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V 1 EaacIInInss

2 MR. KIRR t The meeting will come to order.

3 This is a meetino of the Ad visor y Committee on
f~'
\

4 Reactor Safeguards,, specifically the Subcommittee on Class 9
.

-

6 accidents.

6 XI name is William Kerr. I am Subcommittee

7 chairman. Cther ACRS members here today are Mr.

'

8 Etherington, Mr. Lawrovski, Mr. Mark and Mr. Sieses As

9 consultants we have Messrs. lee, Seale and Siegel. As

10 invited experts -- I an not sure I know what the difference

11 is -- we have "essrs. Shott, Strehlow and Gregory.

12 Th e purpose of th e meeting is to discuss hyd cgen

/~'} 13 generation and control. This represents an 1.tteresting
i
'"'

1<4 departure from the_usaal in th,at we spend much of our time .

15 discursing the more complicated atoms, and I cuess we have

16 learned our lesson and we are going to start nou lookinc '

17 more at sim ple atoms, and perhaps we can solve that problem.

18 We have as a continuing consideration the

19 evolution and treatment of accidents more serious than the
9 design basis accident, which I guess we refer to ar the

21 Class 9 accident. As a part of that consideration. we had

! 22 originally planned today's meeting to look at some of the

| T.3 informat. ion available and some of the considerations
!

( 24 associated with the production, distribution and possible

| 2d consequences of hydrogen generation during accidents.

x
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m

t

i ALDEFSON REPORTING COMPA JY, INC.

400 VIRGIN.A AVE. S.W., \VASHINGTON, D.C. 20024 (202)554-2345

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



3.. .

I

O
1 After the meeting was planned, we also received

i

2 some specific questions from Commissioner Gilinrky having to

3 do with the Sequoyah case specifically. I think you perhaps

- - 4 have these questions, but I mi;h t repeat them because part
.

5 of our effort today will be to get information that may help

6 the Committee to deal with there questions.

7 They are specifically: Coos the Co*mittee believe

8 additional hydregen control measures are necessery for ice

9 condenser containments; and second, ic the Coamittee

10 reasonably persuaded cf th e effectiveness of distrib'uted

11 triiterr in ice con <.*.encer containmentr? Can cuch igniters

12 he cctnted on to keep pressure increases caused by hydrogen

[V 13 burns at suitably low values, which I would define as design

14 pressures, during accident sequences involving TMI-like -

15 quantities of hydrogen?

16 We have received, those of us on the Subcommittee,

17 the consultants and, I presume members of the Committee,

18 eventually, rather voluminous information hydrogen, some of

19 which deals specifically with the Sequoyah situati:2n, some

! 20 of which deals with the broader questions. This information

21 varies from a so-called compendium on hydrogen which has

22 been put together by Sandia, among others, to a set of SECY

I 23 papers prepared by the staff for consideration by the
.

t 24 , Commission.

25 I would suggest that as we explore this question,

%

N~ '

ALDEPSON REPORTING COMPANY, INC.

400 V'RGINIA AVE. S.W., WASHINGTON. 0.0. 20024 (202) 554-2345

. . . . ,



__

4r e-- -

O
1 both the Subcommittee and the Committee, we give continuing

2 attention to an effort to understand the approach that the

3 staff plan's to take in eventually trying to deal with this
('

4 quertion on a general basis.-

.

5 I assume that will finally occur in the rulemaking

6 hearings and in the process of rulemaking, and I would guess-

7 that the philosophy is now teing developed. I have had some

8 problems myself in understanding what approach the staff

'

9 plans to take eventually.

10 I could get the ir.pression in reading the CECY

11 papers that the present approach of t h"e staff anf, perha;r,

12 even the Commission, based on risading of transcripts of
'

[ 13 meetings, might be one which will make the generation of
\
\

'

14 hydrogen due to x percent meta.1/ water reaction -- where x is -

i

15 still undefined in y minutes, and where the number of

16 minutes is al:o not completely rpecified -- on a

17 non-mechanistic but conserva tive basis as a design basis

18 accident and would then plan to require that a system exists

19 which will keep the containment pressure produced thereby to

20 an acceptable level where the acceptable level is still not

21 thoroughly defined.

22 It might be some multiple of design pressure

23 between perhaps 1 and 3. It is not yet clear to me on what

( 24 basis one would require the operation of the mitigation

25 systsm, whether one would talk about a single failure

o
_
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1 criterion or some probabilistic basis. That, insofar as I

2 have seerd has not been made very clear, and indeed, I may

(.
3 be misinterpreting the approach. I have been trying to

4 understand it.- .

-

..s_

5 Comments made by some df the staff and even some'

6 members of the Comnission in tlas discussions I read might

7 lead me to concluda that an event producing an ar.ount of

8 hydrogen equal to that produced at TMI, given in some cases

9 as 200 to 300 kilograms of hydrogen,*and in others to 3C to

10 50 percent of metal-water raaction, is likely with high

11 probability to cccur at each cperating reactor durin; its

12 useful life, and that those changes in equipment, procedure,4

13 training and staffing which have already been introduced,

1-4 and some of which soon will be., have had little or not -

15 effect on the probability of occurence of a

16 hydrogen-producing accident.

17 Again, I am not sure I am interpreting.the

18 discussion correctly. But that could be an impressica on

19 would get.

20 Also, it seems to me, in spite of all the comments

|
21 that have been made since TMI-2 about early attendance to

22 concentra te on low probability accidents and to ignore
t

23 higher probability but presumably lower consequence

( 24 accidents, I don't see a clear approach yet to an attempt to

25 specify a consideration of scenarios er sets of accidents

m
_
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(ss I which are classified according to probability.

2 In fact, it seems to me that at least in t(e SECY

3 paper, that the staff estima tes of quantitative hydrogen
/

I 4 production appear.to be basad on consideration of prcduction
_

.

5 of hydrogen by a large LOCA followed by failure of the ECCS.

6 Again, I am giving my effort to interpret what I have seen,

7 and I ma y be misinterpreting it.
.

'

8 What I am trying to suggest to you and to me and

9 to each of us ir that we try to explore and understand the

10 ultima te approach tha t is going to be taken in deciding ho.

11 one deals not just with the Sequoyah problem but with the

12 h yd r og er. problem in general, and as it fits into
.

[''} 13 cancideration of Class 9 accidents.

'-I 14 Now, in the Sequcyah situation itself, as far as I
.

15 can tell, a good bit of attention has been given to what at

16 least TVA and the staff interpret to be a set of scenarios

l'7 sogevhat siajlar to TMI-2. It would ht. interestino to me,

18 although I am not sure how feasible this is, to see

19 attention given to scenarios chosen on the basis of

20 probabilities, with a goal of trying to attach some sort of

21 probability to the generation'of some quantity cf hydrogen.

22 It seems to me, and I am not sure this is feasible

23 et all, that one can postulate sets of scenarios that will

( 24 lead to generation of almost any amount of hydro 7en up to

25 that that would be produced by a metal / water reaction with

a
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'"' I all the zirconium and all of the steel in the systam, if one

2 wants to carry things that far.

O So, it would agpear to me that at sone point one
(
- 4 almost must deal-yith probabilities. Again, I reccqnire

5 th a t this may be early in' the game and tha t this may be an

6 ultimata intantion.

7 It also.seems tc me that at some point we need to

8 try to deal with whether the changes that havn been
,

i

9 sugaested and in many cases mandated by ThI have decreased

10 th e probability of hydrogen generation, anc how much?-

11 For example, has the probability, onca these era

12 in place, been decreased by a factor of 10 or 100 compared
i

.

/''N 13 to what it was before TMI-?.? Is it the same for all kinds
|

14 of reactors, or does one need to give crecific .

.

15 considera tion ? And is there some probability below which

16 one does not worry about h yd rogen genera tion?

I'7 It is also not clear to me that whether in the

18 treatments we are seeing, we are taking a conservative

19 approach or the staff plans to take a conservative approach

20 or whether a best estime.te approach is the one that is

21 appropriate. Coes the staff have &n ultimate goal? And if

22 it does, is this goal understood by licensees who have tc
4

23 deal with this problem?'

( 24 That perha ps is enough of a set of comments from

25 me, and I simply indica te these are some of the questions

T

Jr

i
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1 that have occurred to me as I have tried to read the

2 information. I do think that the information made available

3 to the Fubcommittee represents quite a lot of work, and I
,

4 find it quite reeful, and ! look forward to learning further
_

-

5 as we oc through the day.'

6 You will note that we have scheduled a fairly full

7 day's work. I have a plane schedule to leave at 6515 this

8 evening and I hcpe to be able to catch it, which means we

9 probably wi be finished by about 5 o' clock, if anybody har

10 a ti gh t schet e.

11 MR. "3?K: Mr. Ch:irman.

12 MR. KERRs Yes, sir.

[ '
13 MR. MARKS One thing about your description I

~

14 tnought gives the picture very.heautifully that bothers me -

15 is that those objectives which you referred to as perhaps

16 being altimately going to become clear, it is absciutely
l

l'7 urovnt that they become clear before one go into rulemaking

18 or anything else.
1
'

19 MR. KERRs Thank you, Mr. Mark.
I

20 After those comments, I should remember to add

21 that the meeting today is being conducted in accordance I--

22 have not mentioned that, have !?

23 MR. QUITTSCHREIBER: No.

24 MR. KFER3 I must. -- with the the provisions of-

25 the Federal Advisory Committee Act and the Government in tha

%
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1 Sunshine Act and all other applicable rules and

2 regulations.

3 Mr. Ouittschreiber is the designated Federal
('

4 employees. Rulec.jor participation in today 's meeting have
.

.

5 been announced 'is part of a Federal Penister notice on

C August 6 of this year. *

7 A transcript is being kept and will be available

8 as stated in the no tice . Those speaking who want to be

9 recorded should try to use microphones so that the recorder "

! 10 can understand . hat you say.

11 I 91ther that wo have not h a >' any Written co"* ant?

12 nor requerts for tine to make oral statements.

s
'

13 I will proceed now with the meeting; but before I

' '
14 do, I should ask, ; am sure, if there are comments or .

15 specific questions with which sembers of the Subcommittee

16 would like to deal at this point, or the consultants.

17 (No response.)

18 I see none. I will therefore call upon vr. Eutler

19 of the PRC. M r. Bu tler.

20 MR. RUBENSTEIN: My name is lester Pubinstein. I

21 am assistant director f or core containment systems. As Dr.

22 Kerr har mentioned, the staff is here to answer many of the

23 questions which he has raised. I am not sure in this time

( 24 period we vill be able to answer all of the questions;

! 25 however, we have prepared a comprehensive discussion on most

(
|

|
.
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1 of the issues he touched upon.

2 We do provide ectly in the discussion a

'

3 perspective on the current state of affairs of hydrogen
, ,

\
i

4 management in alk, containments. He touch triefly on this.
..

-

5 We move on to place this in perspective with the current

6 regulations and the plans that *he staff has to deal with

7 hydrogen management in the interim th ro ugh the interim rule

8 and the requirements for Sequoyah, and finally, with th9

9 long-ters rulemaking hearing.
~

10 We have invited our consultants to give you a

11 detailed presentation en the status of our verk en the

12 distributed ignitjon systen, with particular attention to

[ h 13 the Sequoyah plant.
.

'- 14 Dr. Butler will lead.off with an intreduction -

15 which considers the agenda we will f ollow and some

16 particular remarks on general containments.

17 (Clide.)

18 MR. BUTLER: Goo? morning. "y name is Walter

19 Butler of the NRC staff.

20 As Mr. Bubinstein described for you, we will
.

21 follow as close as we can the agenda given by the

Z! Subcommittee. We have presenters today. Follo win g myself

23 will be Shapaker, Tinkler, instead of Phil Di Benedetto, we

| 24 vill just cover for his subject matter with respect to the1

25 response of equipment, and Yessrs. Fleishman, Madeiros,

)v

.
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1 Bowman and Cybulskis.

2 I thought it would be helpful to get started

3 simply by putting on the board the agenda which each of you,

s

4 already have. - "he_presentatiens we have are basically as- -

5 prescribed here, which allevs about an equal amount of time

6 for questioning.

7 We will. start off nere with a background

8 discussion and setting perspective of how we got to this
,

9 point today. Scme things have been moving very fast on the

10 subject of hydregen.

11 (Slida) ;

12' The second page of 3 cur agenda is shown there. We

13 hopa to conclude the NRC staff portion of presentation soon
"

14 after lunch, with tile sta+emen.t of our view of where ve -

~

15 stand on the general subject of hydrogen and on the specific

16 nature with respect to the c equoyah sta tion.,

17 This will be followed by a presentation by REC

18 Associatos of Los Angeles en subject matter similar to what

19 the staff will have previously addressed. Similarly, TV3

20 vill express its views on the same subject. The last hour

21 here will be presented by ''r. Miller of EFRI.
'

22 (Slide)

23 I would like to discuss now the statement of the

( 24 objectives as we view them fer today's presentation. We

25 would like to provide summary discussions of the general
<-
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'
1 hydrogen issue as it af fects all plants, including a.

2 description of our overall program to resolve the issue of

3 hydrogen generation and control for all plants.

4 We would,like to crovide detailed discussions on ,

-

5 the specific hydrogen issue as it affects the Sequcyah
;

6 station, and also the specific attention to the interim

7 resolution for the Sequoyah station.

! 8 T.t is my understanding th a t there are two issues
|

9 that need some attention by the ACES or on which the

10 Commission would like the ACES's views. One issue which

11 will be dealt with today is the hydrogen issue and the

|
12 resconse to hydrogen comburtion. The other issue is the

{''N 13 structural response -- the behavior of the structure to th e|

14 pressures as a result of hydroge'n burn.
.,

15 The second issue will be addressed by another

16 subcommittee on Tuesday the 2nd of Septenber. *4e will only

1'7 have a brief discussion here, simply for perspective

18 reasons, a discussion of our view of the yield pressure and

19 failure pressure for the ice condenser containments.

20 (Slide)
.

21 A slide that describes some of the background to

! 22 how we not to this point today. Firct of all, the pre-TMI

23 requirements, pre-TMI licenging requirements are prescribed

24 in the regulations, 10 CFE, Section 50.n4, and in the

25 general design criteria number 50 of Appendix A to Eart 50.<

!

.
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't'-) 1 FollCving the T"I s ceiden t there was prepared th e

2 staf f 's Action Plan, NUREG-0660. Items relevant to hydrogen

'

3 generation and control are dealt with in items II.D.6, 7 and
'

i .

4 8 of the Action P1,qn, as well as tae co-called ESS"AP-

5 studies of the Probabilistic Assessment Staff of Pesearch.

6 Those entries in the 1.ction Plan id entif y work

7 that needs to be done on prescribed schedules dealina with

8 nydrogen. The previously mentioned series of SECY papers,

9 107A and B, were p,repared in response to item II.B.7 of the*

10 Action Flan. 2ECY paper 80-283 was prepared in rest.onse to

11 the RSS"AP studies of the Frobabilistic Assassrent Staff.

12 There was a concluding pa per prepa red very

13 recently, item 1.3.3 of that slide, Hyd rogen Control for

14 Sequoyah , which was considered. d urin ; the Commissicn .

15 meetings of August 14 and 21, just these past two weeks.

16 There are also some related reports available, two

17 BCD Asseclates reports, one dealing with structural response

18 and the other dealing with a critique of tne hydrocen

19 generation and control work that was sponsored by the NTC

20 staf f. There are also a series of %ndia reportc, including

21 the compendica and a number of reports on selected topics
|

| 22 that are available.
|

23 (Slide)

( 24 A slide of the chronology on the recent

( 25 activities, starting wi th the Februari 22 issuance of 2FCY
| m

'
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\ 1 ~* 407. That paper gave a general discussion of the

2 responsiveness or sensitivity of the various types of

containments to hydrogen generation and control. That paper
!

4 concluded with staff recommendations that MARK I and MARK II-

5 containments on boiling water reactors be required to be

6 inerted.

7 An interim rule that carries out or propo;es to

'
8 carry out that recommendation .ill be discussed later on in

,

9 today's work. *

10 On March 19 there was a Commiss.' n briefing on

11 that general paper , followed by on March 28 a Cenmission

12 request for certain additional information relativa to the
j

(''} 13 107 paper. The requested informatin was furnished in SECY,

''
14 papers dated Aprf.1 22 and June 20, the 107A and 107E papers.>

, ..

15 On June 26 the Commission heard a briefing on the

16 entire series apain. There was a meeting with the ACES on,

17 July 11, followed by the ACPS report on Sequoyah dated July,

18 15. The last two entries there vere the Auge:t 14 and

19 August 21 briefings of the Commission.

20 (Slide),

21 It is my understanding that these issues will be

22 considered again at the full committeo meeting of the ACRS

; 23 on September 4 and that there will be a Commission meeting

! 24 soon thereafter. I am not sure whether it is tha eveninc of

25 that same day or the very following d .i y , the 5th, but we

ALDERSON REPORTING COMPANY, INC.
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th

1 should hear that very soon.--

2 I thought it would be a good idea to briefly

3 summarize where the different plants with different
i

1 - 4 containments stack up. The MARK I 9'4Rs we recommend and the

5 draft interim rule would require that they be inerted.

6 There are only two operating 3*J:s that are not currently

7 inerted . These are the Vermont Yankee and Ha tch -2 plan ts .

8 M A R K II B '4R s , because of their small size and low

S pressure - well, moderately low pressure design are also--

10 reccmmended for inerting. Ice condensers. The specific

11 licensing requirements relative to hydrcgen generation and

12 control, as we all know, are under consideration by the
.

13 Commission and are presently under discussion.
,

1-4 MARK III_ containments are in the same hydrogen .

15 sensitivity situation as the ice condensers, and licensing

16 requirements for the MARK II relative to hydrogen ceneration

17 gnd control are still under consideration by the staff.
18 The first plant to be licensed with a MASK III is

19 the Grand Gulf station. Subatmospheric containments and dry
~

20 containments, recause of their large size and high desion

21 pressure, do not require hydrogen centrol requirements
|

; 22 teyond Section 50.44, 10 CF? 50.44, pending the rulemaking

23 proceeding that was discussed earlier.

24 Cn the subject of ice condenser plants, we h?ve

25 listed all ten of them here at five sit:s.
I

Iv
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1 (Slide)

2 Their fuel load dates are indicated on the far

3 right. Three opera ting plants include Cook-1 and 2 and

4 Sequoyah-1. Though .Sequoyah is at thir time loaded te 5-

5 percent power, all the others are in various stages of

6 construction, with McGuire-1 heing the very next plant

7 scheduled for fuel loading. All the cthers are 1981 and

8 forward.

9 (Slide)

10 A brief paper that cha racterires design f eatures

11 important to hydrogen contrel. The structure of all ten ice

12 condenser units are all freestanding s t e= 9 1 , with the

O 13 exception of the two Cook units, which are reinforced

O
14 concrete. Design pressures they are all at 15 pounds except .

15 Sequoyah and Cook which are at 12 pounds.

16 The net free volune of containment * they are all

17 about 1.2 million cubic feet, about half the dize cf the

18 la rge dry containments,. The provisions for containment

19 sp ra ys they are all in the upper compartments with the

20 exception of D.C. Cook, which has the sprays in the lower

21 compartment as vbil.

22 (Slide)

23

24

25
!

\
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~ ; The staff approach toward developing resciutien on

2 the subject of hydrogen control, the staff has broken the

3 crogram up into short-term and long-term. "he object of the

4 short-term is to.4efine and implement those requirements to
.

- -

5 assure no undue risk to the health and safety of the public

6 pending the rulemaking proceeding.

7 The long-term approach would require the o'wners 'of

8 nuclear plants to conduct analyses and experiments where

9 these studies chould be decigned to establish the data base

10 for defining the desir,n f ea tures that make the plant's

11 response to decraded and melted core acciden te acce ptabla.

12 We will also establish .VRC-sponsored research and

[
~

13 technical assistance programs to confirm the results
V

14 obtained by LWE plant owners,.and to ertablish the -

15 acceptance criteria for the decign features we expect will

16 be proposed for mitigating degraded and melted co'ra

l'7 accidents.

18 (Slide.)

19 A description of our short-term program for

20 Sequoyah and'for other ice condenser plants. We have

21 technical assistance work underway with Livermore 'ational '

22 Laboratory where they are charged with developinc data to

23 determine that the in terim distributed ignition syrtem

24 proposed for Sequoyah will not d egrade the saf ety of the

25 plant, and that the igniterc will in fact successfully lean

'\
%)

|
,
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1 mixtures of hydrogen, air and steam.s-

2 At Battelle-Columbus we have a program underway to
'

3 assess the IDIr in terms of the extent to which that system

4 can improve hydrogen centrol in ice condencor plants. ".. t-

5 Sandia we have work underway to develop a data base on

6 alternative systems. The point being that should the -

7 current efforts on the IDIS lead to a conclusion tha t they

8 are not suitable for hydrocen control, we would like to have

9 some backup system and efforts to understand potential *

10 backup systems are underway at Sandia. These are the halon

11 system and the wate" foggina system.

12 At Ames Laboratory we have work underway to

h 13 understand the structural rasponse of various contui.9ments.(d
14 Included in th at p;cgram is a determination of the response -

,

15 of the structures to localired detonations. TVA and the

16 other ice condenser owners have an association designed to

17 study the sensitivity of ice condensers by use of the

18 so-called CLASIX code. More details on that code will be

19 discussed later today.

20 They will have progra.ns underway to assess the

21 accuracy and reliability of the CLASIX code. They will

22 perform -- they have completed tests at the Singleton

23 Laboratory and have just yesterday submitted the results of

; 24 those tests. They will have an extended program of tests at

25 the Fenwall Laboratory in Ma ssachusetts, and that will be a

N

O
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O
w- 1 subject of discussion by the staff later today.

2 Finally, part of the Fenwall tests will include an,

3 assessment of the respons'e of selected vital equipment to

4 the anticipated burn environment.. .

*

5 (Slide.)

6 The final slide I have !3re, to cive you a

7 perspective on the time in which we are doing the various

8 things and selected pieces of milestones here, starting with
,

9 September 2, next Tuesday, we expect to receive from IVA

10 their sa fety analysis report on the IDIS. There will be the

11 full committee meetino on September 4 followed by a

12 Commission meeting on Sequoyah. Cctober 1 we expect to have
''

/N 13 the testino at the Fenwall Labs completed , at least for theb'
14 early series of tests. The wcfrk at Livermore will be,

.

15 completed October 30. The Sandia work on assessment of

16 alternative hydrogen control measures, October 30.;

17 Similarly, the Battelle-Columbus analyses, we

18 expect to have that work completed by October 30 as well.

19 Reports on all these activities should be available to the

20 staff by . November 15 with a target of a staff SER on tha

21 interim distributed ignition system by September 15. W+

22 expect to present the results of the staff re view to the

23 ACRS in January and brief the Commission soon thereafter.

24 MP. LAWROSKI4 Will there be any test results

25 available by the September a meeting?

N

.s
_
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\s/) 1 MR. BUTLER : While there will be the results of

2 the very elementary test's at Singleton Labs, it is a very

3 small unit that just -- there will be results of the
,

- 4 dur7bility of the.; selected igniter sy ten. There will te

5 completed certain tests at Fenwall labs, but d a t'a from then

6 will not be too meaningful. They are just kind of checkout

7 tests. .

8 MR. LAWROSKI: I was referrine to the expectation

9 based on the Sequoyah hydrogen control plans report.

10 MR. EUTLERt I'm sorry. I did net hear the

11 question.

12 MR. LAWROSKI My. question was based on a date I

i 13 thought I saw in the --

14 MR. K ERR s_ Will you use a micrcphone, M r. Lawroski? --

15 MR. LAWROSKI: I a m now. Thank you, Bill.
i

16 thought there was a date of the availability of

1:7 such tests by August 15 according to the report -- draft

18 report on hydrogen control for the Sequoyah nuclear plant,
.

19 which bears no date unfortunately.

20 MR. RUTLER: Yes. We were expecting a safety

11 analysis report from TVA by August 15. The saf ety a nalysis

22 repcrt -- there was material furnished August 15, but we

23 felt it was not really a complete report with respect to

24 what should be in a safety snalysis report. We have since

25 sent a letter ta TVA identifying the topics that need tc be

| '
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1 addressed, and they intend te furnish a response to that by,

2 September 2, on Tuesday.

3 Fevertheless, these vill not contain the results
i

4 of any rubstantial testing. They art results primarily ofi - .

'S analytical efforts.

6 MR. LAWROSKI I want to correct myself. The

7 report does have a date, Au7ust 13, 1920.

8 MR. FUTLeR Ch, yes, that is the -- that is the

9 hydrogen control paper.'

10 MR. ItWROCKI: Yec.
*

11 ?R :!'TLER : Fut that subsittal of August 15 vas

12 expected to be a safety analysis report which was not

13 expected to contain results of experimental work.

t 14 MR. LAWRCSKI: Tha t is also mentioned. It is -

15 expected to te available by September, as well as some test

16 results.

17 MR. KERR: Do you understand %r. Lawroski's

18 questions? I am not sure I do, but if you do it is okay.

19 MR. BUTLER: No, I don't understand the last
,

20 question.

21 "R. LAWROSKI: He has answered the -- a t least for .

22 me enough, the extent of the tests that will be a vailable.

23 MR. KERR: Okay.

24 MR. 5 2.R K r . Could you say in a very few words, just

25 topic headings, what is in and what is not in the EASCH code?

%
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1 MR. BUTLERS I think I will nave to defer to Mr.

2 Cybulckis or Charlie Tinkler.

3 MR. RUBINSTEIN: 'Je ha ve a presentation on tii t t

4 later in the af tert.oon.-

5 MR. MARK: That will be fine.

6 MR. KERR Does it say in a very few words what-

7 Mr. Mark wantc? .

8 MR. RUBINSTEIN: I cannot promise tha t.

'

9 (Laughter.)'

10 MR. KTRR: Please continue.

11 MP. FUTIER: The very next tc;ic en the acanda 1:

12 a discussion of the rulemaking proceedings, startinc off

[) 13 with the interim rule by Mr. Fleishman, and he will be
\)

14 followed by Mr. Madeiros on the advance notice of rulemaking -

15 for the final rule.

16 MR. KERR Mr. Butler, if your presentation is

l'7 complete, on one of your transparencies labeled "Etaff

18 Approach Toward Developing Fesolutions," I find tha t the

19 long-term approach requires owners of nuclear plants to

20 conduct analytical and experimental studies to establish a

21 data base for defining those design features that make the

22 plant response to degraded / melted ccre accidents ace,eptable.
23 Now, it would seem to me that in order to do that

24 they vculd need a fairly clear definition of what degraded

25 coremelt accidents they vera protecting against. Is the

N

b
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( b
N '/ 1 staff in the process of developing a scenario or a design

2 basis -accident against which they are to mitigate?

3 The transparency does not mention this, and it

4 would seem to me.3, hat that would be a fairly important part.

5 of the total picture.

6 MR. BUTLER: I believe the answers to that

7 question will be .the outcome of the rulemaking proceeding

8 itself.

9 Now, there are a series of questions in that area

10 contained in the advance notice of rulemaking, and Mr.

if Medeiros will describe tha kiner of quastions ve are askinc

12 to adduce the necessary information.

13 MR. KERBS But ycu are not going into the
,

14 rulemaking hearing _clind, are.you? The staff will have a -

15 position hef ore it goes in -- a tentative position at least

16 before it goes into rulemaking, won't it?

17 MR. PUTLER I would rather defer to Mr. Madeiros

18 to answer the question.

'

19 MR. KERD: Surely this is going to be an NRC

20 position and not a Mr. Madeiros position.

21 MR. BUTLER: Tha t is true.

22 MR. KERR: Well, does the NBC have a position

23 now? Is it going into the rulemaking hearing with a

| 24 tentative position?

25 MP. EUTLER: Well, I believe by the class of

1 ~s

.,
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1 questions that we ask it indicates the direction we are%-

,

~

2 taking.

3 MR. KERR: So that you will have a direction but

4 nothin; other thaq_ that.-

5 MR. EUBINSTEIN: We do have a position going into

6 the rulemaking hearing for the small containments such as

7 the MARK I's, the. MARK II's. We sill have a position --

8 MR. KFRR The position tha t I see now is a

9 position that says given th:- t one has hydrogen in the

10 containment, what does one do about it. But what I see

11 written here ir require own=re to conduct analytical

12 experimental studies to etablish a data base for defining
w

\ 13 design features that respond to degraded / melted core

14 accidents.
_

.

15 Now, in order to do that it seems to me one has tc

16 know what kind of accidents one is designing against. And

I'7 , the pcsition f or Mark I and Mark II does not define the

18 accident against one which is designing.

19 It is a non-mechanistic thing. It defines one has

20 a certain amount of hydrogen, and wha t I am trying to get a
,

21 picture of is that the sort of definition that you plan or

22 I recognize the answer ma y be that you simply have nct--

23 decided yet. And if that is the answer, then do you plan to
1

|

24 decide by the time you go into rulemaking what at least the

25 staff would consider to be a sensible approach to this?

G
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\s ' 1 MR. NORBEPT4 Jim Norbert from Office of Standards

2 Development.

3 In the interim rule which Mort will be talking

4 about hare shortly there is a number that we are ackinc the..
,,

5 vendors to do design studiec on for the interim -- as part

6 of the interim rule, a number on how much hydrogen release
1

7 they shculd -- to.look at as a basis. There is nothing

8 fixed. It is not the staff 's final pocition, but it gives

9 them a bound to shoot for; and that is in the interim rule.

10 MR. KERE: I guess what I am reading from is

11 labeled as a long-term apprcach.
,

12 MR. NCRBERT: I we.s not quite sure about that with
'''

,

13 Walt either.'

' 14 MR. RUBINSTEINs The, staff has not defined a set -

15 of scenarios which would lead specifically to severe core<

16 damace and large amounts of hydrogen generation, and we have

l'7 had discussions, and TVA has i'dentified for the Fequoyah

18 plant four scenarios which would have the highest likelihood

19 of leading to severe core damage.

20 We believe we have taken mitigation -- paddon me.

21 We believe we have address +" those features in the Action i

22 Plan and throcyh operating procedures and guidelines.

23 Our current approach that we are dealing with

24 richt now is -- I think you are right on target -- is
E

25 mitigation consequences in dealing with Sequoyah.

O
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1 MR. KERR4 I am referring more to the long-term

2 approach on Mr. Eutler's slide.

3 MR. RUBINSTEIN: The staff does not have a

4 position en sequences which would lead to severe c re- -

5 damage, and it is likely that we will look to the rulemaking'

6 hearing for guidance in this matter.

7 MR. K?RR Okay. So at this point one will nct

8 requite the owners to do these studies until after

9 rulemaking had been completed , is that correct?

10 MR. EUBINSTEIN: We want them to do studies and

11 help us in the identification --

12 MR. KERR: How c n they do studies to mitigate

13 against sometnin'g without kno*ing what they tire trying to

14 mitigate against, and they w o n. ' t know this until after -

15 rulemaking. It seems to me that one has something of --

16 well, ct this point since inflation has set in, it is
,

17 probably a " Catch-33" situation.
,

; 18 (Laughter.)

19 I really --

20 MR. BUTLEE: I reccanize the question, and it is a

21 valid question. In summary fashion you are asking if the

22 staff will undertake a study pregram prefatory to the
~

23 rulemaking to see if the staff can prescribe certain bounds
,

j 24 or guidelines for the rulemaking.
i
'

25 At the present time the staff does not plan that

O
|J

l

|
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(''/)\-- 1 kind of activity. It migh t be an appropriate activity for,

2 the staff to undertake. I guess the staff really has not
,

3 decided it, okay.
,

.

Now, whr_ don't we ;o through the discussion on the
_

- - 4

5 rulemaking, and if the questions continue to prevaile it

6 might be an appropriate comment of the ACES. *

7 MR. KERRs Okay. Thank you , Mr. B ut1<2r.

8 MR. LAWROSKIs Are we havinc this discussion and

'

9 then the rulemaking p re sen ta tion ?

10 MR. RUTLES: I believe I described what the

11 present activities --

i
12 1R. FERR4 I am satisfied with your answer.

13 MR. EUTLEPs Thank you.;

14 MR. KFRR; Mr. La v ro. ski , more q ues tic"ns ? -

15 XR. LAWROSKIs It seems to me we have ths cart

16 , be f o re the horse, but maybe this is the way we arranged the
'

17 agenda. I don 't know. .

18 MR. KERRs Tour problem is you are living back in

19 the horse -ca rt era .
,

20 , (Laughter.)

21 MR. LAWROSKIs I see. Do you have an inflaticnary

22 term for that?

23 MR. KERRs Please continte.

24 (Slide.)
i

l: 25 MR. I LEISH M A.N My name is hort Fleishman, and I
|

f"'N |

,
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b'\'- I am with the Office of Standards Development. I am going to

2 describe the rulemaking on the interim rule that we are

3 presently working on.
> -

.

4 The sta(f is currently involved with two majcr- -

5 rulemaking actions, one involvino a longtern related to

6 consideration of degraded or melted cores safety regulation,

7 and the other one.involvino an interim rule on hydrogen

8 control and certain degraded core considerations.

9 Now, the long-term rule. making consirts of fou;'

10 parts. One is an advance notice of proposed rulemakino

11 which will be 44.scussed by "r. Madeires after I an

'

12 ff.nished. That has alread y been sent to the Commission, and

/ \
13 it is a SECY-80-357 paper. And we view this long-term

\ )
%./

14 rulemaking as a two to four ye,a r ef f ort depending upon what .

15 questions or problems may come up during the course of the

16 rulemaking.
4

1'7 There is a very good possibility that there will

18 ha ve to be a rulemaking hearing similar to what happened at

19 the ECCS hearinc, a nd depending upon what comes up there,

20 that will dictate essentially how lonc th'e rule *akinr will

21 last.

22 The interim rule, which is the subject of my talk,

23 has already been sent to the Commission via SECY-80-399. 7t

24 vas sent to the Commicsion this past week, and we look at,
,

| 25 that as going through just a proposed rule and en effective
1

4

.

A'.,DERSON REPORTING COMPANY, INC.

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

. -.. ,



- . . .__

29*

g\(1

\'- 1 rule phase. Depending upon what the Commission decides,

2 that rule could be made effective by early 1981.

3 Now, before going into the details of the rula I

4 would just like to give a 11*tle bit of background en the.

5 rule. Following the TMI-2 accident there were a number of

6 studies that were initiated which culminated in several

7 documents af which most of you, I am sure , a re f r M.. liar with .

8 The dccuments that were related to the Three Mile

9 Island accident was NUREG-0578, which was issued in Jnly of

10 19 79 a nd essentially was a ctatus report and summary of the

11 short-term recommendations mace by the lessons learned Tark

12 Force; and NUEFG-0585 was issued in Cctcher 1979, which was

[ 13 their final report.
\

\ 14 Based on_these two r.eports, letters were sent to .;

15 licensees of operating nuclear power plants and also

16 applicants and other people that would be affected by that

17 describing what followup actions should be taken resulting

18 from the 3RC reviaws of the Three Mile Island accident.
19 (Slide.)..

20 Clarifying letters were also sent out on October

21 30. Af ter the September 13 letter regional meetinos were

22 held the week of Septecber 24 to clari#y the recommendations

23 made. 7 believe the ACPS has already reviewed these

24 documents. In fact, the September 13 letter had a number ef

5 recommendations in it that were attributed to the JCES. In

/~s
I \
Vr

i
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'- '' 1 fact, the ACES letter concerning that was included in the

2 September 13 letter.

3 Some recommendations that the ACRS made were on
!

4 accident monitoring and instrumentation such as containment- -

5 pressure, hydrocen concentration, and things like that. In

6 May 1990 the staff and the Commission reviewed and approved

7 NUFEG-0660, which, was the TMI-2 Action Plan, and under Task

8 II.P.9 of that Action Plan they describe the various rules

9 that we are presently working on.

10 That is sort of the background, and it sert of-

11 gives you an indication of *he relationrhip cf the '. c n ; - t e r :

I
12 rule and the interin rule to each other.

13 The interim rule itself consists of two major
4

14 pa rts .
_ .

.

15 (Slide.)

16 The first part is based on the -- is related to

I'7 hydrogen managerent in containment, and the other is related

18 to design and other requirements.
.

19 No w , these design and other rtquirements were

20 revealed from the TMI-2 accident and had been discussed in
'

21 the various NUSEG reports, and the licensees are already

22 familiar with mest of these requirements.

23 The recommendations that we have made -- that we

24 have in this paper were already transmitted to the

25 Co mm is sion . As far as our position on the NUF.EG, ve have

N,
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)
V 1 already discussed that, and we are codifying regulations

2 which the s:aff feels should be put into place immediately

3 to protect the public health and safety.

4 The etaff believec that if these requirements are- -

5 put into effect, it will improve the capability of nuclear

6 power plants to deal ef f ectively with TMI-2 type accidents.-

7 'de d o n ' t have any. specific quantification of just how much

8 an improvement that will be, but essentially based on

9 engineering judgment, we feel there will be an improvement.*

10 (Slide.)

11 MR. KER? : Mr. F rk.

12 ME. M3RK In tha interim rule it is certain
g

'

13 degraded core considerations. You also mentioned TMI-2
1

14 type. Is it then glear and aq. reed tha t one is limiting .

15 one's attention to the sort of toiloff picture for TMI and

16 nothing else?
,

17 MR. FLEISHMAN: In this interim rule that is

18 correct.
.

19 X3. MAEK So this also involves hydrogen coming
'

20 at a quite slow rate, like 1 perc.ent reaction per minute.

21 It has nothing t'o d o wi th 107' Which does not observe such

22 restrictions, and the only thing uncertain is how much

73 hydrogen was actually involved in TMI which no one yet knows.

24 MR. FLEiSHMAN: I believe we feel the TCI-2 type

25 accident was somewhere in the 25 to 50 percent metal / water

\O
:
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(
'- 1 reaction.

2 MB. MARK: I'm aware that you feel that, but I'm
i

3 not aware of arsy evidence that really puts the finger on it.

4 MR. FLEI,SHM AN : That 1: corrort..

5 MR. KrPRs Please con tinue.

6 MR. FLEISHMANs Ckay. Relative to hydregen

7 managment, the interim rule has four items within the rule.

8 We are going to require that the Mark I and II reactors --

9 RWR reactors be inerted. 'Je a r e no t saying anything at all

10 about ice condenserc or other pressurized water reactors in

11 th e rule.

! 12 It would nean that the Vermont Yankee and Hatch-2

[} 13 reactors, which are not presently, will have to be inerted.

14 This recemmendation as made to the Commission by the staff .

15 in FECY-107(d) -- the whole SECY-101 series.

16 We are also requiring in the interim rule that

l'7 design analysis studies be performed to look at various

18 measures to handle large amcunts of hydrogen. Ne are not

19 specifyfng any specific accident scenario, but we'are just
i

20 saying that we want them to look at measures to study what

21 they could do to handle various amoun ts of h ydrogen.

22 We told them to look at hydrogen up to 75 percent

23 metal / vater reaction. The measure we are suggesting that

24 they look at in the evaluation would incivde inerting,

25 hydrogen recombiners, purge systems, halon cuppressant

,

|
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'%s/ ~ 1 systems, filtered vent systems, hydrogen combustion systems, .i4

2 vater fog spray, or combinations of these.
i

'3 Depending upon the results of these studies !

4 further requirements may turn out to te nececcary in the- -

5 long-term.

6 3R. MARKS Is it r.ade clear in that connection

7 anything about the suddenness of the appearance of this

8 hydrogen; that is, does it come on at TMI-type rates or not

9 come on in a delta function?

10 MR. FLEISHMAN4 We say that -- in the rule that

11 the hydrocen generated within the first eight nours, and we

12 do not say anything in the rule about how fast that reaction

13 rate should be. We just say hydrogen generated within the

14 first eight hours,_ which would basically avoid having tc -

15 look at long-term radiolytic composition.

16 ?R. MARKS That, I think, is a good point, but

)7 there is still quite an important difference, it seems to

18 me, and it seems to me it will seem so to the designers, if

19 you assume that the hydrogen is bled out uniformly

20 throughout the eight hours or comes on in the particular ten

21 minutes during the eight hours.

22 MF. FLEISHMAN: The rule says nothing abcut that.

23 We did not give any specific guidancs on that in our -- '

i
24 MR. KERR : Don't you think u should?

25 MR. FLEISHMAK4 What do you tiink about that, Walt ?

N
,

_
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1 MR. BUTLER: I think with respect to the lower

'/2 bound -- Mort identified the upper bound of eight hcursf and

3 that will indicate clearly that they are not to rely on the,-

4 heat renoval systems.-

5 With resdect to the rapid rate of that is, the--

C lower bound for a rate of hydrogen generation, I guess what

7 we are trying to do is ha re them consider it to come out as

8 fast as possible. Yst, we are not prescribino --

9 MR. KERRs Mr. Butler , I think the question was

10 not what you are going to specify but whether fou are going

11 to specify something, and v. r . Fleishman sayr you are not

12 giving any rate of hydrogen generation.

13 I think the question is shouldn't you, if you are

''
14 asking designerc to design som.ething, give th'em some idea of .

15 what they are designing f or? And apparently at this point

16 nothing is said about the rcte of hydrogen evoluticn.

17 Wouldn't that have a significant effect on how one was going

18 to handle it?

19 MR. RUTLERs If the rate comes out -- if you

20 prescribe a rate that is very fast, it certain;y vill.have

- 21 an effect. It is our hope, though, in not prescribing it in

22 the interim rule that that issue be considered during the

23 final rule.

24 MR. KERRs But how can one do a design to handle

25 this without knowing what one is designing for, Mr. Bu tl er ?
J

%

%
_

i
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1 I don't understand.

i 2 MR. BUTLER: I think the pro!,lem is one with

3 schedule. In the interim rule we are requesting that
t

- 4 certain s tudies be,, conducted on a sensitivity bacir. Thore

*

5 results will then be available for assessment during the

6 final rule phase.

7 If after reviewing the results of those analyses

8 it looks like additional studies are needed, those

9 additional studies will have to be done.

10 "R. KERR Then what you expect they will do is

11 consider everything from an instantaneous release to a

12 release unifornly over eigh t hours. Even though you have

13 not asked for"that, you expect that is what they will do.
14 "R. BUTLER: 'n' el l , I,am not cure what to expect in .

15 the way of response. I guesc questions will have to wait

16 until snswers come in.

17 MR. XERR: Well, I gus .s there is good biblical

18 precedent for doing this sort of thing. I can remember

19 Daniel and King Newbuchadnessar when the king called him in

20 and asked him to interpret his dream, and the only problem

21 was the king cculd not remember what the dream was.

22 So he asked Dan.iel to tell him what the dream was

'
23 first. But I would hope that people would produce better

24 results f rom a study if they knew what it was yot *?ated
,

'

25 them to study.

O)(
\/

*
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1 MR. BUTLER: I might indicate that the reason we

2 did not put the lower bound in was because we did not think
/

3 that the analysis results was going to be very sensitive to

- 4 any loJnr bounds,..except for the terminal lower bou'.ad , and
..

5 we were not~ ready to require tha t terminal lower beund

6 pending receipt of the results of some of these studies.

7 So I guess any studies of any rate would be

8 satisfactory, and as we get further into the rulemakinc and

9 we decide th'at we really want th a t end point, well, we w a'n t

10 to defer that decision until we have the results of some of

11 there early rtudier.

12 MR. ETHERINGTON: Arc you assuming the same amount

13 of hydcogen with the only difference being the temperature

'

14 and steam contant in the containnent: that is, an immediate -

15 release of one cubic foot of hydrogen leads to the same end

16 concentration as a release over 3 long period? Or are you

17 removing some of that hydrogen in the interim?

18 MR. FLEISHMAN: The rule itself did not get that

19 specific.

20 MR. ETHERINGTON: ~4 ha t is the concept? What is

21 your concept?

22 9R. FLEISHMAN: We are asking for sensitivity

i 23 analyses to be done, so we assume that they would look at

24 various rates of generation and varicus ccenarios.

25 3R. ETHERINGTCN: And various rates of removal as

(AJ
'
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\' / 1 well?

2 MR. FLEISHMANs Depending on the systems we are

3 asking them to look at, tney would havn different

4 capabilities. - Hyj,rogen combustion is one of the systems we-

5 are suggesting they look at. It is actually in the

6 statement of considerations. We have given them

7 essentially guidance on some of the areas we want them to

8 look at. The hydrogen combustion system was one of the

9 areas we suggested tha t they look at.

10 MR. ETHERINGTON: In other words, you will get a

11 higher pressure fror an immediate releere than could be

12 obtained with a long-term release, assuming that you have

[~ 13 these hydrogen-relieving systems.

'\_r
14 MR. FLEI?HMAN: Yes.. In other words, that would -

15 be the things they would look at, depending upon which

16 system they would look at. It would affect the --
,

l'7 MR. ETHERINGTCNs You are including immediate

18 release but you are not insisting on that being in the

19 criteria.

| 20 MR. FLEISHMAN: We have not specified it in the

21 rule at this point. Now, when we start getting information
E

22 in at a result of these studies, we may want to revise cur

23 guidance, revise the studies. This is going to be an

24 onooing thing. There is going to be interaction between tha

25 staff and the licensee, so depending on what comes in, there

; -x

d
c
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\- 1 is going to be an interpla y, and the studies, I am sure,

2 will be modified.

