 15 minutes to describe some calculations that we
t) Q

did at the request of Dr. Stratton last August and September wheng 4
U

he was directing Kemeny Commission technical staff.*
2 15
w
* Next slide.
j 16
d

Basically he sent us a letter asking us to address --
b. 17
W

if we Could assist in addressing some questions on inadequate
-

E core cooling crea, and this slide shows the four particular areasj9

R
that he asked us to address.

20

The first was to look at the core, coolability of the
21 .

re in the vessel with no emergency cooling other than the22~

x_/
throttled makeup flow that was being provided at the time, and

23 :
asked us to take a look at what would happen in the transient if

c') 24
LJ

'

the block valve for the relief valve line did not be closed when
25 |
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it was.y

(3,) 2 Secondly, he asked us to look at the coolability of

3 the core in vessel as either a particle bed or as a molten pool,

() 4 assuming that the vessel was flooded externally all the way up

e 5 to the nozzles with water, and in che latter case suggested that

h
8 6 we go about it first looking at it as if the vessel was a ba.re
o

7 hemisphere cylinder, and then go back and take a look at what

8 conclusions we would draw with the actual insulation and structural
n

d
d 9 considerations.
i
S jo Finally, he asked us to take a look at the cooling one
E
5 11 a flooded reactor cavity floor as a debris bed.
$
d 12 And he gaves us about four weeks to work on these, so
3
a

{~)'N
d 13 we did these in parallel, and I guess there were areas where we
Q~

E 14 would have like to have put in more work.
w
b
! 15 First, for the case of coolability as a core, we didn't

Y
.- 16 do a full system model. We made use of an NSAC report that had
*
W

@ 17 come out about a month or two previous to his request to us which

5
5 18 showed -- provided a lot of information on the water level history'

=

b 19 was expected to be.
A

20 Basically we assumed the core was covered until approxi-

21 mately 100 minutes. The block valve was open and never closed.>

22 The RCS pumps were with no safety injection. The makeup flow we
}

23 , used we obtained from the NSAC report in discussions with Dr.

|
24 I Stratton. It was like 41 GPM of cold water which is like 10

-(S) |(_
25 percent or even less of what normal ECCS flow is, which is up in

ALDERSON REPORTING COMPANY,INC.
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the 500 GPM area.
3

(]) For the 41 GPM, this was cold water; we treated it as2

60 GPM saturated water up to the core inlet, based on the capa-3

() 4 bility of it quenching some steam that would either go through the

1e 5 ps or through the barrel check valves.
A
N

d 6 Okay. Oh, originally we thought that the water in this
e

skate and bleed (?) process might be able to cool the core several7

8 times between being injected and escaping through the relief

N valves, but we couldn' t justify this. We didn't have enough9
i

$ 10 inf rmation on the secondary systems, and there were questions
E
_

g jj about the possibility of the loop being blocked by hydrogen and
$
d 12 things, so we didn' t really look at that.

N

("j 2 13 Finally, we did a little looking at the pressures and
k 5

E 1,4 what we would think might happen over the next half an hour or
a
b
! 15 so, and we didn't think we could justify accumulator discharge,
5
m,- 16 so we didn' t account for that.

A

g- 37 Next slide shows some additional assumptions. In the
B

E 18 water double transient we used the Gay-Boyd fraction. for coming
=
5

39 up with mixture level, and we accounted for, at least during the
a
n

20 depressurization and the core uncovering phase, we accounted for

21 some steam flow from heat losses and boiling of the lower plenum.

(' 22 This slide shows the mixture level that we obtained
L)'

23 from the NSAC report. The actual transient is somewhere right

s 24 along in here. The block valve was closed out here. The reactor
s-) ;

25 ! coolant pump was started, and out here safety injection was turned
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back on. In our transient we just allowed the water level to
1

( )) continue boiling off and asytotically(?) approach the level where2

3 the core was covered like two to three feet. And the decay heat

(]) 4 in the submerged part of the' core was just matching the boiloff

e 5 energy of this makeup flow, and the steam generation rate which

$
8 6 was cooling the upper parts of the core decreased and dropped
e

7 down to about less than 30,000 pounds per hour.

8 The core model created a best estimate zirc-water

N reaction model. We used the Cathcart model from Oak Ridge, and9
i

$ 10 made one modification based on the observations of the PBS test
E
_

g gj that it looked like a substantial portion of cladding beyond
$
d 12 CHF test was being oxidized by the uranium on the inside rather
3
m

("> d 13 than the water on the outside. The rates appeared comparable.
A/ g ;

E 14 We' assumed that 40 percent of the clad would be oxidized
w
$
2 15 by the fuel on the inside, and this reaction is essentially energy-
M

k-
16 free compared to the zirc-water reactor.~

W

g 17 i We used melting points of 4900 degrees for both the

5
5 18 UO2 and zirc oxide. The model included radiation and convection
=

b 19 f steam. We used a best estimate TMI decay heat curve that
X

20 Los Alamos had provided the Kemeny Commission staff We included

21 a model for volatile escara as the fuel heated up based on one

rw 22 of the appendices of WASH-1400. It was like a linear model between
V

23 , 2500 degrees Farenheit and the melting point of uranium dioxide.
!

{~.J3
24 We used a single channel axial model, and the fuel rod

25 . we analyzed was the average rod in the hot assembly. The hot
!
t
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assembly had a peaking factor of about 1.49.

{; The results showed that the (inaudible) of the clad would

completely react and that we had an area near the top of the core

[] about eight-tenths of a foot in length where the temperatures --
v ,

actually the clad temperatures went above 4900 degrees, so the

5
zirc oxide would have melted. The fuel temperature lagged theg

e
'

$ clad temperature by approximately 200 degrees because of a gap.
t!. 7

At lower levels.the oxidation was occurring much slower, and we
8

j felt that the blockage of the assemblies due to that .8 feet of
9

i
gg clad length, that we did conclude would melt, would not have any
E
g jj

significant blockage effects. It was distributed over some lower,

$
cooler elevations.d a

3
3 This slide gives an indication of kind of the time

!
period where the zirc oxidation was taking place. It didn'tg g

d
really take very many minutes before we had the bulk of it, and

15

]s. g after approximately 20 or 25 minutes the reaction wasn't progressing
:
us

hardly at all.-

j7
:a

b 18
DR. SHEWMON: Could you reorient me on the amount of

E core uncovery on that draft?
39

R
DR. PADDLEFORD: This is the mixture level showing --20

DR. SHEWMON: Where's the' top of the core?21

DR. PADDLEFORD: Twelve foot.22

DR. SHEWMON: Okay. And the fueled section.is how23

! long?24
U

DR. PADDLEFORD: About twelve foot.25

I
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} DR. SHEWMON: Okay. So you're saying that the zirc

r's( ,) 2 oxide doesn't start to form until you get down to that three foot

3 level, and then it: forms very fast.

() 4 DR. PADDLEFORD: Right,'

e 5 DR. SHEWMON: Thank you.
A"
3 6 DR. PADDLEFORD : Okay.
e
R
$ 7 DR. LEE: Wa che effect of radiated heat transfer to

A
8 8 steam important in this analysis?
a
d
d 9 DR. PADDLEFORD: We included it. I'm not sure it was

$
$ 10 very important.
E
5 11 DR. LEE: Thank you.
$
d 12 DR. PADDLEFORD: The convection at these high tempera-
E
c

(') d 13 tures should have been very adequate. The coolant temperatures
gs-

E 14 or the steam temperatures at the top of the core were very close
w
b
! 15 to the clad temperatures.

$
.- 16 Okay. The second area we looked at was the water-cooled
3
W

6 17 particle bed in the bottom of the reactor vessel. Now, based on
-w

b 18 what we tient just through, if we had the 41 GPM or some kind of

5
0 19 an ECCS flow even throttled, wouldn't have expected the core to .

A

20 have gotten to that point. And if there was no flow, you couldn't

21 could a particle bed because it would be dry.

/N 22 So we just took a look at two cases. One was arbitrarily
-(_)

23 assumed that we did have a particle bed at a time like five hours
!

(~) 24 | in the lower vessel and that the 41 GPM makeup water was available.
(_/ !

25 We plugged into the Harding-Neilson particle bed correlation!
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1 to look at dryout, and we concluded based on our non-volatile

C,w) 2 decay heat and particle diameters of one millimeter and above,

3 even if we had a bed void fraction of as low as .3, we wouldn't

(]) 4 have dryout. But that assumes you have to have sufficient water

= 5 to remove all the heat by saturated boiling as a minimum. And
U

$ 6 with 41 GPM, you only have enough flow to cool 40 percent of the

G
g 7 core. So our conclusion was that you couldn't cool the bed at

sj 8 this time with the amount of water that was given to us as a

d
d 9 boundary condition until the bed had cooled and decayed for some-
i

h 10 thing like 38 hours.
E
5 11 The third area we looked at was a molten pool in the
$
6 12 vessel, and again we used the five-hour decay heat for the non-
3

13 volatiles, and that was like 65 percent of the total of five hours.(])
E 14 We assumed the external vessel surface was flooded up to the nozzles
x
$
2 15 and started off ignoring any structural impediments.
$

16 In this case what we were after was trying to come up*

g
w

g' 17 | with the heat flux from this melt to the vessel, through the

$ !

M 18 ' vessel, so that we could check and see whether we exceeded CHF

5"
19 on the outside of the vessel, also to check if part of the vessel

8
n

20 wall would melt, what would be the remaining thickness and was

21 there significant strength.

r3 22 We postulated several melt configurations, the main
V

23 ) significance of these being that if you pick a layered melt and

- 24 assume that your fission products are really tied up in the UO2
s- .

, 25| layer, you increase your heat flux to the vessel, and this was

I I
i
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g,.

the limiting configuration of those that we looked at. ;

'n This shows the fact that then as you get into, you'dV 2

have to just reach in with the volumetric heat source and freeze

the crust. It's fairly thin, and the heat transfer model that
a

we used was based on some calculations by Mayinger from Germany

3

} who indicated that if you have roughly equal wall temperatures,
e

hemispherical geometry, that you have the average heat flux into
7

A the hemisphere is like one and a half times the heat flux to the
j 8

9 upper surface. We used that.
9-

i" Secondly, we included in the vessel wall the contribution
@ 10
z
E from the frozen layer. And thirdly, Mayinger and some others'
q 11

". calculations and tests indicated that at the top corners of the
g 12
_

j melt you may have twice the -- because of the convection patternss
V E

~

you may have double the average heat flux into the hemisphere,
w

k so we counted that.
I 15
w
* What we came out with were heat fluxes like 135,000.

16g

average over the hemisphere, and maybe 280 or 290,000 up at those- g
w

g 18
top corners. Based on that, with the average heat flux there

_

k would be essentially no vessel surface melting. We'd be left
j9

R
with like 4.8 inches. And this is wrong. This is really the

20

layer case, the homegenized case. The remaining thicknesses were
21

6.8 and 3.4-inches.q 22
b

23 | The minimum thickness was 2.4 inches. And our conclusions

based on some simple hoop stress analysis, looking at the temperatug
24O,s

" gradient through the wall, was that not only could we carry the
25 j

|

ALDERSON REPORTING COMPANY. INC.



__ _ _ _ -_-____

cc 21
-

81. . . .

1 weight of the melt, but the 700 psi that was in the vessel at

() 2 the time when the analysis that we were looking at started.

3 DR. PLESSET: Did Mayinger consider any motion in these

() 4 layers? Did he assume they were static?

e 5 DR. PADDLEFORD: No. They were convection patterns
h
8 6 established.
o

R
$ 7 DR. PLESSET: Oh, he did take that into account, and

n
8 8 did he think that there was overall stability in the pattern?
a
d
d 9 DR. PADDLEFORD: I believe so. Yes, they were calculated
i
c
$ 10 as stable patterns.
E

| 11 All right. Then back to part B of this was what happens
3
4 12 if you don't have a bare vessel? Well, the first thing we did was
3
o

(') 13 contact Metropolitan Edison and Babcock and Wilcox and got some
v

| 14 information from them about what the arrangements for the insula-

$
2 15 tion and vessel support were.
$

16 The vessel is supported by a cylindrical ring that has
*

g
w

i 17 in it 12 like 9-inch holes. Insulation sits off the bottom of
$
$ 18 the vessel about two or three inches, and even though there are

5
{ 19 some clearances around the penetrations and so forth, some discus-
M

20 sion with the people at the site indicated that they made a good

21 effort to try to block those; so our conclusion was that with

<- 22 the insulation in place, there would be very little chance for
(,3/

23 | leakage to cool the vessel.
,

24 | Secondly, we postulated what would happen if the vessel,em,
\> !

25 | wasn't there, if it would blow away from steam generation or

,
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something like that. We were left with the problem up here, this

/~T zone up here would steam blanket, and we couldn't include the
(/ 2

vertical conduction through the vessel's field would be adequate

(''} to prevent failure if we had a melt that went above the top of
ss 4

these holes.
m 5

We did feel that without the ins'ulation present that
] 6

6 you could contain melt in the vessel up to about the top of tnose
6 I

holes or maybe a little above, which would correspond to maybe

4 10 to 15 percent of the core.
o 9

N The last area we looked at was the debris bed in the
6 10
s
g containment floor. Here we assumed the whole reactor, the whole
p 11

core particulated and was in the cavity. The cavity at TMI has
g. 12
_

S a cross-sectional area of 200 square feet.

C:) =
'

~

Next slide.
E 14
#
E These calculations indicated that with one millimeter
r 15
w

]. particles the core, the full core would be coolable even with
3
# a void fracuion of .35, and with higher void fractions it could
b. 17
w

b 18
even be coolable with smaller particles at the 200 square foot

.

( 39
cross-sectional area, five-hour decay heat and a void fraction be-

5
tween .4 and .5, you would conclude that you could cool for

20 _

particles down in the 500 and 600 micron diameter range.g

DR. SHEWMON: Do particles usually pack that closely
22(')s_e
23j in su h cooled beds, or have experiments of this sort, measurements

!

been done?
fs 24
's's) DR. PADDLEFORD: I asked Bob Henry what he had seen

25
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1 regarding information where a particle bed had formed from a quench ,

(') 2 okay, and he thought that they were up in the 400 to 500 -- 40 to 5 3

3 percent range.

() 4 DR. SHEWMON: That's void or solid?

e 5 DR. PADDLEFORD: Void.
An
8 6 In conclusion, we felt that the reactor as designed,
e
R
g 7 even with much lower than the normal ECCS flow required to meet

3j 8 Appendix K, could provide coolability even though you would have

d
d 9 substantial clad oxidation; felt that major core damage had
i

h 10 occurred by the tune tne block valve was opened. We didn't think
E
5 11 that leaving the block valve open a little bit longer would have
$
d 12 led to that much additional damage based on the calculations that
z
=

(^T 3 13 we made; and we didn't calculate any fuel melting. For.that
s/ j

j 14 transient we did have something like one root of clad melt.

$
2 15 That's all I have.
$
g 16 DR. KERR: Thank you, Mr. Paddleford.
W
p 17 Are there questions? There being none, I declare a
$
$ 18 15-minute break.
=

cnd tp 3 19 (Brief recess.)
n

20 DR. KERR: We will now hear from Mr. Peoples concerning

21 a number of things.

(~s., 22 MR. PEOP LES : Members of the ACRS Subcommittee and ladies
V

23 and gentlemen, my name is Lou Peoples. I'm with Commonwealth
!

- 24 | Edison Company, and I'm here today representing Commonwealthf3
L) |

25 Edison, Consolidated Edison, and the Power Authority of the State
i

i
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of New York as owner-operators of Zion and Indian Point nuclear
1

(]) stations.

We were thrust into consideration of Class 9 accidents
3

^

(s)' on December 7, 1979, and it was on this day that the NRC staff
4s

called a meeting in Washington, D.C. to discuss their concerns
g 5

S related to the safety of operations of nuclear power plants near
@ 6

{ large population centers.
S I

s As a result of that meeting on December 5th, the three
| 8

y utilities embarked on a 60-day study program aimed at assessing
o 9

$. the comparative risk posed by Zion and Indian Point stations and
g 10

$ evaluating concepts for the mitigation of severely degraded core
j 11

% accidents. And that 60-day study has been extended at this point
g 12

y and is still continuing, and we will explain that.rs(,) 3 13
"

The results of the utilities' 60-day study effort were,

g 14

5 presented in a report to the NRC on Februe.y 20, 1980. This was
r 15
x
* followed by presentations to an ACRS Subcommittee and to the full,

16j
'd ACRS in early March of 1980. Since that time the utilities have
b. 17
w

pursued a longer term probabilistic risk assessment study, have*
5 18_-
E continued to research basic phenomenology related to severely

19,
6 degraded core accidents, and hcve continued to evaluate mitigation

concepts,

p. At this point I would like to stress that I believe that

the utilities and the NRC have common objectives. These objectives
23 I

I
are, one, the safe operation of both Zion and Indian Point facili-

('{ - 24
v

25 :-ties in both the short term and the long term; anel two, any changes
,l

!
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in plant procedures or equipment must be carefully considered and

(] result in meaningful improvements in safety.

The purpose of today's presentation can be broken down

] into six segments. We wish to convey both the seriousness and
4

depth of the utility work related to Class 9 accident consideration;
e 5

5 Each of the utilities has from the very beginning date in December
$ 6

1979 approached these studies with the view that a well-organized,
7

thorough and best effort approach was to be our mode of operation.
N

3*9 Today we will review the short-term, mini WASH-1400
-

i
g probabilistic risk assessment, whic? included plant specificge
Z

features which were different from WASH-1400, and thereforej gj
$

changed the risk assessment.d a
E
3 We will also review the longer term probabilisticfm

d j
risk assessment being conducted under the direction of Pickard,g g

Y
L we and Garrick. Our presentation will review the state of the

15

art and describe the utility program related to the phenomenology. g
is
us

of degraded core behavior, hydrogen burn, steam generation, coreg 37
:s

b 18
coolability and containment structural response.

-

f 39
We will also indicate the direction and scope of the

A
utility and industry ongoing work related to both basic phenomenoicjg

and conceptual design work on mitigating features. And in closing
21

we will indicate how the Zion and Indian Point studies fit to the22
U

degraded core rulemaking.23

Today we are seeking ACRS Subcommittee support wid
,N 24,

(.)
regard to three lessons we have learned from our work related toi

25
I .
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Class 9 accidents. First, we would ask the ACRS to encouragej

Q,, the development of a safety goal so the designers may work toward2

a fixed objective. Such a goal is required if objective decisions3

O I are to be = ae-4

Se nd, the probabilistic risk assessments of Zion and
5

2
Indian Point stations have taught us the value of a disciplined,8 6o

consistent approach to the evaluation of reactor safety. We ask7

that the ACRS promote the use of probabilistic risk assessment8

[ as it relates to a broad view of safety. This broad view of9
:i

h 10 safety should include not only design but also siting and evacua-
z
E tion.
p 11

m
d 12 With respect to design considerations, one could segre-
3

() 13 gate existing and new systems into two categories -- prevention and.

E 14 mitigation. And for our discussion, prevention is defined as
w
$
2 15 systems to prevent the severe degradation of the core, and miti-
w

16 gation is defined as systems which reduce the radiological
S
us

g 37 impact on workers or the public after the core has become severely
w

h 18 degraded.
_

h 39 , And the third request we have to the ACRS Subcommittee

5
20 is that analysis of Class 9 accidents, which are highly unlikely

gj events, should be done on a realistic basis using logical

n 22 mechanistic or physical models.
O

23 i DR. OKRENT: Can I ask a question about your third

/ 24 point?

MR. PEOPLES: Yes, sir.25 ,
|
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DR. OKRENT: Could you put that . Sack on, please?j

() MR. PEOPLES: Sure.2

DR. OKRENT: We had a meeting just yesterday, as you3
,

(_) may know, which was on the subject of quantitative risk criteria4

and so forth.5e

U
MR. PEOPLES: Yes.8 6e

DR. OKRENT: And one of the more important points made7

! at that subcommittee meeting, and which has been made at previous8M

N subcommittee meetings on the subject, was the question of hcw9
i
$ well we knew what the risks were, whether it was the risk of10e
z

ij coremelt or the risk of certain health effects, and how to deal

3
d 12 with uncertainties, defined uncertainties and perhaps more diffi-
3

(]) h13 cult, those that you may suspect but don't know how to deal with
a

E 14 and so forth.
x
$
2 15 MR. PEOPLES: Yes.

5
. 16 DR. OKRENT: I think there's a considerable school
*
A

g j7 of thought, say among third parties who are not, let's say, in

U
$ 18 the pro or anti-nuclear camps, that this is an important area,
=

( 19 and that one has to address it somehow.

I

20 When one tries to compare risks from nuclear with risks

21 of electrocution or lightning or fires in general and so forth,

r'N 22 on the one hand, namely the categories I've just been mentioning,
()

23 | there are lots of statistics, and you have fairly well-defined

(') 24 values. In the case of the nuclear, I think with reason we have
v

25 a rather broad range of values to think about.
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; unrealistic things that just aren't going to happen.
1I

I

{~ )
With regard to risk assessment itself -- and you willi

see later on in our presentation we have identified explicitly
3

(m a treatment of uncertainties in our longer term study where
(J. 4

we're able to have the time to do that effectively and propetly --
e 5

h that does try to address both the mean, if you will, best estimate

@ 6I
g and a range of uncertainty that we e rry through in our analysis
M 7

5 to give us an uncertainty. band about our final results,
g 8

Q And so I think we have recognized that in our study
9

* and will be addressing it quite thoroughly for you. We understand
h 10

$ that.
g 11

f DR. SIEGLE: I Fore another comment, if I may make
g 12

(1,)
y' it now, on that same third point, which perhaps only paraphrases

E
; what Dave Okrent says.
g 14

$ I find a certain logical contradiction betwsen using
2 15 I
w

the phrase "best estimate" and the associated recognition that*

j 16
d the Class 9 accidents are very unlikely. I think you somehow
d 17

5 have to carry along in parallel both the course you propose of
M 18
_

C best estimate in the face of a great deal of uncertainty becauseg
199

E of the low level of probability, together with some kind of a
20

bounding approach, which you say is not a best estimate, we don't

believe this is a best estimate, but it is a bound which we lay
r^s 22 '

t / |
out explicitly. And then the' decision as to which of the two |

''

23
'

courses is ultimately adopted by this third party is not one

that maybe you or we can make. We have to lay them out in'#

25 i
1
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1 It's not clear to me that if we use realistic best
fs

(_) 2 estimates we're addressing this question. Now, I'm not arguing

3 that we should somehow use unphysical conservatisms in some kind

() 4 of analysis. That's not what I'm arguing about or for. But that

e 5 question of best estimates ends up being presented in terms of

h
3 6' numbers. I see numbers from your own group in fact presenting

R
8 7 best estimates, as you know.

n<

j ,8 MR. PEOPLES: Yes.

d
o; 9 DR. OKRENT: And it's not really clear.to me that to
z

h 10 meet the concern about what are the uncertainties that using

5
j 11 best estimates is in any way adequate for the purpose. And it
a
y 12 seems to me that it behooves all of us, including your group,

(]) 13 to come up with an approach that is not only acceptable in what

| 14 I'll call the technical community that's trying to review this
E
2 15 but to an uncommitted third party.
U

y 16 MR. PEOPLES: Yes.
A

d 17 DR. OKRENT: And so I suggest you rethink your item
E
5 18 three and --
-

h
19 MR. PEOPLES: Okay. I would like to say that I thinkg

M

20 we have thought through in very much the same line of thinking

21 that you are offering, and if I did not communicate it effectively,

22 I'd like to do so.(])
23 The thought is here that the realistic best estimate

~T 24 '
(J has to be toward physical models in the sense that you do not

25f assume instantaneous heat transfer, for example, or other
i
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() MR. PEOPLES: I think it is important, though, to2

3 distinguish evaluation of Class 9 accidents, to distinguish that

O 4 from a design basis nalysis where you put in every conservatism

e 5 almost imaginable as you go through the analysis, and that what

U
8 6 we want to do is treat those conservatisms in a Class 9 accident
e

7 to understand where we have taken them out and understand what

8 we've done with them.

d
d 9 And we will show you in some of our presentations today
i

h 10 what we have done in that regard. And the containment structuralI

z

! 11 analysis is, I think, our best example today that will illustrate

$
d 12 that. And what we have done, I think, is very much what you are
35

13 suggesting, if we have defined, even after backing out the con-Q
_

.

E 14 servatisms, what we would consider a very high confidence level
$

k 15 bound with regard to containment structure capabilit.y. It's not

$
.- 16 , suggesting that we know exactly where it will fail. We say that

in
as

g 17 we have a htgh confidence that it will survive until this pressure

$
!5 18 limit; and we have consultants here today who will go into that
=

b 19 in some detail.

$
20 But that if you were to apply all of the normal design

21 conservatisms in a Class 9 accident, I honestly believe you

j 22 could not build a nuclear power plant and operate it today. And
"

!

23 so that, you know, you want to design to one set of criteria and

24 yet be able to look in what I have called a more realistic sense
,

p
v

25 : at what might happen in some really quite severe case.
I
!
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DR. STRATTON: Do you have the definition of a Class 9j

h accident?2

DR. KERR: Excuse me. Mr. Stratton, would you use the3

O ****'4

DR. STRATTON: Do you have a definition of a Class 9e 5

b
accident that you could share with us? What is your interpretatiorf8 6e

MR. PEOPLES: The interpretation is the one that has7
,

y become, I think, common in the usage, if not defined explicitly8M

N in any one place, which is what your problem is, and I haven't got9
i

h 10 it written down here in front of me either. But it's certainly
z

jj beyond the design basis and results in greater than design basis
3
d 12 radiological effects to the populace. And we have been using
i!! !

@ that as a synonym, I think, for a severely degraded core, coremelt,13b S

E 14 and ultimate release to the public. And we're looking for a way
$

15 Prevent that release to the public in some fashion, and thatt

*
16 that is, you know, what we're trying to prevent..

E
as

DR. KERR: Is that clear, Mr. Stratton?-

37

b 18 MR. PEOPLES: Probably nota

t
6 DR. STRATTON: It helps. Thank you.j9
9
M

20 MR. PEOPLES: Before we start the detailed technical

23 presentations, I'd like to review the current status of Zion and

Indian Point. Zion 1 and 2 and Indian Point Units 2 and 3 continuegg
v

23 to operate Confirmatory orders have been issued by the NRC to |
,

24 each of the three utilities, and these confirmatory orders specify

25 , certain hardware, procedaral and operational actions which have
I

|
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j been or are being taken.

(q_/ 2- The utilities are responding to the NRC's acceleration

3 of current generic and plant specific licensing act/.ons as

r
k/ 4 enumerated in the NRC action plan for Indian Point-Zion. These

c 5 licensing actions include 35 pages of listing for various actions

a
8 6 that relate to the four units under consideration.
o
R
g 7 Six meetings to exchange tecnnology between the

M
8 8 utilities and the NRC and their consultants have been held. These
n
d
d 9 meetings included in vessel sequences and phenomena, ex vessel
i

h 10 sequences and phenomena, hydrogen behavior and control, filter
E

11 vented containment systems and core retention devices, containmentj
3
d 12 structure response in short-term probabilistic risk assessment
3

() 13 and sequence selection.

E 14 The Nuclear Regulatory Commission research efforts
W
b

{ 15 are also continuing, and these efforts relate to phenomenological

x
.- 16 studies, to mitigation concept design work, and to probabilistic
3
A

g 17 risk assessment.

$
$ 18 The NRC will be reviewing the longer term probabilistic
=

b 19 risk assessment being performed by Pickard, Lowe and Garrick in

#
20 some detail. In addition, IREP studies have been initiated in

21 four other plants which will expand the data base beyond the

22 Crystal River pilot project. Also, the NRC has asked Limerick (?)()
23 station for a 120-day probabilistic risk assessment.

') 24 The NRC has proposed a degraded core rulemaking with
/

25 advance notice of rulemaking likely to be issued this summer.

ALDERSON REPORTING COMPANY, INC.



__ _ _ _

cc 33 93e .e v ,

The actions described before fit within an overalli

() Program which has been developed by the NRC for both Zion and2

3 Indian Point plants. First, the assessment of risk of operating

r~
(_) Zion and Indian Point stations, given their current physical4

e 5 siting, is being identified in detail.

b
$ 6 This assessment of risk to nearby populations is being
a

7 conducted on a plant specific and site specific basis.
_

E 8 Second, interim actions have been or are being taken
a

d
d 9 which help to ensure safe operation.
i

$ 10 Third, generic and plant specific licensing actions for

E_

5 11 Zion and Indian Point are being accelerated so that outstanding

$
d 12 issues are resolved for these plants as soon as reasonably possibln
3

() 13 Fourth, severely degraded core accidents are being

$ 14 studied to assess the likely impact on both plant operation and
a
b
! 15 the surrounding population. As part of this study, mitigation

5
16 features such as filtered vented containment systems, core*

g
e

d 17 retention devices, and hydrogen control measures are being re-

5
$ 18 viewed.

5
C 19 The conclusion of this program requires a definition

2
20 of a safety goal with appropriate methods of measurement of

21 achievement. Design and operational decisions that explicit

(]) 22 functional criteria be clearly stated.

23 , Now, to give you a more detailed description of some
:
'

24 of the technical work which we have conducted, we have six
(])

25| speakers today, each addressing topics within their own expertise.
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j I'll name them now, and each in turn will introduce

() himself and the topic of his presentation. They will be Dr. D.2

3 Walker with Offshore Power Systems; Dr. John Garrick with Pickard,

() Lowe and Garrick; Mr. Nick Liparulo with Westinghouse; Dr. Robert4

e 5 Henry with Fouske and Associates; Mr. Adolph Walser with Sargent

E
8 6 and Lundee; and Dr. Richard Toland, United Engineers and Construct-
e
R
g 7 ors.
-

At this time I'd like to turn the floor over to Mr.g

d
g 9 D. Walker, and he will be addressing the mini WASH-1400 studies.

i

h 10 DR. SHEWMON: May I ask one question?

E
@ 11 DR. KERR: Mr. Shewmon.d

$
d 12 DR. SHEWMON: I'm not quite sure what a safety goal is.
E
c

(]) y 13 Is that what we were talking about yesterday af ternoon where
m

you would say things of 10-5 and 10-3 for something or other?E 14W
$
2 15 MR. PEOPLES: I believe Mr. Ed O'Donnell made a

Y
.- 16 presentation yesterday that represents some of the atomic

>'

W

d 17 industrial forum thinking, and that gives us an insight into it.

Y
$ 18 DR. KERR: Thank you, Mr. Peoples.

i- =

b 19 Mr. Walker.
I

20 MR. WALKER: I'm reporting today on the short-term

21 risk assessment study conducted on the Indian Point and Zion

) 2 plants. This study was conducted in a period of about six weeks,

23 | relying heavily on the methodology, approach and information

24 developed in WASH-1400 and similar follow-on studies. We did
V(T-

25 not develop new approaches, for example, in the common mode
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failure area, but rather largely utilized the system failure and !

1
1

/~(T operator error estimates from WASH-1400.
/ 2

One of our objectives was to preserve a frame of refer-

{} ence to WASH-1400 for comparative purposes. We at OPS led the

study and reported the results. There was extensive input on

h systeme operation and specific plant reliability data from the
3 6e
R utilities.
b I

N The objective of this short-term study was to establish
| 8

4 within a limited period of time a reasonable estimate for the risk
c 9

$ associated with coremelt accidents for the Indian Point nuclear
g 10

$ station units 2 and 3 and Zion units 1 and 2, and that compared
j 11

8 with that calculated for the reference PWR in WASH-1400. And
d 12z
y also to determine the dominant accident sequences contributing

c~) 5 13!

* to coremelt risk for these plants.
E 14W
$ To calculate the risk from coremelt accidents, one
2 15
w

first identifies accident sequences beyond the regulatory design8
.

16g
d basis and establishes their probabilities. Knowing the character-
b. 17
w
* istics of the accident, one proceeds to determine accident con-
$ 18
_

E sequences. Finally, probability and consequence are combined
19-

5
to arrive at risk, and this process is indicated on the fi.rst"

20

vugraph, which is.also in the handout.

As we've indicated, we nart with identified dominant
,s

) 22(V accident sequences, develop system unreliability estimates, follow

a similar approach in the containment, combine the containment
r~ 24
(_N/ failure modes with the #.'minant accident sequences, and assign

25
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these to fission products release categories, utilize CRAC for
1

(} consequence estimates, and plot the risk curves.

We indicate at the bottom of this vugraph some of tha

r^' sources of information we utilized in this short-term study.
(_)' 4

Before I describe the results of the short-term study,

A
e.' I want to summarize the areas in which we utilize WASH-1400.
] 6

R This summary then emphasizes areas where we were similar to
b 7

5 WASH-1400, and they are these.
E 8n

Q Generally we utilized the methodology of WASH-1400. We
: 9

$ started with the WASH-1400 list of dominant sequences. In
g 10

! calculating the accident sequence probabilities we used the safe
11p

" pipe break probabilities for the initiating events. We redid
g, 12

j the transient and V-sequence probabilities, as I'll talk about
7 j.s g 13(_ *

later.
E 14 Iw
$ We generally utilized the WASH-1400 component of
2 15
w

i* failure data base. With respect to containment failure mode !

g 16 |
* probabilities we utilized the same five containment failure modes
6 17
w
* as wera in WASH-1400, and for the isolation and melt-through
5 18 ;

h failure modes, we utilized the same probability values. !
I9 Is

I6 I'll talk about the other three as I go through the

discussion where we made some modifications.
21

Next vugraph.

Q(N
22

In the fission product area we utilized the same core

i

24|'
inventories basically, with some slight adjustment for power level, ,

(~)
L/ .

25 | We utilized the same spray washout functions as WASH-1044 had.
|
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We utilized the same containment release assumptions and the

O "^=* "*v*" 'i""i " er *" * "* **** "**** rie"- ^"* ' " *""
2

consequence calculations we utilized the CRAC code developed for

C WASH-1400 and also utilized the WASH-1400 evacuation model.

With this introduction I want to talk some about the
e 5
A headings on these vugraphs and the basis that we utilized ~for"

] 6

R some of the more important results; and I'll start with the
P. 7
-

N accident sequence heading.
b 0

Q Okay. Regarding accident sequences, the starting point
c 9

! of our study was the table of dominant accident sequences from
g 10

| WASH-1400, and this is Table 314 in Appendix 5 of that report.
11p

" our initial assumption was that accident sequences which dominated
,

c 12

m 3 risk in WASH-1400 would likewise dominate risk for Zion and Indian(d j 13
*

Point.
| 14

$ From the WASH-1400 list we chose to consider those
2 15
.i -

sequences which had probabilities calculated in WASH-1400 10-6*
,

I6
in i

d 17 |
* or greater. Two of the sequences omitted because of this cutoff

|
:s had probabilities of 10-7 in WASH-1400, and the others had*
!E 18

h pronabilities of 10-8 or less.
19g

" Now, during the examination of the Zion and Indian

Point plant systems, cause was found to both add to and delete

p from this initial set of accident sequences. First, with regard

Q 22

! to sequences that needed to be added because -- there were
23 |

||
sequences that needed to be added because of shared equipment,3

4

| it was found for these plants that failure of the containment spray
25 ;

,
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recirculation could result directly from loss of the emergencyj

O coot at recircu1 tion c e bi11tv-2

Sequences involving coincident loss of containment
3

O eerer recircu1 tioa eaa core recirc"tetioa were aot a =iaeat4

in WASH-1400 because of the independence of these systems, and
e 5
3

hence their failures. However, for these plants such sequences
6

were added, as indicated on the vugraph. And those are the AH,
7

,

Sl-HF, and S2-HF sequences -- the first letter, of course, indi-
E 8n

j cating the type of p.ipe break and the last two ndicating con-
9

i
current loss of recirculation and the spray capability. <

10c
z
E In WASH.-1400 a major contributor to risk was the S2C
q 11

is sequence which proceeds from loss of containment spray injectiond 12
E

O $ f 11 wing a small nip'., areak. In the sequence, containment failure'

13v a
=

occurs from stean. vVerpresture before sufficient water Collectsg g
d

in the containment sump to support containment spray recirculation ,

15

f. 16
The capability to recirculate cooled sump water to the

is
A

core is lost and coremelt results. Both Zion and Indian Pointg j7

plants have fan coolers whose failure is independent of the
18

=
spray injection system and which provide redundant containment{ j9

A
ling capability. Thus, the result obtained in WASH-1400

20

requires an additional independent failure, and so these sequences
21

were deleted because of their lower probability in these plants.p g
V

In the aftermath of Three Mile Island it is widely
23

believed that for at least some of the sequences, coremelt requiresO 24
v

failures beyond those which were assumed sufficient in WASH-1400.
25 ,

.
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l- One example is loss of auxiliary feedwater or heat sink following

" 2 shutdown. More recent studies indicate that emergency coolant

3 injection systems can provide the cooling necessary to avoid

U.m 4 coremelt. For this reason, sequences were deleted which involve

e 5 loss of secondary heat sink, and an exception is the special case
h
j 6' where there coexists complete loss of AC power; that is , the TML

R
? 7 sequence was delet'd, but the TMLB' sequence was retained in1 e

3
j 8 our considerations.

d
% 9 Finally, two accident sequences involving transient
z
O
g 10 followed by failure of the reactor trip system were deleted.

E
j 11 These sequences, which are the TKQ and the TKQM, have been
is

( 12 analyzed by Westinghouse, the NSSS vendor, and found not to result

13 in coremelt.
m

! 14 And so the next vugraph then indicates the sequences,

E
2 15 the 12 sequences which we retained and evaluated in this study.
$

'

16j And you'll see there the pipe break, the large pipe break sequence,
as

d 17 the A sequences, the S1 intermediate pipe break sequences, the
$
!3 18 S2 small pipe break sequences, the interfacing check valve failure,
E

$ 19 sequence V, and the two transient sequences. We split the TMLB'
W

20 into two cases, one being longterm sust 'ned loss of all power,.

21 and then in the B'' sequence we assumed that some power was

A
V 22 recovered in time to operate sprays before contcinment failec:

23 , and so we split that sequence in that way.

O- 24i estimetee for the greeeb111eies for occurrence for eech
!

25 f' of these sequences for the plants as designed were developed
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utilizing the approaches of WASH-1400. Before showing you th-

O resu ts, I want t ta k ab ut the assumptions employed in our
2

study which were different from those of WASH-1400, and these

O differences are summarized in the next vusraeh.,

First of all, the probability of containment failure

3 due to steam explosion,. producing in vessel steam explosion which"

j 6

{ produces a missile which can fail containment was reduced from
7

' * "'9* ** **E"*" **'* * ** " ~

8

j and 10-4 for all other sequences.
9

b The rationale for these reductions has been discu 2d
g 10
z
5 at length in technology exchange meetings..with the NRC, and Dr..;

11p
. Henry wilt talk about it again briefly today later.

b The operator error contributions to LOCA sequence is
S identified in WASH-1400, and their associated probabilities wereg g
a

modified in the following ways. First of all, in WASH-1400
g

the failure to shift from cold leg to hot leg recirculation.

is

at 24 hours into the accident was considered to result in coremelt.

37
w

for the LocA sequences. Since *he cold leg to hot leg shift is

a
h not essential for safe ter inati n of the accident, this operator

39
2
5

error contribution was delt 6" _f.om consideration. We believe
g

| its deletion is probably appropriate for most of the PWRs. However
g

n the probability of operator error during the shift from ECCS
22

| L)
injection to recirculation mode was retained. However, it was

reduced by a factor of ten in the intermediate and small breakq y
u

|
sequences.

I
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This reduction takes credit for the presence of the

/^~

( )N shift technical advisor in the control room and also recognizes

that for many potential operator errors, ample time and indication

O ext === to su=tiev create cor tais correceive ceto=- we ata aot
,

take the credit for the large pipe break sequence where events

A ,

} happen much more rapidly.
o
E Wirh regard to the probability of interfacing check
$ 7

A valve failure of the V-sequence, our study applied the identical
| 8

g methodology of WASH-1400 to plants substantially different from
9-

$ WASH-1400 PWR. Plant specific features related to the interfacing
g 10
z
iii check valve will be summarize in a moment in my presentation.
p 11

" Regarding offsite power, a probability of 0.04 was
p,. 12

y utilized for sucn a transient at the Zion station, and that is

$ based on data for such transients collected by Commonwealth Edison,i

g 14

$ The probability of 0.2 utilized in WASH-1400 was applied to the
r 15
x
* Indian Point plants..

16g
Sequences other than TMLB' were assigned to combine

d 17
*

I
E containment overpresstre fazlure probability of 0.1. This
e 18
.

E probability estimate was thought to be conservative based ong
a
"

containment pressure calculations for a broad spectrum of hydrogen

production and combustion scenarios.

p We chose to take this approach because the probability
V

of overpressure f ailure is only listed in WASH-14 00 for TMLB '

""' ' " '" "* '""'* ""*"* "**"*""** ***" """"" "'""*" '"* ""*'^

(J' "
overpressure failure probability for the large breaks without !

25
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; spray capability was generally in the range of 0.1 to 0.2 in

2 WASH-1400.

3 In light of TMI, we thought it necessary to re-examine

4 the probability of overpressure failure to acknowledge the potentia 3

e 5 for failure resulting from hydrocen burning. We therefore asc>igned

b
8 6 a combined overpressare failure probability of 0.1 to all sequences c

e

7 When I say combined, I mean we combined the gamma and the delta
K
9 8 failure modes from WASH-1400.
M
d
d 9 We believe this approach is more conservative than
i

h 10 that of WASH-1400.

E
5 11 For TMLB', containment failure probabilities for the

$
d 12 gamma and delta failure modes were taken the same as WASH-1400.
3() $ The last entry is the diesel generator common mode13
S

E 14 failure. We discussed our basis for the numbers in Appendix A
w
$
2 15 of the report we've issued.

U
.- 16 To summarize, a common mode probability of 10-2 was
3
2

6 17 assessed in WASH-1400 on the basis that all the diesel engines

5
5 18 might trip because of normal starting currents. We frankly

5
19 disagree that this is a realistic common mode. Diesel generator"

8
n

20 inability to withstand normal starting duty is a design fault

21 that will be detected during preoperational tests.

(]) 22 Other potential mechanisms are suggested in WASH-1400.

23 However, the probability that one such event would disable all

generators is judged to be of no higher probability than 10-4() 24
! 1

| 25 ! per demand. That's the probability we utilized for common mode |
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diesel failure in this study.

O Okay. The next vugr ph is the one specific example
2

I wanted to talk about, and this is a summary of the plant
3

() specific features that affect the V-sequence or interfacing check
4v

valve or failure mode. Those features are indicated both for
e 5

E
g the three types of design we considered for the WASH-1400 PWR.
e

You note these three plants have check valve test connec+
7

E tions which the WASH-1400 PWR did not have, and allow one to reduce
g 8

9 the probability of this sequence through testing of the check
9-

af
o valves.
$ 10
z
E I've indicated on the vugraph on the next line the

11p
m

peri dic test interval that was practiced in these plants upd n
E

Q 3 until December. At the time that this exercise was initiated,
13V 5

=
you note that periodic testing was not done at Zion and was doneg g

w

d ne at Indian Point and Zion.
15

]. As a result of the interim order from the NRR director,
*

testing is performed at each reactor coolant system repressuriza-.

*
I

h 18
ti n f r these plants currently.

=
# Another difference, particularly for Indian Point

39
8
"

pa s, are the low pressure piping inside of containment. The
20

high pressure piping terminates inside containment. Part of theg

low pressure piping is inside containment. So in the Indian Pointg

plant the likelihood is high that if you have check valve failure23 ,
!

y| that the low pressure piping will rupture inside containment,,,

J |

- 25 | and y u 11 simply have a LOCA inside a containment rather than
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a blowdown'outside of containment.j
m

U DR. LEE: Question.2

MR. WALKER: Yes.
3

O oR. tee: 1n your cherecterization for the check ve1ve
4

| unreliability I notice that the unreliability is directly propor-
5

A

} tional to the square of the inspection intervals in units of
6e

years. Could ,rou comment on what it really implies?
7

What I'm a little bit curious about is if you go to,
8

j let's say, weekly check intervals or something like that, you
9

:r:

h 10
uld redu e y ur unreliability by two orders of magnitude or

z
g ;j

something like that easier.

$
MR. WALKER: All I can do is -- I agree with you. Butd 12

3

O | i3 , "* "i=9 Y "'i i*** tha = de "" ' "^S"- 4 * ^i"'"i" 9""" -

lelism in that respect.g g
:s

DR. LEE: But I thought you indicated WASH-1400 didn't
15

9. , , include that test interval and the credit for that.
is
us

MR. WALKER: Well, there was a model in there for indi-
j7

cating the interval, and I think the --
18

=
$ Do you want to put that up?

j9

R
If y u want me to, I can go through this model; but

20

this is generally the model that was developed in WASH-1400 for
21

the failure of one check valve error, and the indicated failuren

U ;

2
23| rate and the T is the time between testing.

DR. LEE: In your evaluation of the methodology thatO 24G
25 | was used in WASH-1400, you believe this is a realistic model

ALDERSON REPORTING COMPANY, INC.
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when the test intervals go down below the annual inspection?
I

7.s
t ) MR. WALKER: Well, I guess,we really didn't go into that
s

2

kind of depth, you know. We do have some problems with this
3

(")i particular model, and it would take, I think, a subject for
L. 4

separate long discussion if you want to get into that.
e 5

h DR. OKRENT : Could you put the previous vugraph up,

3 6

6 please?
t I

s MR. WALKER: Sure.
8 8
N

d DR. OKRENT: I have a question for Mr. Peoples probably.
d 9

$ It says that on Zion the testing is presently performed but that
g 10

$ it was not done. When was testing begun?
g 11

3 MR. WOSSLAND: You say that's on the test interval?
y 12

DR. OKRENT: No. The question is when did testing of{')
* the check valve --
E 14x
5 MR. WOSSLAND: That started with the interim order in
2 15
W

terms of the periodic testing of repressurization.=

j 16

i DR. OKRENT: So it was not done prior to that time.
b 17 i
$ MR. WOSSLAND: It had been done to verify original
$ 18

| installation, and I don't know the frequency of testing before
19

k then. Certainly not as frequently as we do now. It hadn't been
20

done at some irregular frequency, but for the purposes of this

to try to es,tablish any* type of numerical data or something on
g-) 22s

it was almost impossible, so we just stated it was not done for

the purposes of the study./3 24
,

4

i %J
DR. OKRENT: What does " irregular" mean?j <

25||

|
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MR. WOSSLAND: It was done more after -- well, duringj

)
2 the initial startup time there were a lot of discucsions

3 riginally in the various ISI works that went on, and some change

() in departments, and discussions on when things could be tested4

e 5 and when they should not be tested; and so it became, as I
E
N

8 6 classed it, more irregular.
m

7 There were also a few times when some maintenance
,

E areas went on, and there was some testing that went on. And ing
M

N the initial startup of the station there was some early development9
i

h 10 work looking at some of the capabilities of the various systems

3
5 11 and how you may go about testing them.

$
d 12 So as I said, there were several different reasons why
z
=

(,_) E 13 things were tested, but as I said, it was done more on an infrequens
S

E 14 basis. There was really no established periodic tests to systemat-
U

! 15 ically check those out.

$
.- 16 DR. OKRENT: That's what I'm curi6us about. If I

*
W

g j7 can indicate my area of interest in case it's not clear, WASH-1400

$
$ 18 dr.ft indicated that the check valve failure sequence was an

5 ~

E 19 important contributor to risk according to that analysis, and

R

20 the final report in 1975 didn' t charge that.

21 I'm sort of interested in the reaction of the operators

(]) 22 of Zion to this information. Did they review it, decide it was
1

23 wrong? Did they review it and decide it was right but not use it?

(~) 24 Did they not review it? I'm trying to understand.
%./

25 I mean, we've heard a minute ago that we should deal,
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1
if we can, with safety in a quantitative way and use probabilistic

/7
k/ methods. Well, here was perhaps an interesting lesson, assuming2

3
WASH-1400 was correct, that this failure probability was

4 significant.

e 5 I'm trying to understand what the logic was at the Zion

E
d 6 plant, what they did and so on.
e

7 MR. WOSS LAND :' No. I can't comment ---

8 DR. KERR: Do you understand the qu'estion?
d
= 9 MR. WOSSLAND: Yes, I understand the question. He

i

h 10 wanted to know whether we used basically WASH-1400 results and
E

g 11 then applied them to the plant. In this particular case I do

E
d 12 not know of any conscious effort to do that, but I might make
E

Oc d 13 the comment that in this particular case -- these are the inter-
E

| 14 facing check valves -- that (inaudible) from RHR systems where
s

15 the operability of them to open is actually verified upon use,

e
16 and if they would fail in several types of modes that it would-

*
W

d 17 be reflected back into the system itself.

5
$ 18 We also have some test connections which do allow, as
-

b
19 I said, some indication; so there is some -- in the normal opera-

X
20 tion there is some quasi-verification in the normal course of

21 the state, even though it is not in the (inaudible) check the

(') 22 failure of a non-controlling valve.

23 , But to the first question, no, I don't know of any
.

I

(s) 24 j particular_ study that had taken this particular sequence.
I

25 MR. PEOPLES: I'd like to respond on a broader scale.
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1 I believe that one of the lessons --

2 DR. KERR: Excuse me, Mr. Peoples.

3 Did you get the name of the previous speaker?

4 Thank you. Please proceed.

e 5 MR. PEOPLES: Peoples here.

5

3 6 That on a broader scale both the nuclear utilities and

R
R 7 the industry through NSAC and MPOL(?) are reviewing information

M

| 8 that is available to them and have (inaudible) in a much more
d
d 9 systematic manner in the last six months and is ongoing further

$
$ 10 and will continue.
!!!

5 11 We have organized an (inaudible) based on a specific
$
g 12 responsibility for that so that we will try to identify strong,

O | i3 broad scoge regorta or. specific re9 ores et other 9 eces thee miehe1

| 14 be helpful to us.

$
2 15 DR. KERR: Thank ycu, Mr. Peoples.
$
j 16 Further comments, questions?
us

y 17 DR. LEE: Just one question. I might be jumping a little
N

{ 18 bit ahead. If I am, please stop me. But in the transparencies

E
19 you just.showed us briefly, in calculating the reliability of the

R
20 check valves, subsequent to that, I think, depending upon whether'

21 it's unit 2 or unit 3 of Indian Point, you applied another unrelia-

O. 22 b111ey fector end so on. sue nowhere -- end I be11 eve this

23 particular sequence really contributes quite a bit toward the

_ f] 24 overall risk to the public in your analysis --

25| MR. WALKER: Not these plants as analyzed now..
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DR. LEE: Not the way it is analyzed, but because of
,,() the reduction in unreli bility, it doesn't contribute very much;

but if you go back to WASH-1400, it would have, am I correct?

Q,, MR. WALKER: That's right.
4

DR. LEE: In doing so this calculation of unreliability

in my opinion has some bearing to your overall risk assessment, and
3 6

R in doing so what I'm a little bit puzzled is where p I have tried
$ 7

A to account for, for example, operator errors or any other common
j 8

4 mode failures if you do not want to include operator errors as
: 9

$ a part of common mode failures.
$ 10

$ Could you comment on that?
E 11<
" .MR . WALKER: Okay. Just a brief answer to that question,
p 12

| we didn' t carry the analysis beyond a simple WASH-1400 model in
a

this short-term mini-s tudy. That level of detail is being picked
:.

up in the detailed study which Pickard, Lowe and Garrick is doing,

* so it's really the next generation, the common mode failure and,

16j
d the integration of other factors into the model.
d 17

,

:s

g DR. LEE: WASH-1400 did consider some amount of common
-

E mode failures and operator errors.
19

R
MR. WALKER: But I think not in the V-sequence.

20

DR. LEE: But, in general, the report did.

MR. WALKER: Right.q
%)

DR. LEE: But when you're going to reduce the unreliability

p in this particular case by 7 don' t know how many order s of magnitude,
O

a uple rders m gnitude maybe, wasn't it s mehow fair, in your
25
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opinion, to consider the operator errors or common mode failures?j
/3
V MR. WALKER: Well, I don't know what you mean by unfair,2

y u know. We did what we could do in a short-term, six-week3

4 study, and we intend to pick this up in the longer term followup

study; so I guess I lose the aspect of unfairness.= 5

U
DR. LEE: It's something along the line that Dr. Okrent8 6e

7 was proposing earlier in the day, but when you present numbers that

show that, okay, you can reduce unreliability by a factor of 10,8

N but I just lose the perspective unless you dig into some of the9
i

h 10 numbers and begin to realize maybe there is a problem.
z
j MR. WALKER: Yes. We're not saying there isn't a problem.jj

$
d 12 What we're saying is we did a quick study to try to get some over-.

Z

f] :@
view13 f what the totality of sequences looked like for these plants,

s
:o

E 14 and then the intent was to look at the details that you mention
w
$
2 15 in the longer term study. They require a longer time than we had
*
a:

16 available to us in this study.
3
us

DR. LEE: Let me try to pursue this in a little bit differ-j7

b 18 ent perspective, again depending upon whether it's unit 2 or 3,

k you end up with different unreliability for sequence V, and thatj9

R
20 is something to do with whether the (unintelligible) involved is

21 normally supposed to be closed or opened.

22 In your opinion that difference is meaningful to change

23 the risk to the public by, let's say, 10 percent and so on, apart

|
D 24 from perhaps the quantitative assessment you came up with. I follow
Q

25 .the mathematics.
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MR. WALKER: Well, let me answer it in terms of I'm not

7
even surs that a change in 10 percent of the risk to the public+

2

calculated by these means is meaningful at all to begin with. You

p) kc <, I think that's a much sharper differentiation than we ever

claimed was available in a study like this. I wouldn't even clas-
o 5

6 sify a 10 percent difference or a 10 percent change out of a study-

$ 6

R like this as being meaningful at all to begin with.
& 7

DR. LEE: Okay. Thank you.
,

Q DR. KERR: Please continue.
9

N MR. WALKER: We talked some then about the low pressure
$ 10
z
E system piping inside containment. The check valve isolation by
4 11

" a normally closed valve is practiced at Indian Point 2, and this
g. 12

(d' 3 was just mentioned in the comment; and this factor was included
g 13
"
g in the analysis we did.
w

! Then we've indicated here the number of low pressure
r 15
w
* piping -- I'm sorry, the number isolated by check valves, which,

16j
d

were four in these plants, three in the Surry plant. And the number.

t; 17
w

g of check valves in each path are indicated here, they being three

h at Zion and two at Indian Point similar to the Surry plant.
19

R Okay. The next vugraph contains a tabulation of the
20

probabilities we calculated for the dominant sequences for these

o plants and for the WASH-1400 plant. Let me show you some of theQ 22

more significant things in here.

One thing is the HF sequences, the S1, S2, and the AHSp)u
sequences. Our probabilities for these plants are substantially

ALDERSON REPORTING COMPANY. INC.



cc 52
]}ge..r -.

I higher than they were for the WASH-1400 PWR. As we indicated,

2 the S2C sequence we put here is not applicable because the probabil:.t1

3 was very low, and in fact we didn't calculate it.

(r N) As we've just discussed, the probabilities for the V-4

e 5 sequences are lower for two plants by a couple of decades and
2

h6 substantially lower for Indian Point 2. And you'll note the TMLB'

7 sequences have significantly different probability, due mainly to

8 more reliable power supply for these plants.

N And so these are a summary of the calculated probabilities9
i

h 10 for each of the plants we analyzed.

E
5 11 The next step in the process of evaluating coremelt

$
d 12 probability is to combine the accident sequence and containment
z

O|i3 e 11ure mode =, cateu1 ate ene erobee111eiee for the vertiaeat comeiat -

E 14 tions, and place the combinations in appropriate release categories,
:a

$
2 15 The containment mode probability values are summarized

5
? 16 n the next vugraph. As I've indicated earlier, we utilize differ-

is
:ri

j7 ent values than WASH-1400 for the steam explosion. For the contain-.

b 18 ment isolation failures we utilize the same value as WASH-1400.

19 I've discussed with you the basis for the overpressure

A

20 values that we selected. We utilized 0.1 for all the pipe break

21 sequences where WASH-1400 simply utilized a value in the range

() 22 0.1 to 0.2 for the large break sequences without sprays.

23 We ut.lized 0.8 for TMLB', the same as WASH-1400, and

!
O 24 I for the meltthrough failure mode, we calculated two cases. Ind i

25- WASH-1400 the probability of containment failure by basemat
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) meltthrough was assigned a residual probability after the other

n)(~ failure m des were subtracted from one. Thus, it was assumed that2

3 the containment body would always be violated in the case of a

() coremelt accident only by basemat meltthrough.4

e 5 As has been discussed in the NRC technology exchange

b
g 4 meetings, water on the basemat at the time of meltthrough is likely
e

7 and will probably result ir the cooling of the core debris or the
,

S 8 containment basemat. Because of this possible mechanism, results
a

N have been compiled with two different assumptions regarding the9
i

h 10 probability of the epsilon failure mode.

E

| 11 One employes the WASH-1400 approach, while case two
3

we utilized a value of 10-2,d ,2
3

(]) 13 Now, for each combination of accident sequence and contain-

E 14 ment failure mode there resulted a particular quantity of fission
w
$
2 15 products released to the environment, and the possible spectrum
5

? 16 of fission product releases was divided into seven discrete
*
W

g j7 categories in WASH-1400 for the purpose of evaluating consequences- '

$
$ 18 via air pathways.
_

19 Each combination of accident sequence and containment
A I

| 20 failure mode was placed in the most appropriate release category

21 along with its estimated probability of occurrence. Then the

{s'} 22 probabilities of all entries in each release cat = gory were then
t

i 23 ; summed to arrive at the probability of occurrence, the overall
!

r~T 24 probability of occurrence of that release category. We utilized
\_)

25 [ the WASH-1400 approach here also.
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1 The next vugraph summarizes how we categorized the

.) 2 sequences into release categories, and if you just look across

3 here ou can determine what these release categories refer to.
(~)
\~' 4 Category 1 and category 3 are steam explosions with spray,

e 5 category 1 being without spray and 3 being with sprays. And you
6

$ 6 can see the sequences we placed in here, the HF' sequences being
R
$ 7 those without sprays. We split them into low pressure and high
~

$ 8 pressure at the time of containment failure,
d *

q 9 You note the TMLB' sequence at Indian Point was placed
!
$ 10 in category 1, in category 3 for Zion. This reflects the presence
5
5 11 of a diesel-driven, independent diesel-driven spray pump system
3

y 12 in Zion.
-

(~'s 3
(_) g 13 In category 2, overpressure failures without sprays,

a

| 14 category 5, those with sprays. Again, we split the placement of
$
g 15 the TMLB' between the two plants. And then 6 and 7 are the melt-
x

j 16 through categories with and without sprays.
w

d 17 Sequences in which containment failure results from
$
$ 18 meltthrough and in which the containment -- I'm sorry. Let me go

E
19 on to the next vugraph.

20 Okay. Now, for each plant this process produces a

2I summary table which indicates the probabilities for each of the

(') sequence-containment mode combinations by release category. This22

23 is one example for the Indian Point 3 plant. -And looking then,

() 24 just as an example of the AHF sequence, you'll see we placed the

25 steam explosion failure mode in category 1. If the spray drop
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radiant (?) goes in category 3 as it does in AH, the gamma failurey

O(' m de without spray was placed in category 2, with the sprays _it2

3 g es over in category 5 on the AH sequence. And then, of course,

() 6 and 7 are similar, with and without sprays.4

e 5 The end point of this process is the total category
E

h probability obtained simply by summing down the columns, and these6e

numbers are listed at the bottom for each of the release categories.7
_

E 8 The next vugraph then summarizes the results for these
n

N three plants, as well as for the WASH-1400 PWR by release category.9
z

h 10 Here there are some significant differences. You will
z

jj note for the category 1 and category 3, the steam explosion sequences,

3
e 12 ur numbers are substantially smaller as a result of the assumption
3

( ) h 13 that the probability of steam explosion is less.
E

E 14 In category 2 the numbers for these plants again are
w
$
2 15 smaller, reflecting the reduced probability and the elimination of

5
. 16 S2C. The bulk of the probability in 2 is due to the HF sequences.
k
M

j7 In category 5 we have higher probability, reflecting'the --

b 18 we have higher probability than the WASH-1400 plant, reflecting
,

_

E
19 our assumption with respect to overpressure failure. And the

8n
20 numbers in category 6 and 7 are about the same.

21 Now, some comments regarding the significance of these

() 22 numbers, in particular with respect to t:te risk calculations which

23 I'm going to show you in a minute. For the short-term consequences

24 which include early fatalities, categories 1, 2, and 3 are the only(v')
25 contributors to short-term fatalities, and their contribution

,
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1 decreases with increasing category number. Risk, however, short-

ft'd 2 term risk, is dominated by category 2 releases with its higher

3 probability of occurrence than categories 1 or 3.

4 For longer term effects the principal contributors to

e 5 risk are the category 2 and category 5 releases, so with respect
M
9

3 6 to risk numbers, these two categories of releases are the dominant

#
$ 7 contributors.

Aj 8 Before presenting the risk results I want to again

d
d 9 emphasize the reasons for the differences between these plants
z
e
$ 10 and the Surry plant, and the next vugraph indicates for the signifi-

$
g 11 cant sequences the principal design differences in the plants which
3

y 12 influence the probability.

() 13 First of all, Zion has a diesel-driven spray pump. There

! 14 are containment fan coolers at all three of these plants. The
$
2 15 Indian Point plants have parallel low pressure recirculation systems.
Y

j 16 All of these plants have three diesels as opposed to the two that
w

b' 17 were present in Surry. The Indian Point plants have gas turbines.
5
5 18 As we've discussed, the three plants each have check valve test
=
$

19 connections. And the last entry, the WASH-1400 PWR had containment
$

20 spray recirculation separate from the ECCS recirculation, and this,

21 of' course, affects the probability of occurrence of the HF sequence

( ) 22 which was low in Surry, higher in these plants.

23 DR. SHEWMON: Sir, will you stop for a minute there?

() 24 I'm somewhat perplexed, if I understand your column 7, that's

25 containment failure or mat failure with spray.
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MR.-WALKER: Right. )g

1n
U DR. SHEWMON: I guess partly I don't quite understand

where the water goes or why the spray does you no good. But in a
3

different vein, you're saying there's a difference here between the
4

two plants because the spray recirc was in WASH-1400, and it's not,
5

6
but yet it doesn't seem to make any difference to 6 or 7.g 6e

$ DR. KERR: Is the question clear?
t!. I

; MR. WAtxER No.,

N DR. SHEWMON: Okay.
9-

i
MR. WALKER: I'm lost.g

z
2 DR. SHEWMON: Well, let's start with a simple one. The

11p
a

slide that was up there, just to confuse your slide expert here,d 12z

O5 eaid that the conceinment serev research was seeerated erom EccSi3

research. What sequence does that impact?g g
if
k DR. KERR: It's a summary of the differences.
2 15
W

f. g DR. SHEWMON: A summary of the differences,
t
u$

MR. WALKER: Let's come back to the summary of differences
j7

w

b 18
slide. All right.

_

k DR. SHEWMON: What does that last -- what does that
39

R
imeact?20

MR. WALKER: This affects the HF sequences, and it also
21

{; is an indication --g

DR. SHEWMON: Is that columns 5, 6, 7 or 8?
23 ,

!

an w^txEa= no- The ar seauences ere e1eced in cetesory 2O
'

24

in all f the -- if you look back on your slide, they're all placed
25 ,
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1 in category 2.
O(V

2 DR. SHENMON: Then the other question has to do with

3 why going through the map is so probable if the containment sprays
)

4 are indeed in operation. Does the water from those run off some

e 5 place else into the lake or what?
b

@ 6 MR. WALKER: No. We believe that it's not probable if

R
$ 7 you get water down on the basemat. However, in the scoping study

Aj 8 we took the approach -- as we indicated, we calculated two cases

d
d 9 for category 6 and 7. In case one we said it was highly probable,
z
o
g 10 and in case two we said it was not very probable. Okay?
$

11 DR. SHEWMON: Yes.
-

g
3

y 12 MR. WALKER: Bob Henry will discuss subsequently that

('>) 5
% 13 we believe in practically all these sequences you'll have water

| 14 down in the basemat area.

$
2 15 DR. SHEWMON: And so what you're doing here is for the
$
g 16 dry basemat.
W

G 17 MR. WALKER: Yes. The --

$

@ 18 DR. KERR: Well, you are, in effect, following the

E
19g assumptions of WASH-1400, aren't you?

M

20 MR. WALKER: Yes. In one case we're simply following

21 the assumptions of WASH-1400. If you have the core drop on to the

/~T(; 22 basemat, it will melt on through. That was the assumption in

23 WASH-1400.

() 24 DR. SHEWMON: With the sprays on.l

25 MR. WALKER: With the sprays on.

!
|
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DR. SHEWMON: Thank you. |

1 1

(,s) DR. OKRENT: Could you put the vugraph on with the j

2 l

probability numbers for each category?
3

() I didn' t bring my copy of your document which gives the

details on this. I did look at it before. I can't recall whether
e 5

h in the document after you gave these numbers there was any statement
] 6

R suggesting, for example, that there are other accident initiators
b I

A than the ones you considered, using the approach you've defined,
g a

d which could lead or might plausibly be expected to lead to a
d 9

[ category 1, 2, or 3 type release with a frequency 1, 2, 3, or 4

$ 10

$ times greater magnitude.
g 11

* I don't think there was such a statement.

( 12

(} MR. WALKER: No, there was not,

a
* DR. OKRENT: Do you think that it's plausible that there
E 14w
$ might be such initiators?
2 15
w
* MR. WALKER: Well, we don' t think it's likely. However,

j 16
d it is not impossible.
d 17

$ DR. OKRENT: So do you find it unlikely that there
$ 18
_

g could be an initiator that would lead to a category 3 release
19

-9one, two, or three orders of magnitude compared to 10 ? Is that
20

what you're telling me?
21

(~ MR. WALKER: Yes. We believe that's -- you're talking
(_-} 22

about going from 10-9 to 10-6, is that correct?
23

DR. OKRENT: Yes.rg i

(m) 24

MR. WALKER: We thin k it's not likely.

25 |
1
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DR. OKRENT: And I suppose that's true also for your

p
V ategories 1 and 2.

