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RRQCEXZRINGS

MR. X?RRt The meetinag will come to crder.

This is a meeting of the Advisory Committee on
Reactor Safeguards, sp~cifically the Sutcommittee on Clacss 9
accidents.

Y7y n2me is William Xerre. I am Subcommittee
chairman. Cther ACPS members here today are ¥r.
Etherington, Mr. Lawrowski, ¥“r. Mark and Mr. Sies: As

consultants we have ¥essrs. Lee, Seale and Siegel. iz

invited experts -- T am not surz: I know whzt the difference
is -- we have Yessrs. Shott, Strehlew 2nd Grecorvy.
The curpose £ the neeting is tc discuss hydrcgen

generation ané control. This represents an iateresting
departure from the usual in that we spend much uf our time
discvrzing the more complicated azoms, and I guess we have
iearned our lesson aind we are scing to start nouw lookinn
more 3t simple atoms, and perhars we czn solve that protlenm.
We have as a continuing cons. 'eration thg
evolution and treatment of accidents more serious than the
design basis accident, whizh I cuess we refer to ac the
Class 9 accident. BAs a part cf that consideraticn., we had
originally planned tecdav's meeting to lcok at some cf the
informaiion available and some of the censider:zcions
assnrciated with the producticn, distribution and possitle

consequences o° hydrogen generation during accidernt=s.
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After the meetinoc was planned, we alsc received
some specific questions €frcm Commissioner Gilincky having to
do with the Seguoyah case specifically. I think yocu gerhagps

hem because gart

have thcse guestions, but T mizht repeat t!
of our effort todsz: will be to get infecrmation that may help
the Committee tc d=23l with thoi2 questicns.

They are specificzlly: Toes the (Ccumittee believe

additional hydrcgen centrol measures are necess~ry for ice

condenser containments; and second, i~ the Co"mittece
reasonasly persuaded cof the effectiveness of distributed
ieniters in 1lce condenger containmentes? . Can such ignltess

e ccunted on to Reep pressur= increases caused ry hydrcgen
burns at suitably low values, which I would define as desiagn
precssures, during accident sequences involving TMI-like
gquantities of hydrogen?

“e have received, those of us on the Subcommittee,
the consultants and, T presume memnbers of the Committee,
eventually, rather veluminous informaticn hydrogen, some of
whichk desals specifically with the Sequoyah situati .n, scme
of wiich deals with the rreozader questicns. This irnformation
varies from a sc-called compendium on hydrogen which has
been put together by Sandia, among others, tc a set cf SECY
papers rcrepared by the staff for consideration hy +he
Commission.

T would suggest that as we explore this questiocn,

ALDEFSON REPORTING COMPANY, INC.
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both the Subcommittee and the Cocmmittee, we give continuing
attention tec an effort to understand the apprroach *hat the

staff plans to take in =ventuall; trying to deal with this

(7

quecstion on a general tasis.

I assume that will finally cccur in the ruleraking
hearings and in the process of rulemaking, and I wculd guess
that the philoscphy is now reing developed. I have had some
proclems myself ia understanding what agproach the staff
plans to take eventuallv.

. b ] - -
I couvld get th e

"
u
n
4
O
=
'l
o
"
m
i
(&9
}+
e ]
)
cr

papers *thar the nrecent a gch of the stafs

"y

-

- 4 -
a2, pechags,

0O

(29

even the Commicssion, based on r=ading c¢f transcrigts of
meetings, might be one which will make the generaticn of
hydrogen due to x gercent meotal/water reacticn -- where x is
still undefined in y minutes, and where the numkter of
minutes is ai:o rot completely cpecified -- on a
non-mechanistic but conservative basis as a design basis
accident and would then plan to regquire that a system exists
whirh will keer the containment pressure produced thereby to
an acceptable level where the acceptable level is still not
thoroughly defined.

Tt might be some nultiple of design pressure
between perhaps 1 and 3. Tt is nect yet c¢iear to me cn what
basis one would reguire tne operatiaon of the mitigatien

syst:m, wvhether cne would talk about a single failure
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criterion or some probabilisti~ basis. That, insofar as I
have seer, has not heen made very clear., z-d indeed, I nmay
be misinterpreting the approach. I have been trying to
understand it.- ., _

Commentis made by some of the staff and even some
mem:ers of the Tommissicn in t! 2 discussions I read micht
lead me to conclud= that an event producing an amcunt of
hydrcgen equal to that produced at TMI, given in scme cases
as 200 to 300 kilograms of hydrcgen, and in others to 3C to
50 percent of metal-water r2action, is likely with high
grobability ¢to cccur at each orerating reactor 4during iss
useful life, and that those changes in equirment, procedure,
training and staffing which have already been intrecducsd,
and some of which socn will be, have had little or not
affect on the probability of occurence of a
hydrcgen-producing accident.

RAgain, I am not sure I am interpreting the
discussion correctly. ©Zut that could Le an imprescsicn en
would get.

Also, it seems to me, in spite of all the comments
that have been made since T%I-2 ahout early attendance to
concentrate on low probability accidents and tc ignere
higher probability tut rresumably lower conseguence
accidents, I don't see a clear approach yat te an attemrct to

specify a consideration of =cenazrics cr sets ¢f accidents

ALDERSON REPORTING COMPANY, INC.
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which are classified according to probability.
Tn fact, it seem~ tc me that at least in tie SECY

paper, that the staff estinzates of quantitative hydrogen

]

proiuction appear tc be based on consideration of rreduction

of hydrogen by a large LOC? followed bty failure of the ECCS.
Again, T am ci-ing nmy effort to interpret whac I have seen,
and I mey be misinterpreting it.

dhat T am trying to suggest to you and to me and
to each of us 1= that we try to =xplore and .nderstand the
yltimate arpreoach that is jzcing to be taken in deciding how
cne dezls nct Jnst with the Sequoyah problem tut with the
hydroger groblem in general, and as it fits intc
con-lderation cf Clasz 9 accidents.

Now, in the Sequcyah situation itself, ac far as I
can tell, a good bit of attention heas been given to what at
least TVR and the staff interpret to te a set of scenarios
sozeuhat simnilzr to TMI-2, It would !« interestinc to rme,
although T am nct sure how feasible this is, to see
attention given to scenarios chosen on the basis cf
probabilities, with a goal of trying to attach some sort of
probability to the generaticn cf some guantity cf hydrogea.

It scems to me, and T am not su:;= this is feasible
¢t all, that one can postulate sets of scenarios that will
lead to generation cf almost any amount of hydreven up to

that that would le produced by a metal/water resction with
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all the zirconium and all o7 the steel in the system, if one
wants tc carry things that far.

So, it would agnear to me that at scne goint one
almost must dexl with probabilities. 2gain, I reccgnire
that this may be early in the game and that this may de an
ult:mat= inta2ntion.

Tt also. seems tc me that at some point we need to
try to deal with whether the changes that ha: heen
suggested and in many cases mandated by TINMT have decra2acsed
the probability of hydrcgen generation, anc heow much?

For example, has the rrobatility, once thege are
in rlace, been decreased by a factor of 1. or 10C compared
to what it was before TMI-2? Is it the ame for all kinds
of rez-tors, or does one need *c give crecific
considerction? And is there some probability relecw which
one does not worry about hy“rogen ¢generation?

It is also not clear to me that whether in the
treatments ve are seeing, we are taking a conservative
approach or the staff planz to take a conservative approach
or whether a best estimate approach is the one that is
appropriate. foces the staf. have in ultimate gcal”? And if
it cdoes, is this goal understoed bty licensees whc have tc
deal with this problem?

That perhaps is enocugh cf a cset of comments from

me, and I simply indicate these are some o0f the guesticns
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that have occurred to me as I have tried to read the
information. I do think that the in‘ormation made available
to the Sfubcommittee represents cuite a lot of werk, anéd I
.

€ind it quite vcefual, and I look forwvard t2 learning furthex
as w® gc¢ through the day.

You will note thit we have scheduled 2 fairly £full
day's work. I have a plane schedule t> leave at 6:15 this

evening and I hcpe to ke able to catch 1%, which means we

probably wi be finished by atout S o'cleck, if anybody hacs
a tight scheu e.

YRe M2RX: ¥r. Chzirwman,

¥R. KERR: Yee, sir.

¥R. M¥ARK: <Tne thing about ycur description I
thought gives the picture very r=autifully that bothers me
is that those objectives which you referred to as perhaps
being uitimately going to become clear, it is absclutely
urg nt that they tecome clear bafore one go inte rulemakins
or anything else.

MR. XERRs Thank you, Mr. Mark.

After those comments, I should remember toc add
that the mea2ting today .s b=ing conducted in accoerdance =-- T
have not mentioned that, have I?

¥R+ CUITTSCHREIRER; Vlo.

MR. KFER: I aust. =-- with the the proviszicne of

tiie Federal Advisorv Committee 2ct and the Covernment in the

ALCEPEON REPORTING COMPANY, INC

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



10
"
12
13
14
15
16
17
18

19

21

Sunshine Act and all other 2pplicable rules and
regulations.

Mr. Quittschreiber is the decignated Federal
employees. Rules for participation in today's meeting have
been announced is part of a Federal Register notice on
August ¢ of this year.

A transcript is reing kept and will be availabdle
as ~“*ated in the notice. Those speaking who want tc be
recorded should try to use nicrophcies so that the recorder
can understand what you say.

gather that we have not had any written cormentse
ner reguests for tiae to mike ¢ral statements.

T will proceed now with the meeting; but befcre T
do, I should acsk, T am sure, if there are ccmmerts or
sperific questions with which zembers of the Subcommittee
vould like to deal at this point, or the censul*ants.

(Yo responsce.)

I see none. I will therefore call ugon “Yr. Ffutler
of the YRC. ¥r. Butler.

¥R. RUPENSTEIN: “y name is lester Pulinctein. I
am assictant 3lirector fcr ccre containment systems. As Dr.
Kerr has menticred, the staff is here tc¢ answver many ¢ the
questions which he has raised. I am not sure in this time

period we will re able to answer all of the questions;

howe ver, we have prepared z comprehencsive discussicn on most
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of the issues he touched upcne.

de do provide ezrly in the discussicn a
persp+ctive on the current stat> of affairs of hydrogen
management Iin 211 centainments. Ue touch friefly on this.
#e move on to place this in percspective wit: the current
regul:tions and the plans that *he staff has to deal with
hydrogen management in the interim through the interim rule
and the reguirements for Segqueyah, and finally, with th=

lono=-term rulemaking hearince.

o

e have invited our consultants to give veou a

[ =1

1
TR T - -~ -5
U WCIrX on tTae

detzilei presentation cn <hz z¢tatus of ¢
distriruted ignition system, with particular attention to
the Sequoyah plant.

Dr. Putlsr will lcad off with an intrecduriion
which considears the agenda ve will follow and some
parricular remarks on generz1l ccntainments.,

(€licde.)

MPR. EUTLEE: GCco? morning. Yy name is Walter
Butler of the NRC staff.

As Mr. Rudbinstein c¢escribed for ycu, we will
follcw 25 close as we can the agenda given by the
Subcommittee. We have rresenters today. Fcllowing myself
will e Shapaker, Tinkler, instea  of rhil Ci Bernedzstto, we
will just cover for his sulject matter with resgect to the

resronse cof equipment, 2nd Yessrs. Fleishman, Yadeirecs,
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Powman and Cybulskis.

I thought it would b= helpful to get started
simply by putting on the board “he agenda which each ¢’ you
already have. - "he presentaticns we havs are basically as
pr2scribed here, which allcws about an egual amount of time
foi questioninc.

We will start off nere with a background
discussion and setting persrective of how we got to this
point today. “cme %hings have teen mcving very fast orn the
subiect of hydrogen.

(Slide)

The sec>nd page 0f ycur agenda is shown there. de
hope to conclude the NRC staff portion of presentation soon
after lunch, vwith tue sta*ement of our view of where ve
staid on the general subject of hydrogen and con the specific
nature with respect to the “egucyah station.

This will be follcwed by a presentation by RETD
Associatas of Los Angeles cu subject 2atter similar to what
the staff will have previously addressed. Similarly, TV:®
will express its views on the same subiect. The last hour
here will be presented >y “r. ¥Yiller e¢f ETRI.

(Slide:

T would like to discuss now the staterment cf the

objectives as we view them fcr todav's presentation. We

-

would like +9 provide summary discussions cf the genera

ALDERSON REPORTING COMPANY, INC.
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hydrogen issue as it affects all plants, including a
descripticn of cur overall program to resclve the issue of
hydrogen generation and control for all plants.

We weuld like to crovide detailed discussions on
the sgecific hydrogen issue as it affects the Sfequcyah
station, and also the specific attention tc the interinm
resolution for the Sequoyah statioen.

7t is my understanding that there are two is:ues
that need some attzntion by the AC2S or on which the

Commisesion vould like the 2CES*s views. Cne issue which

O

will e dealt with today is the hydrogen issue and ‘he

resconse to hydrogen combucticn. The other issue is the

0

stru: tural response -- the tehavior of the structure to *the
pressures as a result 5¢¥ hydfrecgen burne.

The second issue «ill be addressed bty another
subrommittee on Tuesday the 2nd of September. We will cnly
have a brief discussicn here, simply for perspective
reasons, a discussion of ocur wview of the yvield rressure and
failure pressure for the ice ccndencser containments.