3 There will be discussions between the staff and

- 4 the licensees an.to what action finally gets -- the rule
,

. 5 itssif is quite general, actually. It just says we want tha
.

6 studies tc be done. The specifics of what is gcing to be

7 done will vary from plant to plant as well as from licensee

8 to licensee.

0 ER. KFRR: Well, I think we have all been faced

10 with the fact that there is a limited supply of mangewer and

11 resoure.es available for there studies. ?!o w , if we tell

12 people to go study something .hich was not what we had in

13 mind, and they spent a lot of effort studying something that

i
14 was quite different from what ye wanted them to study, it -

15 seems to me that that is not very efficient.

16 I recognize that perhaps you cannot know exactly

17 vhat you want done until ycu have had some preliminary

18 results, but it certainly seems to me that ene could perhaps

19 save manpower and resources if one could be more specific

20 than just sort of saying oc away and study the problem. I

21 mean if you have in mind some limitations or some general
?

22 guidance, it certainly seems to me it migh t te to
1

23 everybody's advantage to provide it.

24 MR. SUTLER: What you say certainly is true.

25 Howaver, we did not want to cast in concrete in the form of

v
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(\~- 1 a rule the specifics on what should be analyzed. It was our

2 hope to maintain sone mn?.sure of flexibility, so that when

3 ve start implementing the rule, we intend to meet quite

- 4 frequently with the variour ovners ;rcup and at that peint
,

1

5 provide appropriate guidance at to scope of the etudies.
.

6 MR. KERR: Please continue.

7 Excuse me. Mr. Ftherington.

8 MR. ETHERINGTON: Regardless of the basis of

9 calculation, you are going to calculate the pressure which

19 you believe will result in combustion of a dertain amount of
,

11 hydrogen. Kov, I was told recently that you use t .?. e

12 specific heat and constant pressure in calculating th e

[ 'h 13 pressure from the combustion. I was told this.

V|\

1<4 Is this trues and if,so, why don't ycu -

15 specifically use heat and constant volumet

16 MR. FLEISHMAN: I would defer to Mr. Tinkler on

17 that.

18 MR. TINKlER: The calculations that you saw in the

19 SECY paper 107 were done assuming specific. heat of gases at ;

23 constant volume.

21 MR. ETHERINGTON: Constant volune.

22 MR. TINKLER: Constant volume.

23 ME. ETHERINGTON: Then I was misinformed.

24 MR. TINKLERs There was a calculation presented at
,

25 a meeting sometime ago. I do not recall the details of it.

(~
'

,

\m/
r
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1 Someone did present a calculation with pre rure calculated
4

2 using heat and constant pressure. But the calculations

3 which you have seen to date in the SECY papers performed by

- 4 the staff have'been --

5 MR. ETHERINGTCN: That is about 40 percent higher.
,

6 XR. TINKL ER : If you do the calculation
,

7 co n sis t en tly , it may not be that much different. The

8 calculations which you see are also done assuming the gas

9 constants for the various gases as a r'elatively 1cw*

10 temperature, so that it does contain some additional

11 concerratism in that regar.d.

i

12 MR. ETHERINCTCN: Not very much, though.
. .

i s
) 13 HR. TINKLER : Two thousand or three thousand

%d
14 degrees. It is 10_ot 15 percent, yes. -

15 3R. ETHERINGTON: Yes.

16 ?. R . LEE: Based on the present understanding cf

I'7 the amount of hydrogen generation, and even perhaps the rate

18 of hydrogen generation, the interim rule would require

19 interting for M ARK I and M ARK II BWFs.

20 MR. FLEISHMAN: That is correct. We feel it would

21 he appropriate at this time to require the inerting at least

22 until we have more information, which will be determined

| 23 during the lono-term rulemaking.
|

,

24 MR. LEE: But thct decision would have assumed

25 certain rates of hydrogen generation, ! presume, which cculd

\
%_/

|
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1 have an instantaneous generation cf a certain amount; or is

2 it different from that?

3 MR. FLEISHMAN: Well, right now the way the

4 regulations presently stand, nost plante would not have to-

5 be inerted based on the way 50.u4 is written. The

6 regulations now call for no more than a maximum of 5 percent

7 metal / water reaction to be censidered by the regulations.

8 TMI-2 showed us that that was no longer accurate.

9 So, in liau of having any further information which is going

10 to be deter 71ned in the lonc-tern rulemaking , we felt it

11 would be appropria+e to raquira inerting right :c v . I quess

12 the feeling is that inertinh will be teneficial. Just how

V}[ 13 beneficial it is and what sort of reactions it can correct s

,

14 for, I don't think._ we know exa.ctly. -

15 ME. LEE: I guess my question is really related

16 to one of the comments. General Electric Company has

17 somewhere -- I can place where I read it in the bulk of

18 documents I have -- but they were criticizing the staff

19 position relative to the fact that in SWR systemo you cannot

20 expect hydrogen generation immediately nor a loss of coolant

21 accident or anything like that.

22 So they feel there is no need to go inerting MARK

23 I and MARK II containment systems.

24 MR. FlEISHMAN: That is correct. That in G.F.'s
j

25 position. ;

-~s
,

x |.

| |

1
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1 MR. LEE Staff has taken the position that

2 regardless of comments, it would be necessary at this peint

3 to gc to inerting.
4

- 4 MR. RUEUj3TEIN: let me address tha t. 'a'e did no t

5 do a mcchanistic analysis of the genera tion of hydrogen in

6 dealing with the BWR MAEK I's and II's. For the interim,

7 staff ecsentially. assumed tha t hydrogen could be generated,

C looked at the structural response and design pressures,

9 looked 2t the amounts of hydrogen which :ould be generated

10 tron a severely damaged core, and came to the conclusion

11 that we had better prepare a mitigatic scheme for thic.

12 The benefit of inerting a MARK I and II was sr.all,
,

/ \ 13 but so were the co- s, and the interim we felt it was a
\ | 8

y ,/

14 pru. lent course of . tion. -

15 HR. KERE: In that connection, hr. Eubinstein, I

16 would be interested in your comments o' a document that is

17 labeled " Decision Rationale for the "taff's Position on,

18 Inerting." Cn page 3 of tho documr at I find the statements

19 "MAEK I and MARK II containments ;hould be inerted . The

20 decreace in residual risk is sma.1 based on probabilistic

21 analyces because the likelihood of this accident scenario is

22 one to two orders of magnitude : maller than the dominant

23 core melt containment f ailure accident scenario for EWFs."

24 Then this statement: "The persuasive argument for

15 in e r tin g , however, is not the magnitude of rick decrease.

p
| 4

-

\ '|
-

l

|
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\
N- 1 It is rather there are no significant countervailing safety

2 disincentivos." I am not sure I know what that statement

3 means. I guess it means that inerting will not make things

- 4 any less safe . "The cost of inerting ic snail and there hac

C been substantial satisfactory experience with inerting PARK
.

6 I containments."

7 Now, except fcr the third statement, it seems to ;

8 me one can make exactly the same arguments Ior painting the

; 9 containment rad, white and blue. There are no s,afety

10 di.si nc e n t iv e s . It does not cost much. .'.nd one has had*
-

11 sa tisf a ctory operating experience up till new vith red,

12 white and blue containments.

13 But I would feel better if one -- I just cannet
i

14 believe that the st_aff cannot come up with a better -

15 justifica tion f or doing something which does cost some money
'

16 and does have some safety considerations than to say, well,

17 there don't seem to be any' safety disincentives and it

18 doesn't cost much, so let's do it.

19 I don't think it is as persuasive. You must have

20 other reasons for proposing what you have proposed.

21 MR. BUTLER: The subject of deciding whether MARK

22 I's and II's ought to be inerted was a very difficult one to

23 arrive at because we were f aced with judgmental views that

24 said they should be inerted because their sensitivity tc

25 hydregen generation was very intense; they had a very small

N

s

|
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1 volume and it did not take but about c percent metal / vater

2 reaction to reach the detonable mixtures of hydrogen

3 concentrations; and a prudent course of action would says by

* - 4 golly, you can expect operators to do the wrong things at

5 the wrono times and give you the adverse concentrations of

6 hydrogen.

| 7 Nevertheless, we were faced with retfults from the

8 Probabilistic Analysis staff that concluded with respect

9 boiling vdter reactors that the dominant sequences rarely

10 were the core melt sequences, and they found their analysis

11 wi th their reactor rafety cthodology which led tc their

12 conclusion that inerting d id very little to improve the

13 safety of the ? '4 E S .

v
1<4 So we had tc provide some kind of justification

15 there of a judq ental view that you needed to inert against

16 some objective information that said if you believe

17 probabilistic assessment approaches, then you would not

18 require inerting because it did you very little good.

19 MR. KERR: I agree. I think it would be a good

20 idea to provide some juctification. But I believe if a

21 licensee came in to you with the sort of justification that

22 you have given, you would fall on the floor laughing. I

i
23 mean I would.

24 Now, I recognize that you have a letter from the

25 ACES sucgesting tha t these things be inerted also, and you
i ,

1 J
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\N /- 1 have been kind enough not to mentien that.

2 (Laughter.)

3 Well, I was just struck by what appeared to me to

4 be a rather weak,,(ustifictation, and I have an idea that-

5 there must be better justifications than that.

6 Mr. Fleishman, we hav interrupted you

7 periodically. 'a'h y d o n ' t we get back to you?

8 MR. F1EISHMANs I have just one other comment. I

9 think the' justification is a result of committee decision.

10 That is about what everyone could agree to.

11 The naxt item that we have rela ti ve te hydrogen

12 control in the interim rule is we are going to require that

[''h 13 for plants that rely upon external recombiners or venting to

\s /
14 satisfy the hydrogen control r.equirements, that they have .

15 dedicated penetrations. In cther words, the penetrations

16 should te dedicated for that service only.

I'7 Finally, we have one other item that we are

18 adding, and tha t is tha t plants that rely upon venting have
,

19 to have external recombiner capability installed. Now, this

20 was a minority recommendation of the Lessons Learned Task

21 Force. However, the staff now believes that in order to

22 reduce the likelihood of release of radioactive material to

23 the environment, means other than ven ting should be

24 available for control of hydrogen.

25 So, we are requiring in the rule that these plants

O
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1 have penetrations installed so that they could install

2 external hyd rogen recombiners if required.

3 MR. LEE: What kind of venting capacity do you
,

4 have in nind when,,you have included these two items 3 and 4?'

5 MR. FLEISHMAN: Pight now the venting capacity and

6 even the external recombiners only have to meet the

7 requirements of Section 50.c4, which is up to at most a 5

8 percent metal / water reaction. To actually take into account

9 something like TMI-2, just how these plan'.s should be

10 modified, whether they should be backfit, what th e n e w

11 design cheuld be: that is going to te the cub jec't cf the

12 rulemaking.
.

[ 13 MR. LEES It is mostly having the recombiners on
\'

\
14 line, available on_line? Is that the main difference -

*

15 between the present requirements and these suggested rules?

16 MR. FLEISHMAN: The last one. Fight now many,

l'7 many plants just have venting. They do not have recombiner

18 ca pa bility .
,

19 HR. LEE: But I thcucht oft-times most of them
'

20 have had --

21 MR. FLEISHMAN The plant licensed p'rict to

22 November 5, 1970, I believe, did not have to have recombiner

23 capability. Scme of them did but not all of them did, '

24 believe.

25 This is going to require that all plants now hava

O)\.
'

~
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1 recombiner capability.

2 MR. LEES Thank you.

3 MR. MARK: Assuming wha t you mean by that is that

4 there be such fixtures, nozzles, whatnot, outside that a- -

5 recombiner could be brought from Columbus, Ohio and hitched
.

6 on.

7 MR. FIEISHMAN That is correct. Not only that;

8 they have to have proper procedures and shielding available

9 so that they can install the recombiners during and

10 following an accident.
,

11 MF. MFER: :!r . Canle.

12 MR. SEALE: In this 5 percent metal / water reaction,

I _

h 13 requirement, there still is not a rate specifically
u)

14 indicated there, is there? -

15 MR. FLEISHMAN: That is correct.

16 MR. SEALEa As I rec?.ll the analysis of the

17 capabilities of recombiners that were a vailable a t TMI, even

18 a5 percent availability would have swamped the capacity of

19 th e recombiners that were there.

20 MR. FLEISHMAN: Actually, I said up to 5 percent.

21 Most recombiners probably are not required to meet the 5

| 22 percent because they have to meet -- I think the way 50.44

Z3 is written now, they have to be able te accommode te up to

24 five times the metal / water reaction calculated that would

25 occur during a design basis ICCn, which could be less than

|

I
,
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1 one percent, actually.

2 MR. SEALE: Well, I think this is a very good

3 example of the kind of fix which is generic, which is

* ~

4 tremendously shnsitive to the input assumptions. In line
.

5 with Dr. Kerr's earlier remarke regarding the effect of not
,

6 being specific with regard to design requirements, it is

7 almost inevitable that the first presentation is going to be

8 a nonacceptable --

9 MR. RUBINSTEIN: Excuse me. The case of the

10 recombiners are really directed toward mitigating the

11 effects cf a LOCA, shich we do have this fix on. One of the

12 alternatives I think Mort said was the facility had the

13 option of either using a recombiner or purging.s
b,

14 The staff believed that it is possible in tha -

15 future we would not find purging f or the mitiga tion cf ICCA

16 hydrogen generation under 5 percent desirable, sc we are

l'7 asking for a dedica ted penetration capability with the

18 appropriate isolation and procedures for primarily dealing

19 under 50.u4 with the mitigation of the hydrogen generation

20 for LCCA.

21 So it does not deal with the revere core damage

22 and it is not a mitigation feature fo r TMI-type accident.

23 MR. SEA LE : So this is one case where the

24 rulcmaking is mere general than just the --

25 MR. EUBINSTEIN: This is an interim step to deal

'

'%

i ~

l
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1 with the potential for purging from a LOCA-type design basis

2 accident.,

3 MR, SEALE: And then is more general than judt the

4 THI-kind of accident.- -

5 MR. RUBINSTEIN: It is for any accident which |

6 would generate hydrogen up to about 5 percent.

7 MR. KERE: Please continue, Mr. Fleishman.

8 MR. FLEISHMANs The other aspect of thic interim

9 rula would require other dec:ign requirements and*

j 10 imprcvements.

11 (Flide)

12 I will not go in te tha t very much because they are
n
( '13 not related as much to hydrogen control, except for the

'

14 first one, which wguld require high point vents in the -

'

15 reactor coolant system and the reactor vessel head to

16 conttol noncondensable gas buildup. That is also a

l'7 requirement that has been previously mentioned in the

D3 letters.

19 So we have items on protection of safety equipment

20 in vital areas, implant iodine instrumenation, samplinc

| 21 capability, leakage integrity outside containment, accident

22 monitoring instrumentation , detection of inadequa te ccre

23 cooling and training to mitigate degraded core accidents.
i

24 These are all recommendations that had already been made in,

;

I
25 these letters, and we are just going to be codifying them.

.
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1 And that is the interim rule.

2 The status of the 1cng-term rulemaking will be

3 discussed by Mr. Madeires.

- - 4 MR. LAWECSKI: Are there any criteria except. for

5 th e re combin e rs ?

6 MR. FlEISHMAS: "he recombiners have to meet th e

7 criteria of Section 50.44 Io in other words, they are the

8 same recombiners that have been installed in all of tha

9 plants that meet 50.44 criteria.

10 MR. KERR: It seems to me the TMI situation with

11 which thic is dealing ir a rec 0gnition that ;ac;1e would not

12 vant ventina te occur under any conditions, so they are

f\ 13 saying that although we are willing to consider ventine in0
14 extr:3me situations _before TXI,. e are no longer willing to -

15 consider it.

16 Now, I have a little bit of a problem when I see

1:7 that filtered vented containment is one of the alternatives
18 for dealing with hydrogen, but that is a separate problem

19 and I guess we need to keep problems separated.

20 3R. E"HERINGTCN Isn't the capacity of the

21 recombiner so small that it would have no material effect on
22 the Three Mile Island accident?

23 MR. KERR: I think that is true. That is what I

24 am saying. W( are dealing with accidents that we believed

l
25 in before Three Mile Island, namely, the design basis 1CCA.,

b>

L
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1 MR. ETHERINGTON4 The design basis LOCA. Also, the

2 recombining is too slow to be eff ective , isn 't it?

3 HR. KERR The recombiner deals, I thought, with

4 radiolytic decorpo.sition , primarily?- -.

5 MR. ETHERINGTONi It will get the other hydrogen

6 dowt! in time.

7 MR. KERR But it will prevent a pressure buildup

8 that might occur due to radiolytic decemposition. In other

9 words, you might have to vent.

10 MR. ETHERINGTON: Are we talking about more than

11 this at that tine?

12 MR. FLEISHMAN: Not right now, no; but there are
m

) 13 people who believe that these recombiners could have been
d

14 beneficial during Three Mile Island also; that during a -

15 lonc-term buildup of hydrogen, that the recombiners could

16 function and could mitigate to some extent the effects cf

17 the accident.,

18 MR. ETHERINGTON: Are you talking days or hours?

19 MR. FLEISHMAN: Weeks.

20 MR. ETHERINGTON: Weeks, yes.

21 MR. FLEISHMAN: The fact that you have this

22 recombiner capability could stili help in something like

23 TM I- 2.4

24 MR. ETHERINGTON: They had already had the

73 eXplosaiton.

s

%
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1 MR. FLEISHMAN: It would not have prevented the

i 2 explosion.

3 MR. ETHERINGT Na Pardon?

- 4 MR. FLEISFMANs It would not have prevented the ,

5 exhlosion.j

i 6 MR. ETHERINGTON: It would not have prevented the

i 7 explosion, no.
,

'
1

8 MR. KERE: Are there other questions or comments?

i ,

; 9 Is Mr. Madeiros up next?
4

10 MR. FLEISHMANs Ps.

11 MR. KERE: Mr. M1deir:2.
i
.

12,

4
e

! 13
i

14 _ -

.

i 15

16

'

17,

!

18

19
!

1

1

! 21
!

22

| 23
;

24-
s

!
1
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1 MR. MADEIROSs Good morning. My name is Manny

2 Madeiros from the Office of Standards Development.

3 On May 4th I described and advance notice of

~ 4 proposed rulemaking being ;repared by the staff concerning

5 degraded coolinc, and I will not repeat that presentation.

6 But I did bring two slides with me from that presentation to

7 kind. of bring people up to speed becauce I see an awful lot

8 more people here in the audience today and on the

9 Subcommittee.

10 The first slide.,

!

11 (Slide)

12 This briefly describes the problem. First of all,
"N

i g'

13 the degraded coolino and resultant core damage is treated
,

.

14 unevenly in the regulations. .You can go to various sections -

15 in the regulations and pull out numerous examples of where

16 one place will discuss a 5 percent metal / water reacticn,

1:7 another place 1 percent hydrogen.
.

18 You get into Eart 100, of course, and you are

19 talking a substantial melting. The second point being the

20 safety analysis stops short of the Claes 9 accidents and

21 therefore is inadequate and suggests that the designs are

22 not adequate either and that currently --

23 MR. IERR : Excuse me, Mr. !adeiros. ! don 't knov

24 whether that microphone is at all directional, but if it is,

25 I think you have it pointed away from your voice.

u>
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\~ / 1 MR. 2ADEIROSs Chay. lastly, I have on here an

2 example of a related problem. I will not dwell in much

3 detail on this because we have discussed that all en May

4 9th, unless there,,2rc questions.
,

-

5 (Slide)
,

6 Here I though t frcm some of the questions being

7 asked this morning that it might be dise to discuss what an

8 advance notice of rulemakinc is. It defines the area of

9 concern , explains the problem te the public. It provides

10 the public an cpportunity to advise. Normally we allow a;

11 60-d a y comment reriod.

12 In this particular case for this advance notice of

[''' 13 rulemaking, we have allowed 90 days. We elicit advice by
\s-

1-4 asking questions. _ In this pa r.ticular ca se we have asked 18 -

15 questicns. Two of them have to do with hydrogon, and that

16 is what I am going to get to here in a minute.

17 Then we use the public recommendations to shape a

18 proposed rule. We do this at an early stage of development,

19 and this answers somewhat, Dr. Kerr, your question a little

20 bit earlier to these other fe11cvs of why we did not have
'

21 some specific numbers in mind'.
.

22 The Commission has made the decision to start with
23 an advance notice of rulemaking in this very important and

24 complex area rather than start with a proposed rule. When,

25 you start with En advance notice cf rulemaking, you are
,

)'

\ /
%_f i
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1 truly looking for the advice and recomnendctions of the

2 public, of the regula ted industry. And if you already have

3 fixed numbers in your mind, I thing we somewnat make a

- 4 charade of the - .

5 MR. KERR: Mr. Madeiros, I inrist that onn can go

6 in with recommendations that are not necessarily fixed. It

7 has been my experience over the years that you get hetter

8 advice f rom people if you ask them about something specific

9' than if you just go out and sort of say what. should do?

10 MR. UADEIFCSs That is what we intend to do ct at

11 the propcced rulenaking stage. ::e have just started with

12 this one step earlier and have truly left the issue open for

[
,

b) 13 th e best advice that we can get. 'de feel there is much room
'

14 for imagina tion out there for.the industry, and we ato goine -

15 to let the indurtry exercisa its imagination in giving us

16 good advice on the ANR, so that when we prepare a proposed

I'7 rule and then perhaps have hearings, we will have fixed

18 positions that we can defend logically technically.

19 (Slide)

20 Now, the features of the ANR have not changed.

21 ANR from the first line that is advance notice of-

22 rulemaking. The feature of the advance notice of rulemakino

23 have not changed materially since we discussed them in

24 Chicago on May c th . Briefly they are here.

25 'la will require a coherent consideration of core

>.

Nm/
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1 damage in design and review. We will analyze a broad range

2 of accidents within and outside traditional design

3 envelopes. And I might take on the controversial point you

- 4 raised in your-cpenino resarks, I guess, about whether the
.,

5 staff is leaning towards the end of spectrum only kind cf

6 accident, and clearly the answer is no.

7 This advance notice of rulemaking covers the whole

8 range of accidents, as I discucsed with you earlier, from

9 clad perforation to small amcunts of hydrogen up to release

10 of cap activity, up through large amcunts of hydrogen

11 relears, and then on to n?lting. Ett we are acking that the

12 -- we will consider accidents lesser than design basis

'

13 accidents, historically consider, and accidents within the

14 envelope. _ -

15 So it is not just the end of spectrum problem that

16 ve are interested in, and that is kind of what my third

17 point is there so 7 vill not repeat it. sically the C

18 reason is my f ourth point, bece use we will be considering

19 multiple failures and operetor errors.

20 This brings me to the item of pa rticular in t.erest.

21 MR. KERRs Can you tell me whether the staff at

22 this point plans to take a mechanistic as contrasted with a

23 prohibilistic approach?

24 MR. MADEIPOS: That has not been decided. My
'

1

; 25 guidance en it would be, as much as I have to do with'it, to

[ }\ sv'
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1 take a mechanistic approach because I do not feel tha t the<

2 probabilistic approach is developed enough to be very

3 practical. The probabilistic approach deals primarily with

*

4 failure rates.' .. -

S MR. KERR: I think I understand the probabilistic

6 approach. I just wanted to know which one the staff was

7 likaly to adopt. -

8 MR. MADEIFCS: I thought I would explain a little

9 bit because this is not the trendy view in the Commission or

10 the ACES. Anyway, I will skip that.

11 ME. ETHTEINGTCN. There seens to me a problem if

12 you take a mechanistic view, with the statement, I believe

[ 13 by one of the commissioners, that containments ought to be1

\_
14 able to handle as much hyd ccen as w?.s developed at Ihree -

15 Mile Island because that has already happened. That puts
|

16 you on a real spot, doesn't it?

1:7 MR. MADEIROS: Yes, it does on that one, perhaps.

18 What I had in mind more, 3r. Etherington, was that the

19 phobabilistic approach just does not deal very well with

20 stupidity, with operator errors, with design deficiencies,

21 (hat scrt of thing. It deals primarily with component

22 , failure rates. That kind of information is so skimpy in

23 this business as to almost make that worthless frcm that
24 standpoint.

2S It ic not a procedure or a method or a methodology
'

O
!
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1 or whatever buzz words you like to use these days. It

2 cannot deal with the operatcr. It cannot deal with the
'

3 mistakes an operator would make.

4 MF. ETHERINGTON: I sympathize with ycur position-

5 entirely. I merely point out that this criterion. puts you
; '

6 on the spot.

7 MR. MADEIROS: So again, then, it will require

8 imagination is .that you are saying, and I think the

9 Commission can rise to the occasio'n, or the staff.'

10 I will now go to the item of particular interest

11 here, and th a t is the question ccncerning hydrogen.

12 (Slid.e)
.

13 Ihere are 18 questions in the advance notice of
x_/,

14 rulemaking. Most of them have. to do with analysis and -

15 design improvements. Two have to do with hydrogen, and

16 these a re the two that are in the advance notice of
17 rulomaking that I expect to be published soon. I vill give

18 you a schedule on that in a moment.

19 " Are you in f avor of requirements to incorporate

20 into containment design systems for controlling combustion

21 of h ydtcgen?"

22 "Do you favor methods of control that suppress

23 combustion, or do you favor controlled burning?" If you

| 24 favor suppression of combustion - " here we are talkinc
l

25 about the inerting on demand idea, the halogen suppression

%
\

s-|
|

|

!
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1 schemes, the foqqing schemes, the steam injections steams

. 2 that Mort spoke of and others earlier -- let's see - "cr if

3 you favor controlled burning, do you recommend open flames,

*

4 spark plugs, chtelytic combustors, igniters, these glow

5 plugs we have been talking stout?"

6 The idea is with this piece of the question that

7 ignition sources in containment are unavoidable'so you might

8 as well control them as leave ignition to chance. That is
'

9 kind of the idea bahind of, I think, all of our work when I

10 speak of igniters. And then what percent of the core's

11 circonium being cxidized, and at whct rate would you design
.

12 for?
.

I \ 13 We would be looking for some good advice to come
"

1-4 up with scme of the numbers, Mr. Seale, that you were asking -

15 about a little bit ago.

16 And then 'ould you respond differently for

17 different reactor or containment types; and if so, what

18 differences do you recommend?

19 And then we would get into the question of

20 inerting. Can everybody see that? I will push it up a

21 li ttle bit.

22 Would you recommend tha t all nuclear plants

23 operate with a nitrogen-enriched containment atmosphere as

24 soma BWR plants ccrrently dc? Why or why not; and if not,

| 25 which types of containment, if a ny, would you limit nitrogen j
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1 enrichment to?

2 I think one of the ideas throughout this advance

3 notice of rulemaking , and pa rticularly here, is that you
.

4 don't want to dc.. things that take away from safety. We have .

-

5 hea rd arguments -- I am not sure how completely valid they

6 are, but they seem to have some validity -- that some things

7 like inerting could decrease safety rather than increase

8 it. So we would be interested in those kinds of thoughts in

9 response to this question.

10 Now, as of today two commissioners have approved

11 the advance notice of rulemaking. I expect the Cther two

i

12 to approve it shortly. As soon as the full Commission

(O, 13 approval is received, we will publish the advance notice of
'w !

.

14 rulemaking is the Eederal Eegister for a 00-day comment -

15 period. Assuming we aere able to do that by the end of

16 September, we would still then by the end of December this

, 17 year have the advice and response from the regulated

18 industry, from the public that would allow us immediately to

19 start on a proposed rule, and which I expect will take

20 several months to not only prepare but to process through

21 the staff and on its way to the Commission.

22 Now, I believe the Subcommittee has a copy of SECY

23 80-357, which Port Fleishman, mentioned earlier, that

24 contains all of the questions. One of them, Dr. Kerr, I am

25 sur.= you will be interested in particularly. In Chicago you

t~ -
'

5- .
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A
1 suggested that and advised that a question be added weighing i

2 the costs of this work against improvements, so I added this '

c 3 questions Would you consider useful or appropriate

comparisons bekween nuclear power plant risks and other* '

4

5 risks to which people are e:cponed? That was the suggestion

6 of this subcommittee in Chicago, and it has been added to

7 the rule. "
-

8 One of the things yolu raised in your openino

9 remarks was whether the staf f was leaning towards a

10 conservative approach in the design of mitigating systems ors

11 design improvments cc a realistic approach cr best estimate

12 approach, I think were you r words.

\ 13 This question is part of the question, so again, I

14 don 't come with an- ansvar today but I coms with a staterent -

15 that that is in the advance notice of rulemaking. We ask

16 that specific question of the public, and within a shcrt

17 time expect to have th'e advice that with our own thoughts

18 would let us go forward with'a firm position at the proposed
19 rulemaking stage.

20 Let me see. Well, there was another controversial

21 point you raised and I don 't know whether I should take it

22 on or not, but I guess I will. You wondered whether it was

23 the staf f 's view that the training changes and scme of the

24 instructions to operators and that sort cf thing would lead

25 us -- I cannot remember your exact words -- but perhaps to
m

(o)i
i
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1 go slower or take a less stringent view of some of the

2 mi tiga ting --

3 MR. KTRRs What I wanted to find out is whether

'
4 the staf f tho ugh t...th e probabilit y of prod ucing a certa in- -

5 amount of hydrocen had been significantly decreased as a

6 result of the changes that have occurred and will eccur as a

7 result of TMI-2 .

8 MR. MADEIROS: Okay. That is right.

*
9 MR. KERR And if this is being taken into account

4

10 in deciding what one should finally do about mitigation or

11 prevention.

12 MR. MADEIROS: And tha t is being said quite

I
'

13 often. Many publications, a lot of pronouncements have that
k.

14 view that what has.been done in these areas as a result of -

I
15 Three Mile Island should result in less hydrogen

16 production. My point of view is I don't think that is so.

I'7 I think that ja more wishful thinking than anything elre.

18 MR. KERRs Well, Mr. Madeiros, if all the money

19 and effort that has ceen spent since Three Mile Island has

20 had no influence on the probability of hydrogen production,

21 it seems to me th a t we are certainly wasting a let cf

22 resources.

23 YR. .tADEIFOS: I did not say it had none.

24 MR. KERRs Well, I will say no significant.

25 MR. MADEIRCSs No significant.

\%- |

|

|
ALDERSON REPORTING COMPANY, INC. !

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

--,



. -_. .- . . ._ .

63. - -

-s

)
,

1 MR. EUBINSTEIN4 Mr. Chairman, I believe that

2 represents his personal opinion.
;

3 MR. MADEIROSs That is correct.

4 MR. RUBINSTEIN: It is the staff's viewpcint, and-

i 5 we have clides prepared in cur summary to take that into

t 6 account, that there have been significant changer which

7 contribute to the reduction of risk.

i 8 These have been partly the basis for our

9 recommendations, our general recommendations before' we got

10 into mitigation devices or distributive ignition systems and

11 halen, to go f o rwarf vith the ice cot,densers without

12 modification. That was a very important part of cur
m

,

13 considerations and we vill address this in a moment.

14 MR. "ADEIROS: ! think we should wait for his -

.

15 detailed comments.

16 With that, I do not think the advance notice of

i 17 .rulemaking work to date answers any of the other points you

18 raised at th e beginning. If you have further questions, I, ,

19 would be glad to try to answer them.

4 20 33. XFRRs Mr. Lee.

'

21 MR. LEE: The way you envision the schedules for

22 the preposed rulemaking hearings, potential heariner that

23 might tske placa, by that time do you think you may be able:

24 to draw upon some of the results that staff might have

25 performed in their risk assessment analysis, p rc b a bilis ti c

O'

\)'

,

i

i !
'

|
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; I assessment and so on?
*

>

? MR. MADEIROSs Perhaps. It depends on what

3 direction this takes af ter we get the auvice. There is a

j 4 predominant viewrin the Commission that mitigation is the
.

- -

5 nature of the game today, that we have reached the point of

6 diminishing returns with regard to prevention, and so

7 mitigation is where we'ought~ to put our work.

8 I personally do no t belle're tha t, but it =ay be

'9 so. '4e muy get advice from the public, from the regulated

10 industry that ccnvinces us othcrwise, that there is much to
|

11 to done in the area of prevention. !! that turns cat to be

12 the case, then I do not see the need perhaps as mucn for;

13 thes probabilistic analyses and the research and the kinds
'

14 of things I think you are suggestinc as would ba if you were -

15 to lean more heavily toward the mitigating thines like Core

16 catchers and controlled filtered vents and thosa kind of
17' way-cut ~--

18 MR. LEES I do not unders,tand why you think

19 prevention would require or prevention could use the

20 probabilistic assessment reruits while mitigatien does not.

21 MR. MADEIRCSa Maybe' I can give you an examplo,

22 maybe. Let's suppose that the public sdvice is that we

23 could get a step increase in improvement in safety by

24 requiring strict literal requirements with operating

25 frocedures, for exanple, and that there should be an effort

(OA

\m /

ALDERSON REPORTING COMPANY, INC. '

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

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



-- .

.

$5.e..

\-- 1 to do that. '

.

2 There does not need to be a lot of probabilistic

3 risk assessment done or research or study to require that

4 operators opernte,.these plants in strict compliance with- -
s

5 operating procedures. That could voll be suggested by the

6 regulated industry in lieu of something like a controlled

7 filtered vented scheme.
,

8 I am not sa ying that they will, but it could be.-

.

9 And from my point of view that is a very strong need in this

10 business, but that is another subject.;

!

11 MF. LEES I thought a certain a: cunt of oper tor;

1:2 actions could perhaps be factored into probabilistic risk

\ 13 assessment analyses.

14 MR. MADEIROS4 I don't think no. I don't think -

,

15 probabilistic risk assessment will ever come to grips vith

16 the operator.

17 MR. LEE: Even on a relative comparative risk e

18 analysis basis

19 MR. KERR: I don 't think you are going to convince

20 him. He does not believe in it.

21 (Laughter.)

22 MR. LEE: I was not trying to convince him abcut

23 that, but what I was interested in was really whether ycu

24 would be able to at least utilize, or do you plan en

25 utilizing some of the results that might be available?

-
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1 MR. RUBINSTEIN: May I help in this regard? Ihe

2 staff looks to probabilistic risk assessment to be a very

3 complementary and powerful tool to our deterministic

4 analysis in safety. In the particular instance where Or.. .

,

5 Kerr was talking about in his introduction , f or exam ple, if

6 we identified a scenario either thrcts.7h f 411ure modes and
,

7 effects analysis or very high risk scenario to event tree or

8 fault tree, we would want to go ahead and fix tha t in the

9 plant, and in this way we would couple deterministic and

10 , prob a bili s tic .
"

11 This is why when we talk ahcut scentrics which

12 would lead to revere core damage -- and we try to identify

[v}
13 them -- if we identify those with significant contributions

14 to risk, our first_ step wculd.te to fix them and reduce the ..

15 risks.
.

16 MR. KERR: I think it is fair to say that the

17 non-FAS part of the staff looks on risk assessment somewhat

18 lika
.

one should look upon perfumes it is okay to smell it

19 but ycu should not swallow it.

20 (lauchter.)

21 MR. SIEGEla In one of your slides you emphasized

22 that you are providing the public an cpportunity to advise.

23 I am really concerned about how the public is identified in

24 your mind. It certainly needs to be larger than the

25 industry and the Union of Concerned Scientists. I wculd be

\
U

_
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1 very disappointed if those were the only responses you

'2 received.-

3 MR. MADEIROS: I guess I would, too. What we do

' ~

4 to make sure we don 't have that kind of disappointment is

firstofallyouhublishit in the Federal Register and hope5,

6 people see it there.

7 MR. SIEGEL: That is a rather vague and really

8 hopeless hope.

9 MR. MADEIRCS: In a lo t of respects it is. Put

10 what we do in addition, then, and the adva.nce notice of

11 rulemaking states this, is we prepa re a long list for

12' selected mailines. We try to_get in everybcdy that is a

5 13 licensee, poten tial licensee. We try to get the architectj
14 engineer. We try to get all public interest groups. We try -

15 to get universities.

2

16 We try to get on this list of hundreds of people
'I
; l'7 anyone that has expressed an interest in the psot in areas

18 to do with nuclear power. They are recorded in a special

19 group in the Commission that keeps track of those kinds of

20 things.
. !

-

21 MR. SIEGELs I really hope it would be something

22 more than an invitation to comment, but in some way appoint

23 a delegat.un of responsibility that organizations, for

24 example, like certain identified professional engineering

25 societies --

N
)

w/
_
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1 MR. MADEIROS We cannot demand the American

2 Nuclear Scciety will comment. ,

'3 MR. cIEGEL: You cannot demand, but you can mak e a

4 pointed request to..the current president that he has a-

*

5 responsibility to get on tha ball and do something about it,

6 or o ther engineering organizations, different groups than

7 are the convention active responders, so you really invcive

8 the public.

9 1R. %ADEIROSi We will try. " hat is the best I

10 can tell you. ''s will accept any suggestions for.

1t improvement there well. 'i e percenally ruggest that the:2

12 technical society meetings, that they get copies of these

13 things and read them and comment to us. We announce to

14 .maybe scores of peo;1e a t some of these meetings that have -

15 not seen the Federal Register notice. We have a crecia~

16 lict that I mentioned.

17 We ure every means tha t we have been able to think

18 about so far, and we will accept any additional help we can

19 get in that area.

20 If there are no more questions, that is all !

21 ha ve , gen tlemen . .

22 MR. KERR: Thank you, Mr. Madeiros.

23 Although the schedule does not cal *. fc it at this

24 point, I am going to declare a ten-minute break.

25 (3ecers.)

h
V'
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1 MR. XERRs 'de will reconvene and continue wi,th the

2 subject of licensing efforts, and the name I have associated

:,
3 with that is Mr. Shapaker.

4 ME. SEAEnKER Y :: s .-

5 'M R . NYPP: How close did I-come in my
'

6 pronunciation?

/ MR. SHAPAKER: Very good. Ey name is Jim

8 Shapaker. I am with the Containment Systems Franch. I want '

e to 11scuss briefly the status of the design and testing of

10 the distributed ignition system at the Sequoyah Flant.

11 (Elide)

; 12 It is felt th.' t af ter studying various concepts,

13 that TVA feels the distributed ignition system is a very

14 promising concept for improving hydrogen control ca rability -

15 in the evene of a degraded core accident.

16 The purpose of the system is to mitigate the

, 17 consequences of the hydrogen release to the centainment

18 under degraded core accident conditions by inducinq

19 controlled burns, preferably in the lower compartment, to

20 permit active and passive heat removal systems to dissipate

21 the combustion energy and thereby maintain the containment

ZZ response within the containment structural design capability.

23 Now, associated with this effort is desicn,

24 testing and an alytical ef forts, and I will talk triefly

25 about the desian of the system and the testing that is goinc

\
V
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\~ l 1 on, and the analytical efforts will be discussed

, 2 subsequently.

3 (Slide)

4 TVA has,,a short-t4rm program and a long-term- -

5 program, and their sho rt-term program is concerned with the
,

6 distributed ignition system. There are essentially three

7 developmental phases that they have identified. There is an

i

8 interim phase which deals with the system installation and

9 op9 ration and testing, and I understand the systen has been

10 installed.

11 How ever, be fore t he syste.9 it made operable, pric:

12 Commission approval is needed. With respect to the system

[~ 13 design itself, the system as it now exists is not a safety
'

14 grade cystem, and it consists.of 30 glew plugs that are -

15 distributed throughout the containment. There are eighteen

16 in the lower corpartment, five in the lower plenun of the

17 ice condenser, four 'in the upper plen um of the ice

18 condenser, and three in the upper compartment.

19 The glow plug that is currently being tested is

20 the GHAC 7-G diesel engine glov plug. The system will

21 utilize standby lighting circuits, and these circuits are of

22 seismic design. They are powered from the emergency buses,

23 and as a result, emergency diesel generator power is

'

24 available to them and the system will he remote manually

| 25 controlled from the auxiliary building.

d
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1 The standby lighting cabinet is about 150 feet*

2 from the main control room, and they have proposed emergency

3 operating instructions which will instruct an operator to

4 initiate the system in response to the automatic actuation-

5 of any safegnards equipment.

6 As a result, the decision to actra .o the system

7 will not be left up to the operator.

8 (Slide)

'

9 I have a picture of the Sequoyah containment. I

10 just wanted to cive you a f eel for the relative locations of

11 there.icniters. On the richt are given the elev tions at

12 which they are 1ccated, and the number beneath is the number
,

[ 13 of glow plugs at each elevation. As you can see, there are
\

14 14 in the lower coDpa rtment r e.gio n . At the 731-foot -

15 elevation, there are four more in the lower compartment.

16 The remaining five are located in the lower plenum

1'7 of the ice condenser. There are four in the upper plenum of

18 the ice condenser and three in the dome area.

19 (Slide)

20 This just briefly is how the electrical circuit

21 looks. The glow plug device is represented by this here

22 (indicating), and there is a tt3nsformer which sets down the

23 voltage from 120 volts to 14 volts, and the glow plug is

24 shown there.

25 MB. LEE Excuse me. How large are the glow plues

|

V
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1 physically?

2 MR. SHAPAKER: The g1cv plug itself, probably.

3 about that long (indicating).

- 4 MR. LE R , The size does not matter.

5 MR. SHAPAKER: This is what the box icckr like

6 that contains the transformar. '

7 (Slide).

8 It is about a foot long by six inches wide, eight

'

9 inches high.

10 MR STREHLGWs Is that designed to be explosion

11 prcof, the b x ite:1f?

12 MR. SHAPAKER: I don't know.

13 MR STREHLOWa Because is you want the glow plugs

'
14 to work twice -- _ -

15 (Laughter.)

16 MR. STREHLOW -- the box better be explosion

17 proof cr maybe it will crush.

18 MR. BUTLER In respose to that, I think the

19 objective of the glow plug, cf course, is to ignitiate a

20 combustion rather than any severe detonation Now, the

21 boxes, of course, are designed in a rather rugged fashion.

22 It is a strong box. We hope to have a sample of that box

23 available next Thursday to show to the committee.

24 MR STREHLOWs If the box is crushed by the

25 external explosion, you are in trouble for the next

0%
V
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1 ignition. It should be tested to be strong enough to

2 withstand that sort of pressure.

3 MR. KERE: I think that if that box is crushed by

* * 4 th e initial explosion , then we are in trouble, period.

5 MR. RUBINSTEIN: The point of the glow plugs is to

6 initiate a controlled combustion as opposed to detonation.

7 MR. STREHLOWs I am talking about a pressurizer,

8 25 psi, which might crush a weak box.

'
9 MR. SIEGE 1 Do you have any indication where the

10 glow plugs are located with respect to the specific places

11 where one might expect the cas to be released? I .?.ean you
i ,

12 have them shown in a ra ther general vclume. They must te

()'
13 much more specifically located than that.

14 MR. SFAPAKER: Yes. TVA does have some more -

15 de te iled slides where they are specifically located at each

16 elevation. They are located around the reactor vessel within

17 the lower compartments here.

18 (Slide)

19 And they are also in the annular regions outside

20 the shield wall at each elevation, and the ones at the

21 731-foot elevation are just right at the operating deck but

22 in the openings as they go up into the steam generator dog

23 houses. And, of course, the ones in the lower plenum would

24 see any hydrogen sweeping through as it wa.s forced out

25 through the ice condenser.
s

4 s
\
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1 MR. SIEGEL: Does the reactor primarily boundary

2 itself have any new vent on it, say in the upper regions,
i

3 near which a vent could possibly be opened and near which

4 several igniterscapecifically could be located?-

5 MR. SHAPAKER: There will be a reactor coolant

6 system vent. I don 't know exactly --

7 MR. RULINSTEIN: That will vent into'the

8 containeent. 2ut TVA will po into some greater detail this

9 afternoon and has Vu-graphs prepared on the distribution of

10 igriters and some of these other design details.

11 M3. SIEGE 1: G0ci.
'

12 MR. ETHERINGTONs It is true, I suppose, that the

13 igniters will not become effective until you have i percent

1 14 of hydtcgen, and 'therefore you will have an explesion, is -

15 that right?

16 MR. SHAPAKER: I am not sure I understand. If

17 there is an indication of an accident as a result of some e

18 automatic actuation of various equipment, the operator is

19 instructed to initiate the system. Therefore, it will te

20 ready. And if there is then a nydrogen release --
)

21 MR. ETHERINGTCN There will be an explosion. The )
22 nitrogan will not just burn because you have these thinas

23 on. It has to get up to the combustion --

24 MR. RUSINSTEIN: The probability --
1

25 MR. SEAFAKER: Thcre is a concentration at which

\ ~

/
%d'
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I they will become effective.
.

2 MR. RUBINSTEIN: We have a graph of the

3 fl amm ability and detonation limits in terms of composition
4

- 4 of the air, steam,,4nd hydrogen, and 5 percent --

5 MR. ETEERINGTCN: We are all familiar with that.

6 I wanted to make sure there was not any misconception.

7 There is going to. be an explosion . Tha t is righ t , isn't it?

8 MR. KERR: I think there is at least one

9 mi scon ce p tio n . I don 't know on which side at this pcin t,

10 but I don't think Mr. Rubinstein thinks there will

11 necocsarily be an axplocion.

12 MR. SIEGEla I would like to hear the point
,

[v)
'

13 discussed a little more. I hear words like control burn,

14 detonation, explosion. What a.re we talking about? -

15 MR 'dTREHlOW: If I could comment, you would expect

16 the glow plug to oxidize hydrogen near its surface at all

t'7 times no matter what the concentration of hydrogen is, but

18 that would be so slow that you would never rid of the

19 hydrogen by that process. You would expect that when ycu

20 get to about the 4 percent limit, you would start getting

21 upward propagating flames.