2

MR. WALKER: That's right.
3

(O, DR. OKRENT: I see. Well, I must say I flatly disagree,
4

and I think that represents one of the problems in the use of the
e 5

b
pr babilistic methodology. You did define what *ou were doing.$ 6e

MR. WALKER: Correct.7

DR. OKRENT: I think that's proper. But I think you did
8

9 not identify paths that, let's say, were not included in what you
9-

afgg were doing, even though by implication if WASH-1400 didn't do it,

z
E you didn't do it, and therefore, you know, you could say well,

11p

[. I really ce"ered it by this blanket kind of declaration. B u t'
z

Qb never e ess, there is a group of numbers being presented here
13

a
which are very low.y g

U

|15 MR. WALKER: Correct.

*
DR. OKRENT: And as I think I've indicated to you before,. g,

3

I don' t know what the 10~9 or even 10-7 earthquake is, as just-

37
:s

b 18
ne example, and we have sabotage; and these plants, at least

=
# some of them were not all that well designed for fires, and therej9
8n

20 are a range of things you can quickly think of that in fact are

not, I think, covered in either your analysis or the WASH-1400.
21

S it seems to me that without spelling out at least thatO 22v

here are some areas that might change the numbers significantly,23 -
I

'

y u can say we don' t believe they will, but at least saying for the24
s__,

i benefit of those who don't follow this business in detail, look,
25
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here are some things that we have not included, and there probablyj
n)(
\' are some others, though we can't try to list them all. I would

2

say you have not adequately informed the unsophisticated ,r the
3

partly sophisticated reader. And I have to include Commissioners
4

f r the most part in that group.
e 5
M

I'm n t trying to be unfair to them, but they don't
6e

have time; there are very few people that have time to -- not only
7

,

have time but do go into this stuff in detail.
S 8n

N MR. WALKER: Okay. I acknowledge your comment. I think
9

z

$ 10
it's worthwhile. I guess we were too close to it in the sense

E
we were picking it up in the Pickard, Lowe, Garrick studies.

jj

3
DR. KERR: Without trying to defend what they did -- I0 12

r~S $
(_) g 13

d n t think it needs defense necessarily -- but my understanding

E
was that the original statement which led to much of this activity

E 14W
$ was one that was based on taking WASH-1400 plants and putting
2 15

$ them on the-Zion / Indian Point site. There is, therefore, some.
, 163
M

g 37
logic in taking the same approach in analyzing the plants that

w

b 18
are actually there. It does not demonstrate necessarily that those

-

E plants are safe, but it d ;es give some numbers to compare with the399
5

result one gets by taking Surry and putting it on that site.20

DR. OKRENT: But there were changes made selectively.
21

() We saw changes on steam explosion probability, and we saw --22

! DR. KERR: I said the same -- presumably these were
23

justified on the basis of the differences in the plants. Whether() 24

25 they actually were or not --
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DR. OKRENT: No. Not steam explosion probability, as
y

G
V one example.

2

DR. KERR: That was a technology --
3

'OV DR. OKRENT: Look. I can understand doing the analysis
4

n the basis that they did, and in the short time I agree you can't
e 5

5
do much more. But I do have a problem with the results being pre-8 6e

sented and not properly qualified; and I tried to indicate in the
7

,

E 8
way how I think --

ei

O I really think you're hurting yourselves, you're hurting
9

:i

h 10
the whole business by not adequately qualifying things, because

z
people are going to pick this up and in fact turn it against you,

jj

3
is the only way I can say it.d 12

z

OE DR. s1Ess: Deve, 1 can underseend your goint in termsi3
S

f the absolute risks, but it's not clear to me whether you are
E 14w
$ suggesting that these initiators that you say have not been in-
2 15

$
cluded would be unique to Indian Point and Zion or would also

7 16k
uf

apply to the WASH-1400, and thereby not change the relative values,-

j7 ,

w

b 18
DR. OKRENT : They may in fact be dominant. If in fact

=
| # they believe that the numbers are anything like this for thej9

H
chains they've looked at, then there are other things that are20

going to be dominant there, and in fact, they may end up making
21

h the probability of these different categories rather similar for22

the two reactors. I don't know. But it's not inconceivable to
23

- me that the things that were not included end up being rather74,

similar.25
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1 The safe shutdown earthquake at either Indian Point or

C) 2 Zion is probably of the order of a one ir a thousand year thing,

3 roughly, less than one in 10,000 I'd be willing to speculate by

-) 4 the analyses that have been done lately, like one in a thousand.

e 5 And, you know, as I said, I don't know what it means then to talk
A
4

@ 6, about even a one in a 100,000 year kind of thing and what happens
R
$ 7 in that case, you could be in a category 2 or 3 kind of situation.
A
j 8 DR. SIESS: The things that are neglected you believe
d
d 9 then could dominate the risk so much that these changes would be
i
o
g 10 lost.
3
5 11 DR. OKRENT: Yes.
bl

d 12 DR. SIESS: Let me ask . question. On the steam explosion

() 13 assumption, was that included in the WASH-1400 line that I'm looking

| 14 at?

m
2 15 MR. WALKER: No, it was not. Let me just make one
$
j 16 comment on the steam explosion. We basically did the risk calcula-
A

d 17 tions, the short-term risk calculations with the steam explosion
$
; 18 assem tion, and with the steam explosion assumption it didn'te

-

E
19 make any difference to the risk curve. The reason is that the

R
&

20 short-term risk is so dominated by category 2.

21 DR. OKRENT : I agree, but nevertheless I'm saying you,

I'l 22 did make changes selectively of that type.v

23 MR. WALKER: Right. Okay. Let me just can acnt, too,

(]) 24 that it will be interesting to see the Pickard, Lowe, Garrick

25j study when those results appear, because they do pick up that
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earthquake stuff.j

O DR. LEE: One study that could have helped me gain much
2

greater perspective on the numbers you present as compared to
3

O w^sa-14oo au bers ena so oa oou1a a ve been to reao ene surry
4

analysis with the new numbers, the new technology that you have=5
M

applied in your mini WASH-1400 study.
6e

Has any attempt or is any attempt being made to approach
7

it in that way?
8

ei

j MR. WALKER: Well, you know, in this kind of a short-
9

2i
term study I guess the only thing I see in here that we've done

10a
z

sufficiently different that would require a change in Surry is thegj
3

steam explosion values, and that wouldn't make any difference ind 12
Z

p 3 the curves anyway.
13

S
DR. LEE: Well, the check valve, for example, thatg 34

Cal

could also change it.
15

f. 16
MR. WALKER: Well, I think with the check valve calcula-

3
25

tion parallel to the Surry approach, I see no reason to change itj7

in the context of this study. I don't think you'd change Surry.
18

=
$ DR. LEE: What about the deletion of some of thej9

R
anticipated transient without SCRAM sequences and the (unintelligib l.c-

20

10 reduction in reliability in some sequences because of the
21

presence of shift technical advisers. There are many generic22

items in nature, so if you redid the calculations for a typical23

reeotor 11xe surry, you wou1a 9toneety see e o oraers or = saituae

O 24

difference here, too.
25
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1 MR. WALKER: I doubt you would. You may some difference.

(~)' 2 Dave. Dave Goejer from Westinghouse.

3 MR. GOEJER: Dave Goejer from Westinghouse.

O 4 1 think there are two important things with respect to

e 5 this short circ category with short-term risk assessment, one of

h
@ 6 which was mentioned by Professor Kerr. The second one, this work

R
{ 7 was used because in the course of that study we were also doing
;

| 8 an evaluation of mitigating features in an attempt to put together

d
d 9 the kinds of transients and, if you will, functional requirements

Y
g 10 for mitigating features that might be evaluated.

E
g 11 But part of the purpose of the study in going through
3

y 12 these aspects was to establish which of those sequences were likely

5O 13 to be the ones that were potential candidates as the functionals-

| 14 requirements for mitigating features that would be evaluated, so

$
2 15 that that effort could be focused and moved forward.
$
g 16 And the recognition made by the utilities very early on
w

d 17 that a subsequent study would be done to look more thoroughly
$
$ 18 while we used this as a basis for the kinds of things that were
-

E
19 being done in analysis work and evaluation of mitigating features

R
20 during the course of the 60-day study and on through the technology

21 interchanges.

/-)(_j 22 DR. KERR: I think we have elaborated this sufficiently.

23 , MR. WALKER: Okay. Let me go on to the risk results.

() 24 I'm going to do these both in terms of short-term and long-term

25 I risk. And first of all the short-term. For the short-term, the
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risk characteristics, the complementary (inaudible) distributionj

!} |
\ factors for the reactors at Zion and Indian Point sites were !2

preliminarily calculated, and the probabilities of each release
3

category by using the CRAC code developed for the Reactor Safety
4

udy.
e 5

b
'

The core inventories of fission products used in the |8 6 '

e

$ Reactor Safety Study were adjusted proportionally for the respectiv e

S 7

p wer utputs of the Zion and Indian Point reactors. Actual site
8

j demographic and meteorological data were employed in these calcula-
9

i
C tions.
o
z

An annual wind erosion was used. WASH-1400 evacuation~

11g
3

m dels were employed. A more sophisticated representation of the
6 n
z

fg meteorology and evacuation was not feasible within the time avail-
a
m

able but will be utilized in future work.p g
d

And you've seen this curve before. WASH-1400 at the
15

f. 16
composite site. The two reactors -- I'm sorry -- the Surry reactor

k
d

I is placed at the two sites, and a band here for the Indian Point-g j7 ,

:.

b 18
Zi n reactors, indicating -- well, the curve for the three plants

k fall within these bounds. I've forgotten which are the upper and
j9

R
1 wer, but you can pick that off the tabulation in the report

20

quite quickly. That's just a band between the three reactor
21

IO c 1cul tions r ther than an uncertainty band.
22

i

Next are the results for the long-term risk estimates. |
23

Again we used site specific meteorology and demography. They were
24

pr duced in a different format for the long-term risk. In this
25|

1
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instance, long-term consequences were calculated-for each release
y

U ategory, assuming that releases of that magnitude occurred. To
2

btain risk values, the consequence values were multiplied by the
3

probabilities for each release category, and the risk values were4

summed for all release categories.
e 5
M

This approach simply offers a quick numerical technique
6

for comparative evaluations of the plants at their respective
7

,

sites, as well as the effect of the proposed design features on
E 8
N

j long-term risk. And the values tabulated are in terms of Man-Hem.
9

i
And you'll see then that going through this exercise

10e
z
E the total Man-Rem numbers per year are tabulated out in the far
g 11

m
column. The two Indian Point plants and Zion are essentially thed nz

O5 ee e xiad or au dere, about a factor of 2 1/2 less than Surry at
i3

=
the Surry site.y g

U
I don' t have the numbers for Surry at the composite

15

[. g site, but my recollection is that those numbers are a factor of
3
us

two or three higher than Surry at Surry for comparative purposes.g 37
w

| 18
Okay. The major contributors to risk are summarized in

E a qualitative way on the next vugraph as calculated in this study.j9

R,

The major contributors to risk are the overpressure failures where
f 20
.

fission product removal capability is absent. AHF gamma and the
21

1

{} Sl-HF gamma are examples.g

| It is important to recognize that for Indian Point and23 ,

Zion there are installed fan coolers. The threat is from rapidy

Pressure spikes and not from longterm overpressurization as it migh:'
25
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~ l have been at Surry. Values like that for Surry were employed
*- 'u j

2 in our analysis, that is, 0.1. This is an important fundamental

3 conservatism in this analysis.

O
4 For these sequences at Indian Point and Zion the contain-

g 5 ment threat is assumed to be from rapid steam pressure spike

0
3 6 generated by debris-water interaction and vessel meltthrough or
R
d 7 a pressure spike from rapid hydrogen burn. For the sequences of

A
8 8 concern, that is, of high probability, spray injection has functioned
d
q 9 initially to reduce pressure, and the fan coolers have functioned

5
g 10 to keep the ambient pressure at a relatively low value. Thus,

!

$ 11 the pressure spike is imposed on an initially lower ambient pres-
3

y 12 sure than is true for a case like TMLB' where the ambient pressure

'[~) b
'

''' 13 at the time of the spike is going to be higher.5
m

| 14 The results of our mid-June technology meeting with
$

15 NRC on containment pressure capability are encouraging, for they

j 16 tend to show increased containment pressure capability. Also
w

g 17 encouraging is the likelihood that hydrogen burn would involve
E

{ 18 significantly less than 100 percent zirc-water reaction, and that

E
19 the steam pressure spike will occur over many minutes rather than

g

20 one minute or less.

21 All of these factors indicate that more detailed assess-

Oke 22 ments can be expected-to show that the magnitude of the pressure'

i

23; spike is less than those generated by conservative analysis and
t

/~Nt

! (_) 24 assumptions. The results of our detailed analysis are likely to

| 25 demonstrate that the probability of containment failure for these

I
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sequences is small. Not only could such a demonstration rem'ove

bv these sequences as major risk contributors, but also markedly
2

reduce risk for these plants.

O At the intermeaiete 1 eve 1 of risks are sequences uke,

d the corresponding small break sequences.,

5=

M" Again, the overpressure threat results from rapid pressure spikes
j 6

E which evaluations are starting to show have little probability
$ I

of failing containment.

4 Remembering that it is the pressure spike sequences foro 9
i
o which filtered vented containment systems are least effective, so
g 10
z
5 that it's the higher risk sequences which we feel that these

; p 11

!
"

systems are least effective. If these sequences were removed,

O h of course the calculated risk values would be quite small. So
13v g

m
these sequences have been listed with a question T. ark.g g

:.;

The effect of the interim order was to reduce theg

]. sequence risk contributions such that it is now a small risk con-
3
d

tributor, and it should therefore properly be listed as a low risk.

b 17
u

Contributor.

=
# In the intermediate grouping with a question mark is also

39
8"

the TMLB' sequence. It is listed in both intermediate and low

risk categories because its risk contribution is different atg

(l different plants. At Zion with its diesel-driven spray pump,22v

TMLB' is placed in fission product release category 5, while at
23

Indian Point it's placed in release category 2.
24

1

25 j The important point is that there are still system
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options available to reduce risks frca TMLB' if judgment.isj
Ok' rea hed that such additional risk reduction is required.

2

Filtered vented containment is certainly not the only
3

O option for reducing risk from the TMLB' sequence.
4

I w uld also like to mention a couple of bounding
5=

A
y sequen es utilized by NRC and their contractor Sandia for the

6e

purpose of evaluating the filtered vented containment system con-
7

g, cepts. And while we feel some of these sequences are not important

$ as overall design basis conditions, in particular there is the
9-

z
AB ourn sequence. This sequence assumes large pipe break and

10a
z
E loss of all AC power. It results in an early end high ambient

11g
a

pressure at the time of the pressure spike. It's a low probability
d 12
z

( )) h sequence which imposes an unnecessarily severe ambient design
13:

condition, and therefore does not seem appropriate to us as a
E 14w

design condition.
15

m

[. 16
Similarly, the SLC sequence which I've described earlier

k
M

does not occur in these plants with high probability. It involves
d 17
a

b 18
early 1 ss of spray injection and failure of the containment before

=
# there is sufficient water in the sumps to initiate spray recircula-g9
8
n

Di U Il "*
20

Now, the probability of this sequence is very small forgj

() these plants, and we think it, too, is not appropriate as a design
22

23 sequence.

I) My last vngraph summarizes what we believe are appropriat a
24j

| 25 , design sequences for mitig tion fe tures. Y u will n te that they

|

|
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have the large, intermediate and small break sequences with loss
1

(~)
(/ of either injection or loss of recirculation and sprays. Both the

2
large break and the intermediate and small break sequences need

O'
( ,/ to be considered.

4

With small and intermediate breaks the sequence which

is most limiting would be selected as the basis for design studies
3 6e

g and evaluations. We believe it is important to concentrate on
" l

a sequences which are dominant or important with respect to risks
8 8n

Q for design evaluations.
c 9

h NRC employed a similar approach when they selected the
g 10

$ S2D sequence.for such evaluation. We both selected TMLB' as an
j 11

i 8 important sequence to be examined before our overall risk evalua-e
e, 12z

(]) y tion was available and based on its importance in the WASH-1400
o
"

study and the challenging condition it imposes on containment.
E 14w
$ The results of our short-term risk study indicate, howeven
r 15
w
* that TMLB' may not be a major contributor to risk, and for this

,

16j
d reason we believe that at a later time it may not be appropriate
d 17
w

to utilize it as a design basis for containment protection features* ,

$ 18
_

E The WASH-1400 type study reported here is a short-term
19

R scoping study useful in providing insight with respect to the
20

dominant sequences. The longer term Pickard, Lowe and Garrick

{} study will provide a much firmer basis for selection of dominant
,

| sequences. We expect the sequences we have selected as a result
23'

of this study to remain as a sequence appropriate as a basis for
.

{], 24x. _ -

| design studies. However, until these studies are completed, we
| 25

I
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believe it is appropriate to continue to look at the TMLB' sequencej
OV in ur design studies.

2

Generally, then, our approach to the selection of
3

sequences to serve as a basis for design studies appears to have
4

much in common with that of NRC except for the inclusion of the

h
g bounding sequence AB Burn. We do not-believe AB Burn is appropriate.
.o

f There is no unique phenomenology associated with this sequence
S 7

when it is compared to the other sequences we've indicated on the
8

9 vugraph. We therefore believe it's appropriate to drop AB Burn
9-

z
as a sequence for design basis studies.

z
5 The discussions presented here have indicated the factors
4 11

m
which affect the worth in relative risk of the various sequences.d nz
This measure is useful in providing guidance in the selection of

13a

functional requirements for mitigating features. As suggested byg

| ,, Dr. Kerr at the recent hydrogen technology interchange meeting

]. g with NRC, the 3.ost desirable objective would be agreement between
a
us

NRC and the applicants on the basis from which functional require-j7
:s

ments for initigating features can be evaluated and identified.

f 39
We have derived a set of such sequences from the short-term

i
pr babilistic risk assessment to serve as a basis until the more

20

detailed studies are completed this fall.
21

Q And that completes my presentation.22

DR. KERR: Questions.23

O ar- strettoa-24

DR. STRATTON: The one experimental result of the TMI-225
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accident was the release of xenon and noble gases was pretty large,

O_-\ several million curies; the escape of iodine was very small, about
2

13 curies, and this is a ratio of between 10-5 and 10-6 I think

n
(_) it's quite significant.

4

Has there been any effort to understand this ratic
5

b
g quantitatively and feed this into your consequence model for these
e

f accidents? Certainly the TMI-2 accident would be different from
" 7
*

any ther in your list, but some of the physical effects that
E 8n

9 would lead to this interesting ratio might be applicable.
9-

i
o MR. WALKER: The answer is mixed. That was not included
g 10
z
E in this short-term study. We do intend to examine those results

11y
m

and include them in the fission product source terms wo utilized 12z

() f in the longer term study.
13

DR. STRATTON: Is that the one coming off this otherg 4w
$ one?
2 15
m

MR. WALKER: Yes, right..

)3
DR. STRATTON: So someone is trying to understand, to.

)7
w

b 18
examine this experimental result and --

=
# MR. WALKER: Yes.

j9

R
DR. STRATTON: -- As to why it went this way.

20

MR. WALKER: We' re just initiating that part of theg

;) 22
' program, but yes, it's our intent to do that.

DR. CYBULSKIS: May I make a comment in that regard, pleas
23 |

(~} DR. KERR: Just a minute.
24

DR. STRATTON: Who are "we?"
25
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MR. WALKER: Well, the utility group. I guess I have
1

the lead in that particular area.
2

DR. STRATTON: Thank you.

DR. KERR: Mr. Cybulskis.

DR. CYBULSKIS: With regard to your question, Dr. Stratto nc
5

h the small releases to the atmosphere of iodine in the case of TMI] 6

actually we believe are quite well understood, and the reason why
7

the release of iodine to the atmosphere is low is because all the
8

$ releases in the case of the TMI incident took place through cold
9-

i
o water, all the releases took place through the pressurized reliefge
z
E valve. And to the best of our understanding there was cold water,
p 11

a
r latively ld water in the pressurizer when the significantd a

z

OE re1eeses were texius 9 ece- The ioaiae wes removea er ene weter1n
:s
m
p and in fact appeared in the water in the containment eventually.
w

Of course, the water has no effect on --

DR. STRATTON: I'm sorry. The escape of iodine to the.

m
#

environment did not go through the pressurizer and the relief
f 17
w

g valve. It went through the letdown line, to my understanding, to

h the auxiliary building.
j9

A
DR. CYBULSKIS: The iodine that eventually wound upg

outside in the environment may have gone that way. The majorityg

f the iodine inventory was released from the primary system22

through the containment, through the pressurizing relief valve23

and had to pass through water to get there. As I understand it,y

the' iodine is in fact in the -- was measured in the water in the
,

j25
i

ALDERSON REPORTING COMPANY. INC.



1,3 bsc 75 tes o

containment building, and it did not appear in the containment
1

O atmosphere.2

DR. STRATTON: Well, I think we're not together yet.
3

O 4| May I have just one more crack at it, Mr. Chairman?

The xenon that escaped I assumed followed letdown lines
e 5
E I

6| in the auxiliary building, or it was in the tanks and outgassed
o

k7 and leaked out through a bad header and up the stack.

,

I assume that iodine, being in the water, would have! 8
N

N followed the same path, or it would have tried to follow the
9

I

$ 10 | same path; and so there must have been a proportionate amount of

f iodine that tried to get to the auxiliary building. Why didn't it| ij j
<
3
,j 32 escape?
z

() b DR. CYBULSKIS: Because the water acts as a -- there's
13:

%
a certain partition coefficient between the water and the atmospher e

E 14
x.
t

! 15
in the liquid phase, and in f act the iodine in whatever form,

5 presumably molecular iodine, would have been retained by the water,
? 16
3
A

g 37 | and unless you boiled the water off completely, that iodine would
w

b 18
be retained by the water.

DR. STRATTON: Do you have this described quantitatively?h 19
5 I'd mos t appreciate the document that you have in front of you.20

DR. CYBULSKIS: I don' t recall how well that is documente@gj

fm Much of this was looked at as part of our effort with the Rogovin(_) 22
I

!

23 | inquiry, and I'd be happy to check and see what documentation is
,

:

( ,) available.24
!

! DR. STRATTON: Thank you.
25 ||

h
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DR. KERR: Other questions or comments?j

> Thank you, Mr. Walker.
2

S rry.
3

O DR. SHEWMON: I admit to getting no more than a D, I'm
4

a a d, on having all this stuff committed to memory. An AB Burn,
e 5

E
m ng ar un , w uld be a large pipe break followed by what?

8 6e

MR. WALKER: Total loss of power. A coincident large
7

j pipe break and loss of power capability.,

N DR. SHEWMON: Thank you.
9

2i
DR. KERR: Other questions or comments?g

z
DR. OKRENT: Well, a comment. I think after you havej jj

$
y ur 1 nger range study, you'll certainly have further insightd 12z
into what you think is the risk situation, let's say, at Zion.

13
S

It's not completely clear to me that the question will be closed.g g
:.:

There was a lot of work done on WASH-1400. It still had some
15

[. 16
things that people find warrant revision. I doubt that however

is
us

capable the group is that's going to do this longer range studyg 37

that they'll not only be able to think of everything but be able
18

_

E to deal with the things they do think of. Some of these problems
j9

X
are really, you might say, not subject to quantification in a

20

ready fashion, but nevertheless they're real.
21

) It would seem to me that in looking at possible featuresg

to mitigate accidents that lead to a large release of radioactive
23

{) material from the fuel, one might better take a, oh, you can call
24

it a humble attitude to how much he knows, or a broad approach, or
25
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whatever words you prefer; but to say that these seem to be thej

O dominant features and this is the way we should orient any design,

looks we're going to take leaves me less than satisfied as an

adviser to the NRC. It would leave me less than satisfied if I>

4

cnd tp 5 were the executive vice president of Commonwealth Edison.
5

2
N
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8 8n
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6 9
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g 10
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E 14
ti
a:

2 15

s
j 16
m

y 17

$ 18
_

19
8
n

20

21

0 22

23

O 24

25

i-

ALDERSON REPORTING COMPANY, INC.



~138tr -

P2pa 6
1 and tried to look at the picture in some kind of a long term, if

1R ACRS
7/ 0 2 I look backwards at how many things are occurring each year that
'inld/
)atfield 3 are " surprises."

o(,) 4 So while I'm not arguing for any specific sequence --

e 5 in fact, what I've been arguing, in fact, is that one not, that
3
9
3 6 one not narrow himself to specific sequences -- it seeras to me

,

R l

g 7 the approach to mitigating features might be done in terms of

a
j 8 what are the different engineering approaches that are practical,

d
d 9 what happens with each of these, what can they 'o or what will
i

h 10 they not do, and not to tie it down strictly to some alphabet
E
_

g 11 soup.
3
6 12 DR. WALKER: Well, let me just make one comment. And
3
=

(v~')j 13 maybe Mr. Peoples wishes to make one, in addition. But I believe
,

} 14 in the sequences we have selected we've pretty well covered the
5
2 15 ball park of the possible phenomenology we ought to look at.
E

g 16 There's the large break sequences, the small break
w

g 17 sequences; and we've gone ahead and carried the transient
5
5 18 sequence in the -- we have chosen to do that in the design
5"

19 studies, this one being particularly challenging as a result of
3

la

20 | the total loss of power.
|

21 So I feel like from the standpoint of system sequences i

r~s 22 we have, at least, selected a bunch that are -- we selected three
( _)

23 ; that are representative of something that's meaningful in 1

1

73 24 probability space and pretty well covered the waterfront on what
+

25 ; might be reasonable types of sequences , j
.

|
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|I0-2 1 Our objection to AB burn (?) is, that's we believe kind

r"N
() 2 of an unnecessarily severe condition to impose on system design

3 features.

() 4 DR. SHEWMON: Will we get a chance -- I don' t under-

e 5 stand what he is saying at all.
E
9

3 6 DR. OKRENT: Well, there'll be a discussion later.
R
$ 7 DR. KERR: What he's saying is that one should be very
3
j 8 certain that one hasn't missed anything, that they' ve taken a
d
d 9 general approach to this. He even suggested that they look at
Y

E 10 specific sequences. He said they have been looking at specific
3
j 11 sequences. I think he's saying don't neglect the general work
3

y 12 either.

c

(]) y 13 DR. SHEWMON: It sounded like we could believe
m

| 14 specific sequence- to get us into trouble but we can' c believe
5
C 15 them to get us out of trouble. So I'm glad yours -- I'd rather
E
g' 16 have your interpretation, I guess.
W

d 17 DR. OKRENT: I'm not sure what your question is. But ---
$
$ 18 DR. SHEWMON: My questien is to the Chairman as to
-

E
19, whether we'd have to discuss this amongst ourselves, because I --

M

20 DR. KERR: We have an hour sched". led this af ternoon

21 to do tha t . (WORDS UNINTELLIGIBLE) .

/~) 22
(_/ Do you have comments or questions?

23 DR. OKRENT: No r I .

24 DR. KERR: Mr. Walker, I think my revised schedule
(~)N\_

25 ' shows Mr. Garrick as the next presenter. Is that correct?

ALDERSON REPORTING COMPANY, INC.



i. '

i es e jdQ
10-3 1 (Pause) 1

( ,) 2 It's getting clear that we are not on schedule. And

3 there are people who would like to eat lunch. I'm going to

O(_j 4 suggest that after this presentation we take a break for lunch.

e 5 DR. GARRICK: My name is John Garrick. I' m wi th
3
e
j 6 Pickard, Lowe and Garrick and am managing the long-term study.
R
R 7 I say "long-term" cautiously, because I've had a hard
K

| 8 time convincing myself that six to seven months is long-term.
d
d 9 And I think it's important to put the stt7dy in perspective. As
i

h 10 far as the man years are concerned, we' re talking about an
E
3 11 ef fort somewhere of the order of 10 percent of the productive
$
e 12 part of the effort of WASH-1400, not counting the peer review3
m

(]) 13 or any of the follow-on activities.

| 14 I will give a kind of an overview of the study. Un-
$
2 15 fortunately, we're not far along, enough along to be able to
#
j 16 present results, as Dee (?) was able to do in the short-term
w

g 17 s tudy . But I think what we can do is give you a pretty good idea
#
$ 18 o f what we ' re up to .
=

19
X

Conceptually I am confident that we are addressing the

20 questions that Dave Okrent has raised, particularly with respect

21 to quality assurance and with respect to uncertainty. And I

22
(v-} guess the other word that people have been using to mean quality

23 , assurance has been the word "scrutability," so we have --

24 (Laughter)(m3

%.)
25 -- we have tried desperately to found our analysis withj

!
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10-4 1 those things , those objectives in mind.
-

d,, 2 Now, I will be supported in answering questions by

3 ther members of the team. I want to stress something that came

O 4 us toaev, eaa thee is that whi1e we ao neve reseoaeini11tv for

e 5 the long-term risk analysis, this effort has indeed been a team

E
j 6 ef fort between the three utilities involved, other consultants

7 they have, and Westinghouse.

7.

$ 8 The people that are here to support me are Stan Kaplan
d
d 9 and George Apostolakis, and our scenario expert had to leave
:i

h 10 because of an urgent matter that developed and he jus t lef t, and
z
:
g 11 that was Dennis Black. In those areas we 'll lean on people from
*
(i 12 other parts of the team, like Bob Henry and Ward Lokslan (?).
Z_

f] 13 What I'd like to do is give you some idea of what we

| 14 see as the purpose of the long-term risk analysis. Fundamental
$
2 15 in this area of trying to address questions of uncertainty and
E
: 16 questions of quality assurance is tha concept of risk that's been
m
vi

d 17 adopted, and of course the bigger picture of that -- the me tho d-

$ '

$ 18 ology and the general approach. And most of the remarka that I

19 will make will deal with the general approach or the methodology.
k

20 And at the closing of my presentation I'll give a little thumb-

21 nail sketch of just where the project is.

,m 22 As far as .what our objective is is concerned, or what
V

23 our objective is, naturally, what we want to do with this study

n 24 is quantify the risk. And by that we mean the health and safety
V l

25| risk, and we are having a considerable amount of dialogue at the
i
|
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70-5 i present time as to if for part of this we also want to quantify

O 2 eroverty aamese.

3 Two outputs o f the study that we view as extremely

() 4 important are the next two, namely, the quantitative basis for

e 5 evaluating the impact on rish of plant modifications -- it's
U
$ 6 highly desirable when you are asked to do something, be ite

G
2 7 procedural or be it to install a new piem- of equipment, to be

A
8 8 able to look into the analysis and see what the impact of thatN

d
d 9 change is on the risk curves -- we' re also trying to be quite
i

h 10 responsive to the current interest in emergency planning and how
zj 11 you can use quantitative risk analysis to assist you in that
a
d 12 area, particularly with emphasis on the site-specific part of
3

(}) h13 the problem.
m

E 14 And finally, maybe as generic a problem as we have isa
$
2 15 the problem o f training, and we have high expectations that the
5
j output of the study will aid in that aspect censiderably. And
'

16
w

( 17 there are two perspectives there. There's the n-rspective that
u -

$ 18 has to do with transferring this kind of thought process, this
-

19 kil. i. of technology into the utilities such that they can perform
$

20 their own risk analyses. And then there is the perspective that

21 provides deliverables such as the sys tems material, the systems

22 analyses, the scenarios themselves, that turn out to be extremely(-)
\_/

23 valuable aids in training.

f- 24 So that's what we ' re attempting to do .
L.J !

25 , It's important to ask the question c f what do we mean

i
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JO-6 1 by a risk analysis. And without getting complicated, what we're

('_%) 2 trying to do is answer some very simple questiors. We want to

3 know what can happen, what kind of things can go wrong. And

() 4 we'd like to know what the likelihood of that is, and as a part

e 5 of that we would like to know what our uncertainty is. And
b
d 6 finally we would like to know what are the consequences, whate
R
R 7 is the damage.

A
g 8 And the format of the answer, the format of the answer

d
d 9 is kind of summarized here -- in three different forms , as a
i

h 10 matter of fact.
E
Ig 11 The way we like to look at a risk analysis is that it's
3
d 12 essentially a list: it's a list of scenarios, it's a list of
3
e

(]) 13 things that can go wrong. And the whole effort in risk analysis

| 14 is trying to complete that list, trying to make that list as
$
2 15 meaningful as <ne can.
$
j 16 And of course in something where there are millions of
w

p 17 such scenarios , one ends up categorizing the scenarios .
#
$ 18 But attendant with each scenario, and what really
-

19 defines the scenario, is its likelihood, or its frequency of
R

20 occurrence. And so we must address the question of how frequent

21 and chen how -- and finally we must ask ourselves what's the

(~} 22 impact. And so the scenario is really defined by the impact and
x-

{ its frequency.23

(O
And so that in itself could be the output of a riskS 24

25 analysis -- simply a table. Another way of characterizing this
! I
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10-7 11 table is to characterize it as a set of triplets; that is to say,
n
() 2 a risk analysis is a set of L triplets, or the set of triplets

3 such that we have essentially completed the space of scenarios
.

(,) 4 that can contribute to risk.

e 5 And more familiar, a more familiar form of the risk
$

$ 6 analysis is what has become pretty much adopted as the risk

R
g 7 curve. And the risk curve is nothing more than this table

s
[ 8 arranged and put in this form. And in particular, if you arrange

d
d 9 this in order of increasing damage and accumulate it from the
i

h 10 bottom up and plot that information, it becomes the risk curve.
Ej 11 Dave Okrent set -- set us up for this . What we have to
3
d 12 do in our risk analysis, of course, is, express our state of
3

({)' 13 knowledge about what we know and what we don' t know. We know

| 14 there is uncertainty about what these -- the frequency of
$
2 15 occurrence of these scenarios. And the way in which wo express
N
j 16 that uncertainty is to express it as a probability of that fre-
w

g 17 ! quency. Similarly, there is uncertainty wj :a respect to damage,
w I

h -18 and again the way we express that uncertas.nty is with the proba-
_

k
19 bility .

$
20 And so our risk curve becomes a family of curves,-

21 each curve being a probability. We may choose to have it the

(~'3 22 5-percent curve, the 25-percent curve, the median curve, the 75 ,
V

23 , the 9 5 . So this gives us a full picture of the risk in terms of

(~) 24 what the frequency of damage is and what is -- what our uncertain-
%/ \

25 | ty is. So conceptually, at least, the whole effort is to try to
;
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70-8 1 cons truct that curve.

O
C) 2 Now, there's one other little point we want to make

3 here. We all know that when we attempt to do a risk analysis

O 4 enere is e1wers the auestioa of waet ala vou 1eeve out, waae neve

e 5 you forgotten. Well, the truth is, you do your best to not
E

$ 6 leave anything out, but you know that you can' t always think of
R
{ 7 everything. But one thing you can do is make some allowance for
X

| 8 having not been able to think of everything. And so, in a sense,
d
d 9 you can treat that as a scenario category just as you treat any
$
$ 10 other scenario. And so the problem now is not so much what you
3

} 11 have lef t out but, rather, what frequency shall we assign to it
is

y 12 and what kind of damage do we anticipate from it.

13 So at least this is -- this is the fuller framework

| 14 I that we're trying to -- to implement.
$
2 15 When we talk about risk analysis, therefore, then we're
$
g 16 talking primarily about a search for scenarios. And so let's
as

@ 17 talk a little bit about how we're structuring the scenarias.
$
$ 18 A risk analysis tends to fall i:v. , major segme.nts,

'

e
19, and that's the segment having to do with et - A i.ng the source

M

20 condition and the segment having to do with, given a source

21 condition, what is the frequency of dif ferent levels of damage.
m 22 And so it turns out to be a convenient way to conduct a riskrd

23 analysis, and these activities can go concurrently.

24p So you might say this is the risk curve where the
G

; 25| damage is release category. Damage could be any -- anything. I

I I

|
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10-9 1 jus t did one where the level of damage was not release, or net

(_) 2 release category, or not dose, but rather temperature.

3 So in the first part of the analysis, that is to say,

( ,) 4 the scenaric part of the analysis that takes you through the

e 5 fuel damage sequences, through the containment analysis, to a
h
j 6 point of release, we develop a risk curve.
R
$ 7 Similarly, given that release condition, or a release
A

| 8 category, or release states, we can proceed immediately with
d
d 9 determining what the consequences are -- and that's the same kind

$
g 10 of exercise. It's a matter of given a -- it's a matter of

E
j 11 developing scenarios , weather scenarios , evacuation scenarios.
3

y 12 And then the problem becomes one of combining these
c

(]) j 13 two risk curves into our final risk curve. So we structure the
a

| 14 scenarios to allow us to do that.
$
2 15 One of the early tasks in the whole process, of course,
5
j 16 is trying to develop a list of initiators, because the initiator
w

g 17 is kind of the cornerstone, or the beginning point, o f the
5
$ 18 scenario.
.

E
19, A way to do this that has worked pretty well for us is

M

20 to start with something we call the master logic diagram. The

21 perspective on this diagram is to try to start with the top

<x 22 event and at each level be complete in how things can happen with()
23| respect to the upper level.

i

,c3 24 So, in a sense, this might be viewed as a logic dia-
! V

25 ; gram, or a master logic diagram, for Zion and Indian Point. And
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JO-10 1 we take this to a level to where we begin to start asking

() 2 questions about what are the initiators. And again, we have to

3 remember that these kinds of things are categories of initiators

() 4 and can be sdadivided. But the point we try to achieve is that
,

e 5 we are complete here. And this later becomes valuable bc ause
h
] 6 when we start making the calculations and start working up this
R
& 7 then we can put the contribution of each of these boxes to the
;
j 8 top event. So it becomes a reasonably effective way to communi-
d
d 9 cate where things are happening.
i

h 10 Now, the structuring of the scenarios involves a lot
$
g 11 of models. And there's a -- there's no particular right way to
3

y 12 develop the scenario. It's whatever way seems to work the best.

(]) 13 But the -- there does seen to be some categories of models that
m

| 14 fit pretty nicely. For example, there are the system models, by
$
2 15 , which we mean those models that map from failure modes to com-
2
g 16 ponent failure modes to system failure modes; and the most common
A

6 17 tool for doing that has been the fault tree. There's the plant
$
5 18 model, and that is the model that takes it from the initiating=
#

19 event, such as was shown -- at least, categories of such -- in-

R

20 the previous slide, taking the initiating event to the system and
21 interaction -- to system and human interaction to furi damage;

<w 22 often this is done in the form of an event tree. There's theU
23 containment model, which tends to pick it up from the position

| g-) of fuel damage and reactor containment systems to containment24
%)

25 | release. And then finally there is the atmospheric dispersion
I
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30-11 1 and health effects model.
rm
') 2 Now, another way to kind of character!ze this processN_

3 a little bit and to extend it just a little beyond what the

() 4 prior slide did -- at the plant level we have the model that

e 5 maps the systems to the plant, and of course we have a series
Mnj 6 of initiators that feed into our scenario. The scenario format
R
g 7 is most of ten an event tree.
A
g 8 Now, these branch points tend to be systems, but they
d
d 9 can also be f unctions . But whatever they are, we must establish
i

h 10 what their probability of occurrence or not occurring really is.
3

| 11 And this is where we often go to the fault tree cor. cept.
3
6 12 So -- and then finally we go to the cause level. And3

({) 13 here is a kind of a fundamental point, that we think enhances the

E 14 quality assurance aspect of the problem. And that is that wew
$
2 15 limit the fault tree to the task of mapping hardware. We do no t
$
'

16 ask the fault tree to map causes..

3
M

g' 17 We treat the causes separately. And we treat Shem in
/
$ 18 the same way that we structure a list. We delineate the causes:
~

E

{ 19 there are hardware causes ; there are coincident random failure
a

20 causes; there are environmental effects; there are human errors;

21 there's combination of those; and there are causes that are

/'T 22 common to different systems in our sequence. So the problem is(J
23 to construct a list of such causes.

!

(~J3
24 There's just one minor point we want to make on the

s,

25 ' event tree. And that is that as far as the plant model is
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JO-12 1 concerned, one is not limited to two-state systems; there can be

() 2 as many states or as necessary to represent or model the problem.

3 DR. KERR: Mr. Garrick, excuse me. I am a little bit

() 4 puzzled as to what I should be learning from your presentation.

e 5 I could get the impression that you're giving us an introduction
Uj 6 to risk analysis, and I don't think that that's what you have in

R
g 7 mind. So tell me 'what -- what it is that you are telling us.
N
8 8 DR. GARRICK: Okay. What, really what I'm trying toN

O
d 9 do is to address the question of how we're developing the
i

h 10 various steps the total of which constitute a risk analysis, to
E
5 11 -- as it relates to Zion and Indian Point, how we are handling<
3
d 12 some of the important facets of it.
3
2

13 I guess another way to try to characterize what we're{)
| 14 trying to do is, there have been three or four areas where

$
2 15 there's been quite a bit of work done since WASH-1400, and those
$
*

g areas are things like how do you handle data and the extension of16
w

y' 17 some of the ideas that were used in WASH-1400 for handling data,
5
M 18 the question of how do you address the matter of site-specific
.

k 19 consequences. So I was -- I wanted to try to at least highlight_

R

20 that, because this is --

21 DR. KERR: I think if what you are doing is to show us

1

em 22 how your analysis ir going to depart from the procedures used in
(.) '

23 ; WASH-1400, if you FiJhlight those things , I Ehink , that' d be l
1

24 helpful.-
I

U
25 , DR. GARRICK: Okay. We ' ll do th at .
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30-13 1 DR. KERR: Okay.

) 2 DR. GARRICK: I think maybe what I'll do is jump to

3 the form of the system analysis.

() 4 DR. KERR: Okay.

g 5 DR. GARRICK : Okay. Of course, one of the things that
9
3 6 have proven to be extremely valuable in risk analysis is the
R
R 7 systems analysis, because it puts in one single place the
N

| 8 analysis of the system, the data that we used, the mission of

d
d 9 the system, the sensitivity of the system, the sensitivity of
Y
@ 10 the overall risk to the system. And here what, I guess, I want
3
~

g 11 to emphasize is that we are drawing a : separation between the
3

j 12 hardware part of the problem and the cause part of the problem,

(]) g 13 so that for each system we will develop a cause list, and that,

j 14 that cause such that we ask the system, well, you see, you have
$
2 15 a variety of causes that you will see: you will see random
5
g 16 failures and how do you respond to that; you will see human error
e
g 17 and how do you respond to that. So that the thing that we' re --
N
$ 18 we have tried to do, 'in order to keep the problem as tractable
-

O
19 as possible, is to separate that and pull it out of the logic ofg

n
20 the hardware mapping.

21 The next slide is kind of a format that we've adopted,

,r^g 22 where we have these causes or cause sets and we have the fre-r

| 'J~~

23 ! quency :. occurrence of the causes, what responses are possible --

|
'

24 in other words, some of them may be the kind of causes where<x
V

-25 human interaction or some other impact can have an effect -- |
i
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30-14 1 we may, we want to know, well, what's the probability that there

n
(_) 2 will be that kind of response, and of cc trse what's the impact

:

3 of these causes . a the components in the particular model that

/"*%(,) 4 we're looking at, and in the system, and are there systems,. and,

e 5 for that matter, on the initiating event. So -- and this, indeed ,

M
N

$ 6| is kind of an infinite list.

R
R 7 And what you attempt to do is to go down this sys-

M

| 8 tematically, and in most instances you do find that you get to

d
d 9 a point beyond which the results that you' re getting are not
i

h 10 contributing to system performance.
E
-

E 11 The other thing that is a little different from WASH-
$

( d 12 1400 is the question of the ex-plant consequences, that is to
E'

c

(} 13 say, the health effects and how do you get to the health effects

| 14 and how do you get to the consequences given a source condition.
$
2 15 What we have done there is , we have extended the
N
j 16 CRAFT code. This is basically a diagram of the CRAFT code. And
w

d 17 the places we have made changes are the places that have anything
N
$ 18 to do with specific sites.
_

E
19 And of course there are two or three areas that are

R

20 most -- seem to be most important in order for the consequence

21 analysis to have credibility. One of the areas is that when you

gx 22 are at a specific site you are no longer in as good a position
d

23 ; to make simplifying assumptions about straight-line trajectories
a

24 of plumes and straight-line evacuations as you are in a compositef3
Q

25 i site. So that was one area that had to be expanded and
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70 - 1 5 i redeveloped.

-

fs() 2 The other area that had to have quite a bit of develop-

3 ment work in was to account for very special ef fects, such as at

() 4 the Indian Point site there is a considerable number of questions

e 5 that have been raised about the effect of terrain and the site-
E
d 6 specific meteorology, and in the case of Zion the effect that's
o
R
g 7 of greatest interest is the lake effect. And I think that I have
M

| 8 a Vu-graph here that tends to highlight some of the main differ-

d
d 9 ences, and I'll only -- I only show it to show, mention a couple.
i

h 10 The main differences between the consequence model
E
5 11 that we're using and the WASH-1400 is that we have built in it
$
d 12 the ability to move the plume around, dependent upon wind
3

(~N b 13 dire - tion. Doing that has enabled us, there fo re, to model evacu-
\s, @

E 14 ation, the evacuation options that are available to us, rather
5=
R 15 than perhaps ideal lines.
5
j 16 The other thing is, if you do have the ability to move
m

6 17 the plume around and if it turns out that there are some -- some
N
M 18 contribution to risk from distances quite far away from the plant,
=

19 then, of course, you would like to be able to take advantage of
R

20 local meteorology as much as possible.

21 So those, those three things plus these other items ,

r~s 22 some of which are not too heavy of impact, are the main differ-
V

23 ences.

24 And I' put these slides in this morning, and these two-

25 or three slides are not in your handout, but I can make them

i
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JO-16 1 available if they are of interest.

,

() 2 Just to give a kind of a pictorial demonstration of

3 what we're talking about here, if this represents the plume

(m_) 4 path such that you can move the plume depending upon the weather,

g 5 this can represent an evacuation path, and the gray areas are the
E

@ 6 regions where dose calculations were made. So one can put in
R
$ 7 whatever weather scenarios he wishes and whatever evacuation
;
j 8 routes and, at least, get some ider as to whether or not having
d
d 9 this kind of extra capability makes much difference.
z'
O

$ 10 okay, one of the other things that we want to talk
E
g 11 about briefly, and that there has been quite a bit of work since
3

j 12 WASH-1400, is this question of data handling. And we, in the
3

(]~ )
13 data handling we, want to focus on specific equipment, specific

| 14 failure modes, or maybe specific initiating events. What we
$
2 15 really desire from this information is a failure rate or an
$
'

16j occurrence frequency. And what we want to be able to do is take
w

d 17 full advantage of all the information at our disposal in
N

*

$ 18 establishing what those numbers ought to be .
:
#

19
R

And of course the information you like very much is

20 historic information. We'd like to have a time histogram on each

21 item.

22
) But you want to be sure that your approach takes

|

| 23 advantage of any other information that you have -- design infor-
. .

24 mation, history of similar equipment.i r~s
V

25 i And then finally, in the handling of the data, you want
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J0-17 i to be sure that you systematically uti1ize, combine your informa-

0 2 eion such ehet te does, indeed, regreeene vocr eeete of know1edse .

3 So th at 's wha t 's mo tiva ted us .

O 4 And here is s me m de s that we use for implementation.

e 5 There is a typo error here. This is the prior distri-
bj 6 bution rather than the posterior. I think it is correct in your
-

{ 7 handout.

8 But we've sort of separated the data handling question

d
g 9 into these kinds of groupings. Mode'. one is the case where you
i

h 10 put forth a number, a frequency of occurrence or a failure rate,
3
5 11 and this comes from wherever you can get it, but because you
<
m
ti 12 want to tell the truth about that number, you express your un-
3
=

(') y 13 certainty about that number as a probability distribution. And
v =

E 14 then you perhaps get some information hat you want to take
:a

$
2 15 account for. You might come upon some data of operating that
N

*.- 16 machine. And the way in which we take account of that new
v5

g 17 evidence on this distribution is through Bayes' theorem, and
u -

M 18 that gives us the posterior that if this is the model we adopt
.

5
19 then that's the input we'd adopt to our analysis.

R
20 Model two, and a little better model, is what we call

2) the variability population; in other words > we have a population

p 22 of such machines , and we can express that population this time as
(_/

23 truly a variable, a fluctuating random variab1e, based on measure-

24 I
ment. So now we have a population distribution of the frequency

(v_) ,

25| that we're trying to utilize in our analysis.

I
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:JO-18 1 Now, what we have to do, though, is, we have to put

() 2 forth our state of knowledge about the item of interest, about

1

3 the machine that we're buying. And in the absence of anything

() 4 else, we probably would put forth that to be essentially the

e 5 same as our population variability curve. If we have some other
E
8 6 info rmation , then this curve would reflect that.
e
R
g 7 In the meantime we get some information -- decay

A

| 8 failures and M trials. And so we want to -- such as you might

d
d 9 get, this might represent a generic distribution dnat we get
i

h 10 from all plants, all PWRs, but now we have some Indian Point and
3j 11 Zion data and we want to specialize this to Zion and Indian
3
d 12 Point. And again the way we do that is through Bayes' theorem.
3

(]) 13 Now, while we haven' t carried it this far, the princi-

| 14 ple becomes the s ame , is that if aging turns out to be something
$
2 15 of particular importance, we want to incorporate that into our
5
: 16 model as well.
*
w

g 17 DR. LEE: Could you perhaps say or go through about the
$
$ 18 difference in uniform population modeling, variable ~ population
-

h
19 modeling in curves?

%
20 DR. GARRICK: Well, all we've got here is, this is our

this is the number we put out as the number that we think is21 --

(G")
22 representative of the failur e rate of that item. Now, what I'm --

23 so that's a fixed number. That's a number. That's not a random
,

rm 24 variable; it's not anything. But we 're uncertain about that
(_)!

25 n umber . So all we're saying with model one is that we express

ALDERSON REPORTING COMPANY, INC.



150. . .

10-19 1 our uncertainty in this fashion.

() 2 Now, here we have -- we have lots of machines that we

3 have operated, each of which has its own failure rate, and we

() 4 plot those failure rates and actually develop a population vari-

e 5 ability.

h
3 6 DR. LEE: So whenever possible you would use youre
R
g 7 variable population model?

A

[ 8 DR. GARRICK: Yes,

d
n 9 DR. LEE: To determine the prior distribution?
i

h 10 DR. GARRicik Absolutely.

E 11 DR. LEE: Okay, thank you.
$.

d 12 DR. GARRICK: The approach is that we use all the
Z_

(~]' 13 information we can get. And that's why we keep calling it the

E 14 state-of-knowledge approach.W
$
2 15 For example, on model two-A we may get a number from
$
g 16 WASH-1400, and we may use that as the basis for our prior. Or we
w

g 17 may choose to go behind that and ask what was the detailed data
#
{ 18 that led to that distribution or any other. So we may back up
-
-"

19 as f ar -- f urther. But the process again is the same.
R

20 DR. KERR: Mr. Garrick.

21 DR. GARRICK: Yes?

f3 22 DR. KERR: About how much additional time do you expect
V

23 , to take to finish this?
,

24 DR. GARRICK: I'm all through -- I'm about thro ugh . Ifs

V
25 think about two minutes.

,
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JO-20 1 So what I tried to do here is to highlight two or
g
(_) 2 three areas where the emphasis and the perspective is a little

3 different than WASH-1400. One of those is that in the way in

(]) 4 which the scenarios are constructed, we try to give a little

e 5 more emphasis to the event tree as far as using the event tree
h

h 6 to account for system interaction and human interaction; also, as
R
& 7 a part of the scenario, we have tried to establish some guide-
K
j 8 lines on what constitutes an event -- or a fault tree, what it
d
d 9 should do, and some guidelines on how to develop the causes and
$
$ 10 the form of those causes, such that we have, essentially, a book
N
g 11 on each system. Thirdly, we've talked about the data and trying
*
y 12 to propagate uncertainty through the model; that is to say, all
-

S
(};' 13 of the models will have input to them dis tributions, the distri-

| 14 butions will take the form of whatever our state of knowledge
$
2 15 will dictate, and we'll propagate that dirough the event -- fault
E!

j 16 trees, the event trees, and then in the combination process,
w

d 17 And finally, the consequence model has been modified to accommo-
#
$ 18 - date site-specific characteristics in general, A) , and B), in
.~

G
19 particular with respect to the peculiarities of Zion and Indian

R

20 Point.

21 And as to where we are, this is a kind of a quick

<x 22 summary as to where the project is. As far as the scenarioV
23 construction is concerned, that is very well along, and we're

,

24 primarily exchanging scenarios now and trying to validate themf3
V

25| and finalize them. The quantification process, which is about 10
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70-21 1 percent of the total effort, is about 20 percent complete. The
,.,

(_/ 2 inplant consequences, by which we mean the development of things

3 like the containment event tree and the -- picking it up from

4 the fuel damage, frequency of fuel damage to the release, that 's

e 5 about 20 percent done. And the ex-plant consequences, which is
h
j 6 a substantial part of the effort, is about -- is quite well
R
{ 7 along. And so forth.

A

[ 8 As you can see, if you take the consequences and the
d
a 9 systems analysis, which is kind of this, together with the report
i
o
g 10 preparation, we really are talking about about 80 percent of the

!
g 11 effort.
5

j 12 DR. KERR: And what is the probability that they will
=

(~') $ 13 be completed on schedule?
rs ,

| 14 (Laughter)

a
2 15 DR. GARRICK: I have my own histogram on that. We're
Y
j 16 giving a -- we have a high confidence that it will be completed
w

6 17 on schedule.
$
5 18 DR. KERR: Thank you.
5"

19 Are there questions?
R

20 I will declare a one-hour recess. We will reconvene

END 21 at ten af ter two.
TAPE 6

22 (Whereupon, at 1:10 p.m., the meeting recessed, to; (~)' u

| 23 , reconvene at 2:10 p.m. this same day.)
t !

,

24g3

i %-)
25 j

!
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MR. KERR: On the record. Mr. Garrick, will you

3
continue, please?

4
MR. GARRICK: Yes. In view of the guidance you gave

'
|- me earlier before lunch, trying to address the specific differ-
"
3 6
2 ences between what we're doing and WASH-1400, let me just
En 7
; summarize those again. They are primarily, first of all, in the
n
i 8

data handling area, and the principal difference there is thata
d
d 9'
j we're representing the data first in some sort of generic form
o
P 10
j and then we're specializing it to the specific plant based on
=
E 11
g plant-specific information. And the output will be in the form

d 12
z of a probability curve.

() 13
g The data handling is also involving when we have to use

E 14
something like WASH-1400 data, using it with our state of confidensw

$
9 15
9 or s tate of knowledge. That means where they might have data that
x

? 16
g is a 90% confidence interval, we have found that in order to give

6 17
w us the added confidence that we need, of ten we treat that as a
x
$ 18

60% confidence interval.=
#

19| We're trying to take full advantage in the data handling

20
area of the Human Error Handbook. We''re done an LER analysis ,

21
particularly to find some things that you saw on the cause tWble

IsJ 22
like analysis error, and see what the contribution is there.

23 ; The other somewhat distinguishing feature of the data handling
1

| (~' 24
(- activity . is the cause table. Trying to construct the cause table

25 I
! that displays, on a system-by-system basis, just exactly what the
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I! input is and where it came from and how it's used.
,f-)

! '

(_/
2 T he second area that is quite dif ferent from WASH-1400

- 3 '
is in what I recently described as the scenario area. We ares

.] 4 spending a lot more time with respect to the containment scenarios -

5g and also, of course, in the conduct of that, addressing the
9
5 0 greater than 2200 degree scenario, rather than progressing to

,,

E 7|S melt.
s
* 8n Consequences -- I think I said enough about that. The
d

}". primary thing there is to make the consequence model site-specific9

-

E 10y and that primarily has to do with accounting for the peculiarities
E '

y
II of the site, accounting for direction or dependence of the plume,

d 12
3 accounting for evacuation models options available to the site.

() 13
g Earthquake is another area that's very different from

E 14 WASH-1400, or for that matter, from any risk effort. There, whatw
$
9 15g we're doing for each site is developing an earthquake frequency
=

y 16 curve in the same form that we showed you at the outset as to what,

*
i

-
I a risk curve looks like. Namely, the probability of frequency of

x
IM

18 | occurrence of certain kinds of earthquakes. We're representing_

192 earthquake in terms of equivalent peak ground acceleration, and
n

20
from there we go to fragility curves, by which we mean failure

21
curves agains t peak acceleration or against earthquake type.-

m
6 ) 22'

| And we're also handling uncertainty and dependencies in the\/

1

! 23
earthquakes.

24|!
/~l
(/ That model we have had quite a bit of experience with

25 '
so this isn' t really the first time, except we' re refining itt

I
t
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1 and fine tuning it a little bit.-
,

'8 |(O'

2 So those are --

3 MR. KERR: Will you be looking at earthquakes of

O 4 magnitude larger than the historical earthquake of the region?
,

i

e 5 MR. GARRICK: We were trying to do that. We're going j

b {
'

@ 6 to the expert seismologists and we're asking them to develop a

R
& 7 probability of frequency curve of earthquakes for that site.

Aj 8 So in a sense, this information should tell us what the frequency

d
d 9 of occurrence of any earthquake is at that site.

b
g 10 MR. SIESS: Where has your experience with this?
E

| 11 You said you've had quite a bit of experience with earthquakes,
a
y 12 MR. GARRICK: As far as analyzing the earthquake in a

y
(_s) 13 risk model is concerned, our principal experience is the two-year5

m

| 14 study we performed for Jersey Central Power and Light on Oyster

$
2 15 Creek.
u
y 16 MR. KERR: Thank you. Are there other questions? I'm
A-

d 17 told that the next presentation will be made by Dr. Henry.
'

5
$ 18 MR. HENRY: Chairman Kerr, members of the Committee,
.

E
19 my name is Bob Henry, I'm from Fauske Associates, and I'd like to

R
20 discuss with you this af ternoon very briefly the efforts that we

21 had during the 60-day study relating to steam exp osions and core ;

(]) 22 coolabili ty. In the interest of time, I'll he somewhat brief with

23 , summary statements. If you'd like to have some more details,
i

I ,

(]) 24 ' please feel free te ask me at any point. I'd also, then, like to

25 i discuss with you our continued thinking along these matters that |
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1 relate to core coolability that have bet n developed since the

2 end of the 60-day study.

3 I'd firs t like to address steam explosions, which was

O 4 discussed this morning, and as was discussed by Dr. Walker, there

g were two probabilities set and this was more or less a result of5

c'

] 6 the fact that we saw this particular phenomenon being addressed
R
& 7 in two different f ashions that dif fered with scenarios. One was

Aj 8 related to the in-vessel steam explosions; as you recall, in
d
c; 9 WASH-1400 it was the in-vessel steam explosion which caused a
z

h 10 rupture -- it was calculated to cause a rupture of the tressure
!
j 11 vessel, make make it missile out of part of the pressure vessel
m

y 12 and it was that missile which then ruptured the containment.

O |i3 We broke ie down into the in-veese1 seeem exp1osione --

h 14 to be a little bit more definitive, in terms of those which were

$
15 occurring at elevated system pressures , it would be expected to

j 16 occur' at elevated system pressures which might be something like
w

d 17 the S2D sequence or TMLB prime, and those which would be of lower
$

} 18 system pressures such as the large break sequence.
9

{ 19 Given the analyses and experimental data which were
n

20 available for pressures greater than 10 atmosphere is 150 psia,

21 we do not feel that steam explosions would occur.

O 22 on 1ower sy,eem gressures --
.

1 23 MR. KERR: Excuse me. What is meant by the s tatement
!

f] 24 that we do not feel steam explosions would occur?!

v
i
'

25 | MR. HENRY: The experimental data shows that at pressurea
I
,
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I above 150 psi, explosions have not been able to be produced.m

b 2 The analyses also predict that in that area, since it is a boiling

3 phenomenon, boiling would become more benign at elevated pressures._

4 I think the best justification for this that one has

e 5 right now is the available experimental data with similar fluids
8
3 0 and with real reactor materials, but on different size scales.
R
*" 7
; And if I had to assign a probability of a steam explosion at high
n

j 8 pressures, it would be zero, in my own estimation.
d

' MR. OKRENT: Excuse me. I vaguely recall hearing a
=

h
10 paper by somebody from Sandia in which he suggested that you

=
! II could have circumstances , if I remember correctly, a strong enough
is
# 12E trigger, that you could induce the explosion above 150 psi. Is

13 that a difference of technical opinion or what?

3 14i3 MR. HENRY: I think that's well-characterized as a
$

15 difference of technical opinion. I don' t mean to misrepresent

i[ I0 anybody else's ideas. In that paper, their feeling, if I could
us

h
I7 characterize it, they're suggesting that the explosion is, indeed ,

z
I0 trigger-dependent. And certainly, experiments have been done

a
g which demonstrate that the trigger has something to do with the

O point at which pressure cuts off. But the experiments that have

2I been done appear to show that the pressure overwhelms the trigger

!O 22v very early, if you will, in the event.

23 Let me state it a little differently. The experiments
;

' O 24
(_/ which were done with similar fluids show that at one atmosphere

t

'

25
| you can have explosions; from one to two atmospheres you would
1
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I not have any explosions but a strong trigger would induce them
dg

2 at two atmosphere.s; but at three atmospheres even a strong

trigger wouldn't induce the explosion. So there is a very slight

4 dependence on trigger which appears to be overwhelmed at pressures

5 of something like this.

3 0 On the other hand, if one deals with a depressurized
R
b 7 system, lower system pressures, we feel the probability of a
a
S 8
.4 steam explosion would have to be assumed to be unity. However,
d i

" 9~. given any reasonable levels of fragmentation which would lead to

10 an explosion, we cannot identify any which one
=

II would be able to generate a continuous overlaying liquid layer.

" 12E It was that continuous overlaying liquid layer in WASH-1400, for

O a i3g instance, which resulted in rupture of the pressure vessel and,

I-

E 14 ' then consequently made a missile out of the vessel head.:s

$
9 15
i;i In this environment, steam explosion would most likely
x

I0 resemble a shallow underwater explosion. Consequently, we can' t

h
I7 identify any way in which the continuous overlaying liquid layer

x

f 18 could be produced since the probability would be one, we'd also

I9 have to say that the probability of a vessel failure by steam

20 explosion is insignificant. Because without this, you don' t have

2I a vessel failure. The pressure from the explosion itself is less

| D
|
y 22 than the steady state operating pressure-that the system has been

23 designed for.

24
~ SHEWMON: By continuous overlaying liquid layerMR.

25 you mean a thick enough layer to act as a piston or have a fair

i ALDERSON REPORTING COiviPANY, INC.
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1 amount of momentum to -- it is not accelerated.

2 MR. HENRY: Exactly. If I remember the numbers, for

i

3 instance, one of the transients which was shown in WASH-1400, the

4 pressure which was driving the slug did go super-critical with

e 5 thaapressure that the slug generated when it was accelerated over
h
@ 6 several tons of feet and brought to rest very rapidly, it far
R
6 7 exceeded the ultimate stress which was like 10,000 psi. Excuse
sj 8 me, it developed pressures which were in excess of 10,000 psi,
d
n 9 That was a failure mechanism.
i

h 10 MR. OKRENT: This same Sandia talk or an accompanying
=
j 11 one seems to me -- and maybe a paper from Sandia -- have raised a
a

j 12 question about whether a steam explosion under what you have as

() 13 Category 2 could bother the steam generator integrity. Do you

! 14 have any comments in that area?
$

15 MR . H ENRY : That's certainly one thing that we 're looking

*

16 into, and I think, if I can give you the benefit of a most currentg
w

d 17 | though t, I believe if I can again characterize their thought
s
5 18 processes correctly, it's not necessarily just a steam explosion;
A

[ 19 they 're just looking at rapid steam production. In other words ,
M

20 there wasn' t a shock wave that was required; it was merely just

21 very high pressure steam production in the primary system over a

(]) 22 time scale which was short compared to the heat sinks.

23 , We have, indeed, begun looking into that. We are
!

(]) 24 currently calculating pressures which do not appear to test the

25 integrity of the steam generators. That wasn' t included in the

i

|
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<

I 60-day study and I was not going to address that today, but I

f_ 2 would certainly be happy to at any future time. |

3 The calculation is basically one of just coming to
7-
(/ 4 equilibrium in a very short time inside the primary system. It

was quenching the core very rapidly when you already started off

with a pressure of about 2000 psi.
E
E MR. OKRENT: I'll wait to hear doout this at some
A
R 8M future time, then.
O
o 9 MR. HENRY: In. addition to the in-vessel considerations,g

b 10
g we also then looked at ex-vessel. Of course, as you recall in
=
2 11
g WASH-1400 the assessment was made ' hat thia had no logical way

6 12z of failing the containment via the steam explosion itself. I

() b 13
g think that one would also have to assume a probability of unity.

E 14
g It's difficult to assign anything other than that, since it's

E 15y already low pressure, shallow in the water. An allogenic (?) is
x

particularly relevant here because one's dealing with fairly

6 17
short depths, small depths of liquid. There's also a very short.

-

o
x
$ 18

length of any slug ace'eleration. In these particular designs,=

19| the in-core instrument shaft is a vent for the explosion which

20
means that there is no real long-term acceleration and consequent

21
missile potential. And the shock waves themselves, from a very

[d' 22
energetic explosion inthe reactor cavity, by the time it expands'

23
|
to the wall would be not anything close to the design pressures.

/~l 24 |!

(/
| In other words, they would not fail the containment wall themselves;

25 I
I Again, this is in agreement with what was done in WASH-1400.

|
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1 In summary, for the s team explosions , in-vessel elevated

O. 2 system pressure sequences which -- for instance, TMI with the

3 minimum pressure is about 400 psi -- we feel steam explosions -

4 would not occur b'ased on the applicable experimental data.

e 5 At lower sys tem pressures , steam explosions can occur
b

@ 6 but will not fail the reactor vessel because there's no way of
R
6, 7 identifying any wav of achieving any continuous overlaying liquid
A

| 8 layer which is necessary for failure,
d
C 9 And the ex-vessel steam explosions can occur with the

,

z

h 10 shock waves generated at much less than the containment design
E

$ 11 pressure.
is

ji 12 I think, to try and highlight the --

O bd 5 13 MR. PLESSETr I just wanted to make sure that
m

| 14 Dr. Okrent's point is not missed too easily. I think by ruling
$i

15 out steam explosions at higher pressure, you do rule out the

j 16 possibility of steam generator damage, for example. And I think
A

( 17 it's terribly important to be sure of that. And I think we ought
z

{ 18 to get more information on it.

E
19 MR. HENRY: Excuse me, Professor Plesset, I didn't mean

20 to rule it out because all I'm saying is that the steam -- you

21 do not have to have a steam explosion- in order to calculate the

22 kinds of pressurcs that were referenced by Dr. Okrent. It's
'

23 ; merely a very rapid steam production; it's not a shock wave

C) 24 pressure that we're talking about. We're just calculating the

25| system coming to equilibrium which gave them pressures of about
i

ALDERSON REPORTING COMPANY, INC.



l
10

I68 .