(31ide)

R sliie that des<cribes some of the background to
how we 170t to this point today. Firet ¢f all, the rre-T¥I
requirements, rre-TMI licen:ing requirements are prescribed
in the regulaticns, 10 CFP, Section 5C.44, and in the

generzl design criteria numter 7 of Arpendix R to Tfar: %0.
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Follcwing the TMI 2ccident there was preparad the
stitf's Actien Plan, NUREIG-0660. Items relevant to hydrogen

generation and control are dealt with in items II.®.6, 7 and

o

~ew
-

.
L |

-
2 - . s
€ wall 2z te sc~called

€ of the Actic- Plzn,

studies of the Probabilistic RAscessment Staff cf Pesearch.
Those entries in the )ction tlan identify work

that needs to be done on prescribed schedules dealing with

nydrogen. The rreviously mentioned series of SECY rapers,

1072 and B, were prepared in response to item IT.R.7 o0f the

Acticn Tlan. "ECY paper 80-282 was pregared in responcs to
the RSSVYAP sturiss o€ the Trobirilistic Lissessrment Stas+,
ihere was a concluding parer pregared very

recently, item 1.3.3 of that slide, Hydrogen Control feor
Sequoyah, which was considered during the Commissicn
meetings of August 14 and 27, just these ;7st two weeks.,

Thére are also scme related reports available, twe
RED Asscciates repor's, one dealing with structural resronse
and the other dealing with 3 critigque of tne hydrecacen
generation and control work that was spcnsored *y the NT(
staff. There are also a series nf “andia reports, including
the compenditam and a numier of reports on sclected topics
that are availabdle.

(Slide)

A slide cf the chrenclogy on the recent

- 3 3 = -~
2 issuance of %Y

activities, starting with the fFebruar:
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" * 107. That paper gave a general discussion of the
responsiveness or sensitivity of the vazrious types of
containments tc hydrogen generation and centrol. That pape:
concluded with-staff recommendations that MARK T and MAEX TT
containments on boiling water reactors be regquired to be
in«rted.

An interim rule that carries out or proposes to
carry out that reccmmendaticn »i1ll e discussed later c¢cn in

tod1y's work.

ti*tat general parer. followed by on March
request for certain additional informa2tion relative to the
107 paper. The reqguested informatin was furnished in <ECY
vapers dated Apr!l 22 and June 20, the 1072 and 107E pagers.

On June 26 the Commission hezrd a triefing on the
entire series 2-ain. There was a meeting with the ACRS on
July 11, folleocwed by the AC®S report on Seguoyah dated July
1S. The last two entries there were the Rug.=* 14 agad

-~

Auyust 21 briefings of the “~srissicn.

(Slide)

It i=s my understanding that these issues will e
considersd again at the full cormittez meeti=g of the ACRS
on “egpi2mber 4 and that there will be z Commission meeting

soon thereafter. I am not sure whether it is th= eveninc of

that sa~e day or the very following d=2y, the Sthk, but we

ALDERSON REPORTING COMPANY, INC

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




L7

10

n

12

13

14

15

16

17

18

9

20

21

24

should hear that very soon.

I thought it would be a good idea to bPriefly
summarize where the different plants with different
containrents stack upe. The MARK I BWRs we recommend and %he
draft interim rule would reguire that they be inerted.

There are only two coperating Z%=s that are not currently
inerted. These are the Vermont Yankee and Hatch-2 tlants.
MARK TI BWRs, because of their small size and low

pressure - well, m:oderately low pressure design =-- are also

ers. The specific

(o}
T

=N

"

recommended for inerting. Ice con
licensing reguirements relztive to hydrcgen ceneration and
contreol, as we all know, ar= under consideration *y the
Commission and are presently under discussion.

MARK TII containments are in the same hydrogen
sensitivity situatior as the ice condensers, and licensing
requirements fcor the MPAEK II relative “» hydrcgen zeneration
3nd control are still under concideration by the staff.

The f{irst plant to be licensed with a M2RK III is
the Grand Gulf station. CSubatmcspheric containments and dry
containments, recause of their large size and high desian
pressure, do not raquire hydrogen ceontrol requirerents
teyond fection S0.44, 10 CF> SC.44, pending the rulemaking
pro~zeeding that was discussed earlier.

Cn the subject of ice condenser plants, we have

listed 211 ten of them here at five sit s.

ALDERSON REPQRTING COMPANY, INC
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(Slide) . It

Their fuel lcad datecs are indicated on the far
right. Three operating plants include Cook-1 and Z and
Sequoyah~1. Theugh Sequoyah i= at this time loaded to €
percent pover, all the others are in various stages of
construction, with McGuire-1 reing the very next plant
scheduled for fuel loading. 111 the cthers are 1981 and
forvard.

(Slicde)

t characterizes design features

A brief paper th

a1

'y

important to hvdrogen contrcl. The structure of 211 ten ice
condenser units are all freestanding steel, with the
exception c¢cf the two Cook units, which are veinferced
concrete. CTesicn pressures: they are all at 15 pounds except
Sequoyah and Cook which are at 12 pounds.

The net free volume of containmeni: they are all
about 1.2 millicn cubic feet, about half the .:ize cf the
large dry containmentsf The provisions for containment
sprayss they are all in the uprer compartmencs with the
exception of D.C. Ccok, which has the sprays in the luwver
comrartment as well.

(Slide)
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The staff approach tcward developing rescluticn on
*he subject of hydrogen control, the staff has broken the
yrogrém up into short-term and long-term. “he olject of the
short-terns is to.define and izmrlement those reguiremeats to
assure no undue ricsk to the health and safety of the public
pending the rulemaking procceding.

The long-~term approach would require the =svners of
nuclear plants to conduct analvees and experiments where
these studies chould be decigned to establish the da2ta base
for defining the desi ,n feztures that make the pl.nt's

raerance * de~~aded mel +ar
e rOons to ¢ radeq aft -Be

b

c

Q
"
i)

- - - .
accidente accertadblce.

'

e will alsc estatblish NEC-sponscred research and
technical assistanée programs tc confirm the results
obtained by LWE plant owners, and to ectablish the
accertance criteria for the decign features we expect will
be rrogosed for mitigating degraded and melted cor:
accidents.

(Slides)

A description cf our short-term program for
Sequoyah and for other ice condenser plants. 4se have
technical assistance work underway with Livermore “aticnal
Laboratcry where they are charged with developine data to
determine that the interim distributed icnition system
proposed for Sequoyah will not degrade the cafety c¢f the

plant, z2nd that the igniters will in £

W

ct successfully lean
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mixtures cf hydrogen, air ard steanm.

At Battelle-Columbus we have a program underway to
assess the IDIT in terms of the extent to which that systen
can improve hydrogen centrel in ice cendenser glants. At
Sandia we have work underwvway to develcp a data hase on
alternative systems. The pcint being that shculd the
current efforts cn the IDIT lead to a conclusicn that they
are not suitable for hydrogen control, wvwe would like te have
some backup system and efforts to understand potential
backup systems are underwvay at andia. These are the halon
system znd the vate~ focsinn svztem,

At Ames Laboratory we have werk underway to
understand the structural response c¢f varicus contzi~mentse.
Included in that program i: 2 determinaticn of the resgpcnse
of the structures to lccaliczed detonations. TVA and the
other ice condenser owners have an association designed to
stu’y the sensitivity of ice condensers by use of the
so-called CLASTX code. More details on that code will te
discussed later today.

They will have proorzas underway to assess the
accuracy and reliability of the CLASIX ccde. They will
perform -- they have completed tests at the Singleton
Jaboratory and have just yesterday subritted the results of
those tests. They will have an extended program of tests at

the Fenwall labocratory in Yassachusetts, and that will e =
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subject of discussion by the staff later today.

Finally, part of the fenwall tests will include an
assessment of the response of selected vital equirment to
the anticipated burn environment.

: (Slide.)

-

The £final slide have [ 2re, to give you a

perspective on the time in which we are doing the varicus
things and selected pie~es cf milestcnes here, startinag with

September 2, n<xt Tuesday, we expect to receive from TV}

3

their safety analysis report on the IDIS. There will de the

full committee meetinag on September 4 followed ty a
Commission meeting on Tegucyah. Cctober 1 we expect tc have
the testing at the Fenwall Tabs completed, at least for the
early series of tests. The wecrk at Livermore will e
completed Ccteber 30. The fandia work on assessment of
alternative hydrogen control mezsures, “ctoker 30.
Similarly, the Eattelle-Columbus analyses, wve
expect to have that work conpleted by Cctober 3C as well.
Repcrts on all these activities should be available tec the
staff by Novem*er 15 with a tarcet of a staff SFR on the
interim distriduted igniticon system by September 15, Fe
expect to present the results of the staff review to the
ACRT in January and brief the Commissior socn theresafter.
YP. LAWROSKI: Will there ke any test results

availatble by the September 4 meetins?

ALDERSON REPORTING COMPANY, INC.
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NR. BUTLEP: @hil~s there will be the results of
the very elementary tests at Singleton labs, it is a very
small unit that just -- there will e results of the
dur-2ility cf the selected igniter system. There w#ill e
completed certain tests at “enwall labs, but data “rom thenm
will nct be toc meaningful. They are just kiad of checkout
tests.

MR. LAWROSKI: I was referrins to the expectation

based on .he Segquoyah hydrogen contro! plans report.

<
o
m
D]

UTLERs 1I°'m sorrye. I 4id net hear the

¥YR. LAWEOCSKI: My guestion was based on a date I

thought I saw in the =--

MR. KFFERs Will you use a micrcphone, Yr. Lawroski?

¥R. LAWROSKI: I am ncwe. Thank vou, Rill.

I thought there was a dates of the availability of
such tests by August 15 according to the report -- draft
repert on hydrogen control for the fegquoyah nuclear gplant,
which bears no date unfortunately. .

¥R. PUTLER: VYes. We were expecting a safety
analysis report fram TVA by Aucust 1S5. The safety analysis
repcrt -- there was material furnished August 15, *ut we
felt it was not really a complete report with resgect to
wvhat should be in a safety :=nalysis report. We have since

sent a letter toy TV} identifying the topics that need tc de
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addressed, and they intend tc furnish a response tc that by
September 2, on Tuesday.

NSevertheless, thcse will not contain the results
of *ny rubstantial testing. They are results primarily of
analytical efforts.

M2, LAWROSKI:; I want to correct myself. The
repecrt does have a date, Rurust 13, 1%20.

MF. RUTLFRs Ch, ves, that is the =-=- that is the

hydrcoen contrnl pager.

T N T "
- 4 - LY K-‘ .
vo :.--—v-_-:z Fre *hzyr surniteal Af lunarses 18 yae
. - - Yooed o -~ w4
ezpected to "e 3 safety analysis C-eport which was not

expected to contain results of experimental work.

YR. LAWRCSXIs Thzt is also mentioned. It is
expectet to re availabl: by Tertember, as well ac some test
results.

MR, ¥XFRR: Do you understand ¥Yr. lawroski's
questions? I =z2rm not sure I do, but if you d¢ it is okay.

¥R. BUTLER: No, I den't understand the last

“Re LRW4ROSKI: FHe has answered the -- at least for
me enough, the extent of the tests that will be availablee.

MR. KERR: Okay.

YBR. Y:RK: Could vou cay in a very few words, “ust

topic headings, what is in z2nd what is not in the Y28CHE coce?

ALNERSCON RE"URTING COMPANY, INC.

400 VIRGINIA AVE, S W., WATHINGTON, L C. 20024 (202) 554.2345



s

10

n

13

14

15

16

17

18

19

21

24

22

MR, BUTYERs I think I will nave tc defer to “r.

"

Cybulzkis or Charlie Tinkler.

MR, FUBINSTEIN: We have a presentation on tizt
later in the afteznocon.

WR. “2PKs: That will be fine.

MR. KERR:s Does it say in a very few words what
Mr. Mark wantg?

MR. RUBINSTEIN: I cannot promise that.

(Langhter.)

ND YTR
et @ ‘ o

3 Please ccntinue.

)

wo RI'PY TD ¢ Phas yary mave -

%
[
)
8]

]

*

r
m
v
8]
‘

3
[
.
+
H

ot

th

a discussion of the rulemaking groceedings, starting cofs

a9

with the interim rule by Mr. Fleishman, and he will te
followed by ¥r. Madeiros on the advance notice of rulevz2kinn
for the final rule.

MR. X

try

RRs Mr. Butler, if you: ;resentation is
complete, on one of your transgparencies labeled "Staff
Approach Towvard Developing ~esclutions,™ I find that the
longo~term approach requires owners of nuclear plants to
conduct analytical and experimen:al studies to estzblish a
data base for defining those design features that make the
plant resgonse t-> degraded/melted ccre accidents acceptable.
Sovw, it would seem tc me that in order to 4o that
thecy vculd need a fairly clrar definition of what segrated

coremelt accidents they were rrotectinc against. Is the
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stafi in the process of developing a scenar.o nr a design
basis accident against which they are to mitigate?

The transparency does not mention this, and it
would seem to me ﬁ;zt that world »e a fairly imprortant rart
of the total gpicture.