22 You might end up just having a continuous 4

23 percent burn with small pressure rises associated with it at

24 that point. Hydrogen burn is very funny at the lean limit.

25 When it burns upward, it does not burn everything

('~ .

V
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1 completely.'-

2 It only burns downward at about 9 percent, then it

3 burns everything completely, both upward or downward. Put
.

- 4 at 4 ;creent hydro, gen, 5 percent, 6 per nt, you might only
,

5 burn 10 percent or 20 percent of the hydrocen in your

6 apparatus in one burn. The flame will propagate to the

7 ceiling and go out. It won't propagate laterally outward.

8 It does not do that.

9 So that if you have 'the glow plugs on,

10 continuously, ycu have to expect a slow burn to occur at a

11 to percent hydrogen wherever the concentration was at that

12 level. And when the concentration get.e back to that level,

*
13 it would do the same thing again.

14 MR. S!EGEL: M e an '.hi.le , you could have other -

15 volumes where the hydrogen Concentration was rising into the

16 detonability limit.

17 MR STREHLOW: That is a possibility. You might

18 have a very high hydrogen concentration at the top of the

19 reactor in the dome and have very low concentrations down

20 belows but if you have glov ;1ucs up in the dome, you are

21 taking care of that, too, because the hydrogen concentration

22 will go up to 5 percent and'you will start getting burning.

23 MR . LEES But I thought you caid you will not see

24 much of a la teral propagation.

25 MR STREH10Ws Not between '4 or 6 or 7 percent.

N

.
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1 MR. LEE: Eo you would see what you term

2 controlled burn around the --

3 MR STREHLOWs They are propagating up.

' ' ~

4 MR. LEEL. Vertically around the location.

5 YR STREHLOW: It -1;ht grow a little bit in sire.

6 HR. LEE: That is why I was interested in the size

7 of the clow plugs a nd so on .

j 8 MR. RUBINSTETN Se have some specific incight to

J 0 the Sequoyah Plant a'nd mixing and combustion. I think .M r .

10 Tinkler can address come of these questionc.

11 MR. T!NKLZ2: I wc ull like tc sa; that we will

] 12 address burning at varicus concentrations a little Inter on

f) 13 when we talk about the analytical work. There is some
J

14 concern over the definition of explosion here. That seems to -

15 be one of the problems. If you could define rela tive flame

16 velocities that you are talking about, then we could

1'7 probably confirm whether we agree with your statement er not.

18 MR STREHLOWs If you are talking about just flame

19 propagation through the system, then the rate of pressure

20 rises 3.s a function of a normal burning velocity in the

; 21 system. The large systems have very slow pressurirers like

22 Th r2e Mile Island, only 10 seconds or so, and that was with

23 a moderate flame velocity, I imagine.

24 MR. TINKLER: Do you consider that an explosion?.

25 MR STREHLCW I call that an explosion, yes.
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1 ER. TINKLER: In that event, then, we are in

2 effect calculating similar types of transients, and the te rm

3 " explosion" can be used for a burn where it takes 10

4 seconds, for example.-

5 MR STPEHLOWs In my opinion, that is true.

6 MR. TINKLER: And we will provide results of

7 calculaticns where burns occur in 10 seconds.

8 MR STREHLOWs You have to be careful between the

9 difference between an explosion and a detonation.
.,

10 MR. TINKLER: You don 't mean detonation when you

11 say explosion.

12 MR STREHLOWs No, not necessarily.

13 MR. TINKLER: You mean a relatively quick pressureg

14 rise. - -

15 MR STREHLOWs Yes.

16 MR. TINKLER: And I think the igniter will be

# l'7 tested within a vessel that will be -- where the hydrogen

18 vill be, burned at varying concentrations and some of the

19 concentrations will be high enough so that you will see

20 rapid pressure rises.

'

21 MB STREMICWs If you do this in a small vessel,

22 you will be able to tell what pressure you see in a large

23 vessel for that same concentration of hydrogen.

24 MR. TINKLER: Like I say, I can only respond tha t

25 ve will be testing hydrcgen, various concentrations.

O
V
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1 MR STREHLOWs What size vessel?

2 MR. TINKLER: Jim will talk about this in a little

3 more detail. It is on the order of 100 cubic feet, one of, ,

4 the vessels. --

,.

5 MR STREHLOW: Ok y.

6 MB. TINKLER: But we are testing at various

7 concentrations and we would expect that we would get flame

8 propagation in some cases upward and sideways and spherical.

9 MR STEEHLOWs Yec.

10 MR. KERR: Are we now all of one mind? Good.

11 Please continue.

12 MR. SHAPAKER: With respect to the glow plug

13 testing, the have conducted some initial tests at the TVA

14 Singleton Laboratory.- -

15 (Slide)

16 The purpose of these initial tests were to screen

17 alternative igniters and deacnstrate that igniters can te

18 used to detonate hydrogen. Some of the characteristics of

19 the plugs that they found were that they determined the glow

20 plug 's temperature was a function of applied voltage, and at '

21 14 volts they got a temperature of about 1726 degrees

22 Fahrenheit.

23 MR. KFRR You say that they did experiments to

24 determine that glov plugs could ignite hydregen? 'Jas there
!

25 some doubt about that?
|

f'"% !
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1 MR. SHAPAKER4 Well, since they were not used f or

2 this purpose befors., they wanted to run some initial tests
'

3 and confirm in their own mind and give themselves some

4 confidence that they are on the right path.-

5 MR. KrRR Sounds reasonatie.

S MR. SHAPAKER: Okay. They also wanted to

7 determine the durability of the glow plugs, and they have

8 operated a specimen successfully at 1720 degrees Fahrenheit

9 for six days, and this particular glow plug was used in the

10 hydrogen burn test. They also santed to determine the

11 reliability of the glow plua as an igni. tion source, and they

12 introduced difterent concentra,tions of hydrogen and they did
13 achieve ignition in dry air at a 12 volume percent and 7

14 volume percent hydrogen mixture. -

15 They wanted to determine the completion of

16 hydrogen burn, and at the 12 volume percent mixture they

I'7 essentially got 100 percent combustion. The volume of this

18 vessel was about .04 cubic feet. It was a very small vessel.

19 (Elide)

20 MR. KERRs .04 cubic feet?

21 MR. SHAPAKER: Yes.

22 MR. KERR: How did they get the glow plug inslie?

23 (lauchter.)

24 MR. SHAPAKER: 'd e ll --

25 MR. KERR: '. n y w a y , they did. Ckay.

O
\)'%

s

ALDERSON REPORTING COMPANY. INC.

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

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



_ _ . .

.

.

81. . . .

~x i

\' t MR. SHAPAKER: they have now a subsequent testino'

2 program that will continue to be scoping in nature and

3 verify tha't the glow plugs are a useful concept and to

- - 4 bette: understand,,thc combuction ;henonena using these glow
.

5 plues in different environments.

6 The purpose of the test will be to demonstrate

7 that the igniter vill initiate a volumatric burn for
,

8 different environmental conditions, and the different

9 environmental conditions that they are going to select a re

10 including a steam environment, and they want to define the

i 11 hydrogen concentration ran;; over which : volunctric burn

12 will be initiated with thesa different environmental

13 co nd ition s .
.

1<4 In general, the acceptance criteria for the tests -

15 are that they are looking for consistency in the data,

16 confirmation of theoretical predictionc, and reliable

17 ignition at the high concentrations, around 12 volume

18 percent with esrentially complete combustion.

19 In other words, the purpose of these tests will be '

20 such that there is no surprise, that they fully understand

21 what phenomena are going on. 'The test facility that will be

22 used is a spherical vessel. It is about six feet in

23 diameter. It will be heated electrically. It will be
.

24 equipped with a.n internal fan to promote mixing and create a

25 draft at the igniter surface.

[ h
V
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m-', 1 The purpose of creating this draft is to determine

2 what effect the flow of a mixture past the igniter would

3 h.sve on its reliability and effectiveness.

- 4 MR. L E E4,_ I have a question. I do not understand
"

5 four rationale for suggesting 12 percent by volume of the

6 hydrogen concentration in your acceptance criteria. I

7 thought you were talking about the control burn which

8 produced low pressure so you would like, perhaps, to screhow
'

9 initiate ignition at lower concentrations of h yd rog e n , I

10 thought.

11 MR. THAPAKE3s "ith the glo w plugs on, it will

12 becin to ignite the mixture or whatever will support a flame.

f 13 MR. GREGORY: Did you test tha t ? Have you tested
v

14 the glow plug action as the hydrogen concentration rises *
,

15 from rero up through the lower flammable limit? It seems to

16 me that you tested getting it up to 12 percent and then

17 putting on the glow plug. That is not representative of

18 what will happen inside the containment.

19 MR. KERR Is TVA going to discuss the tests?

20 VOICE: Yes, sir, we are.

11 - MR. KERR: Okay.

22 MR. LEE: Could you also perhaps concent, if you

I 23 would, at this stage on the status of the theoretical mcdels

' 24 for predicting this type of phenomeaon and how it compared,

25 for example, wi th the often quoted triangular diagram and so

i o
_
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1 on?
.

2 MR. SFAPAKERs '4o11, this is what they are -- by

3 conducting these tests, they are fully expecting that their

4 burns will occur..,In keeping with that turnery diagram --
i

5 MR. BUTLER: I t.91nk we will defer to a later

6 presentation by Mr. Bowman when he describes the test

7 program that he planned at the Livermore test facility.

8 MR. KERR Please continuo.

9 MR. SHAPAKER: 0 's a y . They will be monitoring the

10 atmospheric temperature and surface temperature of the

11 vencel, and th ey will have their vessel. pressure also, and

: 12 it will have hydrogen and oxygan analyzers to reasure the
'

,

| 13 pre and pcst-burn concentrations.
i s

14 (Slide) - -

15 Just triefly, the first series of tests TVA ic

16 planninc looks like thi s . You can see the various

17 temperature, pressure and hydrogen concentrations that tNb y

18 want to achieve in the vessel initially, and the decree of

19 mixing that they want to induce inside the vessel.

20 (Slife)

21 Based on the outccme of these tests, they are

22 contemplating the need for possible further testing, and
,

23 also what they have in mind is to measure the temperature
,

24 response of the different components and steel or cencrete

.

25 objects.

OI
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1 Now, with respect to measuring the temperature
'

2 response of components, they are planning to submit to the

3 staff in early September plans for their testing to
:

4 determine the effects of a hydrogen burn on essential-

5 components, and the Environnental Qualification Franch is

6 taking an active part in this effort in scoping out this

7 program. .

8 MR. ETHERINGTON: What is meant by saturation
i

9 temperature on the previous slide? What tem pe ra t u re , what+

10 precsure is that?

11 %R. SMAPA IE: ! querr that aculd be the

!
12 saturation temperature corrasconding to the total pressure.

; 13 MR. ETHERINGTON: What pressure?

14 MR. SHAPAKER: The total pressure in the vessel. -

15 MR. ETHERINGTON: Tha pressure that develops in

16 the burn?
.

'

17 MR. SHAPAKER: No, for the initial conditions.

18 MR. ETHERINGTCNs I see. All right.

| 19 MR. SIEGEL: The pressure is in the next column.

20 MR. ETHERINGTON Ch, yes, I see. I did not see
.

21 that.

22 MR. SHAPAKER: They also want to investigate ways

; 23 to simulato a spray droplet entrainment in the atmosphere so
|

| 24 they csn determine to what extent a spray rystem would have
I
! 25 on the effectiveness of the ioniters. The schedule for the

|
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I testing is not quite as shown on this slide.

2 (Slide)

3 We just got additional information last night.
.

4 The facility is being prepared and they do have to install-

5 some he7 ters and instrumen ta tion yet; and as a reruit, the

6 test series number 1 schedules is from 9/8 to 9/12, and

7 further tests being planned for 9/15 to 9/28, with a test

8 evaluation from 9/15 to 9/19, and a test report on 10/1.

9 Presumably this tegt report would not include the '

10 results of further tests. It would pectably only include the

11 results of their series nu:bar 1.

12 ( Slid e )'

[J 13 There is also a Phase II to this program, and this
'

14 is sort of an improvement phase. These improvements will -

15 proceed along with their long-term degraded core task force

16 program, and some of the improvements that vill be

17 implemented include providing individual control from the

18 main control room for each igniter, installing additional

19 hyirogen and oxygen monitors to guide the operators so they

20 know more precisely what is going on in the containment

'

21 within the various compartments.

22 They want to install a plant computer to warn of

23 hydrogen concentrations reaching the detonation lirit. The

24 backup diesel power supely will continue to be included in

25 any design improvements. And they want to determine the

("~V)
.
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1 environmental qualification of the distributed ignition.

2 system components. And also they want to determine the

3 effects of the hydrogen burn environment on ether components.
.

4 These ty,o items vill te covered in part in this-

5 next series of testing in the larger vessel for this

6 vessel. It is large enough to physically contain the glov

7 pluc rig that was. described earlier.

8 They are also going to be looking into alter.ete
,

9 and/or additional igniter locations based on a better

10 understanding of the characterictics of combustion and

11 whatever they find cut fro- there teste.

12 They are also contemplating installing hydrite

/'' 13 converters near the reactor vessel vent, PORV discharge ud,i

14 air return fans.
. -

~

| 15 MR. LAWROSKIs What is a hydride converter?

16 HR. SHAPAKER4 I believe it consists of certain

l'7 metals that have an affinity for forming a hydride at an

18 elevated temperature as hydrogen would pass over it. So it

19 would serve as an initial getter for any hydrogen being

20 released from the reactor coolant system. They are also

21 con tem pla ting --

22 MR. SIEGEL: Will we hear more about those later?

23 MR. SHAPAKER: Possibly from TVA when they discuss

24 their loncer-term efforts.

25 MR. FIEGEL: In that same paragraph, what is the

'N .

J
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1 reactor vessel vent?-

2 ER. SHAPAKER: This would be the vent prescribed
|
l

3 by the TMI Action Plan, I presume. )

4 MR. SIEGEI. Doesn't that exist now?' -

5 MR. SHAPAKER: I don't knew if that one is

i 6 installed or not.
i

7 MR. KERRs Is there a TVA representative who can
.

8 respond to the questien of whether the vent now exists?

9 VOICES Dr. Kerr, our engineering design people

| 10 just ca:e in. If you could repeat the question we could
;

11 probably get an answer.

'

12 MR. KERRs I should qive them a chance at least to
,

13 sit down, I suppose.

14 . .

15

16
!

.

e 17

18

19

20

21

22

23

; 24

25

4
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1 The question is whether the reactor vessel vent as--

2 prescribed by the Lessons learned at TII now exists and is

3 read y to be operable on Sequoyah.

4 VOICE: ,.I t has not been -- the system has not been-

5 installed.

6 MR. KERRc It has not been installed, but what --
|

7 VOICE: . It has not been installed, but the drawing

8 has beeu issued. The hardware is not in the plant itself.
.

9 MR. KERR: It is in process. Thank you.

10 Do you want to add something, Mr. Rubinstein?

11 "F. PUBINSTEIN: Thir was originally slated 10:
'

12 January 1, 1981, but it is a recuirement which is coupled

j 13 with the inadequate core cooling and reactor vessel level

14 requirement, and both of these. items have been slipping, -

15 partially because of material unavailability, for-the

16 pressure drop systems, for the inadequate ccre cooling

17 reactor vessel,'and partially because the staff has only

18 started to undertake a review with the Westinghcuse owners'

19 group on the reactor coolan t system vent itself.

20 So I visualize this requirecent being, in effect,

21 late in the year, perhaps December of 1981.

22 MR. KERS: Thank you.

23 Mr. lawroski.

24 MR. LAWROSKI: Ar' we going to hear .ecre about

25 hydride converters this afternoon?
m

4

%
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1 MR. KERRs Yes.

2 Please continue.

3 MR. SHAPAKER: As a result of trying to improve

4 the diagncstic capability within the centainment, additional-

5 containment penetrations may have to be installed, so that

6 is another item in their improvemen t phase.

7 (Slide).

8 The third phase consists of final modifications

9 'that will be implemented at the completion of TVA's

10 long-tern degraded core t a s ?. force procram. Of course,

11 thase rcmain to be defined as their study Continuer. The
'

12 degraded core task force program is a two-year effort, and
~

'

13 they have identified some najor tasks, and they plan to
'

14 continue with their " study of c.ontrolled igniticn. -

15 They also plan to study ultimate cencepts, and

16 they mentioned the use of halon suppressants or possibly

17 fogging systems, and they plan to following along the

18 rulemaking proceeding wi th their own efforts in risk
4

19 assessment and core behavior, with hydrogen generation and

20 transpcrt, and with their studies of hydrogen burning and !

. ;

21 analytical efforts and containment response, and also the

22 structural response of the containment.

23 .M R . LEE: A question. Are they going to have both |

l
24 controlled ignition system and some suppressant system, or i

25 choose ene or the other?

(D)
~

! m-

|
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2 one or the other. They are continuing to study alternate

3 concepts in the event that their current study of the
.

4 distributed ignition system does not prove to be that- -

5 desirable.

6 MR. BUTLEE: Let me add to that, Jim. They have

7 an interim distributed ignition system in place now. They

8 hope to have it operational with staff approval shortly.

9 'However, there are continuing studies under say not only to

10 study further the glow pl ug efficacy, but also to study

11 other alternetive approacher.

12 If the alternative approaches prove better, ther

13 will be used in lieu of or even in addition to. It is

'

14 subject to future determination. Right now they are jurt -

15 going forward with the burning system, the igniters. Th e y

16 might later add or substitute another system.

17 MR. LEE: Those are two conflicting systems. Cne-

18 is to suppress burning; the other ic to initiate burning.

19 That is why I am somewhat curious at this stage.

20 MR. BUTLER: You certainly would not use the

21 igniter with the halon system, that is true.

'

22 MR. LEES Okay.

23 (Slide)

24 MR. SHAPAKER: This concludes my discussion of the

25 distributed ignition system. I have two other slides on

h '

,

L i

j '%
i
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' ''
1 their hydrogen sampling system and mixing systems. I don't

2 know if ycu want to hear that right now or not.

3 ER. KERR I think we probably do not unless you
4

4 think it contributes.- -

5 Lat me ask you if yeu would. be willing te comment

6 on Mr. Gilinsky 's question , which is, if I may paraphrases

7 Is the staff persuaded of the effectiveness of distributed

8 igniters in ice condenser containments?

*
9 MR. SHAPAKER: '4c11, I guesc I can 'say it looks

10 promising; but this next series of testing will re=.117
.

11 provide the most useful information.

12 MR. KERR You are not yet persuaded but ycu are

/m,
\ 13 willing to be persuaded if the evidence is persuasive.

14 (Lauchter.) -

15 MR. SHAPAKER: We are keeping en open mind.

16 YR. RUBINSTEIN: "he preliminary evidence is quite '

17 persuasive, particularly from the very limited Singleton

18 La bcra tory wo r). . /.n d we look forward to reaching cur full

19 conclusion in December, af ter the sub mittal. |
!

20 MR. KIRRs Is the staff goinc to try to determine '

21 if the igniters can keep pressure; below design pressures if

22 one is faced with TMI quantities of hyr!rogen?
,

23 M3. RUBINSTEIN: The staff dill discuss analyses

24 this afternoon which deal with the initial hydrogen content

25 and the final hydrogen content as determined experimentally

b)L
4
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1 from our work as it is placed in both the MARCH code, and--

2 TVA will address it as it is in the CLASIX code, and

3 sequential burns, which deal with both pressure and

- 4 temperature. -

..m

5 MR. KFRR: Thank you.

6 MR. GREG0EY: Is the concept you have in mind to

7 keep the igni ters. running continuously at all times, or only

8 to activate them in the event of an accident?

9 dR. SMAPAKER: They ' will not be powered at all

10 times. They will only be actuated when rertain events occur

11 which cause thc automatic initiation Of different safety

12 equipment. Then the operating instructions will be for an

13 operator to then immediately go and actuate this system.
A

14 MR. GREGORY: I would be interested to learn what -

15 criteria, what triggers the decision to turn on the igniters

16 and what safeguards are being put in to make sure that they

17 get turned on before you possibly have built up to thee

18 detonable limit.

19 MR. KERR : Can the TVA representative hear the

20 question? What I really want to know is whether you plan to
'

21 address this question in your presentation.

22 MR. LAIa I can address it now. TVA has an

23 emergency procedure written, but of course we are not

24 activating it, pending the NRC staff approval to use the

25 system. The procedure called for in the emergency operatino

o
f bv

ALDERSON REPORTING COMPANY, INC.

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

-

_ _ _ _ _ , . _ , .



__

_

- - 93

b's-- 1 instruction is that you would activate this system

2 immediately after the ECCS system is activated and the

3 emergency core cooling system is initiated.

4 The next., step is to make sure the system is on and-

5 functional.

6 MR. KERR: Does that respond to your question, Mr.

7 Gregory? .

8 MR. GREGORY: Ye?. I would have some concern that

9 th e controlled ignition system could in certain events cause

10 a detonation if it was not activated soon enough after a

11 hydrogen release. I think sene attantien cught te te paid

~

12 to that.

\ 13 MR. KIRBs Thank you.

[Q
. 14 MR. SEALE: I assume.you are also goina te .

15 determine that it is really on, and not that the switch has

16 just been flipped.
,
.

I'7 XR. KERR: I will accept that as a gratuitous

18 remark.
,

19 (Laughter.)

20 MR. KERRs But an appropriate one.

'

21 Mr. Etherington.

22 MR. ETHERINGTCN The first Vu-graph referred to

23 this as the most promising interim concept. To me it looks

24 lik e- the most promising concept that we have seen. If this

25 is approved and installed, is TVA looking at the possibility

: v
!
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1 of devising an interim -- a periodic testing of individual

2 plugs?

3 MR. LAI: The answer is yes.
i

4 MR. ETHEEINGTON: Good.*

:

5 MR. KERR: With hydrogen, I assume.*

6 MR. ETHEBINGTONa Yes.

7 MR. LAls We did not plan to test the igniter in

8 place with hydrogen.
,

9 (Laughter.)

10 MR. ETHERINGTCN: I realine you are not going to

11 fill the containment wi th hyd:cgen. Surely you can put a

12 tox around it or some thing .
t
+

13 MR. LAI: No, sir. We do not plan to test the

14 igniter inside the-plant with.any hydrogen. It would be -
-

!

15 off-site testing.
!
1

16 MR. KERE: Are there other questions?

.
17 (No response.)

! =

18 MR. KERR: Thank you, Mr. Shapeker.; .

19 I show a presentation by Mr. Tinkler at this point.

20 MR. TINKLER: I an Charles Tinkler. I work in the

21 Containment Systems B~ ranch. '

22 This portion of the presentation will deal with

23 the overall NRC efforts to address those technical questions

| 24 which are related to the issue of hydrogen control.

25 (Slide)

%

i
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1 Those efforts are primarily in three areass

2 short-term efforts principally directed tcwards an

3 evaluation of igniters for degraded core accidents. These

4 efforts are principally being monitored by NRR. The-

5 lonc-term efforts on hydrogen centrol are being ccnducted

6 through the Office of Research, and their research will deal

7 with both degraded and melted core accidents.

8 In addition, earlier this year the staff began its

9 studies en the fion/ Indian Point plants in which hydrogen

10 control was also a topic.

11 (Ellie)

12 MR. KERRs Mr. Schett.

[ 13 MR. SCHOTT For general in f o rma tion or

v
14 orientatien, are the Zion end. Indian Point things MARK III's -

'

15 or are they ice houses or what are they?

16 MR. TINKLER: They are large drive FWRs.

17 Under the short-term efforts we have a rather

18 large program to evaluate the igniters. We have obtained

19 technical assistance from a number of labs in order to

20 completa cur evaluation in a timely manner. Livermore is

21 pa rticipa ting in the igniter evaluation by p erfo rmin g tests

i22 on the igniters tha t have been proposed by TVA for their

23 interim distributad ignitien system.

24 Livermore vill a lso conduct a survey of hydrogen<

25 detection in plants currently in operation. The icniter,

|

O'
-

'

_
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\-- 1 tests; as has been talked about previously -- and the tests

2 will be described in much mere deteil ty Mr. Bowman of

3 Livarmore later on, but principally the idea is to determine

4 the effectiveness of the igniters in varying a tmosphere- -

s

.

5 mixtures, the ability to ignite the h ydrogen in varying

6 concentrations of steam.

7 Columbus-Eattelle is participating in this

8 program, and they are performing anlitsis using the MAFCH

i

9 code for the Sequoyah containment in an attempt to

10 analytically determine the effect of use of igniters.

11 Sandia vill perform an evaluatien of i; niters and

12 principally focus on alterna tive systems in the case that

[' 13 igniters do not eventually and up being very promising.
~

\
14 MR. LEE 4_ Mr. Tinkler, what kind of reeuit do you -

'

15 expect to get out of MAECH ant. lysis for the controlled

16 ignition systems and so on?

o 17 MR. TINKLER We think the MARCH cede represents a

18 substantial improvement over calcula tions which have been

19 provided, for example, in SECY papers. It provides the

20 capability to do a transient calcula tion of hydrogen release

21 to the containment and the transient burning of hydrogen.

22 MR. LEE: How about the controlled burning

23 igniters? Are you tryin: to model that?

24 MR. TINKLER: The data that we learn.from. tests
25 will be used as the basis for parameter studies and analysis

%

''
-

|
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1 -- the ignition set points, q uantity of hydrogen tha t is'"

2 burned, for axample.

3 Now, we feel that we need a data base from which

* -

4 to do our analysis.
'

5 ER. LEE: So it is from yeur experimental tests

6 you expect to cet --

7 MR. TINKLER: How much of the hydrogen will burn

8 for a given concentration, and those parameters are input

9 options into the codes that we are talkina about. We are
.

10 able to initiate hydrogen combustion and the burndown limit

11 in the ccdes so that we can mcdel the heat additica to the

12 atmosphere.
.

,m

( 13 MR. LEES I am still not sure the information that
\m

14 you have has to really come from your experimen tal efferts.

15 MR. TINKLER: The experimental efforts will

16 verify. It will also provide the basis for future analyses

l'7 to cetermine h'ow effective they are in mitigating the
1

18 consequences of various accidents.

19 MR. LEE: I am particularly interested in what

20 kind of volume a particula r igniter could perhaps control,

21 what kind of a volume of hydrogen and what rate and so on.

22 Unless you have this information to put into the MA2CH code

23 or any other code, you cannot expect to get any meaningful

24 information.

25 MR. TINKLER: I think the informntic'.n we will get

\
\) '

|
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1 from the test program will be sufficient to model the

2 calculation-in the codes that we have available. Like 2

"

3 say, tha tests are designed to determine whether the

' - 4 hydrogen will ignite at various concentratitns. That will

5 he bounded for analytical purposes.

6 MR. KERR The MARCH code does not itself model

7 the microscopic behavior of the burn. If I understood :! r .
I

; 8 Lee's questions, they had te do with flame propagation that

9' migh t occur at low hydrogen concentration. Suppose you get

K) an ignition. How much burn do you get? Where does it go?

11 Con't you need tha t sort or inf o rma tion to have a gcod

12 understanding of the energy input from a burn, for example,-

13 and how extensive the burn is; or is that too detailed?
%

14 Maybe you only need a broad brush. '

15 3R. TINKLER: I don't think that we need to know

16 the precide definition of the flame front in order to

17 perform the bulk of the containment calculations. 'Je a r e

18 principally concerned with how much hydrogen is turned and -

19 how much energy addition to the containment atmosphere

20 results.

21 MR. KERRs Eut the MAECH code does not tell you

22 how much hydrogen is burned, does it? You have to input

'

23 that.

24 MR. TINKLER: Yes..

25 MR. KERRs If you input it, hcw do you knew what
|

| \ _,/
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s_s 1 to input unless you know something abcut the behavior of the

2 igniters in a lean mixture of hydrogen?

3 HR. TINKLER: We intend to test the igniters in a

. 4 lean hydrogen mixture. You have seen data on that at 9 and

5 12 percent, okay? But the 17 niters will be tested in leaner

6 atmospheres. -

7 MR. LEE,s The data base is still quite limited.

8 MR. TINKLER: Yes. That is why we are doing the

'

9' te sti n g .

10 MR. LEE: The six f oot diameter test vclume still

11 is quite limited, in ny opinion, cc pared tc the large

12 containment.
.

/''T 13 MR. TINKLER: One of the test vessels will be

14 approxmately ten cubic feet, fne of the test vessels will -

15 be approximately slightly more than 100 cubic feet.

16 MR. LEE: That is a six foot diameter vessel you

l'7 are talking about, and I don't know how many glow plugs you

18 have for that 100 cubic foot volume. T don't know whether

19 it makes sense. I have no idea whatscever a t this stage.

20 And to rely on -- oh, I am not saying that you should not

21 try to exercise the MARCH ccde or anything like that , but I

22 am just curious wha t kind of information you envision

23 getting out of such an exercise of the computational program.

24 MR. TINKLER: One more try here. I think the

25 numbers from the test data -- you knov, we cannot guarantee

[''N ,

\~,]'

I
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1 them to be precise for the plant applications; but with a

2 little judgment we can bound those numbers in order to

3 determine the effects of hydrogen burning at various

- 4 conc entra tio ns '. That is the best we could hope to do in any

5 situation where we have conflicts between test data and
6 actual configurations.

7 MR. LEE: That might well be perhaps the best you

8 can do, but I am still interested in what general
4

9 information you can get out of running the MARCH code that

10 you don 't already have f rom your test program.

11 MR. TINKLER: The calculations you have seen in

12 the SECY papers are hand calcu.lations for an adiabatic heat

[ 13 addition. The MARCH code ic a substantial improvement over
'

Ns
14 that tyre of calcula tion. Unless we do a transinnt

~

15 calculation which takes credit for heat removal mechanisms
16 in the containment, we won 't see benefit from any mitigation

17 devices.
,

18 MR. LEES I agree with your assessment to a

19 certain extent. As far as hydrogen generators are

20 concerned, perhaps what the MAPCH cede predicts might be

21 somewhat more accurate or more reliable. As far as the

22 efficacy of the disributed igniters is concerned, ! am not

23 sure what additional information a code like the M'FCH
-

24 program can provide.

25 MR. TINKLER: I gave it ey test shot.

N
)

v
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\s / 1 MR. BUTLE3: It might be helpful. I think the

2 thrust of your prior question, Mr. Lee, was more in the area

3 of distribution of hydrogen concentrations before you turn

- - 4 on the glow plug,,and the cencern presumably is ycu might

5 have appropriate distributions away from the glow plug but.

6 no h ydrogen near the glow plug. Is that the thrust of your

'

7 question? .,

8 MR. LEE 4 Yes, certainly. That would be my

9 concern.

10 MR. BUTLER: It might te helpful here to indica te

,
11 that there are return al.r f?.ns that assist quite a bit to

12 mixing the air in the upper and lower compartments. These

''} 13 are 40,000 CFM fans that give you one complete air change in

~"
14 the icwer compartm_ent every five minutes. -

15 Now, it is true that the hydrogen addition could

16 conceivably be a point source, and we are crying to engage a

l'7 consultant to examine the heterogeneity question of hydrogen

18 distributions by postulating point sources and determine how

19 that hydrogen would provide various concentrations as a

20 function of space away from the point source.

21 MR. LEE: That is just one part of my concern,
,

22 perhaps. The second part was related to what Dr. Etrehlow

23 mentioned earlier about the lateral versus vertical

24 propagation of flame, which I am ailling to wait and learn a

25 little tit more about a little bit later. Eut if that type

\
N-
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N- / 1 of phenomenon cannot be simulated in a code like the MAFCH

2 code and the code is not certified to be a design-type of

3 code -- and I understand the model is not really detailed at

* - 4 this stage -- what. additional inf orma tion can we get out of

5 the code ?

6 I still have that concern.

7 VOICE: I agree with most of your comments, Mr.
.

8 Lee. The M ARCH code certainly does not do the nicrcscopic

9 studies. But think maybe the point should be made tha t

10 given certain amounts of information on the efficacy or

11 e f f e ctive nes: cf the igniters under different conditions,

i 12 things that the MA?CH code can tell you are what is the
''

13 effects of that type of ignition in a large system as
~'

144 opposed to the idealized ex;eriments. -'

15 MR. LEES How can you tell? I am curious, if you

16 could educate me a little.

I'7 VOICE. I would just as soon not take too much time

18 at the moment since I am scheduled to be on in a little

19 while. Perhaps I can address that point a little later.

20 But basically what the MARCF code will tell ycu is, given

21 ignition under these conditions, what is the effect in the

22 full-scale system.

23 MP STEEHLOW: Mr. Butler, your comment raised

24 another question in my mind. N'i t h those return fant, they

25 are ducted? The air is ducted by these fans through ducts

\v
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1 to circulate?,

!! MR. TINKLER: Yec, it is.
,

!

3 MR STREHLOW: They can be very dangerous as far as

|
- 4 transition is cortcerned . If you do a burn, a long duct with

5 a fan that is making nice, turbulent flow can be extremely

6 dangerous in causing transition te detona tion . This may not

| 7 happen at 4 percent. It probably would not. But if you got
i

! 8 up to S percent and those fans are running, you might have a
f

4

| 9 real good time with a detonation going down those ducts.
1

i

; 10

'

11

i

12
.

13

'
14 _

-

. 15
!-

16
!

! 17

!
! 18

!

| 19

20

21

22

23

24

25
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1 MR. KERRa Please continue.s-

2 MR. TINKLERt I don't believe I mentioned ICD

3 Associates, but they are involved, and they will-participate
4

- - 4 vith Iivermore-ia an evaluation of data. Another laL nots

5 listed here is Prookhaven, which has participated in the

6 Zion / Indian Point studies and has done work on hydrogen.

7 MR. SEALE: I have not heard anything yet, and I

8 was just interested in this one point; and ' hat is, ycu arec

9 putti'ng some ianiters in or at least you are examining the

10 possibilities. There are a lot of igniters that are

11 apparently elread . in there, switches, and maybe even therc

12 fan motors you vere talking about. And I wonder if there is

('' IJ any evaluation of other ignition sources in such systems?

D} ~

likely going to -14 It seems_to me tha t .there is very

15 be ignition whether you put those igniters in there or not.

16 Maybe not as of ten or as regularly, if you will, or

17 continously, but there wjl1 be some ignition.

18 MR. TINKLEht The idea of adding the ignition

19 system is to more or less improve the reliability which you

20 feel will occur, o'< a y ? It is recognized there are random

21 , ignition sources inside containment.

22 MR. SEALE4 The reason I brought it up, ! quess,

23 is you cpeak of other things besides ignition as an

24 approach, and the idea that anything else migh t be

25 incompatible with the ignition; and yet, if there are

[ -

i,

s_
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U 1 ignition sources there anyway, you really are going to have

2 to acccmmodate that problem.

3 MR. TINKLER: That would ha ve to be factored into
4

4 an evaluation of the other citigation systens.- -

5 MR. SEALE: Okay.

6 MR. STREHLOWs I might comment on that scint. The

7 glow plugs are probably a very strong source of ignition.

8 There is a large surface area. They are very high

9 temperature. If I remember correctly, Three Mile Island

10 sent off at 8 percent or something like that hydrogen.

11 That indica tes to me that the igt._ tion sources

12 present are not strong sources, and it turns out when you go

13 towards the limit, the strength of the ignition source has

14 to increase markedly, otherwise~you will not get flame

15 propagation. To the installation of glow plugs might be a

16 very good thing to do, because you might induce relatively

17 slow burns over a long pericd of time which will not cause

18 any appreciable pressure rise in a system.

19 MR. SEALE: If they are not there you still --

20 MR. STREHLOW: We don't know until the experiments

21 are done.

22 MR. KERR It seems to me we may be converging on

23 the TVA position.

24 (Laughter.)

25 MR. SIECEL: I have kind of.a basic difficulty

.
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1 with this approach. I don 't know if this is the right time

2 to ask the question, but let me pose it now.

3 It seems to me the objective of this distributed

- - 4 igniter effort-and_the test program ic to demonstrate that

5 you can safety ignite several hundred kilograms or several

6 tens of kilograms of hydrogen. But it seems to me a better

7 objective would be to say that you can safely handle so many

8 kilograms per second of hydrogen comine from some hopefully

9 plausibly identified sources so you'd never tens or hundreds

10 of kilograms in the con tainnen t.

11 I der't see any cignc that either the test pr:gra:

12 or the concept is addressed toward this la tter question.

13 MR. TINKLERs In the event that we have to provide

14 come sort of syster, to mitigate the consequences of a -

15 degraded core accident, we cannot avoid the introduction of

16 hydrogen in those quantities.

I'7 MR. SIEGEL: I agree. You need the other as a
,

18 back up system. But I would like to see some evidence that

19 you have a pilot light near the place where the flame is

20 likely to start rather than have a light bulb in the kitchen

21 which will blow it up when you have it there.

22 MR. TINKLERs Wh at I would like to point out ic

23 this is the interim distributive ignition system. Further

24 review of this system, you know, as yet to take place, and

25 the loc? tion and number of igniters is one of the subjects
, ,

%
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s/ 1 that.we intend to review in mere detail.

2 HR. SIFGEL: Well, f ra nkly , I guess I have

3 expressed my reservations about this being the preferred

- 4 int 9 rim system.
..s_

5 MR. KFRR: That is not a question.

6 (Laughter.)-

7 MR . TINKLER : Okay. The Sandia short-term

8 program, which is being monitored by the Of fice of Resea rch ,

'

9 as ' said previously, will concentrate on alternative

10 systems. They will look at deliberate ignition systems

11 aler; and to t2ke the thin;s they will lock at under

12 deliberate ig ni tion , the y will look at ignition strategies,

13 whether you want to igniters on and leave them on, org

1-4 whether you want to have intermittent operation. An d they -

15 will look into analytical verification of igniter

16 effectiveness to see if they could deternine from existing

I'7 test da ta at what concentrations you burn hydrogen and so

18 forth.
,

19 Halon systems, some of the issues to consider are

20 concentrations necessary to prev ent deflagration or

21 detonation, the effects of recombiner operation in this

22 halon atmosphere, post-accident handling of the halon

23 atmosphere -- the halon only suppresses the burn; it does

24 not remove the hydrogen -- what would a halon system look

25 like, the design concept. . nd they wculd evaluate it as a

s

]
J

,
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O
\s/ 1 short-term solutio. to the issue of hydrogen control.

2 Wa ter fog , similar type issues will be

3 investigated tha design concept, what would a system look--i

4 lik e , hew much- wat,gr wo uld ha ve to be cupplied to the-

5 containm nt, what droplet size in order to suppress, what ise

6 its effectiveness in -- to prevent hydrcgen burning, what

7 effects wou1~d it h' ave by immediately reducing steam

8 concentrations perhaps and thereby changing the flammability
,

9 characteristics, what would a lbng-term recovery look like

10 for a containment with a water fog system, since again

11 presumably thir only w o r '<.s a s long as it ir cperating, and

12 what aspects of this would lead you to believe that this is

(,''% 13 a short-term solution to solving the hydrogen contrcl *

*)
14 problem.

_
-

15 (Slide.)

16 MR. KERR What is the significance of the term

17 that appears in two of those short-term feasibility --

18 MR. TINKLER: We believe the issue of hydrogen

19 control will be studied for come time in conjunction with

20 the rulemaking, in conjunction with ongoing studies that the

21 staff -- '

,

22 MR. KFRR I am not making my question specific

23 eneuch. Does that mean you ers trying to determine whether

24 it would be feasible to im plement those very scon?

25 MR. TINKLER: At Sequoyah.

(%
/"

i

/s_-
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\ 1 MR. ERR: That is what short-term feasibility

2 means.

3 MR. TINKLEh Yes. Could they reasonably hope to

- 4 install a water fo.g sys tem At Sequoyah in this time frame.

5 MR. LEE: Are hydrogen -- are there any systems

6 under study by anybody at the present time?

7 MR. TINKLER: I would say that hydride converters

8 are no t -- they are not being strongly considered by the

9 staff at this time. TVA has indicated they will look into

10 this area, but it is a technology about which we do not know

11 a great deal.

12 The ultimate c3pabilities to observe hydrogen are

[''N 13 not well understood.

14 ME. GREGORY: I would suggest that you micht -

15 co n c ult the people at Erookhaven who have a tremendous

16 background on various hydrides.

y MR. TINKLERa Okay. Erookhacen has suggested

18 hydride converters in connection with tha Zion / Indian Point

19 study. Brookhavon continues to werk in that area.
20 MR. CFEGORY: I would think, just off the top of

21 my head, that it would be difficult to find a hydriding

22 metal that is tolerant to air, because if you have an

23 inerted containment, it would te relatively easy to pull the

24 hydrogen out with a hydride, but with an air-filled

25 containment, I think the hydriding metals are likely to

|

V

i
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bl 1 oxidize.

2 MR. TINKLER: Lonc-term efforts principally being

3 directed by the Office of Pesearch, the last time, I

4 suppose, the staff reported on this, ve indicated that a-

5 usar 's request was being prepared or had been prepared for

6 additional research on control or mitigation of melted core

7 accidents. Since.that time a user's request has been

8 issued, and to repeat the o*jective of it, was te provide

9 technical support f o r conduc ting a rulemaking on

10 degraded /coremelted accide nts.

11 Ve had hoped to invertigate the filter vented

12 containment system designs and hydrogen control systems for

N 13 generic types of lightvater reactors, various containment

'
14 types. We had cuggested tha t .the resea rch initially focus o -

15 hydrogen controls for the ice condenser in the Mark III

16 containment, since they seem to be more sensitive to

l'7 hydrogen generation. ~

18 MR. XERR. Have you given the RES any

19 specifications? I mean, for exawple, on a filter vented

20 containment design. Have you specified any rough criteria

21 for behavior that these have, or is thet part of the

22 research program to establish criteria?

23 MR. T:NKLEE: Part of th e research progran is to

24 establish the crit.eria under which these systems must, you

25 know , operate and wha t their function vill be. Wa have not

\~ >
_

! I
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fO
k- 1 specified detailed criteria that we think a filter venteds

,' 2 containment system must have.

'
3 MR. KERR How abcut non-detailed criteria? Fave

- 4 you given any - . , , _

"

5 MR. TINKLER: We identify criteria against which

6 we think all the systems should be judged -- cost-benefit

7 sort of items, reliability.

8 MR. KERR For example, have you specified flow

9 rates that you expect that these may have?

10 MR. TINKLER: No. If.we had done that, th en we

11 vould have identified the accident scenarics.

12 MR. KERE: That is so logical that I must agree

13 with you.

14 (Laughter.) -

15 MR. TINKLER: And we have not identified the

16 accident scenarios for which they must operate. Okay. And

l'7 we discussed this before, sc --

18 MR. EUTLES: Let me add to that, Charlie.

19 The matter of filter vented containments has been
20 under study for a couple of years at least, and in

21 conjunction with that work sponsored by research, the WER

22 staff has met with the research people and the Sandia people

23 and expressed its comments with respect to containment
i

24 systems' needs in regard to the filter vented centainment.

. 25 MR. KERR: One >f the reasons I ask is becaure any

k
\

_

!
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!m)
\s / .1 good research organization is not dedicated to solving

2 problems. They are dedica t,.d to finding new preblems. I

3 mean, you know, that is what a resea rcher does. Eo unless

- 4 you give him some.. idea of the problem you want him to solve,

5 he will not try to solve problems; he will try to f'in d

6 problemc.

7 At some, point it seems to me somebody is going to

8 have to define w).at the problem is in order so someone can

9 look for a solution . Maybe it is too early to do that. *

10 MR. EUTIER: It is our expectation that .e will

11 have frequent meetings sith the research people ar 4e11 as

12 with the laboratory support people. It is indeed a bit too
.

/''N 13 early to do that. We still have to meet with the research

~
14 people in their response to on.r user's request. -

15 MR. TINKLER: Since that time a draft FSR procram

16 plan for severe accident phenomenology and mitigation

17 research has been drafted. The logic of the program is

18 similar to the WASH-1400 reactor safety study and the

19 Zion / Indian Point study.
O

20 About the most I can say is the program is

21 currently under review., and this draft program also deals

22 with much more than hydrogen control. It deals with brcader

23 aspects of the severe accident mitigation.

24 (Slide.)

25 Th e rela tionship to Zio~n/ Indian Point studies, ag
N

\

b
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\- 1 previo usly men tioned , the Zion /!ndian Foint studies did

2 consider generation and release of hydrogen, and the severe

3 accident to the containment, and the ultimate combustion of

4 that hyd rogen . .
_.,

S As a result of the Zion / Indian Point studies,

6 Sandia compared a compendium of hydrogen behavicr in a

7 post-accident environment, ind there ware various studies of

8 mitiga tion f ea tures . These studies were done fcr the

9 Zioh/ Indian Point plants, so application of all these

10 studies to the Iequoyah pl.in t a re not easily made.
,

11 Th e 7eneral conclusion f rc7 *he technology_

12 exchange meetin;c and the tulk of the work was that the

'} 13 large dry contcinments may survive a hydrogen deflagratic.n

d
14 for degraded core accidents. -

15 You might argue what is large ,- but it does appear

16 for the dry containments they would be able to survive a

1'7 hydrogen deflacration simply due to the high volume.

18 MR. KERR In fact, you could almost say large

19 containments would, couldn't you, whether they were dry or

20 vet?