. . .

!

I 4000 psi. |s

2 MR. PLESSET: I was going back to the question of a

3 steam explosion at higher pressure. If it does occur, then you

4 could get steam generator damage, for example; if you're already

5 up at pressure, then you'd 'have --

$ 0 MR. HENRY: You would surely get rapid steam production, i

R
b 7 yes.
U

k 0 MR. PLESSET: So I think it's an important point and
d
q 9 I just want to be sure that we don't forget it.
IE

h10 MR. HENRY: It is a very important point and I just want
=
$ II to make sure that what I said is interpreted correctly. You
is

f 12 don' t have to have a steam explosion to get rapid steam production

13 at high pressures , also. Because we say ruling out steam explo-

I4 sions at high pressures, we're not saying that you couldn't have
$

15 significant steam production.,

i[ Ib h?.. OKRENT: It is sort of a path out of containment.
us

h II ! Now, you might or might not be able to isolate.
x

b IO MR. HENRY: I think it's also something where we have

E
II

g to be a bit more definitive on the way we treat the heat sinks

20 within the primary system before we can come up with a number

21 which is, indeed, worthy of discussion on a technical basis becausG

p) 22 just to say it comes to equilibrium is not sufficient. Becausev

23 ' in the primary system you obviously have a lot of heat sinks which

24( .
act much faster than they do outside of the containment.

25|| MR. SHEWMON: Would you briefly tell me the difference
I
i
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1
between an explosion and rapid steam generation in your mind?-s

- 2
Talk d3out time constants or something.

3
MR. HENRY: Time constants is certain1'1 one way thatg-

\- 4
somebody might choose to characterize it. I would choose to

e 5

$ characterize it in the following fashion. Steam explosion is

N 6

} one wherein the vapor is generated at a sufficient rate so that

8 7

{ the system cannot acoustically relieve itself. In other words ,

8 8" it can produce a shock wave, and the shock wave itself would thend
d 9
g have to be analyzed in terms of its ability to do damage.

E 10j On the other hand, we could have steam production over

E 11

$ a time scale several orders of magnitude longer, like a few seconds
d 12
j but still faster than the heat sinks within the system could be

(/ d 13
5 active. So you could essentially come up with the same final
E 14
y pressure, but the rate or path at which you get there could be

2 15
g far different. And the individual concerns diat you would have

T 16
$ over the two events could be considerably different.

6 17j MR. SHEWMON: With these few seconds it could also be

M 18
= much faster than the pressure relief valve which, for example,
#

19
k could open and relieve it.

20
MR. HENRY: I t ',u nld be , yes . I don' t mean to minimize

21
the problem. I thin'z ic , feel that that's one area which there

(~T 22
certainly must be more definiti tm treatment so that we can-

23 |
! indeed identify whether or not the steam generators are the

(~') 24
bypass mode.'

25
f Given all the organizations which have looked at this

!
'
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particular problem, as I say here, the method ' of calculation,

'() 2 I should say also the mechanisns which have been treated, are

3 somewhat dif ferent. The various organizations all appear to

() 4 conclude diat the failure of the containment structure as a

j - 5 result of either in-vess.el or ex-vessel steam explosion is
9

5 0 highly unlikely. And here I include the utility group, the
R
*
E 7 group from Los Alamos, and their reason for this , or at least
sj 8 one of the reasons, was diat they felt that the bottom of this
d

9 system, the bottom of the reactor vessel, would fail before you

$ 10
g could even accelerate the slug to the top of the vessel. And
=

! II also, Sandia felt that the failure, if anything, mus t be a
B

f I2 fairly small part of the primary system such as the control rod
r~; o

- drive mechanism, which they felt then would not be failing the

E 14 .

w containment.
U -

h 15 MR. OKRENT: By the way, where do Botnme and Ball sit
x

d I0
these days with regard to the question of whether you can get

w

h
17

steam explosions let's say at high pressure or have they offered
x
$ 18 any opinions on whether they think they can be severe enough to_

w

I9 disagree with either of the two conclusions you've got there whichy
n

20 in fact, Sandia does seem to agree with?'

MR. HENRY: Let me take the second part of your
i

question first. 'In discussions with them, I have not had any

23 !
j discussions with them for the past year, but they offered no real

()'

opinion as to shether the containment structure could be failed.

! 25 |
| | On the other hand, if I could characterize Dr. Bourne's

! I l
1

ALDERSON REPORTING COMPANY, INC.
l



__._ _ _.____ _ _

13
ka s - }71

I comments at the last meeting in Bournemouth, he certainly --
,,

# 2 it's his opinion that this type of thing must be trigger-

dependent. Certainly, in that aspect his technical view is not

4'-

diat different from the paper you talked daout at Sandia; that

e 5
one could induce contact and once you- induce contact you mustg

8 6
be able to force it from there on.*

R
R 7
; MR. ETHERINGTON: In all these cases you're considering

water layer on top of the melt?
d
6 9 MR. HENRY: In these cases we 're considering ang

h 10
intimate mixture of the melt and water.z

=

MR. ETHERINGTON: Whether the (?) is introduced

from above or below makes no difference?

() $ 13
g MR.. HENRY: That's correct. We did not look at it as

E 14
making any specific difference in this formulation. I think thew

$
9 15
5 following speaker will identify some of the problems that the
x
: 16

g lower structure of the reactor vessel provides in getting any

6 17
kind of intimate mixture. In that case, that's also -- inx

x
$ 18

dealing with that particular sequence then, one would have to-

E
19| treat those specific characteristics of the vessel design, for

! 20 ,

| Ins tance .

21
I'd like to address this high pressure part when we

get into core coolability because I think it plays a logical role

23 there .

(x~_)/ 24
We also then evaluated coolability of the core, and

25
we addressed it from both an in-vessel and an ex-vessel standpoint.
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I I'd like to make a couple of points. These reactors have I think -

O
2 give several options, let's say, to being able to remove the decay

3 power within the core region, assuming a badly damaged core.

; For the sake of argument, let's assume that the damage

g has progressed to the point where the inlet is totally blocked,5

?
@ 6 so the only mechanism by which one could cool is from above.
E 1

& 7 The particular plants such as Zion and Indian Point, have the
3
| 8 potential for injecting into the hot legs when the pressure is
d
d 9 below something like 1500 psi. They also have vertical steam
z.

10 generators and they are elevated so that one has the possibility
=

$ II of setting up a heat removal path between the damaged core and
is

N I2 the steam generators which only relies on the outlet leg. In

(} b
E 13 other words, steam going up this way, water returning back down'

a

@ 14. like so.
$j 15 MR. ETHERINGTON: Do you visualize that the core
m

j 16 debris could stay in there like that?
us .

!i I7 MR. HENRY: Yes. I visualize that this could, indeed,
$
$ 18 remain here like this. In a long-term cooling mode, as long as
r-

i~
19 the water is available and as long as you're extracting the heat

20 down from the steam generator.

II MR. ETHERINGTON: You mean all of the heat from the

22 bottom that's coming up by conduction tl rough the --

23 ' MR. HENRY: No. This is 'being cooled as ' a debris bed.

A'

i/ 24 Water is draining down through the debris and vapor is coming up.

| 25 It's a countercurrent flow of liquid and vapor.
i

L

1
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1 MR. ETHERINGTON: Is there evidence that the water can |

) 2 drain to the bottom without being held up by the escaping steam? |

3 MR. HENRY: Yes, there are models which describe that.

O. 4 In fact, Don Paddleford was talking about that exact type of

g formulation this morning when they provided an evaluation for TMI.5

n
j 6 I'd like to show you the calculations we have to

R
& 7 describe that and also the sensitivities that it has to some
s
] 8 parameters i n be model.

d
d 9 Siz:ce this is a vertical U-tube steam generator, then
i
o
@ 10 one has -- for limited damage to the core of, say, 50% and the

E
j 11 core oxidized, for instance, the hydrogen cannot totally block
*

j 12 the steam generators and one could just pressurize the hydrogen
=
3

13 to the top of the steam generator and still have the heat sink( 5
=

| 14 available. So there 's another very important dif ference between
E

{ 15 tha t, for instance, and TMI.
x

g 16 MR. LEE: So you expect that you can have a flooding
W

d 17 situation there with a water returning?
$
$ 18 MR. HENRY: Yes.
2
I 19 MR. LEE: What guarantee ir there that you can indeed
R

20 have such a situation? Under what circumstances could you

21 expect the flooding taking place?

() 22 MR. HENRY: The first and mos t important circumstance

23 is that one must have water available to the top of the core.

| (]) 24 And these particular plants have the capability of putting water
!

25 ' in at this point. - The first point I made was' that we assume that
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Ig- the bottom is totally blocked so there's no entry path to cool
\_/

2 the core from the downcomer; tha t 's the assumption. If the

3 bottom is not totally blocked, then of course one can also put

O 4 water in the cold legs, which allows you a continuous path from

j this way to remove the heat.

8 6l. What I' d like to discuss with you is what provides ae

n
M 7
; limitation in this countercurrent flow, and what available infor-
n
2 8M mation do we have to give us some guidance.
O

["-
9 Now, if one can' t put the water in here, then of course

e

h
10 your outcome is pre-determined. Obviously, you also must be able

=

. to remove the energy from the st eam generators . You mus t put

d 12 .

z water into the steam generator, also.

( $ 13
g MR. LEE: You should be able to remove quite a bit of
x

| I4- heat then perhaps,
e
9 15g MR. HENRY: In the steam generator?
z

I
MR. LEE: Right,

w

F 17
d i MR. HENRY: The decay power only takes roughly a foot
5
m 18

of direct contact in one steam generator, if you have that much=
#

19
8 water in there.

20
MR. LEE: How about the to water that

21
you have to put into your ?

- MR. HENRY: You theoretically don' t have to put anymore

23| water in once you get enough water in here to establish this path.

(~'
| \_-) 24,

MR. LEE: Right, but in order to come to that point

25 i

,
f you'd have to start off with some amount of water. O th erwis e , j

| I
t
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I you may never reach this situation.o nv 2 MR. HENRY: Oh, of course, you have to have a certain ]
(

3 amount of water in there. If you want to take the amount of water #

4 that's required to fill this part, which is about 700 cubic feet,

3 5 that's the number to start with. A few thousand gallons that
8
@ 6 you can put in, for ins tance.
R
*
E 7 All I want to point out here is that the operator,
N
S 8M without going through a very specific sequence or set of
d

]".
9 sequences, I think it's important to realize that the aspects of

0

h
10 this design which differ significantly from those which we've

=

5 II been discussing simply in the pas t year, that the operator would
is,

I .

g 12 have some alternatives to remove the power within the vessel.
'

O s
13

j I think that's a very importi nt point and we don' t want to forget

I4 about it.
2::

9 15 MR. KERR: Please continue._

x

B[ 16 MR. HENRY: I'll just push' on to the' limiting criteria
:ri

h
I7 for cooling such a debris bed in a counterflow situation can be

x

{ 18 broken down into two different limitations . One which is the

IE I9g critical flux off the surface of the bed, and the area here is
n

20 the total cross-sectional area of the core. We 're dealing within

II the core. And the other is the ability for liquid to get down

22 through the bed. Now, the model which was used in the utilities

23 i 60-day study merely says that the pressure gradient developed by
i

/~N 24
i

U the vapor flowing upward at this superficial velocity should not |

25 ' exceed the static head of the liquid, which is given here. Where |

!
,
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1 this is the particle diameter, we'll get back to that in a
(~%
(

2 second, and this is the velocity of the bed.''

3 This describes the ability of the liquid to come in
Ok/ 4 contact with the surface, and this describes the ability of the

5g liquid to penetrate down through the bed in the presence of the
9

@ 6 vapor coming vertically upward through the bed. One has to
R
$ 7 satis fy both criteria.

M
j 8 Jus t to give you a feel ror -- since the critical heat
d
q- 9 flux function is by value maximizes at about 7 mpa, I just want
z
O

b 10 to put these up here to show you what kind of heat flux you could
3
_

] 11 remove based on the cross-sectional area of the core which is
*

I 12 about 12 square meters. At 150 bars you could remove doout
5O a
g 13 37.4 megawatts , which is greater than 1% power, in this case,
=
m

5 14 and 7 mpa can remove 50.6. In other words, this would not be --
$

{.
15 unless you're talking about something very early in time, the

z

j lo critical heat flux, generally speaking, would not be a limiting
w

d 17 criterion.
$

{ 18 In terms of the particle models the one,

E
19g which I showed you in the 60-day study, I just want to point out

M

20 there that this is the model from the 60-day study. For very

21 small particles, this can be reduced to this kind of formulation.

() 22 The Sandia model' 1a basically this, the Hardee and Wilson model,

23 and you can see, since this is a very small term here, this isr

(n) essentially the same as that except for this number right here,24

I25 and daat comes from whether or not you assume whose correlation

i ALDERSON REPORTING COMPANY, INC.
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1
you pick for the drag coefficient. And that by Catton and Dhir

) 2
has the same kind of formulation which in this model is mechan-

3
istically based on the ability of th.e liquid to get down. The

() 4
important thing here is to recognize that all these have the

e 5
g same functional dependence with diameter and porocity of the bed.

A 6
Because that is the major uncertainty which one then has to*

_
n
8 7
; address.
n
8 8

To give you some feel for the sensitivities, this is"
d
6 9
i the model, again, from the 60-day study which shows you three
o
H 10
5 different diameters; 500 microns, 1000 microns and 1500 microns,
=
E 11
j and various porocities , between 30 and 60% .

d 12-
$ The heat flux corresponding to doout 1% power is in
m

\(' = 13
$ this range here. The Sandia evaluation assumed the porocity of

E 14
y about 40% and particle size is less than 500 microns; about 300

9 15
j microns, as a result of their steam explosion data. That's a
'
- 16| fairly key assumption because you can see it's highly dependent

6 17
g upon the diameter that you pick, and it's also highly dependent

M 18
= upon the porocity that you pick.
#

19| MR. ETHERINGTON: Where did we start from? What is

20
the equivalent porocity of the core?

21
MR. HENRY: The equivalent porocity of the core is

() somewhat greater than 50%. But you take uniform particles, then

23 ,
! the minimum paracity you .can have is about 37% . Available experi-

es, 24,

(,) mental data, most of which deals with fast reactor systems, but

25| a fairly shallow bed as they start, about 55%; up to 60 to 55%

ALDERSON REPORTING COMPANY. INC.
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1

(3 work their way down to about 47, as the beds become deeper.
\~/ 2

On a 60-day study for our evaluation we had picked
3

50% as just a number to give some idea of the sensitivity. Thei

g-)s%- 4
Sandia evaluation ended up with something more like 40%, and as I

e 5

h say, a 300-micron particle diameter which they picked from their

$ 0
g iron thermide paper explosion tests .

Q 7
g MR. SHEWMON: There were some in-pile work that Coats
3 8
N

e reported on yesterday from LMFBR's in which he could solidify the
d 9

i sodium and show that indeed, as I recall, they were appreciably

@ 10
y greater than 60% porocity. Is there any way of getting the

,
g 11

| B experimental data on this? What the actual porocity is? Or do
d 12
z

you use that as a disposable parameter?

(])
5
| 13
m MR. HENRY : The data which I was discussing which showed.

| 14

E values greater than 50% had been dried with; sodium and cleaned.

2 15

5 and then looked at the porocity of the bed, and it was always
j 16
* realized that the drying and cleaning could obviously have changed.

d 17

$ the porocity and if anything made it tighter. I'm not aware of
*

5 18

[ 19
the most recent data which Sandia has which shows luce 60 % .

-

5 MR. SHEWMON: It was even higher than that, and
20

apparently he could solidify the sodium and he was curprised, too,
21

at how high it was.
i

. (T)
22

MR. HENRY: I think, cert ainly from our evaluation,'

23 ,
what appears to be an even more key parameter is this diameter.

/~ 24
kT/ The diameter itself is dependent upon -- daat they use, is

!

! 25
! 300 microns which comes from the vapor explosion data. When they
|
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1 don' t get vapor explosions , they suggest that the diameter night
G
V 2 be more like 5 millimeters . Five millimeters is coolable no

3 matter which of those models you use. And at 300 microns and

4 porocity of 40% , it depends on which model you want to believe.

5 But as I'll show, it's difficult for us to see where very finee

U

@ 6 particles are going to stay in one spot within the containment
^
n

$ 7 to give you a bed which is representative of the total amount of
s
8 8 core debris fragmented to that size.,

d
::i 9 I should also point out that we're talking about the
i
e
$ 10 total, like 100,000 kilograms, fragmented to that size in these
!

@
11 evaluations.

Es

y 12 To give you some idea --
~

0
=

i3 MR. etEssET: You don'e expece eny de1eeerious degendencg e
m

| 14 on the depth of the bed; the bed is very deep.

$
9_ 15 MR. HENRY : These are all deep beds, that's a good point,
5
- 16 MR. PLESSET: And you think that that's not going to'

j
us

6 17 cause any trouble.
#
$ 18 MR. HENRY: The models *-hat we're using are all deep i
=
% 19 bed models. None of these models represent the kind of thingsg
n

20 that we're used to looking at in the LMFBR where we have shallow

21 beds. These are all deep bed models and there's no . dependence
|

O 22 upon the degth of the bee.
'

23 MR. KERR: They could even be called water beds.
|

;

'
24 (Laughter.)

25 MR. HENRY: In terms of in-vessel cooling, to give you

|

ALDERSON REPORTING COMPANY, INC. .

_ _ _



,

|

22
,_. J . - 180 1

1 some idea of the kind of particles that we might talk about as

2 being terminally coolable, again, this is the model that was in l

3 the 60-day study. Assuming that we had to remove 20 megawatts,

4, and that the 20 comes from using at the 1% . pcwer level, 30 mega-

e 5 watts if you had melted the sys tem, the more volatile fission
'

N

@ 6 products which represent about a third of decay power would have
R
$ 7 been removed from the melt themselves; it would be somewhere else
;

j 8 in the primary sys tem or be vented. So the kind of power that

d
c 9 one would have to remove would be like 20 megawatts. The avail-
i
O

b 10 able cross-sectional area is something like 10.5 square meters ,
E

h 11 and if one assumes a porocity of 40% , then the coolable size
3

N 12 of particles is pressure-dependent. As you can see, it goes from
E() y 13 at 10 bars it's about 550 microns; at 7 bars you could take a
m
=

5 14 fragmentation size down to 280 microns .

$
2 15 If the bed is looser than that, of course, the particles.
5
y 16 are smaller. I only show this so that you have an appreciation

|*

@ 17 ' for the sensitivities and kinds of particles diat we would indeed
5
5 18 be talking about.
P

$ 19 MR. ETHERINGTON: What size particles do we get from
a

20 fuel-burst experiments?

21 MR. HENRY: It depends on the amount of energy deposi-

() 22 tion that you have. If you've gone through fuel vaporization, of

I
23 i course, you get very, very fine dust. But if you stay short of

(])' fuel vaporization, you get fairly coarse pieces in the ballpark24

25 og __

i
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I MR. ETHERINGTON: In terms of microns how much?
O
\ /

2 MR. HENRY: Anywhere from 500 on up to a couple of"'~

3 millime".ers.

4 MR. ETHERINGTON: So you're in the range of your

5 curve, is that not true? :

$ 6 MR. HENRY: Yes. In other words , those kinds of particle s

R
b 7 would be coolable in-vessel. This is all in-vessel here.
-3

[ 8 MR. SHEWMON: What's a vapor explosion?1f Answer his
d
; 9 question once more and see if I understand it this time.
2
-

$ 10 MR. HENRY: I wasn' t talking about vapor explosions.
E
_

j II There are a lot of burst experiments that have been done in pile.
s.

' .

I25 For ins tance, in treat. And the particle size that you get is
=

13 dependent upon the energy deposition that you've put into the
,

I4 If you've driven the system far past fuel vaporization,sys tem.
5
9 15g then you get very, very fine particles because what you've done
x

E[ 16 is vaporize the fuel at the end of the experiments --
:rs

h
I7 MR. SHEWMON: That's nice, but presumably, we have

,

x
$ 18 a vapor -- if it was vapor it would go up and condense on the_

I' I9s lid. So it's not doing that, it's coming do';n, so it mus t be
5

20 throwing a bucket or very large --

MR. HENRY: Is long as you stay short of -- if you just21

b 22 go up, say, to fuel melting or just above melting, you get very
23

i coarse particles, especially through the water system.

C) 24 MR. SHEWMON: Okay, thank you.

25 I MR. HENRY: The same type of models were used to assess

i
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I e::-vessel coolability, and again, I've merely shown these so

2 that you'll get a feel for the size of particles which the model,

3 which was in the 60-day study, would calculate as being coolable.

O 4 The decay power is, again, using 1% and two-thirds of the 1%

5g assuming that the one-third is more volatile, and means t'aat we
9
3 6 would be treating something like 19 megawatts at Zion and 16 at
R
b 7 Indian Point 2 and close to 18 at Indian Point 3. The surface
a
! O areas in the cavity are somewhat different between the reactors.
d
6 9 MR. KERR: Excuse me. Those decay powers are calculatedj
e
H 10
g decay heat for the whole core?
=

h MR. HENRY: Yes, it's for the whole core at four hours

d 12
5 into the accident, assuming that one-third has lef t the melt as

r5 3
kl j more volatile fission products.

E 14
y MR. KERR: Thank you.
=
9 15
G MR. HENRY: Given this surface area in the cavity and
m

16
y the powers for the given reactor, this is the required heat flux

d 17 to remove that heat, and this, of course, comes nowhere close tow
=
5 18

the heat flux for critical heat flux of f the top of the bed. So ;=

19
g the only limiting feature could indeed be the penetration of

20
liquid down through the bed in a counterflow manner with the vapor

'l^
coming up. I'm showing then the coolable particle size for

/~T 22(j pressures in the containment of 1 atmosphere, atmospheres and

i 5 atmospheres. Again you can see it's pressure-dependent. But

(~% 24
( ,/ the point here is that we're talking abcut pretty small particles

,

| 25
as well, and dhat's why I'd like to come back to that part of it j

|
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1
when we get to what we've done since the end of th e 60-day s tudy .

() MR. LEE: May I come back to my old comment concerning2

the counterarrent fLae In a horizontal pipe, does countercurrent3

4 flow get readily? Vertical pipe perhaps a little
1

o 5 bit more readily in some way, but you do have some horizontal

d
$ 6 sections between the hot leg and the steam generator.
e

7 MR. HENRY: The vertical flow that we're talking about

a
5 8 here is merely within the core itself,
a

d
d 9 MR. LEE: Righ t, but I'm going beyond that now. That's

i
$ 10 why I said I'd like to ccme back to the other viewgraph
E
-

E 11 diat is related to how you can cool the core or maintain cooling

$
d 12 of the core.
3

(]) 13 MR. HENRY: Let me see if I correctly understand your

E 14 question. Are you asking me -- is your question whether there
w
$
2 15 is a limitation, flow limitation, in this horizontal pipe?

$
.- 16 MR. LEE: If there is any diff erence in the counter-
3
A

g 17 ; current flow between a vertical pipe and a horizontal pipe.

U
$ 18 MR. HENRY: There's certainly a difference in the cross-

5
19 sectional area that it will occupy. But this condensate is such"

8
n

20 a small fraction of this pipe, which is like 36 inches in diameter ,

21 that for all practical purposes, the vapor and the liquid do not

22 even interact within that pipe.
('N>

23 MR. LEE: If there is a small, a trap or something,

!
24 ' what would happen?

{}
25 MR. HENRY: A small trap? The, of course, you could

ALDERSON REPORTING COMPANY, INC. |
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I fill the entire trap and there would be an it.teraction. It would
pa 2 have to be an oscillatory process. You could, indeed, fill that.

3 MR. HENRY: Then the reflux flow of liquid would be

4 decreased in magnitude?

y MR. HENRY: Yes. It would definitely be an oscillatory5

P

@ 6 You would have to be M51e to build up enough pressureprocess.
R
b 7 to clear the trap so that you could return the liquid back to
3
| 8 the primary sys tem.
d

]".
9 MR. LEE: But there is no trap in the --

c

h
10 MR. HENRY: There is no trap in the hot legs. This is

=
$ II strictly in the hot leg and there is no tap here.
3

f I2 MR. LEE: Any obstructions , orifices, that you have to

/^) 3
13\- 5 contend with?

m

E 14
g MR. HENRY: Nothing of any consequence.

W
g 15 MR. PLESSET: I think he's supposing, I believe, that
x

d I0 he has enough liquid along the walls to give him some hydrostatic
w

h
I7 head. Isn' t that right? That is, if you look up into the

x

{ 18 steam generator, suppose he has a liquid layer all the way up,
F" 192 diat gives him some hydrostatic head.
5

20 MR. LEE: Right.

I MR. PLESSET: If he doesn' t have that, then he doesn' t

() get it, this countercurrent flow.

| MR. LEE: Right. But I'm trying to understand how

T') 24
( that hydrostatic head could be influenced by the presence of

i25 fairly long horizontal pipe section.

h ALDERSON REPORTING COMPANY,INC.
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I MR. PLESSET: That's right, he's got to worry about the

OU 2 friction and so on. But he does have a hydrostatic head that is

3 driving the liquid.

4 MR. LEE: As long as you- have a point.

e 5 MR. HENRY: We're talking about very small velocities.
.

j6 MR. PLESSET: That's what I thought you were doing.
N

$, 7 Is that all right?
A
j 8 MR. HENRY: That's correct, yes.

4 -

O 9 MR. LEE: I unders tood that point. But I'm a little bit
z,
O
g 10 worried about the possibility of reduction in the liquid flow
!

@ 11 due to some orifices, some obstructions I should say, which would
3

g 12 be inherently present in any piping.
5j 13 MR. HENRY: There are no significant orifices or obstruc-
:n

| 14 tions in this line, but as Professor Plesset said, you have to have
$

15
. sufficient dragging head here because the liquid returns and

*

16g pushes --
A

d 17 MR. ETHERINGTON: I ' m sorry . I can' t see a driving head
$

{ 18 on a partially filled -- on one wall of a partially filled pipe.
P

[ 19 It will all come right down or it will be consumed in friction |
M

'

20 along the wall.

21 MR. HENRY: It balances , yes .

O 22 We,re a1so ea1xing about very 1ow steam ve1oc1 ties and

23 liquid velocities in these.large pipes. If you look at the

24 flooding limitation, there is no -- you don' t even come close to

| 25 f the limitation in the veritical part of the pipe.
i
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1 Let me skip to the -- I'd like to outline one aspect
r\

2 that we think is very important that has been developed since the-

3 end of the 60-day study. That relates to the dispersive charac-

4 teristics of the stored energy within the system, again, which

e 5 is scenario-dependent. It will be different for large breaks.
h
3 6 What we're principally talking about here is dispersive charac-
R
C
S 7 teristics of the stored high pressure steam hydrogen, whatever
s
j 8 else may be in the primary system.
d
d 9 The kind of picture that has been drawn in the past is
z,
O
g 10 one of core materials in the bottom of the reactor which then
E

$ 11 falls into the reactor cavity.
|

M
'

I 12 The analysis I'd like to outline for you is, once this
-

3
(-)Nt 5 13 material falls into the cavity here, then you have the follow-on,

=

| 14 the site pressure, steam, hydrogen, whatever, flowing down
$j 15 through this vessel breech'. What does that do in terms of this
x

y 16 amount of (?) material. Does that have a potential for
w

h
17 redistributing within the primary system, within the containment?

m

{ 18 Again, I'll try to quickly outline the sensitivities.
_

C I9g In essence, what we're talking about is how large this velocity
n

20 would be here if the material were accumulated down in this

21 cavity and, of course, it vents up into the floor of the contain-

(} 22 ment building. Using and training criteria,

i
23 and for those of you who have worked with this you know that this

'

1 t
I

f ()/ 24| has a Weber number of 12 built into it, taking a very simple
t, ~

25 picture of the critical flow rate out of a breech here,. what I've

|
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1 done is just evaluate the breech required in terms of cross-
n
k/ 2 sectional area giving me a velocity here in this cross-sectional

3 area which solves the stability criteria. And this basically tells

(J) 4 me the velocity required to levitate the fuel, to break up and~

e 5 levitate the hel.
U

$ 6 And the only thing I'd like to leave with you in that

3
$ 7 regard is the sensitivity to various transients. If you evaluate

'
Z

| 8 the minimum breech size required for dispersal of transients --

d
q 9 and I'm just talking in terms of ' initial pressure in the primary
z
o
G 10 system, for TMLB 5 which approaches nominal oparating pressures,
E
$ 11 one only needs a diameter of about 10 centimeters , like 4 inches ,
3

N 12 in order to disperse all the material which would be coming into
'

E() 13 the cavity. If you have some S2D, or S2 sequences , that might

h 14 have a driving pressure somewhere between about 800 psi, 150 psi,
5

[ 15 one is talking dbout something which is only 20 centimeters up
z

y 16 to maybe a foot and a half. So, 8 inches up to a foot and a
w

d 17 half.
N
$ 18 The dispersal characteristics of the high pressure gas
=
C

19 coming out of the primary system are more than sufficient tog
n

20 move that material out of the cavity. So what one is really

21 dealing with, I believe, is that the material could be dispersed

(]) 22 not only here but on all horizontal surfaces; principally, on

co if one23 the basement or floor of the containment down he_e|
i

(]) were really dealing with mitigating features , we woi:' d have to24 .

;

25 deal with the dispersal characteristics a the water and the core
!
;
1-
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I material because most accident scenarios have significant dispersal

- 2 potential. If the core material remains within the reactor

3 cavity and the quenching rate is large or if you have steam spike

4 or steam explosion, the steam spike, for instance, would first

g 5 limit it by the rate at which the water can get back down into
A

h 0 the tunnel which is back down through this cavity, and secondly,
R*
5 7 by a critical heat flux on the surf ace. This tells you that the
Mj 8 quenching rate might be in terms of several minutes for the core
d
c; 9 material at best.
z
O
g 10 If you had a steam explosion with fuel in the cavity,
!

$ II the steam explosion itself is quite dispersive; the dispersal
*

g 12 forces would be large. Small debris , in terms of a few hundred
5O5"

13 microns that we' re talking about, would be dispersed throughout
x

| 14 the containment.
$j 15 Conclusions, th en . One is dealing with the mitigating
x

d I0 features or concerned with mitigating features for severe
w

h
I7 accidents. Mechanical dispersion potential is large and should

x

{ 18 determine the final core deposition. What you'd like to have is
P
"

192 water available on a continuous basis on all surfaces where
5

20 significant fuel could colled:, .so that you don' t begin to attnck

2I the concrete.

{',T 22) And the dispersed core is coolable; if yod disperse it

23| over that kind of range, in these systems, for instance, there is
- 1

() 24| water of about 3 to 6 inches depth kept on that basement floor,

25 and also for the sequences that we've been addressing, one would
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1 have water down in the cavity range as well. The dispersed core

2 is coolable with no significant attack of the concrete.

3 That's a short summary of the work in the 60-day study

O 4 end what we.ve eone since ehen.

e 5 MR. KERR: Thank you. Are there questions?
h
3 0 MR. SHEWMON: I guess I'11 ask the staff this question
R
b 7 again later, but I'm still not very clear on whether there's a
3j 8 difference of opinion between you and the Sandia people with
J-
* 9

!.
regard to the coolability of the particle size which it is thought

$ 10 will generate if this drops into a pool of water or something
E

| $ 11 like that.
I it

j 12 Now, I agree that we haven't got super-heated fuel and

O | is I suseect they wou1d eeree with ehee, too. sue cen you exg1ain

| 14 some of this difference, or is there a difference of opinion?:

$

{ 15 MR. HENRY: Let me give you my view on it, and, of
x
'

16ii course, they can respond, too. The difference comes from --
s

h
I7 in the initial evaluation, we and the NRC consultants all

=.

{ 18 assumed that the total r.aount of core material was in this reactor
l

E I9e cavity; all the material which was 100,000 kilograms or more, and
n

20 '

the kinds of particle sizes which they used which was a result of

21 the steam explosion studies, would say that if you have all the

O core m,te,1,1 do.n he,e you cou1d no, remove the eec,y he,. I,22

23| would not be a permanently coolable bed.
i

p/ 24| MR. SHEWMON: And'their steam explosion were to throw
u

25 j molten fuel which was liquid into water and that makes a steam

ALDERSON REPORTING COMPANY, INC.
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I explosion. Is that right?

- 2 MR. HENRY: It was an iron thermide mixture which they

3 dropped into water and looked at the particle size af ter the

() 4 event.

s 5 On the other hand, they also reported particle size if
N

@ 6 you have no steam explosion, which as I recall is like 5 milli-
R'

*" 7 meters. In their evaluation and ours, 5 millimeters in this
A
8 8 cavity is coolable.a

O

]".
9 Now, there are two things that we feel are quite import-

$ 10
j ant here. The ability for core material to remain in this cavity
=

I dependent upon the driving potential of

I d 12
| z stored energy in the system, high pressure steam, once the
' a,-

k- 13 vessel fails. You, I think, almost have to talk daout something

E 14 which is LDa a large break LOCA before you would have the totalw
$ I

g 15 amount of core material left here in the reactor cavity, because
z

d I0 this represent a considerdale amount of dispersive potential
w

I7 in itself.
m
M 18 MR. SHEWMON: Okay, I'm with you. You're saying if_

$
I 19

g there's a steam explosion it's too fine and blows out, and if

0
|

there's not a steam explosion it's so coarse it's coolable.
,

MR. HENRY: Right.

f') 22
's , MR. SHEWMON: One other question. Would you have concern

23
in advising somebody to keep water underneath that pressurei

() vessel when you thought that the core might be coming out in

25 !
a molten state?i
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1
MR. HENRY: I would highly encourage it.

() 2
MR. SHEWMON: Thank you.

3
MR. OKRENT: Where are the sumps in thar building?

) 4
MR. HENRY: This is a very, very small sump here which

e 5
g is shown. During normal operation they do not like keep water
a

3 6* down here. The major research sumps are up on this level, they

E 7
; run down from there back away fron this cross-section.
n
3 8" MR. SIESS: Is that curb or on the cavity?
d
6 9

MR. HENRY: There 's a curb here which is about sixj
-

E 10
j inches high.
=
E 11
j MR. ETHERINGTON: In a loss of coolant _ accident,

,

4 12
y that sump would get filled with water, wouldn't it?

f')s
E 13

\- @ MR. HENRY: Not only the sump can fill with water,

E 14
y but with these systems you have to lose about 65,000 gallons from
x
9 15
j the primary sys tem in order to begin to bare the core. That

y' 16.

that the curb would be completely full and you'd also havemeans
d 17
y water laying down in here, about 10,000 to 20,000 gallons

E 18
= depending upon the system.
#

19| MR. ETHERINGTON: I didn' t quite understand your thermide

20
experiment.

21
MR. HENRY: The Sandia thermide experiments?

() MR. ETHERINGTON: Yes.

23 | MR. HENRY: It's a vapor explosion experiment where

:
.

they were dropping I think 25 kilograms of iron thermide into

| 25
| cold water and measuring explosions at 1 atmosphere. Explosive

| ALDERSON REPORTING COMPANY. INC.
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1
releases. Vapor explosions. After the event is over, they look

O(_/ 2
at the particle size distribution.

3
MR. ETHERINGTON: Those particles aret.largely metal,

( 4
aren't they?

e 5
g MR. HENRY: They 're oxide.

A 6
MR. ETHERINGTON: Then I haven' t quite understood the*

_
N

8 7
! thermide . Thermide is usually aluminum and iron oxide which
n
8 8" gives you iron.
d
= 9

MR. HENRY: It gives you iron and aluminum oxide, yes.g
E 10
$ MR. ETHERINGTON: And aluminum oxide, so they're --
=

MR. HENRY: It's a combination of two types .

d 12
E MR. ETHERINGTON: There could be iron as well as oxide,
-

O' i ia
@ couldn' t there?

E 14
y MR. HENRY: Right.

9 15
@ MR. SHEWMON: Why do you call this a vapor explosion?

? 16
$ Has the thermide reaction finished before it goes in?

d 17
g MR. HENRY: I t h as . It's bringing in the contact --

$ 18
= two liquids, one at very high temperature, one at a low tempera-
C

19-

R ture, and the explosion results from a rapid production of steam.

20
The thermide reaction has been completed.

21
MR. SHEWMON: You call that a vapor explosion because

; /~N 22
\_) you vaporize water, not because the oxide is vapor at that time.

23-!
|

MR. HENRY: That's correct.

r^3 24| MR. SHEWMON: I misunderstood you earlier.(_/ j

25 !
MR. HENRY: Most people in this industry call'it steam
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1 explosions, not vapor.

O
\/ 2 MR. KERR: Earlier, he was vaporizing fuel and a steam

3 reactor. explosion.

() 4 MR. SHEWMON: But that's what I thought he always

e 5 meant when he said a vapor explosion, and now he doesn't.
A
9
@ 6 MR. HENRY: No. A steam explosion, or more generically,

'R
d 7 a vapor explosion, is one that's produced by two liquids at
;

j 8 greatly different temperatures coming into contact, and the
d
d 9 result --
i
O
g 10 MR. SHEWMON: But isn' t that what happens when you've

E

$ 11 got molten fuel coming down out of the -- into liquid?
'

s

I 12 MR. HENRY : Yes. But Dr. Etherington had asked me
=

(]) 13 about the particle sizes measured by energy deposition tests ,

h 14 the first test, in-pile, and that's a different beast.
$j 15 MR. OKRENT: Are the sumps in any way subject to a
=
y 16 problem from this dispersed core debris?
w

d 17 MR. HENRY: The only one I've had an opportunity to
E

-

{ 18 look at, Dr. Okrent, is that at Zion, and it appears daat those
c i

s
19g would not he, because the intakes are sufficiently high above

n

20 the bottom and with the velocity, it looks like it would not be

21 sweeping the material into -- are you tc1 king about plugging of

22
(]) the jets or whatever?

23 MR. OKRENT: Whatever. I
;

|
1

24 MR. HENRY: The theory is that those would not be. I I(')
%/

25-| have not had a chance to look at the Indian Point sumps, whether
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1 they're different or the same.

C' 2 MR. OKRENT: It would be worth looking at.

,3 MR. HENRY: It's certainly something that has to be

O 4 addressed, yes.

5 MR. KERR: This is so you can cool the core that's left?e
A
e
j 6 And then the vessel?
R
$ 7 MR. OKRENT: No. You migh.t be planning on using that

s
j 8 wat.er.

O
d 9 MR. KERR: For long-term cooling?
|i
o
g 10 MR. OKRENT: Yes.
E

h 11 MR. HENRY: If you consider the full spectrum of
3

y 12 accidents, this appears to be the more likely distribution.
5

O i '3 . ^arwer, ehee's cereainly somethiae thee he to he eddree ed-

| 14 MR. OKRENT: And in regard to the question that I
$j 15 think it was Dr. Shewmon who asked you, about would you put water
x

y 16 underneath, I must confess my inclination would be to agree with
us

@ 17 you, but I don' t have a good basis for it. And I have the
5
$ 18 impression that the German design is such as to keep water out
i:

} 19 of the region under the vessel. Are you familiar --
n

20 MR. PLESSET: Dave, I looked into that. You stipulated

21 me to do that and I'll tell you later why they do that.

A 22 MR. OKRENT: Let me ask Dr. Henry if he has any in-
V

23 , sights and I'll catch you during the break.
!

24 MR. HENRY: I'm not intimately familiar with why thep
sj

25 German design is the way it is, but I' know that there were
| |
|
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1 designs investigated in this country where people attempted to

2 preclude water accumulation below because of the steam explosion

3 argumen ts. I don' t think that the steam ex 'osion argument is

() 4 one which should be governing such considerations,

5y MR. KERR: Are there other ques tions?
9

@ 6 MR. LEE :. : In your opinion, is there a quantitative or
R
*
S 7 a semi-quantitative model that can be used to explain the 150 psi
s
] 8 apparent (?) or steam explosion? Other than saying that
d
" 9~. low bed pressure, a voiding would and so on.z
O

h
10 MR. HENRY: Let me answer in the following sense. I'll

=
$ II give you my own opinion --

! 3

y 12 MR. LEE: That's what I want.
=

() 13 MR. HENRY: Let me also say that before I give you that,
m

5 I4 that there are certainly many other people who have differences
$

$ 15 of opinions in the community that has looked at soditmi-fuel- intsractiaE
x

d I0 and water-fuel interactions.
w
C 17
$ The 150 psi principally comes from experiments which
x

b IO were done at ESPRA with molten sodium chloride in water in
-

"
19

8 large-scale experiments . Two kilograms of molten material.
n

20 Before the experiments were run, we had to have a pre-test predic-

2I tion of at what cutoff pressure we would see where explosions

22
({) would not occur. At the time, there were two models , mechanistic,

23 , models, if you will, that gave predictions of when this cutoff

24
(]) would occur. Both of those gave predictions that were very,

25| very close to the 10 atmospheres, 150 psi, before the experiments

ALDERSON REPORTING COMPANY, INC.

-.



38 w. 196~ |

1

were run. The experiments were run at 1 atmosphere and they got(~
2'

an explosion every time; they were run at 5 atmospheres and

3
depending on which investigator you talked to, there was or was

not an explosion; at 10 atmospheres they got nothing but slow
e 5

3 vaporization and small over-pressure. So the answer to your
8 6

} | question is yes, but if you're going to ask me if there's
8 7

{ unanimity of opinion, no.
8 8"

MR. ETHE RINGTON: You used the model of the coreO
d 9
g melting through the bottom and running through an orifice.
h 10
5 Supposing the model were a little different; supposing the
_

E 11

$ bottom essentially collapsed and the whole mess went " plop. "
d 12
$ Would that radically change your particle size conclusions?

/~T E 13V o
m MR. HENRY: Those weren' t particle size conclusions;
E 14
$ those were just the dispersive potential of what's held within
-

2 15
s the primary sys tem.
*

16
$ If you make this breech larger, it just means it

6 17
y becomes even more dispersive. I just gave you the minimum size
M 18
y which would have sufficient velocity -- the flow rate out of
"

19
$ here would result in sufficient velocity in this cross-sectional

20
area to remove everything up into here. If you made it bigger,

21
more catastrophic, it would be more dispersive.

/~T 22
\/ MR. SHEWMON: If it is more catastrophic, does that

23
change your comment earlier with regard to my questions -- if

(^/)
24

pressures spike, daat you would comment possibly on your
25

! containment?
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1 MR. HENRY: The pressure spike -- I'm not quite sure --
,-),

/ 2 MR. SHEWMON: The question was do we always want to

3 encourage people to keep water underneath there in times of stress .

-,s
\- 4 MR. HENRY: It doesn' t change my answer. Certainly

5 the water itself would be blown out as well. But also, there's
g
"

@ 6 only a curb here which keeps it from coming down in and you've
^
n

d 7 already filled it up to the curb level, so it eventually will

la
g 8 come back in, which I think is a very attractive feature.

O
d 9 One also mus t realize that when you do disperse it
i
2 10 up into here, then you can have more rapid steam production, ife
$.

$ 11 you want, in terms of a steam spike. I think daat's something
a
j 12 that the containments can already take. That doesn' t particularly
=

() 13 bother me. What would bother me is if we had surfaces here which

| 14 are unprotected. And I think water is a highly reliable protec-

$j 15 tive mechanism.
x

y 16 MR. OKRENT: But, if we can carry it along, if we
W

b' 17 have a situation like Mr. Cybulskis was talking daout before with
&

{ 18 the hydrogen burning, for whatever reason, comes right at the
E

19 same time as the large loss of heat from the fuel to water, youg
n

20 do have then the potential for the combined pressure pulse which

21 you might not have if it were dry beneath or pretty dry, so that

(]} 22 that fuel took a longer time, had a longer time constant to give.

2{ | up its heat. So I'm just saying if you wanthto play the game,

24 usually you can find something on either side.

25 MR. HENRY: I think daat particular part vill be

!

ALDERSON REPORTING COMPANY, INC.

.



.

40
v.t * - 198

1 addressed in the next talk, and that also, in terms of the

(>)s 2 ultimate strength of the containments, does not appear to be a

3 problem.

ID(s 4 MR. KERR: Other questions? I have a commitment, I

e 5 think , for 30 more minutes of presentation.

h
@ 6 MR. PEOPLES: Yes, sir, Mr. Chairman, we're prepared to

R
d 7 give our remarks in 30 minutes or less.

3
2 8 MR. KERR: I.'m sorry we have to compress it that much .
d
; 9 I'm ready for the next presentation.

$
g 10 MR. LYPARULO: My name is Nick Lyparulo. I'm going to

$
j 11 discuss some of the containment calculations we 've done with

,

| 3

{ 12 our 60-day study, discuss the hydrogen burn model and our

(]) 13 -resent program. I'm not going to go through all the slides in

h 14 the handout. Let's skip ahead and talk about Slide 3 and talk
$j 15 about our approach no the calculation of the problem.
x
'

16.j The approach was as follows. When the 60-day s tudy
d

6 17 started, we didn't feel we had time to go back and redo March
5

| $ 18 calculations for the Zion and Indian Point plants, so we took
I A
\ -

19g presently available March code results for a typical four-loop,'

n

20 17 by 17 plant, and used them as boundary conditions of the

21 problem.

(]) We fed these energy releases into our Westinghouse22

23 , containment code, COCO. We modified the Westinghouse code to

24 include a vent, non-condensables such as hydrogen and CO2 and CO,

25| and we put a hydrogen burn model. The code already had in it
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I co..tainment structure, heat transfer and safeguards.

2 We looked at a number of scenarios. These were scenarios

3 that were available and that's how they were chosen, but it turned

~%(J 4 out when we went back and did our mini-WASH-1400, these scenarios

e 5 were also -- these two scenarios, were also representative risk
hj 6 contributors .
57

b 7 The first scenario we looked at was AD, that's a large
sj 8 break LOCA with active ECCS systems assumed not to operate.
d

9
. however, you do' have containment safeguard systems operating.

10 Their sequence is STD, that's a small break LOCA, again without
=

5 II active ECCS systems but we do have containment heat removal
is

g 12 capability .
=

0 i '3 another ecenario we tooked ee, which turned oue noe to

| 14 1be a representative risk contributor was a TMLB sequence,
$j 15 This is a loss of all AC power, no break. You have no active
z

E[ I0 heat removal sys tems operating. Any active heat removal system
us

h
I7 driven by DC power not operating. If you have a diesel-driven

x

{ 18 spray pump, for ins tance, it would assume that that is operating.

E I99 The Zion plant does have a diesel-driven spray pump. Containment
n

20 systems which are run on AC power were assumed not to operate.

21 I want to look a little bit about our hydrogen burn

22O m,,,1 ,, ., , . ,1,,,1 ,,, ,, ,1,,,,, 3 ,, ,,me ,,1e, ,, ,,,m, ,,

23 I hydrogen. These are characteristics of hydrogen burn in dry air.

24] If you have a hydrogen concentration of 4%, you reach the first

25
| point at which hydrogen can burn. At 4%, hydrogen can burn only
1
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1
upwards. At 6%, it can burn upwards and sideways, and at 8 % it

,} 2
can burn in all three directions.

3
Up to 18% you have what's called a deflagration, and

(w)s. 4
that's basically a slow burn. Above 18% to 59% , you can have a

e 5
g detonati6n. The important point to note right here is that below

A 6
8%, you have a relatively benign burn, since you can' t burn in*

n
8 7
; all three directions and the pressure rises are rather slow, and
n
8 8
", you don' t get a significant percent reaction. But above 8 % , up

N 9
g to about 59%, you can have a significant pressure rise due to the

h 10
g hydrogen burn.
_

E 11
j This is illustrated in the next two slides. This is

6 12
i all from Bureau of Mines data. The first slide shows you this

('^h
E 13

'
5 threshold where slightly above 8 % , the rate of reaction, percent

| 14
g completion, percent reaction, takes off.

9 15j The next slide is the pressure rise for those experimentss

.? 16
j It shows the same thing.

6 17
w We didn't concern ourselves, therefore, with burns
x
$ 18
= below the 8 % number.

19| MR. PLESSET: Is there any data on the effect of moisture

20
in the air?

21
MR. LYPARULO: The effect of moisture in the air is

(- 22
( taken into account in our model, which I'll present next, but

23 | there isn't a lot of good data on high concentrations escape.

24
s) MR. SHEWMON: Is the effect of the heavy sprays on the(

.

!

25 '
combustion also taken into account?

i ALDERSON REPORTING COMPANY. INC.



43

gQgm c* -

I MR. LYPARULO: No, we don' t take that into account.,

(. . 2 I can elaborate on it, what I think the effect would be, if you

3 wish.

O 4 This is the criteria, then, ehee we used to deve1og

5y our hydrogen model. The first criterion is that a chemical
a

@ 6 reaction exponentially depends upon temperature. Therefore, for
N

b 7 a chemical reaction to occur, some critical temperature is needed
s
| 8 for the to proceed. This critical temperature
d
"
~. 9 can be backed out from that data that I presented on the previous
:r
o

h
10 two slides, and if you work from the 8 % number where you have

=
$ II a significant pressure rise, you find this critical temperature is
is

g 12 710 C. This is a temperature at which the rate of reaction takes
c

O -| I3 , off and zou see a non-denten preseure riee.

m
g 14 You can calculate this temperature and you can include
$
2 15 the effect of pollutants just by constant pressure calculation.
=

id I6 If you have a sphere burning proceeding in the containment
v5

h
I7

i calculating the temperature just on , you can
x
$ 18 compare that temperature to this critical temperature, and if=
C

g this temperature is above your critical temperature, then you can

20 have a significant burn. Is that clear? I have the equations if

2I you want to go through them.

22{} MR. KERR: Is that clear to you?

23 ! MR. PLESSET: Not quite. When you're above T critical, !

I |

4
( you get an explosion really, don' t you?

25 | MR. LYPARULO: No, it's a deflagration.
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I MR. PLESSET: It's a deflagration still, no matter what

2 the temperature relative to T critical?

3 MR. LYPARULO: This critical temperature isn't like the

4 critical temperature in a steam, for instance. It's a critical

5 temperature in the depths of temperature at which the hydrogen

j 6 reaction can be a non-significant pressurized. The definitions
R

y' are slightly different.7

N

! O MR. SHEWMON: You' re saying that the pressurized is --
d

|"- what you're saying is that the burn is faster and f aster as the9

temperature goes up which also fits in with your kinetics, and
=

f II above some value you choose to call it critical in rate.

I MR. LYPARULO: That's sort of what I'm saying. Below

O | ia 8s%, you do noe 2ee e sien1ficene gercene reection. Then, if I

I4 just treat an 8 % by volume hydrogen mixture, knowing the amount
$

h 15 of heat that would be liberated by that reaction, I can calculate
t

|| 16 the temperature at 8 % . That's what we call a critical temperature.
us

That works out to be 710 C.
x
$ 18 MR. ETHERINGTON: Is that what you've called the flame=

19
g front temperature?

20 MR. LYPARULO: That is also the flame front temperature,

21
that 's righ t.

O 22 ,,. ,,sssz,,,cs, ,, , ,,,,,, ,, 1,,,,,,,1,,, ,,y ,,

23
; figure the products of combustion specific heat from constant

O 'l vo1ume or co==te=e are==ure?
25 MR. LYPARULO: Constant pressure. As long as you're

i ALDERSON REPORTING COMPANY, INC.

|t



.

4 5 u,,

2033 es -

1 consistent it doesn' t really matter, but the reaction is really
im

2 occurring Jon- constant pressure.

3 MR. ETHERINGTON: What temperature do you consider the

pd 4 temperature to continue to combustion?

e 5 MR. LYPARULO: About 710 C. That's our clave tempera-
6

@ 6 ture criterion. That corresponds to that calculation you do

R
$ 7 at 8% by volume, assuming 100% reaction.
Aj 8 I can give you a copy of the equations,

d
2; 9 I just wanted to mention real quickly about our COCO

!
$ 10 code. This is the code we use to do all of our calculations.

E
j 11 It's a one volume code, two systems mod.Ied to sump water and
is

y 12 containment atmosphere, and we modeler: all the heat removal

Q 13 systems in the containment. We can handle the burning of hydrogen

h 14 and an event in the containment.
D

15 I want to mention some of the assumptions in the present

j 16 analysis. We took our percent zirc water reaction right out of
:d

d 17 | March, this boundary condition. In all of our calculations we
$
5 18 assumed 100% burn of all the hydrogen when we burned it. We

E
19 utilized March calculations that were available for a.17 x 17g

e

20 plant. It turns out that with Indian Point and Zion, there's a

21 good deal less zirconium in the core than the boundary conditions

22 we used; therefore, you expect a good deal less hydrogen generated] .

23 You burn the hydrogen over 20 seconds but we didn't account for

p 24 any stainless steel water reaction.
V

I25 MR. OKRENT: Have you estimated whether that's significan(
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I MR. LYPARULO: We're looking into it. I don' t have a

2 number for you today.

3 MR. LEE: What is the difference in zirconium
A
'/ 4

come from?'-

$ MR. LYPARULO: The 17 x 17 core has a different clouding
a
3 6
; technique than the 15 x 15 core.
n
8 7
j MR. ETHERINGTON: On your previous slide you had a
n
E 8M percent zirewnter reaction given by March. Do you know what that
d
" 9~. number was?
o

h
10 MR. LYPARULO: That's 100% .

=

,$
II

MR. ETHERINGTON: Why did you use March for that?

| g 12 MR. LYPARUT,0 : It's all that was available. We had a

13
(} 60-day study and given the time we had, we didn' t have time to

I4
develop it.

$
9 15
Q This is how we do a containment calculation for a
x

? 16
g Class 9 accident. For a given scenario, we do the calculation

d 17
'

assuming no hydrogen burns. We calculate what we call our flamex
z
$ 18
= front temperature and compare that flame temperature to our
s

temperature criteria of 710 C. By making that comparison we can

tell if the containment atmosphere is flammable with the dilutents
I

. 21
I present. If it is, we run a second calculation where we burn
!

() the hydrogen at the worst point in the transient, so it's a

23
two-step calculation. i,

|

({} I'll show you some representative results. This is for |

25 i o
i the Zion plant. This is our 710 C temperature criteria. Here is

:
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I calculated flame temperature versus time, depending upon mixture
g
\- 2 condi tions . When you cross this point right here for a short

3 period of time, that tells you that you could have a non-benign

(,J 4 burn. We re-ran the calculation burning the hydrogen at this
i

g5 point. Here's the results for both calculations in terms of

8 6 containment pressure. The dotted line is a no-burn case and thee
R
P 7d solid line is the case where we burned the hydrogen. As ycu can
s
k it cets somewhere between 40 to 50 psi pressure spike whensee,
d
d 9
]. you burn hydrogen at that time.,

o

h
10 The reason the difference made in time is you actually

=

f II reduce the model mass in the containment atmosphere when you have

d 12 a hydrogen burn because you have two molds going to one mold.z
-

() 13 So you have a conduction in mass which causes a reduction in

| 14 press ure.
$j 15 MR. PLESSET: Can you tell me again the difference
z

d I0 between what you call a benign and non-benign?
w

.h I7 | ,MR. LYPARULO: A benign burn from hydrogen wouldn' t
z
$ 18' give you a significant pressure rise in a short period of time.4 =
C

19
g cor instance, if I had hydrogen going into the containment, let's

20 say at 1 pound mol per second. I have two options; I could burn

21 as it comes in and get a very insignificant pressure rise, or I

(]) could burn it all at once. If I burned it all at once above a,

23 |
i certain concentration, I would have a non-benign burn.
!

(')
,

MR. OKRENT: And you took uniform distribution.
%s

25 !
! MR. LYPARULO : Right, uniform distribution in all our

ALDERSON REPORTING COMPANY, INC.

_ - .



46h
o- 206

I calculations.

OV 2 MR. OKRENT: Are you evaluating how good an assumption

3 that is as part of your follow-on?

O 4 MR. LYPARUtO we.re 1eoking end geeting to 1e. we ao

5g know that the Battelle Frankford test, which was run in a full-
a

@ 6 sized containment, they introduced a little bit of hydrogen into
R
*" 7 the bot-tom of the containment with no heat removal systems on.

$ 8 So it was a quiescent atmosphere. When you have a temperacure
t.5

$ 9 distribution with the hot air at the bottom and the cold air at
!

h
10 the top, you have good mixing is what the test results show. That

=
5 II would be the situation we had here. If we had our safeguard
3

f I2 systems on we would just about insure a good mix.
0

(m_)@ MR. PLESSET: Did you determine the width of that pulse13
_

m

! I4 in the non-benign burn? You had it en the slide.
M

15g MR. LYPARULO: For a non-benign burn, we assume it
=
j 16 doesn' t burn.
A

h
II MR. PLESSET: You've got a pulse of almost 100 psi.

=

{ 18 MR. LYPARULO: Yes, we calculate pressure as a function
i:
"

199 of time throughout the whole transient.
is

20 MR. PLESSET: So what was the width of that peak, how

2I long?

.O an tre^aoto= 't1 = v eeeroxim tety =taute- **=

| long enough --

MR. PLESSET: So it was a long pulse.

, 25 i
| MR. LYPARULO: When I say pulse, I meant in terms of

| ALDERSON REPORTING COMPANY. INC.
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righ t. It would -- containment would see it1 the (?) graph ,

2 as a quasi-steadystate pressure.

3 MR. PLESSET: So it was about a minute.

OV 4 MR. LYPARULO : Somewhere in that range. It's long

5g enough that the containment would see pressure.
9

@ 6 MR. OKRENT: If I can come back to the hydrogen distri.--

R
$ 7 bution, it's a factor of roughly 2 beSaeen the beginning of your
s
k 8 non-benign burn and the beginning of your detonation range.
d
o; 9 MR. LYPARULO: That's right.

E
g 10 MR. OKRENT: It seems to me, since it has potentially
E
.

II important ramifications for what the containment would do, it@
is

}j 12 might warrant a reasonable amount of study, and I don' t see how

O | '3 one or even e dozen eests, whatever, wou1d of 1ese1f eive you

14 the general kind of information you'd like to have in that regard.
h:j 15 MR. LYPARULO: Well, there are two sides to the problem.
=

E I6 When you have your containment heat system is on; fan coolers,
us

h
17 sprays. I feel that the containment would be well mixed. In fact ,

x
5 18 correct me if I'm wrong, I believe that Zion and Indian Point have
,

i:
g" 19 mixing systems to preclude the ouildup of hydrogen in containment.

20 And that; would be for the AD and S2D sequences.
|

2I For those sequences which were representative risk

O co,,risu,,rs ,nd therefore you wom1d expect a w 11 mixed coneain.22

23 ment --

24 MR. OKRENT: But you just put in some groundrules that,Q)%

have well-mixed hydroger i25 say we'll consider risk contributors - : ,

l

1
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I won' t burn in such a way, therefore, to damage the containment.. . _

2 Which might mean that some other scenario where the hydrogen

3 might conceivably accumulate locally, could damage the contain-

4 ment and now it becomes a dominant risk contributor. At ler.st if

5 you he.en ' t looked I don' t know why that --

MR. LYPARULO: We are going to look into it. It's a6

57
*
E 7 very difficult problem, though.
A
* 8M MR. OKRENT: I agree. I heard around the ACRS table a
d

}". man who lived with hydrogen quite a bit express doubt about it9

o

h
10 always being well mixed. At least in his experience that wasn't

=

fII
the case; he felt - . In any event, as I tried to indicate,

ti 12 you have to watch whether your original boundary conditions don'tz
,

! c

Oi' 1ead you down e gredetermined geth.

! MR. LYPARULO: I understand. Why don' t we move on to
$
9 15 1
y the TMLB sequence, get to S2D sequence.
x

E I0 Again, we have our comparison between our flame tempera -

:r5

$"
17 ture calculated versus time in our criteria, and it shows that

:
'

5

| $
18 the hydrogen never reached a flammable mixture condition for this

#!

19'

| g accident. Therefore, we didn't have to run a case where we

20 burned hydrogen. To get into trouble we didn't have to.

21 This is the pressure versus time. You can see where

22O y,, ,,, ,,, ,,11,,, ,,,,,,,, ,, ,,,,,e., ,,,, ,31, 1, ,11,,,1y

23 : different from Pete Cybulskis ' calculations because as my slides

O '' | mention, we assume a cobalt (?) debris bed at all times in the

25 ' transient. Pete in his calculations began to have some concrete

ALDERSON REPORTING COMPANY, INC.
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1 interaction here and that actually slows the rate of rise of

(9
,

) 2 this curve.

3 If you could get some safeguards on at about 6.6 r's is

s/ 4 about when you can see design to f ailure pressure. If you get

5g your safeguards on at 6.6how:s, the current comes down; later on
n
@ 6 you have a hydrogen burn and it goes out, but again, you never do
R
$ 7 see failure pressure. In fact, if you have a one-fan cooler on
Kj 8| for the entire transient you don' t even see the failure pressure.
O
q 9 So all this is really showing you is that in order not to fail
z
O 1g 10 the containment for TMLB scenario, you need to have some sort of
i

$ 11 heat removal.
k,

| N 12 MR. ETHERINGTON : But don' t the cold surfaces of the
=

(]) 13 containment tend to quench that --

| 14 MR. LYPARULO: Right, we have those models . We have
$
g 15 the containment structure with heat sinks modeled in these calcu-
z

j 16 lations.
A-

N 17 , MR. ETHERINGTON: Is that one that you show on the
5
5 18 screen now?

|:

19 MR. LYPARULC: Yes , in this calculation we have conteir.d
M

20
| ment with structure heat sinks modeled, in all the calculations .

21 We do use conservatively low heat transfer coefficients.
|

(J3
22 MR. OKRENT: Pres umably , this is one in which a

23 | filtered venting system would have time to be useful.
I

24 MR. LYPARULO: Right, or some other means . I think

25 just ibout -- you don't have to take a lot of heat out, because

ALDERSON REPORTING COMPANY, INC.
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I decay ' heat is really low at this point in time. But you do need

2 some means of heat removal besides structures.

3 MR. OKRENT: Or pressure relief.

4 MR. LYPARULO: Or pressure relief. That's taking mass

5 out. But you have to be very careful because you could get into

$ 0 a situation where if you began to relieve pressure at the wrong
R
* 7'j time, you get yourself in the mixture where you have a flammable
N

j 8 mixture in the containment. Then you have a hydrogen problem.
d
d 9 Right now we don' t have a hydrogen problem. Steam inerts the
~

.

o
@ 10 atmosphere.
E

5 II MR. KERR: I'll urge that you not answer questions that
is

N I2 Dr. Okrent didn' t ask.
=

13 (Laughter. )
x
m

$
I4 MR. LYPARULO: I think it's important so let's talk

h:

a little bit about March. As we mentioned, the March computer-

=

d I0 code was developed as a probabilistic analysis and not a design
w

h
I7 analysis, and while the code does preserve integrals, rates are

f
IO

$ not well substantiated.
!~ I9
g Going through the March review we did, the code is a

20
j one-node model. Because it's a one-node model, you can get

2I
system effects such as break flow, and we're looking into that

22 -Q and finding out whether we have to add additional nodes or what

23 the effect of that is. The code right now has a fuel rod-clad

24 interaction with no gaps . If you have co gap, you have at least

25 j an early fuel melt, when you have the zirconium water reaction.

ALDERSON REPORTING COMPANY, INC.
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I The gap provides a buffer. The hydrogen release calculations, we
n-) 2 don' t model an inside reaction between the zirc/ clad and fuel;

3 thus, we get -- we over-predict the hydrogen release calculations,
,,

k-) 4 and as Don mentioned this morning, we over-predict the amount of

5g energy put into the sys tem.
9

$ 0 The molten zirconium that f alls from the melting fuel
R
R' 7 is assumed to react when it falls in the water fuel lower plenum.
N
2 8M That indicates that that is not true,
d

9 The stainless steel water reaction isn' t accounted for.j
O 10
j The core melt sump model -- the present models were only
=
E 11
g scoping. We looked at a number of scenarios in ~which- the co're
d 12z could melt.
=

/~N d 13
(,) g Total non-sequential failure

E 14
g are assumed. This addresses one of Dr. Okrent's questions that
*
9 15
Q he brought up during Bob Henry's talk. Innthe March studies,
* i

'~

16-

g once the core goes, is sitting along the lower support structure

F 17
d it allows it to calculate the time for this plate to f ail and
z
$ 18 it forms a mixed puddle with all this water in the lower plenum.=

19
j As you can see, what we have to do is improve the modeling

20 because there are several plates that the core has to go through

21
before you can allow this kind of mixing. That's one of the

() major reasons for a pressure spike in the Sandia calculations.

23 | The failure to model those support structures.

(~,)) MR. KERR: It also seems to me it's going to be diffi-
,_

25
! cult to tell whether you have improved the model or changed it.
!
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1 3R. LIPARULO: A no th er thing that should be'

2 improved is the fuel debric/ coolant interaction. Right now

3 the limiting heat processes like debris bed critical heat(])
4 processes aren't calculated.

5 As Bob Henry talks about, the dynamic effects of

6 the water in the lower reactor cavity aren't modeled, and as

7 a. result, the particle sires which are user input could be

: 8 inconsistent. You could have a particle size to correspond

9 to a steam explosion, and yet assume a steaming rate. If

10 you have a steam explosion, you blow the particles out of

11 the reactor cavity.

12 The MARCH hydrogen burn mode 2. burns Madrogen over

13 typically about 6 second intervals. Data indicate that in
73
V

1<4 20 to 60 seconds, the burn completion is usually 100

15 percent. We have seen data that indicate that that is off

16 slightly .

I'7 The effect of sprays on flammability are not

18 accounted for, and you have a limited da ta base.

19 Summarizing, we have ierformed containment

20 calculations for the AD, S2D and TXLB sequences. Mass and

21 energy releases were taken from MARCH. We have developed a

22 capability to calculate the bulk combustibility of a

23 hydrogen / air / steam / containment atmosphere, For the AD and

24 S2D sequences which were representative risk contributors,

| 25 if the hydrogen was assumed to burn continuously or not to

's(V
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(,),
I burn at all, we don't have a problem with present

.

2 containment designs. If the hydrogen is assumed to

3 accumulate to a combustible mixture and then burned, while
)

4 we do get a rapid pressure spike, the containment is not

5 calculated to fail at this time.

6 DR. KERR: Thank you, sir.

7 MR. LIPARULO: I have passed out a calculation

8 comparing the flame temperatures calculated in the TMI

9 hydrogen burn compared to what our model predicts, and it

10 provides a verification for the model. If you have any

11 questions, you can contact me.