MR. RUTLERs I Pelieve the answers to that
gquesticn will te the outcome cf the rulemaking prcceeding

itself.

Now, there are a series of guestions in that area
contained in the advance notice of rulemaking, and Mr.
Madeiros 9ill describe the Sinds of guestionre we 2ve acskinn
to adduce the necessary infcrmation.

MR. KFRR: But ycu are not going into the
rulemaking hearing rt.iind, are yocu? The staf® will have a
position hefore it goes in -- a tentative position at least
before it goes into rulemaking, won't it?

MR. “UTLEFR: I would rather defer to Yr. Madeiros
to ansver the guestion.

MR, ¥FPEs Surely this is gecing to ke ar NRC
positicn and not a Yr. Madeiros positicn.

MR. BUTLER: That is true.

MR. XERR: Well, doec the NRC have a positicn
now? Is it going into the rulemaking hearing with a
tentative position?

M2, EUTL=R: %ell, I believe by the class of

ALDERSON REPORTING COMPANY, INC.
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questions that we ask it indicates the direction we are
taking.

MR. KERR: So that you will have a direction but
nething cther than that.

MR. RUBINSTEIN: %e do have 2 position going into
the rulemaking heariny for the small containments such as
the YAPK I's, the MiRK II's. W= «ill have a position =-=-

MP., KFRR¢ The position that I see now is a
position that says oiven th:=t one has hydrogen in the
containment, what cdoes one dc about it. Z2ut what I see
vritten here is require owners to conduct analy=ical
exrerimental studies to etablish a data base for defining
design features that respond to degraded/melted core
accidents.

Now, in order to dc that it seems to m2 cne has tc
know what kind of accidents one is dezigning against. 2nd
the pcsition fcr Mark I and Mark II dces nct define the
accident against one which is designing.

It is a2 non-mechanistic thins. It defines one has
a certain amount of hydrogen, and what I am trying to get 2
picture of is that the sort of definition that you plan or
== [ recognize the answver may bte th=* you simply have nct
decided yet. 2nd if that is the answer, then do ycu plan zo
decide by the time vou go into ruleraking what at least the

staff wculd concider to be a seusible approach to this?

ALDERSON REPORTING COMPAN™ INC.
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MR. NORBEPTe¢ Jim Norbert from Cffice of Standards
Developrent.

In the interim rule which ¥crt will be talking
about here shortly there ic 2 pumber that we are askins the
vendors to do design studie: on for the interim =-- as part
of the intecrim rule, a number on how much hyd.ogen release
ther shculd -- to, look 3t as a basis. There is nothinn
fixed. It is not the staff's final position, but it g.ves
them a bound to shoot for; znd that is in the interim rule.

MR+ KTRR: I gueszs what I am reading from is
labeled as a long-term arpreczch.

¥5. NCRBERT: I wis not quite sure about that with
#alt either.

MR. PUBINSTEIN: The staff has not defined a set
of scenarios which would lezd specifically to severe core
damaae and lacge amounts of hydrogen generation, and ve have
had discussions, and TV? ha:s identified for the Seguoyah
plant four scenarios which would have the highest lik«lihcod
of leading to severe core damage.,

We believe we have taken mitigaticn -- pazdon me.
We -elieve we have address ' those features in the Action
Plan and thro.yh operating rrocedures and guidelines.

Our current approach that we are dealing with
rignt novw is == I think ysu are right on target =-- is

mitigation consequen~es in dealing with Sequovah.

ALDERSON REPORTING COMPANY, INL,
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¥R. XERR¢ I am referring more to the long-ternm
approach on ¥Mr. Eutler's slide.

MR. RUBINSTEIN: The staff does nct have a
positicn ¢cn sequences which woculd lead %o cevere czra
damage, and it i1s likely that we will 1lo0k to the rulemaking
hearing for guidance in this matter.

¥MR. K*BRs Okzy. So at this point one will nct
require the owners to do these studies until after
rulemaking hasg been completed, is that correct?

MR. RUBINSTEIN: e want them tc do studies ard
help us in the identification --

¥e ., ¥

I+

PR: How ¢-n they do studies to mitigate
against sonetninb without knowing what they #re :zryines to
mitigate against, and they won't know this until after
rulemaking. It seems tc me that one has something of --
well, zt this point since inflation has set in, it is
probably a "Catch-23" situation.

(Laughter.)

I rez2lly =--

¥R. PUTLER: T reccognize the guestion, &end it is a
valid guestion. Tn summary fashion you are askinag if the
staff will undertake a study grcgram prefatory to the
rulemakiny to zee if the staff can prescribe certain bounds
or guidelines for the rulemaking.

* the present time the staff does ot rlan +that

ALDERSON REPORTING COMPANY, INC.
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the staff to

Now

27

It might be an appropriate activity for

nndertake. I guess the staff really has not

decided it, okav.

¥Ry “on’t ve go through the discussicn on the

rulemaking, and if the aquesticns continue to prevail. it

might bte an a
MR

D
: -

ppropriate comment of the ACHKS.

KERRs Ok:y. Thank yecu, ¥r. Butler.

LAWROSKI: Ar: we having %his discussicn ar4

then the rulemaking presentaticn?

4
precent activ
‘Re
¥R.
¥R.

¥R.

befcre the ho

-

i3 I believe 1 descriled what th

el 4
Ve w

o
(]
N

ities --

“FRR: I am zatisfied with your answver.

EUTLEPs Thank you.
KTSRs3 ¥r. Lavroski, more guesticons?
LAWROSXI: It seems vo me we have the

rse, but maybe *his is the way we arran

agenda. I don't knew.

¥R.

the horse-car

KERR s :our protlem is ycu are living

t era.

(Laughter.)

H B

term feor that

LAWRCSKIs I see. Do you have an inflat.cnary

?

¥ERR: Please continuee.

PLEISHNAN: Yy nzme is Mort Fleishman,

ALDERSON REPCAITING COMPANY. INC.
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am with the Office of Standards Drvelcpment. I am gcing tec
describe the rulemaking oua the interim rule that we are
presently working on.

The ctaff is currently invelved with two majcr
rulemaking actions, one involving a longterm related to
consideration cf degraded or mslted cores safety regulation,
and the other one. involving anr interim rule on hydrcgen
contrcl and certain degraded ccre considerations.

Now, the long-term rulemaking ceonsicrs 0of four

"~

parts. ©One is z2n advance nctice of proposed rulemakina

which will be 4Aiscussed by

finished., That has already been sant tc the Commission, and
it is a SECY-80C-357 paper. And we view this long-term
rulemaking as a two to four year effort dependiny upon wha+
questions or problems may ccme up during the course cf the
rulemaking.

There is a very good prossibility that there will
have tc be a rulemaking hearing similar tc what harpened at
the ECCS hearing, a~d dependino upon what comes up there,
that will dictate essentially how lons the rule=akin- will
last.

The interim rule, which is the subject o: a2y talk,
lias already beer sent to the Ccmaissicn via SECY-F0-39%, ~t
vas sent to the Commizsion this past week. and we look at

that as going through just 2 propossad rule ané zn effertive

A_DERSON REPORTING COMPANY, INC
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rule phas2. LCepending upon what the Commission decides,
that rule could e made e7fective by early 1981.
NYow, refore going intec the de ails of the rule I

- .
we

Y

wvould Just like ¢0 give a l:~%*le bBit* ¢f background cn ¢
rule. Following the TM¥I=-2 accident theve were 2 number of

stuiies that were initiated whirh culminated in several

documens 2f which most of you, I am sure, are f£f:9% liar with.

The dccuments that were related to tiie Three “ils

Island accident was NUR:ZG~0:578, which was issued in Jnly of

"
ot

1979 and essentially was a ctatus repo and summary of the
short-term recommendations maca >y *he Tecssons learned Taecx
Forces and NUF®G-0:85 was issued in Cctcber 1679, which was
their £final report.

Raszd on these two reports, letters ware sent to
licensees of operating nuclear power pglants and also
applicants and cother peopie that would te aifected by that
describing what followup actions should be taken rosulting
from the sRC reviaws cf the Three Yile Island acrident.

(Slide.)

Clarifying letters were alsc sent out =»n Cetoler
30. Rfter the “eptember 13 letter regional meetings were
held the week of September U4 to clarifvy the recommendations
made. 7T telieve the ACFS hzs already reviewed these
documents. In fact, the September 13 letter had a number o

reccamendations ia it tihat werwe attrituted tc the :CRS. In
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fact, the ACRS letter cocncerning that was included in the
Septenber 13 letter.

Come recommendations tha+ the ACRS made were on

3 g o - o 3
ntaticn 3uUcCh as containment

O

sccident moniteoring and instoun a
pressuzre, hydrogen concentration, and things like *hat, In
May 1997 the staff and the (ommission reviewed and apgroved
NUFT¥G-0Ff80, which. was the TYI-2 Action Plan, and under Task

II.P.2 cf that Action #lan they describe the various rules

that we are presently working on.

e
"
O
i

pos |
(29
-

)
b
(%
¢

o
n
~
r
o
O
‘e

That is sort of the tack

O
3

nm
r

e

gives you an indication of *he relas
rule and the interim rule tc each other.

The interim rule itself coasists cf two major

(Slide,)

The first cart is Pased on the =-- ic related to
hydrogen managerent in containment, and the other is related
to desicn and other requirements.

Now, these design and cther r:juirements wvere
reveale? from the TMI-2 accident and had been discussed in
the various NUFEG reports, and the licensees are already
familiar with ncst of thess requirements,

The recommendations that we have made -- that we
have in this paper were alrcady transmitted to the

Commission. As far as our position on the NUREG, vwe have
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already discussed that, and we are codifying regulations
vhich the s:aff feels should te put intc place immediately
to protect the rub'ic health an’ safety.

guirezents are

m

The =taff lPelieves that if these r
put into effect, it will improve the capability of nuclear
gower plants to deal effectively with TMI-2 type accidents.
We don*: have any specific guantification of just how much
an improvement that will b2, but essentially faced on
engineering ;udgment, we feel ther: will be an imgrovement.

(S1lide.?
'.':‘;2

vo ¥re M=rk.,

B+ M'RKes In th: interim rule it is certain
degraded core considerations. 1Iou alsn menticned T¥I-2
type. TIs it then clear ané agreed that one is limiting
one's a2ttention to the sort of Ltoilcff pictuire for TMI and
nothing =lse?

MR. FLEISKEMAN: In this interim rule that is
correct.

Y. MABKs So this also involves hydrogen coming
at a quite slov rate, like 1 percent reaction per minute.
I~ has nothing to do with 177 which does nct observe such
restrictiors, and the only thinc uncertain is how much
hydrogen was actually invelved in T¥I which no cne yet knows.

MR, FLE:ZHMAN: I lelieve we feel the TIT-2 type

accident was somevhere in the 2% to S0 percent metal/water

ALDERSON REPORTING COMPANY, INC.
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reaction.
“R. MARK: I'm avare that yocu feel that, but I'm
not avare of &ry evidence that really puts the finger on it.

yo

FLEISH¥AN: That is correct.

MR. XTPRR: leass continue.

YR. FLEISHMANs Ckay. Relative to hydrcgen
managment, the interim rule has four items within the rule.
We are going to require that the Mark T and II reactors =--

BEWNR reactors be inerted. Wwe are not sayine anything at all

about lce condenserz or ¢rther pressurired water raszctors in

It weuld rean that the Vermont Yankee and Hatch-2
reactors, which are not presently, will have to be inerted.
This reccamendation as made to the Commission by the staff
in FECY-107(d) -~ the whole SECY-101 series.

We are also reguiring in the interim rule that
design analysis stuiies be performed to look at various
measures to handle large anmcunts c¢f hydreogen. %“e are not
specify:ng any specific accident scenarin, but we are just
saying that we want them tc lcok at measures to study what
they could do to handle various amounts of hydrogen.

de told them to lcok at hydrogen up to 75 percent
metzl/vater reaction. The meacsure we are suggesting that
they lock at in the evaluation would include inerting,

hydrogen recombiners, purge systems, halon suppressant

ALDERSON REPORTING COMPANY, INC.
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33
systems, filtered vent systems, hydrogen combustion systeams,
vater fog sprav, or combinations of these.

Cepending upon the results of these studies

further requirements may turn out to e necessary in th

€
lona-term.

#R. MAEKs 1Is it made cle¢ar in that ccnnection
anything about the suddenness ¢of the appearance of this

hydrogen; that is, does it come on at TM¥I-tyre rates or not

come on in a delta function?

b o

MR. STLEISEMAX; “e say that -- in the rule that

the hydrocen qgenerated within the first esiqht hours, 2ard ve
dc nct say anything in the rule akcat how fast that reaction
rate should be. We just say hydrogen generated within the
first eight hours, which would rasically avoid having tc
loock at long-term radiolytic ccmposition.

YR. MAEKs That, I think, is 2 good point, but
there is still quite an important difference, it scems to
me, and it seems to me it will seem so to the desicners, i€
you assume that the hydrogen ics bled ocut uniformly
throughout the eight hours or comes on in the particular ten
minutes during the eight hours.

MR, FLEISKMAN: The rule says nothing abcut that.
We did not give any specific guidance cn that in cur =--

MR. KERR: Don't vou think u should?