21 MR. TINKLER: Yer.

22 MR. GREGORY: May I go back to the previous slide

23 with ycur issuing requests for research, and ask you to --

24 ask what mechanisms are you using to solicit new concepts,

'

25 new ideas from the research conmunity on methods of either
' nv
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\~ / 1 preventing hydrogen release or observing hydrogen or

2 combustion techniques?

3 Are your requests going out in such a form that

- - 4 the universitier,,the industrial contracting labs may

5 respond, or are you addressing these only to the potential

6 users and the national labs?
,

7 YR. RUBINSTEIN: 'Je have a representative from

8 research here who can addrecs that question.

9 Yr. Hotzen.

10 MR. HOTZE3: The current .*ork, we are planning to

11 use Sandia laboratories as cur center for the hydr gen

12 work. They in turn may funnel work out to universities or

''N 13 other research laboratories, but they are going to be our[b
14 center for the hydrogen resear.ch vork. -

15 MR. GREGORYa It occurs to me that there are

16 surely a number of research operations around the country

17 that migh t have ideas tc of fer in this respect, but they may;

18 not even be aware of this kind of problem.

19 MR. FOTZENs Yes. We are currently talking about

20 possibly holding a conf erence at Sandia in December and

21 inviting the bread community to attend that for two

22 reasons: one, to inform them of what Sandia is doing, and

23 second, to find out what each of the organizations are doing.

24 As someone mentioned earlier, the hydrogen problem

25 has come up pretty quick. *here are a lot of people running
,

)
%../

,
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h\:
1 in a lot of different directions, and we need to find out

2 what each other are doing.
'

3 MR. GREGORY: As a member of the industrial
1

4 contract research,, community, we scan the Commerce Business- -

5 daily for requests for procosals in areas that we think we .i,

6 have technology to effer, and I do not recall having seen
;

i
!

7 anything relating.to this ad vertised to the resea rch

8 community.
3

9 I would just like tc make the comment that you de4

10 have a mechanism of getting cut to the hungry research

11 public, and it might give you f10t recrenca en new idsar if

12 funding would be available.

13 MR. ROTZEN: At the moment the main job -- we have

i 144 been through the compendium at Vandia which raises a lot of -

15 interesting areas where research could be done from the
J

16 scientific point of view. The next step we have to do is

17 find out where that research would be of interest in the
18 nuclear safety area; and that is the next part of the werk

19 we are poing to do .

20 After that we will be in a position to get a

21 better handle on the specific' experiments that we might

22 advertise for assistance on.

23 MR. KERR4 Please proceed, "r. Tinkler,

24 ER. TINKLER: This concludes my presentation at

25 this time.

,

N

.
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x/ 1 I would like to introduce Mr. Bowman.

2 MR. KERR: Before you conclude completely, back to

3 the MARCH code, does the staff feel fairly confiden t of the
-

,

"'- 4 results or the- applicability of the resulta you are getting
,

5 from that code, or are you usino it because it is the best

6 you have, or what is your artitude toward the results-

7 insofar as they apply to, say, Sequoyah and other operating

8 plants?

9 MR. TIN KLER : It's the best le have, okay. Put we
*

10 feel that any of th e results calculated to date are

11 pr=11minary in nature, okay. The cedet that have not been

12 used for this applica tion --

[' N 13 MR. KERE: Is "prcliminary" a euphemism for
\m-

14 "s em i-l o u sy , " , or do you mean "early?" -

15 (Laughter.)

16 I don't know.

17 MR. TINKLER: If anything, it is a euphemism for a ;

18 lot better than anything else we can do, and we think they
19 are reasonable calculationc. Whether we think they can

20 predict pressures within one psi, for example, we cannot say
21 that with any confidence.

22 MR. KERR: What about 10 psi?

23 MR. TINKLERa I think that is the ballpark we are

24 talking about, how much lower we can get it. On MAPCH -- we

25 need to learn a little more about it.

)
xJ,
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1 MR. KERR4 I'm not trying to be critical. I'm

2 just trying to understand how you view the results of the

3 code, because I do no t -- I do not know.
-

4 MR. T! KLER: I can cnly say th a t based on my- -

5 limited exposure to the code, I have to say -- repeat it is

6 s substantial improvement over what we had before. I think

7 the code does a rea so n a ble job of modeling the transient.

8 Whether it.- 11d do a better job is debatable at this time;

9 but we think it is valuable l'n determining the effectiveness

10 of the igniters.

11 Ve curely need tc use 00:cthing lihc it, c r th e

12 CLACIX code which is being used by TVA.

p't 13 MR. RUBINSTEIN: May I add to this? We recognize/

)'

14 MARCH and CLASIX as essentially unverified in terms of, -

15 experimental bases, and we will be doing at Battelle with .

16 the MARCH code verification through other codes where

l'7 possible. And I believe that TVA will discuss to some

18 degree their verifica tion program and their code later this

19 afternoon.

20 MR. K 'c R R Thank you. Thank you, Mr. Tinkler.

21 HR. TINKLER: As I said, Mr. Bowman will discuss

22 the igniter program at Livermore.

23 MR. ECWMAN: My name is Barry Bowman. I am from

j 24 the laurence Livernore National Laboratory. I am coing to

25 cive you a brief overview of the hydrocen igniter program

\~-)
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I that we have going on right now at the labora tcry. We are'

2 doing this under contract to the NRC, and the overview will

3 cover the following items.

4 (Slide 1,- -

5 Very briefly I will go through the program

6 objective, the status of the hydrogen monitoring device

7 survey, a description of the experimental design and

8 instrumentation, and experimental conditions and brief

9 account of the procedures we intend to use to conduct the

10 experl=ent, and finally, a program schedule to give you an

11 idea o f h e's soon va intsnd te get everything done.
I

12 ( Slid e'. )

{"'' 13 The objectives of the program are fairly
~

1<4 explicit. There ape three major objectives. The first ofi
-

15 these is to test the thernal igniters proposed for use at

16 Sequoyah by TVA in various mixtures of hydrogen, air and

,17 steam.

18 Bill lowry is the prcject engineer. He is here
,

19 today.

20 The second objective is to survey and repcrt on

21 the state of the art methods and devices for hydrogen

22 protection, being conducte. by Eill Lye, and then to conductr

23 a literature survey of th<3 hydregen conbustion, particularly

24 that conducted by the U.S. Sureau of Mines.

25 To date thers are no publications or data

i s

i

I
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1 available fc- hydrogen combustion in substantial amounts of

2 steam, so this represents a new work from that standpoint.

3 The igniter itself -- I brought one along to give
4

4 you an idea of' tha. size of wha t we a e dealing with.- -

5 MR. S!EGEL: Whan you say test the thermal

6 igniters, what does that mean -- to see if they light the

7 gas, er to see how the phenomenon of gas combustion goes on

8 in some cham her which has been initiated by the igniters?

9 What does to test thermal icniters mean?

10 MR. FCWMAN: It implies that we will confirm

11 whether i; niters will er will net f unction f or various
,

12 combinations of air, hyd rogen and steam. How we detect the
,

~\
13 burn will be from a detection of pressure rise in the

, .

144 vessel. I will go_into that in a little while.

15 MR. SIEGEL: It is literally a test of the

16 ignite rs, as yets Jay , not a test of the phenomenon cf

I'7 hydrogen combustion as init'iated by these igniters.

18 MR. BOWMAN That is right. Eefore I ccver that,

19 here is where we are in the hydrogen monitoring systems.

20 (Slide.)

21 This is not an all-inclusive list. There are four

22 basic types that we have uncovered -- catalytic device

23 manufactured by these companies a semi-conductor device; a

24 volume expansion device; and electrochemical exidation typo

25 device.
I

s
'

V
i
f
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1 The catalytic device essentially detects the

2 hydrogen by increasing temperature of the catalyst. The

3 semi-conductor device detects it by a change in the current

4 of the conductor.,_The volume expansion device $7 a. .

5 mechanical device; as the hydrogen adsorbs it actually

6 increases in size. And the electrochemical oxidation is

7 basically an electrolyte absorption process where the

8 hydrogen increases or decreases the output of a little

9 battery. -

10 (Elide.)

11 The general characteristic of the available

12 systems, they depend on diffusien cf the hydrogen. They are

0'''
'

13 f airly slow in response. " Slow" here means 3 to 30 seconds

14 for the first two _ devices that I mentioned, catalytic an* .

15 semi-conductor, and f ron 7 to -- let's see -- 30 to 7

16 .winutes for the volume expansion device. Electrechemical

17 oxidation is also the --

18 MR. KERRs What sort of time response Cres the NRC

19 think should be available?

20 MR. BOWMANs ''hy don't you ask the NRC?.

21 MR. KERRs They have not told you?

22 MR. BOWMAN: No.

23 MR. KERRa All right. I will ask them later.,

l

24 MR. 50WMAN: The indications were that was

25 adequate, 30 to 30 seconds, but I will --

w

.
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1 MR. GREGORY: What is the response time of the._

2 electrochemical?

3 MR. BCWMANs Three to 30 seconds, somewhere in

4 that time frame..;c's a matter of seconds, not minutes.* *

5 The slowest is the volume expansion device. So.Te are

6 subject to contamination if you do have other hydr 6 carbons

7 in the system, or if you have a fair amount of water in this

8 system, then they also pick up that. The pores on a

9 catalytic detector can actually be plugged by condensation

10 of water.

11 Some are limited in the range of hydrogsn

12 d e te c tio n . Of the devices ; mentioned, the catalytic and

i 13 semi-conductor devices have a range of about .02 percent by

14 volume of hydrocen_up to about what is called the lower -

15 explosion limit or sometimss referred to as the lower

16 flammability limit of a percent or so.

17 The volume expansian device and electrochemical

18 oxidation devices don 't ha ve any apparent upper limi t. The

19 lo, war limit for the volume expansion device is on the order

20 of a tenth of a percent, and the electrochemical oxidation

21 is roughly half that, .05 percent.

22 MR. SIEGEL Fre any of those devices based on the

23 thermal conductivity -of the gas?

24 MR. EGWMANs Of the gas? I am not sure.

| 3 MR. SIEGEL: That is sort of the classical way of

\
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1 measuring hydrogen.
.

2 MR. BOWMAN 4 I suspect th e semi-conductor device
,

3 refers to that. I dor.'t know the details. I know the least

4 abou t tha t on e, s,o you probably know more than I do.-
,

5 FR. RUBINSTEIN: I believe that type of conductor

6 is in Sequoyah. TVA can answer that.

7 MR . KERB s Is it the view of Livermore that
-

8 existing devices are adequate for the purpose for which they
,

9 may be needed in a nuclear plant?
i

10 MR. BCWMAN %e don 't kno w. It depends en wha t

11 you mean by " detection" in a nuclear plant.
,

12 Ckay. Eight at this poin t what we are trying to

/' 13 determine, first of all, what is available commercially,
's

14 wh a t range of --

_ .

15 Mh. KERR: I guess I don't see what difference it

16 makes what is available ccmmercially ur.less you know what

17 you want. I mean, yon could go to a catalog and find out

18 what is available commercially. I assumed that livermore
,

!

19 was looking for something that would do a job, and it had

20 some idea what the job was.
,

21 MR . POWMAN: Let me' describe the job a little*

| 22 bit. If you are going to detect hydrogen concentrations

| 23 that are burnable by these thermal ignitors, you need

I (.
24 something that will detect normally 4 percent. If you want

25 an opin!.on, the catalytic converter, if that is the upper

hi V
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1 bound, if you get concentrations that exceed that, you are--

2 going to pick that device almoet every time.

3 So in the selection of a device we are not

, 4 involved in the selection, but we could be involved in* -

5 making recommendations as to which devices are er ere not

6 usable within e plant, and we vill do that.

7 MR. KERR: But y6u ere 'not yet prepared to do that.

8 MR. BOWMAN: Not yet, no. We started this whole

9 process August 1. This is sort of a status repcrt as te

10 where ve are.

11 MF. KERRs Thank "ou.

1:2 MR. BOWMAN: A description of the experimental

13 apparatus, I have some pictures that will show you better

1-4 what the system is like. This is a schematic, but the -

15 orientation and basic configuration are correct.

16 (Slide.)

17 This is the hydrogen supply, air supply and steam

18 generater that we are going tc use to provide various

19 concentrations within this vessel. This is a 10 cubic foot

20 diameter -- test chamber. It is an AS'iE steel prernure

21 vessel. It is normally 20 inches in diameter and about 60

22 inches in length. We have access points at the side and th e

23 top which are about eight inches, and at this end through
2

24 which protrudes a mixing fan which is about four inches in

25 diameter.

A
t

| k'
|
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'\ 1 Okay. The instrumentation and the glow plug

2 itself are in the system at these approximL locations.

3 (Slide.)

4 We have.,,several thermocouples installed throughout- -

5 th e vessel at the bottom, tcp, and sidos. We have them

6 sticking into the vessel, normally an inch or so, and

7 attached to the internal wall and the outside wall to

8 measure the heat transfer through it.

9 We are also measuring the ambient conditions. We

10 have static pressure transducers located on the end flange

11 and right now on the tor flance, and dynamic cuartr-tyra

12 pressure transducers which sre flush-nounted to the sidewall
I

13 of the containment.

V
14 These two wil1 detect any substantial strength .

15 pressure wave that is propagated through the system. We

16 initiate combustion at a higher concentration. We have !

17 taken gas samples periodically on the ends, both above and

18 below the center line, to determine the homogeneity of the

19 mixture within the containment vessel at the top, and then

20 periodic samples that are mounted to this flange plate on

21 the side.

22 The glow plug itself is on an extendable rod tha t

23 sits down inside the vessel through this upper flangc. It

| 24 can be moved up and down so that we can locate it an3 hore

25 vertically within the pressure vessel that we like.

|

,
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1 There is a so a differential pressure transducer

2 which just measures the hydrostatic head of the condensate

3 'that we are going to get through the procers of conducting
4 the experiment.-

. . , , _

5 MR. MARKS In the slid e before and wha t you have

6 said, you are prepared to mix hydrogen, air and steam. As,

7 soon as one of these igniters has burned a little and the

8 flame is out and thr, hydrogen keeps coming, do you no longer

'

O have ncrmal air to look at?*

10 You have nitregen contaminant probably more than

11 stesm. Is there any plsn on the part of research or

12 Liv 4rmore or NRF to add nitrogen f raction contaminate te the
x

\ 13 system, because it is certainly going to affect the ignitionJ
14 the second or third time tTat.you call on it. -

15 MR. BOWMAN: Not specifically, no. We are going

16 to rely on that to tell us what is in th e volume at any

I'7 particular time prior to icnition, immediately aftar

18 ignition, and any subsequent firings of the glow plug. So

19 you are right. It will be -- i

20 ~.! R . MARKS If.you are going to be subsequently

r 21 igniting the used air, then you will get these data points
|

22 free.

23 MR. S0WMANs Right. We a re getting a lot of data

24 points free by this experiment which I,think you will see. ;

25 MR. STREHlOWa Arc you going to change the

C'b
-

.

1

|: .
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1 elevation of the glow plug?

'

2 MR. BOWMAN We had not planned on changing that.

3 Right now it is sticking down , ok ay. We can change the

4 orientation of Fot,h the glev plug and the entire system if- -

~

5 ve want.

6 MR. STREH10W And are you planning to put the

7 gases in an then turn the glow plug on?

8 MR. BOWYAN: We plar on precharging the vessel,

9 all right, and ! will go through that in a little bit.

10 MR. STREH10Ws Ok'y, sure.
,

11 MR. 20WMANs Any other questions en th a t ? I have

12 some photographc that we teck just before we left. This

13 will cive you an indication of a couple of things -- what it
'

14 looks like and where we are in, assembly. -

15 (Slide.)

16 This is the vessel itself. You can see the

l'7 various penetrations for the pressure transducers at the top

18 and thermocouples. The dynamic pressure transducers come

19 out here and here (Indicating). This is the side eight-inch

20 flange, and then the flange on the end (Indicating).
.

. 21 (Slide.)

22 The igniter itself is mounted on this red that we

23 can control its vertical position (Indicating). The igniter

24 that I passed around is sticking right up here on the end.

j 25 Everything that goes into the vessel itcelf is from this

f"

| U'
_
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O
\~ / 1 tree thread forward to the lef t (Indicating).

2 (Slide.) ,

3 The mirar itself is an air-driven fan that pokes

4 in the end wall, and the gas sampling bottles ve are just. .

5 startin: to assemble. They are no rmally 70 cubic centimeter

6 bottles with an isolation valvt here. They remotely operate,

7 a solenoid valve.. We have to do all of the experirentation

8 remotely in a bunker just in case we ma ke a mistake.

9 (Slide.)

10 Some cf the characteristics of the glow plug that

11 we have arrived at are shown on the vu-graph. We applied,

12 various voltager. Incidentally, I did not rention it, but

13 the glow plug itself is instrumented for current voltage and,

14 surface temp e ra tu r,s . .

,

15 (Slide.)

16 The first f our tests are no rmally with 13 to

17 almost 16 volts pressed across the glow plug itself.,

18 Surface temperatures are on the order of 1770 to 1800

19 degrees. This is the RMS voltage. In rise times it was the

20 order tc 20 to 30 seconds to come up to that peak

21 temperature.
.

22 In the subnequent tests below this blue line you
,

23 will see there is some inconsistency in the data, and thir

24 may reflect a breakdown in the plugs, since the voltage vac

25 impressed across it. That was well above the design value

m

%-
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1 of 12 volts.
,

2 (Slide.)

3 An experimental region of interest that we are
.

4 going to be looking at, here is the f amous turnery diagram.. .

5 I'd like to point out a courle of things. These are not

6 really very strict lines. They are more or less broad bands

'

7 across here, and this icwer detonation line is subject to

8 how the tests were actually conducted, because it is
.!

9 dependent upon the --

10 MR. MARK: Is th::t a typo on the slide about the

11 hydrogen fractions?
I

12 MR. 20WMAN: let me 1cok here. Sc.
.

13 MR. M ARK : Four-t -nths to nine-tenths sounds

t 14 pretty hich.
,

.

15 MR. BOWMAN: That is not percent by volume,
i

16 VOICE: That is a type.

17 MR. MARK Under the experimental region by your

18 right hand, ma ybe a zero would :: ave cleared it up.

19 MR. ROWMAN: I am losing you somewhere. Yes, I am

20 sorry. It is a typo. It is .04 to .0c. Yes, in this

21 region here. Fo 4 to 9 percent by volume.

22 9E. MARK Do you know what your tank will stand?
|

23 I mean, can you fill it with two hydregens and one oxygen

. 24 and light it and still have the tank there?
(

25 MR. ROWMANs 'le think so, but we are conducting
:

N

i
r

|

1
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''-- 1 tests in a bunker.

2 (Laughter.)

3 The design pressure on the tank is 200 psi. I

4 think detonation ~ calculations show that we could generate a- '

,

5 pressure wave when the prersure is about 5 to 6 atmospheres,

6 if I recall, overpressure.

7 MR. SCHOTT It is more than that.

8 MR. BOWMANs I will check that for sure. That was

9 in the presence of a substantial amount of water vapor.

10 MR. STREHLOWs It sounds awfully low.

11 MR. POWMAN. A r?latively 10w concentration of

12 hydrcgen.

d[ 13 NR. KERRs Well, they do have the bunker.

14 MR. STREBLOWs Yes. -

15 MR. BOWMAN: That is right.

16 MR. SEALE: It may be a 50 cubic foot volume.

17 (Laughter.)

18 MR. BOWMAN: Experimental procedures, we are-

19 relying on scme of our pretest thermodynamic calculations.

20 (Slide.)

21 We are going to meter the air, precharge the tank

22 with air, and then put in the hydrogen by allowing it to

23 reach equilibrium with a precharged bottle, precharged

24 volume of hydre;en, so we de not inadvertently get more than

25 we want a nd create this situaticn.

N

*
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1 We then inject saturated steam from the steam--

2 generator to a precalculated pressure and temperature that

3 is outside of these predicted combustion limits, allow the

4 steam to condense 9n the side walle, and periodically fire-
s

5 the glow plug, sampling gaces just before and just after

6 each firing. This gives us a measure of wha t th e

7 condensation rate,on the walls is by post-determination of

8 the water vapor in the sam ples.

9 After we get an ignition which will detect the

10 pressure in the system, then we will grab a final rample and

11 decide to c.o on to subsaquant firings.

12 (Slide.)
.

) 13 MR. LEEe There is no way of measuring the
J

14 pressure around the clow plug ,during the -- during the .
.

15 firing process or right af ter on continuous basis ?

16 MR. BCWMANs No.

17 MR. LEEa So you have to get the pressure

18 difference before and after.

19 MR. BOWMAN: That is right. We are looking at the

20 equilibrium pressure for the tank before and af ter, and then

21 the quart: impact gauges essentially may give us a peak

22 pressure.

23 MR. ITE: How much time do you_ feel that you have

24 to cice after the firing -- turn was initiated before you

25 reach . hat pressure in the tank?

h.<

%)
I

*
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1 MR. BOWMAN 4 I am not certain, okay. That is one
,

2 of the things that we will find out. The co=plexity that

3 co n trib u tes to that is continuing condensation within the

4 tsnk of revaporized water vapor; so we don 't know.- -

5 MR. LEE: Presunably from smell tests set up like

6 this you could go to a larger containment system, er is that

7 too much to ask? .

8 MR. E0WMANs I don 't know, and that is a question

9 ' I think that ccmes up: what is the applicability of 'heset
]

10 tests to an extrapola tion to a larger test system or to a

11 containment itself. 3nd Roger ---

12 MR. STREHLOW: If you have a small vessel, in

13 othar words, almost a round vessel, the extrapolation is

14 straightfervard. _The maximum. rate of pressure rise times -

15 the volume to the third power is a constant, so if you

16 determine it in this vessel -- and I think this vessel is
17 large enough -- you should be able to get a realistic

18 pressure time curve. Assuming that there is no flame

19 acceleration due to structural interactions and things like

20 that, you will oet the lowest value for pressure rise with

21 time.

22 MR. LEES How about the fact of the. condensation
23 on the walls and so on? Is that going to affect anything?

24 MR. STREHLOW: Thet is what this big matrix code

25 takes care of. What was the name of the code, the one we
'

; V .

|
|

.
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1 were arguing about it?

2 MR. KERR The MARCH code.

3 MR. STREHIOWs That takes care of the condensation

4 effects in the maly. vessel. It handles all the lo ses to- -

5 the load itself , which you would not do in an adiabatic
!

6 calculation.

7 MR. LEE 2 But I have -- I have a concern abcut
i

8 what a code can do in lieu of experimental data.

9 ME. KERR Eut your answer is that the experiment

10 doe not handle that problem.

11 Yn. STREHIOWs Th= experiment will handle the
*

12 problem. He will get condensation.

[ 13 MR. KERR It does not handle the extrapolation

i 14 problem.
_ --

15 MR. STREHlOW4 The cede would -- well, ! don't

16 know how to answer that. The main thing that happens, I

17 think, if you have losses ir that the maximum pressure is

18 different, that the rate of pressure rise will still be

19 abou t the same probably, and that can be done by the
j 20 extrapo.tation of these experiments here by the maximum

21 pressure. If ycu do -- you are probably going to do an

22 adiabatic calculation for maximum pressure, a ren ' t you, on
23 this system for complete combustion?

24 YR. 20WMAN: That is right.

25 MR. STREH10W: You will see a volume that is less

N

.
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1 shan that during the experiment, and you can attribute that

2 to partial combustion, and you can get samples so you can

3 tell how much did burn. In that case you will mix the gas

4 thoroughly befora..Jou draw that final grab sample, won't you? _

5 MR. BOWMAN: We will turn the fan on prior tc

6 combustion.

7 MR. STHEH10W: But I mesn after -- you should

8 recirculate it afterwards because you might draw a false

9 sample if you have only partial combustion.

10 MR. SIEGE 1: On your chart abo 6t experimental

11 procedures, you show thtt you inject caturated cta10, and

12 then you allow the steam te condense slowly, and then

( 13 periodically the glow plug is fired. Do you know the steam

14 conditions a t the time"that combustion is cccurrinct Are -

15 those steam conditions varying during the combustion process?

16 MR. PCWMAN Curing tae combustion process ycu are

17 going to generate water as a combustion product, and you

18 will also revaporize some cf the condensate; so we will not

19 know precisely until we post-process our gas samples what we

20 had at the time just prior to combustion.

21 ME. SIEGEls '/ill you know the steam conditions at

22 the time of initiation of combustion?

23 MR. BOWMAN *4e will know from the pressure and

24 temperature measurements that we made, so we can infer about

25 where we are on the diagrae, but not exactly.

N
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kN/ 1 MR. LEE: Will you also be able to somehow infers

2 the pressure pulse that might occur based on the pressure

3 that you measuro later on?
.

4 MR. BOWEAN4 I'm nct sure I understand your- -

5 quastion.

6 MR. LEES The pressure on the glow plug when the
.

7 maximum temperature is reached, it may be different from the

8 particular pressure that --

9 MR. STREHLOWs There are'no waves in this system.'

10 The pressure is spatially constant. It is temporally

11 chan;ine, but it is c;atially conctant. The velocity of
,

12 sound is 1,000 feet per second, and that thing is only 10

13 feet long. It takes a hundredth,of a second, so there is no

14 pressure gradient in the system at all, not with this kind

15 of condition.

16 MR. LEE: Not even with the condensation and so on

l'7 taking place on the wall?

18 MR . STR EHLO W: No way. You will change the
,

19 pressure with time, but you will not have spatial gradient.
1

20 So if you measure pressure at the wall, and you measrre

21 accurately, you are meacuring the pressure a t the glow plug.

22 MR. LEE: No, but I am interested in the temporal

23 variation of pressure.

24 MR. STREH10W: That ycu will get with these qsuges

25 and --

.
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\_ / 1 MR. 1EE: The special --

2 MR. STREi!10 W A megacycle of pressure

3 fluctuation, but you won't see that in this system because

- - 4 the prercure rica,js slow.

5 MR. SIEGEls '4 h a t is the time scale for the
.

6 pressure rise? Is it short compared to condensation or4

7 evaporation times? I na still concerned about the steam

8 presence.

9 MR . BOWMAN: I 'think it is short compared.to

10 condensation rate. The sort of temperatures we see

11 externally at tha test site, the condenration ester are such

12 that we could condense from 70 percent steam down to 30

N, 13 percent steam in the course of about an hour. Okay.

\"" 14 Pressure increase _within the vessel itrelf cccurred much.
-

15 more rapidly, a matter of seconds, seconds or subseconds.

16 MR. SCHOTTs Can we expand a bit on the

l'7 temperature control that you do or do not have on the test

IP vessel? It is unheated, uninsulated, but the injectica of
.

19 steam will allow its temperature to go up aft?r?

20 MR. ROWMAN That is right. The injectien ofr

21 stess will preheat the vessel', all right, and then we just

22 let it cool down. And the control of the experiment really

23 is, you might say, almost uncontrolled, but our control

24 takes place as the steam condences and the volume of
,

25 hydrogen comes up naturally.

\
V
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1N/ 1 We have some calculations that predict what that

2 volume fraction decrease in steam should be. Some of the

3 tests we are going to conduct in the shakedown pericd, of

4 course, and we- can verif y that. "here is a mechanism to get- -

5 the water vapor concentration up to so.te appreciable value '

6 by injecting enough steam to heat the metal and still permit

7 an appreciable water vapor in event ambient condition.

8 MR. PCWMAN Absolutely.

9 MR. SCHOTT Seventy degrees or something like

10 that.

11 MR . ECWMAN: Surs.

12 MR. SCHOTT Another clarification on the tests

'N 13 that have already been done and are being reported here in
L

'' 14 this extensive graph. On the. glow pl ug temperature I can -

15 see how it is easy enough to monitor current voltage,

16 continucusly to these glow plugs in operation.

l'7 What instrumentation is laid to these richthand,

18 column peak temperature figures?

19 ME. 20WMAN We had a thermocouple welded to the

20 surf ace of the glow plug itself.

21 MR. GEEGORY: Your experimental procedura is

22 obviously designed to get a matrix of data on combustion

23 'Inder these conditions, but I am concerned it does not seem

24 to include a set of conditions that represent what would

25 happen in the real case of h ydrogen in a reactor containment.'

i
$q
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p
N-- 1 My concept here is that the reactor containment is

2 filled with a mixture of air and steam, and then you have a

3 steady injection of hydrogen coming from the core. And the

4 glow plugs will be_on before you reach the flammable limit,-

5 and you are hoping that you vill get a lightoff cf ths

6 hydrogen, a partial burn, but then the hydrogen keeps on

7 coming, and so you get another one and another. And you

8 want to make sure that the glow plug is going te ionite

9 every time before you reach detonation.

10 You are not running that kind of test in ycur

11 experiment. Ycu are scrXina with a constant ratio of oxygen

12 to hydrogen, and just letting , the steam partial pressure

[ 13 drop.'

14 MR. ECWMAN There is a more fundamental question -

15 to te answered, all right, and which this whole prcgram

16 really addressess will the glow plug function if the

17 concentration around th'e glew plug itself reaches uch and

18 such combination of concentrations, all right?'

19 So the answer to the more extensive question that

20 you ask is $1most implicit in what you get out of this in

21 terms of the glow plug will function under these

22 concentrations locally. All right. If it will function

23 subsequently at different concentrations, if we measure

24 those, then we do have confirmation yes, that it will or

25 not. If the concentration, you know, changes into some

/~'N
U
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1 range where we have not conducted an experiment, then thes-

2 question is again open.

3 MR. GEEGORY: I think I would be happy if I could

4 see experimental,r,ecults thst chov th e -- in ef f ect ,.

5 determine the lower flammability limit of hydrogen in the

6 presence of a glog plug and in the presence of a lot of

7 steam. Ycu are really not determining the* flammability

8 limit. You are just determinino whether the glow plug'will

9 ignite'the hydrogen when it is about that limit.
i

10 MR. BOW M A 'i s It really is a test of the

11 functionability of this particular device rather than a

12 reproduction of the flammability limit curves. '

,

'

13 MR. KERR Mr. Gregory has a point in that if it

14 functions the way you hope it.will, it will first light off -I

15 when one has reached something that turns out experimentally

16 to be the lower flammability of hydrogen in that sit:tation.

77 Merbe you don 't have to determine what that is to make;

18 certain it will operate. That is precisely the way it will
,

19 operate, it seems to me.

20 MR. POWMAha That is exactly wuat we will

21 determine. - -

22 MR. STREHLOWs If this glow plug had a rapid rise

23 time for temperature, I would be suspicious of doing the

24 experiment this way, but it takes 3C seconds for the thing

25 to get hot, and under those ci'.'cumstances you have a
f

b
| v)
|
|

ALDERSON REPORTING COMPANY, INC.

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

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



..

139-

(~h
( ) -

s.- 1 convective field around tha t glow plug which actually

2 reproduces the same convective field that you would expect

3 to have with a hot plug being contacted by a gas which has

4 the proper composi. tion to turn.- -

5 So you have a quael-steady experiment here, and it

6 should model what is happening in a reactor as' the

7 concentration is changing. If this thing had a rise time of

8 a tenth of a second, then I would say no, you have to watch

9 your step becaure 7ou are not duplicating conditions; but

10 this thing is going to have a nicely defined convective flow

11 field around it at 'll tirce in this experirent.

12 Now, one thing it should look at it is when it

/'* 13 goes off relative to where this 30 second rise is. If it
('-

14 goes off after ten _ seconds, then you are igniting under -

15 worse conditions than the steady state conditions.

16 MR. ECWMAN: We will be monitoring that during the

17 course of the experiment. We know previous experience of

18 data available indica tes wha t the temperature threshold is

19 or even the energy threshold and --

t 20 3R. SCHOTTs Recognizing that presently planned

21 and financially provided for and manpower provided for

'
22 experiments at Iawrence Livermore are of the preset mivture

23 switch on the glow plug rather than the continuous injection
|

24 of fuel type, it still makes -- there is an import =.nt aspect

25 to be investigated by the presen t mode of experimenta tion,

_u
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[ \
-/ 1 to work with not only accumulated stean but also accumulated

.

2 nitrogen in place of air. -
.

3 Carson Mark has made this point earlier, but I

* - 4 want to hammer oA,it. One will not have conditions with a
J

~

5 lot of steem. One could, but the function of the delibarate

6 ignition system and hardwar= for burns subsequent to a first"

7 burn is important, and so the reduced oxygen situation can

8 end should be investigated by this mode of investication.

9' MR. BOWM) N : You are suggesting we fire the glow

10 plug af ter initial.indicaticns of ignition, correct?

11 MR. SCHOTT : That is One way to go about it. The

12 mors deliberate way is to stert from scratch wi th extra

N 13 nitrogen.
'

14 MR. MERR; Other questions or concents? _ lease -

|

15 continue.

16 MR. BCWMAN4 The experimental schedule, to give

17 you an idea of what we're doing and where we are, is we

18 started this schedule in August. We expect to be complete

19 with at least this series of tests by October 30.

20 The design and assembly, you have already seen

21 some of the pictures of where we are there. We are right on
,

22 schedule or even a little bit ahead . We anticipate we will

23 start checkout about the middle of September, as indicated.

24 We provide a quick report on the data acquired by
!

25 October 3C and then a final repcrt some three months

[''N :
|

5 },

| \ns' |
|

~

l

! |
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p
\m,e 1 subsequent to that, and also the conceptual design for a

2 spray system 1 this particular configuration, if it is,

3 deemed necessary and important.

4 We will,,also report on a revtew of the hydrocen.

~

5 detection systems and the literature survey by about tha

6 October 30 deadline date.

7 Some of.the problems we have already considered

j 8 that have already come up is what is the influence of glow

9 plug location on ecmbustion -- this refers to the tendency

10 for the stuff to propagate upwards in the presence of
,

11 concentra tions below eight percent -- whether er r.ct a

12 tur.k ule n t atmosphere in the tank is decirable; whether you

(''N 13 vant to leave the f an on or shut it off; the revaporization

14 of the condensed water adversely affecting sampling we-- -

15 have already addressed tha t -- the homogeneity of the

16 mixture, we get an indication of that by sampling at various

17 points within the containment vessel itself. And then the e

18 last question, of course, which is one of price importance,

19 how this can be extrapolated for use in representing a real

20 containment.

21 .What we intend to deliver to the NFC is a report

22 of the hydrogen detection monitoring methods, the results of

23 our combustion literature survey, and for the various

24 concentrations of hydrogen, air and steam which should be

25 abla to tell you, okay, whether or no t the glow plug will

| (m)
\

|
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C
1 function -- function meaning will it light the mixture up.

2 We do thnt by providing the pre- and post-ignition

3 tenceratures and the concentration of the major

- 4 constituents, ini.,we will ma ke an attempt that if some high

5 pressure wave dces propagate throuch the system -- finally.

6 th e energy input to the igniter and its temperature

7 (Inaudible).

8 That is all ! have to say.

9 MR. SIEGEL: Will there be any thermal

10 instrumentation on the glo w pl ug during the course of the

11 tert?

12 MR. ECWMAN: Just a thermocouple, yer.
,

'''
13 NE. SIEGEL: You ought to be able to tell from the

'
14 thermocouple whether ignitien .is occurring. That will tell -

15 you instantaneously whether ignition is occurring.

16 MR. ECWMAN4 Sith the response time of the

17 thermocouple. 'Je probably pick it up en the pressure

18 indicators sooner.

19 MR. KERR: As I look at the schedule and after

20 conferring with Mr. Tinkler, who assures me that the next

21 presentation will require at least an hour, it seems-to me

22 this is a sensible time to break for lunch. So I am going

23 to break and reconvene at 1:30.

24 (Whereupon, a t 17:30 p.m., the mee ting was6

25 recessed for lunch, to be reconvened at is30 p.m., the same

OO'

I

|

|
'
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1 iE1EEE&GE E11EICE'

.

3 2 (1 30 p.m.) ,

i 0 'f R . E RR4 It has been called to my attention that
!

'

4 there are people who think it ic rather warm in this rec =.

6 And the conclucien, af ter c .ref ul investigatica , ir that you;

6 people are making tec =uch heat. Sc I want to urge that

! 7 everybody think cool for tha rest of the day , and we will

8 therefore not overload the F.ir conditioninc system quita as
.

9 much.3

1

] 10 If air conditioning caly meanc cooling to you, you

11 have a limited ;ercsective. :: als: can z.ean heatinc. Anc,

i
'

12 I think, I think that's whs+'s *.appening te ours.
j

-

'
13 Mr. Tinkler and Mr. Jenz, perhaps --

d
14 MR. T!NKLERs No, dr. Cyhulckis. -

1

s 15 MR. KERR: r. Cykulskis, ekay. You lead off? Or

9 16 ( 3es he lead?
4

17 MR. !!NKLER: I'll lead off.

18 'R. KTRRs Ckny. .Tnd he, he comes in as a relief

19 pitcher.

20 (Taure)

; 21 MR. ?!NKLERs This pcrtion of the prerentation |

22 will de.'1 with the analytical efferts which have taken place ,

s

23 to date in orde-r to evaluate the role of the igniter syste.T
1
4

24 and mitigating the consequences of a degraded ccre accident,

25 specifically, for the Sequoysh plant.

!

l

{ _
!

!'
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1 As a point of reference, we're showing a slide

2 which cutlines the capability of the Sequoyah containment,,

4

3 as calculated by various organira tions. T V .2 calculated a '

' - 4 yield of 33 and an. ultimate strength for the containment of

5 approximately G3 prig. Aner (?) calculated a clichtly

6 higher yield pressure. RED Associa tes calculated a slightly

7 low 9r yield pressure,.using minimum code values for the

8 yield strength of steel. .tnd the Office of Research

9 calculated a simila r number for the yield pressure as

j 10 compared to TVA.

1 .' ;; I ray, this, this slide, is presented as a

12 poin t of comparison for the presentations that will proceed.

(' 13 after tr.is.
'

ts
N-

14 To date,-the bulk of- the analysis has been done by -

!
15 Eattelle/ Columbus, using the MA?CH code, and by TV! through

,

>

16 055, using the ClAS!X ccde.

, .7 At this time, Mr. Cybulskis, from

; 18 Ba tt elle/ Col um b us, will provide a discussion of the results

19 obtained for the Sequoyah plant using the MAECF code.

20 After that, I'll return and discuss the ClASIX

21 results. -

22 (Pau. '

23 !'. c' < *J15K IS : Goed afterncon. Fy name is Peter
'

24 Cybulskis. I r.r with Eattelle's Columbus laboratories. And,

25 this af ternoon I would like to describe briefly the very

(
\ /
%d<

s
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'

%' 1 short study o n the behavior of the recueyah containment
1

! 2 assucinc intentional ignition, using the MAFCH code.

3 ! had described the ? ARC" ccde to the Committee,

- 4 July 2nd , in los Angeles. Jo I really hadn 't intended to

5 get back to th*t peint. lut cince there were a nucher cf

i 6 questions raised, let me very triefly ray at least a few

7 words about what 'dUCH dcos as int:-nd ed t o d o .

8 The initials "MA?C"" stand f or 'Teltdown !ccident

9 Responso Characteristics. N A ?.C H is an outgrowth of the work

10 that we did for the reactor safety ctudy, in which there

11 wera 3 li:ined untar cf cc;puter pccis developed to treat

12 th e meltdown accident. Since,that ti:c we have don.a

13 substantial additional werk., which hac led to the
\
b

14 development cf MARC'i. -
'

15 'J h a t ZAFCF trier to do is the thermal hydraulics

J

16 of a core meltdewn accident, sta rting f cm the initiation of

17 the event, through co're heat-up, core meltdown, pressure
,

la vessel melt-through, and in te rac tion of the core debris with

19 the concrete ultinately. TProughout the coursa of the core

20 heat-up history, 2:RCH is continuously coupled to the
;

21 containment, where it keeps track of the containment

22 pressure, temperature, com;csition of the atmerphere, what

23 ha ve you, takin; into account static heat sinks and those

24 engineered safety faatures that might te applicable, which
|

25 may include spallies (?), containmant ecclers, ice ;

'

\~ > |
|

-

1

i
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Ok/ 1 condenser, et cetera.s

2 It is a systems code more so than a detailed code

3 in any one area. As I said before, it attempts to treat the
|

4 en tire meltdown accident scenario. It does have a let ofj

5 approximations in it, for varicus reacons, cometimes because

6 the knowledge is not adequa te to describe things exactly; or

7 in some cases va have included bounding natters, in other

8 cases we have included a pproximations f or convenience; and

9 at other times there are phenomena that we feel are not
.

10 important, so we have not chosen to trsat th en in great

11 det.il.-

12 In the limited time here, I don 't want te get into
,

'"'
13 great detail on %AECH, unlans there are some specific

1

.

14 questions. -
-

15 In terms of the treatment of the con tain.9en t , '

16 % ARCH is a -- has a capability of treatine the containment

l'7 as a multi-volume system. Mcwever, and the inherent

18 assumption in MAECH is that the -- most of the preccure)
.i

: 19 rises within the containment take place slowly and that the

20 p ressures can ecuilibra te th ree compa rtments. There are

21 some exceptions to that approximation, particularly when we

22 get into the a reas of containment plumting and the

23 containment failure. But, in ganeral, the assumptica is

24 made that the inputs into the containment and the crascure

25 rises are slow anough that the .cressure within the entire

L

1
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\s- I containment structure goes up and down essentially uniformly.

2 With those brief words on MARCH, let me get on to

3 th e work related to Sequoyah.

- 4 MS. KEBR Excuse me, Mr. Cybulskis, would you be

5 willing to comment triefly, at least, on where these

6 assumptions make sanse for the ice condenser' containment and
'l

7 the prcblem being a dd ressed ? That is, how good an

8 approximation do you feel that is, in light of this

.

9 structure and the problem?

10 MR. CYEULEKIS: Tha -- I don't have any creat

11 difficulty with ap;1ying /TTCF tc the type cf structure that

12 ve have here. With regard to ,the specific problem that we

13 are discussing today, the hydrcgen burning issue, you de run

! \ ''
1-4 into limitations. -;nd the limitatiens have to dc with the -'

15 duration of the burn, or, if you will, the flame velocity.

16 If the flar.e velocity is relatively slow and the burn takes

; l'7 10, 20, 3C. seconds, then that is more than adequa te time for

18 the pressures to be essentially equal in all compartments.
.

19 When you start talking about flame speeds correr;cndin7 to

20 burn times of one second or lass, or of that order, i nen I

21 would have to quertion the eff ective equilibrium

22 a p pr o xima tion .-

23 "E. EIPF Thank you.

24 MP. LEE: ! may come back to that point ence more,

25 you did indicate earlier in the mornine that, indeed, usiny

\~-)
:
i

|
l
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C)\' 1 MARCH code you perhaps differentiate or extrapolate, like4 %

2 you say, from a small test environment to a large

3 containment as to the speciel effect whether the burn front

- 4 could be assumed to propagate heat, especially, and so on.

5 50 CYSULSKIS: 'M , I'm scrry, that is a
3

6 misu nders ta n din c . 'a'e d o n o t treat the details of the

7 propagation of the burn front in the 'f AECH ccde. In the
,

8 MA?CH code the composition of each compartment is assumed to

'
9 be homogeneous.

10 "ow, the thing tha t we can do in MAFCH, and I will

11 get inte that in the things that we h a v.e done, is, fc any

12 given composition of, say, hydrecen or steam, we can make

13 assumptions about the point of hydrogen ignition and tha'

~

14 completeness of burning. And.this is where the snsil-scale -

15 experiments, hcpefully, will cone into play. Eight now wf

16 have taken basically a parametric study, using perhaps a

17 certain amount of judgment and using the information that is

18 availabla in the literature as to the turning

19 characteristics.

20 Doine the small-scale experiments we discussed
,

21 earlier give us some data points. For example, at 6 percent
,

22 mixtures only half the hydtcgen would burn. Then we would

23 input those parameters inte ?.APCE in specific places and

! 24 track the effect of that type of burnin; thrcuchcut the

25 entire co ntainment volume.

O
\w

1
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1 The thing that you -- that M:ECH does that th e

2 small-scale experiments don't tell you is what is the effect

3 on the entire system of burning, say, in one compartment and
i

- 4 then expanding through the ice condanser into the other
i

5 compartments. 'f you -- we can go ahead and make the

6 assumption that all compartaents have the same composition

7 and everything turns at once, then the MAECH resultr, say,

8 in terms of peak pressure, should be very similar to tha

9 experiments in Jmall scale.

10 2ut that, I don't think that would really be

11 particularly interesting. think the poin t of interest is,~

12 given icnition, say, in tha lower compartment, what happens
'

M 13 in the system as a wholc. That is the type of thing that we

\"/
14 need a code like "1?CH or CIAE.IX or some other code. -

15 Did I answer the questions

16 MP. LFE: '"o a cer tain e xte nt . Eut one of the
1

17 concerns I raised was4 if the burn was propagated more or 4

18 less in a vertical column of some kind, without a lot of

19 la te ral propaga tion --

20 MP. CY B ULSKIS : Yeah. Let me --

21 MR. ITE: then what does a code like MAFCE tell--

22 in such a scenario?,

,

23 ME. CY3ULFKIS: ilell, let me -- this is somewhat

( 24 of an aride, but let me throw up a transparency, fer

! 25 example, that perhaps might shed some light on it.

sv,
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N -) 1 This is d ata paperback , Turno et al., U.S. Eureaum

2 of '41ner data, that I'm sure nany of you have seen. And as

3 far as I know, there are no t too many people that argue with,

4 this, this particular data. But what it indicates is volu=e

5 percent hydrogen versus the pressure inc rea se . This

6 particular curve is a calculated constant volene burninc ;
;

7 curve. It's easy to reproduce. It's a fairly
i

8 straightforward calculation. You can even do it with a

9 sli ?. e rule if you're so inclined. A hcne calculater works

10 be tter.