12 DR. KERS: And you are going to get some equations
:
.

'

13 from Dr. Glassick (?).
(

1-4 MB LIPARULO: Yes, I will get some equations from

15 Dr. Glassick (?).

16 DR. KERR: Are there c"estions? Mr. Shewmon.

17 MR. SHEWMON: How muct water do you have to have

18 suspended in the air before the vaporization and content of

19 the water equals the neat of combustion of the flame for

20 tha t volume of gas?

21 XR. LIPARULO: It depends upon the volume of gas

22 th a t you assume and the temperature.

23 MR. SHEWMON: I have got unit volume of gas,

() 24 whatever it was when you started your burn, and I am trying
,

25 to get some idea what this more than sprinkle coainq out of

(
.

, . .

.
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I) I the containment sprays does. hy question was, in that unit

2 volume, how much water do you have to have as droplets'

~T 3 before its heat of vaporization equals the heat of
(G

4 combustion for that unit volume?

5 MR. LIPARULO: I haven't done that calc ula tion ,

6 but my feeling is it probably wouldn ' t have to be too much.

7 If you assume that --

8 DR. KERR4 You can just say you don't know if you

9 don't know.

10 MR. LIPARULO4 I don't know.

11 MR. SHEWHON: I have heard others say that they

12 don ' t think it would be too much either, yet given that, if

13 it wasn't too much, then it certainly would influence the

O 14 hydrogen burn because it touches the flame.

15 MR. LIPARULO: That is right. One thing you have

16 go t to be careful of, though, is you are assuming complete

l'7 interaction during the burn. Don?

18 MR. PADDLE (?) Don Paddle from Westinghouse. Dr.

19 Bernard Lewis, who has been our hydrogen consultant for the

20 last six months, indicated that about .05 volume percent

21 water suspended as droplets of about 40 or 50 micron size

22 would be ef f ectively inert (?).

23 MR. SHEWMON: Thank you.

(')s(- 24 DR. KERR Mr. Peoples, were you about to say

25 something?

ALDERSCN REPORTING COMPANY, INC.
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! ['}
(_/ 1 MR. PEOPLES I was going to comment that we are

2 going to be studying that question in experiments later on,
t

(]} 3 and I could address that briefly.

4 DR. KERas Mr. Seale, did you have a question?

5 MR. SEALE: Yes. I understand that according to

6 your plot there, there is about a factor of 3 difference

7 between the most benign burn of hydrogen, that is, the

8 concentration at which you begin the burn, and the place

9 where you get to the ratl.er --

10 MR. LIPARULO: A wicpy fire, right.
,

11 MR. SEALE: I have also heard it suggested tha t

|
|

12 there are a large number of initiators, typically relays and
i

13 whatever else, in a containment building, and that one might

14 be f airly frustrated if he t ried to get a mixture up around

15 12 percent o r so.

16 Are you looking into that aspect; indeed, in line

l'7 with Dr. Okrent's line of suggestions, is that number a

18 function of what particular accident sequence you happen to

19 be in when you are looking at hydrogen concentrations?

20 MR. LIPARULO: I will see if I can answer the

21 first part of your question. If you want a quaranteed

22 burning of hydrogen at 4 percent, let's assume I have an

23 ignition source. How will it burn? The hydrogen mixture

24 will burn as a wisp, straight upward. So in order to

25 guarantee a significant burn, I would ted an infinite

O
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p\_) 1 number of sources.

2 So while you could have a burn of 4 percent, it is

(]) 3 not going to do much for you on decreasing your hydrogen

4 concentration.

5 MR. SEALE: At 6 or 6 it might, though.

6 MR. LIPARULO: At 6 or 8 it might, but again, if

7 you look at the plot, you would get a very low percent

8 reaction even at 8 percent based upon the test data of the;

9 Bureau of Mines, where there was a spark in the center of

10 the test facility. At about 8.5 percent, you would get a

11 good deal of completion of reaction, but that also gives you

12 the pr. essure rise. They are tied together.

13 You don't attempt to guarantee ignition of the

O
1-4 hydrogen. Right now our calculation is just burn at the

15 worst time. If we could guarantee ignition at different

16 times, you would get better answers.

I'7 DR. KERE: Mr. Etherington.

18 MR. ETHERINGTON: Have you ignored the iron / water
,

19 reaction because you think there is'no credible probability

20 of it being significant, or because you haven't gotten

21 around to it yet?

22 MR. LIPARULO: The data I have seen says that it

23 is not a significant generator of hydrogen, and that is why
.

\-} 24 we have ignored it.

25 MR. ETHERINGTON: Of course, the data depends on

C:) -

1
1
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n
's,/ 1 What you assume physically with regard to the mixture and

2 the tenperature of the iron and on the steam around, if you

(} 3 have got enough iron there for it to be significant.

we vill have to4 MR. LIPARULO It is so,mething

5 look into, but my feeling is right now that it will not be

6 significant, based upon other reports I have read on that

7 subject. I haven't done any work myself on it.

8 DR. KERRa Are there other questions?

9 Mr. Peoples, did you want to make some conclusions?

10 MR. PEOPLES: We have two very brief presentations

11 on containment structural response by our

12 architect-engineers. I really think they are quite worth

13 hearing because they talk to the work that they have

O 1-4 conducted to assess the containment capability. I would

15 like to ask them to come up now, and then I will srmmarize

16 in about a minute and a half with concluding remarks after

17 th a t .

18 MR. WALSE... Mr. Chairman, ladies and gentlemen, I

19 am Adolf Walser f rom Sergent and Lundy in Chicago. The

20 purpose of my presentation is to give you a brief summary of

21 the Sergent and Lundy study which was designed to determine

22 the upper limit of the Zion containment capacity of pressure

23 loads as may be experienced during a hypothetical Class 9
t'T
U 24 accident.

25 The objectives of the studies were to determine |

O
i
!

..
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( 1 the ultimate pressu're capacity, to assess the effects of

2 high temperature, to identify modes of failure, suggest

(} 3 possible renedios to reinforce the weak areas, assess the

4 effects of the rate of pressure rise and rate of temperature

5 rise. ,

6 The evaluation of the containment was performed by

7 both hand calculations and computer analysis. The hand
,

8 calculations were performed to evaluate typical areas and to

9 find their capacities, and the state of stress and strains

10 of the materials. The computer analysis was performed to

11 evaluate the entire containment and to locate the weak link.

12 In the next slide we see a picture of the

13 analytical computer model. The program we used is based on

O
14 the Wilson-Goshe ( ph one tic ) program, and is modified and

15 validated by Sergent and Lundy. Each finite element

16 consists of several layers which represent concrete,

l'7 prestressing tendons, reinforcing steel, and the steel liner

18 on the inside.

i
'

19 The materials are represented in this computer
,

20.model by bilinear stress-strain curves, and this permits to

21 represent-the cracking of the concrete and the yielding of

22 the steels. The material-properties are determined from

23 actual material test reports obtained from the Zion project.
p
E- 24 The pressure load was applied in several discrete

25 steps of increasing magnitude, and the material' stresses and

O
-

.
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r
1 strains were evaluated at each step.

2 I would like to show now a few of the results we

3 found during the study. The hand calculations indicated{}
4 that the weak link of tha containment are the tendons in the

5 hoop direction. This, by the way, was, of course, confirmed

6 by the computer nodel. We show here the pressure in psia at

7 which the hoop tendons would yield, and this is the factor

8 times the dasign pressure for easy reference.
A

9 In the next slide, we show a graph indicating the

10 rela tionship between the hoop tendon stresses and the

11 pressure load. This graph is bssed on the conputer

12 analysis. The study was conducted considering the liner to

13 be fully effective, and also without the liner. The liner

O' 14 can be ineffective if it is really hot.

15 For the purpose of this study, failure was

16 considered to be the yielding of the hoop tendon at the

17 tested tendon yield at 1 percent elengation, 1 percent

18 ext ension.

19 Next slide. This graph shows the relationship

20 between the containment wall, radial displacement, and the

21 pressure load, and we see that the radial displacement at

22 the failure node defined before is approximately 4 inches.

23 The contain.ient, of course, is capable of carrying somewhat
rm
(_) 24 mo re load , exce pt the deformations increase rapidly without

25 any substantial increase in pressure.

|O
:
| ..
,
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g
(_) 1 This graph shows the stress-strain curves of thm

2 steel materials, stress versus strain, for prestressing,

f]) 3 reinforcing steel and liner. The solid lines indicate the

4 extent to which the aaterial was used, let's say, in this

5 study, up to the defined containment capacity. We also can

6 see that we have still a substantial margin left for a kind

7 of factor of safety to strain failure.

8 MR. SHEWMON: You said there was some yielding at

9 120 on the hoop tendons, jet that looks elastic.

10 MR. WALSER Here is where the yield of the hoop

11 tendon is defined at 1 percent extension. After this, the

| 12 tendon can carr y more load, except the de formation increases
!

13 very rapidly.

O
14 MR. SHEWMON: But in your table you had the

15 tendons yield at 120 ksi.

16 MR. WALSER: 120 psi pressure load in the

l'7 containment.

'

18 MR. SHEWMON: Thank you.

19 MR. WALSER: This table lists the margins

1

20 available in noncritical parts of the ' containment at the

| 21 pressure load 4hich brings the hoop tendons to yield at 120
1

22 psi gauge. The margins, as you see, are all greater than

23 one. For instance, for something like shear loads in the

24 containment, that is with the enforcement at the equipment

25 hatch and reinf orcement at - the containmen t.

O
V

.

ALDERSON REPORTING COMPANY, INC.

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



_

221'-

() 1 The equipment b.:tch was re-evaluated because this

2 factor of 1.0 didn't look very good. We re-evaluated the

- 3 equipment hatch using actual material stresses based on test

4 results rather than the minimum specified values, and we

5 find that the margin, instead of. 1.0, should be 1.1a.

6 DR. SIESS: These are margins with respect to what?

7 MR. WALSER: To our defined failure, which is

8 equivalent to the tendon yielding, for instance. A failure,

9 if you want to call it that --

10 DR. SIES5: Margin here is used differently than

11 it was in the other figure. Tha t was the multiple of the

12 design load to failure.

13 MR. WALSER: That is correct. In other words, we

O
' 14 could increase the pressure --

15 DR. SIESS: The load would have to be it. creased by

16 that amount to --

I'7 MR. WALSER That's richt. To bring the areas to

18 f ailure.

19 DR. SIESS: What was your definition of failure

20 for shear ?
|
!

21 MR. WALSER4 For shear it was the containment code

22 equation, except the built-in load factor, capacity

23 reduction f actor was eliminated, which is a very

(') 24 conservative approach. But since it is a brittle failure,

2 we didn't want to be --

(v~h

.
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3
k_/ 1 DR. SIESS: This was on a principal stress or a --

2 MB. WALSER: Radial shear.

() 3 MR. ETHERINGTON: But with respect to leakage, it

4 seems to me that is very unconservative because you have

5 stif f regions in the conteinment around locks and others

6 which are perhaps not designed right up to the same limit.

7 To assume that you are not going to have any seams cracking

8 in liners as you go to twice the design capacity doesn't

9 seem to ne --

10 VOICE: (Inaudible)

11 MR. ETHERINGTON: Yes, 2 percent strain in the

12 tendons.

13 MR.WALSER: And, essentially, in the liner.

14 MR. ETHERINGTON: I am talking about if everything

15 was designed so everything stretched uniformly, then this

16 would be correct. But it is not designed like that.

17 MR. WALSER: Except in the areas --

18 DR. SIE55: Put the stress-strain curves back on,

19 will you p'. 2ase , because on the liner you have got a spot on

20 there marked " membrane and bending."

21 MR. WALSERs Y s.

! 22 DR. SIESS: Is that free field membrane or is --

f
| 23 MR. WALSER: This is free field membrane. This is

r'
l- 24 membrane plus bending due to liner buckling, and even

25 cram ping (?) due to the pressure load being applied to a

(3

a
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(,_/
,

1 buckled panel.

2 DR. SIESS: But nothing for localized stresses

3 around a penetration. Isn't the liner thickened at the
{~)

4 penetration?

5 MR. UA1SER: That is correct, yes.

6 DR. SIESS: And do you look at the transition

7 between that thicker plate and the other, if there is a well

8 there, or there may be local stresses, which I think is what

9 Mr. Etherington is concerned about.

10 MR. WALSER: Yes. The penetrations have generally

11 higher load f actors beenuse in those areas we have added

12 reinforcing, which teduces the deformation. The weld

13 between the liner panels is at least as ductile or is

O 14 ductile enough to carry strains of this magnitude.

15 DR. SIESS: What kind of strains can the liner

16 take with biaxial tension?

I'7 MR. WALSEE: Based on our information using ASME

18 inf orma tion, we would have to discount the uniaxial liner

19 strain by about 70 percent.

20 DR. SIESS: How much?

21 MR. WALSER: To about 70 percent, to about 70
,

22 percent, to account for biaxial loads.

23 MR. SHEW ON: To 70 from what?

( 24 MR. WALSERs From the uniaxial strain, which in

25 this particular case is about 23 percent to about 16 percent.

!

| -
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o( / 1 DR. SIESS: Now, we essentially have to assume

2 here that if we do get a break in the liner, we do have a

{) 3 significant path to the environment, don't we?

4 MR. WALSER: That is correct, yes.

5 DR. SIESS: The concrete is well cracked.

6 MR. WALSER: That is correct, yes. The

7 assumptions we took to determine the limit of the

8 containment pressure capacity is such that we have a really

9 high confidence that we have no failure, not even local

10 f ailures. At the pressures we have calculated, we are very

11 certain that we have no leakage.

12 DR. SIESS: I don't have any trouble accepting

13 that when I think in terms of structural failure, t.it I

(v~\ 1-4 don' t see from what is being presented -- I'm not saying you

but I don 't see the calculations that15 haven 't done it --

16 would tell me that I could rely on the integrity of the

l'7 liner up to this same level of load, and particularly a

18 deformation, with all the local type of discontinuities that

19 are in that liner in all sorts of places.

20 MR. WALSER Well, we shouldn't forget that the

21 liner in this containment under normal operating load is

22 essentially in compression. We have to go to substantial

23 pressure loads of something like 100 psi before we even get

l')(_.- 24 the liner into tension. So the liner strain only builds up

25 in t o tensile strain from then on.

p
| G
,
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=( ) 1 DR. SIESS: I just have no feel now for how

2 localized strains might get around the penetration or at

3 some discontinuity. The liner is very ductile. It can take

4 15, 20 percent strain, probably. I guess I have some
,

5 difficulty visualizing strains that large except over very,

6 very short lengths, but that will tear a well, will tear a

7 liner. I don't get the comfort on leak tightness from this
i

8 that I get f rom structural integrity, but it is not

9 structural integrity tha t is the problem.

10 MR. WALSER: We have looked at the liner very

11 carefully, and we have determined that the maximum strain we

12 see in the liner itself due to membrane plus bending action,

13 due to buckling and 7 easing due to pressure load is in the
O

14 area of 6 parcent.

15 MR. ETHERINGTON: But isn't that still a gross

16 regin of the membrane and not the local --

1'7 MR. WA1SER: Yes, but we have not been able to

18 determine that we have added strains in local cegions.

19 MR. PEOPLES: Adolf, if I am correct, as I

20 understood at a much longer presentation before the NRC back

21 in Washington , the analysis did try to look at penetrations

I' 22 in some detail, and that they did take a look at the local

23 strains , and in particular at the equipment hatch because it

) 24 is the single largest opening into the containment and

j 25 represents the largest opening compared to the circunference

i

~s .:
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1 of .ne (inaudible word), and evaluated that in some detail.

2 It is on that basis that we have the analysis from

() 3 CBEI with respect to the hatch itself and looked within that

4 region to local strains in that region. It was determined

5 through the analysis that that was n.c limiting and that , in

6 fact, the hoop stress was the limiting feature in the

7 containment design.

8 DR. OKRENT: You mentioned that you had a high

9 degree of confidence th a t you wouldn 't have a leak up to

10 this point. I don't know what degree of confidence you

11 means one sigma, two sigma, 99 percent? Are you able to

12 quantify it for me in any way?

13 MR. WALSER: There are too many probability

14 experts around here for me to make a statement like that.

15 DR. OKRENT: Oh, I mean just your judgment. I am

16 trying to see what you mean by a high degree; when you say

17 high degree, what it means, that 's all.

18 MR. WALSER: Ninety percent.

19 DR. OKRENT: Now, how do you factor into that the

20 possibility that there may have been some kind of a design

21 error or fabrication deficiency that wouldn't have shown

22 when it was proof tested at the original test.

23 MR. WALSER: Well, I have that confidence because

24 I a m not even approaching the strains which the material is

25 capable to carry.

O
c v
!
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() 1 DR. OKRENT: Have you looked to see what kind of

2 local failures, I will call it that, could lead to local

3 strains that exceed the failure point of the liner and judge
{)

4 that these can't occur? I can recall back in Indian Point,

5 for example, they had a surprise once. There was something

6 having to do with the steam line that led to a problem on

7 the containment liner. It came as a big surprise.

8 MR. WALSER: I am familiar with that incident.

9 DR. OKRENT: I am a reactor physicist by vocation,

10 le t 's sa y , and I just sit here and listen to these engineers

11 being surprised at a thing lik e that happening. Why should

12 I assume that we don't have scmething like this here?

13 MR. WALSER4 Exactly that incident shows you that

O 14 despite those deficiencies, the liner didn't leak.

15 DR. OKRENT: Well, you know, you can always look at

16 a t the bright side.

I'7 (Laughter.)

18 MR. SHEWMON: That is why yoa design things out of

19 steel instead of concrete.

20 DR. OKRENT: Yes, but you also put a factor in
|

21 which you are now trying to use up almost fully.

22 MR. SHEWMON: No, he is using hardly any of it.

23 DR. SIESS: The stress-strain curve for the liner

() 24 there , I assume, is for the liner material.
|

25 MR. WALSER: That is correct.

w.
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() 1 DR. SIESS: What would the ductility be for the

2 weld or for the heat effectiveness of it?

3 MR. WALSER: For the weld it will have an

4 elongation at least as much as the liner. The heat effect

5 and so on will be somewhat reduced, there is no question

6 about it. That is why we are not going to this limit in our

7 acceptance criteria, staying way back. The weld axial

8 strain, of course, is not any more than the membrane strain,

9 except, of course, we have fiber strains. But don't forget,

10 all the welds, for instance, in Zion, were really carefully

11 tested, not only by visual and vacuum box, but also by 100

12 percent dye penetrant testing, 2 percent radiograph.

-13 DR. KERRa Are there any other questions?

O 1-4 MR. WALSER: I just have one more slide. That is

15 the conclusion. We consider that the ultimate pressure

16 capacity of the containment is 120 psi gauge without the

17 liner as a load carrying member. It is 134 psi gauge with

18 the liner as a load carrying member, which is the likely
.

19 case because the temperatures are not that high. The

20 f ailure mode is hoop tendon yielding.

21 The temperature effects are probably not

22 significant. Possible remedies are not recommended because

23 it would be impractical. The effect of rate of pressure

( )- 24 rise, of ra te of tempera ture rise is probably not'

j 25 significant.

);

'
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() 1 DR. OKRENT: If I can come back to the question on

2 confidence, the very point you mentioned, that 2 percent of

3 the welds were radiographed, I think if you were to feed{}
4 that into a fault tree and put in some probability that

5 there was a defect in the weld that didn't show up on the

6 dye penetrant test or was ignored, either of which could

7 have occurred, you might end up with some probability that

8 isn't negligible at a pressure less than the one you are

9 counting.

10 This is the kind of thing. That is only one of

11 the paths that can get you to a leak. I just want to note

12 that one wants to be a little bit cautious about being -,

13 MR. WALSER: Yes.

14 DR. KERR: I should point out, Mr. Walser, that

15 reactor physicists do very elaborate calcula tions, and then

16 they have elaborate critical facilities because those

17 calculations don ' t come out very well. That is the reason

18 Dr. Okrent is skeptical of calculations.
,

19 (Laughter.)

,

20 DR. OKRENT4 I have seen enough of my own come out

21 wrong.

22 DR. KERR: Mr. Etherington.

23 MR. ETHERINGTON: Did any cracks develop in the

(~h <

s/ 24 liner during the original proof testing of the containment? '

25 MR. WALSER: No, sir. The test did not indicate

(~)h
.

% |

,.,,|'

A'_DERSON REPORTING COMPANY, INC.
'~

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



.

.

23M)-

/~

(-) 1 such cracks.

2 MR. ETHERINGTON: Thank you.

() 3 DR. KERRs Other questions or comments? Yes,

4 sir. Very short.

5 HR. N0YES (?): La rry Noyes, Philadelphia Electric

6 Company. It is my understanding that some in some the WASH
'

7 scenarios, they assumed that when the containment failed,

8 that it effectively lost structural support capability, and

9 therefore other tightening such as steam water (?)

10 tightening night be lost. Would you comment on that aspect

11 of it?

12 MR. WALSER: The equipment stands entirely on the
!

13 basemat , and the basemat deformations are very small.

14 DR. KERR4 Thank you, sir.

15 Did you say one more presentation?

16 MR. PEOPLES: Yes, to just talk to Indian Point

l'7 briefly on the same topic.

18 MR. TOLAND: My name is Richard Toland. I am with

19 United Engineers and Constructors of Philadelphia. United

20 Engineers was asked to address the Indian Point Units 2 and

21 3 containment vessels for their capability under a condition

| 22 representative of a Class 9 accident.
t

. 23 This was done. We performed an evaluation on a

i \- 24 realistic basis, allowing for such factors as the actual
!

|
25 ma te rial proper ties , inclusion of the liner as a strength

i - O>' .u-
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'( ) 1 element. Such factors ordinarily are not allowed in the

2 design of these containments.

{J}
3 The definition of capability. We defined

~

4 capability as that combination of tem perature and pressure

5 which would produce a general yield state in the reinforced

6 concrete structure itself. It is an upper bocnd of the

7 elastic response of that structure. It is r.ot failure. We

8 addressed failure modes represented the same as Adolph's

9 here, which showed that we could achieve th e pressures

10 associted with the actual yield state in the concrete

11 structure.

12 This serves as a lower bound on the actual

13 capability of the structure. The capability will be

O 14 higher. In the conclusion of it, the Indian Point Unit 2

15 and 3 containments are shown to be able to withstand

16 pressures of 126 psi gauge, which is 2.7 times the original

17 design accident pressure 4.7. This is independent of the

,

18 temperature.

19 The analyses were based on hand calculations with

20 classical shell theory, with foundation analogies, and was

21 justified on our experience and design analysis of th ese

22 containment vessels and our understanding of the behavior of

23 rdhneortdc boncrete structures, and the agreement between

() 24 prior hand calculations and computer solution... from previousI

25 analyses.

O
e
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( 1 The regions of the containment that we evaluated

2 included the membrane region of the dome and cylinder, the

/') 3 discontinuity region at springline, at the base of the
b

4 cylinder, the basema t, the large penetrations, including the

5 equipment hatch and the personnel airlock, typical small

6 penetrations, the liner and the liner anchorage system.

7 The latter ones we found to be all not limiting.

8 They did not govern in our conclusion of 126 psi gauge. It

9 was the membrane region in the cylinder which did limit us.

10 The next slide. This is a sketch of the

11 reinforcement in the membrane region. These are hoop

12 reinforcements which resist the PR membrane hoop forces,

13 meridional reinforcement of the liner. It is these hoop

O 1-4 reinforcements which are yielding across this section which

15 is limiting our capability.

16 Next slide. Our hoop reinforcement is at this

l'7 point. Prior to that pressure we are below this point and we

18 are behaving elastica 11y. We are behaving in the small

19 def ormation regime. There is linear elastic behavior.

20 Beyond this point It is inelastic. We are starting to get

21 large deformations. The strength capability of the rebar is

22 much greater to alternate, but we are not trying to take

23 account of that because it incurs very large displacements

'']/

\- 24 in the cylinder.

25 The displacements associated with the cylinder in

b'! u
I

!

! -
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() I this region are about 2 inches out of 840 inches on the

2 radius.

3 Next slide. How did we ge t 2.7 times the design

4 pressure? It is by the conservatisms in the design process

5 itself. The original design pressure was multiplied by a

6 load factor of 1.5. We have used the minimum strength of

7 ' the materials, so instead of using the 71 ksi actual yield

8 strength, we used 50, but then we had to incorporate

9 capacity reduction factors of .9.

10 The strength of the liner was not allowed for.

11 The seismic rebar was not considered.

12 Next slide. You factor these all together times

13 47 and it gives you 126 psi. This capability, again, is the

O 1-4 limit of the elastic response. We are not delving into the

15 inelastic, large displacement response. The limit region of

16 the containment is one of high ductility located away from

17 the discontinuities. The discontinuity regions of the

18 containment have at least the conservatism of the membrane

19 region. The original design was based on the ACI 318-63

20 code , which mandates additional conservatism in regions of i

21 low ductility. Shear, anchorage and compression do not

22 govern the design.

23 I will answer any questions.

() 24 DR. KERE: I guess you can perhaps comment on Dr.

25 Okrent 's question about how uncertain you are about errors

O
.

/
,
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O
\ 1 in fabrication or inspection have not invalidated the

2 results of your analysis.

() 3 MR. TOLAND: My response to that is that that is

4 one of my principal concerns. It is for that reason that we

5 limit curselves to the maximum of the small displacement

6 response. It is when we get into the large displacement

7 associated with yielding of this rebar that I am uncertain

8 about where the weakest link will be, and I don't know if

9 anyone can, because that is where the uncertainties

~ 10 associated with f abrication will come into play. I do not

11 think that they will come into play prior to that point.

12 DR. SIESS: Would you put the last slide back up,

m 13 please ? I hope you did not rely on the addi tional
r]

14 conservatisms required by the ACI code for shear, and that
,

15 you did check shear. Did you?

16 MR. TOLAND: We did check shear. We considered

17 three aspects of shear. First of all, the code says that

18 under the high membrane tensions that we have here, we have

19 zero capacity in the concrete itself, and therefore the

20 steel has to take all of it. We reviewed that aspect of it.

21 A second point is that the base shear, which is

22 the one I am principally concerned about, is one which

23 ' increases bu t it increases at a lesser rate than the actual
l'

| k- 24 pressure increases because the concrete is cracking and you

25 are getting a softening of the structure there. That is a
,

!
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() 1 conservatism that you don't really mention.

2 In addition, in the design of this containment, we

3 brought the hoop reinforcement all the way down to the

4 base. That is totally redundant. It is not stressed under

5 normal service. But as you start to increase the

6 displacements, you can never displace them beyond what the

7 actual membrane displacements would be. It is not a part of

8 the shear capability, but the first tvc are.

9 MR. ETHERINGTON: Did you have to make any lining

10 repairs following the original proof test?

11 MR. IOLAND: Sir, I can't really address that in

12 detail. I know, in fact, that there was no liner tea ring.

|

13 The liner did not tear. What they did do was tear some of

14 th e anchorages from the liner. It would be predictable if

15 they had predicted the liner actually being hit with that

16 kind of temperatures. You can predict locally, very

17 localized temperatures. It was repaired. It was put back

18 in service and they had some insulation --

19 DR. SIESS: Which plant was that?

20 MR. TOLAND: It was Indian Point.

21 DR. SIESS: 'The incident at Midland gives you a

22 little confidence in the toughness of the liner, too. There

23 were very large def orma tione , and I don ' t believe the liner

() 24 cracked clear through anywhere. Are you familiar with that ?

25 MR. WALSER: I am familiar with a similar incident

I (~h
[ LJ
|

!
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i

1 in Zion where by accident we blev a piece of liner away from

2 the concrete and displaced it over a relatively cmall area, ;

i

Q 3 and t'iere was no failure.
i

4 DR. KERR: Other questions?

5 Mr. Peoples.

i 6 MR. PEOPLES: -Thank you. In the interest of time,

7 Mr. Chairman, I would ask that the concluding remarks be

8 entered in tha record as though read, and that I would

9 summarize just a couple of points from the concluding

10 re ma rks.

11 DR. KERRs I am in agreement with that procedure.

12 (The remarks referred to follows)

13

14

15

1

16
1
d

17

| 18

{
'

19

20

21

22

23

Os/ 24

25
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Zion / Indian Point Presentation
to

O acas Subcommittee on etess 9 event s
July 2, 1980

Scope b Utility Ef fortIV.

Thus far in the presentation we have provided details

concerning the short term mini WASH-1400 study, the longer term

probabilistic risk assessment of Zion and Indian Point, and the
research activities related to severely degraded core behavior and

containment structural response. I would now like to outline the

scope of utility and industry studies which are being conducted to

further define our knowledge of a core melt incident and mechanisms

ga for the mitigation of risk of such an incident. The utility effort

( is proceeding along two parallel paths. The first path is a

probabilistic risk assessment study which will enable us to
O

determine in a quantitative, :omparable fashion those sequences

which contribute most significantly to risk. Identification of

contributors to risk may allow for action to be taken which will

effectively prevent or mitigate severely degraded core accidents.

The second parallel path is one of development of technology related

'to mitigation of the ef fects of a core melt accident.

The Pickard, Lowe & Garrick detailed probabilistic risk

assessment of Zion an' Indian Point Stations is well underway. In

addition to the excellent administration by Dr. John Garrick, we

have retained three senior consultants to help direct and evaluate

the study: Dr. Ian Wall--EPRI, Professor Norman Rasmussen--MIT, and

Mr. Saul Levine--NUS Corp. Westinghouse is performing sensitivity

O studies of various computer coees used to preeict severe eccieents

and investigating phenomenology related to predicting severe

accident transients. Commonwealth Edison, C'onsolidated Edison,
'

-.



. . . - . - - -- . . . - - . - - - - - - - - - = - - - - -

.

.

-2-

and the Power Authority of the State of New York, NSAC, and EPRI are

coordinating efforts to conduct additional research in the at: 's ofa

c' ore coolability, hydrogen control, corium-concrete interaction, and

containment structural response. Potentia. consultants for these

studies include Argonne National Laboratory, Dr. Robert Henry with

Fauske & Associates, Westinghouse Electric Corporation, and

Combustion and Explosives Research, Inc.

As examples, the following two research projects have been2

authorized and will be conducted by Westinghouse Electric Company.

Laboratory tests will be performed to c2asure particle bed cooling

including dryout correlations and effect of particle signs for the

() range of power density and particle size expected in LWR melt.

sequences. Also, a. series of tests will be performed with the aid

of Dr. Bernard Lewis to verify the " flame temperature criterion"

over a range of initial temperature and pressure conditions and

steam and hydrcgen concentrations. Burn velocity, degree of

completeness of burn, and the ef fect of containment spray will also

be determined.
.

Architect-engineers for the utilities have defined-the

containment structural capability in detail.

The utilities, with the aid of Westinghouse and architect-

() engineers, are considering various mitigating features. Conceptual
,

design work is proceeding. Continued phenomenological studies are'

necessary to define rational functional requirements. However,

[)
design concepts can only be evaluated consistently after the PL&G

! ' work is_ completed. Then this probabilistic risk assessment study

,
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will be used to test the impact on risk of any changes to systems or

the addition of new features. Decisions related to the installation
'

* of a feature or other alternative action should compare the

calculated risk, with and without the feature, to a relative safety

goal.

The magnitude of the utility effort is indicated in this

slide. During the time period December, 1979, through June, 1980,

the following man-months cf ef fort have been expended: Utilities -

53, Consultants - 167. Projecting our activities through December,

1980, shows the following additional man-months expended: Utilities
'

- 59, Consultants - 84. Significant computer time has been utilizeu

O in our studies. Tne tota 1 of nistorice1 ene forecest costs are

shown on this slide,

g The utility program plan has three basic objectives. One,

to complete the technical assessment related to probabilistic risk

assessment, hydrogen behavior, containment capabiJity, sensitivity

studies, and conceptual designs of mitigating features. Two, to

achieve a common technical base with the NRC, and three, to be

@ ) prepared for degraded core rulemaking. This program plan requires

accomplishment of the following tasks by utilities and the NRC: (1)

utility technical assessment, (2) utility probabilistic ri'sk
~

O ===essmeat stuov, cs) "ac teenaicet asses == eat, ene (4) cer1aittoa

of a safety goal.
I

Upon completion of these four items, joint technical

review is needed to reach agreement and to prioritize alternatives

for further investigation. Then, in order of priority, detailed
:

. _ _ _ _ _ _ _ _ _ _ _ _ _
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O
risk evaluations of features and value impact analyses can be

{)
completed so that rational oecisions can be made. Decisions related

to significant mitigative or preventative features must be made in

the context of adequate technical information and in relationship to
a safety goal.

( ) --9, From our studies on Zion and Indian Point Stations we'have
gained insight into the werk that must be accomplished to conduct a

degraded core rulemaking. This slide shows a functional diagram of

the principal elements related to a degraded core rulemaking.

Listed in the top lefthand corner is the definition of a safety goal
as the basis for decisions. Such a safety goal is needed if one is

to determine the need for mitigative or preventive features. It isO
our current understanding that responsibility for such a safety goal
has been assumed by the NRC Commissioners. In parallel with the

definition of a safety goal are the following: probabilistic risk

assessments of representative plants and definition of risk dominant

sequences, phenomenological studies of core melt bahavior, -,

containment integrity, and fission product removal, and conceptual

designs of additional mitigative features and adoitional preventive
devices. All of these inputs are necessary if one is to decide if

additional features should be considered.

At this point one must also consider the interrelationship
)

of plant design to emergency planning and siting as all three impact
public safety. If additional mitigative or preventative features

(_)/
(

are warranted, the next step is to define functional requirements,
lvis-a-vis the safety goal, 'and to define criteria and standards for
|
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O
construction. A Rule in the format of functional requirements and

(]} defined criteria, would be subject to review and subsequent issuance

as appropriate.

, d5 tides ofh It is our conclusion, based upon the original design

(acHrs U$review and the mini WASH-1400 study, that Zion and Indian Point

Stations are safe for continued operation. We fully expect that the

longer term probabilistic risk assessment currently being conducted

will confirm our earlier work. It is on this basis that we believe

that any decisions related to the installation of additional

mitigative or preventative features at Zion or Indian Point be
deferred until after the industry-wide degraded core rulemaking has

;

been conducted.
)

As we close our presentation, I would like to reiterate

the actions which we would ask ACRS to consider: (1) encourage

development of a safety goal, (2) support PRA as an,apprcpriate

means of evaluating reactor safety, and (3) support the realistic

analysis of Class 9 accidents.
.

We appreciate the opportunity to present to this ACRS

Subcommittee a summary of the work which we have conducted related

to Class 9 accidents. At this time I would be happy to take any

questions which you may have.

()

| (2)
~
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( }) 1 MR. PEOPLES: With regard to the probabilistic

2 risk assessment that is being carried on by Pickard, Love

(~g 3 and Garrick, we have retained three senior consultants to
V

4 help direct and ev11uate the study. These include Dr. Ian

5 Wall, now at EPRI; Professor Norman Rasmussen at MIT; and

6 Mr. Saul Levine with NUS Corporation.

7 We have hired these gentlemen to help us learn

8 f rom W ASH-1'''O and to do as thoro.gh a job as we can do in

9 this work.

10 In addition to this activity, Westinghouce is

11 performing sensitivity studies of various computer codes

12 used to predict severe accidents and investigating the

.

13 phenomenology related to predicting severe accident
O
\# 14 transients. The three utilities, NSAC and EPRI are

15 coordinating efforts to conduct additional research in the

16 areas of core coolability, hydrogen control, corium-concrete

17 interaction and containment structural response.

18 Two particular examples that we are putting our

19 money up front on are to be coordinated by Westinghouse

20 Electric Company, and these include laborato ry tests to

21 measure particle bed cooling, including dryout correlations

22 and effect of particle sizes for the range of power density

23 and parttele size expected in light water reactor melt

O(_j - 2<4 sequ ences .

25 Also, a series of tests will be conducted with the

O
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p) 1 aid of Dr. Bernard Lewis to verify the flame temperature(_
2 criterion over a range of initial temperature and pressure

3 conditions, and steam and hydrogen concentrations. Burn
)

4 velocity, tne degree of completeness of burn and the effect

5 of containment spray will also be determined, and that may

6 answer a question you had earlier, Dr. Shewmon.

7 So we are going to be trying to look at that in an

8 experimental fashion.

9 From our studies on the Zion and Indian Point

10 stations, we have gained insight into the work that must be -

11 accomplished to conduct a degraded core rulemaking. Th e re

12 is one slide I would like to put up very briefly. This

13 slide shows a f unctional diagram of the principal elements

O 14 related to a degraded core rulemaking. Listed in the top

15 lef t-hand corner is the definition of a safety goal as a

16 basis for decisions. We keep coming back to that.

I'7 It is our current understanding that the

18 responsbility for such a safety goal has been assumed by the

19 NRC commissioners. In parallel with the definition of a

20 saf egy goal are a nurber of other elements, including

21 probabilistic risk assessments at representative plants, and

22 definition of dominant risk, dominant cequences,

23 phenomenological studies, core melt behavior, containment

() 24 integrity, and fission product removal, as well as
,

25 conceptual designs of additional mitigative f eatures and

()
! l

1

i **
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() 1 additional preventive devices.

2 At this point one must also consider the end

3 relationship of the plant design to emergency planning and

4 siting, as all three affect public safety, showing that they

5 have to interrelate. I have also indicated that other

6 elements of concern to the Commission, such as the Indian

7 Point hearings, have an impact because they relate to this

8 work. They cannot necessarily go on independently if we are

9 to come out with a consistent product.

10 If additional mitigative or preventive features

11 are warranted, the next step is to define functional

! 12 requirenents vis-a-vis the safety goal, to define criteria

13 and standards for construction. A rule in the format of

14 functional requirements and defined criteria would be

15 subject to review and subsequent issuance as appropriate.

16 I would like to thank everybody today for hearing

17 what we have done and offer that if we can answer any more

18 ques tions, we would be happy to do so.

19 DR. KERRs Are there any questions?

20 DR. OKRENT: Yes, I have a question. What do you

21 recommend for the safety goal the NRC should use?

22 MR. PEOPLES: We have been working on that with Ed

23 0 'Donnell in the AIF. I think Ed has a basically sound
i

f () 24 approach at this point in time. It is a damn tough

3 question, I will admit, and he has come up with a logic that'

O
%)

i99
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ALDERSON REPORTING COMPANY, NC.

400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 200!.4 (202)554 2345



_ =__ _. _ _ _

240..

1 I have gottan myself through, at least, and feel more

2 comfortable with now than when I first started with it, but

3 I think that in an approach.

4 MR. STRAITON: We don't know what that is, though.

5 MR. PEOPLES: We presented it yesterday. I'm

6 sorry.

7 VOICE: It was a presentation yesterday. We would

8 be glad to drop you a copy.

9 DR. KERE: Are there other questions?

10 VOICE: Is that satisfactory? Do you have a

11 follow-on question?

12 DR. OKRENT: I would rather say it is adequate for

13 toda y.

14 (Laughter.)

15 VOICE: Was it adequate for yesterday? Tha t's the
5

16 question.
,

17 (Laughter.)

'

18 MR. SHEWMON: To the layman, it sort of seemed

19 similar to what the ACRS was putting out, or some parts of

20 it .

21 DR. KERR If you believe the agenda, we have two

22 additional sets of presentations for today, and I believe

23 the agenda, but I don't believe the schedule.

24 I planned to schedule a ten-minute break at this

25 point and then go to the presentation by NRC on the

-

|
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:

O i consideretion of the c1ees e ecc1 dent. 1 think zr. 8ernero

P,wants to make a brief p re se n ta tion , and then we are going to

3 discuss budgets. I would guess thtt we migh t be finished by

4 8400 or 8:30, so you can make your plans accordingly if you

5 plan to participate in the rest of the session.

!
6 (Brief recess.)
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) 1 DR. KERRt Please go ahead.

2 MR. MEYER: My name is. Jim Meyer. I am a member

3 of the Nuclear Regulatory Commission. The purpose of my
)

4 presentation this afternoon is to bring the Subcommittee up

5 to date on the Zion / Indian Point action, to respond to

6 certain comments and concerns that the Subcommittee shared

7 with'us at the last meeting, May 9th, and also to give some

8. general idea of where NRR is heading in terms of the Class 9

9 rulemaking.

10 I would like to start out by presenting very

11 briefly an update on the goal and the approach that we are

12 presently taking on the Zion / Indian Point program.

13 The program, as you are probably aware, is divided

O 1-4 into two parallel programs. The first is the actual

15 mitigation f eature study tha t we reported on on May 9th, and

16 the second is a concurrent program on the Zion / Indian Point

17 risk analysis. What I have tried to do here is give you

18 some idea of the program logic, with a decision late this

19 f all .

20 The mitigation feature study, again, as you are

21 probably aware, is divided into two semi-independent

22 studies s one, the utility study that you heard about in some

23 detail this af ternoon, and the NRC study. 'de have completed

pm.

(,) 24 five technology exchange meetings that have been held over

25 the past several months that deal with the technological

(~),

s_!

!
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([ 1 aspects of mitigation features and accident sequences that

2 dominate risk and sequences that we want to protect against

(- 3 in considering mitigation f e atures.
(

4 The utilities study will culminate in a final

5 report that will be issued sometime in late summer, as I

6 understand it, the month of September. The NRC study will

7 have two aspects to it. Still this month we are going to

8 issue some requirm;ats and criteria on mitigation systems

9 for comment, and I will have more to say about that in a few

10 minutes, and we will be preparing a staff report, our

11 recommendations on the mitigation features program that we

12 have been conducting.

13 That report will be based on our own work as well
r s,

J 14 as the work performed by the utilities. Paralleling this is
_

15 the work on the risk analysis. You heard brief overviews of

16' the OPS mini-WASH-1400 that was completed in February as

17 pa rt of the 60-day study, and you also heard an outline of

18 the much larger probabilistic risk assessment program by

10 Picker, Low and Garrick , that report to be complete, again,

20 in late summer. I think they mentioned September.

21 At the May 9th meeting there was some concern

22 abou t NRC not having an appropriate program in place in

23 order to perform an equivalent study on Zion and Indian

() '

the area of risk analysis. At that time we had24 Point in

25 intended to have an IREP, that is, a reliability assessment
I

s -)t
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() 1 program analysis, completed for Zion and Indian Point in

2 this time frame. *

3 However, due to two facts, one being the(}
4 constraints of budget and other priorities on the

3 probabilistic analysis staff, and the other being that the

6 utilities have a major program under way, it was decided

7 that there would be no IREP program for Zion and Indian

8 Point per ce at NBC.

9 As an alternative, NRC will become very closely

10 involved in following the probabilistic risk assessment

11 analysis being performed for Zion and Indian Point, and will

12 also do an assessment of the mini-W ASH-1400 report that has

13 already been published. This relationship now has been set,,

U 14 up where NRC staff people will be very closely following the

15 Picker, low and Garrick work.

16 When the report is complete, then NRC will

17 complete its review and evaluation of that risk assessment

la and it will basically try to answer two questions. The

19 first question is are the probabilistic risk assessment

20 report or reports okay; are they basically acceptable
,

21 reports with adequate assessments of the risk of design in

22 Indian Point plants?

23 If the answer to that question is yes, then the

) 24 further question will be asked of based on these two

25 studies, is their undue risk from Zion or is there undue

b)v

l *
.
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() 1 risk from Indian Point? If the answer to that question is

2 no, there is determined to be no undue risk from Zion or

3 Indian Point, then it will be the staff recommendation that

4 Zion and Indian Point action he folded into the rulemaking:

5 that is, that they will be no longer singled out with

6 specific requirements later on in the year for implementing

7 mitigation features.

8 When the staff completes its report on the

9 mitigation features, the fellowing question, hopefully, will
,

10 be answered. Do the features that have been considered

11 sufficiently reduce risk? If that question is yes, together

12 dith a yes response tha t there is undue risk from Zion and

13 Indian Point, then the staff will recommend that mitigation

O
Ns 14 features be required on either Zion or Indian Point.

15 If, on the other hand, it has been determined from

16 this assessment of the risk analysis that there is undue

17 risk from Zion and Indian Point but it is also the staf f 's

18 f eeling that the features under consideration do not

19 adequately reduce risk , then , as I ha ve indicated with a box

20 with a question mark, it is not clear what the next approach

21 will be. ;

22 The other decision that I did not cover here in

23 this diagram is that if it is felt that the probabilistic
i (,) 24 risk assessment work is not adequate, then there will be

25 some action on the deficiencies of that report. I would
L

l'
N/
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( ') 1 like to emphasize that this box, " Require Mitigation feature j

2 on Zion and Indian Point," will be in the f ctm of an NRB
|

rm 3 recommendation. |V,
4 There are, of course, other inputs to that

5 particular decision. It will go as a recommendation to the

6 commissioners and the commissioners will consider that

7 recommendation and, I am sure, also the recommendation of

8 the special task force that the commissioners have

9 established and that Bob Bernero will be talking about after

10 I complete my presentation. They will also, I am sure, be

11 taking into consideration the advisement of the ACRS.

12 As I indicate in the time schedule, these

13 decisions are hopef ully to take place yet late this fall.

14 DR. KERR Does late this all mean about the

15 middle of December?

16 MR. MEYER: December 20th, yes.

17 (General laughter.)

18 MR. MEYER: If there are no questions on this

19 present strategy, I can move on to the next agenda item.

20 DR. KERR Please do.

21 MR. MEYER: There were a number of questions at

I

i
22 the latt subcommittee meeting, centering around what our

23 bases are for the development of the Zion / Indian Point

() 24 mitigation f eatures, and in particular, the appropriate

25 approach for determining the requirements and criteria for

O
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() 1 such features.

2 I would like to first present a very brief

3 Vu-graph that runs through the basic strategy, and then if-

bg
4 you would want to get into some of the details of that

-

5 logic, we could move on to the accompanying Vu-graph.

6 The first element is parhaps self-evident. The

7 basis for developing mitigation features and the

8 corresponding requirements and criteria are based on desire

9 to reduce the risk from the particular plants. We have in

10 the past used an order of magnitude as a yardstick for an

11 appropriate risk reduction.

12 This would come about by preventing containment
-

13 f ailures by mitigation features that would otherwise occur.

O%- 14 We are concentrating on containment failures by

15 over-pressurization , and also considering f ailures by

16 basemat melt through. Once we understand the containment

l'7 failure modes, pressures, then we move on to defining

18 functional requirements f or the system which will prevent
.

19 the containment failure.

20 This, then, leads to a first trv, anyway, at

21 defining and designing a system that meets those functional

22 requirements Once this is done, then we assess the

23 consequence mitigation capabilities of that particular

() 24 syst em , using the CBAC code that we have heard about earlier

( 25 toda y.
i

4'
%,1
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() 1 Another important ingredient in developing

2 requirements and criteria is to assess the reliability of

3 the system. That are, what are the negative aspects, the

4 competing risks that may make what would appear to be a very

5 attractive system at first glance less attractive due to

6 opening up other possibilities for release of radiation f rom

7 the containment.

8 DR. KERR4 I am surprised at that definition

9 because I would have thought that by the reliability of the

10 system you would mean the likelihood tha t it would work.

11 You.seem to be saying that reliability means have I possibly

12 introduced unexpected systems interactions which may be;

13 deleterious.

I'4 Am I misunderstanding you?

15 MR. MEYER: You are quite righ t. The word

16 " reliability" is too specific to one particular aspect that

17 should be considered, namely, how reliable is the system ,

18 wh a t are the probabilities that it would fail, and thereby
.

19 provide a release pa th for radioactive materials. Perhaps

20 th a t item 6 would have better read to assess interactions

21 with other systems, assess competing risks that that system

22 wcu' d introduce.

23 DR. KERRs Do you propose to design toward some

,o
i, j 24 reliability of the mitigation system, or ace you going to

25 design the mitigation system and then analyze it to see what

(v'D
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() 1 reliability it has? Or have you decided?

2 MR. MEYER We know it will be an important aspect

3 in considering the requirements and criteria, but we have

4 not taken it much beyond that in terms of specifics. Our

5 goal is not, of course, to design a system. Our goal is to

6 use possible design concepts as an intermediate step in

7 arriving at appropriate requirements and criteria which then

8 would be used by the licensee, who is much better qualified

9 to do the actual design.

10 DR. KERRs I asked the question because a literal

11 interpretation of 2 and 3 would lead me to think that

12 containment failure was going to be, the probability was
i

13 going to be made zero, and I don't imagine you mean that
n

14 literally , or do you?-

15 MR. MEYER: No, I do not mean that literally.

16 DR. KERRs I thoucht perhaps you did have in mind

17 ultimately specif ying some reliability goal for your

18 mitigation system.

19 MR. MEYER: We would look at it in the context

20 that by having a f eature that will accommodate certain

21 seve re accidents, we can reduce the consequences from those

22 accidents suf ficien tly enough that the overall rist

23 reduction will be approxima tely a factor of 10, and that

() 24 overall risk reduction incorporates all the other concerns

25 rega rding the system interactions effects, the competing

{J')
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() 1 risk effects.

2 So we do not look for a system that will guarantee

3 zero failure at the containment.

4 I would like to spend a few minutes being a little

5 bit more specific about the process involved. What I have

6 done here is tried to portray graphically the process, the

7 logic by which we intend to arrive at this important box,

8 which is the definition of the raquirements and criteria for

9 mitigation features.

10 But before we get to a consideration of specific

11 mitigation features, which is outlined in the dotted large

12 box , it is important to step back and consider what

13 ingredients go into taking w 3 consideration of a specific

'b' 14 mitigation feature. This is how it developed historically''

15 for Zion and Indian Point.

16 The first question that was asked was do we have

l'7 plant specific risk assessment that is complete, tha t would

18 tell us what the dominant action sequences are for Zion and

19 Indian Poin t ? In the case of our work we felt that that was

20 no t complete, so we went ahead and determined what we felt

21 were best estimate sequences tha t were major contributors to

22 risk for the Zion and Indian Point plants.

23 If you had this inf ormation, and now we do, or at

() 24 least it is starting to come in, then we could determine the

25 specific risk dominant sequences for the Zion and Indian )

| (D
\/

|
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() 1 Point plants. In any event, from either set of sequences or

2 from a combination of the two, we select the accident

3 sequences that for the reactor system as it is presently

4 designed would be those sequences that would be major

5 contributors to risk from overpressurization of a

6 containment, and possibly from melt through of the basemat.

7 From this there is an initial calculation of the

8 containment loadings, and here the code we heard about from

9 P. Cybulskis is used, the 5 ARCH code, as an indication of

10 the containment loadings based on those accident sequences.

11 From those sequences we could get a basic idea of what the

12 more important functional requirements should be for any

13 mitigation system.

14 Of course, the dominant one is to maintain

15 cuat ainment pressure below the failure pressure of the

16 cont ainment. Once these have been determined, then this

l'7 information plus a determination of what our goal is in this

18 whole program -- that is, the determination of the risk

19 reduction requirements plus selection of a specific

20 mitigation f eatue -- are the three inputs that allow us to

21 sta r t thinking about the determination of requirements and

22 criteria.

23 I will just walk through those very briefly with

() 24 the example that you heard a lot about over today and the;

:

25 meeting May 9th, the TMLB' that has the large pressure

'

/'N
()'
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[) 1 spike. If we vould look at that as an important controlling

2 sequence, then we would specify requirements, one of which

3 would be to accommodate the steam pressure spike, and go

4 ahead and do a very preliminary conceptual design of a

5 feature that would do that.

6 In this case let 's talk about a filtered vent

7 system. For the initial TLMB' results, the opening, for

8 example, in the containment was determined to be so large

9 that it was impractical and not feesible, so it was a matter

10 of going through where basically you downgrade the initial

11 requirements and consider requirements that would

12 accommodate most of the other accident sequences but perhaps

13 no t this steam spike; to go through, do a conceptual design

O 14 of a feature, again ask the question is it practical and

15 f easible , keeping in mind that we are thinking in terms of a

16 back fit to Zion and Indian Point, and then proceeding to

l'7 cal,cula te the containment loading with that feature present:
18 that is, doing a M ARCH-type analysis and estima ting the

19 pressure at which the filtered vent would open up the amount

20 of flow through the filtered vent and the amount of

21 radiation that would finally be released from the filtered

22 vent system.

23 Then you would do another CRAC analysis, or an

i /^s
' _) 24 initial CRAC analysis without the system, and then an

| (

25 addi tional CR AC analysis with the system, do a comparison,
i

w/

+-

1

ALDERSON REPORTING COMPANY, INC.

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



' - - 253

() 1 and deternine whether this meets our risk reduction

2 requirements.

3 If it doesn't meet the risk reduction

4 requirements, then we attempt to go back and upgrade the

5 requirements so that this particular mitigation feature by

6 itself can meet the risk reduction requirements. If it does

7 meet the risk reduction requirements, then all that has to

8 be determined is whether this is a favorable mitigation

9 feature relative to others that are being considered. If it

10 is f avorable, then there is the NRC recommendation to

11 incorporate that mitigation feature.

12 If it is not a favorable one relative to another

13 feature that has been analyzed, then there is no further

O 144 n e ed to consider it. There is the possibility that a

15 combination of mitigation f eatures will be practical in

16 terms of back fitting the Zion and Indian Point, and will

l'7 toge ther mee t the risk reduction requirements.

1E Therefore, there is also the possibility that even

19 though you do not wish to upgrade these requirements any

20 further, you can go through again the same process by

21 combining it with another mitigation feature, hydrogen

22 control, for example, where the hydrogen control plus a

23 filtered ven t migh t be adequate and feasible, adequate to

| (_) 24 mee t the risk reduction requirements, and feasible from a

25 backfit point of view.

'

%J
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() 1 Eventually what we v6uld like to have is a system
1

'

2 that does meet the requiremento. Once this has been

{} 3 achieved, then whatever t5e basic functional requirements

4 were, together with what tne specific requirements and

5 criteria ware, will help to define those requirements that

6 we would recommend in our staff report for the mitigation

7 feature.

8 Are there any questions on our thinking along

9 these lines?

10 DR. KERRs The box on the left talked about

11 de te rmining the risk reduction requirements. Does that

12 imply that you hava not yet determined them?

13 MR. MEYER: The overall risk reduction

O 1-4 requirement, as I mentioned before, the number that is being

15 considered is about an order of magnitude. If it could be

16 demonstra ted with sufficient confidence that the risk

17 reduction was going to buy you about an order of magnitude,

18 then we f elt that that would be a sufficient risk reduction

19 requirement. Of course, anythinc better than that would be

20 better.

21 The factor of 10 also includes consideration of

22 wh a t I re,ferred to earlier, namely, the consideration of

23 interaction with other systems and competing risks. So the

C_S) 24 specific risk reduction requirement for this particular

25 mitigation f eature would have to be considerably more than

O)%
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() I that because you would want to fold in all the so-called

2 nega tive aspects of this f eature to give you a net re d uc tion

(~N 3 in risk of a factor of 10.
G

4 DR. KERR4 I would assume the facter of 10 is
.

5 based on someone's assumption that the actual risk at these

6 sites is perhaps ten times some goal, and that therefore the
,

7 risk ought to be reduced toward this goal. Suppose one

8 discovers, after the detailed analyses are completed, that

9 this estimate was in error and that the actual risk is 100

10 times that at the site.

11 Would one then set as a risk reduction goal a risk

12 reduction of 1007

13 MR. MEYER: Since that was the initial logic that
OV 14 se t up the factor of 1C then a logical follev-up would be

15 to try to have a factor of 100 improvement in the overall

16 risk .

17 MR. ETHERINGTONs Suppose the determination were

18 made that the original estimates were too pessimistic and

19 you don 't need to do anything? Will you buy that?

20 MR. MEYER: Yes. That is what I tried to present

21 in the earlier Vu-graph. In fact, that is what will be part
o

22 of the consideration this fall when this particular analysis

23 and assessment is combined with the NRC review of the risk

24 reports.

25 DR. LEE: How would you go about assessing if

! /~T
| L/
I
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/"s
(-) 1 certain mitigating features would indeed need the

2 requirement for reducing rick? What do you start off with?

{]} 3 MR. MEYERs Well, the key calculation in

4 determining whether in fact we have met this risk reduction

5 goal would be the romparative consequence analysis indicated

6 here. This type of comparative consequence analysis has

7 been reported on in the Sandia, Zion and Indian Point study, ,

8 where they have taken an initial look at conceptual designs

9 and actually done ORAC Enalyses with and without the

10 filtered vent to see what the benefits of that system are in

11 terms of early fatalities, latent cancers and property

12 damage.

13 Then this is considered together with an

O 14 assessment of the competing risks that are associated with

15 this particular design in order to make a determinaton

16 rega rding whether the overall risk matches the initial

l'7 requirements that were established.

18 DR. LEE: Would an IEEP program be involved at

19 soma point in that assessment process?

20 MR. MEYER4 Well, it is actually the substitution

21 for the IREP program, which is the evaluation of the utility

22 risk analysis, but yes, it is in volved . I indicated that on

23 the _ initial Vu-graph. A part of the NRC study is taking

O
s_/ 24 information that comes out of this review and evaluation and

25 incorpora ting it in the NRC study.

1
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(q
_/ 1 For example, it was mentioned earlier that AB Eurn

2 is a sequence that NRC has considered in order to assess the

(} 3 functional requiresents for a filtered vent. The initial

4 results from this report indicate that AB burn is a very low

5 probability event. Well, that would be then factored into

6 the assessment by, for example, removing that sequence as a

7 sequence that would define the f unctional requirements.

8 So yes, there is input from the risk analysis in

9 the determination of the appropriateness of mitigation

10 f ea tures.

11 DR. LEE: I guess I probably didn't pose my

12 question pro perly. Suppose we decide to go for filtered
1

13 vented contained system, and somebody has come out with a

O 14 certain design with certain f eaturer identified and so on,

15 and then somebody has to go through some kind of risk

16 assessments again with that particular system incorporated?

17 MR. MEYER: That is correct, yes.

18 DR. 15Es And that is based on design features

19 th a t you have to pass judgment beforr actual manufacturing,

20 anything is done.
,

1

21 MR. MEYER: Yes, that would have to be done.
!
'

22 Hopef ully, it would be a minor addition to the overall risk

j 23 analysis to incorporate that assessment into the overall

(~NI

| (-) 24 risk analysis and a determination of the overall risk
|

25 reduction , but that would be done.
|

/"N
N,.
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(,/ 1 DR. PLESSET: Do you have a great deal of

2 confidence in your ability to make these comparative

{]} 3 assessments?

4 MR. MEYER: I could answer that in two parts. We

5 can certainly do wha t has been done to date in terms of

6 comparative consequence evaluations. It is obvious from

7 discussions today and at other meetings that there is

8 considerabia enginaaring judgment or -- well, I guess you

9 would call it engineering judgment --regarding the accuracy

10 of the models and the appropriateness of, for example, using

11 MARCH CORRAL, which was never meant to be a design tool, to

j 12 be part of this analysis

13 But we can do the comparisons as they have been

0,
14 done in the past, and we feel that in the general sense we

15 can have a pretty good handle on order of magnitude benefits

16 f rom these systems.

I'7 DR. PLESSET: It is an order of magnitude that you
,

18 are af ter. Your error is an order of magnitude. Either way

19 you may not be doing what you think you are doing.

20 MR. MEYER: That is correct. If our error is that

21 big, then that consideration would have to be taken into

22 account in our recommendations to the Commission.

23 DR. KERR4 Are there other questions? Plea se

24 proceed.
i

25 MR. MEYER: I would like to briefly run through

O -

,
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( 1 sample crit?ris sni requirements for a filtered vent

2 system. These are very preliminary and I have only put down

(~% 3 numbers in order ta focus in on a specific system and to
\_)

4 stimulate some discussion regarding numbers.

5 First I should correct one item in this list of,

6 sample criteria and requirements. I indicated down here a

7 system characteristic being a suppression pool with

8 submerged gravel. That, of course, is not a criteria or

9 requirement. Ihat is a design as response to a criteria or

10 requirement. I will comment briefly on why that is there.

11 The three most import. ant basic criteria are

12 indicated by the first three bullets. The pressure for

13 venting initiation is given as 100 psia. This is

O 1-4 considerably higher than what was initially considered

15 appr opria te, but as was discussed earlier, the containments

16 appear to be considerably stronger than we had first given

17 them credit for, so it was fel,, appropriate to increase the

18 pressure from venting initiation to that value.
I

19 The flow rate exiting containment is indicated at |
1

20 150,000 cfm. This, I should emphasize, is a very soft
,

l
21 num ber . Depending on the outcome of research and assessment )

l

22 on the pressure spike, that number could cL_..ge anywhere

23 down to 18,000 cfm and on up to higher than 150,000 cfm.

(%
(!

) 24 MR. STRATTON4 How big a valve or hole in the

| 3 containment does this require?
|'
(N'

\ ,/

, .' t' U'' *
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,,() 1 MR. MEYER: The diameter hole that I believe is

2 required for this is under 3 feet in diameter, which --

~T 3 DR. SIEGEL: How much?(O
4 MR. MEYER: Under 3 feet in diameter.

5 MR. STRAITON: Does that mean greater than 2-1/2

6 feet and less than 3?

7 MR. MEYER: The reason I don't have the specific

8 values is that the specific values are normalized to 60

9 psia, and this is for 100. I could get those for you.

10 MR. STRAITON: It's close enough.

11 MR. MEYER: In any event, there are existing

12 penetrations of this size on these containments.

13 DR. OKRENT: On the pressure for venting
7,

1<4 initiation, were you proposing that the only mechanism woald

15 be a relief valve that was automatic in other words, it

16 went at this pressure?

17 MR. MEYER: That's correct, yes.

18 DR. OKRENT: And it couldn't be initiated manually

19 a t a lower pressure?

20 MR. MEYERs Well, the reason why later on here I

21 say that the system is passive is because we f eel a t this

22 time that operator control or intervention may introduce

23 more nega tive aspects to the system than positive, and that

( 24 there would be certain overrides, provision that would

25 probably be built in to it. But initially as it is

| )(/;

1

|

ALDERSON REPORTING COMPANY, INC.

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



261-

1 envisic ed it would be a pressure-relief type as opposed to

2 a rupture-disc typo that would reset at some lower pressure

() 3 value, say 70 psia.

4 But our initial thinking is that it would be

5 passive, that it would not require electrical power, that it

6 would not require operator action. It could perhaps be

7 overridden by operator action.

8 DR. OKEENTs I would suggest you parameterize your

9 criteria with regard to the pressure, the system for

10 pressure relief , and whether or not it automatically closes;

11 not choose a single path -- do you understand what I am
I

12 saying -- so that you have a chance to look at some

13 alternate designs and their pros and cons.

14 I think it would be a mistake to try to guess too

15 early that 5,e knew which was an optimum way.

16 dB. MEYERs I didn't want to leave the impression

l'7 that we feel that this is optimum --

! 18 DR. OKRENTs Again, what I am suggesting is don't

19 at this stage -- I suggest that instead of trying to find

20 one best, I would try to find three or four likely

21 combinations and have them all looked at.

22 DR. KERRs It also seems to me that one might

23 consider the possibility tha t one uses them in some as yet

24 unforeseen situation. After all, it is going to be

25 expensive and you have it, and I would therefore be

gd
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() 1 reluctant to make it entirely automatic.

2 ME. MEYER: Those considera tions a re --

(]} 3 DR. PLESSET: You don't want to exceed the speed

4 of sound in that discharge rate, either, I think.

5 MR. STRATTON: It is marked four-tenths.

6 DR. PLESSET I made i very rough calculation that

7 went a little higher than that.

8 MR . STR AIT'JN s Okay.

9 DR. PLESSET: And that is getting up there.

10 XR. STRAITON: It's a good wind tunnel.

11 VOICE: It appears to me you should also leave

12 open at least consideration of operator action, I think,

13 f rom what Mr. Kerr said, and partly just to take advantage

(
14 of the flexibility that you are given.

15 MR. MYER: Well, I agree with that. There would

16 be situations where advantage could be taken of that

'7 feature. However, there is the real concern that there

18 could be an inadvertent of the system when it was

19 inappropriate, anticipating, for example, a large accident,

20 opening the system, and then it turning out there was, in

21 fact, no large pressure rise in the containment.

22 We haven't touched on the decontamination

23 f actors. These are, again, presented as samples,

Os/ 24 decontamination factors that are felt ceadily achievable

25 with existing technology, that achieving these

|
|

[
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T_) I decontamination factors isn't terribly expensive, and make

2 for easier retrofit capability.

3 The Seismic Category 1 is included there because
{;

4 of the consideration that there may be a seismic initiator

5 to an accident, and thereby you would want to have a

6 filtered vent system, for example, that would be able to

7 withstand that seismic event.

8 The last bullet, as I mentioned, is not a

9 criterion. One of the obvious criteria would be that there

10 would have to be the size space available at the sites to

11 accommodate this filtered vent system, and it is considered

12 b y the people studying it at Sandia that a suppression pool

13 with submerged gravel would be the route to go in order to

1-4 minimize the size.

15 DR. KERR: Is there a report or something that

16 maybe ACRS already has that gives the background for

17 arriving at these critaria?

18 MR. EYERS: The report that ACES already has is
,

19 the rather extensive Sandia study on filtered vent systems

20 that considers many systems, both --

21 DR. KERR: No, I am asking how one arrives, for

22 e xa m ple , at 100 psia. I realize these are firm, but you had

23 to go through some process to arrive at these. Is there

( 24 something written that describes --

25 MR. MYERS: There is nothing written down that

O)t

23*
*
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\ j 1 gives the background justification for these. They are --

2 DR. KERR: Nothing at all.

3 MR. MYERS: Nothing tha t is written down. They

4 can be inferred from the report, many of these particular

5 criteria requirements.

6 DR. KERBS You mean one can look at the report and

7 just sort of pick these off.

8 !R. MYER: No. They were determined by talking to

9 the Sandia people that are conducting this prog ram, and that

10 is how they were scrived at.

11 DR. KERR: I would acsume that before one arrives

12 at some final critaria, there will be a formal analysis of

13 some kind of documentation.

O
1-4 MR. MYERs That's correct. In fact, that will be

15 the substance of the staf f report I referrsi to earlier.

16 That will contain the recommendations on the mitigation

17 features. The recommendations will be recommendations f or

18 requirements and criteria and the bases for those

19 requirements and criteria.

20 DR. KERR: Thank you.

21 DR. LEE: Do you have some estimate or ..aw large

22 the suppression pool system could be or had to be?

23 MR. MYER: I don't have the details in front of

( 24 me , - bu t there is a considerable amount of information in

25 th e --

.I ')%d

.
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,,( 1 DR. KERR: Well, it is probably bigger than a

2 bathtub. Is it the size of a rontainment?