MR. FLEISEMAN: shat do you t. ink abocut that, Walt?

ALDERSON REPORTING COMPANY, INC.
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MR. BUTLER: I think with respect to %he lower
bound ~-- Yort identified the urper »ounéd cf eight hcurs. and
that will indicate clearly that they are not to rely on the
heat re=moval systers.

With resvect to the rapid rate of -- that is, the
lower tound for a rate of ydrogen generation, I cuess what
we are trying co 40 is ! :7ve them consider it toc come out as
fast as possible. Ya»t, Wwe are nct prescribing --

MR. XZRRs ¥r. Butler, I think the guesticn was
not what you are ~72ing to spcecify but whether rou are goinc
to specify something, and ¥r, Fleishman says you are nct
giving any rate of hydrogen gensration.

I think the guestion is shouldn't you, if you are
asking designercs to design something, give them sorme .dea cf
what they are designing for” £And apparently at this point
notning is said about the rate of hydrocgen evoluticn.
Wouldn't that have a significant effect on how one was going
to handle it?

MR. PUTLERs If the rate comes out =-- if you
prescribe a rate that isc very fast, it zertainly +ill have
an effect. It is our hcpe, though, in not prescriding it in
the interim rule that that issue be considered during the
final rule.

MR. KERR: But how cz2n one do a desisn to handle

n

this withecut knowing what cne is desigrning for, Yr. Butler?

ALDERSON REPORTING COMPANY, INC
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I don't understand.

ME. BUTLER: I think the pro' lem is one with

schedule. Tn the interim rule we are requesting that

[}

certain studies bemconducted on a sensitivity bPacsis, Thes
results will then be availatble for assessment durina the
finz1l rule phase.

If after reviewinc the results of those analyses
it lcoks . 1ke additional studies are needed, thcse
additional studies will have to be done.

¥R. ¥ZRRs Thaen what you expect they %will 40 is
consider everything from 2n instantaneous releacse tc 2

% i tven though ycu hzve

W

se unifornly over eight h

O
o

-
=

I

]

(2]
not asked for that. you exrect that is what they will do.

-
¥R+ BUTL

(S}

Fs Well, I am not gure what to expect in
the way of respgonse. I gucss guestions will have to wait
tntil answers come in.

MR. {ERR: Well, I gu. s there is gocod biblical
precedent for decins this sort of thing. I can remember
Paniel and King Newbuchadnessar when the king called him in
and asked him to interpret his Zream, and the only probdlenm
was the king cculd not remember what the dream was.

So he asked Daniel to tell him wha: the drean was
first., But I would hcpe that people would produce better
results from a study if thevy knew what it was you 1ted

then to study.
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¥R. BUTLEEs I mi-zht indicate that the reason we
did not put the lower tound in was tecanse we did not think
that the analysis results wzs going to be very sens::ive to
any lcé=r tounds,. except fcr the terminal lower tov.d, and
we vere nct ready to recuire that terminal lower bcund
pending receipt of the results »f scme of these studies.

So I guess any studies of any rate would be
satisfactory, and as we get further into the -ulemakinc and

ve cecide cthat we really want that end point, well, we want

to defer that decision until we have the results of sonme of
these ezrly studies.
%K. ETHERINGTCN: ACZ you assuming the same amount

of hydrogen with the only difference teing the temperature
and svteam content in the containments: that is, an immediate
release of one cubic fcct c¢cf hydrogen leads to the same end
concentration as a release cver s lon7 pericd? COr are you
removing scme of that hydrzgen in ths interim?

MR. FLEISEMAN: The rule itself did not get that
specific.

MR. ETHERINGTCN: Wha. is the concept? Whzt is
your concept?

“Re FLEISEMAN: e are asking for sensitivity
analyses to be done, so we assume that they would look at
varicus rates of generation ané variouc scenarios.

¥R. FTEERINGTCN: And various rates c¢f reroval as

5 4]
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vell?

MR. FLEISH¥AN: D:-pending on the systems we are
asking them to look at, taey would havs different
capabilities., -¥ydrogen combusticon is cne c¢f the systems we
are suggesting they look at. It is actually in the=
statement of considerations. e have given then
essentially guidance on son: of the areas we want them to
look at. The hydrogen combusticn system was one of the

areas Wwe suggested that ther look at.

-
.

x

you will get a

ERINGTCN: In other words,
higher vpressur= fror an immediate ralezce than could %e
obtained with a long-term relezse, assumirng that yocu have
these hydrogen-relieving systems.

MPR. FLEISHMAN: Y:s. In other wvords, that would
be the thinas they would look at, depending upcr which
system they would lcok at. 7Tt would affect the =--

MR. ETHERINCTCN: You are includinc immediate

relesase but you are not incisting on that beinag in the

criteria.

wo

N

rry

LEICIL¥AN: We hz2ve not specified it in the
rule at this point. Now, when we start gettinc infcrmation
in 2z¢ a result of these stulies, we may want to revise cur
guidance, revice the studi=zc. This is going to be an
onaoing thing. There is gcoing to be interaction ‘etween the

staff and the licencee, so depending on what cores in, there

ALDERSON REPORTING COMPANY, INC
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is going to Le a2in interplay, and the studies, I am sure,
wili be mcdified.

There will be discussions between the staff and

[ =

ees a=. £to what act

16

the licen en £inslly gets -- the rule
ite:1f is quite general, actually. Tt just save ve want the
studies tc be dcone. The srecifics of what is gcing to be
done will vary from plant to plant as well as from licensee

to licensee.

R. ¥XFRR: Well, I ¢think we have all been faced

th

with the fact that there is a limited supply of manpcwer and

rh

ve T¢

P

1

t‘-

resources availablas €or thece =tudies. ‘Yow,

people to go study somethinc which was not what we had in
mind, and they spent a lot of effort studying something that
was guite different from what we wanted them tc study, it
seems to me that that is nct very efficient.

T reccgnize that perhaps you cannot know exactly
«hat you want done until ycu have had scme preliminary
results, but it certainly seems to me that cne could perhaps
save manpower and resources if cne could te more specific
than just sort of saying gc away and study the rrctlem. I
mean 1if ycu have in mind some limitaricns or scme general
guidance, it certainly ceems to me it might e to
everybody's advantage toc provide it.

¥R, SUTLER: What vou say certainly is true.

HBowever, we did not want to cast in concrete in the forr of

ALDERSON REPORTING COMPANY, INC
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a rule the specifics on what should be analyzed. It was our
hope to maintain some m~oasure of flexitility, so that when
ve start imglementing the rule, we intend to meet cuite
frequently with thg various ownsrs grour and at that peint
provide appropriate guidance ar tc score of the g+udies.

MR. KFRR:s Please continue.

Excuse me. ¥r. Ftherington.

MR. ETHERINGTON: BRegardless cf the basis of
calculation, you are going to calculate the pressure which
you believe will result in combusticn of a certain amount c?f
hydrogen. New, T was told recently thazt veou use the
specific heat and constant pressure in calculating the
pressuire from the combustion. I was told tr-is.

Is tris true; and if so, why don't ycu
specifically Jse heat and ccnstant volume?

MR. FLEISHMAN: I would defer to ¥r. Tinkler on
that.

MR. TINKLEZR: The calculations that ycu saw in the
SECY gpaper 107 werz done assuming specifi- heat of cases at
constant volume.

MR%. ZTHERINGTCN: Constant vclume.

MR. TINKLER: Constant velume.

o ETHERINGTGCR: Ther I was misinforred.
YRe TINKLEE: There wis a calculation presented at

a meeting sometime ago. I dc rot recall the details of it.

ALDERSON REPORTI™.: COMPANY, INC.
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Someone did present a calculation with pre~rure calcuiated
using heat and constant pressure. But the calculations
which you have seen tc date in the SECY papers performed by
the staff have peen =--

¥R. ETHERINGTCEs That is about 40 percent hisgher.

MR. TINKLER: Irf you do the calculation
consistently, it may not be that much different. The
calculations which you see are also done assuming the gas
constants for the various czses as 2z relatively lcw

-

temperature, sc that it doces cecntain some additional

MRe ETHERINCTCN: Not very ruck, though.

¥YR. TINKLER: Twc thcusand or three thousand
degrees. Tt is iC_.or 15 percent, yYese.

MR. ETHERINGTCON: Yes.

¥YR. LEE: Eased on the present understanding cf
the amount of hydrogen gen:-ration, and ever gperhaps the rate
of hydrogen generation, th= interim rule would recquire
interting for MARK I and MARK II BWEs.

MR. FLEISH¥AN: That is correct. We feel it would
Pe appropriate at this time to require the inerting at least
until we have more information, which will be determined

during the lona-term rulemakinc.

v
!

o

LEE: But that decisicn would have nssumed

-

certain rates of hydregen generation, T presume, which cculd
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have an instantaneous generation c¢f a certain amount; cr is
it different from that?

MR. FLEISHMAN: +“=211, right nov the way the
regulations presently stan4d, most plantc weuld not have %o
be inerted based on the way S50.44 is written. The
regulations now call for no more than a maximum of & percent
metal/water reaction to be ccnsidered by the regulaztions.

TMI-2 showed us that that was no longer zccurate.

So, in liesu of having any further infcrmaticn which is coing

(a2

to e deteryined in the lonc-tern rulemaking, we felt i
wvould tre appropriate *o regquire inerting riske ow, I ~uess
the feeling is that inerting will be teneficiale. Just how
beneficial it is and what sort of reactions it ca:» correct
for, I ¢=n't think we know exactly.

¥E.

tn
)

.-
b

guess my question is really related
to one ¢f the ccmments. General Electric Company has
somc where -- I can place where I read it in the bulk of
documents T have -- but they were criticizing the staff
positicn relative to the fact that in EWP systems you cannot
expect hydrogen generation immediately nor a loss of ccolant
accident cr anything like that.

So they feel there is no nee’ to cc inerting ¥ARK
I and M?RX II containment systecns,

¥R

e FLEISE¥AN: That is correct. That is G.T.'s

positicn.

ALDERSON REPORTING COMPANY, INC.
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1 MR. LEEs Staff has taken the position that

2 regardless of comments, it would be necessary at this pcint
3 to ac to inertinge.

R ¥R. ;UBIRSTElﬁ et me address that. we did not
5 do a mcchanistic analysis of the generation of hydrogen in
6 dealing with the BWR MAEXK I's and l1l's. For thse interinm,

7 staff essentially assumed that hydrogen could be gensrated.
e looked at the structural response and design pressures,

9 looked =t the amounts of hydrogen which -culd be generated
10 trom a ceverely damaged core, and came to the conclusicn

1" that we had better prepar

a mitigatisn scheme for tais.

M

12 The beuwefit cf inerting a MABK I and II was srall,
13 but sc were the co- 35, and the interim we felt it was 2
14 pru.lent course cf : tion.
15 ¥R. XERRs: In thzt connection, “r. Fubinstein, I
16 would te interested in your comments o~ a document that is

o V7 labeled “"Cecisicn Rationale for the “cuff's Position on
18 Inertin:.” Cn page 3 of the documrat T find the staterent:
18 "MAFK I and MAEK II containments ;hould be inerted. The
20 decrease in residual risk is sma.l based on protabilistic
21 analyses because the likelihocd >f this accident scenario is

2 one to twe crders of magritude :maller than the deminant

e

23 core melt containment failure zccident scenaric for EWFs."
24 Then this statement: "The persuasive arcument for

25 inerting, however, is nct tre magnitude of rick decrease.
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It is rather there are no significant ccuntervailing safety
disincentives.” I am not sure I know what that statement
means. I guess it means that inerting will not make things
any less safe. "The cest 97 inerting ic small and there has
beer substantial satisfactory experience with inerting YARX
I containments."

Now, except fcr tlie third statement, it seems to
me cne can make exactly the same arguments ror painting the
containment ra2<, white znd tlue. There are no safety
disincentives. ~t 3dces not cost muche. 2Xné one has had
satisfactory orerating excerience upr till now with red,
white znd blue ccntainments.

2ut I would feel tetter if one =-- I just cannct
believe that the staff cannot come up with a detter
justification fcr dcing something which dces cost scme money
and does have some safety ccnsiderations than tec say, well,
there don't seem to be any safety disincentives a2nd it
doesn't cost much, so let's do it.

I don't think it is as persuasive. You must have
other reacsons fcr proposing what ycu have propcesed.

MR. BUTLEF: The subject of decidine whether VARK

3

I's and II's oucht to te inerted was a very difficult cne to
arrive at because we were faced with ju“gmental views that
said they should be inerted because their sensitivity tc

hyircgen generation was vervy intense; they had a very small
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volume and it did not take tut about € percent metal/water
reaction to reach the detonable mixturss of hydrcgen
concentraticns; and a prudent ccurse cf action would say: by
golly, you can expect cperators to de¢ the wrong things at
the wrong times and give you the a2dvercse concentrations of
hydrcgene.

Nevertheless, we were faced with results from the
Probabilistic 'nalysis staff that concluded with respect

boiling water reactors that the dominant sequences rarcely

wh

they found their analysis

n
D
"

an

0
o

were the cocre melt
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reactor
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i
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o
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~ie

little to improve the

[

conclusiocn that inerting dicé ver

"

safety of tﬁe Z2%WRS.