11 And this, this is the e xp c-rir.e ntal da ta under a

12 particular set of conditions a,nd using a particular ignition

('"'s 13 source. And without gcing into great detail, what this
t

'

14 curve tells you is-that the n e.x t regicn, here, if you get a -

15 composition in this region , given this ignition source, you

16 will get complete combustion. "he flame will propagate

! I'7 upwerd, dcwnward, sideways; there is no problem, the mixture

18 is rich enough.

19 In tnis mixture here, between 4 and approximately

20 8 percent, you will only get upward propagation and

21 incenplete combustion. And this is the point that was made

22 ea rlier this mornin g.

23 And right in the steep part cf the curve, the --

24 it's the tricky part, where ycu may or may not get complete

25 combustion, depending en a lot of factors, including the

('']T
'

:

s.~
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\'/ 1 ignition source, and, in fact, it may not be as reproducible

2 as you would like to have..,

3 In the -- as I understand the procram, in the
.

' - 4 small-scale experiments, what it will be attempted to do, if

5 you vill, is definition of a similar. curve, but it wasn't

6 presented in this context, usino the particular glow points

7 then as igniters.- And if it takes a 12 percent composition

8 to ignite reliably, then I think we vecid feel fairly

9 confident th a t the ignition will go to completion, whether

10 the compa r tm en t is large or small.
.

11 '' E . LAWFOSKI: Is that a sub 1 a tsosphere a t the

12 start?
,

13 MR. CYBU1 SKIS : This particular atmospherei --v) ~

~

14 MR. 1AWROSKI A little pressure? -

! 15 MR. CYBULSKIS: Y,s.

16 MR. LAWROSKI What could you say about it if you

17 started out with, say, three or four atmospheres?

18 MR. CYEULSKIS: I think, based on what has been

19 published in the litera ture over the yea rs , the pressure

'
10 itself has only a small ef f act on the flammability limits.

21 Of course, the final pressure would be higher,

ZZ depending on what initial pressure is. But that's agai." a

23 very straightforward calculation. There's nothing,

|

24 particularly secretive about that.

3 MR. SIRFELOW: If I can answer that, any flama

]
s.-
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N-./ 1 system that has a lo w flame tempera ture , and this limit

2 flames are lo w-flame-tempera ture systems, there's hardly any.

3 dissociation. And that means that if you doubled th e
.

4 initial pressure, you'd double the final pressure,

f 5 essentially; I mean, you'd raise the final pressure by the

6 same amount proportionally. It's almost one-to-one; there's

7 hardly any deviation f rom that.

8 "P. SEAlE So thase delta -Es would just sit on

'

9 top of any residual?

10 F. R . C TR IE L0 k's Well, if you have two atmospheres

11 exactly, ycu end u; with twice the delt;-Is.

12 y, R . y 2.EK s Could you gust give a simple, one-word

13 answer: Does MARCH calculate the hydrogen generation or take

b
14 it is input? -

-

15 7. 3 . CYBUlSKIS: M ARCH calcula tes the hydrogen

16 generation. And --

I'7 ME. " ARK: Taking account of the amount of steam?
I

18 MR. CYBULSKIS: Taking into account the amount of

19 steam, the temperature of the core, the conditions in the

20 core at the time, it generates the hydrogen in the primary

21 system, releases it from the primary system to the --

22 YR. FAEK How does it handle the fact that the,

23 steam might not be -- I mean, your reaction rate at 4000

24 degrees -- it 'll calcula te the hydrogen-steam mixture coming

( 25 out of the top of the tube, for instance.

O)\J
,

i

i
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1 MR. CYBUlSKIS: Yes.~~

. 2 MR. YARK: And one could get 6.he input state of

3 the gas, and you do get that when you cc into the lower

4 compartment?

-5 "P. CYEULSKIS: Yes. The -- what MARCH attempts

6 is, in terms of the hydrogen or steam or wha tever is coming
-

7 off the top of the core , it wou3d come out at a particular

8 temperature, and if the core is very hot, these gares are

9 very hot, they would mix with the gases that are already in

10 t h t. system and transfer heat to structures, et cetera, and

11 then, de;endin; on the accident sequence, in a large break

12 you would hsve an easier path ,to the containment than you
G

(v)t
13 would in a cmall break, but it tries into account the path

14 that it has to taka to the con.tainment and introduces the -

15 gas at the appropriate conditions -- at the calculated

16 conditione.

e 17 MR. YAEKs So if there's only little steam coming,

18 then there'll be very little hydrogen cenerated?

19 SR. CYSULSKISs That is correct. And, in fact,
,

;

20 that is what we find in most of our calculations, that the

21 extent of reaction, or really the rate of reaction, is

| 22 controlled by the a vailability of steam, except for the
|
'

23 initial phases of the accident.

24 Now, I must footnc te that, or asterisk that, in

25 the cense that most of the calculations we d o , of course,

\:

l \~-
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m
1 are meltdown accidents, where we define an accident sequencem-

2 and let it takes its natural course, if there is a natural.

3 course; we generally do not try to arrest the melt.

, - 4 "R. LAWRCSKIs Could you put that curve back on

! 5 again, plaase?

6 If I increased the starting pressure, wculd not

7 the -- what you show there as taking off rapidly, at abcut 9

8 percent, wouldn't that drift to the left more?

9 MR. CYBULSKIS: !!o t -- not necessarily. It

10 depends -- if you raised the pressure uniformly and you did

11 not changs the ec:pecition of the cacec, it vculd net drift

12 very much.
.

(~'N 13 .a d let me see if I can lay my hands on -- onn

('"')
14 another slide, which you have.scen many times, and this is

15 th e , basically the Phapiro <offette curve. And this, this,

16 the dark line, is a t one atrosphere. :nd the other lines.

l'7 are, one is increas'd temperature only, and the second linee

18 is increased temperature and pressure. And as ycu can see,

19 the flammability limits -- or the -- built very rapidly with

20 with increasing pressure, the temperature does scmewhat.--

'

21
' Any other questions or comments?

22 MR. LEE: Can you end up with a very hot hydregen

23 gas, depending en the accident sequence?

24 "R. CYBULSKISs Yes, you can, riepending en the.

i 25 accident sequence. And if the hydrogen enters the

v
.
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\
b. 1 containment at a very high tem perature and there 's oxygen

2 present at the point of entry, you could expect ignition to

3 take place without any cth er e vents .

4 MR. LEE; (WORDS UNINIELLIGIELE) number?

5 YD . CYBULSKIS: I'm scrry'

6 ME. LFE: Can you venture to give a typical number

7 for th7 t't

8 YR. CYEULFKIS: I believe the spontanecus ignition,

9 tedperature of hydrogen in air is a number that is fairly

10 widely available, and if my memory serves me correctly, it's

11 around 1100 de;reec Fahrenhsit.

12 ME. LIE: And hydrogen temperature, typicc;1y, you,

! %s

]
13 cet in the --

:| v
14 ME. CYBULEKIS: That would have to be the hydrogen -

15 teaterature to get spontanec us ignition upon contact with

16 air.

1 17 MR. LEE: Eight. But I mean the tempera ture cf

; 18 hydrogen t!.at you cet typically out of M.A.FCE cede ?
,

19 MR. CYSULFKIS: They can he -- in our -- it would

20 depend en how ycu defined the problen. If ycu defined a

21 large LCC A hot leg break, then you'vould, essentially, come

22 out into the containment maybe with 3000 degree Fahrenheit.

| 23 If you define a small bresk or trancient where the gas cces
1

24 through a long length of pipe and through the stea:

25 generatcr, then the temperature world he down, centrclied by

|

!
! -

|

|
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(m- 1 the structural heat sense; it may be 500 or even less.

2 MR. LEE: TMI-2? Can you venture --

; 3 MR. CYEULSKIS: In ThI-2, as we analyzed the
.

- - 4 ?.ccident, all the releases teck place thicuch the

5 pressurizer water, so they would have been a t the

6 pressurizer water temperature, which was relatively low.

7 M2. ETR E'di G E s If I cculd interject an answer to

8 Mr. La wroski's question, Ga ry and I were just talking about

9 this, and if you're talking about an ordinary flame, like

i 10 propane or somethino like that, the lein linit is unaffected

11 by pressure, ereentially. "e problo ir that the -- this.

12 steep change in curve behavic: there is due to a number of

13 different phencmena than are usually apply -- or, usually

14 cccur in an ord: nary f.la me , so. we dcn't know which way it -

'
15 would go.

16 2R. L,2.'4RGSKI: ctay.

17 MR. STREHLOW: The answer is: ycu'd have to do

18 experiments at nigh pressure. Th e re 's buoya ncy forces

19 involvec ; there 's pref eren tial diff usion involved . Roth of !

20 these are pressure-dependen t. And it's toss-up in the air,

:

21 new and as.\ which w ay the wind is blowing.

22 MR. KFER: You're saying a very thorough

23 lon7-range research progra should be carried out in this

24 area?

i~

25 "R. STR EH10!i: Y9: .

O
C /,

.
v

|

|
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i o li 1

V 1 MR. LAWROSKI: Freferably in Illinois. But thank-

1

2 you.
;
,

3 YR. CYBULSKIS: The work that I'm about to '

- 4 describe is a relatively short effort. And I understand,
;

5 from discussionn with the ??C raprecentatives, that we will

6 they will be askin7 us te do further work. So, in that--

7 sense, we have run a finite number of computer runs; we have ,

8 not run perhaps as many as vc would like, or as many as

'
9 we're going to; in that sense, the results are preliminary.

i 10 Just for reference, this is a cross-secti.on o f th e

11 Tequeysh centainment. In Our Y'.ECH :oisline wa racrssented

12 it as a two-volune system, the lower compartment and the|

l

I

' O 13 upper compa rtment. The volume cf the ice condenser in our,

14 the way we modeled_it was included with the lower -

15 compartment. And the ice condenser -- or the heat removal

.16 flux associated with the ice condenser we modeled at the

17 junction between the two. And just for reference, the

18 dividina line between the two compartrents is rouchly like

19 this.

20 I don't recall the numbers exactly, but I believe

21 it's something like 390,000 cubic f oot in the lower

22 compartment and about 900,0C0 cubic feet in the upper
i
'

i 23 compartment, give or take a little.

| 24 The accident requence that we used as the -- for

25 the basis of analysis was S^D sequence, which is a s::'a ll

'
I v/

.
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sl 1 break, the f ailure of the emergency core 'coling injection

2 system. As I indicated before, the sequence ir that it ran,.

;

3 we let the sequence ;roceed , to meltdown, failure of the

4 vessel head, and a droppin; of the core into the reactor-

5 cavity. This is really not a point of interest, as T

6 understand it, to the discussion here; however, that, we

7 made no attempt to arrest the acciden t , at least, not in the

8 shor t-tarm ef f ort.

9 And just to give the perspective of what we're

10 talking about, we have the core, given this type of

11 accident, ve have 20re uncevery at 43, tcp of the core

12 hecinning to uncover at 43 minutes into the accident, start

13 of melt at 62 minutes, and slumping of the core,

\
14 approximately a half hour late.r. The ti.e required for the .

15 entire core to slump into the tottom of the reactor vessel

16 is a function of modeling assumptions. This represents a

17 particula r set of a ssumptions. It could be different. e

18 That 's one area where we don 't know very much now.

19 Goinc on, this 12 just the pressure transient for

! 20 this accident, without any hydregen burns, just again to put

. 21 things in perspective. And we 're primarily interested in
i
1

22 this region here where the pressure is staying constant. At 1

23 this point th e reactor vessel f ails and you're in a

24 different sort of situation.

25 There a number o f slides f or this accident

\
/v
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A
1 sequence in the handout. I won't bother to go through those--

2 unless there's particular interest in any of them.
.

3 Having done the no-burning case, then we looked at

4 the - what wobidshappen under different burning

5 assumptions, different ignition limits, et cetera. And let

6 me just give a series of slides that are more or less

7 typical, before I get into the overall results.

8 All right. This carticular -- here again we have

9 pressure time history in the containment for a particular

'O sequences ignition essumed at 1C volume percent; hydrogen

11 turning tc ccm;1eticn -- s rurn time of five seconds, !'

12 believe, burning only in the icwer cor.;artment. And on the
,

%

} 13 tine scale that the computer spits out, you can barely see
*

%/
14 the little blipr, these are the 10 percent burns that you

''

15 see, you get very small pr?ssure releares under these
i

16 assumptions. The large pressure spike is arsociatad with

17 the head failure and release of large amounts of containment

18 to -- hydrogen to the containmert.

19 Correspondino temperature courses, this is again

20 in the lower compartment, you see whenever you get the burn,

21 you get scmethina like 2500 degree temperatures in the
|

22 atmosphere of the lower compartmen t; th e y are rapidly

23 reducer by the action of tho recirculating fans blowine the

24 air around through the ice condanser, at cetera.

i 25 Juit 'or interest, if we lo c:<. at the partial

v

i
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1 pressure of hydrogen, which just repeats what we 've seen in'

!

2 the other slides, it builds up to our assuced ignition

3 limit, burn to completion, builds up again, burn to

4 completion.-

5 The rarticular case tha t I'm talking about here,

6 as I indicated, was ignitica at 10 volume percent hydtcgen.

7 And let me go on to the mass of ice in the containment for

!
8 this particular case. During the boil-cff phase of the

9 accident, the ice is depleted'at a relatively slew rate,

10 becausa the input into the ice bed is controlled by the hole

11 sina, effectively. 'i h e n 7 0 0 c c- t into th hydregen turn

12 regime, you see small stuff releases in the amount of iceage;

|
' C 13 down by the burn; and of course when the head fails and

i
\

14 th ere 's a la rge burn, you deplete the ice bed completely. .

i

15 "R. LEE: Do I unierstand correctly from the

16 series of slides that a hydrogen burn in this particular

17 sequence of action dcasn't maka whole lot of difference?

18 "R. CYBUISKIS: Under this particular set of

19 assumptions, you gat very small pressure increases in the

20 containment if you turn at 1C volume percent in the lower

21 compartmo:'t.

i

22 2P. IAWRCSKIs Did you say that this is the result
,

23 when the head fails?4

24 M3. CYEUISKIS: Ehen the head fails and releares

25 th e re st of tha hydrogan into the compartment, it's well |

\

(
,
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(M
),

\s / 1 above 10 percent, it burns, and you get a very high pressure

2 s pik e . But tnat assumes completu core meltdown, which is

3 basically what the MARCH calculation is intended to do , as I

~ 4 indica ted bs+ ore.- 'd e -- f o r the purposes of this brief

5 ctudL, we made no attempt to arrest the accident in any way.

6 M3. LIE: Short of complete core meltdown, what

7 kind cf impact could we expect from hydrogen burn?;

8 MR. CYEUISKIS : 'W e ll , that -- let me get on te my

9 summary of results and that perhaps will answer your

I
10 question.

11 _et ne just thrcs up cne cther slide. 1his is :ct
*

12 a slightly different -- well, _for a cace where we assumed

/~' 13 ignition at 8 volume percent and only burned dcwn to ar
\ .
''

14 volume percent, the burn limit. And you would get more '

15 spikes, obviously, since you're burnine less hydrogen in

16 each start and with that particular set of assumptiens.

I'7 You 're starting to approach the -- more er less a continuous

18 combustion of the hydrogen.

19 Let ne throw on this very busy slide here. And

20 those of you that don't have handouts may not be able to

21 read it. Arclogize for that. That's basically a summary of

22 the runc that we conducted for this initial study.

23 What we locked at were the assumed ignition point

24 in terms of volume percent hydrogen -- we looked at 10, 12,

25 8, 4 percent -- and the assuced burn linit in terms of how!

l
1 -~ '

; r 4

N|!

|
|

!
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O
s- 1 far down in hydrogen concentration. We burned -- in most of

2 the cases, as you can see, we assumed complete ccabustien of

3 the hydrogen. In a number of the cases we assumed that it
.

4 burned down to-the nominal flammability limit." -

5 We also looked at the duration of the burn , er the

6 burn time, which corresponds to some assumptions about flame

7 velocity, and within the con text of what we 're doing here,

4 8 it didn't seam to make an awful lot of difference (WCEDS
!-
|

9 UNI!i TELLIGIB LE ) . But in the presence of the ice, the ice

10 tends to overwhelm the energy release and you don't see much

11 of -n effect.

12 Next factor that we locked at was the flame
_

["'N 13 propagation. Cince the hydrcgen is released -- from one

14 compartment to the other, so flame propagation from -

15 compartment one to two or vice~ versa -- since the hydrogen

16 is released into the icwer compartment, ycu would always

l'7 reach your set point, or your ignition point, in the lower,

18 compartment first before you wculd reach it in the upper

19 compartment. co what happens is, you burn the lower

20 compartment down to zero, if that's the case, and then some

21 of the hydrogen in the upper compartment, which is not at 1C

22 percent, blows back down, ycu generate some more hydrogen,

23 so the lower compartment kee ps buildine up to 10, while the

24 upper compartmant tends to lag behind, though its leval ofr

25 hydrogen increases in a period of time.
i

| \~ /
i

.
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O
k_- 1 So in most of the cases we assumed icnition only

2 in the lower compartment. In some of the cases we assumed

3 that the flame would propagate into the upper compartment.
.

4 That was an assumption, that, in fact, it would propagate;

5 there 's no mechanistic calculation to indica te that it wculd

6 or wculd not, though, in fact, if, say, you're talking about

7 10 volume percent hydrogen , in the upper compartment you

8 would probably be talking abcut significant levels -- I'm

9 sorry, if you have 10 vo.lume percent in the lower

10 compartment, you would have significant levels in the upper

11 compartment alsc.
u .

12 And looking at the results we get, I think they're

I 13 fairly straightforward. that we see is, if we burr only in
'

%
1-4 the lcwar compartment and let the' hot cases expand th ro u gh ~

.

15 the ice bed into the upper compartment, we get very nominal '

16 pressure rises. And that's not too surprising, since the

17 lovar compartment' is a smaller volume, you're burning a
| 18 relatively small. amount of hydrogen there, you're takino

19 advantage of the ice heat sink as well as expansion volume

20 in the upper cenpartment. Tnd the preccures that we're

21 talking about here are just a few psi pressure rises.
I

j 22 If ycu make the assumption tnet the flame

1 23 propagates into the upper compartment, then ycu get

24 sionificantly ha cher pressure rises.

25 The -- in the last three cases in the table, we
i

<
*

| <>
l

i
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Ns/ 1 arbitrarily reduced the amount of ice in the containment, to

2 see what we would predict in the absence of ice. So, in

3 these three cases, the ice was cone long before the hydrogen

4 came along. In the case 17, we still get a modest pressure

5 rise compared to what it veuld do if it vers, cay, an

6 adiabatic combustion. Ca s c- 16, we modified the treatment of

7 our suspended water droplets in the atmosphere, basically,

8 reduced the amount of water in the atmosphere, and we cet

9 s6me increase in predicted pressure but still a relatively

10 metest increase. And in the last case there, we let the

11 fit e propa~ ate into the -- 50:5 corpartmentr, :nce it

12 started, and th en you get sene r ela ti vely high pressure

[[ 13 generated again.
\
' ~ '

l'4 But think the conclusion, based on this -
-

15 relctively limited set of runs, ist given ignition, and if

16 the turn takes place only in the one compartment, ycur

l'7 prassure, overall pressure releases are quite modest. And

18 if you compare the column marked "PT," which is, if you

19 will, the actual pressure, against the "PNEW," which is the

20 adiabatic pressure that you would conduct, you'd see quite a

21 sianificant effect of the centainment sprays and the ice on

22 the pressures that we calculated. .

23 That is -- I will stop there.

24 Yes, sir?

25 MP. SIEGEl: Sieg?1. Some of your latter curves,

f-wg1

!(V)
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/~'
k,,h) 1 I think it's, well, like the fourth from the last, which

2 shows the temperature in compartment number two, and there's

3 a period of, oh, like, five minutes after that precipitous

4 rise where the atmosphere is up around 1500 degrees-

5 Fahrenheit, as I read what I see there. Whet else is up at

6 this temperature? And how much of the mo' del that's used in

7 ca lc ula ting this is disappearing during those five minutes?

8 MB. CYBULSKIS: I'm sorry.

9 53. SIEGEla I mee.n, a re there fcns, sp rays, and

10 so forth?

11 "F. CYE"L MIE: Ihic, the ic: c:ndenscr, if th e
>

12 ice is there, ir available to remove heat, basically, in

''N 13 proportion to the flow through it; the sprays are on in this

'/ 14 particula r accident sequence, se they would be available -

15 except for those times when the -- there is ice available.

16 Basically, we can't -- the way the code is set up, we can't

l'7 have the ice and the rpray both.

18 MR. K7.RR s I think Mr. Siegel har some concern
,

19 about the fans cperating at 5000 degrees Fahrenheit.

20 ME. CYEULSKIS: k ~. ll , the -- th a -- the numbers

21 that you see there, the 1500 or 2000, whatever, is the

22 temnerature of the gases.

i
'

23 P. ? . SIEGEL: Yeah, I know. But in five ninuter
1

24 some recalibration will occur.

25 FR. CYBULSKIS: Let --

| #m

V
|
.
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s_ / 1 MR. SIEGEL: If it's just a narrow spike, I can

2 understand; it 's just the atmosphere.

3 MR. CYBULSKIS: Let me put on a slide that mioht,

. 4 perh aps shed scme licht en that questien.

5 T'm not -- I don't believe this in your handout;

6 and perhaps it should have been. But this is f or , I think,

7 the previous case 17, where we had the reduced amount of

8 ice. These are the surface temperatures of the varicus

9 structures in the compa rtment. The shell in the upper' '

10 compartment and the iron and concrete structures in the

11 upper compartnant -- lovar ccmra rtnen t. A r. d basically, What

f 12 we're seeing is, in this region, very codest temperature
b -

/''N 13 rises , 7.nd th en when you ge t the head f ailure it increases.
\
'

14 F.u t the heat ca p a c i t.y of the atmosphere is vs.ry -

'

15 low compared to the heat capacity available. Fo, basically,

la the temperatures that you see are of very short duration in

17 the atmosphere and they're rapidly dissipated by the

18 available heat sinks.
.

19 So this is perhapc indicative of what you might

20 expect given this set of assumptions.

21 ME. SIEGEL: ' The other question I have is related

22 to this. On one of your charts dealin; with the mass of

23 ice, I'm really quite impressed with the disappearance cf a

24 million pounds of ice in a very brief period. That, tec,

| 25 looks like a glacier fallin; off or something.

v
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,O
\ 1 MR. CYBULSKIS: It's a direct result of the energy '

2 input into the ice. Ncw, there I would suspect that there
.

3 may be room to question some of the assumptions of our

4 treatment of the ice condenser, whether, in fact, you

5 conduct that much ". e a t to th e ice . But the ra pid

6 disappearance of that ice, if, in fact, it is a direct

7 result of the large energy input associated, one, with the
1

8 release of the high-pressure and -temperature steam that's

9 in the primary systen, release of the remaining hydrogen and

10 the combustion cf that hydrogen, in a short period of time,

11 those reprecent rather cutctantial ascunts of energy.

12 MR. SIEGEla 2 ell,.}ow was the ice subdivided in

10 its initial state?

14 TF. CYBULFKIS: T h e -- the -- cur treat. Tent of the -

15 ice condenser is based on the experiments tha t were done

16 with Westinghouse -- o r , b y Westinghouse in the development,

l'7 of the concept. A r.1 in the tests -- and there may be *

18 k*estinghouse people that could probably describe it better

19 than I can -- but in the tests that were conducted, thef

20 measured -- they put steam through the ice and reasured the

21 effluent coming out of the top. And basically, what we have

22 done is represented the temperatures inlet and outlet, the

23 ice condenser is almost like a heat exchanger with fixed

24 outlet conditiens, based on the experL?ents.

25 Now, I -- as T say, there are probably p?ople
i

t ,a

|

| \~_/

'ALDERSON REPORTING COMPANY, INC.

!- 400 VIRGIN'A A'.-E. S.W., WASHINGTON. O C. 20024 (202)554-2345

-_-. _ -_ - . __ -



.- . . . . ..

1

169-.

\ 1 better qualified here to answer about the details of the ice

2 condenser itself (WCROS UNINTSLLIGIHLS).

1 3 MR. MARK: Could I ask what is just meant by your
.i

I 4 use of the ter " head failure": is that melt-thro ugh of the
,

5 bottcM of the vassel or so?sthing?

6 MR. CYSULEXIS: Y-s. That is the --

7 "2. MARK: Okay.

8 MR. CYSULSKIS: -- failure of the reactor vessel
:

9 botten.t

10 '' ? . SCHOTT: And tha t l's , that triggers release of

11 -- -here'r a concideratic marr cf hydre;sn tha t 'r t een ,,

12 already been -- represents tha oxidation of zirconium --

,

13 ME. CYEULSMIS: Fight. That's --

14 'd ? . 7CHOTT: -- whia ie withheld from the syctem. e

15 MS. CY3ULSKIS: That is correct.

i 16 MR. SCHOTT: But it's -- what? In sclution in the

17 --

18 MR. CYEULSKIS: Right. It's not in solution.

19 It's just that it's released to the primary system, and as
:

20 your rster level in the core drops <ioun, your boil-eff rate

21 of steam drops down, and, effectively, there is no , little
i
! 22 or no motiv+ force to pump that --
i

23 MR. SCHOTT: 7t's just the volume that's --

24 MR. CYSULSKIS: TPat's --

25 M2. SCHOTT: -- that's about that time h?en

Y -
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v 1 shielded off by --

- 2 FE. CYBULSKIS: Eight.

3 MP. SCHOTT -- (WCBD UNINTELLIGIBLE) that was

4 attacked.
'

5 '' E . CYBULCKIS: And when you're -- new, remember,

6 this is a small break case, the particular sequence we're

7 talking about; it's a two-inch break. You now cpen up the

8 entire tottom head and you ampty the system.

9 MR. RUBENSTEIN: heter,maybe you ought to place

10 in ::erspective revere core ::amage in relationship to the

11 time scr.le of whether the he ad fails. Severe core damage
>

12 primarily deals with scenarios which are terminater'. A. n d

13 S2D-2 ir a scenario which is unterminated.
'

14 M3. CYEULTKIS: That- is the point I tried to make -

15 in my opening remarks, tha t basically we made no attemrt, as

16 a matter of convenience, in this thing in pointing to some

17 results of, say, terminatinc it; we just ran the cede a s we

18 normally do it, which is a unterminated, or, if you will,

19 just let -- follow the sequence and whatever, wherever it

20 leads without termina ting it short of meltdown.

- 21 And, in fact, the resul';s f ollo win g head failure

22 represent complete core meltdown, ccmplete netal-water

23 reaction.

24 MB. SIEGEL: Do they include a core-concrete
|

25 reactien?

%
\v),

i

!
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1 MR. CYBULSKIS: In the particular calculations

2 that I presented today, there,is no core-concrete

3 reacticns. They would take place, well, basically, at about

. . 4 th e time tha t the calculatien anded they would start, te

5 conpound it. *

6 MR. KIER: dr. Senott?

7 "R. SCHOTT: Just two specifics here. The sets of

8 Vu-graphs in the handout deal with two cases, S2D-3 and

I 9 S2D-2. '4 h a t 's th e --

10 "R. CY3ULSKIS: FJ.ay.

11 MR. SCHOTT: -- *n.jor distinction. between those.

'

12 twc?

'$ 13 MR. CYBULSKIS: The S2D-B, in this case the "E"
\
^~-(| 14 stands for " base case": no hyd:0 gen burning whatsoever; the

.
,

15 hydrogen is generated , it sparked thrcugh the system, but we

16 did not burn it.

17 in the case of - "2" is the one where we burned

tE it. Case 2 in that case corresponds to case 2 in the table

19 of the kinds of conditions under which it was burninq.

20 MR. SCHOTT4 And- the other general matters in

21 these calculations there. is considerable pressure excursion ,

22 in the lower chanber where the burn takes place, th a t ' .s

23 relieved on some tice scale. Is the icwer chamber really

24 stronger than the total containment by some distinct amount?
!

25 :f B . CY2ULSKIS : I would defer that quastien to )

)' s-

|
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1 representatives of Sequoyah. Ferhaps they would care tc'

!

2 comment on that. |,

3 MR. TINKLSE: Ar+ you referring to -- can you tell
!

;
- 4 us what curve ycu're referring to?

5 YE. STHOTT: I'll try.
<

6 P. R . ?!NKLEP: Is it case twc?
i

7 MS. SCHOTT: Well, it is -- it says --

| 8 ME. CYEULFXIC: Whst are the labels? I --
.

9 MP. SCHOTT: Maybe I can't -- mayb e I 'n -- wa s

'
10 misinterpretinc something --

11 97. CYEULEXIS : "' hat are the labels in the graph?-

!

12 ME. STHOTT: Let's see. I nay have missed, just
,

| 13 missed, missed the significance of something ac it went by.
.

s
14 The temperatu re i n-compa rtar-nt- one, ths.t gets h,igh, but, -

15 presumably, the -- is the supposition there that the density

16 is low?

, 17 MR. CYBULSKIS: No, there is --
1

18 MF. SCHOTT: That the material has vented?

19 YR. CYEULSKIS: There is no suppositicn. The

20 temperature does, in fact, get high, but it goes on --

21 MR. SCHOTT But is the pressure not high when

22 that is so?
,

i 23 - :!P.. CYBULSKIS4 !;c , the -- the pressure is not
!,
- 24 co rr es po n d i.7 ply high, because the pressure is venting into
1

25 the ice condenrer and the gases are being cooled.

kx
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1 MR. SCHOTT Okay.s

2 12. KERR Mr. Lee, you have a question?

3 MR. SCHOTT Frobably it's --

4 12. CYSU.LSKIS: '.' h s t I tried to indicate, if you-

5 vill icok at ths t PNE'a column, that represents the adiaba tic

6 burn pressure.

7 MR. SCHOTT So are the --
,

8 59. CYBULSKIS: In that particular corpartment.

9 So if you want to look a t it as being a limiting pressure

10 condition for that compartment, that vill give you some'

11 indicatior se te hev hi;h the ;recrure ?.ight be if it were

12 not ventinc into the other co pertm9nt.
,

s 13 53. SCHOTT Probably what I've done here is just
'

14 -- is fc11 owed recethine toc late to the heed rupture. -

15 There is something here called " pressure in containment

16 volume nunber one," which is this lower probably, moinc up

17 to almost 140 p'i at 90 (UCRES UNINTELLITGIBLE) --s
4

18 MR. CYBULSKIS: That is following head failure.

19 MR. SCHOTT: That is. Okay, thank you.

20 MR. KERE: Mr. Lee?

21 MP. LFE4 I guess I still don't understand the

22 distinction between hydrogen burn pressure and

23 partial-pressure hydrogen in compartm ent number two and so

24 on?

25 ?.R. CYEULSKIS. The partial pressure of hydregen

d'

,

!

J
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V 1 is just thats the partial pressure that the hydrogen would

2 have at that particular point in time. That's just the --
'

3 MR. LFE: With or without the burn?
' ' '

4 ;f R . CYBULSKISs Without the burn. That is just-

5 the hydrogen occupies some --

6 MR. LEE: All richt..

;

7 "R. CYSULSKIS: -- some spaca; therefcre, it has

8 some partial pressure arsociated with it.

9 MR. LEE: But for the same case when you say
,

10 "hyd rogen burn pressure," what does it mean then?
,

11 't E . CY3ULSKIS: Ihe hydrogen turn -- cr the -- let

i 1:2 -- let me make sure the hydrogen burn pressure in -- as--

'
13 it's labeled in -- let te cce if I can find a appropriate

14 graph perhaps -- is really the adiaba tic burn pressure that
"

.

.

15 you would get if there were no heat removal mechanisms.
!

16 E. LCE: And if you had hydrogen burn?

17 MR. CYBULSKIS: Ye s .

18 MR. LFE But you just said there is uc hydrcgen
,

19 burn, because the partial pressure indicates it's rero

20 practically.

21 ME. CYBULSKIS: Okay. Which graph are you looking'

i

| 22 at?
t

23 MP. LrE Okay. I'll refer to it. Ecre'r one

24 that shews Sequoyah S2D-B.

25 "9. CY2UL?KIS: Right.

[ N
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1 MR. LEE: And the ordinate is partial-p; essure

2 hydrogen in compartment nunter two.

3 MR. CYBULSKIS: C V. a y , tha t 's -- it 's no t this
4

}
4 graph that you're looking at?-

' ;
''

5 Yo. Ires No.

6 MR. CYBULSKIS: Nc.
'

;

7 MR. LEE: No, that gets as what I'm most

8 interested, that's my second one.

j 9 MR. CYBULSKIS: Well, the one that' says " partial
!

j 10 pressure," there is no burn, but there is, obviously,
.

11 ' yd cqcn .

12 M2. LEE: Ect, then, if there is no burn, what is

13 it -- where do we get the burn pressure?

14 ME. CYBUISKIS: 'The.-- in care E, the adiabatic

1 15 pressure is calculated if it burns: if it burne what would

[ 16 he the presrura.

i
17 MR. LEE: Is that for lower compartment, upper

18 compartment?

'

19 MR. CY2ULSKIS: For both compartments, if it were

20 to turn at any instant in time, this is what the adiabatic;

21 pressure would be.
,

|
| 22 MR. LFE But when th9 --

23 MR. CYBULSKIS: It gives you soma perspective as

24 to .t ow significan t the hydregen might be, so that when you

' 25 run the next MAFCH case you know whether to run a case with

I
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I burning or not."

,

j 2 MP. LEES Are we looking at the results of two
.

3 different casec, then, although they are all, both labeled

* 4 case B? -

'

5 "E. CYEULSKIS4 Csse 3 is the same case -- as I

6 said, this is a "what if" pressure; we did not actually burn

7 it, but we asked the computer what would it be if it burned.

8 I don't think you -- you still look puzzled.
4

9 MR. L7 E s So the -- le t me try to go at it once

10 more so the effect of the or, the increase in pressure-- --

11 due to hydrogen burn over the initial part of the casumed
i

12 accident is something like 20 pci? Is that what?

13 MR. CYEULSKIS: I'm -- I'm still --

1<4 MP. L EE :- From this. From this transparency you '

,

15 had.

16 MP. CYBULSKIS: Just looking at this graph --

17 MR. LEES The first 60 minutes --

18 MR. CYEULSKIS Eight.

19 MR. LEES -- the increase in pressure due to
.

20 possible hydrogen burn is 2C pai or thereabouts?

21 .MR. CYBULSKISs It'.; -- it's -- no, in this

'

22 particular case it's raro, so that this really represents,

23 is the pressure. 'here is no burning.
;

24 MR. LEE But if you had burning?

25 ." E . CYBULSKIS: It can't burn in this point of

O
V,
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1 ti m e . To there 's no contribution of burn up to this point.

2 It hecomes flammable at this point here.

3 Fow, if it were to burn at this point,

- 4 ad ia ba tically this ic what it would be.
1

5 MR. TINKLERs I think it ought to stay there.

6 MR. CYBULSKIS: Ckay.
,

7 3R. Y.IBR: Are there other questions?

8 Ilease continue.

J 9 TR. CYEULSKIS: I -- that concludes zy discussion,

10 except perhaps to cay that we are plannino some further
i

11 studies, perharr a little ore parametric 2117 than we have
'

12 done, to try to better define the limiting conditions, if
i -

13 rou will, under which the containment may or may not be able

14 to 'ccommodate hydrogen burns, The details of those .

15 particular parametric studios are yet to be defined other

16 than they're in the works.

17 I don 't know whether you want to add anything to

18 that, les?

19 53. RUBENSTEIN: Well, we have the capability of

20 assuming certain hydrogen generation ra tes and burns, and,

21 what we 're goinc to try and do is anticipa te a ma trix which

22 we can plug our data from the Livermore and the Fenwa12

1
23 experiments into, to get sc e insight into what the '

14 pressures and temperatures would be as calculated by :#t?CH.

25 ??. KFRE: At various points, you and others have
i

\ .,
'

)
i J
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\ 1 pointed to the fact tha t this is an unverified cede and that

2 it has some approximations and assumptions in it and that it

3 is a s,ysteme ccde which attempts to handle a good many
~

4 phenomena simultaneously.

5 If you were going to assign confidence, would you

6 say that that part of the ccde that is treating the hydrogen

7 burn and the consequences thereof is more, or lass, or about

8 the same ac -- here, in a sanse, one is treating hydrecen

9 almost as a human input; althouch the code does calculate

10 it, it calculates it under c rather special set cf

11 circumstances. But given tnat you nave hydrocen, is it your
!

12 feeling that the turn and the_ pressure calculationc 1.'., say,

13 a Sequoya h-type con tainnen t. are f airly accurate? Cr do you
' ''

'14 have any connent on that?

15 MR. CYEUISKIS: I -- I feel fairly comfortable

16 about the way we treat the hydrogen burn itself and the --

17 say, the pressure asssociated with a burn in the specific

18 volume given, the specific composition. That part of it, I

19 think, is f airly straightf orward.-

20 Now, we do include hea t sinks in our subroutine.

21 The slab heat sinks, the spray hea t sinks, again I feel

22 ressonably comfortable; I think those are fairly

23 straightforward.

24 The one h eat cink -- and which, unfortunately, may

25 be the most important one ;- I have scze misciving is, and
\

'

I
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s 1 that's the ice bed. While the ice bed has been proven to be

2 quite effective in handling, say, steam blow-down , and I

3 have no reacon to question that, the way we have medeled the
4

4 ice bed, for also.these hydrogen calculations, is the same-

5 way as we did for the blow-down, and whether, in fact, the

6 ice bed is equally effective in creating, say, the energy

7 removal f rom the hydrogen flame, I don 't know and I don't

8 have any basis f or assessine it right at thic 30=ent.

9 XF. KERE Well', it appears to me that that is a

10 f airly crucial part of the calculation. And if there's a

11 la r;e uncertainty in that, would think that ene would want
'

12 to investigate that. How does the staff look at this part

g 13 of the calculation?

14 .'' E . PUBESSTEIN: We. feel much the sane way. -

15 I think, Peter, you want to talk about the secon1

IS half of the work that you'll be doing for us, which is

17 towards the verification. And I don't want to use the word
-

18 in the literal sense tha t Dr. Tong uses it experimentally,

19 because I think we 'll do code comparison, but we will be'

20 looking at that.

! 21 MR. KERR4 You'ra going to compare two unverified

22 codes with the assumption that if they both give the same

23 answer something or other has then been demonstratsd -- and

|
24 I'm not sure what.

I

i 25 :! P . EUBENSTEIN: We 'll try.

[m \

V
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\-- 1 XP. C120LSKIS: Let me just make a couple of

2 comnentc, if I nay, in this verification area. There are

3 facets of the ME.RCH code that are fairly easy to verify, and

- 4 some of this has been done. There are facets that perhaps

5 never will be verified. Let me just point out, fer example,

6 that the structural heat sink models that we use are the,

7 essentially the same as they are in the CCSTEMP! ccde,

8 vhich, ! believe, is an approved code. The heat transfar

9 coefficients frc'm the atmocphere to the structural heat

10 sinks, ! fo rget whose correlatien we use, my m e.? c r y fails me

j 11 for the m: ment, but thic p:rticular cci: elation has teen

12 shown by a number of people tc he conservative insefar as it

'T 13 does not trancfer as much heat to the containment -- to the
M

1-4 structure ac hac been experimentally observed. -

15 In terms of, say, the blow-dcun pressures that we

16 might predict, we have come highly simplified blow-down

17 models in our code that would predict the containrent

18 responce if we put steam in among other things. And the

19 results that we get are consistent with what we see for

20 sample roblems for CONTEMPT, for example.

21 So a number of thase things are really, either

22 have been or, in fact, are, easy to verify. The areas that

23 are difficult to verify and may never be verified, I think,

24 are some of the areas I alluded to in some of my earlier

25 presentations to the committee, namely, the core slumping

O
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\s / 1 models and that type of things. In those areas.the only

.

2 hope that you have of any kind of verification is a

3 comparison with somebody elre's code. Hopefully, we won't

4 have too many data points.

5 MR. EUEENSTEIN: Fut they're beyond the range of

6 interest, core slumps.

'

7 ME. CY2ULSKIS: In the particular discussion at

8 hand --

i n

9 %E. EUEENSTEINs This time --
i

10 YR. CYBULSKISs -- that is correct.

11 Otvicusly, th e -- in the work that I presented

12 here, ve just made assumptions that tha hydrcqen ignitas at

w-
13 certain levels and burns down to certain levels. These vere

14 assumptions of convenience, for the purposes of the study. -

! 15 and the experimental program that was described earlier
i

16 will, hopefully, shed some light into these areas. ~4e can

e l'7 then go back and feed that experimental data and repeat the ,

18 . calculations and see what it would make.

19 So, I guess, in su mmary , as far ac the

20 verification is, there are partc of the code that are, in

' 21 fact, verified or easily verifiable, there are parts of the

22 code that are not as easily verified.

23 ME. KERE: Well, as I have grasped the mass of

24 materici that 7 have heard today, I get the feelin; that the

j 25 MARCH code, given an energy input which would come fro.m
|
'

O)|. tv

i
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1 bu rnin g uniform distributions of hydrogen and air, can

1

2 probably calculate the prescure f airly accurately.

3 MR. CYBULSKIS4 Yes.

4 MR. KERRs That there's going to be an
4

5 experimental program to detarmine if igniters will ignite.
!

6 But at come point, it seems to me, one also has to determina
~

7 whether given ignition, one cats an amcunt of turning

8 necessary to prcduce the enargy input which goes into the

9 MARCH code, that is, given a burn in the vicinity of an

10 igniter, now does it propacate. And the code -- and you

11 certainly have not claimed tha t the ccde will tell you

j 12 anythine about tha t. It isn't clear te ne that the
i p~s.

( ) 13 experimants are going to tell one very much about that.
V

14 Where does that information ccme f ren ?
-

'

15 MR. CYSULSKISs 1 think the --

16 MR. KFER4 Or I'm missing some thin g .

17 MR.'CYBULSKIS4 The point that ! tried tc make, by

18 showing my first slide, which was really not in my planned

19 presentation, the Furno data, was that above certain levels

'
20 of hydrogen in air, in particula r, perhaps not in steam

21 mixtures, there has been data showing'that the contustion
,

22 will go to completion. And I'm not sure -- te th e best of

23 my knowledge, that is an accepted cenclusion -- I'm not sure

I 24 that we have te prove trat again.
.i

25 MF. KERR s So that ycu're saying that at comc

I
| t_
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Q 1 point one will accumulace a sufficient concentration of

2 hydrogen so that given an lenition at that point one has a

3 burn ?

. 4 "?. CYBUICKIE. Yes. And the burn will co to

5 completion. And I think the exp e rime nt s tha t livermore is

6 doing vill shed some li,ht on this for the particular set or
,

7 igniters.
.

8 If I might make a passing comment with rasult to,

9 the with respect to the Furno slide that I showed, !--

10 believe, if I remember ;he source correctly, these data were
3

'

11 shown for 1 single spark in a particular rixture. 2nd what
i

12 th e y found: that given a sir.gle spark in those very lean
~

p 13 mixtures, it did not burn at all, and you got these little

( 14 fl9telets that were mentioned .e2rlier, little balls of fire -

15 that sort of just rose up.

16 Another part of that particular paper, which isn't

17 perhsps as well known, is that they did do some er.periments

18 with repeated sparking. And when they did the experiments

19 with repeated sparking, they, in fact, founc that they could '

20 cet more complete burning than they did with just a single

21 spa rk , th ough the number of experiments in that area is very

22 limited.

23 So, I guess, the only thing I'm tryinc te point>

24 out thsre is that we're not completely in the dark en.

25 hydrogen behavicr. There in a base of knowledge available.

b
9
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(, 1 13. KERR Thank you.

2 Mr. Lee?

3 MR. LEE: Eased on your MARCH calculations, can

- 4 you somehow give me a rough idea what kind of benefit, or
.

5 reduction in pressure in centainment, ve can axpect if te

6 hava functional distributed igniters?'

7 MR. CYEULSKIS: Well, I come back, if ! may, to

8 th e , what perhaps is, to me, basically much of a haric

9' conclusion, thcugh I'm not sure that everybody would acree

10 with :.e , but if you let hydtcgen accumulate tc significant

11 qusntitier ir containtent of this type and then ;et

12 ignition, for whatever reason, a la Three hile !sland, or

13 wha tever, a t a significant concentratien, then you have a

14 very high probability of f ailing the containnent. And the ---

15 whole peint of the in tentional igni tion eff ort , as I

16 understand it, is to make sure that you never resch those

117 very high concentrations of hydrogen that can, in fact, fail

18 containment. What you're tryina to de is to keep the
3

4

19 hydrogen concentration down to manaceable levels. And the

20 manageable levels may not be well defined, but basically
4

21 what you're trying to do is keep the pressure within sexe

22 envelope. And a good way tc do that is to make sure that

| 23 the hydrogen doesn't accumulate to a high level.