() 3 MR. MYER: Perhaps Charlie Kelber could correct

4 me, but I think it is 150,000 cubic feet, a typical volume

5 in a suppression pool with submerged gravel type of filtered

6 vent system to accommodate an integrated heat load that one

7 would expect from Zion or Indian Point.

8 DR. KELBER: It is about 150,000 cubic f eet of

9 liquid plus gravel, water plus gravel, and plus some air

10 space on the order of about 100,000 cubic feet or so of air

11 space above that.

12 DR. KERR That's close enough. Thank you.

13 DR. PLESSET4 I have heard of suppression pcols
7-

14 before, and there is some problem with them, too.

15 MR. MYERSa Yes.

16 DR. PLESSET: Oh, okay. You know about that.

I'7 MR. MYER We are aware of those problems. We feel

18 that there a re less problems with the suppression pool as a

19 heat sink as opposed to a dry gravel bed, for example,

20 although that has also been looked into.

21 For the sake of time, I would like to skip th e

22 other example that I had in your handout unless you have

23 some specific questions regarding it. These were criteria

24 th at were suggested by the staff at the fourth technology

25 exch ange mee ting , and there was considerable discussion

ace-
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) 1 regarding those criteria. Unless you have any further

2 specific comments, I would like to move on to the next topic.

3 DR. KERR: Any other questions or comments?{}
4 Please move on.

5 DR. LEES I would like to raise a question. If you

6 want a flow rate of 150 cubic feet per minute and would lika

7 to f ill 100 cubic feet of air space, you have to fill that

8 space, essentially, in a minute, essentially on that order

9 of maonitude, 1 minute or half-cinute or something like

10 that. Do you think the present technology exists to

11 accommodate a fairly rapid influx of air mixed with certain

12 things without f ailure or without~ undue concern?

13 DR. KERE: I'm not sure what you mean by undue

O
1-4 concern. There have been conceptual designs that have teen

15 studied, and the judgment of those who have studied them is

16 that they are feasible in an engineering sense.

17 DR . SHE'4 MON : It is Seismic Category I, so tha t

18 would take care of that.

19 DR. LEE: It is possible, too, to do that. Is

20 th at the consensus of the people who performed the

21 feasibility design cale:ulations? That is all I would like

22 to know.

23 MR. MYER: Yes.

24 MR. BERNER04 Excuse me. Bernero from NRC. I

25 think he is asking the question is it filling that 150,000

O('s

.
.
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3
/ 1 cubic f eet in a minute or so. It starts out with a pool

2 full of water with submerged gravel and just this gas going.

(} 3 DR. LEE: Eight.

4 DS. OKRENT: What question are you asking, Dr.

5 Lee? What is your concern?

6 DR. LEES The air space has to be filled with the

7 exiting gas in a minute or half a minute or something like

8 that.

9 MR. MEYER: The non-condensables are only a

10 fraction of that that is being released from the containment.

11 DR. LEE: But something is flowing out at that

12 flow rate, right?

1? MR. MEYER: Right.

O
14 DR. LEE: The gas, presumably.

15 MR. MEYER: The non-conder. sables and the water

16 vapo r.

17 DR. LEE: But the Seismic Category I, does it

18 guarantee the transient effect can be also contained?

19 MR. MEYERs No, I didn't say that the Seismic

i
' 20 Category I would guaran tee that.

21 DR. LEE: I'm sorry.
I

22 MR. MEYER: All I said is that the dynamic

|
23 loadings on that. system have been considered, and it was

24 determined that it is a feasible system to design.
1

25 DR. GKRENTs I think it is probably a small flow

O
'i*

r .
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(-)\ 1 rate compared to what you have in the large LOCA, isn't it?

2 DR. LEE: So it is a sort of secondary containment

() 3 tha t we are considering, and that would presumably not be

4 built to the same specifications the primary containment has

5 been built.

6 DR. SHEWMON: There certainly will be impulse

7 loadings at --

8 MR. OKRENT: Well, one reason for gravel was if

9 you are worried about losing the fluid, gravel has

10 advantages in that direction.

11 DR. KERR I would suggest that we not design the

12 filters and containment today. We now have the problems and

13 we can go home and design.
,

1-4 DR. KELBER: If I might just pose a comment, the

15 Sandia report, NRC 1410, I think it is, does contain a

16 number of typical design variables for pressure drops,

17 loadings and so on. The pool with submerged gravel is

18 actually an invention of Bob Hilliard up at Hettle (?), and

19 there have been a number of tests up th a re with similar

20 types of problems but with sodium-type loads.
i

21 DR. KERR I can't really believe that he was the

22 first man to design a pool with submerged a t: a v e l , but go

23 ah ea d.

(O ;

N/ 24 DR. KELSER: I understand it is an invention. |

| 25 XR. 5 EYER: I would like to con tinue with an

(
|
t

.
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/~N
(_/ 1 update en the Zion and Indian Point mitigation features

2 study. Several of these points we have already touched on

() 3 in the first Vu-graph. The technology meetings which

4 started F.ay 7th and 8th have been concluded. The mitigation

5 feature requirements and criteria we intend to issue for

6 comment sometime yet this month.

7 The staff report on the mitigation features, as I

8 mentioned, is due in late fall. The lichnsee report on the

9 same progran is due --

10 DR. KERR Excuse me. The mitigation feature

11 requirements and criteria are the kinds of things we saw on
,

12 an earlier Vu-graph, and you told me at least with that
"

. - 13 group of things there is no written justification. So by

14 July 1980, which is today, we are going to have criteria and

15 justification theref or in publishable f orm?

16 MR. MEYER: The intent of issuing criteria for

17 comment is different than the intent of the final report in
;

18 late f all in terms of it being a definitive report.i

19 DR. KERR4 But surely you aren't coing to issue

20 some thing for publication for which you don't have a fairly

21 signficant analysis and in which you have some confidence,

22 are you?

23 MR. MEYEBs That's true. I didn't mean to --

bsd 24 DR. KERas I guess I am puzzled. Go ahead.

25 MR. MEYER: The intent has been and was in the

/~~N
V

'' 3.. ..
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1 schedule that we showed you in May that we would be issuing

2 something in July that reflected what we felt were

() 3 appropriate requirements and criteria. Perhaps they will be

4 more functional requirements as opposed to specific design

5 criteria, but we are committed to issue this for the purpose

6 of response from the ACES, from the licensees and from the

7 public.

8 DR. KERE: MR. SHEWMON.

9 DR. SHEWMON: I guess I am reading for the first

10 time , maybe, that this is mitigation features, not safety

11 goals or things of that sort. You are going to say there

12 will be these features?

13 MR. MEYEE: Are you referring now to the staff

14 report?

15 DR. SHEWMON: The two, yes, mitigation feature

16 requirements and criteria.

I'7 MR. MEYER: On the first Vu-graph, I indicated

18 th a t we would be in the fall making a recommendation whether

19 we f elt that the mitigation features on the consideration

20 would , in fact, reduce the risk by, say, a factor of 10 at

21 Zion and Indian Point. This, then, will only be part of the

22 consideration of whether it would be appropriate to go ahead

23 with these f eatures.

(~)\/ 24 The other part of it is more related to your

2S concern of matching it against a risk goal, and that is to

/^Tt

i .V
|

i
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( 1 compare the risk analyses that are being conducted and

2 making --

3 DR. SHEWMON Tell me again what this July(}
4 document is going to do, then. It specifies mitigation

5 feature requirements and criteria for consideration?

6 MR. MEYERs The intent of this July report is

7 simply to get on the street our present thinking on

8 f unctional requirements, oth.r key requirements for these

9 mitigation features, so as to invite comment from the

10 licensees, f rom EPRI, f rom the public, and to allow is to

11 incorporate those comments and considerations into our late

12 f all staf f report.

13 DR. SHEW 1?ON: Okay. And the safety goals will be

O
14 defined when?

15 MR. MEYERs The safety goal is this question right

16 h e re .

17 DR. SHEWMONs That was December 20, give or take.

18 MR. MEYER: This is December 20, give or ta ke.

19 An d that judgment, as you notice, will be independent of the

20 mitigation f eatures work that we are doing. It will be

|
21 dependent on the NBC review evaluation of the probabilistic

| 22 risk assessments that are being conducted by Pickard, love

' 23 and Garrick and the mini-W ASH-1400 report that was completed

24 by Offshore Power.
|

2S DR. KERR: Can assume, then, that the mitigation

%)'

i
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(~)
\_/ 1 feature has the ability and multiplicity so that, for

2 example, if one mitigation feature will reduce the risk by a

(]) 3 factor of 10, two would reduce it by a factor of 100, or

4 maybe whatevet the number is, so once you determine the

5 characteristics of a mitiga tion f ea ture, it remains to

6 determine how many of them you need to put in series or

7 parallel or something like this?

8 (Laughter.)

9 MR. MEYER: That would not n e ce ssa rily be the

10 ca s e . In fact, if a filtered vent would accommodate all the

11 credible hydrogen burns, then there perhaps would be no need

12 f or requiring hydrogen control measures, which is another

13 mitigation f eature. So no, they are not additive in any7,

U
14 sense.

,

15 MR. SEALE: Just to clarify something again, maybe

16 ad nauseum, this document you are going to put on the street

17 is going to say you want to reduce particulates by 100 and

18 iodine by 100, or it is going to say you want a vented

19 containment system? And if it says that, is it going to say

20 that you want it to initiate at 100 psia and so on? Exactly

21 what level of specificity if this three-week report you are

22 going to write going to have in it?

23 MR. MEYER It will certainly contain the first

's 24 level of functional requirements. By that I mean the

25 requirements f or pressure to be relievec or the system to be |

/~T ,

(>' '

.
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1 vented at a given pressure, taking into account the

2 containment strength and that type of thing. It will

() 3 contain requirements regarding decontamation factors that

4 are consistent with risk reduction goals. It will contain

5 requirements, probably f unctional requiremen ts of integrated

6 heat load that the system will have to accommodate.

7 It gets more specific after that in terms of site

8 requirements or reliability requirements, or the list of

9 criteria could be very lon; and extensive.

10 MB. SEALE: You are not going to specify that they

11 meet this goal by using the suppression pool with gravel.

12 MR. MEYER: No.

- 13 MR. SEALEs That is up to the --

14 MR. MEYERs In fact, there would be various

15 mitigation options open.

16 DR. LEE May I follow up once more? In the next

l'7 two to three weeks that we are talking about, do you expect

18 th a t we can add substantially new information or input from

19 the probabilistic risk assessment study for Zion and Indian

20 Poin t specifics more than we do have now?

21 MR. MEYERs The July report that I am referring

22 to is part of this arm of the parallel study.

23 DR. LEES Sure, but you might need some input,
.

(~dT
'

;
24 according to your dashed line.| s

25 1R. MEYER: Yes. There will be, for example, the

(~\
C/

r i,:s.
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(~)
(_/ 1 considerations of those accident sequences that are

2 appropriate for Zion and Indian Poin t.

{} 3 DR. LEE: My question is do you expect to get

4 substantially more new information by that time, by the end

5 of July, than what we have now?

6 MR. MEYERs I don't think there will be much more

7 informatica than what we learned, for example, earlier today

8 from Dean Walker when we gave the presentation on the

9 mini-W ASH-1400 study.

10 DR. LEE So you have to make the decision based

11 essentially on what we have today.

12 MR. MEYER Yes.

13 DR. LEES Then according to the presentation we

144 have heard, it is concluded there is no need for additional

15 mitigating f eatures whatsoever, unless I =isunderstood the

16 presen ta tion .

17 MR. MEYERs Are you asking the question?

18 DB. LEE Well, so what do we do? I mean if the

19 information we have has to be utilized essentially to reach

20 the conclusion on the risk reduction requirement and so on,

21 what should you do, or what do you propose to do?

22 MR. MEYER: There are sequences from the utility

23 risk analysis that fail the containment, and those would be

(' 24 the dominant risk contributors. Those would be incorporated

25 into the considerations of functional requirements.
,

,

4
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p)(_ 1 DR. LEE: So you still approach, move along this

2 parallel path and say that although the utilities study

/- 3 indicated there is no need for further risk reduction, we
U)

4 vill assume that there is something like a factor of 10

5 reduction necessary and will try to see what are the

6 dominant mechanisms and try to design mitigating features to

7 contain those dominating sequences?
,

8 MR. MEYERs Ihat is the approach that the

9 utilities presently assume.

10 DR. LEES 7.nd you are taking that approach, too?

'

11 MR. MEYERs 'de are combining that information with

12 the approach we have been using over the past several

i 13 months. I believe that Mal Ernst might have a comment.

}
14 MR. ERNSTs dalcolm Ernst, NRC. Perhaps you may

15 have lost sight of the fact that this is a parallel effort

16 in this time f rame.

I 17 DR. LEES Yes, I understand.

18 MR. ERNST: We are taking a look at the
,

19 probabilistic approach to analysis of risk at the same time

20 we are takiag a look at several mitigating schemes that

21 migh t or might not be usefully imposed. The decision

22 process is at the end of that time, not in the July time

23 f r a m e .

O
t_/ 24 DR. KERRs But how can you expect to get any very

25 meaningful comments unless the people who comment know what

' , ag$
'
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_) 1 it is you have in mind for the mitigating features to do?

2 Until you have decided on what it is you want to accomplish,

3 I don't see how you can write criteria that have any very
{}

4 specific significaace.

5 I grant you you are trying to do something on a

6 schedule which will accomplish more than if you had to do

7 things-in sequence, but how does one do it?

8 MR. EENST: It does make it a lot more difficult

9 than if you are doing it in a series.

10 MR. MEYER: I think that one of the results of the

11 presentation that D. Walker presented -- I don't know if he

12 is still here -- is that his list or the list from your

13 study of appropriate dominant sequences, sequences that

O 1-4 should be considered in establishing requirements fors

15 mitigation features, those aren't much different than the

16 ones that we are considering.

I'7 The only one that I think stood out was the AB

18 burn, and as I commented, that sequence will probably be
i

19 removed from our considerations in defining functional |
l

20 requirements.
1

21 DR. LEES I think I appreciate that point, but l

22 still I am puzzled whether you could say a factor of 10

23 requirement of reduction is what you would like to strive

b(_- 24 f or now even in this period of time, or two orders of'

25 magnitude reduction. Don't you have to decide on that, at

~ )
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k 1 least, right now, essentially?

2 MR. MEYER: You are talking about the risk

(]) 3 reduction requirement of a factor of --

4 DR. LEE: Otherwise, how can you set the criteria

5 for the mitigating systems?

6 MR. MEYEBs For example, decontamination factors

7 are directly related to the reduction in consequences when

8 you do the ORAC aaalyis. You establish those

9 decontamination factors based on what you feel is feasible

10 and practical. As I indicated in the diagram on

11 establishing requirements, you also establish

12 decontamination f actors in order to meet that risk reduction

13 goal.

14 So you don't indicate functional requirements on

15 decontamination f actors unless you have a handle on what the

16 ultimate ef f ect of those decontamination f actors is on

17 reducing risk.

18 DR. LEE: Let me try one last time. I will give

19 up after that. Suppose you have identified a dominating

20 sequence. Let's assume that. 'Jould you like to reduce the

21 consequence of that particular dominating sequence by a

22 f actor of 10 or a factor of 100, or as best as we could?

23 Those are the three, let's say, alternatives. How would you
A
ks' ' 24 like to do it?

25 MR. MEYER: You must re 'suce that, assuming tt st as

i
L

|
l.

. .. ),
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1 you reduce it, no other sequence is -- well, you want to

2 reduce t' hat enough so that when you do your integrated risk

() 3 assessment, you meet your goal of reducing the risk by a

4 factor of 10. Now, that might mean tot one particular

5 sequence, in doing the comparative consequence analysis,

6 that you reduce the consequences by a factor of 100.

7 DR. OKRENT: I would like to comment here. It

8 seems to me that there has been presented a fairly

9 reasonable approach. This is the first time I have seen

10 it . They have outlined a pa th to try to go along two

11 aspects, not make the decision until they have the

12 inf ormation in both of these in ~ December.

13 I think one can proceed along each of these two

1-4 paths in parallel. I am not at all bothered by that. Now,

15 wh a t I am bothered about is the following. There seems to

16 be pressure on the staff in this case to be rather more

17 specific about what it is these mitigation f eatures should

18 b e , what is the quantitative goal it should achieve, and

19 what is the reliability and so forth.

20 I would suggest that if you were to look at the

21 containment building and ask yourself what is the goal it

22 should achieve and has it achieved it and so forth, you

23 would have a bit of a problem. If you were to look at the

24 emergency cooling system and try to apply these same kinds

25 of questions, you would really have a bit of a problem.
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(_/ 1 In fact, if you would look at almost anything, if

2 you looked at things that are normally non-safety and ask

3 did they have negative aspects. You know, there is a PORV in
[}

4 the thing to help meet some kind of a transient condition,

5 yet it can open up into a leak.

6 I would like to suggest that maybe there is an

7 undue degree of, ch. I guess you might say searching out the

8 criteria and sort of insisting at the beginning that we know

9 exactly that it is going to be good, perfect or whatever it

10 is. But we haven't done this and we are not doing it on

11 lots of othat things.

12 I would suggest, in fact, this emphasis on is it

13 going to produce a factor of 10 or 100 on the dominant

14 sequence is not the way we should be pushing the staff. I

15 tried to indicate that earlier. My quess is we don't know

16 w h a t the sequence is that it will be useful for, if there is-

17 one and if it is usef ul. It is likely not to be the one

18 that is now thought to be the dominant one.

19 In fact, the best you can get from these kinds of

20 studies is some handle on what are some possible sequences

21 where it might be balpful. And then you will find you can't

22 design f or all of them in .ny practical way, as we have

| 23 heard, so you are going to have to limit the scope of what

24 is practical. After you look at that, you are going to have

|
25 to arrive at some engineering judgment as to does it seem to

'
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2 If you are coing to try to insist it nust be a

() 3 factor of 10 and I'm going to have to be able to show it, or

4 why is it a factor of 10 and not a factor of 100 or

5 vice-versa, that is beyond the realm of what we can do. I

6 think we would be kidding ourselves if we really thought we

7 could show a factor of 10 or not a factor of 10.

8 So in the end, one is going to have to look and

9 say does it on balance seem to provide a significant

10 increase part of the time, and does it not seem to have any

11 substantial negative features, or whatever. In other words,

12 you can only play this game of a factor of 10 and the

13 sequence that is dominating and so forth so far, after which

14 I think you can lead yeurself down the wrong path, almost.

15 DR. LEE 4 I thought I had posed the three

16 alternatives that --

17 DR. OKRENT: And I was suggesting there was a

18 fourth alternative that wasn't even in your three.

19 DR. LEE: Right, but as much as possible, one of

20 the three alternatives. I had taken the answer from Dr.

21 ' Meyer as being the third alternative. If that is the

22 criteria you would like to propose, it is certainly

23 acceptable to me personally. I wasn' t necessarily
O
b 24 suggesting --

25 MR. MEYER: Well, it is impractical. Your third

.

)
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(~3 1 alternative was zero, wasn't it?s_s

2 DR. LEE 4 I mean assuming tnat there is some

{} 3 problem with our present containment system, try to do

4 something about it in the best and as practical a way as we

5 know now, perhaps. That is what I meant.

6 MR. MEYER: That is the basic motiva tion behind

7 the program.

8 DR. LEE 4 Okay.

9 DR. KERBS Dave, I would agree with your analyis

10 if I thought that our end result was the installation of

11 filtered vented containment. Indeed, I have been trying to

12 as k questions because I am trying to determine what it is
|

|
13 that we are attempting to do. If we have decided we have to'

O
14 install filtered vented containment because we think it has

15 some merit, and we design one and install it with the hope

16 th a t it can be useful, that is one thing.

17 What we have been talking about, however, is risk

18 reduction, and this is a way, presumably, of get'ing risk

19 reducjion. It is not the only way. I am not even sure it's

20 the best way. And it does seem to me that some of the

21 questions are relevant.

22 For example, if one talks about a decontamination

23 f actor of 100, unless the system has a reliability of at

24 least 99 percent, that decontamination factor doesn't have

! 25 an y meaning. That is one of the reasons I asked if one was

()I '

1

u- ..
.

-d
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o>\- 1 going to specify reliability. It seems to me a reliability

2 specification is fairly im po rtan t if what one is trying to

(} 3 do is achieve risk reduction.

4 If what one is trying to do is achieve the

5 installation of a filtered vented containment, then tha t is

6 another story and we will talk about that.

7 DR. OKRENT: I thought they showed a set of paths

8 where they would try to ascertain as best they could what

9 were the levels of risk from these two plans, and what were

10 the areas, in fact, where they might put in preventative

11 features, incidentally, if they found any what are called

!
| 12 ou tlyers , and they would also try to see what kind of

13 features could be designed for mitigation, and if you did
i [Dv

14 have a design of these, how much might you gain and how much

15 migh t you lose, what was the net, and then arrive in late

16 f all or sometime thereaf ter at a decision. They were not

j 17 arriving at a decision now.

| 18 It may well be that out of all of this program,
|
'

19 the thing that is of most value is they find some weak point

20 f r o m the point of view of what might cause an accident. I am

21 n o t going to prejudge. But I don't find anythinq

|
'

22 particularly wrong with the logic. I think if I were going

23 to try to lay out a program, I would try to do it

24 concurrently rather than sequentially, frankly. I think the

25 problem is importan t enough that that is the way you should
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() 1 do it unless you can do each of them in a month, which you

2 can't..

3 So that doesn't give me any problem at all. I

)
4 think they have already said that f or whatever reason , a'

5 factor of 10 is worth shooting for. Also, from previous

6 studies they have looked at population and so forth, and in

7 fact, something we may hear later today if we get to it,

8 there are some aspects of this site demographically that are

9 roughly a factor of 10 different.

10 So there are various reasons why you might arrive

11 at the judgment that a factor of 10 is something of

| 12 interest. Now, I think the staff, the applicants and the

13 ACRS are all unable at this time to answer the question this

) -

14 is the level of risk that you should be seeking at Zion and

15 Indian Point , that above this it is unacceptable, and below

16 this it is acceptable.

I'7 We are not able to answer that question, I think.

18 Why should we press the staff to the bitter end to answer

19 i t , is part of what I'm saying. I don't think I have heard

there may be individuals here brave20 anybody as a group --

21 enough -- but there has been no group that has come forth

22 and said this is the answer and it should be done this way.

23 DR. SHEWMON: No, but we have gone through all

0)s_ 24 this PRA stuff as if we believed it. At least that is what
| 1,

25 I thought we were doing y e s t e rd a y . *4e a re into this Class 9
|

w)
I
I

|
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/~T '
\_/ 1 problem at least partly because there are accidents of this

2 sort which contribute most to risk. And now you say, gee

3 whiz, pick the worst sequence, do something positive and
w

|
4 forget all about rost-benefit or risk reduction.

5 DR. OK REN T : Now, who said that?
,

1

6 DR. SHEWMON: That is my paraphrase of what I

7 heard you say before Bill commented.

8 (Laughter.)
|

9 DR. OKRENT: I think in the end what you should do |

10 is read the transcript to see if I said that. |
|
'

11 (Laughter.)

12 DR. SHEWMON: That is what you said to me.

13 DR. OKRENT4 What I said is look at their flow

1-4 diagram, and in fact, it says really nothing like that.

15 DR. SHEWMON: I know it doesn 't. I am talking

16 about what you said.

I'7 DR. OKRENT: Well, Paul Slovic has a theory that

18 people tend to hear what reinforces their previous

19 conviction.

20 DR. KERR I am going to assume that my daddy can

21 whip your daddy, and we are going ahead with it.

22 (Laughter.)

23 DR. SIEGLE: This is my first participation in the
.

w/ 24 activities of this committee, and this morning I recognired

25 th a t I was a neophyte. It is now 6 o' clock and I think I 'm
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(_) l'a veteran, so I am going to -- |
|

2 ( La u g h t e r . )

3 DR. SIEGLEs I want to make some comments that
)

4 really disturb me. We have been talking about mitigation of

5 risks to the health and safety of the public, which might

6 arise in the event of a Class 9 accident. One of the things

7 I thought we were supposed to pay a great deal of attention

8 to is what we learned f rom TMI.

9 There we learned that the exposure of the public

10 to a radiological- nazard was really quite small, and perhaps

11 a person might ultimately have a latent cancar. The

12 exposure of the public to apparently serious psychological

13 haza rds I don 't believe can be neglected, at least in

O-- 14 considering a Class 9 accident.

-15 There apparently is evidence that people were

16 subjected to psychological stresses there, for the set of

I'7 circumstances that exist there, which should not be ignored,

18 a t least in considerations such as these. Certainly our

19 knowledge and belief about what constitutes health is not

20 restricted solely to physiological effects nowadays, but

21 includes mental ef f ects also, and there were many legal

22 examples of this.

23 If I imagine the situation where the mitigation is

i rm
j (_) 24 th e thing which gets most of the attention but the Class 9

| 25 accident is, as it says on one of these preliminary
I

(mt

\ Y.
!

|]fd*
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() 1 criteria, designed for full core meltdown, if that is the

2 situation I think we may well alleviata the hazard to the

3 public of exposure to radiological materials, but we may

4 substantially exacerbate the psychological stresses to which

5 they are exposed, for reasons that we can't easily

6 identify. And because we can't solve those problems or even

7 identify them well, we adopt the usual physicist's practice

8 of solving the easy problem. The hard problem is to hard to

9 handle, so we will do the easy ones first.

10 What concerns me is that the approach that is ,

11 apparently being pursued is one that may not help mitigate

12 the dangers, the challenges to the health and safety of the

13 public, and that the program is quite unbalanced in its

14 allocation of attention and effort.

15 The important place to allocate effort is to the

16 Class 9 accident itself, because it seems to me it is this

17 -- whether or not the radiological consequence occurs later

18 -- which exposes the public to the psychological stress

19 which has been observed to some limited degree and which I

20 believe would be much greater if a Class 9 accident actually

21 took place, in spite of the fact that the public assured

22 there was a better building, there was a gravel bed and God

23 knows what else will be the final outcome of this effort.

D)( 24 I think from what I nave heard today, there is a

25 significant possible misallocation of effort, and it arises
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~O i deceuse or ea imeseeuete eeriattio# or whet 1 the riex to

2 the public. There is always a hanging qualification when we

3 use risk. Risk of what? Apparently we learned from TEI,; g
;

4 and we should have known it before, the risk is not

5 necessarily a risk of radiological exposure, but a risk of a

6 different kind, and which has associated with it property

7 losses, loss of productivity of all kinds of activities in

8 that area, which can be given financial values.
'

9 If I have a reco:bmendation, it is that much more

10 attention be given than is a pparent at this point to

11 reducing the likelihood of a Class 9 accident, rather than.

12 mitigating the consequences after it has occurred.

|

13

14

15-

16
.

.

17

18
.

19

I
E

21

22

23

O 24

25

O
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IRC/ACRS I
DR. KERR: Thank you. Do you want to continue, Jim?

O 2
DR. MEYER: I suppose so, yes. ;

ic1d rep /'

lurroll 3
DR. KERR: Now that we have given you all of this

.a 12 4'

guidance.
Saga 1

e 5
E DR. MEYER: Well, I indicated before that making
"
3 6

visible suggested criterion requirements were for the purpose of*
_

E
n 7
; getting feedback, and so I think that process has started
n
8 8

today. And I think some o f it has been very valuable to me."

d
d 9
g If I can, and just as a very brief aside, we are
o
H 10
$ considering reliability. It is listed as an important design
=

criteria to consider in there. There are seven items in the

d 12
3 reliability that will be considered when these systems are taken

I^)' b 13
s on in some detail.'-

E 14
y The last item on the update is that the research in

E 15
g NRR programs. are proceeding through the summer on key issues ,

T 16
@ and that introduces me to another question that you asked, what

d 17
g are the NRR needs in the area of Zion / Indian Point program, and
c
w 18
= I would like to touch on those briefly.
#

19
j Divided the needs into two parts. The one being

20
the immediate needs for Zion and Indian Point, and then I will

21
present a viewgraph on the long-term needs.

(") 22
x_/ We have heard a lot about the steam spike phenomena.

| There is an experimental program being conducted at Sandia using'

,

(3 24
~

(,/ the FITS facility that in the near term we feel can tell us

25 '
! considerably more about the rate of rise of a steam pressure
i
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1

s2 spike and thereby answer some questions that have been going
A 2

back and forth regarding how rapid and vigorous the molten

3
material-water interaction really is.7-

(/ 4
We have a definite need in this area, and as I

e 5

% understand the program, the program at least in part through a
N 6* series of possibly four or five tests will start meeting thatg
R 7

{ need.

8 8" The other item that is very important in determiningg
6 9
i the accident sequences is the characterization of the debris
e
h 10
E bed fragmentation. Here we have a need for better characteriza-
_

E 11

$ tion of the fragmentation and also of the dispersion of the
d 12
$ fragmented material. And we are, for example, asking research

I~#T E 13
S at Sandia to inquire further about what the steel industry and'~

E 14 '

y the coal industry can tell us regarding the interaction of slag

2 15
y with water and whether this can possibly tell us something about

-~ 16
$ the fragmentation characteristics over and above what we know

d 17 | .

y now.
M 18
y The third item is not near term. It is long term.
"

19
k That is, we look at it more in terms of the 15-month response.

20
Is the problem of core melt concrete and core melt refractory

21
material interactions. There is an experimental program that

k- I believe the subcommitee is familiar with at Sandia that is

23
addressing this particular need.

24
{~s) An extension of this would be introducing a third

25 ' material into these tests; namely, a core melt concrete but
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1

3 adding water into the interaction. Again looking to answeringg3

k-] 2
questions regarding the effect of core melt in the reactor

3
cavity with the presence of water.

(s%-] 4

-

The filter and vent containmant system program that
e 5

% has been referred to in the Sandia repo'_t referred to earlier

8 6
y is being continued, and the areas that they are presently
8 7

{ concentrating on for Zion / Indian Point are the areas of failure

8 8"
modes and effects, the possible interactions of and competing

6 9
i risks. What are the negative aspects of these particular
o
@ 10
z features based on conceptual designs that they have put
-

E 11

$ together.
d 12

$ So we feel that, at least in part, the Sandia program

() : 13
5 is meeting an important need in the mitigation feature, the
E 14
$ filter and vent mitigation feature.,
_

2 15
y There is also a cooperative program between NRR, NRR

7 16
$ consultants and research in trying to answer the question of

d 17
y wh r .ner a core retention device can be backfit aito either

5 18

E Zion or Indian Point. What are the practical problems that are
"

19
$ associated with the backfit of a core retention device? What

20
would a core retention device look like, this type of thing?

21
Another area that we feel is important and I think

('-) 22
was highlighted as an important issue at the technology exchange

23 ,
j meetings was some questions related to the hydrogen control

(~N 24|
\/ j systems.

I

25 | We still feel that there is an awful lot that we 2an
4

|
'
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1

~4 learn from industries outside the nuclear industry in the area
( \
\> 2

of hydrogen control, hydrogen migration during fronts, and we

3
look for research help in this area in the near term.

O(_- 4
The final area is in the area of containment failure

e 5
g modes. At the fifth technology exchange meeting there was a

3 6

} report of the work that LASL and Sandia had done paralleling

R 7

{ the work that you heard earlier today.

] 8
The conclusions of that work were that the failured

d 9
i pressures were quite similar to Ehe failure pressures that were
o
H 10
5 arrived at by the contractors to the utilities. We are interested
-

E 11
j in some followup work related to that; in particular, a better
d 12
$ understanding of the failure modes themselves. And we would

I) 5 13
S hope to have that program continued through the summer for''

E 14
y resolution of certain specific issues.

2 15

s That is the basic list of what our needs are in the
T 16

$ short term. Unless you have any questions on that, I can --

@ 17
y DR. KERR: Is there some way, and a sensible way, to

5 18
= distinguish between those that we need completed in the four
U

19-

2 months and those in the fifteen months?

20
DR. MEYER: Well, I define the four-month as being

21
near term and the fifteen-month being long term.

,'] 22
ks DR. KERR: No, but of the ones that are there which

23 ;

i do you consider to fit in -- oh, you have them in parentheses. '

/~N 24
~(> DR. MEYER: Yes, I have them in parentheses around

25 I
each one. |

|
|

ALDERSON REPORTING COMPANY, INC. !
.-.

1



-
1

|

i.,. 292

1

('s. 5 DR. KERR: Okay.
\~] 2

DR. MEYER: And I think that it is --

3 i

DR. KERR: Okay, I am wi th you . All right. Thank

you. |
e 5

3 DR. MEYER: I think with the rulemaking in mind we
d 6 i

h also have a list of long-term needs, which is on the next
n 7

{ viewgraph. And here we are defining the completion as being
8 8"

within two to three years. I believe that the research report
6 9
i is in the timeframe of three or four years for most of this. But '

o
b 10
z we feel that an accelerated program would be appropriate based
_

E 11

$ on the needs of the rulemaking.
d 12

$ It may be perhaps obvious these are the continuation
('i d 13s_/ o

and expansion of the programs that were started in the design.m

E 14

h of Indian Point needs. Those are generic basic problems that

2 15

s would need further, we feel need further work as the rulemaking

g 16
e continues.

d 17
y In addition, we believe that there will be the need
5 18

for work in these three areas indicated -- hydrogen mitigaticn=
#

19! and burning, core melt accident progression, and in the area
20

of radiological source terms.
21

For the core melt accident progression I think it is

(~~'}
22

clear from what we heard today that there is very little known
23

about the progression of the accident from its initial
24]-\ configuration into melting and its progression as it melts,

25 !
through to the lower head of the vessel and also the various
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1

, '; vessel failure modes are also uncertain at this time.-

k# 2
DR. KERR: Have you givea some thought to how much

3
you need to know about that?

DR. MEYER: Right now --

e 5

% DR. KERR: I am not asking you to tell me how much

$ 6

} you need to know, because you know it is a fairl? complicated

8 7
j process and it is not necessarily repeatable from one experiment

8 8" to the other. Have you given some thought to the magnitude
d 9
z of a program that is likely to be able to tell you what it is
e
g 10
z you think you need to know in core melt accident progression?
-

E 11

$ DR. MEYER: We are presently -- well, the severe
6 12
$ accident phenomenon mitigation research program is in draft

() $ 13
m form, and we have not received it officially. We are reviewing

E 14

h this, and --

2 15
y DR. KERR: Well, then you are just sort of depending
i 16

$ on RES to tell you what you need to know about that?

6 17
g DR. MEYER: No, we are depending on them to give us

M 18
y some feeling as to what can be accomplished over a two to three
"

19i ! year timeframe.
'

20
I think we will know much more about what we need

21
to know upon the conclusion of some sensitivity analyses that

/~N 22
\~J we are presently performing at Brookhaven National Laboratory

23 ,
i where we are bounding the unknowns in this initial area to see

(~) 24
'/ what the sensitivity of those uncertainties are to the final'
-

25 I
I loading of the containment, and I think that will be a big help

ALDERSON REPORTING COMPANY, INC.
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1

g7 to give us some guideline as to what kind of improvement will
k- 2

be important to give us the type of information we need in terms

3
of containment loading for further assessment of the need org

,/\- 4
lack of need of mitigation features.

e 5
% DR. KERR: What is meant by hydrogen mitigation?

8 6

h Mitigating against the consequences of --

R 7

{ DR. MEYER: Mitigating the -- well, the hydrogen

[ 8
mitigation features that have been proposed are in two categories.d

6 9
i One is control burning of hydrogen by various means such as
o
B 10
z sparks, spark plugs and open flames, and the suppression of
_

E 11

$ burning through a number of means available. And that is what
'J 12
$ is meant by hydrogen mitigation.

() h 13
m DR. OKRENT: I would have thought that in your long-
E 14
y term needs with regard to rulemaking -- I mean defining it in

2 15
g that way -- that you might have included the same kind of

? 16
$ studies on containment failure modes, either filtered, vented

6 17
y containment systems or other mitigating systems, for other

5 18
g containment designs, as you are doing for the Zion / Indian Point
"

19
! type. Okay, that first item would pick that all up, would it?

20
DR. MEYER: Yes. That would pick it up to --

21
DR. OKRENT: All right, I am sorry,

f'N 22\I DR. MEYER: -- particularly the ice condenser and the

23 ,
boiler containers.

24 |(~T i
\/ ! DR. OKRENT: I see, thank you. I missed that as

25 !,

'
| covering that.
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1

8 DR. MEYER: If there are no further questions --

DR. KERR: Jce there questions? I see none.

3
DR. MEYER: -- I can go to my last viewgraph.(~}

A.s 4
In this last viewgraph, in a very abbreviated fashion,

= 5

% gives the program plan for NRR's approach to severe accidents,
8 6

h Class 9 accidents. As you are probably aware, there are four
R 7

{ areas of proposed regulatory changes that are being considered
8 8"

r in the process of being implemented at this present time.d
d 9
i I would like to keep my remarks to the design for
o
g 10
z s evere accidents , the design component of those four. The other
_

j 11

m three that are presently under consideration -- the area of
d 12
$ siting, emergency planning, and environmental impact.

/~ d(s) g 13
In the area of safety the way it is presentlym

E

|
14

envisioned is to have four major components. Yesterday we heard

2 15
y an awful lot about the safety goal, and this will be a key

7 16
! component in the program.
p 17
y Inputting to the safety goal considerations will be
M 18
y as indicated, the ACRS, EPRI, Atomic Industrial Forum, public
"

19
k and other regulatory agencies. Some of the items that would

20
come under the safety goal category would be what are the

21
criteria for determining the need for a given feature, whether

() 22
that feature be a mitigation feature or an accident prevention

23 ,

feature.
/~h 24
kl'

Another area would be criteria for choosing between
25 i

mitigation or prevention features. There are several that
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1 believe that we have saturated on preventing and having features

' '
2 that will prevent Class 9 accidents and that the appropriate

3 emphasis should be on mitigation, but there are others that feel
am
b 4 otherwise. And one of the derivative aspects of the safety

e 5 goal --
M"

@ 6 DR. KERR: Does the MRC staff have a position on that
n'
8 7 question?
;
j 8 DR. MEYER: I am not aware of any formal position on
d
ci 9 that question.

$
$ 10 DR. KERR: Please continue. I was just curious.

E
j 11 DR. OKRENT: I have heard Mr. Denton say to the ACRS
is

j 12 that it might be hard to get a major reduction in the

13 probability of an accident that would severely damage the core.

| 14 And that is why he thought it was worth looking hard at what
$
2 15 are here called the mitigation features.
E

g 16 I don't know if that met with formal position, but
as

d 17 he did say something like that to the ACRS.
U
$ 18 DR. MEYER: Well, one of the important ingredients
5

{ 19 in determining the safety goal will be the role of probabilistic
n

20 risk assessment in that determination, again an item that we

21 heard a lot about yesterday.

O) 22 A parallel important activity is the activity of planty

23 , specific probabilistic risk analysis. There was a list

() 24 presented yesterday of these activities going on pres ,tly

25 within NRC and also being conducted by the utilitiet And it is
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1

our anticipation that this type of activity would continue to

support considerations of the role of the probabilistic risk

3

,-) assessment in determining a safety goal and also in aiding and
ss 4

better defining mitigation features.
e 5

d The research program that will parallel these two
8 6

h activities will be activities in phenomenological studies.
R 7

[ DR. KERR: Does that last statement imply that
8 8"

ultimately in the mitigation features there may be somee
d 9
y probabilistic specifications , because it seems to me in your

@ 10
z short-term mitigation systems the probabilistic consideration
_

E 11

$ is, at the risk of incurring Dr. Okrent's ire, strangely
6 12
$ missing?

I ') E 13
S DR. MEYER: Well, I wouldn't say that it is missing.

'

E 14
$ It is certainly not a major ingredient.

k 15
y DR. KERR: Well-hidden, then?

g 16
w DR. MEYER: Well, if I drew all the arrows I would

6 17
y have had .iothing here but arrows.

$ 18
y (Laughter.)
"

19
! DR. SIESS: Let me ask a question slightly

20
differently. There is a box that says role of..PRA and the

21
comments you made on it. Does that imply that there are still

/''S 22
'# some question as to what the role of probabilistic risk,

23 !
! assessment is in relation to a quantitative safety goal?

('") 24
'

' DR. MEYER: Yes.-

,

25 ;
j DR. SIESS : But you think it might be possible to
:
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1

l?m come up with a safety goal that is not based on probability or

2-

risk assessment?

3
DR. MEYER: I think that that has to be considered.73

\A 4
DR. SIESS : Okay, thank you.

= 5

d DR. MEYER: It is a very tough question, and one of

$ 6
the reasons that I singled it out was to highlight the fact thatg

5 7

{ the role in licensing a probabilistic risk assessment is going

j 8
t be key to establishing the ultimate safety goal. We haved

d 9
i had safety goals in the past that have been totally independent
o
@ 10
g of this type of risk assessment, and it is conceivable to
-

E 11

| $ proceed under those old methods of doing things.

I d 12
E DR. SIESS: We have had criteria in the past. Do

(")%
3

13(, 5 you really think we have had goals in the past other thanm

E 14

h reasonable assurance that there is no undue risk? That is the

2 15

s only goal.
T 16

$ DR. OKRENT: But the Congress writes laws and puts

6 17
y words in like "use best available technology" or --

$ 18
y SPEAKER: As well as practical --

! "
19

k DR. OKRENT: - "not unreasonable risk" you know.

20
People do give qualitative guidance frequently.

21
DR. MEYER: We have already discussed some of the

(~T 22
''' key areas that we feel are important in terms of the

23
phenomenological studies. These studies will continue, and there

f]) 24
will be similar studies conducted by the utilities.'

25
Then there is the area of the study of features
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1 where both mitigation features and what I refer to as prevention

features, those features that would be j ust the probability

of a core melt,"will be addressed.,,
; \
%s' 4

In addition to this, the other elements of the

e 5

5 Cl ss 9 changes -- the siting, emergency planning, and

8 6
environmental impact -- will also be input to a consideration*

E
n 7
; of a safety goal.
N

8 8" The ultimate goal then would be out of this whole
d
6 9
g process to determine the safety goal and to determine the role
o
b 10
E of achieving that safety goal of probabilistic risk analysis,
=
E 11
j the requirement or lack of need for mitigation features based

c 12
E on functional requirements that are established.

- =
( w') d 13

s This .is a very preliminary overview of the program
''

E 14
y plan meant for discussion purposes, and certainly this type of
_

9 15
j strategy will be fine-tuned and revised based, among other
: 16
@ things, on comments from the subcommittee . But this is a

6 17
g summary of our basic thinking in this area.

E 18
= DR. KERR: Thank you, Jim. Are there questions?s

19
g Mr. Shewmon?

20
DR. SHEWMON: Yes, at the prevention aspect for a

21
minute. One major effort in that area, or if not the major

'~

(x 'T
22

> effort then, is the -- you employ the effort to try to identifv

,

23 |
| for their plants the weakest links or the failures which would

T') 24 ;

(_/ give the highest probability result or the highest risk result I

.1
25 '

and that that would be your main input on -- or their input would

|
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17 3 be the main input you will have with regard to what prevention

2~

features might be most useful.

3
DR. MEYER: That would be an important ingredient-)

s/ 4
if containment isolation failure turns out to be an important

= 5

% contributor. Then the effort would be directed to preventive

3 6

h measures to accommodate that problem.

8 7

{ DR. SHEWMON: But if that failure was due primarily

8 8
to the unreliability of the core spray units -- I am sorry,

d 9
i the containment spray or the containment cooling, then another
o
@ 10

_3
option might be available to you?

E 11

$ DR. MEYER: That is correct.
d 12

| DR. SHEWMON: Okay, but you don 't have any efforts

() d 13
5 of your own in the prevention area, is that it?
E 14
y DR. MEYER: We do have an effort that we have been

2 15 .

y trying to get underway to take a look, for example, at dedicated
T 16
! heat removal systems, both -- well, I think dedicated heat

6 17
y removal is the best description. You can also consider them
5 18
g in terms of bunkered safety systems.

1 19
s DR. SHEWMON: Let me make one other comment. I am

20
interested to hear you say that you will look at the steel

21
business . I think it is an interesting idea since they

/) 22
- granulate, give or take, a million tons a year of slag in the

23 ,
water. It would be very interesting to see just what particle'

1 ('' 24
'

sizes they do get.

25|
! -DR. KERR: Mr. Okrent.
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14 1 DR. OKRENT: I realize that the heading on top is

O
(/ 2 program plan for accidents Class 9, and so maybe the lefthand

3 column which is marked areas of proposed regulatory changes

O(_/ 4 somehow is felt not to include the question of what regulatory

e 5 changes might be made in existing or future plants from the

h
] 6 point of view of making it less likely to have a Class 9

R
$ '/ accident.

A
j 8 You proceed, comments made -- -- other people,

d
d 9 and undoubtedly -- staf f, for example, that the single f ailure
Y
$ 10 criterion may not be adequate and that is j ust one kind, and
3j 11 you just mentioned another kind of thing that might enter into
3
6 12 a box on that lef thand side which you might call development
5
m

(]) 13 of new general design requirements or something.

| 14 It seems to me that it is an important topic, that

$
2 15 instead of being possibly included in some of your units over
5
g 16 to the right that it be then culled out as an item receiving
A

d 17 its own focus.

$
$ 18 DR. MEYER: I am not the one to respond to that
h
{ 19 ' comment. I think it is a good one, but --
M

20 , DR. KELBER: Of course the committee, or various

21 members of this committee have heard of a range of activities

/~N 22 in response to the task action plan, both within NRR and RES,d
23 , that are aimed at that sort of thing.

() I think you are going to have to bear with the staff24
n

25 | of both NRR and' RES until we get our program straightened out

;

ALDERSON REPORTING COMPANY, INC.



..c-- 308|

. I
and well organized.

' DR. KERR: It is not our responsibility to be

3
sympathetic with the staff. We are absolutely ruthless.| <s() 4

DR. KELBER: (overlapping conversation) .

e 5
g DR. KERR: That is not our job.

8 6* DR. KELBER: It may not be your job, but since I_

E
n 7
; am asking you --
N

8 8" DR. KERR: Impatience is what we are supposed to
6 9
i exhibit.
o
g 10
z Mr. Peoples.

DR. PEOPLES: We made a distinction, included this
c 12
) morning in our presentation. It has been so long I have almost

(' # E 13
$ forgotten myself. We draw a distinction in the prevention
E 14
y mitigation area in the sense of the use of words, and in my
-

9 19

@ own line of thinking at least it is useful to me to put
T 16

3 prevention and to use that word as it relates to preventing

d 17
g a core melt accident occurring, and I stop it there.

$ 18
= That means that really my basic ECCS systems allow
$

19| me to cool that core inside the vessel, thus preventing -- - .

20
And then I look at mitigation as what I can do to reduce the

21
effects of having failed all of those I end up with a severely

('M 22\J degraded core.

23
i And now I might be able to consider certain

24 !(~/
'

;
N- j restoration of ECCS that allows me to cool that debris bed within

25 i
the vessel or I can certainly consider containment spray, the
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1

(*$ containment itself as mitigated devices in the sense that they

2''

prevent release to the environment and subsequent exposure

3

f-)
of personnel to radiological effects.

\_/ 4
So from that viewpoint I think that Dr. Meyers might

e 5

% really consider in specifying criteria for " mitigated devices"

8 6
1 not to be as specific as describing the solution in terms of

k 7

{ filter vented containment systems or in terms of core

8 8

] retention devices but in terms of reducing the risk of

C 9
i radiological exposure, which for example would suggest that
o
g 10
g possibly ways to cool that material within the containment,
_

E 11

$ prevent overpressure by your steam or prevent overpressure by
d 12

$ -3en control, which can take a variety of forms, may give
/~T a
(J g 13

more range for imagination to be used and end up really withm

E

|
14

ultimately better results, because in my own -- I am fully

2 15
g convinced that what we want to do is keep that stuff in the

T 16
! containment. We don't want to start spewing that stuff out

jt 17 -

y even through filters -- --

5 18

5 DR. KERR: Well, I bet you if you could come up with

h 19
M a good alternate scheme which would be a lot better than filter

20
vented containment that you could persuade Dr. Meyer it will

21
work back.

() 22
~

DR. PEOPLES: But I am suggesting that the definition'"

23
of the criteria should be broad in that sense too though, and

(') 24
\# that that is the way to aim at that rather than doing it

25
specifically .
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1

7"s DR. KERR: And if we can prevent the core melt to
I\ '6 2

begin with, I want to go on record as agreeing wholeheartedly

3
with Mr. Siegle, I am in favor of preventing them.g-)(_ 4

DR. PEOPLES: And we certainly are too from both the
e 5

% public viewpoint and from our strictly economic viewpoint. And
3 6
I obviously that is the direction to go.
n
8 7

{ DR. KERR: But there is a problem. How' does one

j 8
demonstrate that one can prevent such a low probabilityd

o 9
i incident? That it seems to me is the problem that faces us,

h 10
3 And I don 't think we stop trying, but it makes one have to look
-

g 11
y at --
d 12*
3 DR. SIEGLE: Apparently it is not a problem for

(s) d 13
5 physicists because we like to do easy ones.

| 14
g DR. KERR: Have you heard Gnough philosophical

2 15 -

M discourse, or do ye1 have some more for us?
? 16

$ Thank you.
g 17
g DR. MEYER: I believe that Bob Bernero is going to
M 18
= give us a brief --

19! DR. BERNERO: I will try to be briefer thcn my

20
predecessors here.

21
Late last year there was a widespread perception that

/~l 22,

#
| the risk of reactors, light water reactors in the United States,

23 ,
,

societal ri sk, was dominated by two reactor sites , Indian Point
| rJN 24

and Zion, that the four reactors at those two sites were the-

25 '
predominant societal risk of water reactors in the United States.
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1

79 There was a petition formerly filed to the NRC to

2
shut down the Indian Point reactors because of that high

3
societal risk, the large population near it.

Harold Denton, as Director of Reactor Regulation,
a 5

% acted and gave a bunch of orders, that in the short term the

] 6
| owners had to do something and in the long term they had to dog
| R 7
! { something. Zion got caught up in it, and in essence Harold

| 8
decided that we don't have to shut the reactor down, thed

6 9

( reactors -- Indian Point-2 and 3 -- don't have to shut them

@ 10
3 down in the interim provided these short-term fixes are made.
5! 11

$ The Commission then found itself required by its
| d 12

$ own regulations to provide technical oversight of what Harold
A 3y g 13

Denton did, and they needed an independent basis to judge whetherm

| 14
g he did right or wrong.

2 15

$ So they turned to the Office of General Counsel and

j 16
as the Office of Policy Evaluation and said form a task force and

ti 17
y evaluate a number of. things. And that task force received its
5 18

g order from the Commission on May 30th with the requirement that
193

8 the report be filed by June 12. It was not as phony as it
20

sounds because we knew behind the scenes ahead of time, at least

21
four weeks ahead of time what we were supposed to do.

O 22
There are three parts to that task force report.

23
- ' There is a part on accident risk assessment. There is a part on

ĝ ; 24

! the need for power, you know, how many megawatt hours orV

25 I
whatever in the New York power grid. The report is confined to |
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1

g9 the Indian Point reactors. And lastly, there is an analysis

of the petitioners and other people 's conments . What I will
3

just give you a rundown on is the accident risk perspective
(\ 7i 4

which the probabilistic analysis staff prepared for the task
e 5

3 force, and if you have the paper -- I distributed this SECY
8 6

} paper, 80-283 I think is the number of it.
8 7

{ DR. KERR: We do have it.
8 8

] DR. BERNERO: And the part we are responsible for, and
6 9
y I am addressing is the Section 1, the front-end, and the two
E 10
E little appendices that go with it.
E 11

$ Basically what we did was a parametric analysis to
6 12j give comparative risks. What we are really after is a way to,_() d 13
E tell the Commission here is how the apparent risk of Indian
E 14

h Point compares with the risk of other reactors.

2 15
y In order to do that, we found it necessary to do a

T 16
$ quick rebase lining of the WASH-1400, and you will find that

6 17
y covered in Appendix B of the report, right at the tail-end.
$ 18

5 It explains how the WASH-1400 analysis was rebase
19

A lined in order to be able to compare it better to the other
20

things we were doing. And then we proceeded to do a parametric
21

analysis trying to hold everything else constant and varying

adgp 22
only one thing at a time.

23
| The first variable was site. The second variable

(" 24
''/- was design. And the third variable was public protection action,,

25
evacuation or shelter and that sort of thing.
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1

('~N, 2 0 The vehicle of comparison is the CCDF, the
\# 2

complimentary cumulative distribution function or risk profile.

3

(') I won ' t bother explaining that. There is material to be found
%> g

to explain it, but it is basically the risk curve and I will

= 5

% show you enough of them so that you become f amiliar with them,

8 6

} The first parametric variation, site variation, we

R 7

{ took the WASH-1400 pressurized water reactor, SURRY, artificially

| 8
boosted it to 3,025 megawatts thermal, which happens to be thed

d 9
i power output of Indian Point-3, the larger of the two reactors
o
G 10
z there, and then we varied only the site.
-

E 11

$ We had one set of public protection measures for all
d 12* these sites. We chose six sites -- four populous sites --7 ,, g

(m) d 13
5 Indian Point, Zion, Limerick, and Fermi near Detroit, Limerick
E 14
y near Philadelphia. And we took one out of the population

2 15
g tables; we went in and took Palisades in western Michigan and

T 16
$ said that is a typical site give or take. You know, it is good

6 17
y enough for a reasonable choice. And we took one remote site
$ 18
g on the same basis. We didn't do any statistical analysis. We
"

19
k just picked one. That is Diablo Canyon above Santa Barbara on

70
the California coast.

21
We analyzed for four measures of risk -- immediate

([) 22
f atalities, early inj uries , latent cancer fatalities, and

23 ,
; property damage.

(~#D 24||

| | The immediate fatalities are in essence people who'

25|' '

receive doses on the order of 300 rem or higher. Early inj uries
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1

l

1 |

f1
are people who receive doses of 50 rem or higher. Latent

2
cancers are calculated as the reactor safety study calculated

,r3 it, the linear hypothesis with a fudge factor. And the property
L-] 4

damage is really a population model. It just models property

o 5
y damage according to the population density in direct

8 6* proportion. It has no way to deal with things like the New York
E
n 7
! port or unique f acilities , abnormal things like that.
N

8 8" I said before the Commission the property damage
O
o 9
i model of WASH-1400 is probably very optimistic. That is, it
o
b 10
z probably significantly underestimates the costs involved.
-

E 11
j The result of that first, or site comparison, here
d 12
2 is the result -- don ' t bother reading the legends . Every figures

) 3,

t/ = 13
E | in that report has the Pontius Pilate basin. There are large

E 14 |
'

$ uncertainties with the absolute values. We wash our hands on
_

2 15
y every single absolute value.

T 16
3 (Laughter.)

$ 17
g We are dealing in comparative analysis here. So keep

$ 18 .

E that in mind. Here on this risk curve the probability of
"

19! ! exceeding the consequence on the X axis here, curve number one,

20
Indian Point, curve two is Zion, three is Limerick, four is

21
Fermi, five is Palisades, the typical site, and six is Diablo

,

(_) 22
Canyon.

23
In the report there is a presentation that calculated

f') 24
expected values which lend themselves, you know, the interval --'

: 25
! it lends itself to direct numerical calculation. But roughly,
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1

22 on the f atalities there is an order of magnitude difference,f~)

\> 2 l

twice. The populous sites here about tenfold lower to the typical j
3

site and tenfold lower to the remote site.-

ksl 4
If you turn -- now remember again this is SURRY,

= 5

% the SURRY reactor. If you turn to early injuries you see the

3 j6
populous sites pretty well go together into this long slopeg

R 7

{ here and the typical site and the remote site sort of come

] 8
together themselves , especially at the lower probability end.d

6 9

i Remember now you are dealing with 50-rem doses, and
@ 10

_3
as a matter of practicality, early f atalities are found less

E 11

$ than ten miles from the reactor, in fact even less than five
d 12
5 miles from the reactor.

(~T $ 13\_/ c
m These doses can be achieved or reached out as f ar
E 14

$ as 50 miles away. So when you start getting 50 miles away from

2 15
s a lot of places in the United States they begin to look alike.

j 16
w The next measur a, latent cancers, you see that even

d 17
y more so. The latent cancers in effect are a measure of the
$ 18

5 population out to about 200 miles.

h 19
M And here the sites are essentially the same. The

20
uncertainty out at this end is far greater than the uncertainty

21
at this end. And so for latent cancers this is another way of

() 22
.

saying that a 200-mile radius of any U. S. reactor is not that

23 ,

( much different from the 200-mile radius of any other. There'

24. || (~} just aren't that many differences.' '-

25
You pick up Los Angeles with Diablo Canyon and so
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1
2 forth.

Now the property damage I will show you just

3
briefly. It too -- it somewhat resembles the latent cancers.g.

' 4
It is sort of a hybrid between the latent cancers and the

e 5

% early inj uries , and I discount its value because of the suspicion
8 6*

of the model being too optimistic.g
8 7

{ It is possible. I have said this before. It is

8 8"
p ssible that if you really went after that with a rigorousd

d 9
z model and went in with dollar per man-rem figures that are
o
g 10
z believed credible, you might find yourself saying that the
-

E 11

$ dominant risk for reactors is financial, not public health.
d 12
$ It is a rather interesting thing.

() E 13
5 Well, if we use those previous curves, here is the
E 14
y formula that was really the basis of that perception that Zion

2 15
y and Indian Point dominate societal risk. This is the four

j 16
w curves you just saw, and this table is a reiteration of something

6 17
y that was buried in the work of Jeremy Sprung at Sandia. He
5 18
: published a report on population distribution using the reactor
C

19,
a safety study model back in 1978. You saw one of the curves

20
in one of the talks yesterday. It was a Zion curve with a

21
funny dog leg in it, down at the low probability end.

(^T 22
| But basically the equation says .' f SURRY is a\~#

( 23
prototype of all reactors and you move it from site to site,i

'

f'-} 24
that SURRY at Indian Point or Zion is ten times worse than

i 25 *
SURRY at a typical site, you can set out this crude equation
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1

24r3 that says there are 20 units of risk at Indian Point and 20 units
I 2

at Zion and all other sites are typical, so using, say, 68

3
e other sites, you can show that 40 percent of the societal
(~- 4

risk is at those two sites,

e 5

3 DR. SHEWMON: This is your short-term deaths, is that

8 6

$ it, or your --
,

R 7

{ DR. BERNERO: Well, if you go through the comparison,

(y 8
it would be -- it is a hybrid comparison of short-term deaths

6 9
z and injuries basically. The differences fade as you go to the
c
$ 10
z property damage and latent. .

-

E 11

| But that equation holds only if SURRY is that
d 12j prototype. So we look at the design and to -- I use the

,() y 13
shorthand word " design," meaning design and operation, includingm

E 14
y the operator procedures and human errors and that sort of thing,
2 15
y and the human error can contribute on the order of half of that

j 16
w risk.

i 17
y So this is 'not: Ljust hardware design;

*

.,

$ 18
: it is hardware and human design. But for this purpose we

19
k stablize on the Indian Point site, and the same public protection

20
nd T. 12 measures we used in the previous comparison.

21
urrell-

(v) 22

23 i
i

fl 24
v

25

,
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"apa 13 1 So this is not just hardware design. It 's the hardware
4RC ACRS
7/ 0 2 and human design.
Ticid/
)atfield 3 But for this purpose we stabilized on the Indian

() 4 Point site and the same public protection measures we used in

g 5 the previous comparison but now we used five reactors of the
9
@ 6 same power level. We used the rebaselined Surry, really the
R
R 7 reactor safety study reactor, a rebaselined Peach Bottom, the
A
y 8 Sequoyah reactor -- which is a four-leaf (?) Westinghouse ice
d
c 9 condenser reactor -- and then we did, for the purpose of this
i
o
@ 10 study we did, a very short-term independent risk assessment of
Z

) 11 the two Indian Point reactors. And we did the 'ndian Point
3

y 12 before the January short-term fixes. These are the things that
5

(^; j- 13 Harold Denton ordered in February, whatever the date was , I for-<> a

| 14 get. And we did Indian Point after those fixes.
$
2 15 Now, we did all the parameters. I 'll show yo u j us t!
y 16 one, one curve, the one for early fatalities. And here it is.
e

d 17 Curve number two here, which is Surry rebaselined, is curve
j9 -

$ 18 number one from the previous set. It was Surry at Indian Point.
A

{ 19 So here's Surry at Indian Point again. Here is Peach Bottom at
n

20 Indian Point. Here is Sequoyah at Indian Point. This one is

21 Indian Point before the fix and this one is Indian Point af ter
em 22 the fix -- about a factor of three difference from the fix.U

23 : We could find no substantial risk-significant difference

24 between Indian Point 2 and 3 in that assessment that was done.ry
( i
V

25 i so you see that the swing from what I called the design
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JO-2 1 variable.

(]) 2 Now, public protection was pursued at some depth with

3 the Commission, because just the week before they had been

(]} 4 discussing the emergency planning rule and I had had the occasion

e 5 to tell them that I wasn't terribly happy with the emergency
5

$ 6 planning rule that was going forward. In fact, we wouldn' t
R
$ 7 concur with it.
;

$ 8 What we tried to do here in public protection is, we
d
d 9 used the benchmark reactor, back to Surry again, used the Indian
$
g 10 Point site , and then varied the public protection. Now, I'd
3
~

j 11 point out to you, in the report you have, that Sekke (?) paper.
*

y 12 there is the coverage of some public protective action; we did
3

r-) 13 further work, which is presented in the slides, on public pro-
V

| 14 tection variation. Basically, the stuff in the report to so.me
$
2 15 would seem overly pessimistic; to others, realistic. It in$
j 16 essence says :nobody beats the cloud.
W

6 17 If you look in the legend under each curve, or the
E
y 18 text, it says no natter what the areas of evacuation, the subjects
E

19
a of evacuation suffer full cloud exposure plus four hours' ground

20 exposure before they leave. And consequently it sort of stacks

21 the deck against evacuation and you just -- you just won't
22g- achieve anything.

V
23 , So all we varied was either shelter or evacuate and

i

_ 24 varied the radii of evacuation. In the presentation I cover
(G

25 different early warning and dif ferent -- we also looked at
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|

JO-3 1 different evacuation rates, which I cover verbally.

() 2 Now let me show you some of those, those figures. But

3 before I do, I'd like to emphasize one point. It's a functional

() 4 character. When you do a reactor risk assessment and then go to

e 5 . use it in emergency planning, many people tend to think that a
h
i 6 12-hour core melt containment failure sequence gives you 12 hourse
R
& 7 warning for evacuation -- not necessarily so. For every accident
M

| 8 sequence there is a characteristic path or time line. And here
d
c 9 I jus t pull them out of the air -- two sequences.
z~

h 10 The Ts is the time of start. That's when you have
E

| 11 the transient or you have the LOCA or whatever it is. Then there
~

3
6 12 is a period of time and then a certain time which I call time of
Z
_

=
(] d 13 diagnosis, T-sub-d. A smart operator, using the instruments,
(/ @

E 14 using his head, using his training, knows he's on the path tos
$
2 15 perdition; he knows he's going to melt the core and fail to
5
g 16 contain it. And that's the first time he can really call up and
w

g 17 say, "Do something, folks. We ' re going to blow it."
$
$ 18 If after some hours, six hours in this case, only an
I"

19 hour and a half in that case, there is the time of release -- the
R

20 release, of course, may be a high, high puff, a low puff, a long

21 one, a short, you know, that sort of thing -- so if you do a risk

(3 assessment for emergency planning, in order to analyze the impact22-

u)
23 on the public, you have to consider each one of the time of

f

24 diagnosis and have a weighted consideration of whether they

25 promptly notify the public and get them moving. The earlier

1

|
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10-4- 1 assumptions I spoke of, everyone sees the cloud, assumes that

() 2 the release takes place and then you bumble around and tell

3 people to leave, and if you do it that way they will see the

() 4 cloud. And the smart thing to do is tell them just stay indoors.
e 5 But if emergency planning were done effectively and
h
j 6 the decision-making process was there to activate prompt notifi-

i

9
g 7 cation and removal of people at least within the first few miles,
3 \

$ 8 where you can save lives , yot. could use these time of diagnoses |
d

|d 9 to accomplish something effective; but you won' t do it just by )
$
$ 10 saying warn people in a hurry -- you've got to think it through.
5.
g 11 DR. OKRENT: Can I make a comment?
E
d 12 DR. BERNERO: Yeah.
Z_

S

(~)x 5 13 DR. OKRENT: I'm not completely sure that yod should
% a

| 14 leave the impression, inadvertently or intentionally, that the
$
2 15 time that you would choose to evacuate people out to some dis-w
x |

j 16 tance would be the one that corresponded to the time when the
M

|17 operator knew that, to use your words, he was on the way to i

b 18 perdition, because if I look at what happened in Canada recently,
5 '

; 19 where there was a derailment, I guess it was, yes , if I followed
n

20 your logic, there would have been no evacuation because the 1

21 thing didn' t fail in the way that they were -- they were con-
22 cerned. Am I correct?

23 ; DR. BERNERO : Oh, I disagree with you totally. They

24 had a huge bonfire.
7 s,

G)
25| DR. OKRENT: Yeah.
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70-5 j DR. BERNERO: They were releasing poisonou's chemicals.

(] 2 They blew one tank car 2,222 feet.

3 DR. OKRENT: I see.

f] 4 DR. BERNERO: It was -- they were at time of release.

e 5 DR. OKRENT: Were they at time of perdition? Had it
5

| 6 gone the worst that it could?

R
g 7 DR. BERNERO: Oh, yes. Well, the only thing that could

K

| 8 have changed was the meteorology.
d
d 9 DR. OKRENT: I see. Okay.
2

$ jo DR. BERNERO: They were at T release right -- right in
5
_

g ii the accidtnt.
3
6 12 DR. OKRENT: Okay, my error J.a that regard.
z_
Q
d 13 DR. SHEWMON: Yeah. And they removed people out

'

C S

E 14 because there were other tanks there which could also go.:.

$
2 15 DR. BERNERO : Oh, yes.
$

.- 16 DR. OKRENT: All right.E
us

g 17 DR. BERNERO: It was -- they were trying to patch, and,
$ '

$ 18 you know, they were trying to prevent the thing. But the evacu-
5

i 19 ations --"

! R

20 DR. OKRENT: So that's a bad example, because it's a

| 21 mixed case. It was my impression, was that they had many others

n 22 that could have made it much worse, and that was the basis for --
U

23 DR. BERNERO: Are you suggesting that precautionary

24 evacuation is the --

[V.h
!25 DR. OKRENT: Well, that's all; in other words, I think
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70- 6 1 there could well be precautionary evacuation.