So w2 had tc provide some kind of justification
there c¢f 2 judgrental view that you needed to inert against
some otjective information that said if you believe
probabilistic assessment agproaches, then you would not
require inerting because it did you very little gocd.

MR. KEFRR: I agree. I think it would be a goe?
idea tc provide some juctification. PBut I telieve if a
licensee came in tc you with the sort of jusitification that
you have given, you would fz1ll on the flcor laughing. I
mean I would,

Now, T recognize that you have a lastter from the

ACPS sucgesting that these things be inerted alse, and you
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have been kind enough not tc menticn thate.

(Lauchter.)

Well, I was just struck by what appeared to me to
be a rather weak jgsti‘ict%ticn, and T have an idea that
there must be better justifications than that.

Mr. Fleishman, we hav interrupted you
periodicaliy. +“hy don‘'t we get back to you?

« FLEISHMAN: Z have just cone other comment. 7T

w

e

think the justification is result of committee decisione.

m

That is atout whkat everyone could agree to.

control in the intarim rul: is we are going to recuire that
for plants that rely upon external recombiners or veanting tec
satisfy the hydrogen control reguirements, that they have
dedicated penetrations. In cther words, the penéttations
should e dedicated for that service only.

Finally, we have one other item that we are
adding, gnd that is that plants that rely upon venting have
tc have external recombiner capability installed. VYow, this
was a minority recommendaticn of the lesscns Learned Tacsk
Forre. Hcowever, the staff now lelieves that in ordfer to
recduce the likelihood of release of radiocactive material to
the environment, means other than venting should be
availatle for control of hyirogen.

-

fo, we are reqguiring in the rule that these plants

ALDEASON REPORTING COMPANY, INC.
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have penetrations installed so that they could install
external hydrogen recombiners if required.

¥R. LEZE: "hat kind of venting capacity do ycu
have in mind when. you have included these two items 3 and 47?

MR. FLEISHMAN: Pight now the venting cagacity and
even the «#xternal recombin=is only have tc meet the
requirements of Secticn 50.44, which is up to at most a S
percent metal/vater reactinn. Toc actually take intec account
something like TMT-2, just how these plan“s should te
modified, whether they should be backfit, what the new

3 - -
- gas o

8]

a s Akoaa

- -

soin

o

w? + -
- - -

de

n

rulemakinge.

¥YR. LEEs It is mostly having the recorbiners on
line, available on_line? Iz that the main difference
betWween the present regquirements and these sugaested rules?

¥R. FLEISEMAN: The last cne. Fight now many,
many rlants just have venting. Th:y do not have recombiner
capability.

HR. LEEs But I thcucht oft-times most of thenm
have had --

MR. FLEISHMAN: The plant licensed pricr to
Novemter S, 1970, I believe, did not have to have recomtiner
capability. Scme of them did bdut not 211 of them did, ~
telieve.

This is coing to reguire that all plants now have

ALDERSON REPORTING COMPANY. 'NC.
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recembiner capability.
¥R. LEEs Thank ycue.

MR. MARK: Assuming what you mean by that is that

o

r

there be such fixtures, nozzles, whatnct, outside that a

-

recomhiner could b2 bhrought from Columbus, "hio and hitched
on.

“Re. FLEISHE¥AN: That is ccrrect. Not only that;
they have to have proper procedures and shieliling available
so that they c=n install the recombiners during and

following an accidente.

M3, SEALE: 1In this S percent metal/water reaction
requirement, there =till is not a rate specifically

indicated there, is there?

¥R. FLEISHMAN: That is correct.
MR, SEALEs As I rec=11 the aznalysis cf the

capabilities of recombiners that were available at T¥I, even
a 5 percent availability wculd have swamped the capacity of
the recombiners that were there.

¥R. FLEISHMAN: Artually, I said up to S percent.
Most recombiners probably are not required tc meet the S
percent becauses they have to meet -- I think the w=y 50.44
is written now, they have tc be able tc accommodate up to
five times the metal/water reaction calculated that would

occur during a design basis ICC", which could be less than
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one percent, actually.
¥R. SEALE: Well, I think this is a very good
example of the kind of fix which is generic, which is

tremendously s&énsitive to the input assumptions. In line

oy

-
i

M

cffect of not

n
r

1]

with Dr. Kerr's earlier renmark gardin

-~
 J

icn reguirements, it is

O
P
0
[

being specific with regard to de
almcst inevitable' that the first presentation is going to te
a nonaccerptabls --

¥R, RUBIN

wn

TEIN: Excuse me., The case of the
recombiners are really directed toward mitigating the

eff

4]
th

~rew sl & = 3 a2 , O . 48 —— -~
JC.-., r.aCa We Q0 d@aVe LO4E 24X 0O e a

rh
c*
Sy
T

@

ects c L o

a

i

n

alternatives I think M¥ort s:zid was the facility had the

option cf either using a2 recombiner or curging.

ible in the

The staff believe? that it is pecs

]

future we weculd not find purcing fcr the mitigaticn cf 1CC2
hydrogen generation under ¢ percent desirable, sc we are
asking for a dedicated penetration capability with the
appropriate isolation and procedures for primarily dealing
under 50.44 with the mitigation of the hydrogen generaticn
for LCC:r.

S0 it does not d=al with the cevere ccre damage

"

and it is not a mitigation feature for TMI-type accident.

ME.

4]
tey

RLE: So this is one cacse where the
rul:zmaking is mcre general than just the =--

MR. BRUBINSTEIN: This is an interim step to deal

ALDERSON REPORTING COMPANY, iNC.
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with the potential for purcing from a LCCA-tyre design basis
accident.

MR. SEALE: And then is more general than just the
TET kind of acecident.

MR. PBUBINSTEIN: It is for an, accident which
would generate hydrogen up to about S percent.

¥R. KERR: Please continue, Mr. Fleishman.

MR. FLEISEMANs The other aspect ¢of thic interim
rul- would require other de:-ign requirements and
imprcvenments.

(Slide)

I will not go intc that very much lecause they are
not related as much to hydrcgen control, except for the
first one, which would require high pcint vents in the
reactor coolant system and the reactor vessel head to
conticl noncondensable gas buildup. That is alse a
requirement that has been greviously mentioned in the
letters.

So we have items on protection of safety equipment
in vital areas, implant iodine instrumenation, samcling
capability, leakage integrity outside containment, accident
monitoring instrumentation, detecticn of inadeguate ccre
cooling and training tc mitigate degraded core accicdents.
Theze are all recommendaticns that had alieady been made in

these letters, and we are just

wl

oing tc be codifying thenm.
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And that is the interim rule.
The status of the lcng~-term rulemaking will . be

discussed by ¥r. ¥Yadeircs.

1

-

o
5 ]
/)

LAJECSKI AZ there any criteria excep! for

(

the recombiners?

MR. FLEISEMAMN: "he recombiners have to meet the

o)

criteria cf fection 50C.44, ¢ in other words, they are the
same recomiiners that have *een installed in all of the
plants that meet 30.44 criteria.

e

3 It seers to me the TMI situation with

._',;,;,-h thie iz Acaliers i 2 ramamy i st an e
L&l oi &S - a "Rl Lelvseslha

- > - - R

or

-
~-

- -~ . -~
rclpras wCu.l uLC

(¥]

want ventina tc occur under any conditions, sco they are
saying that although we are willing to consider ventine in
extrz2me situaticns bdefore T'I, wve are no longer willinc to
consider it.

New, T have a little bit of a problem when I see
that filterzd vented containment is one of the alternatives
for dealing with hydrogen, but that is a separate rrcblem
and I guess vwe need to keer problems separated.

4R. STHERINGICN: Isn't the capacity of the
reccombiner so small that it would have no material =2ffect on
the Three ¥ile Tsland accident?

¥R. KERRs I think that is true. That is what I
am saying. We are dealinj with accidents that we relieved

in bdefcre Three Mile Islani, namely, the design basis LOCA.
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MR. ETHERINGTON: The design basis LCOCA. Alsc, the
recombining is too slow to re effective, isn't it?
¥R. KERR: The recombiner deals, I thought, with

radiolytic decergositicn, primzrily?

dowi: in time.

¥%. KZRRs PBut it will prevent a pressure tuildurp
that might occur due to radiolytic deccmpositicon. Tn other
words, you might have to vent.

MR. ETHERINGTCN: Ares we talking abcut more than

ME+. FLEISHMAN: Yot right nos, noj; rut there are
people who believe that thece recombiners couldi have heen
beneficial during Three Mile Island alsc; that during a
lon~-term buildup of hydrogen, that the recombiners could
function and could mitigats to some extent the effects c*f
the accident.

¥E.

18]

THERINGTON: Ars you talking days or hours?

MP. FLEISHMAN: Wceks.

MR. ETHERINGTON: W=eks, yes.

MR. FLEISHMAN: The fact that you have this
recombiner capability could stil. helpr in something like
THI-2.

MR« ETHERINGTON: They h=d already had the

explosaiton.
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explosion.

explosion.

explesien,

'A'V -

92

the

¥MR. FLEISHMAN: It would not have prevented the
YR. ETHERINGTCN: Pardon?

M2, FLEISFMEN: It would nct have prevented

YR. ETHERINGTON: It would not have prevented t
nc.

¥R. KFRR: Ar= there octher guestions or co

Is ¥r. Yadeiros ur next?

“Re LEISHMANGS o

o, XERR;: e N S pEds
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MR. ¥RDEIROS: Gecod morning. My name is Manny

Madeiros from the Office of Standards Tevelopment.

On Mecy 9th I described and advance notice of

o

propcsed rulemaxing belng srepared by the statff concerning

ezt that presentatione.

o

degraded cooline, znd I will nct re
But I 4id bring twec slides with me from tha*t presentaticn to

becauze I see 2n awful lot

(o}

kin? of bring people up tc spee
more people here in the audience tcday and on the
Subcommittee.

The first slide.

{(Slide)

the gproblem. First oF all,

0]

This Pkriefly describe
the decraded cccling and resultant core damage is treated
unevenly in the regulations. .You can go to various secticns
in the regulaticns and pull out numercus examples of where
one place will discuss a 5 percent metal/water reacticn,
another place 1 percent hydrogen.

You get into Fart 100, of course, and you are
talking a substantial melting. The second point being the
safety 2nalysis stops shert of the Class $§ accidents and
therefore is inadeguate and suggests that the desicns are
not adequate either and that currently =--

¥R. KTRR: Excuse me. HKr. ¥adeiros. I don't know

ry

whether that microphone is 2t all directional, rut i€ i+t is,

I think you have jt pointed away frem your voicee.
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¥E. YADEIRCSs Chay. Lastly, I have on here an
example of a relaced problem. T will =t dwell in much
detail on this tecause we have discuscsed that all cn May
9th, unless there are guestions.,

(S1li

(# "
L)
~

Yere I thought frcm some cf the guesticns leing
asked this morning that it might be +ise to discuss what an

advance notice of rulemakiiz ics. It defines the area cf

concern, explains the problem tc the gublic. It provides
the public an crportunity t2 advise. Normally we z3llow 2
60-day comment rerinsd,

in thils particuler czse for this advance notice of

rulemaking, we have allowed 30 days. 4“e elicit advice by
asking gquestions. In this carticular case we have asked 18
Guesticns. Two of them have to de with hydroec2n, and that
is what T am going to get tc here in a minute.

Then we use the public recommendations to shape a
froposed rule. We do this at an early stace of development,
and thic answvers somewhat, Jr. ¥Yerr, your guestion a little
bit earlier to these other fellcws cf why we did neot have
some specific numbers in mind.

The Commission has made the decision tc start with
an advance notice of rulemaking in this very important and
comrlex area rather than start with a proposed rule. UWhen

You start with z2n advance rnotice ¢f rulemaking, ycu are

ALDEPSON REPOITING COMPANY, INC.
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truly looking feor the advice and reccmmendzticns o. the
public, of the regu.ated industry. And if you already have
fixed numbers in your mind, I thing we somew:.at make a
charade of the --

¥R, XERR: Br. Mz2deirocs, I ineist that orn-» an go

(]
r

in with recommendations that are not necessarily fixed.
has been my experience over the years that you get hetter
advice from peorle if vou ask them 2bcut something cspecific
than if you Jjust go out and sort of say what should I do?
That is what we intend to do <t at

-

S
o

(=]

S

O
i

E

iR, iU

ced ru i

-

)

o

Q. w8 dave JUus

a

¥

the pre s

m
w

ol
this one step ezarlier and have truly left the issue open for
the best advice that we can get. We feel ‘here is much roonm
for imagination out there fcr the industry, and we ar¢ ceoing
to let the inductry exercise its imagination in giving us
good advice on the RENR, so that when we prepare a rroposed
rule and then rerhaps have hearings, we will have fixed
positions that we can defend lcgically technically.

(Slide)

Now, the features of the ANE have not changel.
RANR from the first line -- thgt is advance nctice of
rulemaking. The feature of the advance notice of rulemaking
have not changed materially since we discussed them in
Chicago on May “th. Priefly they are here.

> will reguire z coherent consideration of core
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damage in design and review. We will analyze a broad range
of accidents within and outside traditional design
envelores. And I might take on the controversial gcint you

» L guess, about whether the

re
(1]
=4
Ql
Ial
P
n

raised in ycur -cpening
staff is leaning towards the end of sgpectrum only kind cf
accident, and clearly the answer is no.