24 MR. EUEEiSTEIN: Cne of the next precentations.

| 25 will address sete specifice in ter~s of pressure and
!

s
4

-

1
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} 1 temperature with the CLASIX coce for Sequoyah. !

i
i 2 MS. CY5ULSKIS: '4 ell , I won ' t keep you vaiting.
1

h .

Thank you, Mr. Cyrulskis.
|

3 MR. KERRs,

s s
: :
i 4 Th a t brings us, I believe, tc a presentation by --

.

!

5 or you, ycu're next up. b k s. y .'

. 6 t
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ss/ 1 MR. T!NKLER: This portion of the presentation

2 vill de.$1 wi th the analysis that has teen provided by T'! A ,

3 principally performed by CEF.

4 This slide says scme of the same. !t indicates,

'

5 that TVA believes that the study of igniters will continue

6 for about a year and they will cetermine sensitivity to,

,

7 critical parameters for various accident s c'e n a rio's , which

8 they tr+ waitinc for us to identify, in order to determine

9 the containment response for distributed ignitien system.

i 10 The 'ulk of the ce lcuala tions have teen done using
|

) 11 th e Cl? "!X cede. T' n cede is under devcicpnent. Tut to

12 summarire, we think the ccds contains the models that are

! '''h 13 necessary to prrform a calculation of the containment

'14 response. !t centains features typical for containments and -

15 features unique to ice condenser centainments.

16 This is a list of some of the capabilities that
|

l'7 CLASIX han. C1 ASIX is a multivelume centainment cede > It,

18 is not restricted to equal pressures. It can calculate
,

. 19 different pressures in different rooms. It has tha

20 capability to model a vent from the u pper compartment into

i 21 either the environs or can r.cdel a vent path directly from

22 tha upper compartment to the lower compartment, which vculdj

'
23 bypass the ice condencer.

24 It has an ice condenser acdel slightly ?cre

: 25 refined than tha 32?CH code presently uses. The ice
!
' n

f,

,

!'
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\
1 condenser model is similar :c that used in the LCTIC 3 code,

2 which is a licensing code uced by "estinghcuse CPS to
i

3 perform design analysis on ice condensers. And the ice

4 condencer heat-trancfer sc 91 is taken principally from the-

6 Wa lt 's Fill (?) test data.,

i

6 :: hac the capatality to model the recirculation

; 7 fans which draw suction in this case from the upper
i

8 compartment and dircharge 6, o the lower compartment in the

9 d e a d -end ed regions in the centainment. It has the
.

10 capability to cdel both the ' lever inlet and intermediate

11 d e c'r. decre. T'is ic ens of th e rear nr why y o u r. y get;

12 different pressurec, becausr: they act as check valves in
!

'

1 - 13 re ve rse directicn .

14 7 '. h s the ca p t b ilit.y to ".odel individual -

.

15 atmcsphere constituents -- exycen, hydrogen, nitregen'and

16 ste?n. It uses AS'#E values for saturated steam . 't has the

17 capability to medel sprays. It will model sprays whether;

| 18 thn ice is there or not.

19 !nput to the code can be in the form cf hydrcqen ,

20 nitrogen or pure heat additionc, and inrut vould aisc be

21 break ficw, steam water. !t har several burning control
.

22 cptions in order to determine the sensitivity tc the

23 icnition criteria or setpoints that you choose tc

24 investicate.

25 As I stated earlier, the TVA has previded

s.
-
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(ss 1 preliminary analytical results. These results are for the

2 small break 10CA with a failure of ECCE, tha SO
2

3 secuence. The rate of hydregen release to the containment'

4 vac based en a 51.?CE calculation previded to ~4ertinghouse.

~

5 Onset of hydrogen release war approximataly one

6 hour after accident initiation, and the hydrogen ccntinued

'

7 to be releasead for approximately 3000 seconds. They

8 released approximately 1550 poun?.s of h yd regen , representing

9 about 70 percent of the'zirc reaction.

10 The hace. case, vnich we will te lecking at a

11 little 'it lator, Srsumed -fdrecen erfruction wh?.- 90 vilure-

12 perrent hydrogen was reached in the varicus compartments.

('^ 13 They have done a number of censitivity studies regarding the
s

'

; 14 ai r return fan, turninq pcringters and ice availability. -

|

15 This is s list of the ba se case pa rameters that we

16 used. As I said, the CLASI\ cede celeclation begins when

17 hydrogen is released to containment, when hydrogen is
1

j 18 generated. Up until that time, in crder to initialize the

19 CLAEIX code, recults frem the ICTIC code, which is a review

20 and approve cod e. developed by Kestinghouse, and the initial

21 conditions, volumas, terperatures, preccures, the ice mass

22 at the start of the C11SIX calculation, heat transfer
t

23 properties, are taken ' rom the ICTIC analysis.

24 ? urn parameters, and we have several ef,them

25 listed, are usar options. ' hey are hyfregen for icnition

p
_
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O'N 1 within a compartment, hydrogen concentrations necessary for

2 propagation of the hydrogen burn into sdjacent compartments,

3 and the oxygen levels necesrary to sustain the ignition.
.

4 Those are the values that we used in the base case.

5 The sir return fans were modeled, both of them, in

6 the bas 9 case , assuming a constant capacity of 40,000 CF!.

7 The sprny system was modelad with a flow rate of 6,000 CPM

8 at a tenperaturn of 125 degrees. Trrays are modeled ar
i

9 droplets and $cdeled,a film coefficient to the droplets, a
10 value of 20.

I 11 The ice conder.ser drain temperature war

12 conservstively assumed to be j7 degrees. Ac I have said,
'

T 13 break release dr.ta was obtained from results using the ' ARCH;

14 code to :alculate *he primary cystem response. Tha ClASIX ~

15 code dces not ccdel the primary system; it is simply a model

16 of the containman*..
'

1'7 "his is a figure of a ice condenser ecdel as seen

18 by CLA:!X. Thn Sequoyah model was also a four-volume

19 model. The fan was modeled, took suction from the upper

20 compart. ment and discharged inte both the dead-ended volumes

21 and the 1twer compartment volume, and they also rodeled the

22 flow path f rom the upper ccmpartment to the lower

; 23 compartment through the operating feck drain holec, which is

i 24 a by; ass.
|

|
| 25 The ul tima te ci ta r;ity of the code is seven
|
|

|- \

|
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V 1 volumes.

2 This shows the hyirogen release that was used i n.

3 the CLAE!X calculatien as calculated from a %AFCH analyris

4 for the E 0 transient. As s said, the onset of hydrogen.
_
-

5 production occurs in roughly an hcur after accident

6 initiation and proceeds for approximately 3000 seconds.

7 This rerresente -- at the tcp of tha curve this is--

:

8 integr?ted masc release and it represents about 70 percant

'
9 of the core reaction.

10 7. t this time the core slumped and they tarminated

11 the calculatien becaure they censider this evaluation of
~

12 degra ded core acciden ts.
..

"

''N 13 This is a plot of scie of tP* results obtained

1<4 usine the CLASI7 code for the.hase case. This is a plot of -

15 th ' te:nera tu r ? in tha lower compartment. 'J h a t we see here

16 is + series of nine burns in the lower compartment. The

l'7 igniterc are turned on. Hyd. regen cencentration reaches 10,

18 percent and the hydrogen is burned off.

I 19 Hydregen concentra tion then builds up un til th e 10

20 porrent setroint is reached, and again it turns. The

21 tenperature hovars around 220C degrees for each of the nine
1

22 turning cycles. During each cycle, approximately 100 pound s

23 of hydregen are burned, resulting in about F millien Etus

74 ' released to the containmen t .

25 k7 . '' ERR Mr. Tinkler, you mentioned sprays

\,

U
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s

! I earlier. Are these calculations made assuming that the

2 sprays are operating?

3 ME. TINKLEE: Yer.
.

4 73. KEEE: What turns ths: cne a

5 MP. TTNFLER: Containment high pressure retpcint.
|

j 6 MR. KEEE: That setpoint, then, is net reached

7 until the prescure --;

8 N.E. TINKLEE: It would heve been reached lonc,

: 9 before the onret of hydregen generation. :t is reached at

'
10 about, ! think it ic, 2.5 to 2 ;sig.

11 "F. VEFF: T thou~'.: in ":'I-? it war -- cre c' ths

12 evidences for detonation was } ha t r; rays a ren ' t turned en,

:

- 13 until one reached a fairly high pressure.

14 MR. T!NKLEE: Well, .T:'I-2 has a consideratly .

| 15 higher spray setroint, too.
,

16 ME. MFER: The ice centainment is a very low --

1

17 ME. TINKLEE: Ice condensers have lower

18 containment spray setpoints.

19 ME. XTEP: Thank you.

20 MR. TINKLEE: Rec $use of lowcr design precsures.4

! 21 This is 8nother temperature plot. From this plot
,

Z2 we see that the first burn in the icwer corpartment does

'
23 propagate into the ice condenser volume and it results in a

j - 24 temperature excursion in tha ice condenear of around 1200

! 25 degrees. The remaining burns did not propegate inte the ice

b
j

| ALDERSON REPORTING COMPANY. INC.

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

i

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



192-

f"N
\ 1 condenser volume simply because the concentration of

2 hydrogen was s?:f ficient to meet the criteria of the analysis. ;

3 This is a plot o# the temperature in the upper

- 4 compartment volume. 7. gain, you see one departure from the
,

5 no rm al transiant in that the temperature rises briafly to4

6 about 15C degrees. This is due to the fact that one of the

7 hurns did occur and did propagate into the ice condenser and

8 results in a higher exit tenterature from the ice cendensar,

*9 so you div. charge be tte . gasec into the upper cc:partmen t and

10 it raires the upper cc partrent temperature.

11 I don't t h i n.k. you could res that ;htnencnon

12 necesrarily fror .M.UCF, depending on hev the calculation wac
~

\ 13 done.

N
14 This is 3 series cf.prescure pictc. The total -

15 pressure in the lower compartment. Fressure prier to

16 hydrogen burning is approximately 22.5 psia, and it arises

l'7 to approximately 26.5 for the first burn. The pressure

18 transient closely resembles the temperature transient, and

19 the peeks are obviously occurring when the hydrogen is

20 turning.

21 The pressure is decreased from the peak cressure

22 calculated each burn in apprcxi.?.ately two minutes. The

23 first pressure reak is slightly higher than the ethers

24 because the concentration cf hydrogen, while it is at 1:
'

25 percent for each of the burns, the absolute macnitude c e

t

[ \

O'

1
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I
\ 1 hydrogen present in the lower compartment can vary simply

2 beca use the mass of various constituents in the icwer

3 compartment varies during the transient.

' '

4 So you may have had slightly more actual pcunds of '

5 hydrogen in the lower comptrtment for the first burn.

6 This is a plot of the pre'ssure in the upper
, .

7 co m p a r tm en t . It is very similar to the lover ccmpartment.

8 Th=re is a sli;htly different pressure because the burn did
.

9 propagate into the ice condenser.

10 This is e plot of the lower conpa rtment oxygen,

11 partial pressure. ~

this ficuc+ it 1 coke 11.ke the cxygen!rce

i 12 concentration in the lower comr trtsan t at the start of the [
'N 13 transient is on the order of 10 percent and decraases during i

14 the burn as o xygen-is depleted , and oxygen is returned to -

15 the lover compartment via fans and the cycle is allowed to

16 start over again.

17 This is a plot of the hydrogen partial pressure in

: 18 tha lower compartment. First turn occurs when the hydrogen
i

19 concentration is 10 percent and the partial pressure is

20 correspondingly around 2.3 psi.

21 This is a plot of the steam partial pressure in

22 th= lower compartment.

23 This is a plot of the ice mass. As can be seen,

24 during each burning cycle we pet a very rapid chance in the
,

| 25 ice mass, although the everall transients are rather
|

| O'
'(
1
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1 smooth. As a matter of fact, the shape doesn ' t really

2 change that drastically from the beginning of hydr:cen

3 bu rn in g to the end, but that may vary due to cteam release

4 rates from the primary syste: e. l s o .

5 Cne can roughly ectinate the afficiency of the ica

6 in removing energy due to hydrogen burning by looking at the,

7 slope of this transient during a burn cycle. You cculd

8 extrapolate the slope at tha hicher points in order to

'

9 estimate roughly how much anergy of the burn is being
i

10 removed by the ice.

11 After the transi nt is ovtr, se hivt abcut 3000

12 pounds of ice which should represent at least ac million

O 13 Btus of energy removal capability. P.s I say, this was done

'
14 conservatively, assuming t h e- dr.in temperature to be 32 a

:

15 degrees. The hetter the drsin temperature, the more ice
i

16 that would be laft followini the transient.

17 TV3 has provided a number of sensitivity studies

18 to indicate trends that they see. The first case, as I

19 said, was the base cas+. There was a total of COO pounds of

20 hydrogen burned. ~here was a se ries cf nine burns, 100

21 pounds per burn. The peak temperature in the lower

22 compartment war approxcately 2200 degrees. The icebed raw a
4

23 peak temperature of 1200 dc;rees. The upper compartment saw

24 a peak temperature of only 150 degrees, with peak pressures

25 of 26.5 and 2 8. .
J

h

\
b
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\m / 1 They performed a case assuming that the hydrogen
'

2 was ignited at a percent and tha t the burn would propagate

3 into other compartments at S petcent. This case resulted in

4 sliahtly more hydrogen beine burnsd, with less hydrogen

5 being burned at a time.

6 This case also saw approximately 26 total burns;

7 within the containment, tP* bulk of them occurring in the

8 lower compartment, but there were alsc burns in the ice

9 condenser and a burn in th+ upper compartment. You see, the

10 upp+r etmpsrtment temperature is substantially higher than

11 th e bare cars. It rirec to abcut 26 f eg ree s.

12 But the sprays w?re effective in recoving heat
,

13 addition to the upper compartment in this case #
.

14 TVA hrs performed a case assuming one air fan in -

15 operation. The base case ansc ed both air fans, and thare

16 was a negligible change in the results.
,

17 TV .a has also performed a case assumine noeice in

! 18 the ice ccndenser exists after the first two of seven

19 burning cycles. This is a nonmechanistic analysis in that

20 if they do the 5 D transient, they have ice in there. nut,

2
21 this care was done in order te indicate what type of

22 sensitivity they may have to varying acciden t scenarior,
,

23 although you would have to precisely look at the accident

24 scenario 'o determine at what time you ran out of ice.
i
' 25 There are obvioucly scenarios where ice is

'o
i
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T
x,, 1 depleted, but you would have to balance that against the

.

2 energy that would be remaining in the ccre along with the

3 releases te the lower compartment.
. .

4 Thi - cice turned 35C pounds cf hydrogen, not-

5 significantly different. They burned sligh tly more hydrogan

i 6 each time. They had only seven aurning cycles, all of which

7 were determined to have occurred in the lower compartment.

8 The peix pressure f or this case was 41 psia.

9 The final casa shcwn here is a case with no air

10 fans, where mixing of the a'tmorphere constituents is simply

11 barad on pr rsure differentialc betvesr corrartments. That

12 is hcw flows are esiculated. *A i t h o u t the air d'ans, there is
,

'

(''N 13 a great deal of difficulty in predicting beforehand where
"

14 the hydroger will end up. -

15 In this case a great deal of hydrogen accumulated

16 in the upper compartment, r+sulting in a burn'in the upper

i 17 compartment with a very high pressure of 92 psia.

18 MP. E!PERINGTCN Is that kind of pressure
i

19 difference on the d ucts ef fective without the fans?
20 MR . TINKLER : Yac. If you have a delta-p between

21 the upper and lower compartment, it will drive it through

22 that tc the ducts and to the fens.
,

23 TR. ETHERINGTCN So you don't really that--

24 means if you hcve ne fan syste:.

25 MR. TINK1EPs Well, this burn may eccur, say, on

. N -

y
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C'

\ 1 the order of 10 to 20 seconds. I can't say it is

2 guaranteed, but it is doubtful that the pressure could te

! 3 equalized between those two compartments through the fan
i .

4 system in *C s r.co nd s .*

1,

5 MP. ETHERINGTON: Isn't that equally true if the

6 fans were running?

7 MR. TINKLERs Yec.
;

j 8 MR. ETHERINGTON: Sc the fanc don't really make

$ 9 much difference ene way.or the cther.

10 't E . T!NKLLis Ac far as differential rressures

1 11 there?
J

; 12 MP. :THEEINCTON: Yp.
!
t

;i 13 MP. TINKLEF No, they don't, make much difference,
1

14 I wouldn't quess. _What they de mdke a difference in 10 -
;

! 15 mixing the hydregen.
1

-

16 M P. . ETH EF.INGT C N s Yor, yes.,

i

i
17 MR. TINKLER: Tha ne fans case also -- I think ati

:

18 one point the lower compartment was oxygen depleted or there

19 was not su-fficient oxygen tc sustain t!.e ignition.
4

20 M3 STFEHLCW: I se curious on one . point. Ycu say
|
4

21 when one chamber burns, and the other dcesn't burn. Is that
!

;
22 what you actually d_o in the code , ycu allow combustion only

e

23 in one chamber and nothing happens in the other chamber?

24 '! ? . TINKLE 3: You specify ccnditiens undar which

25 the burn will pro paga te. Ycu specify the ccndition at which
t

i
*

'

V
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I

b 1 the burn in one compartment will propagate to another, and
L

2 you can specify a propagation delay timo.

3 1R ST2EHLCWs But it always propagates, in other
.

4 vor?c. -

. , , ,
-

5 MR. TINKLERs Excuse -e?

I 6 MR STREHLCW4 It always propasates?

7 :1? . TINXLERs No.

8 MP STREHLOWs I have a problem with that, because,

! i

9 if the press'ure rires from 15 :si initial pressure to 26 psi

10 --

:

| 11 't ? . T":KIE?: It ic= : f r e . -;p roxim ?.t :1-1 22.? to

i 12 about --

.

13 MR STREHLOWs Abcut 4 psi, right?

14 u. TINKLER: 4 ;: s i . -

15 MR. STREHIOWs The point is you are goinc to

16 displace some of the gas from the chamber that contains
4

1 17 adequate hydrogen to the chamber that doesn't. It is not
1

<

18 coing to mix with that gas; it is going to turn in that

19 chamber. The flame will propagate after it. I :rean if you

20 have a vented vessel, for example, that has got combustion

21 going cn in it, you cet a tremendous fireball out ride that;

22 vessel.
I

23 So thr:t when you pressurice this vessel and cas is

24 transferred to the recond vesrol to cressurire it , some of

25 that gas contains the hydrogen. An2 you don't have any I

i

!
f

I
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fh
( 1 flame arresters in there, so the flame will get up in
%

2 there. New, it won't burn all of it because there is net

3 that much hydrogen up there, but there vill be combustion in

'' ' 4 the second chamber if there is combustion in the first

5 ch an ber, a t all times.;

|

| 6 MR. TINKLERs I understand.

7 YR STEEHLOWs But that is not what the cede dces,

8 right?

9 MR. ?!NKLEF: The code can de that by specifying a
;

; 10 -- you could ultimately model that by specifyin; 3 low
.; -

{ 11 setroint :or propagation.
!

12 M2 STFEHLCWs Eut it foesn't at the precent time.
! -

| 13 ME. T!NKLEEs tell, these runs did not. It could.s

\<

\-s 14 XP STEEHLOWs Ckay, that is the answer.
i -

,

1
" 's 32. TINKLEPs Lika ! say, it is anticipated that
4

to sensitivity studies into the ignition criteria that are used

l'7 in the e.nalysis will continue for some time. There is noi

18 claim that we have cearched cut and f cund the verst case for.

19 ignition criteria. That wasn't the intent in these cases.

20 The intent was to pich parameters they thought

21 were reasonable. I believethat would be the case. I believe

22 at 10 volume percent, which was the base case, t h e'f believed

23 that the combustion will be fairly complete, and therefere

24 it is a reasontble calcula t ien.

25 MR. MAEK: Did I catch correctly that this Care

O
! U
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i
J

i
i

i 1 is the one in which you have still nine cycles but --

f 2 MR. TINKLER: 2;o . The case with no fanc. It is
<

i 3 not quite the same because the hurning occurs in different i
4 ,

3

| 4 placee at clightly. different times. This case was not run-

|

5 until completion.

! 6 1R. MARK It is the no ice that had nine cycles,
1 >

3
1

! 7 two with ice and seven withcut. :

1
1 8 MR. TINXLIE The no ice case had seven cycles,
I

,

i

i 9 two with ice, five without. ! will provide you sone slides !'

i

!| 10 en that a little lator. Ac a ma tter of fact, right now.
1
a

i 11
4 (

!
,

| 13,

;

! !

; 14
. .;

I !

: 15 i

i I
! 16 :
:

*I

j 17 !

*

t

i

I. 18
1

*

e

i 19
: !
! 2
,

I

| 21 |
*

t +

|'

'. 22 i
*

1

|

23

24

25

.|

I !
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NRC/ACRS
T2p3 4/ SRB , "y k,

8/28/80
SRB /crb 1 This is the case with no ice. Again, it's a non-1
[ \

'\h mechanistic analysis, which is conservative. This is the total2

3 pressure in the upper compartment; pressure in the lower compart-

4 ment. Very similar.
i
'

.

5|!
MR. KERR: 'Mr. Tinkler, I'm beginning to run into ae

E,,

8 6! problem in that I have about three more hours of presentation
i d

{ 7 and only about two more hours of time.
,

|!. MR. TINKLER: I only have a few more slides ,8
e

N
'

9 MR. KERR: Okay. I was just going to suggest that if

Y
E 10 i y u could talk 30% faster - .
5 !
-

1 I

5 jj | MR. TINKLER: Okay. Like I said, the transient looks
<

i3
d 12 very similar to the other transients you've seen. You see the
z

(Ov) $ 13 two pressure peaks for the cases where ice is remaining, and the
=

=
_; .

-

E 14 ' two cases where ice has been removed.
d
a

! 15 You would expect the pressure in the containment to
a
=

.- 16 rise after the ice has melted out, irregardless of hydrogen
B

i

g- j7 { burning, because you've lost the heat sink, and you see that in
x
=
5 18 a normal design basis: LOCA analysis. But the pressure is

E
I 19 | approximately 41 psi, which is still far below the yield pressure
A

20 containment.

21 This is a plot of the temperature in the lower compart-

0
22 ment; about 23, 2400 F. We were burning slightly more hydrogen

23 in the cycle.

24 MR. ETHERINGTON: Do you consider 41 psi below the'

p|'

\v' 25 ; yield?

i
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1 MR. TINKLER: The yield was estimated between 27 psig.,,\
( I

/ using a conservative value for the yield strength, and betweens 2ms

3 27 and 36 I believe psig. We calculated 41 psia.

4 MR. LAWROSKI: Mr. Tinkler, in view of what happened

I
e 5 in the case 5 with no ' air fans to the upper compartment peak

9
$ 6 pressure, how comfortable would you be with a system that only
e.

R
R 7 has two air f ans?

E
3 8 MR. TINKLER: You could argue that anything that
n

d i

d 9 increases reliability of the air fans would be an improvement.

Y
$ 10 Since they are sensitive to it.

|*
i !j 11 j As we tried to emphasize, this is all work that has

i

i

z'i 12 been done on a rather short timeframe, and we have many t hings
,

/''N c>

( ) d 13 that we're going to continue to review. Some of these topics
%s : .

-- , .

$ 14 include the location and number of igniters. It may be that we
x
b
! 15 decide we will want additional igniters located in some strategic
x
=

? 16 places where high point vents are, the pressurizer release valve
3
M

or whatever. Hydrogen monitoring and mixing, those systems wereg 17 j

=
M 18 designed for what is on the docket as a design basis accident.
=
H

19 Are they adequate or suitable for this kind of accident mitigation?:
5
n

20 We need to know more about the ability of igniters

21 to function in a turbulent flowing atmosphere. Procedures and

22 strategy for igniter operations; we need to learn more about

23 | CLASIX, the solutions scheme, models in the containment, specific
!

24 j details , that is, and the input parameters. Analysis result s-

(s)
,

\ '' 25 , need mcre review. Mixing of constituents, sensitivity studies,

4
:
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3 burning criteria and the effects of different hydrogen generation,~, r

k ,) 2 rates.

'

-

3 We do think the no-ice case does demonstrate some

4 insensitivity to the accident scenario.

o 5 The effects of local detonations need more work done,
3

,

n

d 6 they need more review. |I
e

'R
g 7 MR. KERR: Excuse me, when you say the effects of, are
-

E 8, you able now to predict the possibility of local detonations?
N t

Id
d 9 MR. TINKLER: We don't calculate concentrations that

I i

E 10 : are detonable in the analysis we've done.

-E ! -

, i

5 jj; MR. HERR: Is your model capable of doing that?
!<

B
j j2 i MR. TINKLER: Of doing a. detonation calculation?
z

13 i MR. KERR: Of doing a calculation which would find
- = ; _

-

E 14 | p ckets of detonable mixtures , if they existed, in this structure?
d !

15 MR. TINKLER: If we picked a small,-a very small,
w
=

? 16 volume, we have 7-node capacity, and if we picked a very small
3
M

6 17 node and we introduced hydrogen in a node adjacent to it, we
x '

=
5 18 could force the code possibly to calculate it.

E
t 19 MR. KERR: Do you plan to make an effort to explore
a
n

~

20 for this possibility? Do you consider it a serious problem or

2j unlikely?

22 MR. TINKLER: We consider the problem of local detona-
t

23 ,! tions to require more work by both the applicant and the staff.

's 24 ; Preliminary calculations and judgments are that they can withstand
!

'-- 25 , local detonations. Presumably, concentrations may be higher in
i

,
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1 the lower compartment, but it's a smaller volume. If you couldgN
It

'- #
. 2 withstand a detonation of a local pocket, you could most surely

3 withstand equilibrium pressure after the detonation, because
,

4 we're talking about smaller quantities of hydrogen. But in any
i

-

5| event, it dces need more work.e .

I
@ 6; Protective measures for essential equipment; we need
R
$ 7 to learn a little more about the response of equipment to the
s
j 8 temperature transients and what may be necessary to insure that
d <

d 9! they'll be operable. Whatever equipment is needed', that is,
i !
= .

g 10 | Conclusions. The preliminary conclusion is that the
E h
h 11

|
distributing ignition system has significant potential as a I

I3

y 12 short-term solution to the problem of hydrogen control. It should

(''/) 5
'

13g, be stressed 'that the system is 'most useful when operating in
,

h 14 I conjunction with existing heat removal systems. If you don't
$j 15 have other heat removal mechanisms, burning. it with igniters is
=
y 16 not a great advantage.
A-

U 17 | And we intend to explore various aspects of both
$ |
5 18 i igniters and possibly additional heat removal methods.

I-

P I

'j 19 ' MR. KERR: Thank you sir. Are there questions?
n

~

20 MR. MARK: When you say the very short term, do ycu
21 mean something that can be implemented quickly or something

22 you'll try to get away fron quickly?

23 MR. TINKLER: Something that could be implemented

(''3 24 | quickly. TVA has indicated that this is an an interim distribu ',

%Y I
?). ting ignition system and they will continue to study other!

f
i
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1 measures for hydrogen control.

(-s) \

\- / 2 MR. MARK: But there may not be any very good reason )

3 to change if you learn a little more about it.

4 MR. TINKLER: That is correct. That 's not to say it

,9 5 couldn't be the final system.

O
!-j 6 MR. GREGORY: I have a concern about the curve which

R
$ 7 shows depletion of oxygen in the lower compartment. If you drop
A
,8 8 the oxygen pressure by about half for a short period of time, it,
.

d
d 9 in effect, is putting the hydrogen-oxygen ratio up and your
I l

5 10 ' conditions for initiation of ignition will be quite different
5 I

g 11 | during tnat period while oxygen is coming back into the system.
5

g 12 You, in effect, conceivably increased or you've certainly altered
[~' 4
( )T g 13 the hydrogen-oxygen ratio in the gas.

_

y 14 MR. KERR: How do you remove oxygen while at the same
u
ej 15 time removing hydrogen?
=

y 16 MR. GREGORY: You remove both, but they'll come bagk
A

g 17 in at different rates because they're coming back from different
$
$ 18 sources. The oxygen, I assume, is coming in from the upper
?
{ 19 compartment and the hydrogen is coming from a break in the lower
M

20 compartment. And they're coming in at different rates and it

21 will be pretty complicated to model but it ought to be looked at.

22 h MR. TINKLER: It does look like, though, that the
}

23| oxygen is returned to their ignition setpoint much more quickly

<-~x 24 ' than the hydrogen is built up, just based on the next slide.
\( \,

\ / '

' 25 ' MR. KERR: If the igniters work, as one might predict
'

t
,

!

I
'
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I that they will, is that a problem? One would simply get a"'

'-' 2 flammability limit earlier than otherwise might occur.

3 MR. SCHOTT: In the regime that's being deal with

4 here in this series of calculations, it appears that depletion
-

.

g 5 of oxygen -- rather, depletion of hydrogen at the immediate time
0 i

j 6| of the burn is quite complete; that of oxygen, while it looks
R
$ 7 serious , like down to half, is not for any useful period of time
M
j 8 or a dangerous period of time so complete as to prevent burning
J,

@ 9 of any hydrogen that might accumulate. That is, one is always
3
$ 10 in the regime where there is more than enough oxygen to handle
z . .- i +

j 11 | however much hydrogen may be present. And as long as that is j
3 | i

j

j 12 so, the 10% criterion on hydrogen is the limiting one, and even
(''N 5
( ) j 13 that is just an assumption.

.

= ; . -

| 14 ! It appears to me that the series of calculations that
E
E 15 have been done both with the CLASIX and the MARCH codes are
$
g 16 severe cases of the pressure and temperature transients in that
w

d 17 they have not -- they have worked with hydrogen accumulation up!

5 I
$ 18 to this 10% level, or 8% --
5
3 19 MR. TINKLER: That was a point that we battered around
M

20 this morning.

21 MR. SCHOTT: Which one is cure will burn rather

22 completely, whatever is in short supply, which in every instance
i

23 ' is the hydrogen. So it's a conservative test of the ability of

(''% 24 j a repetitive burn system to accommodate a rather small number of

\s--) \

,

125 . burns with rather substantial, 100 pound, accumulations of I

i

,

|
; ALDERSON REPORTING COMPANY. INC.
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I| hydrogen each. And the real situation that may result fromrN

\''' 2 having - . It's as though the igniters were triggered at will
/

3 at this 10%, which is not what's actually being proposed to be

4 done.
~

.

I
5 MR. TINKLER: But you're saying then that they hydrogeng

't.i

j 6 '! may be burned at even a slower rate, smaller quantities at a
R
$ l tine .
A
j 8 MR. SCHOTT: More continuously in time. And prcbably
d |

.

$ 9| mixing -- to the point where mixing becomes the limitation
z !

h 10 | instead of what's now -- the set of parameters that now are I

~z <

!

d Il
'

governing the calculations . I

n

N I2 MR. KERR: Other ques tions or comments?("' 5
(, )/ | 13 MR. LEE: I'm s till somewhat puzzled. Is there any

,

m

E I4 accident scenario that could get us to the upper flammability
5j 15 limit instead of the lower flammability limit?
=

y 16 MR. TINKLER: Are there any?
M l

$. I7 ' MR. LEE: icc. Or should they consider thosex
=

{ 18 sequences?
%
"

19g MR. TINKLER: It's difficult for me to say whether
n

20 there's - . Seventy percent of the core reaction is what we

21 showed as the endpoint for our calculation in some definition of,

22 a degraded core accident. That represents near 17% hydrogen,

23 17%-18% hydrogen concentration in the containment at dry atmos-

('' 24 f phere. So --

-' 25 MR. LEE: Seventeen percent of --?

k
!! ALDERSON REPORTING COMPANY. INC.
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I(''g MR.-TINKLER: No. Seventy percent of the core,

2'''
corresponds to 17% molar concentration of hydrogen in the contain~

3| ment uniformly.

4 MR. LEE: In a mixture of air and hydrogen?

5y MR. TINKLER: Yes, it's primarily a dry atmosphere.
t.' i

5 0| More steam reduces the concentration.
G $
*

.

S 7 MR. MARK: But you will go through-the upper limit.
l ;
' j 8 You have hydrogen and steam coming out the end of a pipe, and

O.

". 9 it's a low percent hydrogen as far as the air is concerned. Now

@ 10 you'll add air.z -

|= !

y II
| MR. TINKLER: In a local region we could. That's

-

I

3 :
i

S. I2
i based on bulk containment.

E
') "

5 13 MR. KERR: Are there any other questions?
.

s_,

m

5 I4 MR. SCHOTT: That 70% based on zirconium, is that
$

{ 15
hydrogen that is all released through the vent, or is some

.c

j 16 hunk of that 70% still harbored in the urburs t reactor?w

U I7 ! MR. TINKLER: That 70% is in the containment.
E

{ 18 MR. KERR: Thank you, Mr. Tinkler. Mr. Butler?W
"

19s I show you for 10 minutes now.
M

20 MR. BUTLER: I'd like to make some conclusory remarks
2I for the staff's portion of today's presentation. I certainly

22 appreciate the comments and also some of the answers an'd questions,

i

23 ' raised by the members of the committee and its consultants.

{d"'}
24f We covered a lot of ground today, covering different programs,

'

; 25 i each with dif ferent objectives. We've dealt with long-term
;. !
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I
f''s programs and short-term programs: generic issues, generic

Q" 2 criteria, as well as specific issues and specific criteria for

3 Sequoyah for the near term. I recognize it's somewhat difficult

4 for those new to the issue and the problem to keep these different

I
5j programs and issues separated, but I think it 's important that

e',. s,

g 6 an effort be made.,

R !

S 7,=
We did cover a lot of the generic and overall kinds of

a
j 8 issues. But for us, that kind of matter can await further develop-
4 .* 9
z.

ments in further meetings. For us, the urgent thing is the near-
O

$ 10 term issue, Sequ .zah; the interim distributed ignition system
3

l_

5 II and wbether it is good enough for an interim period pending
u
.- I2E further understanding of the characteristics of the IDIS.

s 3
"
5 13

'

! The program has moved very fast. We had a meeting with%,
, -

m

5 I4 the ACRS July 15th. S ubs equent to that meeting, all this stuff ,

$
g 5 ye eiscusse,toa,y ,,, prep,,,,, we ,,ct, ,c,x se,tements,
=

y 16 contracted with a number of labs and got them 'well underway with4
w

h
I7 their programs. I think you can understand that the staff has

=

{ 18 worked very vigorously, and certainly the TVA applicant has
P
"

19g worked harder and faster. They have limited time to present
n

20 their story, additional to those things that we presented based

2I on their input to us .i

22 Now, let me go through some of the slides, just to

23 ; refocus on the stuff I showed you earlier today and the urgency
;

-% 24 of our schedule. Starting with the September 2 date --

%J 25 MR. KERR: If you read those things one by one, I'm
i

!
! ALDERSON REPORTING COMPANY, INC.
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1'('N
'

|
going to - .

Na) 2 MR. BUTLER: I won't. You've seen it this morning.

3 Startihg with the September 2 date we have the mini-PSAR, and

4 we expect to conclude all our activities by December and meet
. .

g 5| again with the ACRS in January and with the Commission also in
S 6|g

i January. We need a tentative decision next week with respect to
,g

*
il 7 whether Sequoyah can reasonably be authorized to run at full
A
* 8Fi power for this interim period pending further unders tanding of,

d
c; 9 the issue.
25

10 This slide simply summarizes the status for all the
-

11 Iy classes of ecntainments, and you'll note in here for the ice *

s
" 12E condensers that the specific criteria and measures for hydrogen,

) :

w/ 13a control are under consideration. We hope to conclude that matter
,

_

I4 within the next few days.
t_

*

j 15 I have one slide on staff position and then the staff
x

E I0 conclusions. The staff position is that the existing provisions
'

=

h
I7 at Sequoyah which satisfy Section 50.44 are sufficient near-term

x

{ 18 |
requirements to warrant full power licensing. We have accelerated

G
"

19g programs, both staff and applicant, to qualify and implement
n

D measures additional to those of 50.44. The timeframe is during

21 the next four months. These additional measures , if found
i

22 effective and appropriate for Sequoyah, will be considered as

23 | requirements also for otherice condenser plants .
24 In conclusion now, since the TMI short-term Lessons

(./
25 Learned it ems have been implemented at Sequoyah, and placing the

! :I
, .

ALDERSON REPORTING COMPANY, INC.
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1 Sequoyah. plant in the same risk space as surry and the Peach/,~'N

2, Bottom station, both of which are operating; since aggressive\/

3 applicant and staff programs are in place to improve the hydrogen

4 management. capability at Sequoyah in the timeframe of the next
-

,,
e 5 four months; since preliminary work shows the integrated distribut.'
M
nj 6 ignition system to be a very promising approach, at least for a

R
g 7 substantial fraction of scenarios that lead to degraded cores;

3
j 8 furthermore, since backup programs are in place, should the

d
= 9 ,IDIS prove unacceptable, the staff concludes that full power
3.

@ 10 licensing of Sequoyah need not await completion of these near!

5 I

2 11 term studies and experiments.
<
5
d 12

*
Are there questions?MR. KERR:

E
=
d 13 Thank you very much, Mr. Butler. The agenda now has

s. = ,

- i -
-

E 14 | scheduled a presentation by RDA Associations. Mr. Hubbard, are
#
=
2 15 you going to start?
5
'

16 MR. GREGORY: May I ask a question before we start.j
W

g 17 is it my understanding that the Commission is recommending

=
5 18 allowing Sequoyah to run at full power without the ignition
:
e

C 19 system we've been talking about? Is that fair?
A |

20 MR. KERR: I think it has reached the position that

i 21 they are going to recommend this to the Commission, I believe.

22 | MR. RUBENSTEIN : That's true. Between now and December

23 , the startup program is such that I wouldn't even want to hitch

I

g- s 24 | on December. We feel confident that 1he changes made by the

-'
| 25 action plan have improved the risks to Sequoyah and placed it
'

;
:

f
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I-(~g equal with other plants. But in any case, until the resolution
! /

2 of the interim distributed ignition system occurs in December,

3 potentially 25 effective full power days of operation will occur.

4 MR. KERR: Mr. Hubbard? *

5|,

g MR. HUBBARD: My talk is going to be very short, which
e.'

@ 6|i the Chair will be glad to hear, I'm sure, as much to catch an

E
" 7 airplane as any other. reason, however. But I made the talk length
sj 8 proportional to the length of time RDA has been involved in this
:.5

9 subject of containment safety, which would be about a minute.
6 i

5 10 i our involvement came through a recuest from Commissioner
3 j -

I
:j | Gilinsky to respond to a set of f airly specific questions about f

II

- ,

Y I2 | Sequoyah containment. And although we have a group of people at.

b !
(- 5 13 | RDA who are intensely interested in the subject, we have spent a

,

, .

m

E I4 very short time on it. The total effort was about four man weeks

!

{: 15 and split between a look at the structure and hydrogen problems.
:::

y 16 So I think it's probably a little unlikely that we're going to be
us

$i I7 ; able to say anything to you that you haven' t heard before,

E !
:n 18 other than our opinions on the matter.
A
"

19g The first thing that struck us was, of course, that one
n

20 is constrained by rates, and that at some rate of zirconium

2I reaction and burning of hydrogen, igniters don't do anything for

22 you. And we took the base case of no ice present and 1% per

23 minute zirconium reacting, and that saturates the heat removal,
~

n

{] 24 | capacity of the plant.

N.) 25 So whatever else t;a have to say about it , we're talking

i

! ALDERSON REPORTING COMPANY. INC.
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l
l

1 about what can one do if the rate of production is lowcr than )7~
! /
's ' 2 th at , and I don't know of any data that limit the rate to that

3 value. In case the ice is present, I understand that Donald C.

!

4 Cook's study indicated about twice that value to saturate the

I
e 5 heat removal capacity.

9 .

j 6| So, one might ask then what n' ext, assuming that the
R
$ 7 rate is lower than that. What one would like to do is use the

s
j 8 pilot light approach rather than the light in the kitchen, and

d !

q'9| that is to surround all the possible sources of hydrogen produc-
z i
O !

$ 10 i tion with a little flame so that you get it immediately, before j

! I !
j 11 i it can build up in concentration. And, o f course, probably that's
B i

; g 12 | how the igniters will be distributed somewhere near. But as a

[ \ 3 |
( ) : 13 i practical matt ar, you can 't accomplish that goal, so gradually

-

3
= | .

-

| 14 the concentration of hydrogen will build up in the containment,
$

{ 15 and there 's probably no way to avoid that.
=

g 16 Therefore , there seemed to be two ways to go uith
a
p 17 I igniters, that being the case. One would be to try to keep the
U
5 18 concentration belcw 9% or 10%, whatever is the value, wherein1

E

{' 19 i propagation is rapid. The other would be - . And in that case,
a

20 I haven' t heard any data that exis t that would give you informa-

21 tion that tells you how many you need in that case. I'm sure

22 it's not 30. I mean I'm sure, but after all, if you spread them j

23 ' uniformly , that 's 30 in 30,000 cubic meters. It stretches the
l

24 | imagination that one per 1000 cubic meters is going te suck in
''

(. s]''
25 , all the mixture and burn it.

i
L

i
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I/'''T The other approach is to say well, we'll keep track of |

( t
'- ' 2 the concentration and let the igniters go when you rea ch. some

3 limit at which burning is more rapid, 9% or 10%. And in which

4| case, then, you are stuck with burning whatever is in the compart-

5
3 ment that's isolated. You know, the structure is compartmentalizec
"

j 6
and the problem with that, as I see it, is the upper compartment

E
y is very large and 10%. of it is like 2000 cubic meters. A 10%
9
8 8

concentration is like 200 kilograms of hydrogen; that willa i

e i

x 9i~

g- ! create -- you know, burning that will create a pressure too
-

5 10
g rapidly for the heat removal equipment to handle. It looks like
= |
5 11 ;

g two-thirds of the case that we examined at 300 kilograms of the i

d 12 '

s whole containment, which would be close to four atmospheres.z
/ s c
( ) d 13 -

So it seems to us that because of the uncertainty ins>/
_

.

E 14
g the production rate and the uncertainties in the mixing in the
-

9 15
g lower containment; after all, it's produced rich and becomen lean
-

6
as mixing takes place, probably largely in the ice comparthent,

@ 17 '
the uncertainty 'of where you ought to put the igniters --x

x
$ 18

until you know those facts and the lack of information about-

|H
"

19
j igniters , we concluded that it's probably not a reasonable thing

20
to expect that igniters could play a role of pressure control

21
until those data were available, at least on the slow burning.

r

22 |I There's another thing that has to be added to that,
I3

some of the judgment that went into that has to do with kind of,t

r''s 24 i
; j I would say, a pathological task that RDA, agains t accepting
\" '

25
! the output of large systems ' computer codes , without the
:

}
|
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g I adjunct of a large experimental program to go with it, and'I
( r

*\~-] 2 haven't any experimental data that would be needed for this .use.

3 So that was the reason -- I mean, that in a nutshell summarizes

4| our feelings about the subject.
I

I In addition,'I think one should point out that if thee 5
E !"

i

j 6| ice is there, and -if the sprays are working, they do remove

R
R 7 s team from the hydrogen-steam mixture that's produced. And it

M
3 8 seems to me any fluctuations in the containment have a chance,
N

d
d 9 therefore ,
z.

for leaving you with a dried out mixture that's rich
i

$ 10 enough to possibly detonate. And it was just mentioned -- I'd
5

h 11 be very leery of detonating 10 kilograms of hydrogen next to
i
d 12 ! the containment wall. -

/''N !
( ) d 13 MR. SCHOTT: As a gas?
x' s !

.
, _ .

$ 14 | MR. HUEBARD : You don't think so? The energy content
e
u
2 15 of 10 kilograms is several hundred of high explosive, and Just
x
=

j 16 on an energy basis alone - . And if you have a thick enough

|^
g 17 layer, I mean, the speed that counts is not the, detonation speed,
x ,

x :

$ 18 | you know it's a very sharp spike, but it's just the sound speed.
=
H

19 So you'll have a pressure there for a few milliseconds and
3 i

,

.9 -

20 that's something that really ought to be looked at.

21 So the other part of the question that we were asked

22 to speak on was what about alternatives. And it's very clear

i
| 23 that nobody likes inerting a containment, which would solve this

i

ig'^g 24 | problem and create a lot of others , I guess. And I must say,
!( )

'"''
25| as was pointed out before, it's an awfu' lot easier to find the

i

!
; !
'

! ALDERSON REPORTING COMPANY. INC.
i

_ __. - __ _



16 2}6u-

1'q problems than it is to come up with solutions. And I guess our
)

2 total time on this specific problem was maybe a couple weeks, so

3 I think we really can't add anything to the programs that are

4 ongoing here already.

5 .| MR. KERR: Are there ques tions?g
N ij
j 6 j. MR. GREGORY: You indicate, I think, in your written
R |
$ 7 material, and you were alluding verbally, that you might prefer
Aj 8 to go the inerting route rather than the combustion route.
d ,

d 9i MR. HUBBARD: I mean, it jus t avoids the problem.
5 i
5 10 { That was the point. It raises a lot of other problems.
$ d

3 11 MR. GREGORY: May I ask if the containment vill f ail
S |,

( 12 ; or not with the pressure rise that's brought about simply by
'

\,s) b
- 13 the release of the extra gas? If we get something like 70% of,

-
.

g 14 |i the cladding material reacted, and all that hydrogen comes out
x

$ !
E 15 ' into the containment, just the pressurized use of the extraa
::
g 16 , gas that's in there, will that cause the containment to fail or
os ;

d 17 ! not?
w

18 MR. HUBBARD: I don' t think so, no. It's just the
E
$ 19 | energy released in producing the hydrogen that's split evenly
n

20 between hydrogen production and burning. It's the added

21 energy, it's not the gas.