({) 2 DR. BERNERO: Okay, I woul d j us t co unter, if you -- if

3 you will go back to this time, no one is suggesting that. That's

() 4 every time the plant trips, practically.

g 5 DR ' ' - OK RENT : Right..

E

@ 6 DR. BERNERO : On the other hand, if you look at
R
R 7 emergency plans -- and we do -- and you look at the myriad docu-

8 ments that guide, they typically tell you things like before you
d
d 9 make the recommendation there shall be a high radiation reading
$
g 10 in the reactor building and at least one or two additional con-
E
I 11 firmatory things, like high pressure in the building and some-
$
d 12 thing else. They are skewed, the instructions and agreements
Z_

S
13 are skewed, to have public protection measures start around the{)

| 14 time of release, not around the time of diagnosis.
$
2 15 DR. SIESS : Well, could you skew them the other way?
/
j 16 DR. BERNERO: Yes, you could. But there's a lot of
d

g 17 homework that would have to be done. And that's the very point
E
M 18 I am trying to make.
.

f19 DR. SIESS: You've got a sort of a worst-case scenario.
M

20 DR. BERNERO: Yeah. .What I have right now is quite

21 consistent with the emergency planning documents that exist,

22 which, in effect, tell you, " Don' t move until you're sure it's
s

23 , happening." Three Mile Island was a dramatic example -- high
!

24 radiation in the building but no high pressure: so they took a| s

-)
I 25 ' sample over there, and Goldsboro (?) said, "Well, it's not ten R
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JO-7 1 per hour like it theoretically could be. So we won't evacuate."

( )) 2 DR. OKRENT: Well, okay. Go ahead. Just --

3 (Pause)

(m
() 4 DR. BERNERO: So if you look at the evacuation -- or

e 5 what -- the -- here's -- here's the -- if you go back, this
k
8 6| curve here is curve number one of Figure 1 that you saw: it'se

7 Indian Point -- or, it's Surry at Indian Point with a ten-mile

[ 8 evacuation. It is also Surry at Indian Point with a 25-mile

d
d 9 evacuation, 1 50-mile evacuation, or sheltering, no evacuation
i

h 10 at all. And curve number four, which is not a whole lot higher
E

| 11 than .it, is no evacuation for one day. That means everybody
3

| e 12 walks out of the house, stands there looking at the cloud and
'

E

(]) 13 looking at the ground and getting zapped, and then leaves.
. .

E 14 You know, this is a real bungle. You'd really have toW
$
2 15 bungle the thing to do that. But this is a sensitivity analysis,
5

.- 16 a comparison. So you go up there. That, that tells you that if3
A

6 17 you've got bungled evacuation it doesn' t make a whole hell of a

Y
$ 18 lot of difference what you did.
=

b 19 DR. SHENMON: Is sheltering in your own house?
|R

20 DR. BERNERO: Yes. Sheltering in their own house.
{

21 Now, then what we did is, we said what if we got clever j

fs 22 and on the release time we're able to use diagnosis on the averageO
23 effectively to get advanced notice, if you could get -- what we

|

g3 24 analyzed was -- one hour's advanced notice, three hours ' advanced |

V
25 ' notice, and five hours' advanced notice of the release, and we |

|
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JO-8 1 evaluated evacuations -- now, mind you, this is a simple plume

() 2 model, it just goes out on a radius -- and we said move the peo-

3 ple out at one-mile-an-hour net velocity or ten-miles-an-hour

({} 4 net velocity and what this'd do to the early fatality risk curve.

= 5 We did it both for early fatalities and early injuries, which
h
8 6 are the only ones Ehat change.e
R
{ 7 I'll just overlay the two Vu-graphs here. You've got

8 them Xeroxed separately as a slide.

d
d 9 And what it is : .this is a one- and five-hour delay; if
i
e
g 10 you have one hour's advance notice -- now, wait a minute, I said
Z
_
_

E 11 that wrong. It's a one-hour -- it's a one-hour delay from<
3
d 12 diagnosis, so I am saying it backwards.
Z_

S
73 g 13 DR. SIESS: From diagnosis.
(> m

|

| 14 DR. BERNERO: From the time of diagnosis, if you can
$
2 15 get people moving within one hour and then they move at velocity
/
j 16 V, where "V" is either one-mile-an-hour or ten-miles-an-hour, if
e

6 17 you can do it within one hour, promptly, yoi do this -- you move
$
$ 18 the curve from up here to down here. One hour, ten-mil es- an-
=
#

19 hour.
X

If it's one hour and one-mile-an-hour, you're right back
20 in the bag. If it's three hours or five hours, you stay right
21 here.

. 22 So it says, effective, quite effective notification and
V

23 movement can save lives, but if you bungle it you won' t. Our
I

24 ' present guidance will just bring you right back to the -- to the
O

25 I same thing as standing around waiting for the cloud.
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JO-9 1 DR. SHEWMON: Do you try to do anything with how many

~

2 people get hurt in the process of just evacuating? O r --rQ'
3 DR. BERNERO: Well, I'm inclined to think that many of

4 us in the nuclear field exaggerate that risk.

e 5 I think Missasauga, which was a quarter of a million
M
9

@ 6 people. moved rather rapidly out of that city, .had ' virtually no

R
R 7 one hurt. I have yet to hear of an injury in that.

N

] 8 DR. SIESS: They started pretty late, tho ugh .

d
d 9 DR. BERNERO: No, not really. That was a mis-report.

$
$ 10 I went over it with Brian Bryans (?), and he has a -- a partici-
Ej 11 pant in that study, he bought.a part of the postmortem study,
k
d 12 and they were moving people within an hou. or so. They were
3
c

Ci,>
j 13 moving in blocks. You know, it was graded -- they were like

3
=

| 14 following the windrows to get people out.

$
2 15 DR. SIESS: And the other people didn' t try to move
$
g 16 till they --
d

g 17 DR. BERNERO: I think they did get a lot of movement --
N
$ 18 you know, people saw the thing coming.
_

E
19 So now if I just go in, you've seen what the emergency

3
20 planning does, let us go back and remind you this curve here is

21 that sort of reference curve, Surry at Indian Point, let me put
I
,

22 the band of variability of the other parameters on there, so you i

(w '

O 23 , get a feel for the risk sensitivity.
I

24 What does the site do? These two heavy lines. The
<~s
-

25 j site variation -- of course, one is it's the same curve; this was
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10-10 1 Indian Point -- or Surry at Indian Point, so it should come out

(')s 2 there. The Surry at Diablo Canyon is this one down here. Sot

| c
:

| 3 that's the variation of site. And you see the site variation is

|

| (~N 4 greater than the significant variation of public protection.
s_)I

e 5 What does design do? The design spread put on there --
Anj 6 and mind you, this is only for the limited population of designs

7 for which we have a figure of merit -- here is the upper one and

8 here is the lower one, the dashed lines,

d
d 9 Now, we only--- we have a very limited population of
i

h 10 reactors. There's a lot more uncertainty with that than there
E

| 11 is in the analysis of siting, because, you know, there are
3
d 12 dif ferent analysts and different sequences and different length
$
E 13 of analysis and so forth. So it's as big as the site, and I con-() $
E 14 tend is the larger variable,
w
$
2 15 ' And lastly, because it was of interest in. Indian Point,

$
. 16 what if we derated the reactor? We did a curve -- the dots here
* .

W

G 17 are -- the ones with the circles, those aren't data points, they

$ -

$ 18 are j ust circles to distinguish the curve. We tried to do a

5
19 quantitative analysis of how does the risk go down with reduction"

R

20 in power level. If you do the isotopic analysis , just renember

21 roughly half the risk comes from iodine, which will follow the

22 equilibrium power level, because it's an eight-day half-life or
( ^.

~

23| less. The other half of the risk comes from longer-lived stuff
f

24 like cesium and strontium, so it's going to track core burn-up,
fm

25| it is not going to track equilibrium power level. So unless you
'
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10-11 1 limit core burn-up you aren't going to knock down that factor

f's') 2 of risk. However, if you derate, if you force a reactor to
u

3 operate at 50 percent power or something like that, your fuel

(') 4 is colder, your decay heat curve is lower, the whole thing is
us

e 5 more sluggish -- it takes longer to reach melting temperaturn,
5

| 6 it takes longer to boil water away. '

R
& 7 You've got a fuzzy benefit there. I can't quantify it.

8 I don't have a figure on it. But what I said was: I will j us t

d
d 9 assert that although the isotope risk doesn't drop in proportion
i

h 10 to power, the design sensitivity drops greater than the pro-
3
g 11 portion to power, and I will assert that a 50 percent power drop
*
d 12 is a 50 percent risk drop.
!

[}
And I plot it here just to give a perspective. It's13

y 14 a waste of time. It's not a significant variable. It's a factor
$
2 15 o f two . And it is a small dif ference compared with the other
$
j 16 differences in risk.
w

g 17 DR. OKRENT: On that curve where it says " number one,
5
M 18 ten-mile evacuation," that occurs after the cloud you said and
5
" 19 af ter four hours , right?
$

20 DR. BERNERO: Yes, the very first curve I laid up here.

21 All of the evacuations in the report have that. If you look in

22 the footnotes, whatever the radius, it says a cloud plus X hours7-

23 and then (WORDS UNINTELLIGIBLE) .

24 DR. OKRENT: Thank you. Right.7,

U
25 DR. KERR: Mr. Bernero, I don't want to cut your
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JO-12 1 presentction short --
,() 2 DR. BERNERO: Oh, this is --

3 DR. KERR: -- but about how much --

() 4 DR. BERNERO: Yeah, this is it. I ' m j us t going to

e 5 show you the -- the final thing: We: said to the Commission that,
hj 6 based on this, this is what we conclude. We weren' t supposed to

R
g 7 make a recommendation to them. They specifically said that. We
X

] 8 said the Indian Point site is worse than a typical site, the

d
d 9 Indian Point reactor is about as much better than typical as the
z'

h 10 -- than a typical reactor, at least what we know of one, as the
Z

j 11 site is worse, and we conclude Indian Point is not a dominant
3

y 12 societal risk; and we emphasized that design and operation is

({} 13 the least certain and the most significant variable of all and

| 14 that that's where attention ought to be focused.

$
2 15 We suggest that this sort o f technique , this sort of
N

16 comparative risk assessment, is a valuable tool for ~ weighing'

j
w

g 17 the siting, rule-making and all that kind of stuf f.

U
$ 18 DR. OKRENT: Now, before you run, I gather that an
5
g 19 important reason for your -- one of your conclusions, that Indian
n

20 Point is not a dominant risk, is that you believe that the proba-

21 bility of an accident which severely damages the core or core

(-). 22 melt is less at Indian Point than for the average reactor. Is
v

23 | that correct?

r3 24 DR. BERNERO: No, it's more to the point that the i

Ns)
25 probability of an accident which damages the core and causes a

i
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70-13 I substantial of f-site release --

n
() 2 DR. OKRENT: Yeah?

3 DR. BERNERO: -- really if you look at the Indian Point

() 4 reactors af ter having looked at the Surry reactor and other PWRs,

e 5 what you find is, the Indian Point reactors have the most for-
h
j 6 giving type of containment -- the large dry; and wherever,
R
& / almost wherever you found a significant risk contributor in
n
[ 8 Surry, like event B, you look at Indian Point and you find the
d
d 9 decay heat removal system is inside containment, they do have
$
$ 10 checked out inspection and, you know, they've knocked down that
Ej 11 risk contributor. You look at the station blacked out and they
5

y 12 have diesels , more DC buses , they've got these gas turbine
_

S
13

[}
generators -- they have reduced that risk contributor.

| 14 It's as if someone went in and - xed a typical PWR --
$
2 15 o r, you ' know, what we assert is typical, Surry.
$
g 16 So what they've done, it's not so much that they've
w

d 17 reduced the probability of a core melt occurring: they've miti-
#
$ 18 gated the apparent consequences o f a core melt.
-

E
19

H
Now, we also looked at and recognized -- it's very

20 difficult to quantify -- they have learned a lot, you know, from

21 TMI: they've put on -- they've got a Westinghouse rep' on shif t
I 22 as well as the shif t technical advisor; they've got two senior)

~.J
! 23 , reactor operators; they have a lot of things like that, - that are !i

24 very difficult to quantify, that would generally tend to reduce7s
(._)

'

25 j the probability of even having a core melt.
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JO-14 i But the significant things for risk are that the

) 2 dominant risk sequences from what we know of reactors are dealt

3 with in that design.

4 DR. OKRENT: Well, all right, but your estimate of the

g 5 probability of severe core damage for Indian Point is a factor
a

$ 6 of six lower than for Surry and a factor of 20 or 30 less than

7 some of those others , and so forth -- and, in fact, a factor of

M
8 8 four less than Diglas (?) and so forth. So your -- now, I agree
es

r)
:s 9 there is a large dry containment, but we have a lot of PWRs with
i

h 10 large dry containments, so that part is fairly common, although
!!!

5 11 not universal. It may well be that they have a better than
$
ri 12 average power system; I don't know. On the other hand, they3
$ may have a worse than average protection against some things ,13

I 5
E 14 like fires, possibly, or -- or earthquakes; I don' t know. Andi.nl

$
2 15 in any event, implicit in your arriving at a conclusion that
5

.- 16 this, for example, is 20 times worse than the two loopers (?) youis
r.d

g 17 mentioned, is that they're -- these others things that are not
#
15 18 included, like seismic and sabotage and so forth, in fact, aren't
5

19 c. contributing factor that's bigger than your one times ten to
R

20 the minus five.

21 DR. BERNERO: roah, we -- they aren't dealt with. We

22 don't know what they are.,

23 DR. OKRENT: Well, now, I agree that in what you wrote
|

,

24 you had this big no on every page which tended to make it lose a
! ) t-

25| little bit of its significance at the end, that there are large
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JO-15 1 uncertainties in the absolute values. But I didn't find in this

(]) 2 a statement of -- let's say , summarizing the kinds of points I

3 j us t made, saying there could be some systematic omissions that

{}) 4 in fact change the relative ranking on your page 27, making it

e 5 in fact not nearly what it is. It could make them all right.
5
3 6 And it seems to me if you were advising the Commissioners ite
R
R 7 would have appropriate at least to almrt them to the fact that

A
j 8 that could be the case. And I don't find that in this document.
d
d 9 DR. BERNERO: Your point is well taken. In general,
i

h 10 we do say, in explanations to the commission, in follow-up to
3
g 11 receipt of the document, we have explained that if you reduce
k
6 12 down to the level where Indian Point is, or appears to be, you3
! 13 are probably in the range where these other things are signifi-r'T

V @
E 14 cant,. we don' t know enough about it to say.W
$
2 15 I would like to go back and emphasize, though, that
#
g 16 table which ranks probability of core melt is not an index of
e-

g 17 risk. That's an index of core melt probability. The risk curve
$

{ 18 is the better -- I thought you were comparing them,
e

19 But your point, I accept that, that that is irrect: it
X

20 would have been better if we'd said it right in the report.

21 DR. KE RR - He understood you immediately. I'm not sure j

22 I quite did. What you're saying is, he may have lef t some things7~
(./

23 out.

124 DR. BERNERO: Seismic risks , for example. i,-
()

25| DR. OKRENT: Or sabotage. He's listed a group of things
,

l
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JO-16 1 and Indian Point has ended up being the lowest probability of
,m
t ,) 2 severe core damage on this table. And all I was saying is, this

3 is based on an incomplete set of sequences and you could well

() 4 have some other sequences that lead to a larger risk. And I

e 5 indicated earlier --

h
j 6 DR. KERR: What do you mean by "well have"?
R
& 7 DR. OKRENT: Well, I think the SSE, for example, is
n
g a probably a one-in-a-thousand at Indian Point, I'd guess.
O
d 9 (Several speak at once)
i

h 10 DR. KERR: That's designed to withstand an SSE.

E
E 11 DR. OKRENT: Yeah, right. Righ t. But let me finish,
$
j 12 let me finish the thought.

'

(]} 13 If the SSE is about a one-in-a-thousand -- I'm pulling

| 14 a number out of the air -- then I'll assume roughly twice the
$
2 15 SSE, maybe about a one-in-ten-thousand. I don' t have a very high
#
j 16 degree of confidence now, or any basis for it, that at twice the
w

g 17 6 E, for this plant, which is, in fact, a really old plant, that
#
M 18 everything you'd need for safe shutdown, heat removal, will be
P"

19 there .
R

20 So -- but, if, in fact, at twice -- using my crude

21 numbers, I can get a number from that one source which is larger

n 22 than the one times ten to the minus five.
V

23 , DR. KERR: That would be the same for all plants.

24 DR. OKRENT: And it might be the same for many plantsg3
\_/

25 and tend to be an equalizer.

ALDERSON REPORTING COMPANY, INC.
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10-17 1 DR. BERNERO: Or it might be quite different. Or it

() 2 might move Indian Point to the top of the risk heap.

3 DR. SIESS: But even if it just makes all plants the

() 4 same, instead of the seismic, which is site-related, you could

e 5 postulate sabotage -- about which we know nothing -- and say that
U

$ 6 that was one order of magnitude more probable. Then all plants
R
& 7 are alike. And then the only differences are the sites.
3
| 8 DR. OKRENT: Or the mitigating features.
d
d 9 DR. SIESS: Or the mitigating features,
i

h 10 DR. CKRENT: In that case the containment difference
E
g 11 might be significant. I was looking in this -- again, I'm just
3

g 12 trying to say, in the same way that I was urging quality assur-
5

{} ance on the representative from the group of utilities, I think13

| 14 it behooves the NRC staff no less -- in fact, all the more -- to
$
2 15 be careful that they have properly qualified what their -- they
#
*

16g may still have a certain conclusion, but I think it behooves
w

6 17 them to do this, and especially if they're advising the Commis-
$
{ 18 sioners. And I t! ink --

k
19 DR. KERR:

R
They weren' t advising them.

20 DR. OKRENT: They weren' t advising them. But this

21 can't help being advice.

g- 22 , DR. SIESS: Well, they can confuse them better.
V

23 DR. OKRENT: Well. And, you know, I guess I've indi-
,

24 cated, I would be reluctan't to guess that there was this factores
I 1
s_/ ,

25i of 20 between those two plants without looking at these other
.

f
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.70-18 1 contributo rs . It may be there, but at the moment I would be

f] 2 unwilling to say I have a basis for assuming it.
i3 Now, if you had one of the plants where you have a

Q 4 good reason to think, gee, this is a one-in-a-hundred thing,
e 5 clearly stands out at the high end, then, you know, that's un-
h
j 6 equivocal, that's different. But when you get down to the low
R
R 7 end, I think you run into this kind of problem.
3
[ 8 DR. KERR: Have you finished?
U
d 9 DR. BERNERO: Yes.

b
g 10 DR. KERR: Other questions?
$
g 11 Thank you, sir.
is

{ 12 I am now going to relieve the reporter of further
13 responsibility. And I'm going to take about five minutes for a

| 14 stretch, before we listen to Mr. Gill (?).|ND

? APE 13 y
2 15 (Thereupon, at 7:18 p.m., the reported part of the#
j 16 meeting ended.)
as

6 17

: '

N 18
_

h
19

R

20

21

22
| p&;

: 23 ,
i i

l i

(v) 24|I,

|

| II

,
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TABLE 1

WASil-1'100 Sil0RLIERM STUDY

SYSTEM UNRELIABILITY

ESTIMATES
-

FOR DOMINANT ACCIDEliT

SEQUENCES

ACCIDENT SEQUEL 1CE CRAC CALCULATIONS CUMULATIVE RISK

- C0llTAIHMENT FOR CONSEQUENCES PLOTS FOR
- MODES ASSIGNED __ ESTIMATES INDIAH POINT_

F.P. RELEASE AND ZIO;I

CATEGORY

CONTAINMENT FAILURE

MODE PROBABILITY
-

ESTIMATES
1

\

INPUTS INPUTS INPUTS

1) INDIAN P0lN1 AND ZI0tt 1) WASil-1400 & PWR 1) IrlDIAN POINT & ZION
SYSTEMS DESIGr4 ICE CONDENSER METEORLOGICAL DEMO-

2) WASil-1400 & PWR ICE EVALUATI0 tis GRAPillC DATA
CONDENSER EVALUATIONS 2) WASil-1400

__ - - _____-_-- ________-



- ._ ___ - . , - - m

O .O O O O

UTILIZATION OF WASH-1400 IN Z/IP MINI-STUDY

GENERAL

*
- METil0D0 LOGY

- STARTED WITH WASH-1400 LIST OF DOMINANT SEQUENCES

ACCIDENT SEQUENCE PROBABILITIES

- INITIATING EV'NTS, USED SAME PIPE BREAK PROBABILITIES

- GENERALLY UTILIZED WASH-1400 COMPONENT FAILURE DATA BASE

CONTAINMENT FAILURE MODES AND PROBABILITIES
,

! - UTILIZED Tile 5 WASil-1400 FAILURE MODES
.

- UTILIZED ISOLATION FAILURE AND MELT-THRU FAILURE PROBABILITY VALUES

;

4

.
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O O O O O
,

UTILIZATION OF WASH-1400 IN Z/IP MINI-STUDY

FISSION PRODUCT SOURCE TERM

- UTILIZED CORE INV'NTORIESt

- UTILIZED SPRAY WASHOUT ASSUMPTIONS

- UTILIZED CONTAIHMENT RELEASE ASSUMPTIONS

- UTILIZED SAME 7 FISSION PRODUCT RELEASE CATEGORIES

CONSEQUENCE CALCULATIONS

- UTILIZED CRAC CODE

- UTILIZED WASH-1400 EVACUATION MODEL
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ACCIDENT SEQUENCE IDENTIFICATION:g
!
i.

!
!-

j. e STARTING POINT
i

WASH-1400, APPENDIX 5, TABLE 3-14
r

CUT 0FF PROBABILITY OF 1 X-10-6 / YEAR
:,

i
*

i
-

i e .. SEQUENCES ADDED~
,

AHF .
,

|- |
S HF |! 1

| !
|

I S HF - |2.h'
t +

i

{ e SEQUENCES DELETED

SgC

: TML' i

i. .
-

TKQ~ ,
'

i

.TKQM - !
,

(

*

i
|
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.

ACCIDENT SEQUENCE SUMMARY

SEQUENCE INITIATING EVENT FAILED FUNCTIONS-

AD LARGE LOCA (A) ECCS INJECTION (D)

AH LARGE LOCA-(A) ECCS RECIRCULATION (H)
.

AHF LARGE LOCA (A) ECCS RECIRCULATION (H) + SPRAY RECIRCULATION (F)

SD INTERMEDIATE LOCA (S1) ECCS INJECTION (D)j.

S il INTERMEDIATE LOCA (Sj) . ECCS RECIRCULATION (H)j

SjHF' INTERMEDIATE LOCA (Sj) ECCS RECIRCULATION (H) + SPRAY RECIRCULATION (F)

SD SMALL LOCA (S ) ECCS INJECTION (D)2 2

S il SMALL LOCA.(S ) ECCS RECIRCULATION (H).2 2

S HF SMALL LOCA (S ) ECCS RECIRCULATION (H) + SPRAY RECIRCULATION (F)2 2

V INTERFACING CHECK VALVE FAILURE (V) |
TMLBB' TRANSIENT LOSS OF 0FFSITE POWER (T) ONSITE AC POWER + AUXILIARY FEEDWATER + LONG-

TERM NON RECOVERY OF POWER

TMLBB" TRANSIENT LOSS OF 0FFSITE POWER (T) ONSITE AC POWER + AUXILIARY FEEDWATER + |
'

REC 0VERY OF SOME POWER

- --- --
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O O O O O
SUMMARY OF WASH-1400 DIFFERENCES

I

1. CONTAINMENT FAILURE FROM STEAM EXPLOSION

e REDUCED BY 10 FOR "A" SEQUENCES

REDUCED BY.100 FOR "S ", "S ", "TMLB" SEQUENCESe g 2

2. OPERATOR ERROR PROBABILITIES

e ELIMINATE FAILURE TO SilIFT TO 110T LEG RECIRCULATION

e REDUCE INJECTION-TO-RECIRCULATION ERROR PROBABILITY BY 10
'

FOR S liF AND S HFi 2

,
3. INTERFACING CllECK VALVE CALCULATION

&

; 4. LOSS OF 0FFSITE POWER PROBABILITY (ZION)
*

5. CONTAINMENT OVERPRESSURE FAILURE PROBABILITY

e USED 0.1 FOR ALL SEQUENCES EXCEPT TMLB
.

6. DIESEL-GENERATOR COMMON MODE FAILURE

! e REDUCED PROBABILITY BY 100

.
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)
COMPARISON OF CHECK VALVE FEATURES

I I

PLANT FEATURE ZION IP-2 IP-3 WASH-1400

CHECK VALVE TEST CONNECTIONS
PROVIDED? YES YES YES NO

PERIODIC TEST INTERVAL NOT 15 M0S. 9 M0S.
___

DONE(*) (*) (*)

LOW PRESSURE SYSTEM PIPING
INSIDE CONTAINMENT? N0 YES YES NO

CHECK VALVES ISOLATED BY
NORMALLY CLOSED VALVE? N0 YES NO NO

NUMBER OF PATHS TO LOW PRESSURE
PIPING ISOLATED BY CHECK VALVES 4 4 4 3

i
NUMBER OF CHECK VALVES '

IN EACH PATH 3 2 2 2

(*) TESTING IS PRESENTLY PERFORMED AT EACH RCS PRESSURIZATION.

nv

|

1,
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O COMPARISON OF ACCIDENT

SEQUENCE PROBABILITIES

O

PROBABILITY (PER YEAR)
SEQUENCE

ZION IP-2 IP-3 WASH-1400

AD 5 X 10-7 6 X 10-7 5 X 10-7 2 X 10-6

AH 2 X 10-8 1 X 10-7 2 X 10-9 1 X 10-6,

AHF 4 X 10-7 3 X 10-7 3 X 10-7 1 X 10-10

S0 5 X 10-7 2 X 10-6 1 X 10-6 3 X 10 -6
1

SH 1 X 10-6 1 X 10-6 1 X 10-6 3 X 10-61

S HF 5 X 10-7 1 X 10-7 1 X 10-7 4 X 10-101

S0 5 X 10" 5 X 10-6 4 X 10 9 X 10-6
-6

2

SH 4 X 10-6 4 X 10-6 4 X 10-6 6 X 10-62

S HF 2 X 10-6 4 X 10-7 4 X 10-7 1 X 10-92

S2C N/A N/A N/A 2 X 10-6

V 7 X 10-8 3 X 10-10 5 X 10-3 4 X 10-6

TMLBB' 1 X 10-8 8 X 10-9 8 X 10-9 3 X 10-6

TMLBB" 1 X 10-8 8 X 10-9 8 X 10-9 3 X 10-6
! O

i

.,
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.

O O O O O

CONTAINMENT FAILURE MODES
.

FAILURE MODE THIS STUDY WASH-1400

IN-VESSEL STEAM ~ ' , LARGE BREAKS 10-2]O

-4
EXPLOSION (ALPHA) 10 , SMALL BREAKS & TRANSIENTS

-3FAILURE OF CONTAINMENT 2 x 10 2 x 10-3

ISOLATION (BETA)

OVERPRESSURE FAILURE 0.1 0.1 TO 0.2 FOR NO SPRAY CASES

(GAMMA + DELTA) 0.8 FOR TMLB' O.8 FOR TMLB
-2

( 10 OTHER CASES

1

MELT TilRU (EPSILON) CASE 1: RESIDUAL ASSUMING RESIDUAL ASSUMING

TOTAL FAILURE TOTAL FAILURE

PROBABILITY OF 1.0 PROBABILITY OF 1.0

CASE 2: 10-

:

,

- - - - - . - - - - - - - - - - - - . _ - _ . - _ - - -
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CATEGORIZATION OF SEQUENCES INTO RELEASE CATEGORIES
*

1a lb 2 3 5 6 7

STEAM EXPLOSION + NO SPRAY
OVERPRESSURE STEAM EXPLO. OVERPRESSURE MELT-TilRU MELT-THRU i

LOW PRESSURE HIGH PRESSURE NO SPRAY WITil SPRAY WITH SPRAY. NO SPRAY WITH SPRAY

AHF SjHF AHF AD AD MlF AD

S IIF S 11F AH AH S HF AH2 1 1

TMLBB'(IP) S IIf SD SjD S HF SjDI2 2

SD TMLBB'(IP)V SD SD22 2

TMLBB'(IP) S il Sjtl SjHj

SH SH SH2; 2 2
e

TMLBB'(ZION) TM.BB'(ZION) TMLBB' (ZI0ti)
- TNLBB" TMLBB" TMLBB"

1

u
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.

O

g) SUMMARY OF PROBABILITY ESTIMATES FOR INDIAN POINT UNIT 3 (CASE 1)
s.

l

Release
Category

1 2 3 4 5 6 7

AD 5.4(-10)d 4,9(_ 7)e

AH 1. 6 (-12 )0( 4-
,

1.4(- 9)4-
~

AHF 3.0(-10)c( 3.0:- 8)T 9.0(-10)[3 2.7(- 7)6

2.8Sn 1.4(-10)o( 1.3(- 6) 6
7 ,

I I SH 1.2(-10)0( |2.0(-9M 1.1(- 6)6j
1.2(-7)U

S)HF 1.1(-11)c( 1.1(-8)Y 1.8(-10)f '1.0(- 7)d

5D 3. 6(-10)D( {9 3.2(- 6) e2

SH 4.0(-10Q | ,- f2 3.6(- 6) 6

S HF 3. 6(-11 )o( 3.6(-8)7 6.0(-10p 3.2(- 7)2

V 5.2(- 8) I

j TMLBB" 8.0(-13)c( 1. A(- 9)T 6.1(- 9) &

TMLBB' 8.0(-13)4 1.9(- 9)T 1.6(- 9)6
| 4.5(- 9)4 !-

-

|
FY 3.3(-10) 1.4(- 7) 1.6(- 9) 1.1(- 6) 6.9(- 7) 9.7(- 6)o
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O O O O O
.

SUMMARY OF RELEASE CATEGORY

PROBABILITY ESTIMATES (FOR CASE 1).

RELEASE CATEGORY
1 2 3 4 5 6 7

PLANT

INDIAN POINT - 2 3.5(-10) 8.5(-8) 1.9(-9) 1.3(-6) 7.0(-7) 1.l(-5)-

INDIAN POINT - 3 3.5(-10) 1.4(-7) 1.6(-9) - 1.l(-6) 6.9(-7) 9.7(-6)

ZION 6.4(-10) 3.2(-7) 1.2(-9) 6.8(-7) 2.2(-6) 6.1(-6)-

WASil-1400 PWR 2.8(-8) 4.6(-6) 2.3(-6) - 3.8(-8) 1.4(-7) 2.9(-5)

.
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O PRINCIPAL DESIGN DIFFERENCES
IMPORTANT IN THE DOMINANT SEQUENCES

*
.

O -

PLANT APPLICABILITY
DESIGN

Ah[00FEATURE ZION IP-2 IP-3'

DIESEL SPRAY PUMP X

CONTAINMENT FAN COOLERS X X X

i

PARALLEL LOW PRESSURE
RECIRC. SUBSYSTEMS X X

O THREE VS TWO DIESELS X X X

GAS TURBINES X X

CHECK VALVE
TEST CONNECTIONS X X X

CTMT. SPRAY RECIRC.
,

SEPARATE FROM ECCS RECIRC. X

-

O

. . _ - -
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SUMMARY OF MAN-REM CONSEQUENCE
AND RISK RESULTS DY RELEASE CATEGORY

.

.

la Ib 2 3 5 6 7 TOTAL

"f CONSEQUENCE PER
t EVENT 4.8(7) 2.1(7) 2.9(7) 3.0(7) 2.9(6) 2.7(5) 4.4(3)
E

f RISK PER YEAR 1.4(-2) 1.1(-3) 2.5 5.7(-2) 3.8 1.9(-1) 4.8(-2) 6.5

9
CONSEQUENCE PER

k EVENT 4.8(7) 2.1(7) 2.9(7) 3.0(7) 2.9(6) 2.7(5) 4.4(3)
E

'1 4.8(-2) 3.2 1.9(-1) 4.3(-2) 7.5RISK PER YEAR 1.4(-2) 1.0(-3) +.

CONSEQUENCE PER
EVENT 1.8(7) 1.2(7) 1.6(7) 1.9(7) 2.6(6) 3.2(5) 5.9(3)g

R
RISK PER YEAR 7.7(-3) 2.5(-3) 5.1 2.3(-2) 1.8 0.7 3.6(-2) 7.6

8 C0 EQUENCE PER 2.8(6) 3.1(6) 1.4(6) 7.0(4) 7.5(3) 1.3(2)
'?

RISK PER YEAR 7.8(-2) 1.4(1) 3.2 2.7(-3) 1.1(-3) 3.8(-3) 17.3

i
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SUMMARY

IMPORTANT CONTRIBUTORS TO RISK FOR INDIAN POINT & ZION

'

TYPE OF SEQUENCE - CONTAINMEN' REPRESENTATIVE
FAILURE MODE CONTRIBUTION

, SEQUENCES

i MAJOR e CONTAINMENT OVERPI(ESSURE FAILURE WITil0UT ~eYS. FAILURE AllF-GAMMA
RESULTING FROM PRESSURE SPIKES (IlYDR0 GEN ' ...1 OR RAPID SjHF-GAMMA.

STEAMGENERATION)

INTERMEDIATE e CONTAINMENT OVERPESSURE FAILURES WITH SPRAYS AH-GAMMA
INTERFACING CllECK VALUE FAILURES (PERilAPF,) AD-GAMMAe

TMLB' WITil OVERPRESSURE FAILURE (PEP.!!AP5) S1 -GAMMADe
,

S D-GAMMA2
V(?)
TMLB(?)

MINOR e INTERFACING CilECK VALVE FAILURES (PERilAPS) V(?)
e TMLB' WITil 0VERPRESSURE FAILURE (PERilAPS) TMLB(?)
e ALL STEAM EXPLOSION SEQUENCES AD-ALPilA
e ALL CONTAINMENT ISOLATION FAILURE AD-BETA

!
,

a

i

1
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O

{([) SUGGESTED SEQUENCES jI-

FORt

DESIGN
.

i

LARGE BREAK AD OR AHF i

.

*

|
j SMALL BREAK S D OR S Dj 2

S)H OR S)HF>

TRANSIENTS e SMALL CONTRIBUTOR TO RISK

e CONTINUE TO EVALUATE IN DESIGN STUDIES

j. A
U WHILE LOW RISK ESTIMATE IS CONFIRMED

,

1

l

1

!

! l

!

|
l
|

|

JC )

o
. ._ _ . ._. . , ._ ,__ _ - .- __ . , . . - . _ . . . _ _ _ . , __,_._.___._ ..._. .___.,__.



. _ _ - . - . -
.

O O O O O.

'

Presentation

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
SUBCOMMITTEE ON CLASS 9 ACCIDENTS

Los Angeles, California
July 2,1980

.

.

Prepared by
PICKARD, LOWE AND GARHICK, INC.

!

Irvine, California

: )
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ZIONilNDIAN POINT
PROBABILISTIC RISK ASSESSMENT

.

e STATEMENT OF PURPOSE

e CONCE.PT OF RISK

,

e METHODOLOGY

e PROGRESS AND SCHEDULE

.

Pickard, Lowe and Garrick, Inc.

_ _ _ _ _ _ __ _ ,__ _ _ _
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ZION /lNDIAN POINT PROBABILISTIC
RISK ASSESSMENT

.

PURPOSE

e QUANTIFICATION OF RISK

- HEALTH AND SAFETY
.

- PROPERTY DAMAGE

QUANTITATIVE BASIS FOR EVALUATING THE IMPACTe

ON RISK OF

- PLANT MODIFICATIONS

- EMERGENCY PLANNING '

. TRAINING

- ANALYSIS

- OPERATIONS AND MAINTENANCE
i

Pickard, Lowe and Garrick, Inc.

_ - - _ - - - _ _ - _ - _ - - - _ _ - - - _ _ _ _ --
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ANSWER TO:

(1) WHAT CAN HAPPEN?

(WHAT CAN GO WRONG?)

.,

(2) HOW LIKELY IS IT?
| (WHAT IS ITS FREQUENCY?)

i'

(3) WHAT ARE THE CONSEQUENCES?
'

(WHAT IS THE DAMAGE?)

,

'l

!

Pickard, Lowe and Garrick, Inc.

. - _ _ - - - . ._ _ - _ _ _ - _ - - _ _ _ _ _ _ -
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FORMAT OF THE ANSWER:,

(1) TABULAR:

SCENARIO FREQUENCY DAMAGE

s1 <>1 X1

s2 ()2 X2
(3) GRAPHICAL:

4 . . .

. . .

$ (X). * *

)N XNsN (

x |
(2) ANALYTIC: l

R < si,(>i, Xi >=
. .

;

.

Pickard, Lowe and Garrick, Inc.
.,

--- _ _ _ _
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O O O O O
INCLUDE UNCERTAINTY

R < si, pi (oi), qi (xi) >=.

.

P

$
!

!
!
!

'

I

X

Pickard, Lowe and Garrick, Inc.

- _ _ - - _ _ _ _ - - - _ . - __ __ ___. ___- _
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'

O O O O O

INCLUDE "OTHER" CATEGORY

SCENARIO FREQUENCY DAMAGE
s1 oi X1

. . .

. . .

. . .

sN oN XN

(OTHER) sN + 1 oN+1 XN + 1

LIST IS NOW LOGICALLY COMPLETE

Pickard, Lowe and Garrick, Inc.
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STRUCTURING THE SCENARIO LIST

BASIC PINCH POINT

COMPUTE PUTE
PROBABILITIES AND p

PROBABILITIES
MAGNITUDES RELEASE AND DAMAGES

11| '

FOR EACFI p < sj, f (jlpg), Xj >< si, $;, p; >

)

RISK CURVE
AGAINST
RELEASE <b F CONDITIONAL

RISK CURVECATEGORY

\.
P } *

COMPOUND |< si j' @i j Xj > SCENARIOS

<!' FINAL !

RISK CURVE |

\
-

Pickard, Lowe and Garrick, Inc.

- - - - _ - - _ _ _ _ _ _ ._ _ _ _ . . . _ __ .- __
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ZION / INDIAN POINT MASTER LOGIC

,

DIAGRAM
EXCESSIVE
OFFSITE
RELEASE

O
AND

Y
I I

CONTAINMENT
"DA 1 AGE

I
i I - MISSILE PENETRATION

RAPID ~

INSUFFICIENT
POWE R - MELT-TilROUGilOOUNGRISE - LEAKAGE

I

-- ROD EJECTION Loss Op
- RAPID DILUTION PRIMARY
- COLD WATER ADDITION COOLANT VO L
- OTilER

I l_

OVERPRESSURE
LOCA (RELIEFS AND

SAFETIES LIFT)
1

- LARGE LARGE I I
|- LARGE INS PRIMARY EXCESSIVE PRIMARY

- MEDIUM llEAT llEAT REMOVAL
- SMALL REMOVAL (OVERSilOOT ON

"- PRIMARY POWER EXCURSION
- PRIMARY LOSS OF FLOW
- SECOND ARY LOSS OF - PRIMARY CORE POWER DECREASE

F E EDWAT ER '~- SECONDARY EXCESSIVE STEAM
- SECONDARY TOSS OF STEAM FLOW F LOW

- SECON7ARY 1.OSS OF MAIN - OTilER

CIRCUI ATING WATERS
- OTHER

1

Pickard, Lowe and Garrick, Inc.

____ _ ___ ________- -_-_____ _-__ ___- -__ - - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . . _ _ _ _
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STRUCTURING SCENARIOS - MODELS |

SYSTEM MODEL
;

I
- COMPONENT FAILURE MODE TO SYSTEM Ft ',URE

PLANT MODEL

- INITIATING EVENT TO SYSTEM AND HUMAN
INTERACTION TO FUEL DAMAGE !

,

CONTAINMENT MODEL
I

- FUEL DAMAGE TO CONTAINMENT RELEASE
:

ATMOSPHERIC DISPERSION AND HEALTH EFFECTS
MODEL

- CONTAINMENT RELEASE, WEATHER SCENARIOS,
HEALTH EFFECTS, AND PROPERTY DAMAGE

'

Pickard, Lowe and Garrick, Inc.

- _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ - _ _ - _ _ _ . - - _ -___ __- - --
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O O O O O

STRUCTURING SCENARIOS

INITI^T NGPLANT LEVEL 3 3
EN 1 2 *** S CONTAINMENT PLANT STATEn

,

*
. ... ;

1
.

.
' *'r 1r _...

~

N N

SYSTEM LEVEL S S2j

(LO IC) (LOGIC)
*** ***COMPONENT |'

LEVEL _ _ _ _ _ _

C Cjj 12 C C21 22 C21n

CAUSE LEVEL LIST OF 5 CAUSES LIST OF 5 CAUSESj 2
I

|

LIST OF CAUSES COMMON TO S AND 5j 2 (Sj AND lE'S)

:
.

Pickard, Lowe and Garrick, Inc.

|

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - . - _ _ _ - - - _ _ - _
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STRUCTURING THE SCENARIO LIST

EVENT TREE DIAGRAM

lE A B C *** ***

Po
P 2
Pg...

P
4

. .

. *

. *

P o

P o

P 5

Pickard, Lowe and Garrick, Inc.

_ _ _ _ _ _ _ _ _ - - _ _ _ _ _ - _ - ______ _
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STRUCTURING THE SCENARIO LIST

SCENARIOS INCLUDING SYSTEM FAILURE MODES

lE A B C F N- -

= ; = ;
r ,

,

< ,,

h " SYSTEM F FAILURE
CAUSES" FOR

''

-- -

h"CAUSES" FOR -< -

SYSTEM B FAILURE -
_4 ,_

y

b
'

" COMMON" '

| CAUSESs
l ' '

- ,

EACH COMBINATION, BJ F,K,

| IS A SCENARIO- -

,

.

-.

Pickard, Lowe and Garrick, Inc.
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FORM OF A SYSTEM ANALYSIS

1. SYSTEM LOGIC

(1) BLOCK DIAGRAM
'

i

...

i

(2) FAULT TREE

@
Q 0

' '

: *

.

(3) FAILURE SETS (CUTSETS)
(A, B) (H, K, M) . . .

II. CAUSE LIST

CAUSE
OR CAUSE SET FREQUENCY RESPONSE RESULTS

. . . .

. . . .

. . . .

Pickard, Lowe and Garrick, Inc.

_-
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CAUSE TABLE
SYSTEM:

RESULTS
COMPO. OTHER

CAUSE p RESPONSE iv NENTS SYSTEM SYSTEMS IE

CRFs
:

T&M
+

CRFs
>

HUMAN
ERRORS

,

DESIGN
ERRORS

,

ENVIRON-
MENTAL
FACTORS

:

HE
+

EFs
.

.

.

.

oo

Pickard, Lowe and Garrick, Inc.

2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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.

CAUSE TABLE
LOW PRESSURE INJECTION SYSTEM

SYSTEf1 EFFECTS OF PIPE FAILURE

POTENTIAL INITIATING
SYST EM FOR OTHER EVENT

PIPE SECTION DIAMETER FAILURE SYSTEM IMPACT (LOCA) COMMENTS

SI006 YES - COMMON NO NO,,

(SUCTION, RWST) SUCTION LINE

RH007 " '' ^ ' "*10"
(DISCilARGE PUMP A) CROSSOVER CS THE CONTROL ROOM

Ril008 YES, THROUG H YES-CVCS, SI, NO CAN BE ISOLATED FROM
3 g.,

(DISCilARGE PUMP B) CROSSOVER CS THE CONTROL ROOM

HH010 YES YES-CVCS, SI, NO CAN BE ISOLATED FROMg ,,
(CROSSOVER) CS THE CO!, TROL ROOM

'S1004 " -
'*10"

(SUPPLY TO Si, TRAIN A) CROSSOVER CS

4

S1005 " ~
' '*'10"

SUPPLY TO CVCS, TRAIN B CROSSOVER CS

Sl129 THROUGH NO YES - St NO
2,,

Sl131 (SINGLE
INJECTION

'

LINE ONLY)

S1123,124,125,127 ~ - ^
8"

(SINGLE LOCA
INJECTION
LINE ONLY)

Pickard, Lowe and Garrick, Inc. !

I
1

9



- - - - - - - - - - - - - - - - - .. .. . ----- - -. ..

O O O O O

EXPLANT CONSEQUENCE SCENARIOS
.

WEATHER
DATA

"
!

,

RELEASE ATMOSPHERICj *STATES DISPERSION

v
i

HEALTHCLOUD -> DOSIMETRY ->
DEPLETION EFFECTS

+v

GROUND PROPERTY-> "OPULATION ;>
CONTAMINATION DAMAGE

'

AL

EVACUATION

l

Pickard, Lowe and Garrick, Inc.
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.

DATA HANDLING
1) FOCUS ON:

SPECIFIC EQUIPMENT / FAILURE MODE m (OR IE)

2) DESIRE:

i

Am (a) FAILURE RATE
OR OCCURRENCE FREQUENCY - '

3) AVAILABLE IN FORM AT!ON:

(i) BASIC KNOWLEDGE
ENGINEE, RING, DESIGN, MANUFACTU.riE
T&M PRACTICE, GEOLOGY, ETC.

(ii) HISTORY OF SPECIFIC EQUIPMENT (PLANT SPECIFIC)

N LJ

(iii) HISTORY OF SIMILAR EQUIPMENT

4) COMBINE INFORM.ATION (i), (ii), (iii)

BAYES' TH EOREM
.

_p(E I A)_p(A 1 E) p(A)=
;

_
p(E) ,

Pickard, Lowe and Garrick, lac.

._____ _ ___________-_-__ --__ _____ ________ --_ - - - _ - _ ____________ _ ____
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MODELS FOR DATA HANDLING (1)

MODEL 1: UNIFORM POPULATION / NO AGING
n

prior
p ster,orp(A) + < k, n > i> BT >

,

A A

MODEL 11: VARIABLE POPULATION I NO AGING
1

p(A) prior + < km, nm>
'

>
4(3)

A Am

p(3) poster.ior.

)j
Am

MODEL 111: VARIABLE POPULATION WITH AGING

' P-+< km(t), nm (t) >-+ -+
3

A Y
t

a a

Pickard, Lowe and Garrick, Inc.

_ ____________________ _ _ - - _ _ _ -
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O O O O O

MODELS FOR DATA HANDLING (2)

MODEL llA:

GIVEN4(A) (FROM MEASUREMENT WASH-1400, ETC.)

iv10 DEL llB: " '

USE ACTUAL EXPERIENCE DATA: l' "I

(FROM NUREG, NPRDS, ETC.) <k , n2>2< -,

:
.

N 4

e m

<k , n1>1

> I BT l > 4(A)
< -

! U
. .

A

MODELS lilA, B ANALOGOUS

Pickard, Lowe and Garrick, Inc.

.
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O. O O O O
FREQUENCY OF TURBINE TRIPS

1.4

3

1.2 -

E
i

H

h POPULA FION VARIABILITY CURVE FOR ALL PWRs (INCLUDES DATA$
a 1.0 - 7

OF ZION 1 AND 2 AND INDIAN POINT 2 AND 3)E -

h POSTERIOR CURVE FOR ZION NO.1 (7 TRIPS IN 6 YEARS)
'- I

$ h POSTERIOtt CURVE FOR ZION NO. 2 (3 TRIPS IN 6 YEARS)
f0e - h POSTERIOR CURVE FOR INDIAN POINT NO. 3 (2 TRIPS iN 3 YEARS)

h POSTERIOR CURVE FOR INDIAN POINT NO. 2 (14 TRIPS IN 6 YEARS)
k (PLANT SPECIFIC DATA AS OF 6/1980)
8 (GENERIC DATA FROM EPR! NP-801, TABLE B-34)

*

cc
E 0.6 -

t @
E
E

<> ,

t- 0.4 -

a

'8
E

0.2

ai l -- ' i I |-~ '

0 2 4 6 8 10 12 14 16

A (TRIPS / PLANT-YEAR)

Picka-1, Lowe and Garrick, Inc.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ -_- ________-. _
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STATF OF KNOWLEDGE CURVES FOR STANDBY PUMPS
MOTOR DRIVEN, FAILS TO START

1.8 p

s
w
0 1.6 - ALL PWRs
y E - 10 FAILURES IN 14.567 TRI ALS

UNIFORM PRIOR, UNIFORM POPULATION MODELg
g 1.4 -

:!
POPULATION VARIABILITY CURVE FOR PWRs

,

e
5

1.0 1

? -

a
E O.8 -

I
8
s 0.6 -

Ei ,

d ZION POSTERIOR, USING POPULATION VARIABILITY AS PRIOR
O 0.4 -

N ZION 1 AND 2
2 E = 2 FAILURES IN 904 TRI ALS

$ 0.2 - O
p UNIFORM PRIOR, UNIFORM POPULATION (16 PUMPS)

8
g _-

k I I I I ' -

' '

0''
O 1 2 3 4 5 6 7 8 9 10 11

A, FAILURES PER DEMAND (X10-33

Pickard, Lowe and Garrick, Inc.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ - - - _ - - _ _ _ _ .
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EARTHQUAKE METHODOLOGY
(SIMILAR FOR OTHER EXTERNAL CAUSE)

1. PLANT MODEL: [#, S, J p,
'

IE A D N***
f

2. SYSTEM MODELS:

SYSTEM (OR IE) C, Js=
,

i

:

ETC.
' '

3. SEISMICITY:4

P

; (p < PI, ( | (A) > 1
,

| .A
'

i

Pickard, Lowe and Garrick, Inc.

i
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O O EARTHQUAKE ME9HODOLOGY i' CONT.9 O,

1.0

P'N
4. FRAGILITY:

(FOR COMPONENT C) F \ '

< Q , F (A) >,
' -s

A
1

I

5. ' SYSTEM (OR IE) FRAGILITY:
,

c s, , ,

. j (A)f-* /s, Ds, * Fj (A)F >

1

SYSTEM
DEPENDENCY A
RULES FOR SYSTEM S

Pickard, Lowe and Garrick, Inc,

e

______ _ _ _____ _ _ _ _ ____ _ ________ _ _ _ ______ _ _ ____ _
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PROGRESS AND SCHEDULE ZION / INDIAN
POINT PROBABILISTIC RISK ASSESSMENT

JUNE 1980
PERCENT PERCENT OF

SPECIFIC TASKS COMPLETE EFFORT

EVENT / FAULT TREES 92 30'

QUANTIFICATION 20 10

'l
INPLANT CONSEQUENCES 20 5

EXPLANT CONSEQUENCES 78 25 |
:

EXTERNAL CAUSES 35 15

l
REPORT PREPARATION 15 15

100

OVERALL ~58% COMPLETE

SCHEDULED COMPLEl;ON SEPTEMBER 1980

Pickard, Lowe and Garrick, Inc.

_ _ ___ _ __ _-_______ - ____ - _ _ _ - - _ - - . -_ _-_ __ _ _ _ - _ - - - - - - _ _ _ _ _ _ _ _ -
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'

IGPADED COE COOLING CALQJI.ATIONS

FOR1

TMI-2
|

!

i

.

1

O
.

D.L. BURMAN-

L. E. H00iEITER

S.E.JACOBS

J. E. 0010&T
:

D.F.PADDLEFORD .

S. L. SELL

H. C. YBi

O

O|

1

|
\

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

O
BEST ESTIMATE COE COOLING CALCULATIONS EE PGF0ffED FOR BE

PESIIEfT'S GlHISSION ON THREE MILE ISLthD CONSIDERING FOUR COEO
CONFIGUPATIONS:

8 C00lRLE COE WITH INTACT GEDETRY

e C00lRLE COE AS A WATER COOLED PARTICLE BED

8 C00l#LE COE AS A f0LTEN POOL

e C00l#LE COE AS A DEBRIS BED IN EE CONTAlifEiT

O

.

O

O
.

--



1 .

i

O

O

lliE INITIAL AND BOUNDARY CONDITIONS FOR THE CALCULATIONS WERE:

8 COE COVEED AT 100 MINJiES

8 BLOCK VALVE WAS OPEN, NEVER O_0 SED

9 RCSPUMPSOFF,NOSI

O 8 ET MAKE-UP FLOW OF 41 GPM

4 NO ACCLMJLATOR DISOMRE

.

O !

O i

$

_ . - _ .
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.

.

O

.-

O

HYDRAULIC CALCULATIONS WERE P8 FORMED R)R THE CORE TO OBTAIN BE

LO-PHASE FROTH EIGiT AND COE STEAMING PATE.

.

8 YEHVOIDMODELWASUSED

8 MAKE-UP RLHS EE ESTIMATED Ffm EPRI/NSAC REPORT

| 0 41 GPM OF COLD WATER WAS AVAILABLE TO CONDENSE SlF.AM

O
8 STEAMING FF0M THICK ETAL LOWER INTERNAL AND REACTOR

VESSEL WAS C0061DERED

O

O;

|
|

|

|
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O
C00URE COE WITH INTACT GEDETRY ASSl11PTIONS:

O
0 EST ESTIMATL ZIRC/ WATER EACTION

0 40% EER6( FREE INSIDE REACTION

U
O ELTING P0llifS OF 4900 F FOR UO AN 7,R022

0 RADIATIONTOSTEAM

8 EST ESTIMATE IMI DECAY CURVE

O
8 VOLATILE FISSION PRODUCTS ASSLED TO ESCAPE AS RJEL TBPERATURE

INCREASED

,O TMI-2 MEASURED AXIAL AND RADIAL POWERS WERE USED

O

O



_ .

.

O

O

COE HEAT-UP CONDITIONS WERE KRFORfD USING INPUT HYDPAULIC CONDITIONS:

RESULTS If0lCATED:

9 UPPER FOUR (4) FEET OF COE WOULD C&FLETELY EACT

0
t ZIRC/ WATER ENERGY COULD ELT THE CLAD (T >4900 F) AT THEc

,

I
TCP

O 9 FUEL / CIA GAP PREHf FUEL ELT (T = 4724 F)g

e LOWER ELEVAT1006 WOULD REACT SLOWER

|

0 BLOCKAGE DUE TO CLAD ELT WAS SYLL

1

O

O
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O

O
|
!

C00lAE CORE AS WATER COOLED PARTICE BED IN VESSEL
|

.

ASSifFTIONS:
i

1

0 NON-V0l.ATIE DECM HEAT AT 5 HOURS j

8 41 GPM I'AKE-UP AVAllRE

O .

9 HARDEE-NILSON CORRELATION APPLICABE

e LOWER PLENUM FILLED WITH WATER

.

!O
I

O
.
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| O
:

O
!
I

IN VESSEL PARTICLE BED CALCULATIONS INDICATE:

0 FOR JMi PARTICLE SIZE AM) A BED VOID FFACTION OF .3,

BED OiF WAS NOT LIMITING

8 BED C00 LABILITY WAS LIMITED BY TE MAKE UP FLOW,

141 GPM COULD COOL 20 IE OF EE BED

k 0,

.

O
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.

.

O-

.

!O
i C00LABE COE AS A MOLlBI POOL IN VESSEL.

1

: ASSlWfl06:
i
.I

8 NON-\0LATIE ECAY HEAT AT 5 HOURS
:

i

8 EACTOR \ESSEL CAVITY REMAI!S WATER FLOODED, WITH NO

STRUCTUPAL IlPEDIENTS TO WATER FLOW

O -

,

!

1

|

O

|O
'

. . - .. _ .. . . .. .
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Zr0 tru,, SS t

+2 (- 33- J.
,

U02 + Zr02U0 .

2 00
2

+ 33
,

a) Homogenized Melt , b) Layered Melt c) 0xides Miscible
.

O

t

! FIGURE 1 Possible Melt Configurations
!

1

i e

!
*

|

, 4
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FIGURE 2 Melt Heat Balance Relations

Ov
i

Iron
Vapor

O rnermai
.

Radiation

N W. / .

Solid Zr0 E7 * * e' ~ E .le" d ~"''' " 2677'c2
-

-

'Liquid Zr02

as g
Boiling Iron O x,0 \\

..

\ 2872*C\PyD 0 e

~

T

CuidU02

Oy .

I y 2850*C<

, ,

Solid UO 6' # ^'' ' '' # " > " " # '' " '- 1418'c
2 i

Vessel Steel j
I j,

, ,

Water Yq
v ,

.

=hT (Tpag) - 2872)| qT

A * q) + L*Q * (9 +9)y y

91=hy (Tpag) - 2850);

O a2 - (2x(2850 - 14i8)o,)'i2

DECAY " 9 ^T + 9 A,O T v

O
l

.



_ - - _ _ - - - - _ - - - _ - - - - - - - - - - - - - - -

.

O

O

IN VESSEL W LTEN POOL CALCULATIONS INDICATE:

0 FOR A HOTGENEDUS ELT THE ESSEL WALL WILL ELT TO #1

AVEPAGE 4,8 - INCH EIG01ESS, 2.4 - ING MINIltM, BUT

WOULD CARRY THE COE WEIGif

'

8 THE VESSEL SURFAE HEAT FLUXES AE BELOW SATURATED BOILING

OiF, BUS THE CDE IS C00LABLE IN BIS CONFIGUPATION

O .

O EXTERNAL VESSEL STRUCTURES WHICH TPAP STE#! LIMIT COE

COOLABILITY

t CONSIERING THE TMI VESSEL SUPPORT STRUCRlRE 10% OF THE

COE COULD E COOLED AS A mLTB1 POOL ;

;

O |
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O
.

~

O
C00LRLE COE AS A DEBRIS ED IN CONTAIRBiT ASSLWTIONS:

4 WATER FLOODED EACTOR VESSEL CAVITY

0 25 FEET OF WATER EAD

0 NON-VOLATILE DECAY POWER AT 5 HOURS

I

e CAVITY AREA 0F 200 SQUARE FEET |

O
I HARDEE-NILSON CORRELATION APPLICABLE

.

O

1
._
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PARTICLE BED AREA (FT )

10 100 1000
6
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EXESSEL COE DEBRIS BED CALCULATIONS INDICATE:

0 FOR PARTICES GEATER THAN PN COE IS C00LABLE AS A

DEBRISBEDWITHAVOIDFPACTIONOF0.35

0 FOR SMALIER PARTICES, LESS THAN ENTIE COE WULD E

C00lABLE

O

t

:

O

O -
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ON1USIONS

,

O TE EACTOR SYSW1 AS DESIGNED, PROVEDES FOR ALTERNATE

C00URE ECETRIES WITH A MINIlVI 0F EQJIRED ECC WATER

0 MAJOR COE IW%E IN TMI IS POSTULATED TO OC0JR AT THE TIE

TE BLOCK VALVE WAS cum)

Q 0 NO FLEL ELT WAS CALCULATED FOR TMI

i

.

s

O .

|

O |
.
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O
MITIGATION OF SMALL-BREAK LOCAS IN

O PRESSUP.IZED WATER REACTOR SYSTEMS )
(SUMMARY OF REPORT NSAC-2, MARCH 1980) )'

l

l

GARRY R. THOMAS

| NUCLEAR SAFETY ANALYSIS CENTER

|
- ELECTRIC POWER RESEARCH INSTITUTE

p>
PALO ALTO, CALIFORNIA -

PRESENTATION OF ACRS SUBCOMMITTEE MEETING

ON CLASS 9 ACCIDENTS i.

l

|

JULY 2, 1980 i
,

i !
!
!

l

O
*THREE MILE ISLAND UNIT 2 USED AS REFERENCE CASE

O
|

*

.. .-_ . . . .. , - .. --
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SMALL BREAK ACCIDENT MITIGATION

O
THEME:

O O PROVIDE PERSPECTIVE ON ABILITY TO MITIGATE

PROGRESS OF SMALL-BREAK LOCAS IN PWR SYSTEMS

e PROVIDE ASSURANCE THAT RESULTING IHREAT OF CONTAINMENT

BREACHING CAN BE GREATLY REDUCED OR ELIMINATED WITH

ACTIVE MITIGATING RESPONSES

OBJECTIVES:

0 DEFINE PRIMARY OBSERVABLES INDICATING SMALL-BREAK

LOCA

0 REVIEW PRIMARY AUTOMATIC AND OPERATOR-INITIATED
_

U RESPON.SES AVAILABLE FOR MITIGATING SMALL-BREAK

LOCA

4 DEMONSTRATE RESILIENCY OF SYSTEM WITH ENHANCED
MAN-MACHINE INTERFACES (E.G., SAFETY PANEL)

FOR MITIGATING SMALL-BREAK LOCA

0 PROVIDE REAL-IIME BASES FOR ASSJRANCE OF PR0eER

EMERGENCY PLANNING CAPABILITY

O

O 9%8
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SMALL-BREAK LOCA MITIGATIONO

O
ULTIMATE QUESTION 0F POSSIBLE CONTAINMENT DAMAGE DEPENDS

ON IWO PRIMARY FACTORS

e ASSURANCE THAT SMALL-BREAK LOCA CONDITION IS

RECOGNIZED AND APPROPRIATE AUTOMATIC ENGINEERED

SAFETY FEATURES ARE ACTIVATED AND/OR OPERATORS

APPROPRIATELY RESPONDj

e ASSURANCE THAT WATER AND SOME PUMPING SOURCE CAN

BE PROVIDED EVEN IN EVENT OF LOSS OF ALL NORMAL

AND INSTALLED BACKUP SUPPLIES

O

l
|

|
.

1

GRT/JS
O 7/2/80

O-

l

-
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O SMALL-BREAK LOCA MITIGATION |,

|

|
1

O OPERATING SPACE INVOLVES CONCEPT OF INTEGRATED USE OF:

e TIME AVAILABLE TO REACT |

. .

e OBSERVABLES THAT DEFINE SYSTEM STATE AND IRENDS
'

e OPTIONS AVAILABLE FOR COUNTERING ACCIDENT PROGRESSION

e MAGNITUDE OF RESPONSES REQUIRED FROM AVAILABLE OPTIONS

O -

-

,

O
.

O
GRT/JS

7/2/80

. - : , . _ . .
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LWR ACCIDENT OPERATING SPACE

Core melt without
sustained water cooling

_

Severely degraded C ^

core accidents _ _

E
z
E
*
n
n

Operating o
window e

2
m
E
2
S iw ,

l
f

Available
and/orimprovis bl 8a A.e Optio

ns for Mitigating A
ccident

1
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O .SMALL-BREAK LOCA MITIGATION

O DEVIATIONS FROM NORMAt SYSTEM PARAMETERS AND HEAT.

SINK CAPABILITIES DURING A SMALL-BREAK LOCA PROVIDE

ABUNDANT OBSERVALBE CONDITIONS (OBSERVABLES) INDICATING

BOTH CURRENT ACCIDENT STATE AND IRENDS
.

e SCOPE AND TIME SCALE OF THESE OBSERVABLES PERMIT RATIONAL

e SELECTION OF EFFECTIVE COUNTERMEASURES
.

e BASES FOR CONSERVATIVELY PROJECTING:

- POTENTIAL PUBLIC DANGER

- EMERGENCY PLANNING ACTIONS

'O
e SELECTION OF SET-POINTS FOR OBJECTIVELY DETERMINING

WHETHER OR WHICH PUBLIC ALARMS OR EMERGENCY RESPONSES

ARE NEEDED

.

GRT/JSO' 7/2/80

|0
~
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SCHEMATIC PWR SMALL-BREAK LOCA MITIGATION
#

increasing Time, heressing Damage

Decreasing Probability of Occurrence

TMse Regime: Eerty htermediate Long Term

Cologory' 1 2 3 4

Estabash coonng of
Tenhete core me

06/ectiver Prevent core d mage Terminate core demage core debris

|
Maintain containment hiegrity

: : :
i r ir i rir

Progressive responses based Progresolve responses based Progressive responses baseo Progresolve responses based

on current observables on current observables on current observablea on current observables

,

No automatic or operator No automatic or operator No automatic or operator
+ responses; inadequate + responses; inadequate + responses;inadequale

responses responses responses
__

i r i r i r ir

Commion rnnigeled
condition mitigated condition mitigated condition mitigated

" j C* ""8 h y '''Res * Controned cooling in progress Controned cooling in progress controned cooung in progress p

.

GRT o

7/3/80
9
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SUMMARY OF PWR SMALL 8 REAM LOCA OBSERVA8LES
FOR DIRECTING MITIGATION EFORTS

Increasing Damage Due to Smes-Break LOCA
'

Decreasing ProbatWity ci Occurrence

Time Regkne Eerfy Hermedlete Lose Long Term
WidelCondmon Wtist Core f.kwovereg Cbre (Jhconsfog Cbre Ademng Reecfor Vessef Fesure Core Dobrie Sohg Coofed

_

Cast p y 1 2 3 4

Obloc#ve Prevent Core Damage Terminate Core Damage Terminate Melting Estabneh Cooling of Core Debrie Maintain Containment in h
Rimary hxficefore of Mcreeshg 1. Ppt;pressurizerlevel 1. AT, > 0 1.-6. Same as previous but 1. Pp-+- o Respon: Sng to previousdemoge potentist (sesumes I or i

2. P b or i of increasing severity 2. Pcand Tc "q g c nditi no and actionspno ear #er echs) 2. HPlactuetes 3. Radiation signale 1 7. Core flood actuates 3. Radiation signale large i
3. Pct;Tcl 4. H h containment 8. LPt actuates

2 4. Core flood actuates
4. Deviation in sourceg 5. Pcand/w Tc high 5. LPl/RHR actualestw e

6. Containment spray 6. Presourtzer dumpe
5. T w - Te and/or coolers 7. Containment sprey actuates6. BoIP.+g noises /coolent actuate

pump stratione 8. Cc61 ;._..;.-4 coolere actuate
. .7.AT ,>0

Where:

Pp and Tp = Primary pressure eM temperature

Pcasd Tc = Containment pressure and temperature

Tw = Primary saturation temperature *

AT, = Primary superheat temperature difference

GRT

7/3/80
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O SMALL-BREAK LOCA MITIGATION

1

MINIMUM COOLANT FLOWRATE FOR REMOVING DECAY HEAT

.

DECAY MINIMUM CORE INLET Flow (GPM)

| POWER IIME

(HOURS) SUBC00 LED SATURATED

O(% FULL)'
..

2% 0.24 340 540

1% 2.6 170 270

0.5% 22 85 135

0.25% 113 43 68

f

O
~

.