This advance notice of rulemzking covers the whole
range of accidents, as I discucsed with you earlier, from
clad perfcration to small amcunts of hydrogen up to release
of gap activity, up through large amcunts of hydrogen
releacse, and then on te n=2l¢tine. Tttt we are asking that the
-=- Wwe will consider accidents lesser than desicn basis
accidents, historically concsider, and accidents within the
envelcpe.

So it is not just the= end of spectrum rroblem that
ve ~re interestad in, and that is kind of what my third
point is there so 7 will not repeat it. sically the
reason is my fourth point, beccuse we will be considering
multiple failures and opersto:r errorse.

This rings me to the item of particular irterest.

¥R. XERRs Can you tell me whether the staff at
this point plans to take a mechanistic as contrasted with a
protibilistic zpproach?

MR. MADEIPCS: Th=t has nct deen descided. My

guidance cn it would ke, ac much as T have to do with it, to

ALDERSON REPORTING COMPANY, INC. s
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take a mechanistic approach because I do not feel that the
probabilistic approach is developed enough to be very
practical. The probabilistic approach deals primarily with
failure rates.

HR. X

iAav e

L )

RR:s I think I understand the probabilistic
approach. I just wanted to know which one the staff was
likely to adopt.

¥R. MMPDEIRCSs I thcught I would explain a little
bit because this is not the trendy view in the Commissicn or
the ACGS. Anyway, I will skip that.

Y5« ZTHTIINGICN: There seens to me a groblem if
You take a mechanistic view, with the cstatement, T bhelieve
by one cf the commissioners, that containments cught tc be
able to hasdle as much hydrcgen as w:'s developed at Thr=e
Mile Island because that has already happened. That puts
you on a real spot, doesn't it?

MR. MADEIRCS: Yes, it does on that one, perhaps.
#hat T had in mind more, ¥r. Etherington, was that the
puobabilistic arproach just does not deal very well with
stupidity, with operator errors, with cesicn deficiencies,
*hat scrt of thing. It deals grimarily with component
failure rates. That kind of informaztion is so skimpy in
this tusiness as to almest make that worthless frerm that

standgoint.

It iz not a procedure or az method or a methodolcaoy
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or whatever buz=z words you like tc use these days. It
cannot deal with the operatcr. It cannct deal with the
mistake~s an operator would make.

%P, ETHERINGTCN: I sympathize with ycur position
entirelve. I merely point cut that this criterion puts vou
on the spct.

YR. YADEIRCS: So again, then, it will reguire
imagination is w#hat yocu are saying, and I think the
Commission can rise to the occzsicn, or the staff.

1 will now go to the item of particular interest

P thae e ¢he
s | 2tC 418 ©

vAamEi AR mam ccrmlmay e
28 T&0

(3]
)

[t
ol

(S1iife)
There are 18 guestions in the advance nctice of

tulemakingc. Most of them have to do with analysis and

w

design improvements. Two h:zve to do with hydrcgen, and
these are the two that are in the advance nctice of
rulemaking that I expect toc be published scon. I will give
you a schedule on that in a mcment.

"Ere you in faver of requirements to incorporate
inte cecntainment design systems for controlling comktustion
of hydrcgen?”

"Do you favor methods of contrcl that suppress
combustion, or do you favor ccntrolled burning?™ Tf yeu
favor suppression of combustion -=-" here we are talkine

about “he inertinc on demand idea, the halogen surrression

ke}
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schemes, the fosging schemes, the steam injections steanrs
that Mcrt spoke of and cothers earlier ~-- let's see =-- "cr if
you favor controlled burning, do you recommend open flames,
spark piugs, catalytic combustors, igniters, these glow
plugs we have been talking z.out?"™

The idea is with this piece of the guesticn that
igrition sources in containment ar: unavoidable so you aight
as well control them as lsave ignition toc chance. That is
kind of the idea behiad of, I think, all of our werk when ~
speak of igniters. And then what percent of the ccre's
circoniunm belng cxidized, and at whet rate would you design
for?

We would be locking for some good advice to come
up.uith scme of the numbers, ¥r. Seales, that you were acsking
about a little hit ago.

And then -ould yocu respond differently for
different reactcr or containment types; and if sc, what
differences do you recemmend?

And then we would get into the guesticn of
inerting. Can everybody s=e that? I will push it up a
little 2it.

Would you recommend that all nuclear plants
operate with a nitrcgen-enriched containment atmoschere as
some EWR plants cvrrently Ac? Why cr why not; and if not,

vhich types of containment, if any, wculd you limit nitrogen

ALDERSON REPCRTING COMPANY, INC.
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enrichment to?

I think one of the ideas ‘hroughout this zdvance
notice of rulemaking, and pzrticularly here, is that you
den't want to dc .things that taxe away from safety. We have
heard arguments -- T am not sure how completely valid they
are, tut they seemr to have scme validity ~-- that some things
like inerting could decrease safety rather than increase
it. Sc we would be interested in those kinds of thoughts in
resgonse to this questicn.

Now, as of today two commissioners have approved

cther two

m

the advance notice of rulemaking. I sxpect th
to approve it shortly. As soon as the full Commission
approval is received, we will publish the advance notice of
rulemaking is the Federal f=gister for a 90-déy ccmment
period. Assuming we Jere able to do that by the end of
Septemter, we would still then by the end of December this
year have the advice and response from the regulated
industry, from the public that would allcw us immediately to
start on a proposed rule, and shich I expect will take
several mcnths to not only prepare but to process through
the staff and con its way to the Commission.

How, I believe the Subcommittee has a copy of SECY
80-357, which Yort Fleishman rentioned earlier, that
contains all of the questions. One ¢4 them, "r. ¥err, I am

sur- you will te interested in particularly. In Chicage you
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suggested that and advised that a question te added veighing
the costs of this work against improvements, so T added this
questions: Would you consider useful or apptopriate
comparisons petween nuclear power plant risks and cther
risks tc which people are ciposed? That was the suggestion
of this subcommittee in Chicago, and it has been added to
the rule.

one of the things yoiu raised in your orenina
remarks was whather the staf{f was leaning tovards a
conserva&tive approach in ths design of mitigating systems or
design iaprovments or a realistic apprcach c¢r best estimate
approach, I think were your words,

This question is rart of the question, so again, T
don't come with an-answer today but I come with a staterent
that that is in the advance notice of rulemaking. We ask
that specific guestion of the public, and vithin a shert
time expect to have the advice that with our own thoughts
vould let us go forward with a firm position at the progosed
rulemaking stage.,

Let me see. Well, there was ancther controversial
point you raised and I don't Xnow whether I should take it
on or not, tut T guess I will. VYou wondered whether it was
the staff's viev that the training changes and scrme ¢f the
instructions to operators and that sort c¢f thing would lead

-

us == T cannot remember your exact words -- but perhaps to

ALDERSON REPORTING COMPANY, INC.

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



1

12

13

14

15

16

17

18

19

21

24

e B2

go slower or take a less stringent viewv of some of the
mitigating -~

¥YR. KTRRs What I wanted to £find ocut is whether
the staff thought. the probability of producing a certain
amount of hvArogen had been significantly decreased as a
result of the changes that have occurred and will cccur as a
result cf TMI-2

MR. MADEIROS: Okzy. That iz right.

ME. KERR: And if this is being taken inte account

in decliding what one should finally do atout mitigation or

— e . N
YRe HADEISCS And tha

o

is being said quite
often. "any peblications, a lot of pronouncements have that
view that what has been donec in these areas as a rasult of
Three Mile Island should result in lesc hydrogen
prciuction., Yy point cf view is I don't think that is =c.
I think that is more wishful thinking than aunything elce.

MR. XERR: Well, ¥r. Madeircs, if all the money
and effort that has ceen spent since Three Mile Island has
had no influence on the protability of hydrogen preduction,
it seems to me that we are certainly wasting a lct cf
Cesourcos.

YE. YADET®C0S: I iid not say it had none.

MBR. KERB: Well, T will say no significart.

¥R. MADEIPCSs No significant.

ALDERSON REPORTING COMPANY, INC
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MR. EUBINSTEIN: M“r. Chairman, I believe that
represents his personal opinion.

MR. ¥ADEIRCS: That is correct.

¥Re EUBINSTEIN: It is the staff's viewpcint, and
ve have =.ides rrapared in cur summary ¢o take tha* .nto
account, that there have been significant changes which
contribute to the reduction of risk.

These have been partly the bisis for our
recommendations, our general recommendations befcre we got

into mitigation devices or distributive ignition systems and

p 4

~
(&

ka

be

¢ 0 g0 Zcorward with the ice coulensecrs witheot
modificaticn. That was a very important part of cur
considerations and ve will address this in a moment.

¥R+ MADEIRCS: I thin% we should wait for his
detailed comments.

With that, I de not think the advance notice cf
rulemaking work to date ancswers any of the other pcints you
raised at the eginning. If you FPave further guestions, I
vould be glad to try to answver them.

4%, XTRRs ¥r. Lze.

MR. LFE: The way you envision the schedules for
the prcposed rulemaking hearings, potential hearin~: that
might ti:ke place, by that time 40 you think you may be able
to drav upon some of the results that staff might have

performed in their risk assessment znalysis, prcbhbabilistic

ALDERSON REPORTING COMPANY, INC.
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assessment and so on?
MR. MADEIROS: Perhsps. It depends on what
direction this takes after e get the auvice. There is a

precominant view-in the Coumission thet mitigaticn is the

L8
Q
[
8}
*
o}
h

nature of the game tcday, that we have reached the

"
(o]

diminishing returns with regard to prevention, and
mitigation is where we cught to put our work.

I personally 4o not believe that, but it may be
S0. We auy got advice fren the public, from the regulated
industry that ccnvinces us otherwise, that there is much to

L &

4 s - = - - - R e - - = )
te eh in the zres cf PLEVELT.Choe «2 that turns cut to L&

&~ 'S s © - i -

the cass, then I do nct see the need perhaps as mucn for
thes probabilistic analiyses and the research and the %inds
of things T think ycu are suggestin~ as would bz if vou were
to lean more heavily toward the mitigatin~: thince like core
catchers and controlled filtered vents and those kind cf
vay~out ~-

¥R. LEE: I 40 not understand why you think
prevention would require or prevention could use the
probabilistic assessment recults while mitigaticn does note.

¥R. MAPEIROSs Maybe I can jive you an example,
maybe. Let's suppose that the public zdvice is that we
could get a step increase in inmprovement in safety by
requiring strict literal recuirements vith cperzting

rrocedures, for example, and that there chould te an effort
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to do that.

There coes not need tc be a lot of probabilistic
risk assessment done or research or study to reguire that
operators opercte. these plants in strict compliance with
operating procedures. That conuld woll e sugoested by +he
regulated industry in lieu of scmething like a2 controlled
filtered vented scheme.

I am not saying that they will, but it could be.
And from my point of view that is a very stronc need in this
business, but that is another subject.

- e . - = - 3 - -~ - £
MRPe LEEs T thouzht 2 certain amcunt cf o

perztor
actions cculd perhaps te factored into prodacsilistic risk
assessment analyses.

YR, MADEIROS: I “‘on't think so. I don°t think
prabatilistic risk assessment will ever come to grips with
the operator.

MR. LEE: Even cn a relative comparative risk
anzlysis basis.

MR. KERR: I don't thirk you are going to convince
him. He does not believe in it.

(Laughter.,)

MR. "EE; I was nct trying toc convince him abcut
that, but what I wvas interested in was really whether ycu

would be a'1e to at least utilize, or dc¢ ycu plan c¢n

utilizing some of the results tha+t might be availadble?

ALDERSTN REPORTING COMPANY, INC.

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



n

12

13

14

15

16

17

18

19

21

24

B e 6(3

MR. RUBINSTEIN: May I help in this regard? The
staff looks to probabilistic rirk assessment tc be a very

complementary and powerful toecl to our deterministic

) - =
analysis in safety, n the particular instance where Or.

=

Kerr was talking about in his introduction, for examrle, if
ve identified 3 scenarioc eithsr thrcush failure mcdes and
effrcts aialysis or very hich risk scenario tc event tree orv
fault tree, ve would want *to go ahead and fix that in the
plunt, and in this way we would ccuple deterrinistic and
probabilistic.

This is why when we +alk ahcut cscenzrice yhieck
would lead tc cevere core damage -= and we try to identify
them -- if we identify those with significant centributions
to risk, our first ster wculd te tec Jix them and reduce the
risks.

MR. KERR: I think it is fair to say that the
non-FAS part of the staff looks on risk assessment somewhat
lik~ one should look upon perfumes it is okay to smell it
but ycn should not swallow it.

(Lauchter.)

MR. SIEGEL: 1In cne of your slides ycu emphasized
that you are providing the rublic an cpportunity tc advise.
I am really concerned about how the public is identified in

your mind. It certainly needs %o be larger than the

industry and the Union of Ccncerned Scientists. T weuld be
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very disappointed if those were the only resgonses vou
received.

MRe. MADEIRCS: I cuess I would, tco. What we do
to make sure we don‘'t have that kind of disappcintment is
£irst of all yowu éutlish it in the Federal fegister and hope
people see it there.