22 , MR. KERR: I think the answer is no, but I expect it
i

23 I' depends on the scenario that one postulates.

24| MR. BUTLER: That particular problem was considered,

''"'
25 and reported in SECY 80-107, wherein we made the determination

t'
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/''N I that pressure, although above design pressure, is well below

V)I

2 the failure pressure of the ice condenser.

3 MR. KERR: Thank you very much, Mr. Hubbard. That

4 brings me to TVA, and I expect having listened this long, you

|
5y would like to be heard. In fact, the parenthesis says "new.

'
.

] 6 | information".
-

E
S 7 My name is Wang Lau with TVA, Nuclear Engineering
Aj 8

i Branch. We also have a few people from Westinghouse, Offshore
d
" 9

. Power and also from our home office here today. They can answer
? !

5 10 questions'later.
_3

$ II | We were asked to give a 15 minute talk about new
B t

N I2 information. Since we have not tdlked with this.particular sub-/''N 5i a
\_ ; 5 13 committee we weren't sure exactly what new information was or

.

m
14 old information. But I heard from this morning and this af ternoon ,

=

.j 15 a lot of questions were asked, a lot of information was presented.
=

d 10 of course, I will not duplicate that information. I do intend
w

h I7 I to cover some of the things that were not covered this morning.
E
's 18 Not with the intention .of presenting a complete story in 15
A

"g 19 ! minutes because that's not possible to do, but I will try to use
n

20 my presentation to kind of stimulate your questions so that some

21 of the questions that were asked this morning if they were not

22 4 answered properly, you can try me again and see if I can do a

23 little bit better.
,

24
[ } The first thing I want to cover is tha igniter system

'

\ i

%/,

25 a little. Let me tell you some of the major topics I will cover

!
t
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,s 3 and I want to cover the installation and operation of thermal
I \\s / igniters, locations and things like that. And I will briefly2

3 mention spark igniters that we considered at one time, and

4 about the Singleton Lab tests, the Fenwall tests, a little bit

5| about the halon study and som,e information about degraded core.
|

e
I$
!$ 6< The igniter system looks something like this. It has

e
'

R
S 7 a General Motors type diesel igniter with a transformer in there
,

S 8 to drop it to the proper voltage; a little ring shield at the,

n
d .

top to stop the containment spray from getting to it directly,
.

d 9 I
I |
E 10 |f and the assembly is pretty rugged. We have sent samples of
-

E ,

E 11 j these igniters with the whole assembly to Livermore and to NRC
<
3 !

d 12 | and to Fenwall and, of course, our own Singleton Lab for tes ting.
z ipg =

\ ) 5 13 This is just a simple electrical circuit.
's - =

- _
.

,

E 14 | MR. LAWROSKI : That will do it for our Chairman,
d I

u |

2 15 anyway.
w
=

.- 16 MR. LAU: I beg your pardon?
4 3

M

i 17 MR. KERR: He is alluding to the fact that at one

N |
$ 18 ' point I was known as an electrical engineer, and he thinks that

E
b

19 will be the one thing that I unders tand about today 's presenta-
3
n

20 'tio n .

21 (General laughter.)

22 MR. LAU: We have some electrical engineers in our

23 |
task force and I do have to keep them busy, you know.

i

i (Laug teer. )
'''T 24

I
,

'
/

25 ' This is a rough outline of our Sequoyah plant, and'''

I

i
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lg-~ _ you notice there are six different elevations. These elevations,

s/ 2 are sealevel elevations . This is a very busy diagram. I'll

3 show a little bit better one.
'

| .

4 This gives you a little better view. I also intend

i

e 5: to show you this one later. Now, 669 is the floor level, basement.

n I

g 6 ;I level, and you can come up. This elevation is directly under
-

E i

5 7| the air return -- I mean, the ice condenser. These numbers are
sj 8 tne number of igniters at these elevations , in those particular
d
$ 9| P anes. There's four in the ice condenser in the upper plennum;l
z
c
y 10|' five in the lower plennum; six directly under the ice condenser;

'

_5 4

5 11 | and those are in what we call the deadend volume, but they are
5

y 12 | pretty wide open really. Notice the colors, because going to
/'"' E 1

'\ j
13 | the next picture, it will show you a little about the detonation

-
.

m
g 14 thing you will consider.
b
j_ 15 The four yellow ones are the steam generators. These
e
-

g 16 four are, of course, air coolant pumps; this is the pressurizer,
W

i o
b. 17 ; this is the reactor cavity. The ice condenser goes 300 around
w
x

h 18 this -- may e"en go down to 60 for refueling and other things .0

C -

19 ,| These two locations are the air return fan locations, and they
b
g
n !

20 are not under the ice condenser, they are just vithirr the 60

21 opening and they suck directly from the upper compartment into
I

22 there.

23 ' This is the pressurizer joint tank. This is where
h

24 I the reactor vessel vent discharge point is. Those are the
-'

'~' 25 , locations of interest.

i,:

O
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I MR. SIEGEL: What is the reactor vessel vent?{x) -

-' 2 MR. LAU: Yes, we have a reactor vessel vent since

3 TMI, and that is just an opening in case you have that bubble

4 that we talk about like at TMI inside the reactor vessel. We can
|

4 5; vent it out. It doesn' t get trapped inside. That's a new
0
j 6 feature.
R
$ 7 MR. SEIGEL: That can be controlled from the control,

nj 8 room?
d !

'

; 9 MR. LAU: Yes, sir.
3
,j 10 | MR. SCHOTT: Is that up or down in this picture here?

,

:e ; I

Q
II Downward into here?:

E !

( 12
- MR. LAU: It's vented ~out to the lower compartment

5t a

13 ! just outside the ice condenser doors , near the ice condenser\s
-

- _
,

,

* I4 Ij doors. In this picture, it would be around elevation 700, pluc4

Mj 15
I or minus. Okay?

=

g 16 MR. SCHOTT: That's a duct from someplace.
M

h 17 | MR. LAU: There is the reactor vessel vent.
E
m 18 MR. SIEGEL: Where is the nearest igniter to that? {C '

8
l9g MR. LAU: Okay. Let's see if I can remember all those

n

20 figures. Same color as the igniter, orange. This is one

2I e leva tion , that's 68 9, the basement. To give you a rough idea,

22 the orange dots are the igniters. Those numbers don't really

23 - mean a whole lot. The A, B, C means the reclose(?) of the

24~~ diesel generator because it. is backed up by emergency power and
\- ' 25

'

| 4 seismic and all that. The Clow represents the glow plug. L is
!
,
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I''

the emergency lighting fixture that we are not using.

'~' 2

I
All of the G's on here are glow plugMR. SEALE:

3' locations , right?

4 MR. LAU: Yes, sir. And this is at the basement.

5y The (?) was scattered, and this is a little high' elevation,
v
3 0'

700 under the ice condenser. Th at 's 731.- You'll recall that
ir*
5 7 731 is around there, inside the ice condenser in the lower
A
2 8M plennum. It's kind of like a manifold as far as the ice
4 -

i

}. 9|
^

condenser is concerned.,

' C
j 10 I MR. SIEGEL: Are you saying that the nearest plug is
'

= ee ,

! II
inside the ice -- the neares t plug to the reactor vent is --e

'

s#
12

MR. LAU: No, sir. We've got -- The nearest plug ~ to the( m

\m. fI reactor vessel vent? Nearest plug to what?
, .

3 i
14

@ MR. SIEGEL: To the exit from the reactor vessel vent.&
0 15
h MR. LAU: No, there are a few in the lower compartment.=
*

16W The reactor vessel vent is venting to the lower compartment,e
e j 'v

! and there are - .$

_" MR. KERR: What is the nearent glow plus? One foot,
P i

"

19 |8 10 feet? 20 feet?n

20|I oMR. LAU: Let me see. In this drawing, this is 90 ,

21
so this is around 45 at around 731 elevation. Sc let's take

22 that 731 elevation at 45 ; I would say the igniters are located
i

23 |! in this area. This area is about 65 feet, so this is about, oh,

24
f~ say about 20 feet.
N'''

25
i MR. KERR: Okay. Is that a good enough es timate? Good.
i.

i

!
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l

/ 'N MR. SCHOTT: It's a ' good enough estimate but it's not

2'-

close enough.

MR. LAU: This elevation, 792, has something interes tins

4 in one corner, and that is the location of the control panel in
'

5||$ the auxiliary building. And this control. panel is approximately
:? .

E' 6'
| 100 feet from the main control room. You can run out there and
'R

* 7y throw the switch and run back. But these igniters are manually
e
S

8| co ntrolled , not from the main control room. You do have to getM

M
'

9 out there, but there's no radioactive stuf f at that elevation;j
-

A 10 i
j there are electrical things .i

,

= I

h | MR. KERR: I should point out that it's very unlikely
*

i

| that any hydrogen would ever come out of that vent. So if
I ) : I

13 |'\s '/ :
you're going to put the glow plugs

i _

there to catch the most likely
.

s ,

-

E 14 '
d exit spot of hydrogen, that's probably not it.
Nr 15 '
- MR. GREGORY: I thought I heard somebody say that theg

T 16
g purpose of the vent was to let out the " bubble . "

p 17 MR. KERR: Well, that was the Three Mile Island bubblea
z
$ 18

which maybe was there and maybe was not. But remember, at-

s"
19

8 ! Three Mile Island there was a lot of hydrogen released and it
n

20'

didn' t come out through a vent. And it may not come out through

21
it - . In fact, I think it somewhat unlikelf dhat it will come

22
out the vent the next time.

23' |' MR. SIEGEL: It came out of a vent which happened to

|

[o}| be the exist from the pressurizer, but if you provide another
;
; 25

more suitable vent, why shouldn't it come out there?i

,

!-
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i

f-" 1 MR. KERR: nut this suitable vent is only the vent in

~/ 2 case one develops a bubble in the top of the vessel and can't-

3 get rid of it.

4 MR. GREGORY: So if you ever use the vent, you will

o 5 get hydrogen coming out.
M
9.

3 6 MR. KERR: That's true.e
R
$ 7 MR. GREGORY: And I would not like to operate a

N

$ 8 kitchen range, for example, where the pilot light is 20 feet

d 5

d 9 away from the burner. That doesn' t seem to be --
$
@ 10 MR. KERR: I defer to your wisdom.
z
= i

E
11 |1 MR. SEALE: I think Dr. Kerr's point might be, thou'h,g<

3
d 12 that it's equally important to ask whether or not there's a glowj''s

(_) s 13 , plug near the relief valves for the pressurizer.
= | -

-

E 14 i MR. KERR: I'll take credit for that viewpoint.a ;

$
'

E 15 (Laughter.)
x
=

g 16 MR. LAU: Of course, there's a pressurizer rel%ef in
A

g 17 | Sequoyah that relieves to the reactor coolant drain tank, the
'w

= e
$ 18 | tank that I showed earlier, and from there, there is a
-

-

| 19 rupture. Just like in TMI. I mean, that rupture -- the

20 hydrogen will be dispersed in the lower compartment.

21 MR. SIEGEL: Do I understand that the location of the

22 , glow plugs is really constrained by the location of your emer-
i

23 ! gency lighting system?

r *w 24j MR. LAU: I'm not so sure that constrained is the
E'~,

25]!
proper word, but this i s --

!

I
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I
/~%) MR. SEIGEL: Determined by?

A/ 2 MR. LAU: In the interim system, the first phase, we

3 do want to go in there and use whatever is available. Our reason

4
is that the emergency lighting circuit is usually located in a i

5j place, by design, that is wide open to give good illumination
, ;

3 6'
j of what is going on. So the couplingis pretty good because ofo

n .

7|=
"
; th at . And the conduit is there, it is seismic and backed up by
n
2 8M diesel and the location (?) is good, and that's what we
J
d 9
j j used.
- i

E 10 i
j ! Later on, in our future study if we do find out th at
= |

E 11 !
g, j there are better locations such as -- we might reroute the

d 12 '

z reactor vessel vent, we might put the igniters further away and
() S

I\m / 5 we might put them closer.
.,

! 5 14
@ MR. KERR: Mr. Lau, I think if we got answers this
k 1

'9 15s long to every question that we ask; I think he has the answer
=

d to his question now.
W

6 17 | MR. LAU: Thank you. Three more in the very topa
=
b 18

dome.-

P
"

19
8 I have here a drawing showing the approximate -- it's

20
a hydrogen scheme, designed for that purpose -- to collect hydro-

21
gens at various locations especially at the deadend volume and

22
the steam generator enclosures and things like that. So we can

1

23 '
use the air return fans to kind of circulate the hydrogen burner.

'

[ h Get better mixing.
\) '

25''

i As Mr. Butler said earlier, the air return fan has
!

|
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s I something like 40,000 cfm speed and you would have a complete[ ) |
\' / 2 air change in the lower compart, Lent in about four or five

3 minutes. So it is a highly turbulent, well mixed case.

4 I heard a lot of questions this morning and this
,

Ie 5 af ternoon about pocketing, detonation and so on and so forth.
h
@ 6; I think we should keep in mind that the flammability lower limit

,;

d 7 is around 4%, And you'll get a lot better chance of igniting at,
R
j 8 say, 8% or 10%. The detonation limit we're talking about, 18%
d

'd 9 and higher.
I
$ 10 Now, there is a margin of, say, about 10%. We are;

3_
3 11 i therefore talking about concentration gradient in space of
i )

y 12 around 10%. With this kind of mixing and with the wide open
' '

('')N
g

'( 13
| areas and with all the turbul.ence inside and in the upper compart-

$ 14 ment we have the sprays, of course people can always argue with
_b

{ 15 me, but I really think that we have pretty good mixing, such
m

j 16 that that kind of concentration gradient is not exceeded,
d

I

d 17 considering we have 30 igniters and they are not that far away.
I$ 18 Okay? But right now I do not have any numbers to back up what=

H

E 19 I've mentioned about this concentration gradient.
M

20 Any questions so far? Okay. We'll talk a little

I
'

21 bit about some of the Singleton tests we have. We have endurance

22 tests and it looks like -- you can always fail a plug. If you

23! intentionally put overvoltage on it, we have successfully
/''s 24 | ruined a few of them at at 16 volts or so. But if the reactor

25 | coolant fails, it usually fails within about the first 30 minutes
''

!

| ALDERSON REPORTING COMPANY, INC.

.



|

22626 v. .

1

I(''} or so. At a bout 14 volts we are pretty successful in keeping

-/ 2 it alive. Now, some of the old plugs we bought they f ail. I

3 think it's because of the shelf life or maybe there's some

4 moisture in them or sometMing like that. But all the 1979 plugs

5|
..m

e
g I are pretty successful, and I guess the Lawrence Livermore people

i
"

3 6I use the plugs and they're okay, too.o
n
8 7
; The endurance tests -- we are planning more tests. We
n
S 8n are buying large samples, a kind of quality assurance samplingi

d

}"- test to establi'sh some kind of confidence level on an igniter.9
,

o l
H 10
g We use, of course, a future installation of an igniter or a
=
E 11 I

| replacement ignite; and we prove it would work,
i

g
.-

t

i d 12 |
E We feel very comfortable with the temperature require-

/'~'h'

: 13 I'\s_ f g | ments we've put on the igniters. ,That's important because we ,

E 14 |
_

-g want to prove that the igniter works.

E 13
g The staff mentioned this afternoon that the spontaneous

? 16
y ignition temperature in the ideal situation, dry air, is around
''
- 17
d 1100 F. Now, we are using about 1700 Something above 1500.

=
$ 18
= is our criterion, so there's plenty of margin there. The steam
H
" '19
j concentration does not affect the spontaneous ignition tempera-'

20
ture that much; according to some of the published literature

21
from the British research, the steam concentration in the range

0
| we are talking about might add about 50 C or maybe 100 F to

23|! the spontaneous ignition temperature. So we have plenty of

margin, we feel very comfortable with the fact that'you will
~''; 25 -

; ! ignite. Certainly at the 81 and 10% range. And, o f co urs e ,
!

|
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7g we'll confirm those in our future testing.I

(
2i MR. STREHLOW: I've got a comment here. Remember we

3 said that if you have a 2% hydrogen mixture you'll probably get

4 low localized chemical reaction in the neighborhood of the
.

g 5j glow plug; they hydrogen would not burn but would be decomposed,
0 ;

j 6! it would oxidize; it wouldn't really be a flame. There's a
R
$ 7 possibility that this might shorten the life of the plug
Aj 8 considerably , and if you're considering putting these plugs on
d . .

:} 9 ! and leaving them run for weeks to make sure that there's no
3 i

5 10 | hydrogen buildup that's going to go to explosion, and you soak
5 l
j 11 them in a 2% hydrogen mixture, they may burn out in a few days.
5
d 12 And that's one -- ~

E
ci,) g 13 MR. KERR: You do not intend to leave them on --?y
_ -

-

g 14 MR. LAU: We have some of the igniters in the lab and
$
E 15 we've been burning them for over a week.
5
y 16 MR. STREHLOW: In a hydrogen atmosphere?,,

lA

d 17 ! MR. LAU: Not in a hydrogen atmosphere.x
=
5 18 MR. STREHLOW: That's the point I'm making. I'm
5

{ 19 making the point that if you put them in a hydrogen atmosphere
n

20 of 2% or 3%, the plug's temperature will be higher than the
21 temperatures that you measure because of the oxidation reaction

22 occurring at the surface. And this will cause the plug tempera-
I

23 ' ture to rise above the temperatures. And the thing that burns
,

24 f those things out is to get them too hot.s

'l'' 25 MR. KERR: This could be a problem in the long term
i

i ALDERSON REPORTING COMPANY, INC. I
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r-~s I evolution of hydrogen, but I would guess that it's more likely!

'' 2 that that will be slow and' would be thought of as being taken

3 care of by recombiners, if recombiners are still in existence.

4 MR. SIEGEL: My impression was that this could be a

le 5 serious point. If you're doing this for a couple of days, you're
h
j 6 in a time that's short compared to where recombiners are in
R
$ 7 place but long compared to a deterioration time of the plug.
A

k 8 MR. KERR: You may be right.
d.
O 9
2,

MR. DILWORTH: This is George Dilworth, TVA.
1= ,

y 10 i Recombiners .2 our containments are in place. They 're inside the
!

3_
j 11 ! containment, two of them, part of the design basis for this plant.
B |

-

E. 12
| And we do not intend to run the igniters for extended perieds of

; /''N E(,) g 13 time. When the hydrogen is produced through the S2D situation
-

. -

5 14 that we've been talking about today, af ter that 's over with, thos e
Ej 15 9 burns, the igniters will not be lef t on. The recombiners are
=

g 16 sufficiently capable of taking care of any small residual hydrogen
e

N 17 that might be released.
#
$ 18 MR. KERR: However, one should not ignore the fact
A
o

19a that nature does not necessarily recognize all of the S2D as
er

20 a possible method of evolving hydrogen, and it seems to me it

21 is possible that one might get something slow compared to that

22 and f ast compared to recombiners.

23 , MR. LAU: At one time, we considered spark igniters.

''N 24 They are definitely a very efficient ignition source. We kind
'' 25 ; of dropped it for our Phase 1 program, interim program, because

i
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I we were not sure of the effect due to electromagnetic interfer--

-' 2 ence, and we are contracting people to make a study and go ahead

3 with a design of a (?) or something of that nature and

4 maybe if it's successful we'll pick it up again. But, of course,

g 5j we have to worry about electromagnetic shield. We might also
9

@ 6 | have a magnetic effect on the flame burning. So that's being
R

i d 7 studied.
-

k8 MR. LEE: Are these glow plugs used in any' major
d !

y 9| ' ways other than in diesel engines ?
3 !

@ 10| MR. LAU: I do not know of any.
z
5 i
y II ! MR. LEE: Jus t diesel engines? That 's where they
3 !

'

j 12 are used?
'

[ b 13 |\ 5 MR. LAU: Yes.

m I4
-% MR. LEE: Are any controlled ignition devices in use
C
_j 15 for controlling hydrogen in any industry?
z

E I6 MR. LAU: Of course, the Bureau of Mines has a lot
W

h
17 of -- something of .this nature with igniters , but they're not

z

{ 18 . for hydrogen. They're for various types of gases. And there
a l"
g 19 | are other industries, the chemical industry uses igniters, but
n <

20 not for the purpose of hydrogen that I know of.
I

2I The Fenwall test will have a seven foot diameter test

22 ! vessel. We intend to push droplets in it later on, and we

23 * intend to have a fan circulating the atnosphere inside to make

24(''} sure that the burning is s till there,
tN '/ 25 By the way, a couple days ago we had a kind of:

I
.
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1 I shakedown demonstration at Fenwall. I hesitate to call it a test~,sy
k 'ss' 2 because it was not one of the scheduled tests. And they put

3 about 12% hydrogen in there in dry air, and they got ignition.

4 They measured pressure pounds, and don' t quote me on the final

g 5 prensure we got because I don't know anything about calibration
N
j 6' or pressure sensors or anything like that. But they received
E
8 7 about a 67 psi gauge, which is pretty much what you'd expect
Mj 8; in an adiabatic burn in a closed volume with no venting.
d i

d 9i 12% hydrogen. The pressure rise was about.4 second. Since
5 I

4

@ 10i the vessel was 7 feet in diameter - .
5 I '

y 11 | em. LAWROSKI: Where was the decimal on the second? I

b '

f 12 MR. LAU: Zero point four (0.4). Since it was
=
5 13 a seven-foot diameter, the igniters were put in the center, sox

'- =
..

14 the distance from the center to the sides is about three or four
$
2 15 feet, so that would give you a flame speed of approximately 10
$
g 16 feet per second, plus or minus. That's exactly the kind of
w

d 17 thing we're talking about.
#

,

5 18 MR. DILWO RTH : Wang, jus t a minute. This is George
E
I 19 Dilworth again. To save time, we're going to have a more

: 2
.

20 detailed presentation on the 5th to the full Commi ttee of the

21 Fenwall test. I think it would be better to wait ut. that

22 time rather than receive a lot of questions on those tests today.

23 |i MR. LAU: Okay. Our schedule for those tests is in

24 the handout, and we intend to have a first phase of the testing''

'#
25 | done by approximately the last part of September.

5
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1
(~~3 The halon study. We have contracted a contractor to
\ >

\- ' 2 study halon with Duke and ADP joining in that study. The major

3 thing to study, of course, is the biological effects if it's

4 virtually activated, and also, whatever the decomposition product

I

g 5, may do to your system.
I

O
j 6' MR. KERR: That do es n ' '' ' a lo t of s tudy , does it?
R

'

7|*
MR. LAU: It's a very funny thing. This decompositionS

aj 8, product I unders tand will reach some kind of equilibrium,
d i'
j 9| At leas t, that's what the chemical engineer told me.
$ I

$ 10 | I want to conclude by saying that we are using the
z
E 4

4 Il I

!'
S 2D or MARCH code to s tudy . We do not know that certainty

3
i

g. 12 evolved in the MARCH code because TVA does not have the capability'

13 to generate the MARCH data. We are using the CLASIX code to
,

z
5 I4 make the containment study. We are tes ting to make sure that
E

{ 15 | igniters work.
=

j 16 Our approach is that we want to make sure that a
w

h
17 hydrogen source be used that Will find a fair range of accidents.

=
5 18 We want to make sure that the containment analysis using the
Eo I9s CLASIX code predicts situations that we can stand in our contain-
% :

20 ment, and we want to make sure by testing and whatever, the

21 literature and available data, to prove that our assumptions

22 , and things like that used in the computer model are accurate.
I

23 | And we believe that that's a logical approach to the solution.

r'''N 24 f MR.~KERR: Thank you, Mr. Lau. Questions? This brings
( f

%)
- 25 us to a presentation from NSA by Mr. Miller.<

!l

i
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'

\- 1 MP. MILLES: y name is Al Miller. I am%

2 summarizing the workshop that we held in Falo Alto back in
~

3 Ma rch, where we gathered a bunch of experts to talk about

4 containment stability.
'

5 There is a summary of that werkrhe; *vailable to

6 anyone who wante it. ! vill le*ve this one here icr tha

7 committee if they would lik..

8 I will race thrcuch these first slides. I think

9 that we will see the purposs. This is the hydrogen burn.

''e h a ve a li ttle mo re. d a tai.' on that showing the a pparent10 ,

11 pressure rate fc11cwed by a generaliro: increase in

12 temperature all the way arcund the co n t ain.? e n t , somewhat

13 implying a generalized burn thrcuchout the containment, and

1-4 the tree balance showinc se?.ewbere around 50 percent metal -

15 water reaction taking place th e re .

16 These are all in the document, if you would like

'
17 more detail. I will not dwell on them. The ccnclesiens

18 fron our workshop -- these are conclusions from our

19 workshop, and nct necessarily sSAC conclusions. The first

20 conclusion was that the Three vile containment was not
j 21 challenged by the hydrogen burn. It would not have been

22 challenged if there had been 7: percent or even 10C percent

23 met"1 vater reaction.

. 24 ' The recond conclusion was, there is some,

25 insecurity in teing able to predict the pressure rises in

'

(
_

|
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( 3

s_ / 1 large containments. There are ccale effects, and th ese

2 should be studied f urther. I will go into what A v c-r y is

3 doing with respect to that a littio bit later.*Je will talk

4 about tha t a little bit later.*

5 The most important cenclusien w"as the third that

6 tha highest probability f or successf ul mitigation of

7 hydrogen accumulation probicas was controlled ignition,

8 perhaps coupled with the use of wa ter spra yc.

9 The filler venting concept received almect no

10 supscrt. Spark ignition of' hydrogen in concentrations less
h

: 11 than C percent was unrellatie. There in some cata by

12 Rockdell that show that they had some difficulty igniting
i

13 hydrogen concentrations less than about 8 percent in a

14 reliabla manner. . -

15 The inerting cf containctnt atmosphere is a

16 poscible option but there is very great concern because of

17 the cccupational harardc that it poses. The experience in

18 India was mentioned where they lost a few people.

19 The use of halon to suppress detonations was

20 talked about , but again the questions that were raised by

21 TVA were again raised here.

22 AP. LAWROSK!: Tho recular halon.

23 MR. MILLEP: Ealen 1301 is the one that the data

24 is en.

25 "E. l A'4 E CSK ! : They ma y to date not have been very

N

i
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s 1 serious.

2 MF. FILLE 2s H21cn is used quite a bit. I knew.

3 Three ?ile has a halon system.

4 ? few final wcrds en the work that will be done at

5 Avery, er what we are proposin; to dc at Avery.

| 6 We are proposing some large ccale testino,

7 probably at the Nevada test site, probably in a 50-fcot

8 dieretar cphere, 100 psi stsel rphere, looking at the scale

9 effects. There will he rcor to put in fans, obctructions,

10 promoting turtulence, testing cifferent kinde of ignitiens,

11 ignitions ef varicuc c0urcec, diffsrent percent:;2c, ;srhap

12 going ur to de tonable .T.1xtu res ry using subsatncspheric

p 13 con 3itions.

\
14 That in a nutshell is about what I have to say. -

15 ?5. KIRRs Thank you, Mr. Miller.

16 ?eferring te one cf ycur conclusions that igniticn

'
l'7 is unreli=ble in concentrations of hydrogen less than E

18 per ent for sp!.rk ignition, did you concider only spark, or

19 did you talk about glow-plugs, f or exan ple ?

| 20 MR. MILLER: Yes. Some of th a t data is in the

21 blue bound volume. Spa rk ignition via the AI werk, the.

22 Atenic International work v3s not reliable, whereas usinc a

23 detonable mixture to ignite was reliable, and ucing a flame

24 to ignite was relisble at those regions, even dcwn te 2 or u

25 percent.

t
i
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\m, 1 MR. KERRa Did the glow plug get any

2 considera tion .

3 MR. MILLER: The work there was to look 'cr
!

- 4 pressure respon=e, and not ignition types.

5 MR. TrRR Di'. ycu ucrkshop talk any arrut whet

6 was deemed to te an appropriate way of conside ring the

7 amount of hydr: gen involved' Is there a consensus that one

j 8 ouch t to consicer, 100 percent P.etal water reactien, er 50

9 or 70, or 20'? Is there an approach to how one cich t decide

10 on an appropriete am o un t to cenrider; or dc ycu have any

11 su;c cction f er thc cc: ;itt+c7
!

12 MR. "!Ll7F: That was a subject cf the scrkshop.

13 The workshop war, you have cot it, now what dc you do with
'

14 it, what are the responses. . - '

15 MF. FERE : Your conclusion is that turninc looks
1

16 like a promising approach, but nore questions need te to

17 answered before one is certain of that?

18 MR. MILLFF: Exsetly, yes.

19 MP. KERRs Ara there ether questions?

20 MR. LEE: This unreliability of ignition at around

21 8 porcent or below that, in light of cne of there clides

22 that we saw earlier in the afternoon which indicated a steep

23 increase in pressure ~sonewhere around ; percent
!

'

24 concentratjon, does that mean that we have a very arrow

25 vindow in which we should cperate our clow plucc?

\
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'N 1 MR. MILLER: The work at AI dealt with s;arkplugs.

2 XR. LEE: I understand that.

j 3 1R. MILLER: Small sparkplugs, 120 sparks per
;

4 second parkplugs,.and the correlation between that and the

5 glow plucs is cuestionable.

6 MR. LAWRCSKI Mey we not alco forget cetters,

7 too, hydrogen cetters?

': ILLER: We talked about getters at the8 MR. -

'

! 9 workshop.

10 YR . LAWROSKI I: you get one that is truly good,
~

11 you are geing te have pret1-::s with oxygen.

12 MR. MILLEPs We talked about th em at the workchop,i

.i

N
13 and they did not receive too much support. The PE: types

14 are excited abcut it becausa 1t i s $. fantastic RED project. -

15 (General laughter.)

16 ME. LAWROSKI4 They ha ve their place at the
1

; 17 battery. You have an inventory of hydrogen. !f you have a

18 getter for this purpose, wouldn't you agree that you are

19 kin * of fichting the battle between somathing that is ceine

20 to take the hydregen out withcut getting gocfed up.

21 MR. GREGORYs I think that if you are not coing to

22 inert the containment, th en the best thing to do with

23 hydrogen is to turn it in a controlled way. If ycu are

24 going to inert the containment, then you still have te get

25 rid of the hydecgen comehow, and then you would use a

'

,
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(''N
b 1 getter.

2 MR. LIE: In order to get this type of benefit out

3 of our sprays, what kind of spray system do we need compared

*

4 to what we have right now?

5 MR. " iller: There no::les were vtandard. The

6 numbers are in here, but thay were standard EWE norzles in

7 exis ten ce . I have forcotten the nunber. They were standard

8 not:les giving you a 500 micron droplet.

9 M2. LEE So we dcn't have anything other than

10 guaranteeing that the spray: will work.

11 12. '':lL E: : I a .n sure that you could cptimire

12 that. Eut there wa s no att npt made in this study to

,O 13 optimire.

v
14 There were questions concerning the actual heat -

15 sink supply is not really big enough te give you that

16 pressure suppression . So there vers questions concerning,

17 was there'a mechanical energy transfer; was a lot of the

18 energy of that deflagration going into actually breaking the

19 droplet apart as opposed to actually heating up and

20 vaporizing the droplet. You really cculd not acccunt fer

21 that presssure decrease just in a h ea t transfer heat sink

22 type mode.

23 There is certainly a lot of room for

24 optimiration. This was just using standard 9VD spray

25 nozzles.

v
,
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1 MR. L A'4ROSKIs My acquaintance with the

2 suppressants -- were there any really good ones that were

3 talked abcut at the workshep?
/

. . 4 MR. MILLIR: Von Alby was thcre, and the one

5 mentioned by hin was the Falon 1301, the CF3BR. I think |

6 that is the one most commonly in use today.

7 '!R. SEALEs I would assune your big Nevada site

8 test with the 'ig container, and so on, will include some

*
9 g 2.o w plug work?

10 23. ''ILLI ii : Yes. variety of ignition sources'

11 are planned to te evalusted. can virtually ;uarantes ycu~

.

12 that the TVA on:s vill be used as one cf the optiens. It is
.

''g 13 not my project, but i can almcrt quarantee that they will be

G 14 used
. .

15 MR. SEALE: Okay.

16 MR. FILLEF The rehedule on that is that. we a re
.

I'7 hoping to be starting initi::1 testing next sunmer, next

18 September, somewhere in that area. Money has been allocated

19 by our task forces. It hasn't been allocated by our Board

20 of Directors. Me are looking for cc-funding. There are a

21 bunch of options in the mill.

22 MR. FERRs Is your work coordinated with, in the

23 sense that you are going to take full account of the werk

24 being done by livernete?

25 MR. "ILL*Rs Yes. 'Je are trying to stay closely I
1

r

I

|
.
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!
-

1 involved with all of the work, the Livermore, the randia, !

| 2 and Fettel-Frankfurt. |
.t .t

} 3 ER. KERE: Are there further questions. !

! i-

,1 4 ('! o r es p.c ns e . )
|'t

i 5 MR. K RF Thank you, Mr. Miller.
t
i

| 6 ('J hereupo n , a t 4:15 p.m'., the Committee went into '

;
I*

1

7 e.necutive session.)
!

,

! 8
'

|
1

'

: 9
!

| 10
,

! I

11 )'

i
'

!
'

12
.

_ .

! !
t r

'
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1 |
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1
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!
! 1 EXECUTIVE SESSION'

2 MR. KIER: The executive session is new in

3 session. It is an open executive ression.

4 I woulc like your comments on the two questions

: 5 raised by Mr. Cilinsky, if ycu have any at this peint, since

6 we must deal with these as a conmittee at our next meeting.

7 Do you have any suggestions for me, or the subcommittee?

8 Do these members of the subccamittee have any

9 suggestions as to appropriate comments in response tc "t.

10 Gilinsky's questions, the first one being, "Loes the

11 committee talieve additional hydrogen centrol measJres are

12 necessary f or ice containm+nts?"
I -

,

[~ 13 .1R. SIEESs Additional to what?)

\
14 MR. KERR4 I ion't knew. I Issume that it is -

15 additional to what now exists.

16 MP. SIESS: By what now exists, do you mean what

l'7 was required of Sequoyah? 4

18 M2. KERR: I am not sure.

19 MR. SIFSS We wrcte two letters in whatever scnth
20 it was, July. *>e wrote one letter on Tequcyah. "a wrote a

21 letter to Mr. gilinsky in response to a question he had

22 raised separat=17 Did we say anything in those letters

23 about hydrogen control measures for ice Condensers?

24 MP. FFRR: We commented, I think, about the

25 approach that TV: was taking, and said that it see ed

\
'

,
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1
l 1 reasonable.; Ns

2 MP. SIESS4 ~4e had a letter f rom Mr. Gilinsky and

3 a response to him at the July meeting. I don't have that in

4 my collection here, so I am not quite sure about that. I

5 thought the committee had a position that we did think

6 som* thing additional was required f or ice condenser

7 cont 71nments over what was already there before Sequoyah

8 started talking about igniters.

.
9 M3. ??E3: My int +rpre ta tion of th e le t t e r , which

!

10 is protchly nct as gccd as ycurs --

11 M7. C!IEC: I ar nct tryin; to interr.ct the

12 letter. said, a position, but whether we have written it?

.

} 13 down anywhere, I don 't know.

'~#
! 14 9. F . KEFR2 'J a don't.have a pcsition until it -

15 becomer written down.

16 MR. SIESSs I know.

17 I think that in some of the letters we have

18 written on cther things, we have talked about .tydregen

19 control for ice condensers. But specifically, I guess, the

20 quertion from .M r . Gilincky is whether either of the letters

21 we wrote on July 15, or whatever it was, made a clear

22 positien, or whether we can cite something else, or whether
i

23 we cheuld write another letter.
i

24 MR. f.E F R He refers to the letter of July 15th tei

25 him on hidrogen control measures at Sequoyah.

g
\

*
_

|

|

|
i
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1 hR. E!ESSs That is the letter I don't have in
,

| 2 front of me, or the Sequoyah letter, for that matter, right

3 at the moment.i

- - 4 *1 hat do you think the committ-2e 's position is on
i

5 hydrogen control measures for ice condensar containrents?

6 Didn't we write a latter? Have ve aid anythic about " ark I,

i

i

7 or Nark II containments on hydrogen.

8 MR. KFRR: We have written a letter on T"I leesons '

j

9 lesrned in which we' agreed with the staff's reccamendation
4

10 on inerting dark I and lark II containnents. I don't

11 remarber cur h vin; mentioned ice condenserr in th:t r2:e-

!
12 letter.

I

13 MR. SIESS: y recollection is tha t we did.

14 "R. KIRR; We did n o.t recommend inerting ther, did -

t

)
15 we?

! 16 "R. SIESS: Fc. 7e recommended that they be

17 looked it.

18 MR. KERR: len.

19 MR. SIESS: There wac a strong indication that at

20 least we thought that there might be something needed to be
3

21 done about ice condensers.

.R. KFER: I think that that is the case, yes."22

23 I don't know whether Mr. Gilinsky is talking about-

24 the general case or about Sequoyah. I guess we can find out

i 25 by acking, maybe.

.

, l

|
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1 MR. lAWROSKI: When ve talk about Sequoyah, thats

2 is the immediate model?
I

3 MR. KERE: It seems to se that that would make

4 some sense. --

.

5 M. E . 'AWHOSKI: W? must not for;et that there vill4

i 6 be a t least 10 cf these things. Sconer or later we are

7 going to have to bite the bullet.

! 8 MR. SIESS: !n the letter to Mr. Gilinsky, va

i 9 simply said, recarding the control of large amounts of

10 hydrcgen "is discussed to reme extent in the committee 's
.

11 Sequcyah le::cr." "c that :.a k e r care of that. .;- can now

12 lo'ok at the Sequoyah1 letter.
.

13 ! think that somebody needs to look back further

14 because I thoucht I sensed a porition f.y the committee that ->

15 ice condensers, at least, had a problem.
,

16 '' ? . KERE: There certainly has been a concer.
T

17 about ice condensers.

18 MR. SIESS: The Ccomittee in its March 11, 1980,

19 report on the *!TOL itemr recommended the licensees develop

20 reli ability assessments for their plants, and that desian

21 studies of possible hydrogen control in filter vented

22 containments be required. This was mentioned in the

23 Sequoyah letter.

24 I don 't see any position in here. I see an awful
1

25 lot of words, but no position.

, -

: x
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)
s ,/ 1 MR. KERR Do any of our concultants have advicem

2 for us at this point that they would be willing to

3 voluntaer?
,

| - - 4 "E. SIA;?: I don't knew whether it is advice, but

5 it is some commente.

6 It seems to me that the ignition approach is the

7 right vny to go. I really shudder to think of all of the as

8 yet unresc1ved engineering problems you Vould get into if

.9 you tried to de inerting, and so on, at this stage of the

10 gaas in a system that was designed the other way. It does

! 11 not caem like a good idea.

i 12 I am a little concerned about a problem that was

13 mentioned by, I believe, Dr. Strehlow, regarding the

14 posciPility of the.dects and the turbulent mixtures in those -

4

1

15 duct s serving as a sort of s quasi-containment, I quess, for

16 directing some flame fronts, or something like, frem one

l'7 region to another. I am not sure if I am sayina it quite

18 righ t , but I think that that the is the substance of what he

19 sa id .

20 To me it is kind of interesting that the location,

21 of the plugs at thi s~ stage seems to be a question cf

22 convenience rather than maybe the mest strategic place in

23 which the y migh t he 1ccated. I think that that can be a

24 dangerous convenience tc accept. I would hope that the TVA

j 25 people would 1cok at it in more detail and if there w a s ". ' t a

s_-

'
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( 1 more systematic way of going about locating those things.

1 2 Certainly, th e gle w pings lock like the right

3 apprcach. ! think sparkplucs would cause all kind.s of
,

- 4 proble:s in control inctruaentation and things lik e that

5 that we hava not even thought stout yat just becauce of the

6 electrc-magnetic interference effects.

7 In general, I think the idea of going ahead as th e

8 staff recommends, recognizing that at some point fsirly soon

9 down the road seme decisione are going to be available with

, 10 th a glow plug approach, and hcpefully putting the clow plug
1

,

11 in t :cre propiticuc cet of 1ccatient ic the reaconabic and

12 pru'ont thing to do.
! -

! (''N 13 MR. SIEGEL: I more or less second the comments

14 that Seale has = ads. I think . the glo w plugs a re an -

15 appropriate interin solution to be adopted. I feel rather
i

16 strongly tha t the vent system -- you cannot move the glow

I'7 pluis, t'he exists from the vent system ought to be somehow

18 adar.ted to be located closer to one or more glow plugs. I

19 personally would emphasize the tore or so, to give some

20 redundancy.

21 As you said, Dr. Verr, I don't think we can fully

22 identify where the hydrogen is going to come frem in tha

23 next event, bu+ et least there are some plausible placer

24 where it might 'a planned for. I think that those plan

25 should be coordinated with the locations of the clow plucs.

D.

U
.
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1 If it is too hard to move the plugs, then let's adapt the

2 vent system, but combine them in some reaconably logical

3 fashion.

4 4 If this can be done in a timely way se that tne

5 proposed cperation at one percent power can cccur .more Or

6 less simultanecusly with the installation of this combined

7 vent end glow plug system, then I have no reservations about

8 the recommendattons of the staff.
'

9 Cn the other hand, I would dislike seeing the

10 thing being an interim-interim measure where 100 percent,

11 operatien centinues for some extended pericd iefere even the

12 glow plugs come into availatility.
,

g 13 MF. KERE: If I understand the staff's
. I
\ G

14 recom m enda tion , thay are willing to recommend that Sequcyah -

.

15 be permitted to co to 100 percant power with the idea that

16 since they are in a testing phare the total amount of 1C0
,

17 percent power operation between new and the glow plug
:
1

18 approval time is likely to be something like not mere than a

19 mont h #ull power days.'

20 R . SI EGEI. : " hat concerns me about that

21 particular recommendation is whather operation at 10G

22 percent pcwer would impede any additional, hopefully, minor

23 modifications to the glow plug a.rray or the installation of

24 some additional vent system. I would rather have those

25 ch anges added tc the interim plan, ra ther than te have those
-

%

ALDERSON REPORTING CGMPANY, INC.

400 VIRGINIA AVE. S.W., WASHINGTON, D.C. 20024 CO2) 554 2345

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



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

247-

\
s/ 1 changes impeded by the 100 percent operation even for a

j 2 brief period.

3 DR. FERRs I think the points you are raisin: are
4

I' '

4 very good. I don'.t know enough about the ignition system to

5 know where the plugs should be put. It occurs to ae that if

6 you put them too close to the sdurce of hydrogen, at least

7 it seems to me in principle, to be pcssible that you will be '

8 igniting the hydrogen in a situation in which the'

O concentration is considerably created than if it were

10 permitted to diffuse somewhat, which might be an argument

; 11 against puttin, it near a vent. On the other hand, if you
;

; 12 put it near the vent, then you are mo re likaly to ignite it
i

i
; 13 earlier.

14 What I am saying is that there are possible '

15 trade-ef f s here which I would net know hev to answer on the
16 basis of what I have hcard so far.

17 MR. SIEGEL: I fully agree with you. There is

I 18 soms optimum place, and that optimum place would be -- It

19 would be extre ely fortunate if that optimum was where the

20 emergency lightbu2b happened to be.
'

21 MR. LEES May I make some comments?

22 FR. VrVK: Please.'

!

! 23 E. IEEs I feel somewhat less encourag+1,

! 24 perhaps, about the ignition system than the two gentleren

f 25 who have commented on the systen, for a couple of reasons.

5

V
|
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O)\m- 1 One is, even with the addition of the ignition sy stem, one

2 may not be able to disregard the pessibility of local

3 detonations, and with all the compartmentc, and so on, ,ne
.

I

4 might have to centend with. !

i

5 Th e recend point, perh a ps , Orcokhaven National Lab

i 6 people reported that one micht have to worry about some of
;

i 7 the fcam padding or cover th at^ exists 4round the ice

8 condenser, and so on, and not based on my expertise at all,

'

9 which is practically nothing in thir' area, bu+ my :ut

j 10 feelina is to rely on flame , even a t 1cw propagation spaed,

11 ! feel ? little bit uneacy about it. ~ woulf like to

| 12 explore the possibility of using some cuppressant, halen

''N 13 1301 cr some other nechanism, or a combination of reveral
.

'
1-4 po ssibili ties . . . -

15 Those things, perhaps, should be explored a little

16 bit more, perhaps as actively, althcuch ! feel the issue of

I'7 ignition system perhaps has gone far along so that we should

18 certainly try out more either in the test facilities or also

19 .in the 3ctual plant in some way.
i
.

20 I feel somewhat uneasy about the ignitica system
a

3 21 partly because in response to one of .sy eariler questions,

22 if this type of system had ever been uced with hydrogen, the

23 answer was no. To try it cut on a la rge containment for the

24 first time, I feel somewhat uneasy.