O

GRT/JS;

7/2/80
., > - - - , _ . . - -



O SMALL-BREAK LOCA MITIGATION

4 NSAC-2 REPORT IS NOT A CONTRADICTION OF WASH-14000 REACT 0a SAFETY STUDY BUT A PRELIMINARY EXTEN510N OF

WASH-1400 METHODOLOGY.

t WASH-1400 HAS SEVERAL MAJOR CONSERVATISMS

e CORE IEMPERATURE = 2200 F EQUIVALENT TO CORE MELT

- ACTUAL MELT TEMPERATURES RANGE FROM ~3500 F TO
U> 5000 F

- CORE MELT PROGRESSION WOULD IEND TO BE VERY NON-
- COHERENT, POSSIBLY SELF-LIMITING, AND REVERSIBLE

WITH ADDED COOLING

e CONTAINMENT FAILURE PROBABILITY AND ENVIRONMENTAL
O RELEASE OF FISSION PRODUCTS ESSENTIALLY 1.0 IF CORE

MELTS

- CORE MELT SHOULD BE REVERSIBLE WITH ADDED COOLING

- MANY ESF AND IMPROVISABLE SYSTEMS POTENTIALLY

AVAILABLE TO PROTECT CONTAINM9NT BUILDING

e ACCIDENT MITIGATING SYSTEMS NOT EVER AVAILABLE IF 1ST

ATTEMPT AT USE FAILS

e NO CONSIDERATION FOR POSITIVE USE OF IdhlE ASPECT IN
ACTUAL ACCIDENT SEQUENCE

- INCREASING ACCIDENT IIME = INCREAS$1NG OPPORTUNITY TO:

- UNDERSTAND ACCIDENT PROGRESS

O - TAKE POSITIVE ACTIONS INVOLVING INSTALLED SYSTEMS

- IMPROVISE NEW MITIGATING SYSTEMS AND ACTIONS
|

O
GRT/JS

7/2/80

.
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Hours (after start of incident)

!TMI-2 Core exit thermocouple time history.
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ACBCA

O
I, INTEDUCTION

i O
II. HYDEGENBURNMODEL

III, CALCULARD CONTAINiT RESPONSE RR SELECTED SCENARI0'S

IV. REVIEW OF MARG CODE

V. NI%RG CTE PROGRAM

. VI. FUTUREWORK

i O
VII. SIN %RY

.

O
.

O
L

|
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PURPfFF 0F THIS TALK

O
L1) DISCUSS TE HYDROGEN BURN M] DEL DEELOPED

2) TO DISCUSS CONTAINET CALCULATIONS MIIG EE RFORfD AS

PART OF TE 60 IRY STUDY

3) DISCUSS THE PARCH COIPUTER COE GCL COE ELT CONSEQUENCE

ANALYSIS CDDD WHOSE ESULTS WEE USED AS BOUNDARY CONDITIONS

TO THE R 0)NTAINTNT ANALYSES

O

O

O

i
_

|
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O
- 60 DAY STUDY ON COE ELT FOR ZION #0 INDIM POINT

O
- PFDGRM ING _IIIFn

1) MINI REVIEW OF WASH 1100 .

2) BASE RISK STUDY-

3) ENGIEERRING REVIEW 0F PLANT SYSTEM MODIFICATIONS

~ 4) CONTAIffENT RESPONSE TO SCB@RIO'S WHIOi LEAD TO

CLASS-9 EVENTS

O

.

O.

!

| O

|

__.
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Calculational Approach
.

)

BCL mass / energy W C0C0 Containment
March Code release

p Code P(t), T (t)

J

l

l

* Containment structure

e Core Soil-off e Containment lleat Sink
iteat Transfer

Core Over lleat
Containment * Containment Safeguards.

Core Melt / Failure
VentVessel Failure j

'M delConcrete Melt
l

i !

Non 11
|'

Condensibles Burn )
'Tables Model

.

%

.

O

e

. .

_ _ _ _ _ _ _ _ _
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O

MINI WASH 1@0 STljDY INDICATED EAT EE R1 LOWING SE9L9CES M1101 WEE

O
AVAILABLE WEE REPRESENTATIVE RISK CONTRIBllTORS.

-m . . .
.

D l.ARGE BREAK LDCA

A) ACTIVE ECCS SYSTEMS AE ASSUED NOT TO OPEPATE

B) CONTAINENT SAFEGUARDS (I.E SPRAYS AND FAN C00ERS) ASSUED

TOOPEPATE

-SD2
u Smu. BREAK LOCA

O
A) ACTIVE ECCS SYSTEMS AE ASSifED NOT TO OPEPATE

-

B) CONTAltfENT SAFEGl%RDS (I.E.' SPRAYS AND FAN COOLERS)

ASSUMEDTOOPEPATE

.

.

O.

O
.
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O
SINCE AN ADDITIONAL M SEDLENE WAS AVAILABE IT WAS INCllEED

'

O - as,

D LDSS OF AU. AC POE

i A) ACTIVE HEAT REMNAL SYSTEMS AE' ASSlPED NOT TO OPERATE

' B) CONTAlifENT SAFEGlJARDS WilCH AE RUN Ff0M AC POWER ARE

ASSlfED NOT TO OPERATE.' EOSE WHIOi ARE DIECT ESEL

DRIVEN AE ASSIFED TO ORPATE

,

O -

O -

O

--
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DRY AIR

HYDROGEN BURN CHARACTERISTICS
{)

O

- .

...

DETONATION .

NOT

' FLAMMABLE

i

DEFLAGRATION --

,

.

DEFLAGRATION

GREATER THAN

4% 6% 8.5% 12% 18% 59% 74%

{YDROGEN ''

'ERCENT

YDROGEN UP UP UP COMPLETELY

: URNS
SIDEWAYS SIDEWAYS

DOWN

BENIGN BURN

O
.

() SIGNIFICANT PRESSURE RISE

. .
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O
PERCENT H BURN REACTION VS H CONCENTRATION

2 2
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: O
_ H BURN PRESSURE RISE VS H CONCENTRATION2 2
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HYDROEN IGEL CRITERIA

O (SIGNIFICANT PESSUE ~INCEASD

THE RATE OF CHEMICAL EACTION HAS AN EXPONENTIAL DEPENDENCY ON-

T&PERATUE.' TEERE BELOW SWE CRITICAL TBPERATUE A Fl#E

F10VT WILL NOT PROCEED.

THIS CRITICAL TEMERATUE FOR THE BUU( COMBUSTION LIMIT (SIGIFI--

CANT PRESSUE INCEASD OF HYDROGEN-AIR AT 8,5% H IS CALCULATED
2

TO E 710 C. THIS TEMEPATUE IS EFINED AS THE TEPEPATUE
'

CRITERIA (TCRIT)'

BY C0 WARING A CALCULATED RRE FRONT TB4ERATUE WHICH INCLUDES-

THE EFFECT OF DILLENTS T0 THE TCRIT;ITCANBEESTABLISHEDWHETHER

OR NOT A MIXTURE IS COMBUSTIBE.~

O

O

.
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I

- INDIAN POINT (IhT)

- ZION (CWD
_ ,

i

!

SENARI0'S C0tSIIBED j
|

|

- AD |
MASS AND EERGY ELEASES TAEN FEM SANDIA MARCH CALCl1ATIONS i

-8D2
- FOR A TYPICAL W. 4 LOOP'.17 X 17 PU!LDRIT ASSLMING A C00LRLE DEBRIS

E

O ~ M'

CONTAlfNINETANALYSIS

I

- GEDETRIC AND FLUID SYSTUS DATA PROVIDED BY UTILITY

- CALCUU\TIONS PERRRED llTILIZED MODIFIED VERSION OF WESTINGHOUSE

C0fffAlffENT MODEL (CDCO). BASICALLY TE S#E MDIEL AS USED IN

LICENSINGANALYSIS.

|0
0
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O
IMOGEN MEASSLPPTIOUSflNiPRESENT ANALYSIS

.

'

O.

% ZIRC/ WATER REACTIm AS GIVEN BY MARDI-

100%BURNOFHYDROGEN-

UTILIZATION OF HYDROGEN GENERATION CONSISTENT WITH'A ZIRCONIlK-

MASS FOR 17 X 17 PLANT

alRN OF HYDRCGEN OVER A 20 SEC TIME PERIOD-

STAlitESS STEEL / WATER REACTION NOT ACCOUNTED FOR-

.

O

J

O'

O

|

- . , . - - - - . . , - . - - , .---. -,
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C0C0 HYDROGEN BURN ANALYSIS

O
TWO STEP ANALYSIS '

1. FOR A GIVEN SCENARIO A CALC 11ATION IS MADE WilCH ASSUMES ND

HYDROGENBURN

- R#E TEiPERATUES AE CALCULATED DURING THE TRANSIENT

- IF TE CONTAINHT ATMDSPERE IS CALCUl.ATED TO E COMBUSTIBLE

TliE ESULTANT PESSURE FOR AN ADIABATIC 100% HYDROGEN IS

CALCUI.ATED.

2. IF lliE CONTAINGT CONDITIONS FOR A GIVEN SCENARIO AE CALCul.ATEDO
TO E COMBUSTIBl.E THEN A SECOND CALCul.ATION IS PERFORTD BURNING

A GIVEN AMOUNT OF HYDROGEN IliE IGNITION IS ASSIEED TO OCCUR AT

THE TIE C0 RESPONDING TO TE MAXIMUM ADIABATIC BURN PRESSURE.
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E

O
PESENT ANALYSES

O
- BulU ALL TE HYDROGEN PESENT IN THE CONTAIENT ATMOSPHEE IN 20 SEC

- NEW CALCl1ATIONS INDICATE THAT LESS BAN A HUNDED PESENT BURN

WOULD PTBABLY OCCUR / AND THIS BURN WOULD OCCUR OVER APPRDXIMAlELY
~

30 SECONDS,

'

- THE PESENT CALCULATIONS USE MASS AE EERGY ELEASES TAKEN FROM CALCU-

LATIONS RRFORTD FOR A T(PICAL 4 LOOP PLANT G7 X 17 FUEL ASSEMBLY).

INT AND CE HAVE 15 X 15 FUEL ASSEMBLIES AND THUS HAVE LESS ZIRCONIlN

IN TE COE

O
.

O

: O
:

'

l

!

|
|

1--------____________ __, -- - . - . . . _ _ _ . , _ _ _ _ , , _ , . , , , _ ,



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

.-

O

O ,-w.

- DEVEl.0 PED FOR WASH 1@ PROBABILISTI,C ANALYSIS NOT. A PWR DESIGN ANALYSES
.

- CODE PRESERVES OVERALL MASS AND ENERGY BALANCES, BUT RATES AT ANY GIVEN'

TIME ARE NOT WELL SUBSTANTIAED

O.

O,

|

|
|

| O

|

|
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O

CONTINUIE EFFORTS ,

O l

e MRCH CODE ;

i
. .

.

-PPESENTLYOPERATIONALATW.

- MRG MODEL SENSITIVIT( STUDIES ARE BEIE PERFORED

e E LT MODEL

e PARTICLE SIZE

e FUEUC00LANT ItfiEPACTION

- PHEUELOGICAL MODEL ASSESSENT
O _ COMPARIE MRG COEAN M@ELS T0 d COEAINEE QDE (QCO)

- PERR)lN PLANT SRCIFIC CALCULATIONS FOR RISK D011NATED SEQUENCES .

- Iff!EGRATE R. HENRY'S DEBRIS BED COOLABILITY WORK

e CONTINUE TO PARTICIPATE WITH NRC/ NATIONAL LABS TO

- IMPROVE ANALYTICAL AND EXPERIENTAL DATA BASE

|
- INCORPORATE IFPROVED MARCH MDDELS AND USE TO DEVELOP SKCIFICATIONS

! FOR FUfLTIONAL EQUIREENTS

|
'

O

O

.
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~|

MAR 04 MDME"lMPROVEENTS

O
e WANTIFY tHtas 0F ONE NODE MODEL OR ADD ADDITIONAL NODES

'

L P FLOWS --

O
SYSTEM EFFECIS-

BREAKFLOW-

'
~

e IMPROVE MODELIE OF FUEL ROD / CLAD INEACTION

PRESENT MOLEL LEADS TO EARLY FUEL MELTIE-

e HYDROGEN RELEASE CALCULATIONS

INSIDE REACTION BETWEEN ZIRC CLAD AND FUEL IS t0T ACCOUNlED FOR-

ALL MOLTEN ZIRC IS ASSIFED TO REACT CCFPLETELY IN EIEER THE-

WATER FILLED LDWER PLEBLM OR THEWATER FILLED LOWER REACTOR

O
CAVITY. TEST DATA ON MOLlEN ZIRC WIRES DROPPED INTO WATER

INDICATESONLYPARTIALREACTION.
-

STAINLESS STEEUWATER REACTION IS 00T ACCOUNTED FOR-

e CORESLUFF/MELTMODEL

PRESENT MODELS ARE ONLY SCOPIE, PHYSICS ARE t0T MODELLED-

TOTAL (NOT SEWENTIAU FAILURE CF ALL LOWER CORE SUPPORTS ARE-

ASSifED

TOTAL INER HEAD FAILURE IS ASSUfED-

e FUEL DEBRIS / COOLANT I[fiERACTION
O

HEAT TRANSFER LIMITIE PROCESSES ARE NOT MODR I FD (I.E. DEBRIS i-

BED CHF LIMIT IS NOT CALCULTED)O

|-

I
!
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:

:
,

O LOWER PEACTION CAVITY At0 lDdER PlBiUM COOLANT DYiMMIC BEPAVIOR-

IS NOT M0F I FD
'

'

O PARTIClf SIZE UTILIZED ARE USER ItPlfL AIO THE PHYSICS OF THE-

PARTICUlARIZATION IS ICT [0Fi FD

e MARCHHYDROGENBURNMODEL

PERI @ OVER WHICH H2 BURtB IS INPUT-

(TYPICALLY 6 SEC0f0S) DATA It0ICATES THAT H2 BURPS SHOUW TAKE
'

20TO60SEC0f0S,

.

BURN C0FPlHION IS IffuT NOT CALCULATED (USUALLY 1000-

EFFECT OF SPRAYS ON FlMPABILITY IS NOT ACCOUllTED FOR-

DATA BASE UTILIZED IS LIMITED-
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t}

O.

CONCUJSIONS

O

e CONTAItFENT CALGLATIONS WEE PEFF0&ED FOR THE AD, S D, AND
2

PLB' SCENARI0'S WHIG LEAD TO COE MEET.- - -

- MASS AND ENERGY RELEASES WEE TAKEN FROM TYPICAL MARG

CALCULATIONS AND MODIFIED TO INCLUDE THE EFFECT OF A PERMANENTLY

C00LABLE DEBRIS BED

e THE CAPABILITY TO CALGLATE THE Bi1K ComuSTIBILITY OF A HYDROGEN /

AIR / STEAM /CONTAlttENT ATICSPHEE WAS DEVEWPED AND IMPLEMENTED INTO

| OURCALGLATIONS

O R)R THE AD AND S D SEElJENCES WHIG WERE REPRESEIffATIVE RISK CONTRI-. 2

'JTORS ONE IMPORTANT PAP #ETER WAS THE ASSLfED BEHAVIOR OF HYDROGEN

IN CONTAltf0ff

- IF BE HYDROGEN IS ASSlfED f0T TO BURN OR TO BURN C00fflNU00 SLY

CONTAItFENT PAIUJE WAS NOT CALCULATED TO OCCUR WITH THE PRESENT

CONJAlffENT

| - IF THE HYDROGEN IS ASSUMED TO ACClfULATE TO A QMBUSTIBLE MIX 1UE

Af0 THEN BURNED, A RAPID PRESSUE SPIE WOULD OC0JR. THIS

PRESSUE SPIE IMPOSES SIGNIFICANT PRESSURE LOADINGS ON THE CON-

TAIffENT STRUCFJRES, Bill BE CONTAlfPENT IS NOT CALCULATED TO FAIL

!

O
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: . TOLA.NO 1
~

EVALUATION OF CAPABILITY OF INDIAN POINT !
~ ~ '

CONTAINMENT il$S5ELS - UNIT 3 28 3

PURPOSE'0F EVALUATION - TO MAKE A CONSERVATIVE ASSESSMENT,OF THE
O CAPABILITY OF THE INDIAN POINT CONTAINMENT VESSELS - THE CAPABIL-

ITY WAS EVALUATED BASED ON CONDITIONS REPRESENTATIVE OF A CLASS
9 EVENT

|
- THE EVALUATION WAS PERFORMED ON A REALISTIC BASIS

- ACTUAL MATERIAL PROPERTIES WERE USED

- THE STRENGTH OF THE LINER WAS INCLUDED IN THE EVALUATION

DEFINiTfUN"0F'dAPABY[IT THE MAXIMUM COMBINATION OF TEMPERATURE-

'

AND PRESSURE TO PRODUCE A GENERAL YIELD STATE, (ESSENTIALLY THE
LIMIT OF ELASTIC RESPONSE)

~

THIS IS A CONFIDENT LOWER BOUND OF FUNCTIONAL CAPABILITY WITHOUT

ACCOUNTING FOR ADDITIONAL AVAILABLE STRENGTH DUE TO STRAIN HARD-
~

ENING - THE ACTUAL CAPABILITY IS HISHER.
,

dONd[U5Y0dS - INDIAN POINT UNIT 2 AND 3 CONTAINMENTS CAN WITH-
'

.

STAND A PRESSURE = 126 PSIG OR 2.7 TIRES THE DESIGN ACCIDENT
PRESSURE.-
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_ _

(~]) METHOD OF EVALUATION - HAND CALCULATIONS

JUSTIFICATION

o
V - EXPERIENCE IN DESIGN AND ANALYSIS OF CONTAINMENT

VESSELS -

-

.

- AGREEMENT BEillEEN HAr CALCULATIONS AND COMPUTER
SOLUTIONS FROM PREV' ;S ANALYSES.

REGIONS OF' CONTAINMENT"EVhiiU4TED

.

- MEMBRANE

DOME & CYLINDER
'

. . . . .. .. .. . -.
--

,

!- . - DISCONTINU.ITY REGION.. AT SPRIN3L..IN.E
'

- . . . . . . - - . . . . . . - - . . . . -

(g - DISCONTINUITI REGION AT BASE GF CYLINDER
m

.

'

- BASE MAT .

- LARGE PENETRATIONS

EQUIPMENT HATCH
'

PERSONNEL AIRLOCK,

.

SMALL PENETRATIONS - TYPICAL

- LINER

.

\_)

b
| V

.

.
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.

' INDIAN POINT CONTAINMENTS UNITS 2 & 3
Q CONSERVATISMS IN ORIGINAL DESIGN

.

- PRIMARY CONSERVATISMS APPLIED Ill ORIGINAL DESIGN OF THE GOVER--

O NING REGION (BELOW SPRINGLINE) 0F THE CONTAINMENT SHELL,

'

1. APPLICATION OF LOAD FACTORS (1.5)
| u

2. APPLICATICN OF CAPACIT( REDUCTION FACTORS (1,11)

3. STRENGTH OF LINER NOT ACCOUNTED FOR (1.15)

14 . MINIMUM. STRENGTH OF MATERIALS CONSIDERED(1.18) -

5. SEISMIC REBAR RESISTING LOCA LOADS (1.12) '

6. DESIGNER C0fSERVATISM (1,06)
'

O
- OTHER CONSERVATISMS APPLICABLE TO REGIONS WHICH DO NOT GOVERN

.'

1. SEISMIC LOADS COMBINED WITH LOCA LOADS (MAXIMUM EFFECT,

AT BASE OF SHELL) :

2. SEISMIC LOADS CONSERVATIVELY DETERMIllED - EXAMPLE SSE ['

UNIT 2 DAMPING - 2% '
.

,

3.. REDUNDANCY AT BASE PROVIDED - SHEAR FORCE AND BENDING-...

MOMENT ARE SECONDARY AND EXIST OflLY BECAUSE OF BASE
''

CONSTRAINT - THEY ARE NOT REQUIRED FOR EQUILIBRIUM,
>''

'..

"
________________________________________________________________
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,

.

PA (DESIGN) = 47 esta
O P (CAPA31t1Ty) . 47 . (PRODUCT OF FACTORS ABOVE)

.

P (CAPABILITY) = 47 * 2,7
O

P (CAPABILITY) = 126 PSIG

WHERE CAPABILITY I'S THE LIMIT OF EONIERESPONSE

NOTE THAT THE LIMITING REGION OF THE CONTAINMENT IS ONE OF HIGH
-

; DUCTILITY LOCATED AWAY FROM DISCONTINUITIES.
,

.

DISCONTINUITY REGIONS OF THE CONTAINMENT HAVE AT LEAST THE CON-
SERVATISM AS THE MEMBRANE REGION. THE ORIGINAL DESIGN WAS BASED .

ON THE ACI 318-63 COBE WHICH MANDATES ADDITIONAL CONSERVATISM IN -

REGIONS OF LOW DUCTILITY. SHEAR, AN'.''ORAGE AND COMPRESSION WILL

80I GOVERN DESIGN.
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TENDON TENDONDIRECTION LINERE CONC. CRACK REBAR YlELD
Y ELD Fall

( >

h5.4 116.2 12 0.0 128.0
'

, HOOP WITHOUT .

(1.605) (2.47 ) (2.55 ) (2.72)
.

75.4 130.6 13 4.4 14 2.4HdOP WITH
(1.605) (2.778) ( 2.86 ) (3.03)

~

. ..

. .

,

83.8 121.9 130.0 137.5MERIDIONAL WITHOUT
( 1. 78 ) ( 2.59 ) (2.765) (2.925)

83.8 150.7 158.8 166.3-MERIDIONAL WITHg ( 1.78 ) _ ( 3.21 ) ( 3. 38 ) ( 3.54 )
*,

,

< s .

'
. -

81.6 11 9 . 9 131.5 140.6DOME WITHOUT
(l.73) ( 2.5 5) (2.80) (2.99 )

. .

. 83.24 14I.24 152.84 I61.97
: ( l.77 ) ( 3.00 ) (3.252) (3.446)- *

\
,

., ,

( ) u 'P/Fb P = 47 PSiG -

a
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-
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PRESSURE AT VARIOUS RESPONSE STAGES ( PSIG)
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I REBAR STRAIN,
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'

-- REBAR YlELD67.2 ----+__ ____ _ _

9
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, ,

IQ .

I
s

AT P =2.55 P, = 120 PSIG =135 PSIA '

,
.

PARAMETER MARGIN FACTOR-

,

,

.
.

SHEAR: BASEMAT l.27
- -

.

SHEAR CONTAINMEN'i 1.28
-

,

- '
-

, .

SHEAR: EOUIPMENT .l.29
HATCH

~

. ,

.
'

.

CONCRETE COMPRESSION: 3 as e
BASEMAT -

I

fg CONCRETE COMPRESSIONi 5.83
CONTAINMENT .,,

e -

8,
'

' REI N FOR'CE M ENT : L32
~

EQUlPNIENT HATCH (CBI) 1.0 (CONSERVATIVE)
-

.
_

.

SOIL PRESSURE l.95 '

.

LINER FIBER STRAIN 2.10 t
- *

, , ,,

'REB AR STRAIN 4.74
,

|

O MARGIN FACTORS FbR OTHER NONCRITICAL PARAMETERS-

.

J

.Q\ *
.

|
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,

*
-

. . . .

.
-

.

,

CONCLUSIONS :
., ' -

'

1.- ULTIMATE ~ PRESSURE CAPACITY :

120 PSIG = 135 PSIA (WITHOUT LINER),

134 PSIG .= 149 PSIA (WITH LINER)*

#

| 2- FAILURE MODE : HOOP TENDON YIELDING '

'D 3- TEMPERATURE EFFECTS : PROBABLY NOT SIGNIFICANT
s..

.

4- POSSIBLE REMEDIES : NONE RECOMMENDED
*

.

5- EFb'ECT OF RATE OF PRESSURE / TEMPERATURE' RISE :-

PROBABLY NOT SIGNIFICANT
.

.

'.
*

%
'

. . .
,

, .

.

.

O -

.-
,

m-
,

Q' *
.
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CIGURE Bl - RISK OF EARLY FATALITY TO AN INDIVIDUAL VERSUS
DISTANCE GIVEN A CORE MELT *
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FIGURE 1 - EARLY FATALITY RISE FOR DIFFEREriT SITES
,
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ASSUMPTIONS: 1) SURRY DESIGN.

2) I.P. UNIT 3 POWER LEVEL (3025 MWT).
3) WITHIN 10 MILES - ENTIRE CLOUD EXPOSURE + 4 HOURS GROUND EXPOSURE

O NO SHIELDING
BEYOND 10 MILES - ENTIRE CLOUD EXPOSURE ' 7 DAY GROUND EXPOSURE

SHIELDING BASED ON NORMAL ACTIVITY.
4) WIND ROSE WEIGHTED 1970 CENSUS POPULATION DISTRIBUTION.
5) IDENTICAL 91 WEATHER SEQUENCES FOR ALL SITES.
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SITE VARIATI0'l
.

! o BENCHMARK REACTOR
,

i - 3025 MWT'SURRY

o VARY ONLY THE SITE

- Il POPULOUS SITES.
,

- 1 TYPICAL SITE
,

- 1 REMOTE SITE

o SAf1E PUBLIC PROTECTION MEASURES
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o 11 f1EASURES OF RISK
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. FIGURE 2 - EARLY ILLNESS RISK FOR DIFFERENT SITES
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FIGURE 4 - PROPERTY DAMAGE RISK FOR DIFFERENT SITES :
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DO ZION AtlD INDIAN PGINT DOMINATE SOCIETAL RISK?
.

o SURRY AT INDIAN POINT 0R ZION IS 10 TIMES WORSE THAN SURRY

AT TYPICAL SITE

o EQUATION

SlIE NUMBER OF REACTORS UNITS OF RISK
I

IP 2 20

ZION 2 20

ALL OTHERS 63 63

; 108

.. ZION AND INDIAN POINT ~ L10% OF RISK IF SURRY IS TYPICAL
*

OF ALL DESIGNS

,

|
__ _



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

O O O O O|
.

VARIATION OF DESIGN AND 0PERATION
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o . INDIAN POINT SITE

'
o SAME PUBLIC PROTECTION i1EASURES
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FIGURE 7.- EARLY FATALITY RISK FOR DIFFERENT DESIGNS-
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VARIATION OF PUBLIC PROTECTIONr
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o BEtlCHMARK REACTOR

o INDIAN POINT SITE

o VARIED PUBLIC PROTECTION
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FIGURE S - EAF.LY FATALITY RISK AT INDIAN POINT FDP, VARICUS PUBLIC PROTECTION MEASURES-
.
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INSIG|lTS
.

o INDIAN. POINT SITE WORSE THAtl

TYPICAL

,

o INDIAN POINT REACTOR BETTER THAN

TYPICAL

o IllDIAN POINT IS NOT DOMINAtlT SOCIETAL

RISK

o DESIGN /0PERATION IS LEAST CERTAIN
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1. CONVEY SERIOUSNESS;AND DEPTH OF UTILITY WORK
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I

4. REVIEW-PHENOMENOLOGY OF:
{'

DEGRADEJ CORE BEHAVIOR
l

i HYDROGEN BURN

() STEAM GENERATION

CORE COOLABILITY

CONTAINMENT STRUCTURAL RESPONSE '

S' DEFINE DIRECTION AND SCOPE OF ONGOING WORK.
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MAGNITUDE OF UTILITY EFFORT ,'
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MAN-MONTHS WORK
.. ..
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Degraded Core Hulemaking
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Functional Diagram

Emergency Other-e.g.,
Planning 31gg"E Indian Point

+ + HearingaJ) fine Safety Goal-Basis for Decisions 1
' '

Determine need for | | db

-
'

mitigative or ii iPRA of Representative Plants --4> Define Risk Do- ____g, preventative i p _____.J
minant Sequences features i s ,
Analyze via PRA --

_t
V V W

L Decide if consideration
'

Study: 14cl t Progression L of additional mitigative *
Containment Integrity-II , Steam, Core Coolability, etc.2 features is warrantedr

Fission Prvluct Hemoval ---H> (using PRA)

Conceptual Designs of Mitigative
Features and additional Pre-
ventative Devices

Define functional requirements of
mitigative.pystems vis-a-vis lasue Rule

> Review > as Appropriate:_qp Sa fe ty Goal, -

Safety Goal

Define criteria and Functional -

standards Requirements
-
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BASES FOR DEVELOPING Z/IP M TIGATION FEATURES:
REQU!REMENTS AND CRITERIA L

.

1. REDUCE RISK.
i

2. PREVENT CONTAINMENT FAILURE (BY OVERPRESSURE OR BASEMAT MELT THROUGH). i

'

3. DEFINE FUNCTIONAL REQUIREMENTS FOR SYSTEM WHICH WILL PREVENT CONTAINMENT FAILURE.

4. DEFINE / DESIGN SYSTEM THAT MEETS REQUIREMENTS.

5. ASSESS CONSEQUENCE MITIGATION CAPABILITIES 0F SYSTEM,

6. ASSESS " RELIABILITY" 0F SYSTEM. !,-

;

.

$

i

;
i'
!

i

'

.
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|
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SAMPLECRITERIAAND'E0biREMENTSFdR'FVCS
~

~

R
.

.

*

PRESSURE FOR VENTING INITIATION: 100 PSIA
.

FLOW RATE (EXITING CONTAINMENT): 150,000 CFM
*

DECONTAMINATION FACTORS:
-

100 PARTICULATES

100 IODINE

SYSTEM - PASSIVE (BUT WITH RECIRCULATION CAPABILITY FOR LONG AT)
*

.
.

SYSTEM - PRESSURE RELIEF TYPE
*

SEISMIC CAT. 1
*

SYSTEM - SUPPRESSION POOL WITH SUBMERGED GRAVEL
*

,

_ _ _ _ _ _ _ _ _ - _ - - _ -
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. .. .. . .;
PRELIMINARY GENERAL DESIGN CRITERIA

y

F0'R'COR$'R$T$Nif0N' SYSTEM /

j.
.

DESIGN FOR FULL CORE MELTDOWN, ONE (1) HOUR AFTER REACTOR SHUTDOWN ^e
.

i
'

DESIGN FOR PERMANENT RETENTION OF CORE DEBRISe
. -

-PRpTECT CONCRETE WITH A REFRACTORY MATERIAL THAT DOES NOT GENERATE GASESo

WHEN IT INTERACTS WITH MOLTEN CORE DEBRIS '

I
.

PROVIDE A COOLING SYSTEM TO DISSIPATE HEAT TRANSFERRED TO REFRACTORY MATERIAL
,

e '

(NATURAL & FORCED CONVECTION WILL BE CONSIDERED)
''

PREVENT CORE DEBRIS ATTACK OF CONCRETEo

O VENT GAS AND VAPOR GENERATION FROM CONCRETE (I.'E., ELIMINATE SPARGING)
i

l
INCORPORATION OF CORE RETENTION SYSTEM SHALL NOT COMPROMISE DESIGN BASIS

e
|

SAFETY REQUIREMENTS

l
a

I
.-

n
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UPDATEONZ/IPMITIGATIONFEATURESSTUDY
.

1.. TBCHNOLOGY EXCHANGE MEETINGS CONCLUDED,'
~

,

2. MITIGATION FEATURE REQUIREMENTS AND CRITERIA -- ISSUED BY NRC FOR COMMENT
.

'

(JULY 1980),

3. STAFF REPORT DUE LATE FALL'

4, LICENSEE REPORT DUE LATE SUMMER,

5. RES AND NRR PROGRAMS PROCEEDING THROUGH SUMMER ON KEY ISSUES ~
'

'

i

,

'

I
i

|

L
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RES RESEARCH TO MEET Z/IP NEEDS
-

.

NOTE': IN ORDER TO MEET NEEDS', CERTAIN WORK MUST BE COMPLETED IN A fi-MONTH

-TIMEFRAME.(NF.AR-TERM)ANDOTHERWORKINAi5MONTHTIMEFRAME(LONG-TERM)

STEAM SPIKE PHENOMENA: EXPERIMENTAL AT FITS FACILITY (NEAR-TERM)
*

DEBRIS BED FRAGMENTATION CHARACTERIZATION:
~

*

SURVEY IN COOPERATION WITH STEEL INDUSTRY (NEAR-TERM)

CORE-MELT / CONCRETE & CORE-MELT / REFRACTORY MAT'l INTERACTION
*

PHENOMEN0 LOGY: EXPERIMENTAL AT SANDIA TEST FACILITY (LONG-TERM)-

CORE-MELT / CONCRETE / WATER INTERACTION PHENOMENOLOGY:EXPERIMENTAL
-

AT SANDIA TEST FACILITY (LONG-TERM) 1

FVCS ANALYSIS IN AREAS OF COST BENEFIT, FAILURE MODES AND EFFECTS
-

'

AND RELIABILITY (NEAR-TERM) i

BACKFIT C.R.D. DESIGNS FOR Z/IP: ANALYTICAL AT SANDIA (NEAR-TERM)
*

HYDROGEN CONTROL SYSTEMS ASSESSMENT (NEAR-TERM)
*

CONiAINMENT FAILURE MODES: ANALYSIS AT LASL AND SANDIA (NEAR-TERM)
*

,

,

'

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ - - _ _ __ _
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,
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-LONG TERM NEEDS
.

.

p' NOTE: IN ORDER TO MEET "RULEMAKING" NEEDS WORK MUST BE C0MPLETED IN A 2-3

YEAR TIME FRAME
,

4

CONTINUATION AND EXPANSION -(T0 OTHER REACTOR TYPESP OF PROGRAMS
*

'

LISTED UNDER Z/IP NEEDS'
-

j AND 'N ADDITION

HYDROGEN MITIGATION AND BURNING: EXPERIMENTAL AND ANALYTICAL
*

'

* ' CORE-MELT ACCIDENT PROGRESSION: EXPERIMENTAL AND ANALYTICAL
- .

AT IDAHO 8 SAND'3.
'

! RADIOLOGICAL SOURCE TERM
*

i

)
,

,

,

.

e

_ - _ _ _ _ _ _ _ _ _ . _ _ _ _ -- _ _ _ _ _ _ _ _ _ _ _ _ _ _ ,
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STEAM EXPLOSION
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.lfT-VESSELSTEAMEXPLOSI0f1S
.

- "

(]) ...

l. ELEVATED SYSTEM PRESSURES (> 150 PSIA)
'

$ TEAM EXPLOSIONS WILL NOT OCCUR.'

II. Low SYSTEM PRESSURES (<150 PSIA)

PROBABILITY OF A STEAM EXPLOSION SHOULD'

BE ASSUMED IO BE, UNITY.

A CONTINu0uS OVERL ING LIQUID LAYER CANNOT
~

'

.BE FORMED FOR ANY REASONABLE LEVELS OF

FRAGMENTATION.-
.

| A STEAx EXPLOSION N IHIS ENVIRONMENT- -

WOULD RFSEnstE A SHALL0w UNDERWATER EXPLOSION,

1.E. , EXPANDING STEAM 3USBLE WOULD OUICKLY '

)
.

BREAK IHROUGH A LioulD LAYER. ,

' '

PROBABILITY 0F VESSEL FAILURE BY A STEAM'
.

,

EXPLOSION IS INSIGNIFICANT - CONSEQUENTLY,.

IHE PROBASILITY OF CONTAINMENT FAILURE IS .

Al.S0 INSIGNIFICANT. -
*

'

..
,

-
.

.

!
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EX-VESSEL STEAM EXPLOSIONS
J' *

. .

O
Low PRESSURE - THE PROBABILITY OF A STEAM

'
~

ExFtoSI6N SHoulD BE ASSUMED To BE UNITY. .

'

SHALLOW UNDERWATER EXPLosloN ANALOGY IS
' '

PARTICULARLY RELEVANT HERE.
-

SHoRT LENGTH FoR.A Stus ACCELERATION.
'

'

.

IN-CoREINSTRUMENTSHAFTISAiE'NTFoRTHE-

EXPLOSION - i.E., No LoNG TERM ACCELERdTioN
. ,

(MISSILE) POTENTIAL. --
.,

'

; SHOCK WAVES FRoM A COHERENT ExetoSloN WITHIN'

- - THE REACTOR CAVITY WoULD Nor BE SUFFICIENT To
.

FAIL IHE CONTAINMENT WALL.
O *

,

'
*
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STEAM EXPLOSI0tlS-
. . .

..

. - CONCLUSIONS -
.

l. IN-VESSEL

El.EVATED SYSTEM PRESSURE-STEAM EXPLOSIONS
*

,

. .

WILL ll0T OCCUR.
,

Low SYSTEM PRESS 1JRES - STEAM EXPLOSIONS CAN
' -

OCCUR, BuT WOuLD NOT FAIL IHE RiACTOR VESSEL-

'fl0 CONTINUOUS OVERLYING LIOulD LAYER CAN BE
FORMED.

-
-

-

,

-

. .. ... . ..

. 11. Ex-VESSEL
'

~ ~

O STEAM EXPLOSIONS CAN OCCUR, BuT THE SHOCK --
-

,

WAVES GENERATED WOuLD 3E MUCH LESS THAN~ -

THE CONTAINMENT DESIGN PRESSURE.

**
. ,

p G *$*

%*

- . .

rO ,

1

|

L O
:
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STEAM EXPLOSIONS -

i . .

: O
CONCLUSIONS

i,

.

|

i WHILE THE METHOD OF CALCULATION.IS

: SOMEWHAT DIFFERENT, THE VARIOUS
1

ORGANIZATIONS ALL CONCLUDE THAT
*b.

FAILURE OF THE CONTAINMENT STRUC-

TURE AS'A' RESULT OF EITHER AN IN- '

VESSEL OR EX-VESSEL STEAM EXPLOSIONO. .

,
.o

IS HIGHLY UNLIKELY.
, .

.
.

4 ,

|*

.. .

'

,
.

4

'. 1
: .
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O
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STEAM CONDENSING
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SPECIFIC CHARACTERISTICS OF ZION-INDIAN P0 INT SYSTEMS-~

U
WHICH ARE ADVANTAGEr'JS FOR IN-VESSEL HEAT RtMOVAL

-

O
1. BOTTOM ENTRY ELEVATED STEAM GENERATORS MAXIMIZES THE WATER

WHICH MUST BE LOST FROM THE PRIMARY SYSTEM BEFORE CORE UN-
'

COVERY BEGINS.
*

.

.

2. INJECTION CAPABILITY IN THE HOT LEGS FOR PRESSURES LESS THAN

ABOUT 1500 PSIA'.
_

() '

+
3. BOTTOM ENTRY ELEVATED STEAM GENERATOR MEANS NONCONDENSIBLE -

GASES CANNOT BLOCK THE ENERGY TRANSPORT PATH FROM THE CORE.

TO THE HEAT SINK.
.

..

.

4. 3OTTOM ENTRY ELEVATED STEAM GENERATORS CAN ESTABLISH A RE- . . <

FLUX HEAT REMOVAL PATH THROUGH THE VESSEL OUTLET PIPING.
.

() '

.

.

4
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CORE C00 LABILITY
'

O
CHF CRITERION - V POR REMOVAL RATE UPWARD MUST NOT1. A ,

,

PRECLUDE LIQUID RETURNING TO THE SURFACE *

0/A=0.14H,gp9 9, (p, _ p )
"'

9

.

II. DEBRIS BED LIMITATION - PRESSURE GRADIENT INDUCED BY

VAPOR FLOW THROUGH THE BED MUST NOT EXCEED THE STATIC

HEAD OF THE LIQUID. THIS LIMITATION APPLIES AT THE
TOP OF THE BED SINCE THIS Is THE LOCALE OF MAXIMUM
VAPOR VELOCITY.

_

2

O J
- {= 2 C, P

,

g g
.

fD e

'

C = 5 + 0.875i Rg
..

' ~

R= J= $
g g

(1 - e)H p A Hg jg g g

.

O
.

O
.

W
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CRITICAL HEAT FLUX
.

'

O

o/A = 0.14 H (0
. -

FG V GL6 [f [ ]

P = 15 MPA a = 0.005 N/M 3o = 100 KG/M:

fgo
3H = 1000 KJ/KG g ,= 602 KG/Mo.

FG

o/A = 31.18 KW/M A = 12 M a = 37.4.Mw,

,

.

; P = 7 MPA r = 0.018 N/M g=36.5KG/M
H = 1505 KJ/KG p = 741 KG/MFG

_

2a/A = 4220 KW/M A = 12 M o = 50.6 Mw.

O'

'.-
. .

P = 1 MPA o =-0.045 N/M fg=5.2KG/M,

H 2015 KJ/KG O
FG g = 887 KG/M

g , 34,3 7,jg2 2A'' 12 Ma/A = 2857 Kw/M
-

=

.

- NoT LIMITED ON THE UPPER SURFACE -
<

O -

.

O
r

.

f

G
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PARTICLE BED DRYOUT MODELSO
- . _

O'

1, 60 DAY STUDY

Q/A = H + 0,875 N= *
FG 1 ) F Re

_

'

1 SMALL PARTICLE APPROXIMATION -

.

'Q/A = '

.150 G - e)2< -V
e.

.
.

O 2. HARDEE & NILSON
'

-

; .

. afg = -M No @e3- ,

%+F 180G - e)2- i
F.

..

|
*

1

3. DHIR & CATTON

1
m

9 ,32%Pp H pg
Q/A = 0.0177 Q _ p pp ) ,

F 180G - e)2

O
|
|

O |
'

.

, --w. - - , , - - - -- , - , - - v ~ w
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O MODEL FROM 60 DAY STUD 1
,

'IN-Vesset DEBRIS BEDS *
'

O -

MINIMUM C00LABLE PARTICLE SIZE

PRESSURE POROSITY

EA 6 = 0.4 E = 0,5
'

,

| 1 ~ 550 M 330 Mj4 -

j 2 400p,M 240px.

,

. ,

:

14 350gM 210p,.
.

C

7 280pM 160pm

i O = 20 Mw A = 10.5 M2
*

O
.

r
.

,
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'

*

CONDITIONS EVALUATED

O TIME INTO THE ACCIDENT - 4 HRS.
*

a

' ' ~
- '

,

:.
ZION IP-2 IP-3

-

TOTALDECAYPOWER(fiW 28.6 24.3 26.7
.

,. a

DECAY POWER IN MELT (MW) 19.1 16.2 17.8.

,

SURFACE AREA (M ) 54.0 39.1 N9.1

'

REQUIRED HEAT FLUX (KW/M ) ' 354 414 455:

..

C00LABLE PARTICLE -
*

O.-
SIZE, F M'

. .

(E = 0.5)
..

,

0.1 MPA 320 374 411' '

.
..

..
' '

O.2 MPA 254 297 327

~

0.5 MPA 183 214 235
-

C

; O
<

.

e

i

. .

.
'

~ ' 7 : +-..

.. X- -- . -. . -- - - -

~ ~ - "-

-
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DEBRIS BED C00 LABILITY-) ,.

. . ,- <

,

: AGREEMENT
a,

1. AGREEMENT ON MANNER IN WHICH BED DRYOUT HEAT

FLUXES ARE CALCULATED.;

s'

"

2. AGREEMENT ON THE STRONG SENSITI.VITY OF BE -

,.

DRYOUT TO BOTH PARTICLE SIZE AND BED AVERAGE

POROSITY. .
,

:,
;

: 3. AGREEMENT THAT THE APPLICABLE DATA IN THE; ' '

(]) LITERATURE IS VERY LIMITED AND NOT PARTICULARLY;

+
WELL CHARACTERIZED.

,

- -

.

,. FURTHER_ DISCUSSION
.

1. THE SENSITIVITY OF DEBRIS DISTRIBUTION TO THE

ACCIDENT SCENARIO. c
,

.

O
-

.

O"
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I

l%XIMUM UENCHING RATEO
. . .

O
TUNNEL AREA = 7.2 M2

.

U VPa g

K = %o{p .p )
=3

p g
,

*

. ,

ASSUME.P = 0,'3 MPA P = 932 xc/M3 3P = 1. 5 Ka/M |F g
.

,

U = M.& M/SEC .g ;,

_

A = P M = 128 Ke/SECg g g

* H = 2'.8 y 105 - |G FG
gg

.

.

.

Q = MC AT = 1.3 x 108 KJp
,

. .

Ae=Q/d=464sEC=7.7 MIN
.-

O

|
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W
|
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O
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;, k,- - - CORE MATERIAL
-

f

b !. #' ' -|N-CORE *' '-

INSTRUMENT TUNNEL J
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REACTOR CAVITY
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O SUMMARY

'DISPERSIVE CHARACTERISTICS OF WATER AND CORE MATE 8.'AL.

.

1. MOST ACCIDENT SCENARIOS HAVE SIGNIFICANT DISPERSIVE POTENTIAL

FOR CORE MATERIAL.
*

.

.

2. IF THE CORE MATERIAL REMAINS IN THE REACTOR CAVITY AND INSTRU-

' MENT' TUNNEL (N0 STEAM EXPLOSION) THE QUENCHING RATE (STEAM

SPIKE) IS FIRST LIMITED BY THE~ RATE AT WHICH WATER CAN ENTER

THE TUNNEL AND SECONDLY BY CRITICAL HEAT FLUX ON THE SURFACE
-

; 0F THE DEBRIS. IN IHIS CASES THE DEBRIS IS QUITE LARGE (SEV-
.

ERAL MM IN DIAMETER).
.

..

3. IF A STEAM EXPLOSION OCCURS, TP b!SPERSIVEFORCESWILLBE
,

LARGE AND THE SMALL DEBRIS IN PARTICULAR WILL BE DISPERSED
e

THROUGHOUT THE CONTAINMENT.
*

,

O

O -

.

v- ,
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'

: DISPERSED CONDITIONS
'

r ;

p .

i
!

:
;~

2
i e AVAILABLE SURFACE AREA ~800 M ,

;
.

.
. .

-

1 ..

3

-

.

,

i..- o AMOUNT OF CORR DEBRIS ~100,000 xs .

i
!
'

.

::
' .e BED POROSITY e ~ 0,5 -

1 O _

4

4 -

.-

[ .

{( O -BED DEPTH ~ 3 CM
'

,e
i

! **.

.

! . .

.

--
3

t
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G
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($)
CONCLUSIONS

,

.

8 MECHANICAL DISPERSIVE POTENTI AL IS LARGE AND PROBABLY

DICTATES THE FINAL CORE DEPOSITION.
. ,

WATER IS AVAILABLE ON A CON'TINUOUS BASIS ON ALL SURFACESe-

- WHERE SIGNIFICANT FUEL ACCUMULATION CAN OCCUR.
.

!

($) '

i
,

'

DISPERSED CORE IS C00LABLE AND NO SIGNIFICANT ATTACK OFe

'

THE CONCRETE OCCURS.

.-
|

,

.

O

f

9

O

O

.
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.

CONSEQUENCES OF A MELTDOWN

. .

O
t,-

I. STEAM EXPLOSION
- -

=(''"' A. I /ESSEL

1. ELEVATED' PRESSURE - NO STEAM EXPLOSION, SQ CONTAIN-

BEnI FAILURE.

2. LOW PRESSURE - NO CONTINUOUS OVERLYING LIQUID SLUG,

NO VESSEL FAILURE, MQ CONTAINMENT FAILURE, PERHAPS

SOME FRAGMENTATION - BUT NOT THE~ ENTIRE CORE, INCO-

HERENCE OF MELTDOWN PLAYS A MAJOR ROLE.

B. EX-VESSEL - SHOCK WAVE FROM A VE,RY ENERGETIC STEAM EX-

PLOSION IS EASILY ACCOMMODATED B'Y THE CONTAINMENT WALL -
RQ CONTAINMENT FAILURE. -

(~).

II. CORE C00 LABILITY
.

A. IN-VESSEL - NO FINE FRAGMENTATION, CORE IS C00LABLE AS

SOON AS WATER IS AVAILABLE, HEAT SINK CANNOT BE BLOCKED

BY NONCONDENSIBLE GASES.-

.

B. EX-VESSEL

1. SIGNIFICANT DISPERSIVE POTENTIAL FOR ACCIDENTS IN "'

GENERAL.
.

2. STEAM EXPLOSION WOULD ALSO DISPERSE THE CORE MATERIAL.

' '') 3. DISPERSED DEBRIS BEDS ARE C00LABLE.
--

r3 4. WATER IS AVAILABLE IN THE REACTOR CAVITY, ON ALL
~'

HORIZONTAL SURFACES, AND ON THE WALLS - MINIMIZES
.

OR ELIMINATES CONCRETE ATTACK.
.
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TMI HYDROGEN BURN ANALYSIS

O
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O
TMI DATA

O
*

28 PSIAP =

1.7%HYDROGEN PERCENT AFTER BURN
* =

I
,

BASED ON BUREAU OF MINES DATA IN ORDER TO HAVE 1.7% HYDROGEN UNBURNED
*

AN INITIAL CONCENTRATION OF APPROXIMATELY 9.2% IS NEEDED.

.

.

OXYGEN BALANCE
*

MEASURED TWO OXYGEN SAMPLES AFTER BURN-

PERCENTS OXYGEN WERE 15.7% AND 16.5%

O .

ASSUME AIR WAS 21% OXYGEN-

'
THEN OXYGEN REACTED CAN BE CALCULATED

OXYGEN REACTED IS 5.3% AND 4.5%

THIS INDICATES THAT HYDROGEN REACTED WAS BETWEEN 10.6%-

AND 9.0%. THIS IS CONSISTENT WITH UNBURNED HYDROGEN PERCENT.

O
'

O

- -. - _ _
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O
TMI HYDROGEN FLAME TEMPERATURE CALCULATION l

O ,

|INITIAL CONDITIONS
*

16.2 PSIAP =-

TOTAL
U

T 115 F=-

1.575 PSIA (SATURATED)P =-

STEAM

AP FRACTION AP

(phHYDROGEN PERCENT FLAME TEMPERATURE BURNED
(ADIA IC 100% ()

(%) ( C) REACTION) (PSI)
.

9.2 767 44.9 77 34.6

O .09 753 44.0 '75 33.0

8.5 719 41.8 57 23.8

i

...__________ ..___ _____________________________________________________________________
,

|
|

8.0 677 39.7 16.3 6.5 l

i

0
AT 9.2% HYDROGEN THE FLAME TEMPERATURE OF 767 C IS WELL AB0VE OUR TEMPERATURE*

CRITERIA

O DIFFERENCE BETWEEN MEASURED AP AND CRCUMTED AP PROBABLY DUE TO HEAT LOSSES AND

INSTRUMENT RESPONSE

|O
|
|

l
1
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INTRODUCTION
l

!O This rescrt is submittad in response t: Section O. The Task Force en Intarim |
1

Operation, of the Cennissien's Order of May 30, 1980, in the Mat.ar of Cen- |

solidated Edison Ccapany of h Ycrk, Inc. (Indian Point, Unit No. 2). and

Power Authority of the Stata of New Ycrk (Indian Point, Unit No. 3). (Docket

Nos. 50-247 and 50-226.)

The May 30 Order established an acpreach, including adjudication, for resolving

the issues raised by a petition by the Unicn of Cencarned Scientists (UCS)

that called, among other things, fer shutdcwn of Indian Point Units 2 and

3. The Direct:r of the Offica of Nuclear React:r Regulatien had issued a

decision regarding that petition en February 11, 1980.

Section 0 of the May 30 Order directad the General Ccunsel and the Oirecter,

Offica cf Policy Evaluation, to establish a task forts to prepars a esecr:

to the C:mmission on infermation available at this time that bears en the

question of whether to permit, prohibit, or curtail cperation of Indian

Point Units 2 and 3 during pendency of the adjudication. The task for a

report was to include information en at least cartain specified t: pics

listed in the Order. The : pics f all ints two catageries: ac:ident risk,

c:nsideraticns (itams l to 4 of Section 0, at pages 5-7 cf ths Order) and

social and ec:ncmic imcact c:nsiderations (itam 5, at page 7 of the Order).

| The accident risk c:nsideratiens art addrsssed in Section 1 cf this recer..

Those c:nsiceratiens include c:mcarative site demograchy; ac:ident risk jv
i

ecmcarisons; effects of emergency responsa; anc effects of differencas

between Units 2 and 3, of changes ordered by .he Director cf NRR, anc cf
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1

pcwer-level reducticn. Effects of uncertainties are discussed. . Scme explanatory l

C details are appended. (Appendices A and B)

Sccial and ecencaic impact considerations are addressed in Section 2. The

principal considerations addressed include effects of shutdcwn or pcwer

reduction en (a) reliability of the electric power supply for the regien,

including New York City, and (b) scurces and ccst of electrical energy..

Suppcrting informaticn frem the Cepart=ent of Energy is acpended.

(Appendix C) i

:

Public cc:mments relevant to intarim cperation er shu:dewn, received in

respcnse to the Ccannission's February 15 solicitatien of cements, are !Q,

suamari:ed in Sectica 3.

.

The principal centributors to this.werk were Robert M. Bernero, Rcger M.

31cnd, W. Clark Pritchart.. and Merrill A. Taylor, cf the Office of Nuclear

Regulatory Research; and C4crge Eysymentt and George Sage, cf the Office of

Policy Evaluation.
i
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O secTt0N i. eccrus*T arsx c0NstusRATt0Ns

This section presents estimates of the ac:ident risk posed by operation

of the plants in their present condition; a comparison of the risk from |

other sitas and designs; the sensitivity of th'at risk to energency -

protective measures, and the sensitivity of risk to a reduction in ;:cwer

level during operation.

TWs POPULATION OIsTRIBUTION

The Indian ?cint Pcwer Station, with New York Cf ty less than 50 miles to

the south, has the largest ppulation in its immediata surroundings of|

any nuclear ;cwer station in the United States. " Demographic Statistic:
'

Pertaining to Nuclear Power Reac*se Sitas," NUREG-0348, tabulatas all
.

U. S. nuclear ;cwer stations ac::ording to the total population within a J

circle of given radius from the reactor. Tables 1, 2, and 3 show the
'

populations at distancas of 10, 30 and 50 miles based uman ths 1970

census. The region arcu~f the Indian Point station is the mst densely

populatad as shcwn by these data.

When c::asidering reactor accident risk, the ;:opulation in a given direction,

(1.e., in one 22h degree sector), is often are significant than population

density averaged over all diesetions. Reactors have been ranked by

their secor ;cpulation in Table 4 Hers :::c, Indian Point ranks among

Ithe highest. However, a number of other U. 5, reac=r sites, for example,
i

7fon and Limerick, also have estatively high populations in . heir vicinity.

1

.
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SITES WITH HIGHEST SECTCR 70FULATIONS

0Neulation in Hichest 221/2 Sece rfsi

A. Based on 1970 cansus data at 10 :niles

1. Ilon 55,000;'43,000; 41,000

2. Millst:ne 39,000

3. Quane Armld 38,000

4 Three Mile Island 35,000

5. Indian Point 32,000

5. Tmjan 32,000

7. Seaver Valley 31,000; 31,000

8. Indian Nint 30,000; 30,000.

.

3. Based an 1970 cansus data at 30 miles

1. Indian Point 1,500,000; 820,000

2. Limerick 1,200,000; 950,000

3. Sailly 900,000

4 Fermi 200,000; 770,000

5. Watar'o rd 700,000

C. Based on 1970 census data at 50 iniles

1. Indian Point 8,000,000; 2,900,000; 2,300,000

2. Ortsden 3,300,000

3. Sailly 3,200,000

4 Ifon 3,200,C00

O, 5. sai = z.7ao. coa

5. Sho rtham 2,100,000'

7. Fenni 2,100,000

O)
;

| C .

;

|



.

. .
,

O -s-.
.

O REACTORACC!DEMiRISXPARAMETERS

The accident Msk to the public posed by a reactor at a particular site

can be analyzed by carefully consideMng the design and operating charactaMstics

of the reactor plant, the local meteorology, the ;cpulation distribution

amune the plant, and the vaMous measures such as sheltering or evacuation

which could be taken to reduca the effect of a reactor accident on the

public. Ideally, this analysis should be plant and sita specific. -

ExpeMence has aletady shown that plant design and operating charactaMstics

are not so standardized that it is sufficient to aralyze any one reactor,

or any one type of reactor, or even any one reactor plant designed by a
'

O $4ngie suppner. The estimatad proeani,ities ane scanaMos of reactor

accidents are so sensitive to differencas in details of c:moonent reli-

ability design and precadures, including human errors, that apparently j
i

similar plants can be substantially different. l

.

The same need for plant specific analysis holds true for the siting

aspects of plants, i.a., the meteorology and especially the demograchy.
,

1

Sinca there exists no exhaustive Msk analysis of the Indian Nint

plants, the following analyses will deal separataly with the siting and

then the design aspects of the Indian Nint plants c:mpaMng what we de |
;

'<now of them to similar Msk analysas of other U. S.' plants. Understanding 1
'

O) the overall accident Msk of a nuclea ;cwer plant or c:mcarison of den

Msk ;csed by it to that ;csed by any other plant recuires c:nsideration

of the siting as well as the design and ocerating diarac:aristics of the

plant. ;

.- . _ - _
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SITE ASPECTS,

The Reactor Safety Study (WASH-1400), subject, to be sure, to large ;

uncertainties, provides a basic accident risk model which can be used to

assess the potential ac:ident risk of a plant, at least in c:mparison to

other plants. The model was developed in the detailed review of only I

tw plants, the Sur y pressuri:nd watar reac cr (?WR) and the Peach

Ectt:m boiling water reactor (SWR). The Indian Point Unit 2 and 3

reactors are FWRs, furnished by the same nuclear staam system supplier

! (Westinghouse), but of a larger si:n and latar vintage. To c:mpart

reactor sites to one another, the Surry.PWR is used as a benc.tark and,

through the facility of calculation, is rcVed frem sita to sita calculating

the overs!1 risk he four principal risk measures: early fatalities;

early (radiation) illnesses; latant cancar fatalities; and public property

damage costs. If the ;cwer of the benchmark reactor is held ccnstant,

then this set of calculations provides a good c:mparative measure of one

site e another.
.

The staff has perfennad a set of these benchmark calculations using the

fur y benchmark reactor with its power increased 2 2025 WT, the rating

of Indian Point 3. In general, the risk a reac r poses is precor;ional

ts its power level . Six sitas were analy:sd kr this c:mparison.
.

j Four, Indian Point, Zion, Limerick and Fermi, recrasant sitas of relatively
,

high population. One, Palisades, recresents what the staff believes is

I a typical or aversge ;c:ulation dist-ibution. The last, Giacio Canyon,
v

rteresents a recta sita, thatts, one wi .'t relatively low ;ocula:icn

density. The results of the analyses of :ne enlarged Sur y :lant a:

these six sitas art shown in Figurts 1 thr-:ugn 1 nr the hur :e.sures
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De results shown in these figures are the c:=plementary cumulative

distMbution functions (CCDF)* which are the variation of the conse-

quencas of a reactor accident per year wi^h their associated probability

of occurrence. De estinated risk of accidents 'or a given reac*Jr, the

pmduct of pmbabilities and consequences, is the area under the curve.

On Figures 1, 2, and 3 are listad the key assumptions about public

pntactive action, name!y that people within a 10 mile radius of the :

plant suffer the entire cloud exposure and then four hours of ground

exposure before they are evacuatad; people outside the 10 mile radius

receive the entire cloud exposure and a ' subsequent seven day gmund )

O exoosure assumins nor=al inecer ane oute=or acc4v4ty.

Befort studying the curies consider for a mment the range of consequencas

that can be caused by a nuclear plant accident. For severs consecuencas,

substantial amounts of radioactive mataMal must be spread out over the

surmunding area. De forcas ejecting the material and the local metsamlegy

will emntml how much gets out and how far it will etach. Be areas

closest to the reacter will stand to recafve the highest doses and.those

far-her away, less. ne Reactor Safety Study analysis showed that for

severs accident r*1 eases, only thosa people within about 10 miles art ex::osed
.

ts fatal doses, beginning at about 500 Rem. Bus, the population wi*hin

10 miles of a sita will be significant to the early fatality risk 'r r

that sita; the population beyond 10 miles will not. Tnis was a p. - W '

n): c .

"The CCF snows :ne pmbability that'a c nsecuence will be o :alled or
. o r fur-Merexceeded. Accendix A discusses how a CCCF is c nstrue:ad. -

discussion of the consecuenca model used in these calculations, clease
r sfer to Overview of de Reactor Safety Study Ccnsecuenca i% del (NUREG-33!.0)
and Accendix .'/I of the Reactor Safety Study ('JASH-140) .

j
.. . . - , ,
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FIGURE 1 - EARLY FATALITY RISX FOR DIFFERENT SITES
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FIGURE 2 - EARLY . ILLNESS RI5X FOR DIFFERENT SITEI
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FIGURE 3 - LATENT CANCER RISX (ANNUAL) FOR DIFFERENT SITES
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FIGURE 4 - PROPERTf DMAGE RISX FOR DIFFERENT SITE 3
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reason for selecting 10 miles as the radius for e::ergency planning :enes

(see NtJRS-0296, Planning Basis for the Development of Stata and Local
'

t ernment Radiological Emergency Res;cnse Plans in Support of Light
_

-

~' dater Nuclear Power Plants) .
~

~

.

Radiation injuMes, caused by doses of 50 Rem or mes, can reach farther

out in the event of a severs reac.or accident, to the peculation as far

as 50 miles away. Dersfors, the population up to that distanca away is
._ _ . .

significant in estimating the early illness risk; the population beyond

50 miles is not. De estimation of latant cancar fatalities includes

even low exposures so populations as far away as 200 miles will signifi-
O - -- -

cantly influence the latant cancar risk estimata. Thus, for the latant

cancar Msk, the differencas between sitas are relatively small sinca the

populations of such large regions art frecuently s.imilar.

Figure 1 shows that the thrse sitas with the highest local ;cpulation

density, Indian Point, Zion and LimeMck, have essentially the same risk

profile for early fatalities. The other sitas show ;rogressively lower
'

M sks. As was discussed, early fatality risk is dcminated by the population

within 10 miles of the plant, so the large ;crulation of New York City

is not a factor hers. The absciuta values of these Msk estimatas ars

subject to large uncartainties but the range should be notad. Fo r lo w
f]',

probability--high consecuenca events, thousands t tans of thousands of
1

early deaths art estimated 'or mst sitas. ip(m

Iarly 111nesses are dafined as radiation excesures in excess of 50 Rem,

whole body 'or an individual. These illnesses or injuMes, shown in

. . _ .



_
__

!
. -

. .

I.

O
-14-

iFigure 2, are dominated by the size of the population within a 50 mile
l

radius. Thus, New York City is important to the risk of early illness

for Indian Point. Ifon, Limerick and Femi also have enough population

in the 50 mile range ts be c mparable to Indian Point as shown by Figure .

2. Also for this aspect of risk, the typical Palisades sita and the

Diable Canyon sita are not very different from each other but are substantially

lower than the others. For the sites with higher population density,

thousands to hundreds of thousands of early illnesses are projected for

the lower probability events. l
:

The latant cancer risk, as shown in Figure 3, is dcminatad by the

population within about a 200 mile radius of the plant. Because of

this, the individual site risk curves for latant cancers reflect the

charactar of the region. Remember that Indian Point is outside New York

City, Ifon cutside Chicago on the north shore, Limerick to the nor-J: west

of Philadelphia, and Femi near Detroit. Pa11sadas is on the wstarn

side of the Michigan icwer peninsula and Diablo Canyon is on the California

coast well above Santa Barcara. The latant cancar risk for these sitas,

and pmbably all other sitas is appmximataly the same. Tne number of

latant cancer deaths projected is on the order cf hundreds ;er year or

thousands per ac:iden:t for the lower ;robability avents (on the order of

) 10-3/yr).

Pleasa nota that the latant cancer risk is presentad throughout this

E discussion as latant cancars per year, that is, the average numcer of

cancar deaths dat wuld be expected t: oc:ur per year in de ;coulation

|

|
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which was exposed to the accident. The total number of latant cancer

deaths associated with an accident wuld be 30 times higher, reflecting

the calculated rata of cancer death continuing for a generation. .~-o r

further discussion of latant cancar risk see NUREG-0340 at page 30.

Tne curves for propei-ty damage art presentad in Figure 2 The redel

still calculatas in 1974 dollars; the c=rrection for inflation is probably

about a factor of 1.5. Tne flatness of the curve at the upper left

indicates that any accident with substantial releases will cause damage

of many millions of dollars. Tne projected damage for low pmbability

events reaches up into the range of tans of billions of dollars. However,

O the property damage here does not include damage to the plant. The>

These Mile Island accident, which did no offsita pmperty damage, caused

severs 1 hundred million dellan wrth of damage to the plant and replac:anent

power costs, analogous to intardiction costs, on the order of a billion

dellars. The property damage risk estimate is directly proportional c

population density. With the present propecy damage model (see NUREG-

0320 at page 22) the psputation out 2 about 30 miles is significant.

However, the use of more strict interdiction and cleanup critaria, as

may well be wr-antad, would make populations beyond that distance

impo rtant.

Tne estimatad overall precability of core melts 'or the benchmark reacer

8
(Surry) rebaselined*'frem WASH-1400 is about one chanca cut of twenty

'Ene Reac=r iafety Study plants were "rtbaselined" for all the analyses
presented in *his escort in order ts ske ints ac=unt peer gnuo c:ments
(e.g., the Lewis C:mittae) and to use battar data and analytical tach-
niques which art now available such as *he MARC *i and CORRAL c: des. Fur-her
discussion of t.11s rebaselining is presentad in Accendix 3.

'
__
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O thousand (Ex10" ) per reactor year. The CCDF cur res have been c:nstructed

to display the probability vs. c:nsecuenca relationship for those cases

of core melt ac:1 dents where offsits harm is done. tbte that the majority

of core melts are not estimated to do hara offsita. For example, in

Figure 1 the benchmark Surry reac se at the indian point sita is predicted

to cause one or trert acute fatalities at a frequency of 3.2x10~5/yr.

This means that only 3.2x10~0 5x10-5 = .064 or less than 10 percent of the

core melt ac:fdents are predicted to give lethal doses offsita. Conversely

about 90 percant of the core melt accidents are not excected := pmduce

lethal doses for that plant. For other plants a larger or smaller fraction

O of ==r. =eit ac=4 dents may en expected to cause iethat eoses offs 4ta. cur

ability to predict how oftan core meit accidents occur is very 11mitad.