MR, SIEGELs That is a rather vague and reslly
hop~less hope.

-

MR. ¥ADEIRCS: 1In a lot of respects it is. ut
what we dc in addition, then, and the advance nctice of
rulemaking states this, is we prepare a long list for
selected mailinecs, we try to get in everybecdy that is 3
licensee, potential licensee. W“e try to get the architect
engineer. We try te get 21l putlic interest groups. We try
to get universities.

We try to get on this list of hundreds of peocple
anyone that has expressed an interest in the past in areas
to A0 with nuclear power. 7They are recorded in a csrecial
group in the Commission that keeps track of those iinds of
things.

¥R. STIEGELs T re=:lly hope it would be something
more than an invitation to comment, but in some way appoint
a delegcat.un of respensibility that orcanizaticns, for
exangle, like certain identified professicnal engineering

societies -~
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MR. YADEIRCS: We cannot “emand the American
Nuclear Scciety will comment.

MR. “IEGEL: VYou cannot demand, but ycu can make a
pcinted reguest to the current president that he has a
reasponsibility to get on the ball and 4o something about it,
or other engineering srganizations, different groups than
are the convention active responders, so you realiy invelve
the public.

“Bs YADEIROS: We will trye That is the best T

-
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can tell you. e

imprcvement there =g we

.
D

technical socisty meetings, that they get copies ¢f these
things and read them and comment to us. We anncunce to
maybe scores 07 peocle 2t some of thesze meetings that have
not seen the Federal Pegister nctice. We have a2 rfrecia’
lict that I mentioned.

We ure every means that we have been able to think
about sc¢ far, and wvwe will accert any additional help we can
get in that area.

Tf{ there are no mcre guesticns, that is all T
have, gentlemen.

Mi. KERR: Thank you, Mr. Madeiros.

Rlthcugi the schedule does not cal’ fr .t at this

-

point, am going to declare a ten-minute ‘rreak.

(Tecezs.)
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MR, ¥ZRRs We will reconvene and continue with the

4

subject of licensing efforts, and the name I have associated

with that is ¥r. Shapaker.

- <

MR. SLAEAKER:

MR. KT'RP: How clcse did T come in ay

pronunciation?

MR. SPAPAYER: Veiry good. Yy name is Jinm
Shapaker. T am with the Containment Systems Franche I want

to discuss bdbriefly the status of the design and testing of
the distribagted ignition system at the feguoyvah Flant.

(lice)

It is felt th~t after studying various concerts,
that TVAR feels the distributed ignition system is 2 very
promising concart for imprcvinge hydrogen control carability
in the evenc of a degraded core accident.

The purpose of the system is to mitigate the
consequences of the hydrogen reiease to the centainment
under degraded core accident conditions by inducinnm
controlled burns, preferably in the lcwer compartment, to
permit active and passive heat removal systems to dissirate
the combustion energy and therety maintain the ccntainment
response within the containment structural design capability.

Sow, associated with this effeort is desian,

testing and analytical efforts, and I will talk rriefl

<

about the d2sian of the system znd the testing that is going
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on, and the analytical =fforts will be discussed

subseqgnuently.
(Slide)

a long=-ternm

(25

TVR k25,2 short-tarm grogras an
program, and their short-term program is concerned with the
distributed ignition system. There are essentially three
developmental phases that they have identified. There is an
interim phase which deals with the system installation and
op=ration and testing, and * understand the system has }een

Yowever, tefore the srysten
Commission approval is needed. With respect to the systenm
design itself, the system as it now exists is not a safety
grade system, and jt consists of 30 glcw plugs that are
distributed throughcut the containmant. There are eighteen
in the lower corpartment, five in the lowver plenun of the
ice condenser, four in the ugper plenum of the ice
condenser, and three in tne upper compartment.

The glow plug that is currently being tected is
the GMAC 7-G diesel engine 3low plug. The system will
utilize standby lighting circuits, and these circuits are of
seismic design. They are powered from the emergency buses,
and 25 a result, emergency diesel generatcr power is
available to them and the cystenm will :te remote manvally

controlled from the auxiliary ruilding.
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The standby lighting cabinet is about 15C feet
from the main control rcom, and they have proposed emergency
operating instructions which will instruct an operator to
initiate the systeax in responsc to the automatic actuation
of any cafegnards ecuipment,

As a result, the decision to actr: .¢ the systenm
will not ke left up tc the creratcre.

(Slide)

T have a picture of the Seguoyah ccntainment. I

jJust wWwanted to acive you a feel for the relative locations of
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which they are lccated, and the number bene

pe

of aldv plugs at each elevation. £As you can see, there are
14 in the lowver conmpartment recion. At the 731-fcct
elevation, there are four ncre in the lovwer compartment.

The remaining five are located in the lecwer plenunm
of the ice condenser. There are four in the upper plenum of
the ice condenser and threes in the dome area.

(Slide)

This just briefly is how the electrical circuit
looks. The glow plug device is represented ty this here
(indicating), and there is 2 tiansfrcmer which sets down the
voltage from 120 volts to 14 vclts, and the glow plug is
shown there.

¥R. LFE: Excuse me. How large are the glow plucs
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physically?

MR. SHAPAKERs The glcw plug itself, probably
akvut that long (indicating).

¥Res LEE2a_ The size dces not matter.

MR, CHAPAXER: This is what the box lcckes like
that contains the transform-=r.

(Slide)

It is about a foot long by =ix inches wide, eight
inches high.

¥R STREERLCH: Is that designed to be explosion

YR. SHAPAKERs I don‘'t know.
MR STSEHLCW: Because is ycu want the glow plugs
to vork twice --
Laughter.)

MR. STR

v

ELOW: == the box better be exrclosicn
proof cr maybe it will crush.

MR. BUTLER: In respose to that, I think the
objec“ive of the glow rlug, c¢f course, is to ignitiate a
comtustion rather than any severe detonation fow, the
boxes, of course, are designed in a rather ruggced fashicn.
It is a strong *ox. We hope to have a sample of that rox
available next Thursday to chow to the committee.

¥R STREHLOW: If the tox is crushed by the

external explosion, you are in trouble for the next

ALDERSON REPORTING COMPANY, INC

400 VINGINIA AVE, S W., WASHINGTON, D.C. © 024 (202) 554.2345



10

n

12

13

14

15

16

17

18

19

24

' o - '73

ignition., It should be tested to be strong enough to
withstand that scrt of pressure.

MR. KERE: I think that if that box is crushed by
the initial explosicn, then we are in trouble, pericd.

¥R. BUBINSTEIN: The point cf

r

he glow plugs is tc
initiate a controlled combustion as cpposed to detonaticn.

¥R. STREHLOWs T sm talking about a pressurizer,
2S5 psi, which might crush a wea% box.

¥MR. STEGEL Do ycu have any indication where the
3low plugs are lccated with respect tc the specific glaces
where cne mizht expect the .25 to t2 released? I nean you
have them shown in a rather general vclume. They Tust re
much more specifically located than that.

¥R, SYAPAY¥ER: Yes., "VA does have some more
deteila? slides where they are specifically located at sach
elevation. They are located arcund the reactor vessel within
the lower compartments her-.

(Slide)

And they are alsc in the annular regions cutside
the shield wall at each elevation, and the ones at the
731-fcot elevation are just right at the operatinc deck but
in the cpenings as they go up into the steam generator dog
houses. And, of course, th= ones in the lower plenum wculd
see any hydrogen sweeping through as it was forced cut

thrcugh the ice condenser.
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MR. SIEGEL: Does the reactor primarily boundary
itself have any new vent on it, say in the ugpper regions,
near which a vent could possibly be opened and near which
several igniters.-specifically could be located?

MR. SHAPAXER: There will be a reactor ccolant
system vent. I don‘'t know exactly --

¥R

« RUBIN

(0]

TEIN: That will vent into the
containcent. “ut TYA will 2¢ into some greater detail this
afternoon and has Yu-graphes prepared on the distridution of

igriters and some of{ these ~ther design deta2ils.

R
s )
n
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.

It is true, T suppose, that the

s

igniters will not become effective until you have © percent
of hydrcgen, and therefore you will have an expicsion, is
that richt?

MR. SKFAPAXEP; I am not sure I understand. If
there is an indication of 2n accident as a result of scme ¢
automatic actuation c¢f varicus equipment, the operator is
instructed to initiate the system. Therefcre, it will te
ready. And if there is then a nhydrcgen release --

MR. FTHERINGTCN: There will e an extlesicn. The
nitrogen will not just burn because ycu have these thinas
on. It has to get up to the combustion =--

MR. PUBINSTEIY: The probability --

MR. S:AFAKER: Th:re is a concentration at which
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they will become effective.
MR. RUBINSTEIN: 4We have a graph of the

flammability and detonation limits in terms of comgposition

-

of the sir, steam..and hydrugen, and 5 percent --
¥R. ETHERINGTCN: We are all familiar with that.
I vanted to mak+ sure there was not any misconception.
There is goinag to. be an explosion. That is right, isn't it?
MR, XERR: I tPink there is at least one
misconception. I don't know on which side at this pecint,

*

byt don't think %r. Jubinstein thinks there will

:177 - . -~
- -~ T -ha

o
"

")
'
O
f

2
O
.

2]

HR. SI

H I would like to hear the point

™
)

discussed a little more. I hear words like control bhurn,
detonation, exrlesion. What are we talking abocut?

MR LTFEHLCOWs If T could comment, you would expect
the glov plug tc coxidize hy‘rogen near its surfsce at all
times no matter what the concentration of hydrogen is, but
that would be so slow that you would never rid of the
hydrcgen by that process. 1Ifou would expect that when ycu
get to about the 4 vcercent limit, you would start gettinag
upward propagating flames.

You might end up just huving a continuous 4
percent burn with small pressure rises associated with it at

that rcint. HJvdrogen burn is ver unny at the lezn lirit.

<
Lol

Wher it burns ugward, it dces not burn everythinag

ALDERSON REPORTING COMPAN® . INC.
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completely.
It only burns dowaward at abktout 9 percent, then it
burns everything completely, becth upvars or dovwnward. PFut
at 0 percent hydrogen, £ percent, 6 ger~ nt, you micght :niy
burn 10 percent or 20 percent of the hvdrcogen in your
apparatus in one burne. The £1lame will propagate to the
ceiling and go cut. It won't propagate laterally ocutward.
It dces not do that.
So that if you have the glow plugs on
continucusly, yocu have to =xpect a slow burn to cccur at 4
to ¥ percent hvdrogen wherever *he concentrat

leve nd when the concentration get=s back tc that level,

e

1
-

it would do the same thing againr.

“

¥2, STEGEL;:; FMeanwhile, you could have cther
volumes where the hydrogen concentration was risine intc the
detonability limit.

MR STREHLOW: That is a possibility. Ycu might
have a very hich hydrogen concentration at the top of the
reactor in the dome and have very lcw concentrations dcwn
below;z but if you have glow plucs up in the dome, vocu are
taking care of that, too, :tecause the hydrogen concentration
vill go up to © percent and you will start getting durning.

2. LEEs PBut I thought ycu caid vyou will not see
much of a lateral propagation.

¥R STRFATOW:s Not tetween 4 or € or rercent.

ALDERSON REPORTING COMPANY, INC.
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MP. LEE: fo you would see what you term
controlled burn around the --

MR STREHLIOW:s They are rropacating upe.

¥ie LEEa. Vertically around the location.

¥R STREHLOW: It ~izht grow a2 little it in

n

fize.
HR. LZEs Th2t is why I was interested in the size
cf the alow plugs and sc on.
MS. BUBINSTETIN:s e have some specific ircicht to
the Sequoyah Plant and mixing =2nd combustion. T think ¥r.
Tinkler can addresss some of these guestions,

e FYNLTY T, ; 4 * a2 313 % & - = hed
LI AL T - - N e - T - —-a g “t .

o
1]

.

0
=
[
' .
b

burning at varicus concentratiocns a little later on

W
o
(9
r
m
i
4]

when we talk about the analytical wecrk. There is some
concerr over the definition c¢f explesicen here. That seems to
be one of the problems. TIf you could define relative flanme
velocities that you are talkinge about, then we could
probably confirm whether we agree with your statement or not.

MR STREHLCW: If you are talking abcut just flame
propagation thrcugh the system, then tihe rate of pressure
rises 2s a function of a normal burnine velocity in the
system. The large systems have very slowv pressurizers like
Thr-e Mile Island, only 10 seconds or so, and that was with
a moderate flame velocity, - imagine.

¥3. TINKLEZIR: Do vou consider that ar exglosion?

4R STREHLCYs I cz:11 that an explosion, ves.

ALDERSON REPORTING COMPANY, INC.
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¥E. TINKLER: In that event, then, we are in
effect calculating similar types of transients, and the term
"explosicn™ can be used tor a burn wheie it takes 1C
seconds, for example.

¥R ST?

™
g

HLOW: In my opinicn, that is true.

MR. TINKLER: And we will provide results of
calculaticns where turns occur in 10 seconds.

MR STREHLZW: You have to be careful between the
difference betwe~n an explcsicn and a detonation.

¥R. TINKLER: You dcn't mean detonation when you
Say expicsion.

MR STHEHLCW: No, not necessarilvy.