25 5?. SIEGEL: I would like to add a comment, or a

b'

U
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]\m- 1 question that 'r. Lee's comments reminded me of. *n reading
:
! 2 the description, I, too, was concerned about this one word

( 3 description of the foam insulation around the ice

~

4 condenser. In view of the things that we have heard abcut

5 in tirplanes and in the SA~T system, that can be a very

6 suspect m a te ria.1, particularly if you have an atmocphere

! 7 that is up at 1500 degrees for a few ninutes.
i

; 8 'a' e did net hear anything -bout that today in

9 response to my concerns about what else happens when the

10 atmosphare ge t: up to 1500 'tegrees for several ninutes.

11 v?. E ' F. 3 Mr. Gr gcry?

12 " ?. . GEEGOEY: I woul' like te agree with the

13 general ccaments that were made over here that an icnition

14 s y s t e r.1 doas seem to be the' way to go, and more consideration -

,

i

15 should le given to the design placement of the igniters.

16 In g e ne ra l, there are two standard ways of dealing

I'7 with fl=mmable cases leakinc into spaces. One is te
'

18 deliberately eliminate the ignition sources, and the other

19 is to deliberately ignition sources in a place where you

20 ignite the flammable gas before it gets out of centrol.

21 The obvious example that we are all familiar with

22 is in cur own gas domestic appliances, the pilot flame, or

! 23 the spark igniter is always located very, very close to the
i

24 burner. I think we have to lock at the same philosophy in

25 the system.

v
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ss/ t It should be possible to make some pretty educated

2 guess as to where the most likely place is that hydrogen
i

3 vill ccme out into the containment in the event of various

! - 4 types of accidents, and to make sure that there is an

5 ionition source ri Pt there.
i

6 I would like to nake ene chservation that would

7 bother me a little bit about 910w plugs. G1cv plu;s are not

8 normally used in hydregen icnition or flamnable gas ignition
i

9 systems, whereas standing cilots and stark ignition system

10 have get a record of being used for this kind of thing.
!

11 *:e are embarking cn an ignition technique which

1 12 perhaps is not well established in the industry, it just
.
.

I 13 occurs to me that a sparkplug jn an engine operates mary,

(''1
,

144 many mji. lions of time in its lif e, and a glev clu; only *

15 operates for a few thousand times in its life. I just

16 wonder if the cpark system should not be, perhaps,

17 reconsidered.

18 MR. KIRP Any further comments on that?
7

19 MP. SEALE: I will just observe that IEEE 279

i 20 control rod circuits are a beautiful antenne, and more than

21 once reactors have been scrammed because of hich frequency

22 electro-magnetic disturbances.
t

| 23 MR. SIEGEL: But hopefully the reacters have been

24 scrammed when these things go on.

25 ME. SEALE: That is right.

O
.

'
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9 1 MF. KERRs Are there any other comments?
.

|* 2 (No response.)

3 .1 R . KERRs Let me thar.k all of you for your
,

* 4 attendance and' participa tion. The meeting is adjourned.
I.

5 (i'h ereup o n , at 4 :30 p.m. , the meeting was ,

I
'

6 ad jo u rned . ) |
t

7,

8

j. .

i 3
,

i 10

11

12
.

\|e - - -\

''

14
1 (

-

i 15 |
1

i

I ,

; 16 !

17

|
,

18 |

19 I
'

20

21

22

23

i 24

25

0
-
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SUMMARY OF RESULTS

Ignition Burn Burn Flame PT PNEW PMAX
Point Limit Time, Propagation

Case v/o 112 V/0 II2 see 132 psia (1) psia (2) psia (3)

1 10 0 1 no 23 58 141

2 10 0 5 no 23 58 136

3 10 0 25 no 22 58 131

1X 10 0 1 yes 44 58 126

1X(5) 10 0 1 yes 53 66 150

4 10 4 1 no 22 44 122

5 10 4 25 no 22 44 114

6 12 0 1 no 24 64 141,

7 12 0 25 no 23 64 137

67.(5) 12 0 1 yes 60 71 181

8 8 0 1 no 22 51 132

9 8 0 25 no 22 51 127

10 8 4 1 no ' 22 36 120

11 8 4 25 no 21 36 110

10X 8 4 1 yes 27 36 112

1B 4 0 1 yes 24 41 111

17(4) 10 0 1 no 31 79 146

18(4,5) 10 0 1 no 35 68 223

19( ' 10 0 1 yes 50 66 149

(1) Peak pressure prior to core slump
(2) Peak adiabatic 112 burn pressure prior to core slump g
(3) Peak containment pressure after head failure 99d* 4(4) Ice melt complete at 21 minutes

columbus t.aboratories(5) Modified treatment of suspended water droplets

.

'
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PRELIf4INARY ANALYTICAL RESULTS.

. - SELECTED SMAU_ BREAK LOCA RESULTING IN DEGRADED CORE
,

COOLING (hD SEQUENCE OF WASH-1G<

- PATE OF HYDRCGEN RELEASE BASED ON PAIG CaDE CALCILATION (04 SET

OF HYDROGEN REEASE 3500 SEC AFTER ACCIDENT INITIATION #4D
.

ASSU4ED TO CONTINUE II4 IMPEDED FOR 3000 SEC, RESULTING IN REACTION

OF ABour 70% OF TOTAL ZIRCaillf4 IN CORE)

.

HYDROGEN CCMBUSTION ASSlfiED WHEN 10 v0u14E PERCENT HYDROGEN-

s
REACHED

-
~

,

VARIED ASSU4PTIONS REGARDING AIR RETURN FAN AND UPPER-

'

- C0iPARTMENT SPRAY PERFORMANCE, AND ICE AVAll1GIf_IT(.

.
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EASE CASE PAP #ETERS
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-

1. INITIAL COSITI0fS: VOLUES ,

TBPERATllES |-

PESSUES LOTIC

IE FASS COE

IE EAT TP#lSFER AREA.

.

2. BUP'l pao #ETEPS: Fq FOR IGNITIJN 10V/0

P FOR PRODAGATION 10V/02

Og FOR 181 TION 5V/0:

_

3. AIR ETURN FANS: N3SER OF F#1S 2

CAPACITY I EACH F#1 40000CFM

4. SPRAY SYSIBi: FLOWPhTE 6000GPM

TEMPERATURE 125 F

2EAT TPRISFER COEFFICIB1T 20 BTU /HR FT p

5. IE C00ENSER DRAIN TEMPERATURE 32 F .

6. B[AK ELEASE IRTA M%CHCOI

O
.
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TABLE 1. PELIMINARY CufAlllER NIALYSIS SENSITIVITY SRIDIES .

TOTAL H PEAK TEtP. (U ) PEE PESS (PSIA)2 F
BURED (LB)

LOWER IE UPER LOWER UP R
QFFARTIER BED CMP. CWP. COMP.

i 1. PASE CASE 900 2200 1200 150 26.5 28.5 .

! 2. H IGlITIW 1050 1200 700 260 28-.5 30.52

i MD PROPAGA-

TION a 8%
.

3. 1AIRF#1 900 2200 1350 160 26.5 29.5

4. NO IE* 850 2400 2000 270 41 41
'

5. NO AIR F#lS 1200 2370 2580 1090 46.4 92.4

* IE EXISTS ONLY FOR TIE FIRST DO 0F 7 BURililG CYCES. -

-
,
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'

3.- ABILITY OF IGNITERS TO FUNCTIQ1 IN JURBulBtf, FL0lllilG

ATT0 SPHERE

4. PROEDURES #lD STRATEGY FOR IGNITER DEPATIQ1
|

(,U') 5. #MLYSIS f0DELS
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_
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A. SOLUTI0fl SOBE

B. CalTAlffEIT f0 E _ING

c. INRK PARNETERS

- . 6. #1ALYSIS RESULTS*
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B. SBlSITIVITY STUDIES

1. BURN CRITERIA

11. DIFFERBIT H GEfERATION RATES2

7. EFFECTS OF LOCAL DETGMTIONS OR RAPID BURNS USING
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START FROM DETQMTION.
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HYDROGEN PROBLEMS IN SEQUOYAH CONTAINMENT

INTRODUCTION
.

This letter report completes the RDA response to a request
- s.

from the Nuclear Regulatory Commission to critique the ultimate

strength analysis of the Sequoyah containment. This second

report deals with the last two tasks of the work statement.

1. How would the analyses and results be altered

if the stresses are caused by ignition / detonation

of 300-600 Kg of hydrogen distributed uniformly

and nonuniformly in the containment?-

2. To what extent can distributed ignition sources

mitigate the effects of hydrogen?

A' preliminary discussion of these topics was attended by

Commissioner Gilinsky and Dr. John Austin at RDA on 18 July

,

.
.
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( } RESULTS

1. a) 300 kg of H2 gas mixed uniformly with the air and
steam (if less than 40 percent steam) in the Sequoyah

containment volume following an accident would be

completely combustible if ignited (see Figure 1). )

This complete combustion could occur so rapidly as
to exceed the capacity of the available heat removal

processes, and could produce a pressure as high as

5.5 atmospheres, thus rupturing the containment (see

| Table 2). The combustion of 600 kg of H2 "UUld f

course have more severe consequences,

b) A nonuniform distribution of 300 kg of H present in
2

the containment would consist of parcels of gas
richer in H than the uniform distributicn. If these2

'

separated parcels formed while the blowers were

operating, they would probably.be mixed, combustible
/''' and perhaps detonable. If they were all detonable

and all ignited, the damage to the containment would
.

be worse than that due to ignition of a uniform

mixture. If the gas parcels were not detonable, the

pressure upon combustion would probably be at least

as high as the uniform distribution. Under some
circumstances, it would be possible to collect pockets
of gas too rich in H to burn. As the outer edges2 ,

of such pockets mix with air, partially combustible

mixtures would form. The results of igniting such

a distribution would clearly depend on the sizes of

the parcels and the timing.

; It should be noted that narmless mixtures of H , air and
2

! steam may become highly c.)mbustible or detonable as steam

is condensed out (see Appendix B). Thus one mechanism
employed for removing heat from the containment also removes

the combustion inhibitor from the containment.
l
1

'N
2

1
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/m1 2. If the rate of hydrogen formation is sufficiently low,

and the mixing of H is complete and rapid so that all--
2

the gas in the containment gradually increases in H
2

concentration, then the presence of enough igniters could

prevent overpressurizing the containment. This would be

accomplished by releasing the heat of combustion at low

concentrations over a long enough period of time to be

handled by the heat removal equipment. However, if the

Zr reaction rate is high relative to heat removal processes,

then igniters might only delay containment failure.

Table 3 shows that a 1 percent per minute Zr reaction rate,
'

accompanied by the burning of hydrogen at its rate.of

formation, would match the nteady-state heat removal

capacity of the RHR equipment.<

If the H is not thoroughly mixed, then there is a2 ,

possibility of igniting a detonable pocket of gas with an

! igniter. If left to its natural end,'such an H -rich pocket
2

could disperse below the detonation limit (N20 percent H )
2

when its ignition would cause less of a problem. ~

Since the possible rates of generation of H f llowing
2

an accident and the rate, place, and degree of mixing with
air are highly uncertain, the use of igniters can only be an

.

uncertain means of pressure control. Improper use might be

detrimental rather than helpful. On the other hand, if it is

assumed that there are many unavoidable ignition sources in
the containment, it is certainly true that control of the

! time and place of ignition is preferable to chance. In this

sence the use of igniters seems beneficial.

COMMENT

It is our opinion that the uncartainties in H2 generation
and mixing are so dependent on hardware details and scenarios

i' that they are unlikely to be greatly reduced by further work.

For this reason we believe it may be a better use of resources
\ to explore thoroughly the feasibility of using an inert atmos-M phere in the containment, so as to avoid the hydrogen burning

problem.

3
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0
100% air

0100 F saturated steam300 kg H2 A /

600 kg H2 5
\ N

836 kg Hg
0150 F steam

\ s
\ ' 0200 F steam

Assumed
detonation
limit

~

\ \Yx*.*

Flammability \
\% '4% \'

<20% air

S /
~

~

#

h ,

100% H ' 100%2
steam,.

Limits of flammability and detonation bend on Shapiro and
Moffette WAPD-SC-545, as reproduced in WASH 1400.

Figure 1. Uniform mixtures in the Sequoyah containment vessel,
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Ci TABLE 1. INPUT DATA FOR SEQUOYAH PLANT

U
l. Free volume of containment vessel (a) 3.2 x 10 m4 3

4Weight of contained air at 27'C,1 atm. 3.7 x 10 kg
0Gram moles of air 1.3 x 10
5

Gram moles of oxygen 2.7 x 10

Weight oi zirconium in core (b) 1.9 x 10 kg4
2.

5Gram moles of zirconium 2.1 x 10

3. Yield of 100% Zirconium-water reaction
Weight of hydrogen 836 kg

5Gram moles of hydrogen 4.2 x 10
Heat of reaction (c) , Zr + H O 1.1 x 10 joulesll

2
burn (d) (to form liquid H 0) 1.2 x 10 joulesIlHeat of H

2 2
llTotal heat of rcaction + burn 2.3 x 10 jou!cs

4. Mclar quantities and partial air pressure
of saturated steam in containment

,

| 4
. At 100*F (38'C) vapor = 8.1 x 10 moles = 0.06 atm.

5
150 F (66*C) = 5.9 x 10 moles = 0.25 atm.'

5 ~

200'F (93 C) = 8.4 x 10 moles = '0.78 atm.

NOTES:

(a) Seouoyah Nuclear Plant, Preliminary Safety Analysis Report-(PSAR),
3,

Table 5.2-1 gives the total containment active volume as 1,142,000 ft ,
comprised of 730,000 in the upper compartment, 125,000 in the ice
compartment, and 287,000 in the lower compartment.

(b) Sequoyah PSAR, Tabel 1.3-1, gives the clad weight as 41,993 lb.

(c) G. W. Keilholtz, ORNL-NSIC-120, Annotated Bibliography of Hydrogen
Considerations in Light-Water Power Reactors, Feb.1976, Table 1,
Heat of Reaction = 122 to 137 kcal/ mole Zr.

(d) Lewis and Von Elbe,
'p. 685, 68.3 kcal/ mole H 0.

2

V 5'

|
|

4
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Q TABLE 2

V H2 Quantity

300 kg 600 kg 836 kg

1. Percent Zr Reaction 36% 72% 100%

5 5 52. Moles H 1.5x10 3.10 4.2x102

| 3. Partial Pressure @ 300?k (atmospheres) 0.12 0.23 0.32
H

4. Molar Ratio Air, Uniform Distribution 0.11 0.23 0.32

5. Detonatable (D) or Combustible (C)a
' Mixture, no steam present C D D

~

6. H2 Concentration Multiplier Required
relative to uniform mixturea'

. ,

a) to reach detonation regime 2.0 1.0 1.0,

b) to reach stoichiometric ratio of
0.42:1 for H : air 3.8 1.8 1.32

7. Steam Vapor Pressure Required:b,

a) to prevent- detonation of unifonn '

.

mixture 0 0.1 atm 0.4 atm

b) to prevent combustion of uniform -

mixture 0.9 atm 2.0 atm 2.3 atm

8. Energy Release in 100% Combustion, Joules
10 1C 11(liquid water product) 4.3x10 8.6x10 1.2x10

9. Final SS olute Pressure in Adiabetic.

Combustion
(Initial tg Partial Pressure
1 atm, Initial Temperature 300*k)c
a) No steam, 100% combustion 5.5 atm 10.0 13.3 atm
b) fio steam, 50% combustion 3.3 5.8 7.3
c) Steam @ 190*F, 50% combustion 4.1 6.5 8.3

NOTES *

(a) Approximate, based on regimes outlined in Figure 1.
(b) 7.pproximate, based on regimes outlined in Figure 1, plus molar concen-

traticns of saturated steam as ~a function of pressure.
(c) Assuming products of combustion behave as ideal gases, and assuming

a constant-volume reaction.

fh
6

,

!

| <
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TABLE 3. HEATING'AND COOLING RATES IN SEQUOYAH CONTAINMENT

Time when Fission Product Heat (Cumulative) Equals Total
Heat of Reaction 3000 sec

4 Rate of Heating at the 1% per min Zr Reaction Rate
Zr Reaction 18.0 MW

H Burning 20.0
2

Total 38.0 MW,

i

Rate of Fission Product Heating at 2 hours (when ice,

I has been melted in DBA) 27 MW

Steady-state Cooling' Capacity of the 2 RHR Heat3

a'

Exchangers 67 MW,

:
!

Net Margin of Cooling Capacity (Beyond Chemical
Reactions @ 1%/ min and Fission Product Heating) 2 MW

4 NOTES:

(a) Sequoyah PSAR, Table g.3-2 c;tes 2 heat exchangers, each having a ,

capacity of 1.15 x 10 BTU /h at specified conditions.;
.
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/~'N APPENDIX A,

,

'

LITERATURE SEARCH ON EXTENT OF HYDROGEN
BURNING AND FLAMMABILITY LIMITS FOR MIXTURES

OF H , AIR, AND STEAM
2

In considering the effects of 300 kg to 600 kg H in the
2

Sequoyah containment vessel, questions of lean mixture flamm-

ability limits and the extent of combustion are important.

The 1976 literature survey by Keilholtz (1) provided citations

for most of the sources used in this brief study, and provided

much of the available data on flammability and extent of

Combustion.
,

| EXTENT OF COMBUSTION

Kellaoltz states that combustion of 100 percent of tne

hydrogen will not occur until the hydrogen comprises about
10 vol percent of the H -air mixture. A partial combustion

2 ,

c. data point of 50 percent combustion is quoted for a 5.6 vol
)(( ) percent H mixture in air. This point is attributed to2

.

Shapiro and Moffette (2), a reference that we were unable to

obtain in the available time. However, Furno, et al. (8)

indicate about 90 percent combustion for an initial mixture,

of 8.5 percent H as compared with 5-10 percent combustion2,

for mixtures of 6.9-7.4 percent H . If 300 kg H2 **#82
uniformly distributed throughout the active volume of the

Sequoyah Unit 1 containment vessel, it would constitute a

10 vol percent mixture with air (neglecting steam) , and hence
,

could burn completely.

FLAMMABILITY LIMIT

| The lean mixture threshold of flammability is given by
Keilholtz as 4.1 vol percent H in air but at this concentra-2
tion, Egerton (3) as well as Keilholtz point out'that the flame;

1
'

front is not coherent, and flame propagation is upward only.

o,

i

A-1'

. .

I

|

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



_ __ . - _ - -

.

.

'.
*

.

'N
Downward propagation begins with a hydrogen concentration of*

about 9 vol percent (1), (3). D'rell and Belles (4) state
that a 9 percent mixture will burn completely (a point to be

compared with the Keilholtz 10 percent mixture for 100 percent

combustion). Even the lean mixture non-coherent flames are

postulated to burn a mixture that is richer than the original

mixture, because the high diffusion rate of H2 permits access
of additional H to the flame (4). The diffusion rate of H2 2
is also important to the dispersal of segregated pockets of

hydrogen, and will be discussed later.

STEAM DILUTION

The effects of dilution by steam are potentially important.

Drell and Belles (4) state that inert diluents have scarcely

any effect on the lean-mixture limit of flammability, where

300.-60D kg of H in Sequoyah would be, if uniformly distri-
2

buted. They claim water vapor has effects similar to CO
2'

"'} and they show data of Coward and Jones (5) (which we were

m/ unable to obtain) such that only after more than half the: s
'

,

mixture is CO does the fraction of H required for flamm-2 2
ability begin to increase. These findings are consistent

'

with the ternary mixture chart of Shapiro and Moffette for

H, air, and steam, wherein the lean mixture flammability2
limit is at a nearly constant H fraction as the steam content2
increases from zero to about 50 vol percent.

DETONATION

Shapiro and Moffette indicate a triangular shaped detona-

tion regime in their ternary mixture chart, a regime bounded

approximately by a 19 vol percent H line at the lean mixture2
boundary and a 45 vol percent air line at the rich mixture

boundary. Although the original reference was not available

to us, it appears that the authors' constructed the detonation

regime by extrapolating from data on dry mixtures of H and
2

O
A-2
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air. We note that Drell and Belles show the range of deton-

ability of H in air from 18.3 vol percent to 50 vol percent2
H. We could find no information en the effects of inert2
di'luants on the detonability of hydrogen-air mixtures, and

we note the caption on the Shapiro-Moffette ternary mixture
ch0-;t: " Assumed Detonation Limits." We conclude that the.

effects of steam on detonability of H -air mixtures are
2

essentially unknown. The nearest information we could find

was cited by Keilholtz, and this pertains to detonations in

Knallgas-team mixtures (6). Knallgas is a stoichiometric

mixture of H and 0 . In reference (6), experiments indicated2 2

that a minimun of about 65 vol percent Knallgas in saturated
steam at 100aC was required for detonation. This would

.

correspond to about 44 percent H .
3

The occurrence of detonation is also influenced by the
size and configuration of the vessel, and the nature of the

walls (4,7) , which further complicates' efforts to predict
O) detonation precisely.

.
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[ APPENDIX B

-

HYDROGEN-AIR MIXING BY FAN

Air recirculation fans are provided in the Sequoyah con-
tainment for returning air to the lower compartment after a
postulated blowdown. Two such fans are provided, each having
a rated capacity of about 40,000 cfm. The purpose of the

fan-induced recirculation is to convey steam produced by
residual heating to the ice condenser, if the emergency core
cooling system should fail (failure of the ECCS is also a

. situation that could permit a zirconium-water reaction and

hydrogen generation). The design basis for the recir'culation
system is an air flow rate of 40,000 cfm, corresponding to the
operaticn of one fan. Some parameters related to mixing and
burning of hydrogen in an air flow of 40,000 cfm have been
calculated, and are presented in Table 4.

''N The air velocities in the ice condenser and upper plenum
x,,) are low. Nevertheless, the flow would be turbulent in the

.

upper plenum of the ice compartment, so the flow entering the
upper compartment should be well mixed. If hydrogen were

being generated by a 1% per minute reaction of zirconium (as
^

an example), the rate of hydrogen flow would be about 10% of
the air flow, giving a mixture containing about 9% H . This2
would be combustible, according to the literature cited else-
where in this report.

A reference calculation is illustrated in Figure 2, where
mixtures of 40,000 cfm air and the hydrogen yields of various
rates of zirconium reaction are plotted on the ternary mixture
chart. Each reaction rate corresponds to a straight-line locus,
with steam rate determining the position on any line. The one
point plotted on each line is for a steam rate that corresponds
to the heat release rate of the Zr-H O reaction and the latent2

i
l
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heat of vaporization of water. It can be seen in Figure 2
'

i ,

| that the yield o'f Zr-H O reaction rates in excess of 2% per
.

2
minute can produce detonable mixtures with 40,000 cfm of air

if the steam content is sufficiently low. Rates of several
'

| percent per minute were calculated for some accident scen-

i arios in WASH 1400.
!

!
'

.

I

r

!

.

*
?

s

t

4
!

I

,

.
-

|

B-2
.

= x. e --ez--.*w ,- .,,-- - - c- ,- - =. n - - -en-- -- ---, a-,-v - - , - - - - , - ---,-------->,~,,a - --- , - -



. - _ . . - . - __

'
.

*

.

. , .

Table 4. Air Circulation Parameters

i

Design Data From Sequoyah PSAR

Number of Blowers 2

Capacity of Each Blower 40,000 cfm

2Ice Condenser: Flow Area (net) 1,326 ft

Height 48 ft

Annular Thickness 11 ft

) Effective Circumferential
Length 267 ft

Lower Compartment Active Volume 2.87x10 ft

6Total Containment Active Volume 1.24x10 .ft

Derived Parameters, for One Blower Operating

Air Velocity: a) In Ice Bed
. 30 ft/ min

O b) In Upper Plenum of
Ice Compartment 14 ft/ min

~

4Air Reynolds Number in Upper Plenum 2.6x10

(kinematic viscosity of air
2@ 50 C = 1.15x10-2 ft / min) '

, Air Residence Time in: Ice Compartment 1.6. min

: Lower Compartment 7.2 min

: Total Active Volume 31 min
of Containment

|

|
i
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U Limits of flammability and detonation based on Shapiro and
'

Moffette WAPD-SC-545, as reproduced in WASH 1400,

Figure 2. Locus of state points for mixtures of 40,000
cfm air with the hydrogen yield of various
Zr reaction rates.
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1. Controlled Ignition Phas_ i .:cgr n Stc' os

.

Description, installation, and operation of thermal igniters.o

Spark igniters and electrt agnetic interferenceso

1
1

2. Singleton Lab Tests
,

3. Fenvall Tests
,

I

i

4 Halon Study

5. Degraded Core .
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1.0 Introd'uction i

p, s

(U)
t

TVA has a testing program which is being conducted at TVA's

Singleton Laboratory to obtain preliminary information about
s

the performance of commercially available igniters. The purpose'

i

of these tests was to screen alternative igniters and to galn
,

a degree of confidence ', hat the igniters could ignite hydrogen.

The tests were not run under normal laboratory test conditions

.

since the objective was to identify which igniters, if any, were

. cost procising as subjects for core detailed testing and ,

evaluation. Nontheless, TVA gained considerble information and

assurance that commercially available igniters could ignite

hydrogen.
.

I
2.0 Preliminary Screening

.
_

.

A number of igniter typ'es were evaluated, ranging from high

energy spark igniters to large diameter (1-1/E" I.D.) beater

coils. Although the spark plug type igniter was considered an

excellent candidate for this application, it was rejected prior

to preliminary testing due to potential problems with

j electromagnetic interference (EMI) with critical instrumentation.

TVA's Electrical Engineering Branch is researching the problems

associated with EMI generators, and spark type igniters may be

censidered at a later date for use in Sequoyah unit 2 or Watts

Bar.

/^N
$ A

' \ !

. ' ' ~ Two other potential candidates, both coil heaters, were rejected
t
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.

..
,

after the first one, a large diaceter (1-1/2" I.D.) coil, could,-s,

not reach sufficient surface te=perature, and the second one
_,

.

failed at the connector in less than five minutes. Therefore,

testing was restricted to diesel engine glow plugs, since they

0were known to be capable of achieving the 1500 F minicum surface

temperature desired by TVA and because of their rugged design.
.,

TVA determined that at 12 volts ac, acceptable surface

temperatures could be achieved but that considering line losses,

variances in system voltages, possible plug cooling due to high

hu=idity, and other effects, TVA would need to operate the plugs

at 13 volts ac ! l volt.

Since the possibility existed that TVA could overstress the plugs

is- by overvoltage, TVA consulted gicw plug manufacturers and
,

s

identified two 'ypes of failure modes which could be expected.t

The first type of failu're caused by overstressing would be the

failure of the heater wire within the glow plug sheath. This

type of failure due to the breaking of the circuit would

outwardly cause the plug to discontinue glowing. The second

type of failure caused by overstressing would involve offgassing

of the glow plug tip. Unlike the first type of failure after

,offgassing, the slow plug may continue to glow; hchaver, the

surface temperature would drcp significantly.

<

3.0 Description of Glow Plugs
,

t

A)i
k/ Glow plugs, anufactured by three different companies have been

!
t

!

!

.__ -,
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'

] levels both on the primary and secondary side and at the

plug were measured by a digital voltmeter (Fluke model'

- number 8024A), and the current levles were measured by an

amp meter (Triplett model number 10 type 2). The surfaces

temperature of each of the glow plugs was measured by either

a thermocouple (type S) connected to a potentiemeter (Leeds

and Northrop model number 8690-2) in contact with the
.

surface of the plug or by an optical pyrometer (Pyro model

number 85). A total of 12 plugs have been tested to date.

4.2 Surface Temperature -

A GMAC model 7G plug was operated at 12,14, and 16 volts,

ac. Surface temperatures as measured by tht; thermocouple

were 1480,1550, and 1450 F, respectively. Since the -

thermocouple would be expected to increase local heat loss

and hence reduce the measured local surface temperature

of the thin-walled plug sheath, these valves were probably

somewhat lower than actual surface temperatures. This

conclusion was supported by later readings with the

pyrometer while testing another GMAC model 7G at 14 volts

ac and getting 1720 1 15 F.
,

'

*

A Bosch plug has been tested at 13 volts ac. It produced

a surface temperature of 1700 F as measured i;; an optical

pyrometer. Based on these results, TVA concluded that the

diesel glow plugs could produce the desired surface
o,

temperatures.
,

.

e

_ _ , .
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4.3 voltage Tests

Voltage tests have been ce=pleted on only the GMAC mod'el

70 plugs. Based en tests on 5 GMAC 70 plugs, reliable

operation at 14 volts was confirmed by two other 7G plugs

failed at 16 volts ac after a few minutes.

.

Inconclusive testing on 2 Bosch plugs resulted in failure

when operated at 14 volts ac; however, one Bosch plug

operated satisfactorily at 13 volts ac. One Isusi plug

was tested at 14 volts ac but lasted for only 30 minutes.

.

4.4 Extended Operation

-
_

.

Endurance ' tests have been performed on only two plugs for

extended periods of time. A GMAC codel 70 plug was operated

continuously for 148 hours without failure and' was later

used in the hydrogen burning tests. A Bosch 10.5 volt plus

was operated at 13 volts for 90 hours, then cooled down

for two hours and turned back on. It has been running
!

'

continuously after being reenergized since August 20, 1980,

at 10 a.m.

.

50 Hydrogen Testing ,

'N

k One igniter ( AC 7G) was installed in a "PARR" (229HC6-T316-031579-

I
.

e

- - , -- .w , ,- -
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5142) pressure vessel,in order to determine feasibility of
, ...

'

| igniting hydrogen in a sealed container. The vessel lid has

a silicone rubber sealed gas injection sampling port. Hydrogen
i

concentrations in the vapor phase were determined before andI

after ignition intervals. An ignition interval is the time

current flows through the igniter circuit. The hydrogen was
,

measured by a Perkin-Elmer gas chromatograph equipped with 3920

thermal conductivity dector and an M-2 integrator. The chromatic

graph was standardized with hydrogen and air mixtures prepared
.

from research grade hydrogen and laboratory air.

Temperature measurements were made with a mercury and glass

(484635, ASTM 9C) thermometer. Tecperatures reported are ambient

i for tests 1 through 3 Prior to tests 4-10, 100 grams of water

was added to the vessel. The vessel was heated by a temperature -

adjustable hot plate to saturation temperature of the water and

maintained throughout the test. The reported temperature is

; - the water temperture after completion of the test. Results of
,

: .

- the 10 ignition tests are given in table 1.

.

9

'

6.0 Future Tests at Fenwall Laboratories-

.

TVA and Westinghouse have contracted with Fenwall Laboratories

to perform hydrogen burn testing on thc AC igniter and its
,

mounting enclosure in an enclosed vessel. Attachment 1 is the
-

~

proposed Test Plan for the testing. The final test plan is being

prepared by Fenwall and should be available in the near future.

These tests are designed to prove the effectiveness of this

t

i

|
'

.
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Igniter assembly to burn a volumet. ic quantity of hydrogen in |(- ,

( ,- environmental conditions which ... czi= ate postulated accident
.

conditions inside containment.

70 Conclusions and Semry

The purpose of these tests at Singleton was to select a

co==ercially available igniter that was capable of igniting

hydrogen. From the results obtained, the GMAC model 7G glow

plug produces more than adequate te=peratures at a range of

voltages that c in be provided inside the Sequoyah containment.

In addition, the plug see=s capable of extended operation at

;/ O high temperatures and has been shown in small tests to be able
i )

to ignite l'1 percent and lower volumetric quantities of hydrogen. ,

U

9

Although it has not been tested as thoroughly, the Bosch plug

appears like it my also be an cptional igniter.'

. ~
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TABLE 1

HYROGEN IGNITION TESTS.

.

Initial Final Ignition

Test Vessel Tgmp. Hyd. Conc. Hyd. Conc. Intervals
No. Contents ( F) (i Hyd . ) (5 Hyd. ) (Min.)

1 Hyd., Air 90 12 5 0.1 5

2 80 7 0.1 5 .

3 80 35 0.1 5
,

4 Fyd. Air,
Water 120 12 0.1 3

5 180 14 0.5 3

6 180 4 2.5 1

7 180 2.5 1.5 1

8 180 1.5 13 1 .

9 180 11 5 1

.

10 180 ~ 5 2 1.3

; Vessel Volume 1.1 dm3 (0.039 ft )3 ;

Operating Voltage 12V de
i

.

.

.

I
E50239.07

.
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ATTACHMENT 1
.

*

SUMMARY-

-
.

SEQUOYAH PLANT
'

HYDROGEN I'GNITER TEST ?LAN
i

1. Intro' duction
, x

. The following describes tests to be conducted on a type of
hydrogen igniter to be installed in the Sequoyah Nuclear Plant.

3

Theigniterconsistsofa"glowpgug"asusedindiesciengines,
the surface of which exceeds 1500 F and serves as a hot surface
to initiate hydrogen burning, and a power transformer and an
enclosure for the unit. The function of the igniters in the'
nuclear power plant containment is to burn hydrogen, in accidents
where it could be released, when it reaches a burnable
concentration thereby precluding its buildup to high

- concentration levels. The tests will be conducted by Fenwall,
Incorporated, at their facilities in Ashlar.d, Massachusetts.
The unit, consisting of glow plug and enclosed transformer, will
be placed in a test vessel and subjected to a range of
environmental conditions (including hydrogen concentration,
temperature, pressure, and steam), and its hydrogen ignition
perfor=ance monitored.

1.1 Purpose of Tests

f
g The primary purpose of the tests is to demonstrate that
\' the igniter will initiate a volumetric burn of the hydrogen6

for the specified enfironmental con'ditions (pressure,
temperature, water vapor). A secondary objective of the
tests is to narrow down the hydrogen concentration range

; for which a volumetric burn of hydrogen will be initiated.

1.2 Acceptance Criteria

For the initial set of tests, the following acceptance
criteria will be used:

'

1. Data generated are internally consistent (i.e.,
ignition at 8% consistently produces low pressure
rise).

.

2. Data gathered confirm theoretical predictions.

.I 3 Igniters reliably ignite mixtures at high (12%)
- concentration and provide relatively complete

combuc. ion.
(.
'

2. Description of Igniter

The igniter is a General Fbtors 'Ac Division Model 7G glow plug

o)i
s_ -

.

O

.

, - . .- - , - , - . - - , ,, , - . - - - , .,.



(thIrmal rcristiva hIcting clim:nt) r& quiring 147 ce supply at.

. 4 a maximum of 8-1/2 Emps. The surfaca tempsratura of tha plug
,

aca me2surId by an optict1 pyromatsr should be a minimum of 1500
F. TVA has measured 1720 F surface temperature on one of the.

7s glou plugs at their facilities. The igniter is powered by 120V
j ac stepped down to 14V ac. The power transfor=er is a Dongan

\sm/ Electric, Incorporated, Model 52-20-187 specially wound'

transformer having the following characteristics:

; *120V RMS AC on primary side
14V RMS AC on secondary side

200V A Min.
Class H (High te=perature insulation)
Open style with 18" flexible leads

0Certified capability that transforcer will operate at 220
C.

The igniter and transformer are mounted as a unit as shown in
Figure 1 with the glow plug extending from the side. The unit
is encased in a 1/8-inch steel plate box type casing and sealed
with a rubber seal for water tightness.

3 Description of Test Facility

The tests will be conducted by Fenwall, Incorporated, at their
facilities in Ashland, Massachusetts.

3.1 Test Vessel

The igniter unit will be tested in~a spherical vessel in
N excess of six feet in diameter. The internal volume of
) the test vessel is 1000 gallons (134 ft ). The vessel is#

''
constructed of carbon. steel (exterior) and is lined with -

stainless. steel. The Vessel is designed for a working2
pressure of 500 lb/ft . The vessel is equipped gith five
dia=eter access ports (four on circumference, 90 apart,

and fif th at the top), one of which is drilled to attach
to' a manifold with valves and connecting lines to air,
steam, and hydrogen makeup sources.

The vessel is heated externally via electrical heaters.
The vessel will be equipped internally with a fan to promote
mixing and also to create a draft at the igniter heating
surface during testing when desired.

.

32 Instrumentation and Measurenents

The vessel is ins;rumented with two pressure transducers
to monitor the pressure including the pressure trrnsient
during the hydrogen burn. The output is carrier amplified
and feeds to an oscillograph device. Ther=ocouples are
provided which will monitor vessel atresphere te=perature
prior to and after a burn. In addition, a thermocouple
will be used to measure the te=perature of its heatr$

'

(A)v
.

4

'

l
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I

surface. Gas mixturao will be formed using pracsuro |
. - instrumantstion and a pirtial prsssura method in which a .

' '
I

givsn gas is added until thD sppropriate partial. pressure |
is indicated. Simpling capability exists via a 1-inch by 1.

1-foot lecture bottle. Hydrogen and oxygen analyzers will
be provided to measure pre- and post-burn concentrations

'

of these gases:'
.

i O. Analyzer H. Analyzer
. ~ ~

Manufacturer Hays Republic Hays Republic
Model A 00632 SH-A-00643D
Range 0-5%/0-20% 0-55/0-20%
Accuracy f; 15 F.S. 3;25 F.S.

4. Test Plan

4.1 Identification of Tests

The unit consisting of the glow plug and encased transformer
will be positioned in the test vessel (via.18-inch port)
with the glow plug heating surface located near the center
of the test vessel. Various mixtures of H , steam, and air
willbeadjustedwithpressureandtemperktureasspecified
and then the igniter turned on. The pressure transient
will be recorded and the mixture analyzed for H 2and 0,
content prior to ano after the burn. The test matrix for
the first series of 12 tests is shown i- Table 1. Initial
total pressures of 15, 21, and 27 lb/ft a will be covered
at hydrogen concentrations of 8 and 12-volume percent.

.

Initial temperature wil vary from 180 F (dry case) to 350
5 F (superheated steam) with most of the tests being,

'

cenducted at saturation temperature corresponding to the
~

pressure to be tested. In addition, a fan will be located
in the test vessel to provide drafts of 5 and 10 FPS in
the vicinity of the glow plug to simulate turbulence which
may be developed in the vicinity of the igniters.

,

Further testing will be developed based on the outcome of
| test series #1, and may include addition of an instrumented
i transmitter and steel or concrete surfaces with

'.
thermocouples attached to measure temperature response on

' hydrogen burn. In addition, means to simulate spray droplet
entrainment in the atmosphere are under investigation.

4.2 Test Procedure|
-

I

The basic procedure is to adjust mixture concentration

temperature and pressure, then energize glow plug and record,

the pressure and temperature transient. Hydrogen
'

[ concentration after the burn will be measured to assess
; completeness of burn. The steps for the different tests

,

i
'

are as indicated in Table 2. In one of the tests with a
i steam environment, the glow plug will be energized after
F the steam, pressure, and t'emperature environcent conditions

0
(

.

e
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.

cra reachtd, but bafore' hydrogen is added, and allow:d to.
"

stend for two hours. Than tha glow plug will ba |
-

desnargizad, hydrogen adjusted, and thrn tha glow plug ;

energized. The purpose of this is to allow for preburn.

exposure to the environment.

4.3 Test Schedule ,

The test schedule is tentatively planned as follows:
.

i Facility Preparation 8/18 through 8/29
j Test Series No. 1 9/1 through 9/5

,
'

Subsequent Tests 9/8 through 9/12
Test Evaluation 9/15 through 9/19

DE01;SQNHYD.AA

|

.

e

t

e

: O
j -

=

.

I

|

.

1

.

t

o

.

'

.

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



. . .. _ . . _ _. _.__ _ . _ ___

.

TABLE 1
'

*

,
. ,

TEST SERIES NO. 1 ..

Total Hydrogen-
.

Pressure # Concentration Fan Induced
Test Temp ( F) (Gauge) (Volume Percentage) Flow Speed (fps)

1 180 0 12 0
2 180 0 8 0
3 Sat temp 6 12 0
4 Sat temp 6 8 0

| 5 Sat temp 12 12 0
6 Sat temp 12 8 0
7 Sat temp 6 12 5
8 Sat temp 6 8 5
9 Sat temp 6 8 10

,

10 Sat temp 6 12 10
11 350 12 12 0
12 350 12 12 10

.

aThis is the total pressure due to air, hydrogen, and steam. For tests
1 and 2, the pressure will be higher than 0 due to the added hydrogen
partial pressure and the evaluated camperature.

,

'
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PROPERTIES OF HALON 1301

-
i

i

!

I

| o LOW BOILING POINT (-72 F)'

)
LOW T0XICITY (UL GROUP 6)o

|

o INSOLUBLE IN WATER (0.0095 W/0)

'
1
1

o IhTRT i'

4

i

i

o LOW RADIOLYTIC DECO.'1 POSITION

(0.00023 g/d/R/h).

.

o NO LONG TERM ACTIVE MIXING REQUIRED
-

,

f
1 AFTER INJECTION
i

i !

'
,'

i ;

I

;

<

f

a

@ ;
,

*
i
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SUITABILITY OF HALON 1301'

o PREVENTS HYDROGEN IGNITION AT SUFFICIENT CONCENTR_aTIONS.

i o ATLANTIC RESEARCH CORPORATION REPORT SHOWED HALON 1301 SUITABLE FOR

USE IN A MARITIME REACTOR CONTAIN1ENT.

;

INITIAL STUDY BY ARC FOR AEP/ DUKE /TVA INDICATES HALON 1301 SUITABLE )o

!,

! FOR USE IN ICE CCNDENSER CONTAINMENT. i

||
il

.

&

I

* @

!

!
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|

|

.

I

-10-

..

, . - - - . . . . . _ . , . . - _ _ _ . . . . _ . ~-. - _ , _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _____ _ _ --



-.

('} AREAS OF FURTHER STUDY BY ARC FOR AEP/ DUKE /TVA

ON HALON 1301 .

EFFECT OF HALON 1301 AND ITS DECOMPOSITION PRODUCTS ON CONTAIh' DENTo

MATERIALS

TEMPERATUPI AND PRESSURE EFFECTS ON CONTAIlMNT DUE TO INADVERTENTo

ACTUATION

.

o POTENTIAL PROBLEMS ON LONG TERM ACCIDENT RECOVERY

o EFFECT OF HIGH CORE TEMPERATURES ON HALON 1301 DECOMPOSITION

rh
~

^,

o POTENTIAL FOR NON-INERTED HYDR 0 GEN POCKET DETONATION TO INITIATE -

COMBUSTION IN INERTED MIXTURES

o PERSONNEL HAZARD DUE TO INADVERTENT OPERATION

|

o SYSTEM DESIGN AND INCORPORATION

i

;

e

;

I

|

I

O
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De-. .!cd Core

i

i

TVA is following the state-of-the-art developments at national labora-o
,

|
tories (Battelle, Columbus, Brookhaven, Oak Ridge), AIF, EPRI, etc.'

i
,

:

TVA is building the capability to use MARCH as a starting point.o

I ,

o MARCH is not intended for design. |
1

|
.

TVA has set a goal to obtain a hydrogen generation rate curve (intoo
:

! the containment) for a fair range of core damage accidents.

t
'

.

\
_

.

!

|

|

i

I

(

,I

I I
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STATEMENT IN RESPONSE TO QUESTION -

-

\s_ / ,

DO ICE, CONDENSERS NEED ADDITIONAL HYDROGEN MITIGATION SYSTEMS?

.

The nuclear power industry and NRC have identified many lessons in-

the TMI-2 event. As a result of studies by the staff, the Kemeny
,

Commission, consultants, ACRS, and others, including TVA's own Nuclear

Program Review, a large nu=ber of changes have been identified. Some

were i=ple=cnted al ost ic=cdiately, some are in varicus stages of

implementation, and others are the subjact of intensive study or

planned rule =aking. The issue of the effects of hydrogen generation

from degraded cores was considered ~by many, including TVA, as one~s

of the more important raised.
,

-

.
-

We are addressing all of our containment designs; while the lower

design pressure is a disadvantage for this issue, the ice condenser

containment also has definite advantages, including a large, passive

' heat removal capability.

.

As a result of its Nuclear Program Review, TVA committed to:

Study ways to contain larger amounts of hydrogen and to backfit

[' feasible features into the Sequoykh design. (TVA Nuclear Program '
;

.

t
(s_

|

;

b5_ e
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; Review: Sequoyah Nuclear Plant and the report of the President's .

'

( Commission on the accident at Three Mile Island, November 1979.)y .

,

TVA moved inmediately to fulfill that co==itment by com=itting

significant resources to the issue. That effort continues and at

this point has resulted in a significant study of degraded core

accidents and their citigation, in a long range plan to further study

and act on the recommendations of that study, and in installation
.

of an interim distributed ignition system. We feel that the steps
.

taken and planned to reduce the likelihood and =inimize the extent

of core dac: age events, when coupled with the plants' inherent

capability to withstand substantial core da:2ge (about 25% metal-water

reaction), would provide a sufficient degree of safety for the short

term until TVA's and others' studies could be co=pleted. However,

b since TVA is coc=itted to make feasible improvements in the safety
.

_

of our plants, we pr' ceeded to install the interim distributedo

ignition system once we were convinced that it would not reduce plant

safety and had the promise of increasing the amount of metal-water

reduction that the plant could withstand. Our efforts are being'

.placed on determining how much- increase in capability the interim

system affords and on our long term program which addresses other
.

alternative measures in addition to controlled ignition.

TVA believes: that Sequoyah can be safely operated at least in the

: short term until our studies can be completed; that the plant already

i has significant capabilities to withstand a range of core damage

.

(m) ;
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t
' ev'ents; and that the inter'.= distributeo ignition system increases

this range of capability. Je are firmly committed by policy, by staff
;

.

!
. opinion, and by actual .rcrk to take the lead en this safety issue.! )>
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