However, we art quite reasonably confident from the wrk so far that

mst core melt accidents will not give lethal tses offsita. Cnly

car ain accident scanarios in the plant, those entailing care meltdown

and gross containment failure, coincident with particularly adverse .

weather conditions, will result in lethal doses or severt offsita gmund *

contamination (i.e., property damage). However, those few cars =elt

ac:idents that do give lethal doses art likely t: do so over a signifi-

cant area (out to a few miles downwind). If even one person receives a

- lethal dose offsita, it is cuita likely that one t."ousand will receive a
' }

t lethal dose. bever, in no case are art than a few tans of .housands

predicted to recafve lethal doses. |b c:mbination of weather c:nditions,

v ineffectual energency response and severs ac:ident can be found at any

,

|

|
.__ . . . -
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O probability that is realistically expected to give lethal deses to as

many as one !cndred thousand. There are, of course, higher numbers of

latent casualties predicted for such accidents, as can be seen in Figure

3.

'

Ccnsider the dtfferencas~ among the cunes; the cunes-have been c:nstructad

en logarithmic scale,'wntch tands". ts:mintmi:a'small. dtfferencas.

There are a few perspectives which the CCDFs should clearly provida.
l

For illust ative purposes consider Figure 1; ?.arly Fatality Risk for
l

Of fferent Sitas. The probability axis shows the chanca of equalling or ;

exceeding a number of early fatalities per reacer year. At 10 fatalities,

the range of probabilities hr the sitas represents the variation between

sitas of the likelihood of having at least 10 people receive lethal
,

1

doses. At this level, there is about a facer of 20 differenca in

probability between the Indian point and Diablo Canyon sitas. Thes, the

CCFs,show the variation in prehabili:y for given levels of consequences.

The CCDFs also give the range of c:nsecuencas for a given precability

level . At the one in one hundred million (104) probability level, one
|

wuld expect the Diablo Canyon area ;opulation c suffer at least 100 |

fatalities whereas the number of fatalities estimatad at Indian point

wuld be about 10,000 or more. I

9
In addition to the probability and consequence perscective, the curves 1

give a sense of the imcortanca of the 02nsecuences and pr babilities.

O 'lhen the cunes have a clear 'cles in then, tha: is cey have an accrexima:aly

Peri: ental slope out :s scme level of c:nsequencas and then fall off
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sharply (see the Indian Nint curre in Figurt 1, the knee is at about

the 4,000 fatalities level) the most important part of the curie is the

hoM ental portion where one wuld expect to have about an ecual chance

of suffedng c:nsequences up to about that ' knee * 1evel. When the curve

drops off, the ur.nnMainties bec:me 'iery large and the fmoortance of

;ertsived difderences should be sinimi:ad. When the curies do not have

a clear knee, as in the case of Indian ?cint on Figurn 2, the ;rebabili-

t"' are dropping at about the same rata as the c:nsecueness art increasing.

This result leaves a question as t= the limit of how many consequencas-

could be excectad. That is,. the low probability-high c:nsequence range

O (bott== s ht of curie) is ciearly c=ntributins t= the overal, "sk.s

The Msk curies in Figures 1-4 can be reduced to pr:babflity weignted

values, or expectad consequences and these can be tarmed the likelihood ;

of the consecuence oc:urdng in a year. Table 5 present.s these expected

consecuences. The principal differencas between the Msks at these

sitas is seen to be in early fataf f ties and injuHes. The Indian Nint

site poses about 20 times :nore risk of early fata11ty than a typical

site such as ?alisades. With rescect to early injuMes, the Indian

?cint sits is about 10 times mars Msky than Palisades. Tne differences

in other aspects of Msk art not so great.

9 The r:sks of early fatalities and early filnesses for the Indian Nint

site alone where only public protactive reasurss are changed are shevn

in Figures 5 and 5, respectively. For the Indian Nint sita alone, the

sensitivity of early fatalities and early illness to no evacuation.at |

all until a day after the accident, e differencas in evacuation radius,

-. .. . .
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TABLE 5 |

O' ,

UFECTED ANNUAL CONSEQUENCES.(RISX). FROM 5 SITIS <
.

WITH TdE SURRY RE3ASELINED FWR DESIGN |
Pmbab111ty of Early Early latent Pmperty

$", 8"$',"C'[C' Fatalities Injuries Cancer /Yr* Damage S=
gg

Diablo Canyon 1.6x10-5 2.Ex10 1.3x10~4 1290

Palisades 2.9x10" 1.2x10-3 2.7x10" 2570

fFemi 9.2x10" 6.3x10~3 3.5x10 " 4780

Limerick 3.5x10~3 1.1x10-2 4.7x10" 5980

Zion 4.7x10-3 1.2x10-2 4.3x10"# 6030

*ndian Point 6.1x10-3 1.5x10-2 5.dx10'# 9550
.

* Total Lat=.? Cancers Would Se 30 Times Higher

**Sased on 1974 Collars

NOTE: THERE ARE LARGE UNCERTAINT".5 WITi THE A8SCLUTE VALUES FRESENTED IN I'iIS TAELE.
1

ASSUMPTIONS: 1. SURRY DESIGN.
2. I.P. UNIT 3 .50WER LEVEL (3025 MWT).
3. WITHIN 10 MILES - ENTIRE CLCUD GF05URE + 4 HCURS GROUND UF05URE |

NO SHIELDING
3EYONO 10 MILES - ENTIRE CLCUD UFOSURE + 7 OAY GRCUND UF05URE

SHIELDING 3ASED ON MORMAL ACTI'IITI.
4 WINO ROSE WEIGHTED 1970 CENSUS FOPULATION DISTRI34 TION.
5. IDENTICAL 91 WEATdER SEQUENCES FOR ALL SITES.

i

|

|
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FIGURE 5 # t.Y FATALITY RI5X AT INDIAN FOINT FOR VARICUS FUSLIC PROTECTION MEASURES'
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NOTE: TH E E ARE LARGE UNCER'AINTIE3 '4IB THE ABSOLUTE 7ALUE5 ?RE5 D TED IN THIS .:!GURE

Q
, g AS3UMPUCN5: 1) SURRY CE3IGN.
| 2) I.P. UNIT 3 ?CWER E/E (2025 M4T) .
| 3) WII.D ROSE '4EIGHi-u 1970 CENSUS ~ 70F0L4HCN CI5 R!5UUCN

4) INDIAN ?OINT SITE (FOPULAUCN AND .METEOROLCGY)
F/ACUAUCN SCDARIOS - INURE CLCUD E'(705URE * EITHE 4 HOURS GRCUNO EXF05URE,

( NO SHIEDING WITHIN GI7EN OISTANCZ; OR 7 CAYS GRCUND EXPOSURE,
N.FMLEGRfMr-LETEGMa_raGLaffRXra 1'
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FIGURE S - EARLY ILLNEs3 RISX AT INDIAN POINT FOR VARICUS PUSLIC PROTECTION MEASURES
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namely,10, 25 and 50 miles and sheltering were analyted. For Indian

Foint, this last would include New York City itself. In Figure 5 for

early fatalities, only tw cur /es are sh]wn, one for no evacuation for

one day and a second curve representing a range of the public protaction

ootions sinca their differenens are t:o small to distinguish. All

evacuations are assumed to in:1ude direct exposure of the pecple to the

cicud and then four ' curs of ground ex;osure while evacuating. Cbviously,e

if one assumed that the evacuees c:uld leave before suffering less or

even any cloud and ground exposure, the risk profile would be drastically

lowered. Since early fata11 ties are dcminated by the ;cpulation within

h the first 10 miles, evacua:ing beyond that range produces little redue ion;

in early fatalities.

I

ne early illnesses that could be suffered around the Indian ?cin: sita j

with varying public pretnction stratagies is shown in Figure 5. The

icwest risk is with a 50 mile evacuation. The altarnative of sheltaMng |

for a period of 24 hours and then evacuating selectively appears ::

provide nearly the same Msk reduction for the Indian :oint environs.

The other altarnatives depicted do not appear :s offer as much benefit

for the 10 4 3robability-high consecuenca events.

,

8

. . .
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THE EFFECT OF DESIFOM RISX A7/IMMAN POINT

The extensive use of quantitative risk assessment Nr U. S. power reactors

began with the Reactor Safety Study (RSS), WASH-1400, which studied a 3-

?oop Westinghouse PWR, Surrf, and a General Electric BWR, Feach Sett:m.

Sin:e the Reactor Safety Study, other reactor risk assessments of somewhat

lesser depth have been made. For example, the NRC staff has been pursuing

the Reactor Safety Study Methodology Appi fcation Program. Tnis pmgram

is c=nsidering four reactors: Seguayah, a Westinghouse 4-Icop ?WR with

f ce condenser emntainment; Oconee, a Habcock-Wile:x 2-loop .NR with dr/

containment; Calvert Cliffs, a Combustion Engineering 2-loop FWR with

def containment; and Grand Gulf, a General Electric BWR with Mark III

containment. Tnese designs are being reviewed with application of the
'

React:r Safety Study event and fault tree techniques. The repor.s on

these studies will not be c:mplete until latar this year but some of the |
prsifminarf results are available to the staff.

Tne staff recantly began a new pregram, the Interim Re11 ability Evaluation
'

Pmgram. Tne first plant covered in this program is Crjstal River 3, a

3abecek and Wfic x 2-loop FWR with dry c:ntainment. Tne initial recor. I
1

on this study is now in peer review, and 1ts praliminary results art |
1

available ts the staff. Also available he c:mparison are the resul .s
'

of the German react:r risk study of the Biblis 3 reactor."

h> Tne staff used the infomation gained from these studias to guide a
i

short tarm risk evaluation of the Indian Point 2 and 3 plants. This

'

1
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evaluation es11es heavily en the judgement of the reviewer with respect
,

to the ac:ident saquencas being c:nsidered and to the parts of the

plants involved, ne approach was to consider che key accident sacuences

which involve cars =elt@wn* or containment failurs mdes that would be l

'

expectad to dcminata Msk. The Indian Feint plants were briefly reviewed

against these scenarios and their designs wers suneyed f r single ;oint

vulnerabilities such as single manual valves o~ human ermrs which can

trigger or c:ntrol a significant accident sacuenca. Particular attention ;

was given to c:mnon interactions which could cut across asm than one

systam or be caused by a single initiating event. Fough estimatas wers

O :saea of the likeithoed and c=nsecuencas of var 4ous secuences usins the .

data and release charsetaristics of previous studies, particularly the

Reactor Safety Study and its follow-on work, the Methodology Application

Progrm. PMor risk studies showed dat a handful of ac:ident scenarios

wuld mst likely define and dcminata a reasonably c:mpleta scect: m of

cars melt accident scenaMos for the FWR design. Table 5 lists the

accident scanaHos which were so considered ar.d wnich wers among those

quantitatively estimatad for the Indian Foint 2 anc 3 study. We f:und

no Msk significant differsness between the Indian Point 2 and 3 designs.

An esti=ata of the overall probability of severs =rs damage or =rs

melt was made for Indian Point 2 and 3 as of Decacer 1979. Ben the
_

estimata was revised to reflect cose changes dat wers made or c:mmittad

:: in early 1980. Bis very preliminary estimata for Indian ?cint

indicatas an initial precacili':y of savers cars damage of accu: 2x10

' Mars, as in 4 ASH-1200, the tarms c:rs melttwn and severs c:rt damage
are used intarchangeaoly. De analysis ;rtsumes precassien t: c:rs

'ATa%'
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TABLE 6 .

DOMINANT ACCIDENT SE00ENCES

Sequence Code Offsite Consequences
Accident Scenario From WASH-1iC0 Excectad

LCCA and failure of ECC AD Low to modest |

in injection mode SD I

SD !
|

LCCA and failure of ECCS AH

in recirculation crede SH
SH

Transient and loss of feedwater TMLX

or serious failure and no feed TMKX
Vand bleed on primary side (X)

LOCA and foss of containment AG Intarnediata
heat rsnoval with subsequent 5, G

intaractions with ECC3 S{G
LOCA and failure of ECCS and AHF Hign -

containment 55Fs in recircu- S HF |

1ation phase due to comon NF l

cause

LOCA and coupled damage to Event V ;

ECC3 and p'otantial bypass
of containment

i
Transient inyciving loss of TML3'
all AC power (or possib*y V
OC) and failurs of aux 1fiary |
feeawatar |

,

'

d

O,.
o

. .

r
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per year. De improveents made or c:=mitted t: this year are estimated
:

ta reduce that probability by a facer of three to about 1x10' per year.

For c:mpaMson, Table 7 presents the estimated probability of severe

core damage for the Indian Point reacers along with similar estimatas

frem the Reactor Safety Study and other studies mentioned previously.

The overail effect of 'he Indian Foint improvements is estimated ta be a

three-fold reduction in the probability of severe c:re damage if these

improvenents are soccessfully implementad. As it turns out, i is not

._
incertant to this overall analysis to datannine whether each of the

c:mmitted changes has been made .and when. The changes =mmittad = are

O cieariy benef4c4ai in reduc 4ng ssa but 4t 4, questionahie whether the

factor of improveent, three, is statistically significant. De p dabi-

lities of severe c:re damage listed in Table 7 are subject to at least a

factor of 5 uncertainty in either direction due to uncar sinties in the .

data upon which all this analysis is based. Berefore, one should be

very careful about attaching significance to differencas in these estimatas

which are less than about one order of magnitude.
,

De effec. on risk at the Indian Point site is best seen by e::mparison

of the CCJF's. Figure 7 shows the early fatality Msk curves 'er five
;

different rescer designs, all at the Indian Point sita, including -he
OG early fatality Msk cur res estimated for the Indian Point I reacter

before :he 1980 changes and aftar the 198C changes.

O
C Figures 3, 9 and 10 display the same =mcaHsons #ce -he c ner Hsk

indica :rs, early injuHes, latant fatalities and procer y damage.

i
..
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TABLE 7 - ESTIMATED PRCEABILIT/ OF SE/ERE CORE CANAGE'

REACTCR NAME T(PE pgesASILIr(* c; spfggg ,

CORE CAFAGE FE. 3.EACTOR-YEART

SURRY 3-loop PkR 6x10-5.

PEACH 30TTm BWR(MarkI) 3x10~

SEUOYAH 4-loop PWR (Ice Condenser) 4x10~5

OCONEE 2-loop PWR 2x10

CALVERT CLIFF 5 2-loop PWR 2x10

CRYSTAL RIVER-3 --- 2-1 cop PWR 3x10

4
BIBLIS 4-loop PWR 4x10

O rn0 ax m ur u .,PWR ixiG-5

* Reflects median values
,

|

m
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fit.URE 7 - EARLY FATALITf RISK FOR DIFFEENT DESIGNS
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FIGURE 8 - EARLY ILL!iESS RISX FOR vi.FFEDIT DESIGNS
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FIGURE 9 - LATINT CANCE RISK FOR DIFFEENT DESIGNS
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FIGURE 10 - PROPGTf OMAGE RI5X FOR DIFFERE3T DE3IGNS
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The reactor designs whose Msk pmfiles are considered here include the

tw reacers considered in the Reacer Safety Study, Surr/ and Peach
'

Bottom; the Sequoyah plant with its ice condenser and the tw versions

of the Indian Point design. The Msk profiles are presented only for

these reacers and not the others listad in Table 7 because there was

not time to do the others.

When c:nsideMng the CC:3Fs presented in Figures 7, 8, 9 and 10, it is

imporant to keep the uneartainties in mind. WASH-1400 assigned an

uncartainty of plus or minus a factor of five to analysis such as this.

The Lewis ccmmittee questioned that small an uncartainty. We believe it
~ is prudent to consider that these curies have an uncartainty, plus or

v.inus, of about a factor of 10 at the higher probabilities and pernaps

as much as a facer of 100 at the lower probabilities. Thus, one can

attach significance to the rane shown but not to :nodest di'ferencas

betnen curtes.'

As indicated by the curies, the Msk of the Indian Point reacters appears

to be even icwer c:mpared to the other reacers than 'the ratio of their

cart damage pmbabilities wu1d suggest. Table 3 presents the expected

annual consequences or the Msk frem these five different designs at the

Indian Point sita. If one postulatas that t.;a Surry design is a ypical
V reacce, then " Indian Point Aftar ?!x" ;nses abcut 30 times less Msk of

g early fatalities, about 50 times less risk of early injuries, about 30

C times less risk of latant cancers, and about 50 times less risk of
.

property damage. At this time, not enough is kncwn about de overall

.
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risk profile of all the individual plants in the U.S. to say wha ^ is

typical or even what the range is. The variation of the design and

operation parameter done in this analysis was based on infor:iation i

available, not on identifiable bounds.
,

!
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TABLE 8

O am.= ANNuAt COMscuacEs caISo FRCx s twR DEstas
AT THE INDIAN POINT SITE l

'

!

Pmb,' of Qnse Early Early Latant Property
Faul es N ud es QncarMr* Damage $" ;Desien e. er ve

:- - q

IP Aftar Fix 2.2x10 2.7x10 1.5x10~0 199
#

IP 3efore Fix 6.3x10 9.5x10 4.4x10*I 700
4

Surry Recasalined 6.1x10-3 1.5x10-2 5.4x10 9550

Sequoyah Ica 2.7x10~3 2.2x10-E 1.2x10~3 14800
Condenser

Peach Bottom SWR 1.7x10-2 3.1x10~2 1.1x30'3 13500
Rebaselined

; Total Latant Cancars Would Se 30 Times Higher

"Sased en 197a Collars;

,

NOTE: THERE ARE LARGE UNCERTAINTIES '4ITH THE A550 LUTE VALUES PRE 5aiw IN
THIS TABLE.

ASSUMPTIONS: 1. INDIAN POINT SITE
METEOROLOGY - 91 WEATHER SEOUENC12
'4IND ROSE '4EIGHTE 1970 CBSUS POPULATION OISTRIBUTION
UNIT 3 POWER LS EL (3025 MWT),

2. '4ITHIN 10 MILES - OTIRE CLCUD UPOSURE + 4 HOURS GRCUND UFOSURE
NO SHIELDING

BEYONO 10 MILES - STIRE CLCUD UFOSURE - 7 OAY GRCUNO UFOSURE
SHk: DING SASED ON NORMAL ACTIVITf

O'
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"ME SENSITIVITT OF RI!t .TO..VARIATIOM! JIM '5ITE,'PUBl.IC 780TICTICN,

AND CGIGN/0PE. WING CHARACTERISTIC 3:J: .
.

In the precaeding sections the risk was considered for variation of
.

three basic parameters, the reacter sita, the public protection measures

taken, and the different reactor plant design and operating character-

istics. For the first, a single reacter design, Surry, was placed at

six different sites. The degree of uncertainty in this sita c:mpaMson

is not as great as for the design c:mpaMson becausa, although thers are

substantial uncertainties in the mdel, the sitas dif"er only by tw relatively

"'" ""d'"'* d S* ''"''' '' d '" 5 "''"' '" d "' ** "" ' 5' - '"' d'""S"''"'O
differencas dominata the c=mpaMson. The same degree of uneartainty

exists for the public protaction measure vaMation, since no evacuation
; legistics analysis is made hers. The mdel used for thesa analyses

wrks just on the demography.

For the design vaMation thers is much greater uncarninty. The c:mpari-

son of one plant to another involves different levels of study, different

dominant ac:ident scenaMos, and the use of a great deal mars judgment

by the analyst. Previous work by the staff in evaluating the reliability

of auxiliary feedwatar systams in many pWRs was done on a more c:nsistant

t basis, where each plant received approximately the same deptn and sc:pe of
~

analysis. The results of that analysis showed reliability vaMations

) for that one immortant systas fr:m plant to plant ranging aver tw

orders of magnitude, about as much as was shown here for sita variation.v

.
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Figure 11 was drawn to display the range of vaMation for the tnree

parameters of this analysis. Cn each of the four graphs shown in Figure

11, the solid lines show the teunds of vaMation when the same reacer

was moved from site to site. The long-short-long lines with shading in

the first tw graphs show the teunds for vaMation of public protective

action options, all with the pessimistic (or realistic) ex;:esure assumptions

descH bed previously. The dashed lines en all four graphs show the
,

I

range of vaMation of a few reactor designs that were analyzed. 'Je

expect the full range of variation of Msk due to design factors from

the best to worst plant In the country to be broader than the small
'

sample shown here. Figure 11 suggests that the 7;ost significant parameter

affecting Hsk is the design and operation of the plant. The site is a

significant vaMable acre fbr early effects and the public protaction

options as shown here are the least significant.

.
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FIGURE 11 - RANGES GE's,ISK VARIA" . .A .
'

- - .--- -

te" . ta" . .,

E 3 5 !.,

.
"'

c ? C 1o g, -

t, ij - 1
--

, _ !
_ l ,4 3

a- - L_ '' ' ' ,!
O ,.

7g- - - .

::
.

- - - -
~

s- -
Is ~ .:.. y ''e \ . s

,
-

.

c. .

%M. g ..

|
.y

u . a| | _D x- s %
3 f.a .

-

\~* =

-|
*W : =

' , wd,g~+ s
g - ,

sC r = .= .

|
.

~ s- == 1----
=___ te*I

=
.p t m-

\ .s

\ '~\ \ ;.'

., I t. 15@ | ,, l s WW2% s-

' ; i , i ! ~ ! ptgM. \ !.
'

\ C \
,- \

. 't| \ F .'., .i . g=.
Q,q-

.
.

,= \ g g.
.w g-

y
. \: ..

7.r .\. ,,.. | .1 vb ' ..t
,.

.
, , . .

.

'

a gg ;p gg3 ta' td fM t/ IM 13 !M fM6ite
!. DELT M12.*;J3 Queeffvt *s:sMW1 I. gaLT !LLats:

!3 *R. ,, ted, ,,

2 3 3-

9-

m.=-

} -

r= -
- =

p ju=.
- 7 ,,

-
- . ,. ,--

ts*I . ig*I -
s - l''

s : N 0:N,
,' s i-

. . 3- -
" * N "I* \

i s 43\3 - -

|!
=

ak- i \
88 a| 6 s i '

I I8 -- - ,
,

-

4

$ II A e s = i
N s. g = g =

: = s 's :a 's \ ;.
.
a ,

--

% \ 4
%, \

.a -

7s A N 4** 'r- N g
-

I\ is |1= te.,1 i s
= f4. 1

s =.
.

= -

k \ $
\ \

t s :- S \ 3- -
N \

'\ g4
\ \l '

r I \ '
5 '

gg-4 ;g
I g \ d 3 1- g 3

: : : 'i g
;

? \ 1 .- \\
s \- .-

L 1 \ .

,,., ) h
L .

,, l i. t t

td ? 8* E !E it' iM IM t/ 1g tg fp8 IEI3 J

1. LAFEM' omens / UP g, .ing,Agg ==fM. .sumptsfr 3suas .

,m. m a==: = = = := = . t,= suas

. .-
-- - .

O
C' NOTE 1. THE RANGES RE3REIST SE57 ui; MATES CN A CCFFARATT/E 3 ASIS. THERE ARE

LARGE UNCSTAINTIE3 WITl TdE A85CLUTE 'IALUE3 FRE38 .u IN TdIS FIGURE.
2. PUBLIC FR0isi r/E MGSURE3 HAD NO SIGNIFICANT IMPACT CN TOTAL L%TET

) CANCER CR CN iviAL FRCPERTf DAMAGE.
1A

--"'- ~ l E3TIMATE RANGE OF CCNSEUSCES ?CR 'IARICUS CE3IGNS CNSIDERE AT |./

___J INDIAN FOINT SA i . ;

u U ATE RANGE CF CCNSEUSCE5 FOR 5 SITES CNSIDERE WI7dd

SURRY DESIGN.

Q.3-.g, } _:s4 iMATE RANGE,.CF CNSECUSCES ?GR 'IARICUS FUELIC FROTECTTIE
-. . , - , , - ~ . .m .-...,,.m2,,..,_ ..--
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THE RISK OF''AN'IMDIAN POINT RGC CR ctMPAR!D 70'0TRER RUC ORS j

!

The preceeding sections examined the risk of the Indian Nint sita and i

1

the Indian Nint reactor designs separately. Frem those examinations it

appears that the sita is about an order of magnitude :nore Msky than a

typical sita and the design about as much less risky than a typical

design. There is much more cartainty in our c:mparison of the relative

sita Msks than there is in the c:mparison of the design Msks. It is |
reasonable to conclude that the tw ahout cancal, that is, the overall

Msk of the Indian Point reactor is about the same as a typical reacter
ion a typical sita. We rec =gni:a that. such a ecmparison makes no explicit

O !
compensation for the Indian Point risk entailing notably higher consequencas !

even if at lower probability than is typical. It is not unusual in risk
I

aversion to demand lower risk as the ;otantial consequences increase -

as the stakes get higher. Ac:=rdingly, one might argue that the probability

should be more than a magnitude icwr if the c=nsequencas can be a

magnitude higher.

REUCTION OF CPERATING POWER LSE1.

Obviously, reactor accident Msk can be essentially eliminaad by shutting

dcwn the esaccr. Reducing the operating power level can reduca Msk in
' ' tw ways, by red' icing the potential c nsecuencas of an accident and by reducing

the pmbability of an accident occurring or running its c=urse. Reducing'

the opertting power level of a reactr does ret reduca -he potantial c:nse-

cuencas pr:per.icnataly until long after the power level reduction is
!

enfo rcad,, A typical.pWR core is divided ints three sets of 62e1 assembif es.f
One set is reclaced at each refueling, so that each fuel assambly experiences

. _. - - - --
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O,
three operating cycles in its peMod of use. De accident Msk ;csed by

a reacter aMses frem the inventor / of fission product: eich builds up

in these hel assenblies. Based on the '4 ASH-1400 analysis, about half

dat Msk c:mes frem fodine isotopes with half-lives of no mre than

eight days., For these fodine isatepes, the equilibrium invent:rf level

is proportional to pwer level, and is reached in about a mn:h at that

power. Aftar about a anth, then te fodine c:ntribution to Msk is

going to be directly proportional to staady stata ;cwer level.

De other half of the estimatad accident Msk is dominatad by isot= pes

''''"*"*''"""''"'''""""'**''""'"d'*""''""'"*'"5'''''''"'O
half-lives, e.g. , of years. Some of these isotopes never reach an

equilibrium level in the fuel as de the short-lived ones but continue :s

build up in propor. ion ts both power level and the time spent at that

level, in essenca, in proportion to the number of fissicas. D erefort,

an operating ;cwer level reduction will not proportionataly reduce the

Msk from these isotopes unless there is also a reduction in the fuel

bumus allowed.

De reduction of operating ;cwer level can also have an effect on accident

Msk by reducing the Nel openting :=mcenturt levels and by rtducing

the amount of decay heat nich mst be removed aftar shutdcwn. At lower

;cwer levels the heat cut:ut of the fuel is icwer. Since the c: elan:~

tangenture remains essentially t' e same as at full power, :ne result is
'

: - lower tangenture of the fuel and meh of the :etal surmunding it. Tne

| advantage of reduced fuel taceratura in an accident is the fac: that

;

- - - . .
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O- ee fuei has ea: -e -m o ah4,ity of absosing heat befon it

; reaches seven damage temperature or melts. Thus, the cars can tolerata

longer periods without proper c:oling befern damage is dene.

Continued operation at reducad ;cwer level will also reduca the amount :

of decay heat generated aftar shutdown, in proper:icn to the degree of

power reduction. This, as well as lower fuel tamceratures, increases

the length of time the core can run without proper c:aling before damage

occurs. With increased toleranca of ;cor core c: cling, there is :nre

time for corrective action by the operators in the event of an accident.

No quantitative analyses were perfonned to estimata thd degree of risk

reduction that can be achieved by reduction of the operating ;cwer level

but, from the factors involved, it appears reasonable to say that risk

wuld be reduced in proportion to the reduction in ;cwer level.

.
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SECTION 2. SOCIAL AND ECCNCMIC IMPACT CCNSIDERATICNS

EFFECTS OF AN INDIAN POINT STATICN S'iUTCCWN CN ELICTRICALgs i

F0WER RELIABILiff IN inE ttEW fCRK F0WER FCOL

| The New Ycrk Power Pool (NYPP) c:ordinatas the generation and delivery of
'

i

electric power for the State of New York. Its members operate ac: rding to

| cartain standards, including the requirements that NYPP memcers maintain an |
'

.

.

installed genersting capacity reserve equal to la percant of maximum cne
. ,

hour net load. There are seven invest:r-cwced and ene stata cwned utility |
|

in the NYPP with a totzi capacity as of Sumer 1979, of nearly 30,C00 N.

Censc11datad Ediscrr represents ahcut 31 pertant (9400 h) and the Pcwer

Authority of the Stata of New York (PASNY) about 22 per: ant (6700 W) of the

O totai caoacity of the NYPP. The eiect 4c ser,4ca area of CCN En c=ns4sts cf

the five boreughs of New Ycrk City and a major part of West:hestar Ccunty,

an area cf 500 square miles with over eight million cust:mers. PASNY dcas

not have any geographically defined "servica territory * but series particular

classas of cust:mers in all parts of the Stata of New York.

Southeastarn New York Stata is a summer peaking regicn. CCN ED's sumer

peak load, in particular, is about 4 per: ant higher than its wintar peak

icad mainly due to the widespread usa cf electric air c:nditiening. The

remainder of New York Stata is a wintar ;eaking rtgien. The total NYPP

] Systam peaks in the sumer.

|

l
1

O i

t2 I
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Ac:crding, :s a recant COE analysis.E attached here as Appendix C, the fore-

cast of the combined 1980 sumer peak for CON ED and PASNY is 9403 ."w as I

Q shown in Table 1. Total PASNY and CON ED cacacity is approximataly 16.CCO

N. If Indian Point Units 2 and 3 are removed fr m the sys.am and an 18

percent reserve margin is added to the forecast summer 1980 CON ED-PASNY peak,

there is still an apparent excess espacity of about 3000 N.

However, much of PASNY's espacity. is not in the Scu:heastarn New York area, but
'

I alsewhere in the State. Major PASNY facilities in Souceastarn New York i

l

include Indian Point #3 and Asteria f6 with a ecmoined megawat: rating of

approximataly 1740 Mw. |

- e.o .

If one assumes that one-half of the projectad sumer peak demard for the PASNY

O svs: e nr4.4natas in the New vor* Ci:2 area * and if the location cf PASNY's
t j

generating capacity is taken into ac: cunt, then the resarie picture changaa I

considerably as shown in Table 2. It shculd be notad eat of the stal capacity
,

of some 9300 Mw nearly 2000 N are c:moustion tur:ines wnich are generally not

planned or designed for prolonged operatien. Given the projected sumer lead
1

for the Southeastarn New York area, the shutdcwn of Indian Point 42 and f3 wculd
,i

result in insufficient capacity (by some 250 N) :: maintain an 18 percan: )
: reserve. All of the reserve capacity disacpears and energy would have :s be

imoorted from other parts cf the NYPD if scheduled cutages, sumer escacity
.

redue:1ons and historically experienced forcad cutages cf seme 1500 Mw are

ac::untad for. In addition, if the largest unit (Ravenswoci f3 - 923 N) is

lost, ce COE analysis c ncludes that the utilities wculd be forced to use

all available capacity and intarties :s ce maxf=um reasonacle extant.

D
5,Q jjt. attar :s icwar: J. Manranan fr:m Atenard Weiner, Direc ce, Division of
U Pcwer Sucaly and Reliacility, Econcmic Regulatory Acmicistra:icn, 00E,

May-15, 1980.
2/Latter to Hanrahan, ca. cit. . c.2 COE s stas ca: PASNY's crejectac

~~

sumer 1980 seek icac is 250? N "ef wnica less than naif is in
New York City and West:nestar County areas".

!
_ _ .
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Table 1 .

Q Reserie Situatien for the CCN ED and FASNY Systacs
(Summer,1950)

(Mw).

CCN.ED FASNY TOTAL

'

(1) Sumer Peak,.1980 5900 2502 9,4C3

(2) Sum.er Peak,1980
- 15% rsserie margin 3142 2953 11,095

*

(3) Capacity with Indian
; Poin: 2, 3 9441 6740 15,181

(4) Ca:acity withcut ..

,775 14,2575Indian ?cint 2, 3 3592
,

: (4) - (2) Acparent Excass
. Capacity 450 2822 3,272

.

.-

O Table 2
.

Revised Raserie Situation f:r CON ED and
PASNY Systams (Sucmar, 1980)

(iN)
. !

CCN EO PASNY' 70TAL |
.

! (1) Sumer ?eak,1980 63C0 1251 3,15i
.

I
(2) Sumer Feak,1980 .

,

- 13% reserie 8142 1475 9 ,61 7 )

(3) Capacity withcu:
Indian Feine 2, 3 3592 775 9,257

,
,

(3) - (2) Excass Cacacity '450 -700 - 250

. .
-n .

O -

.

.

* +

. .

|
. .

,

1 i

1.
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(J. The buik ,cwer tra;,, mis,fon tie 11ne ca,a iitty a,cve ,c,.eeuled :,,n,fe,, i,
'

1feitad as shown in Table 3. All but LILCO is expected to have sufficient

excess capacity in sunner 1980 to transfer to the ifrdt of the intertie.

LILCO is expected to be able to supply an average of cnly 100 N. There

also may be some contingency sucper threugn the submarine cable from Connecticut,
1

butthiswouldbelimitedtoonly145Mw.1/

.

Table 3

Bulk Pcwer Transmissien Capability '

Above Scheduled Transfers (Mw)

h SUMMER WINTE |.

FRCM 1980 80-81 ,

,

Upper State New York 500 2200

Pennsylvania-New Jersey-Maryland
Interecnnection (PCM) 150 50

Long Island Lighting Co. (LILCO) 475 !!O :

:

TOTAL 1125 2SCO |

I
|

OTHE EFFECT5 CF INDIAN POINT SHUTOCWN |

Aside frem reliability consideration, the ecsts to the sertice area of the C::N ED

and PASNY Systems of a shutdcwn cf the Indian Point Staticn include excec ad

increases in ecs: cf sertice. Indian Point prevides electrical energy :c

the system at a cost in between hydreelectric and oil-fired genera:icn.
;

| These types cf facilities along with the Fit: atrick nuclear plant previce

O6
1/ t.etter ce nanrahan, cc. cit. , p. 2. -

,

. _ . _
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Q almost all of the power fdr the CCN ED and PASNY systam. The least expensive

method of replacing power lost as a result of the shutdcwn of Indian Point

station appears to be PASNY's hydro facilities as well as the purchase of

hydro-generated power from the NYPP and Hydre Quebec if available. These

facilities, however, are not in the Southeastarn New York area, and the
,

|

transmission facilities into that area are limitac according to the COE analysis. |

Assuming that oil-generated power replacas the energy lost by shutting dcwn;

Indian Point station, it is possible to calculate an upper bound to the
.

econcmic costs of such an action. If Indian Point station operated at its

historic capacity fac cr of 60 percant, it would produca about 800 millici.

kilewat:-hours per month. Approximataly 1.4 million barrels of oil per

month would os needed to produce the equivalent amount hf oil-fired electricity.

At $31 per barrel this would amount to approximately 542 million per month

in fuel ecs:s without adjustment for ' differences in non-fuel operating ccsts

and uranium fuel costs saved. The major impact would be the bill for oil,

much of which would likely be immortad. This, of ccurse, assumes -ha: none

of the energy shortfall could be made available frem non-cil generatac ;cwer.
. . . . . . _ .

O
.

Se * O

.

, ~ - - - . - - ,- -
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SECTION 3. SLNMARY OF PUBLIC CCMMENTS
OV -

Tnis section sumarizes public c::ments that bear en interim c;eration.

Numbers in parentheses acccmpanying the c:: ment sumaries refer to the

coment nuicers assigned in SECY-60-168, which c::ntains a full c::mpilatien

of pubite coments en the Directer of NRR's Indi,an Point decision received

in response to the Ccmissien sclicitatien of c::ments. Ccnsiderations in

the Directer's decision that bear en interim operation are also sumari:ed.

SAFETf ARGI.NENTS

Director *s Decisien

Tne Directer relies en t:nc c::nsider? .cns in not crdering interim shutdcwn.

for the one to two-year perice required to determine and install required

additicnal design safety features:

1

I

|

lFirst, several compensating features for the high ;coulation density already

exist in the design"cf Indian Point 2 and 3. Tnese include:

.

1. Centainment weld channels and weld channel pressurization system.

2. Centainment penetration pressurization systam.

3. Isolation valve seal water systam.

a. Extra containment fan eccler cacacity.

\-' 5. Post-LOCA hydr 0 gen control capability by both recomeiner and purge.

5. Third auxiliary feedwater ;umo, orsviding added assurance over a :wica

{} 100 ;ercent cacacity systam.,

| 7. HEFA and charecal filters for containment a=1cspners cleanup.

3. Ccnfirmatcry actuatien signals to pcwer coeratad valves which are act
required to change ;csition. |

,
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9. Extra margin in service water and c:meonent c: cling water supply.
O
P' 10. Redundant electrical h=aat tracing en berated systems.

See nd, a number of extraordinary interim measures are to be imolemented by

the licensees -- some imediataly and others within varicus deadlines (20,

50, 90, and 120 days, and 5 months). Tnese measures are specified in Appendix

A of the Director's Order. Included ascr.g them art matters coaling with

scdes of cperation, shift manning levels, enhanced training of operaters,

and special containment tasts. Scme of the numerous scecific requirements

are:

f

A. Effective imediataly:

1. Limit power level te keep peak fuel clad tamcerature at er balcw
2000* F under large LOCA c:nditiens.

2. Operata in base 1 cad : node cnly, withcut load fellcwing.
.

3. Have at least tw senior coerat:rs in the control reem during cperatien
or het shutdcwn.

.

3. Within 30 days:

1. Have vender representative en site for engineering censultatien.

2. Assurs c:ntr:1 rt s habitacility under accident c:nditiens.

3. Enhanced training and retraining previsiens.

4 Special diesel generater tests.
s

C: m ents Favorino Intarim Shutdcwn

C:mentars' safety arguments fer intarim shutdcwn relata to emergency plans,

timing of Icng-term fixa,s, intarim measures, short-term risks, dense pecu-

lation, and psychoicgical imcact.
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1. Emergency plans:

h UCS (185) crgues that no plans exist today to evacuata the' nublic within
,

even 10 miles of the site. (185 at 8 and 13.) 3cth UCS and Mid-Hudsen

Nuclear Opponents cite tastimony by the' County Executive of Westchestar

County that existing plans are not workable. (#85 at 13 and #86 at 2.)

UCS argues that there has never been an assassment of the censequencas

of a major accident at Indian Point, imelying that a basis fer emergency

planning is lacking, despita NRC's post-TMI c::nnitment to impreve emergency

planning. (#85 at 8.) They refer to great difficulty of making effective

emergency plans for the area due to physical and descgraphic charactaristics.
:

| '

(i85 at 8 and 13.) They further c::nnent that the staff has not clearly'

O reuad taat the licensees emersency al ns c=m=ly with the >anticanie

Regulatory Guide (1.101) and that, moreover, Regulatcry Guide 1.101

dcas not require evacuation plans cut to 10 miles -- a requirement that

will not bec::me cperative till 1981. (185 at 20-21.) They cenclude

that tcday, in the absence of effective protacticn, the risk is tcc

great to permit the plants to operata. (185 at 34.)

Mid-Hudson Nuclear Opponents (186) urge interim shutdcwn in view of the

large pcpulatien density and absenca of adequata evacuation plans for a

reasonable distance (15 to 25 miles) (#86 at 4). |
|

9'' ;New York Public Intarest Research Grcup assar's that it would taxa an

estimated two weeks to evacuata The 3rcnx, whereas enly 1-1/2 days
u
V would be available in case of a disaster at Indian ?cint (a-1/2 days

with a " core catchard). (!67 at 4.)

L /
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2. Timing of long-tenn fixes:

UG contends that thers is no licensee c:mnit:::ent and no requirement.;

established by the Directer's order for licenses implementation of the

protactive-action time-buying previsions (filtered vented containment

and core ladle): only a review of possible modifications is required.

(#85 at 10-11.) Tney see evidenca of a disputa between the staff and

the licensee cencarning possible imoositien of Class 9 ac::ident related

requirements. (!85 at 11-12.) UCS argues that the mere possibility of

future protecticn offers no protaction tcday. (185 at 11.)

Mid-Hudson Nuclear Oppenents refer to post-accident monitcring, aging,

and asymmetric LOCA loads as sericus unresolved safety issues. Tney

censider it insufficient fer control of present risks to mersly say

that these isaues are being exanined - with an unspecified schedula.

(#86 at 3.) !

l

|

3. Interim measures:

UC3 c::greents to the effect that (a) the special safety measures airsady j

prssent at Indian Point 2 and 3 are of little real value and (b) that

the saecial interim measures yet to be imolemented (which, in any case,

they regard as inadequate for the long term) should not be ccunted new,

because implementatien is largely deferred. (185 at 15-21, 27-34, and

passim.) With respect to de special safety featurss identified in :he"

! Directer's Cecisien as already present, UC3 c::ments s;:ecifically en

C each. (!85 at 15-20.) They impugn each, usually en one er both cf :wo

grcunds: (a) that they do little or no gcod -- cr are aven c::uncarcrc-

ductive -- and (b) that they marsly reflect imolementatien cf present
- . ._. ._ - _ .-
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requirements or c rrection of inacequacies that could not be tolerated !

| anywnere. Tnus, for weld channel and penetration pressuri:atien and j
I
'the isolation-valve sealwatar system, they argue that these measures

merely emsoensate' for bad welds or leaky valves. (185 at 18.) For
1

c=ntainment at:riosphere cleanup, they c:ntand that NRC regulatiens (Design

Criterica 41) require such provisicn fer all plants. (!85 at 18.)

Purging for hydregen centrol is critici:ed as c:untarproductive. ("G]he

staff preposas to seal the c:ntainment nomally but to vent it during
1

an ac::ident with no capability to filtar . . . .") (#85 at 17.) For

further intarim measures, they argue that they are neither extraordinary ;

nor sufficient, and not yet in placa. (!85 at 33 and passim.) Tne |

O l

interim measures leave the safety issues raised by UC5 unresolved.

(i85 at 33.) Tney stress fire protaction, post-ac:ident monitcring,

equicment aging, and asymetric LOCA loads. (#85 at 25-31.)

4. Short-tam risks:

UC5 asserts: "Little by little, the shcrt-term grews into .he icng-

tam.' (#85 at 32.)

Dean Cer~.n, of Greater New York Council on Energy, expresses tne view

that distincticn batween short-term and long-tam risks is "an imorecer

and misleading use of the noticn of statistical risk assessment." (f80

at 1.) He centands that any safety imprevements that are deemed necessary

at all are necassary fcrthwith. 3recklyn SHAD cffers a similar argument.

'''
(f63)
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Westchestar Pecole's Acticn Coalition views the risks pending ccmolatien

Q of fixes as excessive even "for one more day." (#19 at 3.)

5. High populatien density:

UC3 stresses the high population density as an cbstacle to effective

emergency action. Tney cita Rcher: Ryan (NRC's Director of State Programs)

as charactari:ing Indian Point as an " insane" site, "a nightmare frem

the point cf view of emergency preparedness," with difficulties exacartated

by severe traffic problems. (i85 at 3-9.)

. . _ _

Westchestar People's Action Coalition argues that densa ;cpulation

inevitably makes Indian Point 10 times more dangercus than the average
'

plant, sinca plant safety imprevements practical at Indian Poin: shculd

be made nationwide. (#19 at 5.)

Mid-Hudscn Nuclear Opponents ask for suscensicn of the licansas pending

the Ccmissien's decisicn, in view of the large ;cpulation censity and

inadequata emergency plans. (i66 at 4.) *

5. Psychoicgical imcact:

Westchestar People's Coalitien calls for censideratien of human rescenses

to minor mishaps, rumcrs of accidents, cr threat of accident. They

C writa of human costs in anxiety and ;ctantial panic. (!19 at 3.)

Conments Ceccsed. te Interim Shutdcunv
Arguments agains: intarim shutdcwn relata s risk estimatas, evacuation,

and peculatien density.

__ _ __ .__ _ - ._ ._.
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1. Risk estimates:

Power Authority of the State of New York (PASNY) (!66) maintains that

the staff's risk estimates for Indian Point overstate the risk. (#66

at'17.) They argue that special plant features already existing (identified

in the Director's Cecision) distinguish Indian Point frem average P'4R's

and lower the Indian Point risks substantially telcw those de.-ived frem

WASH-1400. (!66 passim.) They present plots of Indian .cint risks0

with and without adjustments for plant-specific features. (f66 at

Appendix 2.) The plant-specific adjustments include elimination of

some WASH-la00 sequences that PASNY contends are not significant centri-

butcrs to core melt prcbability. These include loss of auxiliary feed-

O water after shute =n and re-t=r tres4-t ancwed by f a41ure e re-t=r

trip. (!66 at 16.)

PASNY also asserts that in-vessel steam explosiens new acpear less ;

likely than estimated in WASH-1400, so that centainment f ailure due to
-;

missiles fica such an explosion is also less likely. (i66 at 17.) l

2. Evacuation:

Scientists and hgineers fer Secure Bergy (SE 2) (i62) describes tne

emergency evacuation of Mississau'ga, Canade., a city of 240,C00, in

meludedNovember 1979, in cennecticn with derailment,cf a train that
'

11 prepane tanks. SE 2 cites that experience as snewing that massive

evacuations are feasible. (!62 at 3.)
l

J,

|
'

Cer en (!60) encieses a statament cf PASNY before the Cemittae en

Envirenmental Protecticn cf the New Ycrt City Ccuncil, dated Decamcar
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14, 1979, in which PASNY argues evacuability to 10 miles and also argues

h. that a likelihood of evacuaticn being required for New York City residents

under any circumstances is not realistically foreseeable. (Page 6 of

PASMY enclosure to #80.)

3. Foculaticn density:

SE 2 argues that population density areund Indian Peint is not unusually

high by world reacter siting standards. Tney cite Canadian, French,

British, and Jacanese practicas of siting reactors in censely ;cpulated

areas. (#62 at 2-3.)
'

Q Oifference's Between Units 2 and 3

UCS cententicns that Indian Feint Unit 2 lacks scme important safety features

of Unit 3 suggest that their arguments for interim shutdewn would acply to

Unit 2 a,ferticri. (185 at 21-23.)

IMPACT ARGLNENTS
.

The Oirectcr's kcision dcas not reflect censideratien cf social er scencmic

impacts cf interim shutdown.

Cements en this general subject deal with need for ;cwer, ccst of ;cwer,

and effect en oil imcorts.

s

1. Need for ;cwer: |

Westchester Feccle's Action Coaliticn (fl9) centends that Indian ?cint's

I pcwer is not needed. They assert that there is 50 percent e.xcess cacacity

in New Ycrk; 20 ;ertent withcut nuclear facilities. iney rurther assert

- - ._ _
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that there have been no capacity-related blackcuts, even though Indian i

O
V> Point Unit 2 has been off-line for fcur months, since last June, and f

Unit 3 for five. (il9 at 6.} rney enclose a New York Times article

frem which they draw their assertions.

Cean Ccrren, of Greater New York C:uncil en Energy (#80) c:ntands that |
|

there is no need for the Indian Point cacacity. (180 at 2.) He presents

capacity figures that assertedly shew that there is a 3,025-W unutilized

excess capacity (on t p of an ~18 percent reserve ever peak demand), as |

c:mpared with a t:tal Indian Point capacity of 1,838 MW. (Page 3 of
,

first enclosure to #80.) C rren states that Can Ed still claims a 1.8

O per=-t -nual sea e--e gre th, elecogh that grc e nas sicwee to .,

0.1 percant. He also states that 69.3 percant of the systam was idle

in 1978, on the average. (Page 4 of first enclosure to i80.) He cen-

cludes that ability to meet demand would not be c:mercmisad by closing

Indian Point 2 and 3. (Page 5 of first enclosure to #80.)

Carren (#80) also enclosas stataments by UCS and PASNY. The UC5 stata-

ment (at 1) argues that the Indian Point plants are eftan cut of servica,

yet New York City dcas act go dark. Tne PASNY statament (at 7 anc

passim) argues need for pcwer en ec:ncmic (nct absoluta er reliability)

grcunds.

2. Cost of power:
;

$ Stanley Pink, Sceaker of the New Ycrk Stata Assamcly, ccmments that

shutdewn would cadse ec:ncmic hardship in .he Metrepelitan New Ycrk

. area. He censiders it the responsibility of MRC to work with FEPC and
,

i
- - - - - __ _ _._ _
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ethers to secure replacament non-cil power at ccmearable ecst, if NRC

Q
'

orders Indian Point tamperarily shut dcwn. (ii)

The New York State Building and Ccnstruction Trades Ccuncil sees a

threat to "lecal ec:ncaic ifvelihecd" in any Indian Point shutdown.-

(f7)
.

PASNY contends that shutdown would be an econcmic calamity for New York

City, c: sting PASNY's and C n 5d's ratepayers abcut 5700 million in

1980 alone. Increases would escalata with importad oil price increasas.

(M6 at 20-21.) According :c PASNY, 45 perennt of the ;cwer c:st increase

Q would fall en public custcmers -- New York' City and its Metrepalitan

Transportation Authority (MTA). These entities are already financially

hard pressed. MTA's projected $200 millien deficit fer 1980 would

increase by $100 millica for increased c:st of electricity for subway

and c::mnuter rail lines. (#66 at 21.)
.

Ccrren estimatas that shutdcwn of Indian Point wculd c:st one average

residential ratapayer between 52 and S4 per month. (Pages 11-12 and

passim, first enclosure to f60; calculations at Appendix A to that

enclosure.) Ccrren also encieses a c:ncurring analysis by UCS. In
"

additien, he encloses a PASNY statement (with which he takes issue).

J That PASNY statament is generally c:nsistent with PASNY's c: ment en

the Director's decision. (f66)
)
0

:

|

|

|
- - .
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3. Oil imports:

O Fink stat s that shutdown of rne4an Po4nt wouid execereeze the res4cn ,

dependency cn imported oil and calls on NRC to work with FERC and others

to secure non-cil replacement power in event of Indian Point shutdcwn.

(#1)

PASNY ccanents that the regica cecends on oil and nuclear sourcas for

electric pcwer generation. (#65 at 19.) Indian Point shutdcwn would

require 20 millien barrels of imcorted oil per year fer replacement

power. (166 at 20.)

O Corren nr sents a >crst-casa re iacament-9cwer-c=st estimate of ss.21

per month for an average residential cust:mer, based en oil at $30 per
,

barrel. Mcwever, he mainta'as that replacement fuel is Mkely to be a

more ecenemical mixture of oil, gas, and coal. (Pages 7 and 8 of first
!

enclosure to 180 and Appendix A to that enclosure.) |

.

.

Corren (!80) enclosas a statament by UCS, which centains an estimata

that replacament fuel would cause a 0.7 percant increase in total u.5.

imcortad oil censumation. Cornn's (#80) last enclosurs incluces a

] remark by Connissicner 3radferd that nuclear electric generatien frees

uo " residual oil, of which thers is scmetning of a surplus anyway.'~

)



_____ __. _ _ _ _ - -. . . . ._ __ _ _ - _ __ - - __ _ - - - _ _ ___

,

. . ..

'

O A_i
:

O 4aPEnotx ^

SAMPLE GENERATION OF A CCMPLEMENTARY CUMJLATIVE DISTRIBUT'ON FUNCTION - CCDF

The CbF is used to present the risk of reacter accidents in the fem of

a plot of probabi.11ty vs consequences. The average reader is unaccustcmed

to studying Hsk in this fem of presentation. To facilitata understand-

ing of the CCDF, consider generating a CCDF for the Msk of death frcm

air crash from high altitude using the attached figure.

If an airplane crashes fr:m a high altitude, it is virmally certain

that all on board will perish. Thus, Figure A-1 is a reasonable first

appmximation of a CCDF for such a crash; it shows a phbability, P,,

that 300 deaths, the seating capacity of the aircraft, will occur. P,

is the probability that the plane will crash; 300 is the limit of those

on teard who will die in a ensh. R)r this simple CCDF curie the expected

risk is P,, say 0.33 crashes per year, times 300 deaths :er crash or 100

deaths per year.
|
|

The CCF can be corrected first to show that the falling aircraft might

strike and kill people on de ground. Figure A-2 shows a tail on de I

CCF curre reflecting that if the plane crashes, it will mst likely not

kill meny people on the ground. At lower and icwer probability, there I

0 is the chance of kiilins emwds in bu4144ngs or sacher4nss so ee curre
3

tails off t: ward scme higher number of deaths. Presu= ably there is a

3 11mit ts the ground deaths that can be caused by the c ash of a 300
,

|
-

passenger aircraft, pernacs 10,0C0 or 20,C00 if it crashed incs a

|
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b crowded . sports stadium. At that limit, the curve wuld ne longer tail

off to the right but become a vertical line showing a physical limit

analogous to the seating capacity limit.

A second stage of refinement in this CCDF can ba obtained if the afrifne

gives us figures on the actual passenger loads the aircraft usually

carries. If the data are 11mitad, they might simmly be reduced tc the

approximation that on 1/3 of the tMps the plane is 1/3 full, on another

1/3 of the tHps it is 2/3 furl, and on another 1/3 of the tHps it is

ccmpletely 'ull. Tne CCDF can now be refined as shown in Figurt A-3. !

One hundred deaths occur at probability 7 , the probability of crash,
O because the plane 14 always at least i,' full. At 0.57 P, the curve

stows 200 deaths because the plane is at least 2/3 full 2/3 of the time.

And the curie shows 300 deaths at 0.33 7, because on ene third of its

flights all seats are filled. We can riflect the probability of grcund

deaths by ;:utting soft tails on the sharp staps of the curie.

As more accurate flight data art accumulatad, tne stees in Figure A-3

can be refined into a m.e accurate curre as shown in Figurs A-C This

last curve wuld represent the est accurate distribution of che like11-

hood of death frem hign altitude air crush.
'

Q
.

9
.

, , - - _ . , , ,c. _. _ , . , .
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iAPPENDIX 5

RE3ASE.INING OF THE RSS RESULT 5

ne results of the Reactor Safety Study (RSS) were updated for purposes
'

of this comparative study. Tne updata was done largely to incorporata

results of research and development conducted aftar the October 1975

pubifcation of the RSS and to provida a baseline against which the risk

associated with various LWRs could be consistantly c:mpared.

Primarily, the rebaselined RSS results nflect use of advanced .mdeling
,

i

!of the precasses involved in melt 61wn accidents, i.e., the MARC 4 ccmcutar

O c=ee ==deiing he transient and teCA in4tiated sesuencas ane the CcRRAt

c:de used Mr esiculating magnitudes of release ac=mpanying various
Iac:ident sequences. These codes have led to a capability to predict

the transient and small LOCA initiatad sequencas that is considerably

advancad beyond what existad at the time the Reactar Safety Study ws

c:mpletad. The advanced accident precass .mdels (MARCH and CORRAL) |

produced some changes in our estimatas of the release magnitudes frem

various accident sequencas in WASH-1400. These changes primarily involved
! ,

I release magnitudes for the fodine, casium and tallurium families of

iset= pes. In general, a decrease in tne fodines was predicted for man,
I

Q of the dcminant accident sequencas while scme increases in the release '

~ magnitudes Mr the casium and tallurium isot= pes wert predictad.

V I It should be notad that the MARCH Cade was used on a number of scanarios
in connection with the TMI-2 raccvery efforts and for post-TMI-2 investi-
gations, e.g., Rogovin) to excices possible altarnative scanarios .ha:
TMI-2 could have ex;eriericad.

!

. _ _ , . . _
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O Figures 31 and 32 show a c:mparison of the original RSS and the rebaselined

FWR and SWR designs for the individual risk versus distance of early

fatalities and latant cancar fatalities, respectively. nese figures

show the expected values conditioned upon a core melt accident of about
#one chanca in tan thousand rescur years (Tx10 ). This particular

conditioned value reflects an average of the cars =elt probabilities-

estimated frem a nunber of LWR designs.

Entailed in this rebaselining effert was the evaluation of individual

dominant accident sequences as we understand them 'a evoTve rather than

the tachnique of grouping large numbers of accident sequences inn

enc:mpassing, but synthetic, release catagories as was done in WASH-

1400. The rebaselining of the RSS also eliminated the "secathing technique"

that was criticized in the report by the Risk Assessment Review Gr:up

(sometimes kncwn as the Lewis Repcrt; NUREG/CR-0400) .

.

.~or rebaselining cf the RSS SWR design, the sequenca TCT was expiteitly-

included into the rebaselining results. Tne accident precesses associated
,

with the TC sequenca had been ermneously calculated in WASH-1400. For

rebaselining of the RSS FWR design, the release magnitudes for the Svent

V and TM.3' secuencas were explicitly calculated and used in the c:nsecuence

modeling rather than being lumped t:gether inc Release Catagery !2 as
,

J was done in WASH-1400.

In tnth of the RSS designs (PWR and SWR) the likelihcod of an accident
w

secuenca leading to the occurrence of a steam exclosion (*) in the;

reacer vessel was decreased. Tnis was done s reflect both ex:erimen:21
*

d

|
.. _ . . ._.

.
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b and calculational indications that such explosions are unlikely s occur

in tr.ase sequences involving small size LOCAs and transients because of

the high pressures and tanperatures expected e exist within the reactor

coolant systas during these scenarios. Furthennore, if such an explosion
,

were to ac:ur, there are indications that it would be unlikely to produca

as much energy and the massive mis:ile-caused breach of c=ntainment as

was postulatad in WASH-1400.

As can be seen from Figures 31 and 32, the net (or overall) change in

consequencas predicted frem the rebaselined RSS results are quite small.

In general, the esbasalined results led m slightly increased health
O impacts being predicted for the RSS SWR design. Tnis is belie.ved c be

largely attributable to the inclusions of TC3' .

The rebaselined RSS-PWR led c a small decrease in an individual risk of

early fatalities and latent cancar fatalities below the original RSS

FWR. This is believed to be largely attributable t the decreased
,

like11 Mod of sequences involving vessel staam expicsfons (c).
.

In summary, the rebaselining of the RSS results led to small overall

differencas from the predictions in WASH-1400. It should be recognized

that these small differencas due t: the rebaselining ef' orts art .likely

to be far outweighed by the uncer ainties associatad with such analyses.

|9
,

,_ . _ _ _ _ _ _
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FIGURE S1 - RI5X OF EARLY FATALITf TO AN INDIVIOUAL VERSUS I
.
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FIGURE 32 - RISX CF LATINT CANCER FATALITI TO AN INDIVICUAL VERSUS
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Deparr.ent of Energy mc y , ~-.,v
,

~ ' ''
Washington, D.C. 20461 '

l,

1
,

1.

- I

Mr. Edward J. Hanrahan, Direc:c:
office of Pelicy Ivaluatien
Nuclea: ?.esulatcry Cc==issien -

Washingten, C.C. 20555 .

Cear Mr. Hanrahan:

Chis letter su==ari:es the views of the Icenc=ic ?.egulate:y
Administratien's Division of ?cwe: Supply and F.e11 ability (CFS?)
regarding the electric s'ysta= :eliabi1Ety i= pac: of varicus ncdes. j

; cf cperation of nuclear pcwer units Indian ?cint 2 and 3 as describee
in you: April 28,1980, letter.

Indian ?cint 2 is a 549.57 (st==ar rating) PWR unit cwned and
operated by the Ccnsolidated Edison Cc=pany of New Yc:k (CCN IO).

~) Indian Point. 3 is a 965 MW PW3 unit cwned and cperated by the ?cwer
Authority of the State of New York Inc. (PASUY). The units are
cc-located in Westchester County, 25 =iles cc:th of New Ye:k City.
2cch units are included in thei: respective entity's planned :escur:6
available to =eet custe=er de= ands in 1980.
A shutdcwn cf Indian ?cint 2 and 3 would i= pact he rese:ve capaci:7
in th's New York subregion (New Yo:k Pcwer ?cci) c f the-Ec::hoast
Power Cec:dinating Council (N7CC). Without Indian Pcin: 2 and 3 the :'

available :sserves in the New Yc:k Power ?cci fc: th e su==e : 1980
and winter 1980-81 seascns wculd decline f:c= 46.6 and 58.; percen:
to 33.0 and 49.0 percent respectively. Chis level cf reserves is
still considered adecuate to p:cvide reliable elect:ic service when
viewed en a state-wide basis. Ecwever, due te 11=ited ::ans=issi:n
capability into the New Tc k City and Westchester County areas,
the cc=plete shutdcwn of hese tvc Indian ? cine cnitr-during the

peak peried could adversely i= pact the system :eliahili:{1980 su==e:
cf CCH ,ID and ?ASNY.

<

Che electric. service area cf CCM ID censists of the five bercughs
Q,> cf New Yc k City and a =ajc: part cf Westchests: C:ency, an area
\ cf 600 squa:e miles. CCN In supplies elec::icity to cver eich:

million cus:c=ers. CCN ED's se- e: peak lead is ahcc: 40 pe:cen:
higher chan.its winte: peak icad due =ainly to :he widesp:ead use<

cf eleccric air condi:icning. CCN IC's p:cjected 1930 su==e: peak'

h~ lead is 6900 MW.'

I
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PASNY does not have any gecgraphically defined " service territcry"
but serves particular classes of customers in all parts of the State -;

(])1 New York. PASNY's p:cjected summer 1980 peak lead is 2503 MW of whic,
less than half is im New Ic:k City and Westchesti: County areas.

The DPSR cc11ected data concerning the latest electric system
conditions, mair?inance schedules, expected forced cutages, and expec4
peak icads fc: CGN ED and PASNY. The data was compared to historical
data contained in varicus Dcr docu=ents, and revised where it was fel-
necessary. The cenclusions drawn in this letter are based upon cu

~

analysis of this data.
l

The adverse inpact en reliability due to the status of I? 2 and 3
results f:c= the limited transmissicn system capability fe: importing |
pcwer f:cm other parts of the state, 'c f:c= neighboring states, j

into the area in which these units are lccated. CCN ED has bulk pcwe
transmission tie lines with neighboring utilities having a negawatt
transfer capability (above scheduled transfers) as shown below:

SUMMER WINTIR*

-
,

FRCM 1980 20-81
.

Upper State New York 500 2200 |
f(_) Pennsylvania-New Jersey-Maryland

Interconnection (B7M) 150 50
Lone _ Island Lighting Co. (LILCo.) 475 550

TCTAL 1125 2300

Energy transfers f:cm areas cutside of PJM c: Cyper State
New Yc:k (USNT) wculd have to rely on the same transmission ties
as transfers directly f;cm Upper State New Yc k and PJM. Therefore,

the only time capacity available f:cm these cutside areas wculd need
to be censidered would be if the PJM and CSNT areas did ac: have
sufficient capacity to supply the transfer limi:. cverall New York
3 tate generating capacity will be adequa:e in this tice frame and
all pessible transfers f:cm the north, up to the licit of :he trans

'

dission system, could come f:cm this area. PJM also p:cjects ;

sufficient available excess capacity during the 1980 s"- e: te be
'

able to p:cvide the 150 MW cf capacity fe transfer. Long Island
Lighting Ccmpany (LILCc) dcas act have sufficient available capacity
-"i s summer to p:cvide the full 475 MW cf the transf er capability

O({}
and wculd only be sble to supply an average of 100 MW. There are
ne other systems to the east of the area that eculd supply pcwer j
cve: hese Long Island ::ansmission connections. There may be sene
ccntingency suy c:t th:cugh the subma:ine cable f:cs C:nnec icut
but this wculd te limi:ed ec only 145 MW.'

{'

.
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The four possible'medes of operation of I? 2 and 3 which CPSF vas
requested cc analy:e a:e detailed below indicating their , impact en
CON ED and PASNY : .

-
.

c Ceerate I? 2 and 3 at 50 cercent cacacitv for a 3 centh ceriod
becinninc June 1. 1980. Tne loss of 907 MW f:cm :ne CON 4D |

and PASNY systems during the summer peak load pericd !

along with the expected a= cunts of fe:ced and scheduled |

cutages, will enable the ecmpanies te supply their expected |
.

peak leads plus withstand the less cd ''= 'argest unit i

(Ravenswced 93 - 923 MW) . This shecid be adequate fc saintai$
~

reliable elect:ic service since no::a1 tie t:ansders were i'

|
-

censidared. ,\*

c Shutdown I? 2 and 3 for a three month ceried becinnine l
June 1, 1960. The less of 1814 MW 2:cm :ne CCM ID anc PASNY
syscams during the su=mer peak icad period will fe:ce the New
Ycrk City and Westchester County areas te depend very heavilyGivenupon the transmissien intacties with neighhe:ing areas., ,

1 -

the pecjected loads and expected fe:ced and scheduled cutages,
the icss of the largest unit ( Ravenswcod # 3 - 923 MW) wculd -

fe:ca the utilities to use all available capacity and interiti-

to the =aximum reasonable extent. Fu::her facility failure, c-

icads greater than forecast wculd force the utilities te
institute voltage : eductions, lead curtailments, er other acti
as required to prevent widespread loss of customer lead.
Sustained high leads during the s"-mer pecied vculd fc:ce
CCN ED to operata its 1987 MW cf ecmbustien turbine generatica
capacity for icnger pericds than the units are planned and
designed to operate. This sede of cperatica places the system.

in a very vulnerable position and is not censidered censisten:
with p;cviding reliable electric service.

o Ocerate I? 2 and 3 at 50 mercent ca=aciev fc: a 12 rench
carice =ecinninc June 1, 2980. Che icss of 90 7 MW :n :ne
CON ED anc PASN2 systems ic: 12 scnchs will have its greatest

=e n:h s . Thisimpact on system :eliability during the s"- e:

situation is discussed aucve. Curing the remainder of the-

year, CCN EC and ?ASNY will have sudficient capacity c

p:cvide reliable electric service := cheir cus:ccers.
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c Shutdown !? 2 and 3 fe: a 12 ncnth ceried becinnine June 1,
1960. The less of 1314 P.W ircs CCN ED anc PASNY will nate

''' its greatas impact on syscam :eliability during the sun =e:
months as discussed above. During the e tb a r nenth s o f th'e
year, CCN ED and PASNT will have sufficient available
capacity on their own systems and f:cm transfers f: m other
areas to p:cvide reliable electric se:vice.

.

.

This analysis deals only with electric system reliability and energy
supply; it does act censide: the need = reduce ege:ating 'ecsts and
conserve oil c: natural gas. The cutages of any large sc=-cil
generating unit in Scutheaste:n New York will resul: in increased
costs to the censu=ers of electricity because of the resulting
increased use of icw sulfu: cil-fired genera:icn. I wculd appreciate
being, notified of the decision regarding Indian ?cin: 2 and 3.

Si--=:elv,-

/ k-b|
' ~

Richard E. ~4einer, Directe:

O(
Divisica cf ?cwer Supply

and Reliability
Icenc=ic Regulato:7 Administ:a ica.
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