¥R. TINKLER: You mean a relatively qguick pressure

ris-.
¥R STREHLOWs Yecs.
MR. TINKLER: And I think the igniter will be

tested within a vessel that will be -~ where the hydrogen
will e burned at varying concentrations and scme of the
concentrations will te high enough so that you will see
rapid pressure rises.

v

ha

o

T,
-~ .

(=8

EHLCW: If you do this in a srall vessel,
you will be able to tell what rressure you see in a larce
vessel for that same concentration ¢f hydrogen.

MR. TINKLER: Like I cay, I caan cnly resrond that

we will be testing hydrcgen, variocus concentrations.

ALDERSON REPORTING COMPANY, INC.

400 VIRGINIA AVE, S.W.. WASHINGTON, D.C. 20024 1202) 554-2345



10

1"

12

13

i4

15

16

17

18

19

21

24

"0~ 79

¥R STREHLOW: What size vess=1?

¥R. TINKLERs Jim will talk about this in a little
more detail. It is on the order of 1C0 cubic feet, one of
the vessels.

¥R STREHLONWNs Ck-y.

MR. TINKLER: But we are testing at various
concentrations and vwe would exrect that we would get flame
propzgation in some cases upward and sidewayvs and spherical.

MR STEEHLCW: Yecz.

MR. X Are we now all cf one mind? “cod.

(8}
L% 3
5}
.

rlease continues
.

YR. SHAPAKERs With respect to the glow rlug
testing, the have conducted some initial tests at the TVA
fingletor laboratory.

(S1lide)

The curpose of these initial tests were to screen
alternative igniters and descnstrate that igniters can te
used to detonate hydrogen. Some of the characteristics of
the pluags that they found were that they determined the glow
Plus 's temperature was a func.ion cof agplied voltage, and at
14 volts they got a temperature of about 1720 degrees
Fahrenh=it,

¥P. KFRREs You say that they did experiments to
determine that glov plugs cculd ignite hydrcgcen? ‘'as threre

some doubt about that?

ALDERSCN REPORTING COMPANY, INC.
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MR. SHAPAKER¢ Weli, since they were not used for
this purpose before, they wanted to run scme initial tests
and confira in their own mind and give themselves some
confidence that they are on the right path.

SR, K¥BR: Sound

N,
sonaczie.

e

n
e

MRe SHAPAKEZE: Okaye They alsc wanted to
deteinmine the dnurability of the glov plugs, and they have
operated a2 specimen successfully a. 1720 degrees ‘ushrenheit
for six days, and this pacticular glow rlug was used in the
hydrogen burn test. They also vanted to determine the
rellability cf the glow pluc as an ignitico source, and they
introduced dif:terent concentraticns of hydrcgen and they did
achieve ignition in dry air at a 12 vclume perc:nt and 7
voluae cercent nydrcgen mixture,

They wanted to determine the completion cf
hydrogen burn, and at the 12 vclume percent mixture they
essentially got 100 percent combustion. The volume of this
vessel was about .04 cubic feet. Tt wac a very small vessel.

(Slide)

MR. KERR3s .04 culic feet?

MR. SEAPAXKER: Yes,

“R. KERR: Hcw did they get the glow pluc incziie?

(Laushter.)

MR. SVAPAXER: Well --

MR. KERR: ‘nywey, they did. Ckave.

ALDERSON REPORTING COMPANY, INC
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¥R. SHAPAXER: 1hey have now a subsequent testing
program that will contiige to b~ scopirg in nature and
verify that the glcw plugs are 2 us<ful concept and to
tetter understand. the combucsticon ghenomena using these glow
plu~s in different environmants.

The purpose of the test will be tc demcnstrats
that the igniter will initiate & volumetric turn for
different envircnmental conditions, and the different
environmental conditions that they are coing to select are
including a steam environment, and they want to define the

oy Ao N eARmARLEBE b AR AR .sas A r ki b -
hydrogen conc .

.
P G
- - e - e b 2 - ¥ - Wi ws - v vwnt Le

S
- N - 4

vill Pe initiated with these different environmental
conditions.

In generzl, the acceptance criteria for the tests
are that they are loocking fcr consistency in the d=z=ta,
confirmation of thecretical predicticns, and reliable
ignitiorn at the high concentratiens, arcund 12 volume
percent with esctentially complste combustion.

In other words, the purpcse of these tests will he
such that there is no surprise, that they fully understznd
wvhat rhencmena are going on. The :est facility that will be
use? is a spherical vessel. [t is about six fzet in
dianeter. It will bde heated electrically. It will be
equipped with 2n internal fan to promote mixinc and create a

draft at the igniter surface.
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The purpose of creating this draft is to determine
vhat effect the flow of a mixture past the igrniter would
hzve cn its reliability and effectiveness.

MRe L¥Be_ I have a question. I do not understand
four rationale for suggezting .-';e:cent Ly velume cf the
hy.rogen concentraticn in your acceptance criteria. I
thought you were talking about the control burn which
procuced low pressure so ycu wculd like, perhaps, tc screhow
initiate ignition at lower concentrations of hydrcgen, I
thought.

HRe THAPAKERs #il:zh the glow plugs on, it will
begin toc ignite the mixtur: or whatever will support a flare.

MR. GREGOPY: Did you test that? FHave you testad
the glow plug actien as the hydrocgen ccncentration rises
from zero up throush the loser flammable limit? It seems to
me that you tested getting it upr tc 12 gercent and then
putting on the glow plug. That is nrot representative of
vhat will happenr inzide the containment.

MR. XFRRs Is TVA going to discuss the tests?

VOICE: VYes, sir, ve are.

KR. KERR: Okay.

¥R. LZEs Could you alsc perhaps ceomment, if vou
vould, at this stage on the status of the theoretical mcdels
for predicting this type of phencmelon and how it cocmpared,

for example, with the often qucted triangular diagram and so
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on?

MR. SPFAPAXER: Wwell, this is what they are == by
conducting these tests, they are fully expecting that their
turns will occcure. In keepin- with that turnery diagram =--

MR. BUTLER: I trink we will defer to a later
presentation by Mr. Bowman when he describes the test
program that he planned at the Livermore test facility.

¥R+ KERR: Please continue.

MR. SEAPRKERs: O<«zy, They will be mecnitoring the
atmoscheric temrerature and surface tenmrerature cf the
vessel, and they «ill have their vessel .pressure also, znd
it will have hydrogen and oxygen analyzers to reasure the
pre and pecst-burn concentrationcs.

(Slide)

Just triefly, the firest series of tests TVA is
plannin~ looks like thics. You can see the variou
temperature, pressure and hydrcgen concentrations that they
want tc achieve in the vessel initiallv, and the degree of
mixing that they wvant to induce inside the vessel.

(S1li‘e)

Rased on the outccme of these tests, they are
contemplating the need for rossible further testing, and
also what they have in mind ic to measure the temperature

response of the different ccmpon2nts and steel or ccncrete

ob jects.
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Ncu, with respect to measuring the teaperature
resgonse of cormponents, they are planning to submit to the
staff in early Ceptember plans for their testing to
determine the effects of a hydrcgen burn on essential
components, and the Environmentzl Qualification Branch is
taking an active part in this effort in scoping out this

PLCOgram.

ME. ETHERINGTON: What is mezant by saturation

424 ]

temrerature on the previous slide? What temperature, what
precsure is that?
saturation tenrerature corr=sconding to the total cressure.

¥R. ETHERINGTON: What pressure?

M2, SVYAPAKER: The total pressure in the vessel.
o ETHERISNGTCONs The pressure that develops in
the bturn?

MR. SEAPAXER: No, for the initial conditions.

MR. ETHERINGTCNs I sce. All richt.

MR. SIEGEL: The cressure is in the next colunmn.

MR. TTHEPINGTON: Ch, yes, I see. I did not see
that.

¥R. SHAPAXER:; They also want to investigate ways
tc simulate a spray droplet entrainment in the atmosphere so
they can determine to what cxtent a spray cystem would have

on the effectiveness of the igniters. The scheduls €or the
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testing 1s not quite as shown on this slide.

(Slide)

We just got additicnal information laszt night.
The facility is being prepared znd they do have to install
some he-~ters and instrurmantaticn yet; and as a result, the
test series numter 1 schedules is from 9/8 teo 9/12, and
further tests 2einz planned for 9/15 to 9/28, with a test
evaluation £rom 9/15 to 9/19, and a test regort on 10/1.

Presumably this tesst report would not include the

results of further tests. It would prccably only include the
resclts of their sezies ngrcer 1.
(Slide)

There is also a Fhase II to this program, and this
is sort of an improvement ;hase. These improvements will
proceed along with their long-term 2ecraded core task farce
program, and scme of the imgrovements that will te
implemented include providing individual control from the
main control room for each igniter, installing additional
hylrcgen and oxygen monitors to guide the cperators so they
know mecre precisely what is gcing on in the containment
vithin the varicus comparta=nts.

They want to install a plant computer to wvarn of
hydrcgen concentrations reaching the detonation lirit. The
backup diesel rower supcly will continue to be included in

any design imprcvements., And they want to determine tha
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envircnmental gqualification of the distributed ignition
system components. 2:nd also they want to determine the
effects of the hydrogen burn environment on ccher components.
; These ty> items will e covered in part in this
next series of testing in the larger vessel for this
vezsel. It is large enough to physically contain the glow
pluc rig chat was described earlier.
= They are alsc going to be locking intoc alter-ate

and/cor additional igniter 1locations based on a bette:

charact iztics of cormtustion and

1]

(14}
"

understanding cf th
vhatever thay find syt from thess szate,

They are also contemplating installing hydrite
converters near the reactor vessel vent, PORV discharge nd
air-return fans.

"8, LAWROSKI: Wh=t ics a hydride ccnverter?

MR. SHAPAKER: I rtelieve it consists cf certain
met>1ls that have an affinity for forming a hydride at ar
elevated temperature as hydrogen would pass over it. So it
would serve as an initial getter for any hydregen being
releaseld from the reacter ccolant system. They are also
contemplating =--

MR. SIEGELs will we hear mcre 2tout those later?

MR. SHAPAXER: Possitly from TVA when they discuss

their longer-terns efforts.

m

MR. FTIEGEL: In that same paragragh, what is the

ALDERSON REPORTING COMPANY, INC.
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reactor vessel vent?

ER. SHAPAXER: This would be the vent prescribded
by the TMNI Action Plan, I sresume.

i, SIBGELs TLoesn't that exist ncw?

MR, SHAPAKER: I don't kncw if that one is
installed or not.

MR. XZRRs Is there a TVA representative who can
respond to the questicn of whether the vent nov exists?

VOICEs Dr. Kerr, our engineering design people
just caze in. If you could repeat the gquestio; wve could
2t an ansver.
“MRe ¥ERRs I should give them a chance at least to

-

sit down, T suppose.
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The guestion is whether the reactor vessel vent as
prescribed by the lLessons lesarned at TYI nowvw exists and is
ready to be operalble on Seqguoyah.

YCICE;: I+ has not been -- the system has not Leen
installed.

MR. XZRR¢ It has not been installed, but vhat --

VOICE: . It has not been installed, but the drawing
has bee. issued. The hardwvare is nct in the plant itself,

MRe XTRRs It is in process. Thank ycu.

L2t}

ubinstein?

Do you want to add somethingy, ¥r

¥R, RRINSTETIY: Thi= yas 11y slated “%or
. - 4 . & - a - PPN LTS - - -

1§ 9 S ‘3

0

-
-

~ i
- b

January 1, 1981, tu¢t it is & recuirement which is cougled
with the inadecuate core cooling and reactor vessel level
requirerent, and beoth of thecse items have been sliiping,
partially because of material g¢navailadility, for the
pressure drop systems, for the inadeguate ccre cooling
reactor vessel, and partially bdecaucse the staff hac only
started tc undertake a review with the Westinchcuse cwners'
group on the reactor coolant system vent itself.

€o I visualize this requirerment being, in effect,
late in the year, perhaps Tecemter cf 1981,

¥R. XZBER: Thank yocu.

Fe LAWROSKI: Ar-: we going .o hear more about

hydride converters this afternccn?

ALDERSON REPQRTING COMPANY, INC.

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



10

1

12

13

14

15

16

17

18

19

21

24

-+ 89

MR. XERR: VYes.
Please continue.

MR. SYAPAXER: As a result of trying teoc improve

{

the diagnestic capadility within the containment, additional
containment penetrations may have to te installed, sc that
is another item in their imrrovement thase.

(Slide).

The third phase consists of final modifications

‘that will be implemented at the completion of TVR':z

long-terr dzgraded core tasxr force grogram. vf course,

degraded core task force program is a two-yezr effert, and
tﬁey have identified some rmajcr tasks, and they plan to
continue with their study of controlle” igniticn.

They 2lso plan to study ultimate ccncepts, and
th2y mentioned *“he use of hzlon suppressants or possibly
fogging systems, and they plan to follcwing along the
rulemaking proceeding with their own efforts in risk
assessment and core behavior, with hydrogen generation and
transpcrt, and with their studies of hydrogen burning and
analytical efforts and containment response, and also the
structural respocnse of the containment.

¥2, LFE: A question. Are they coing to have both
contrclled ignition system =nd come suppressant system, or

choose cne or the other?
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¥R. SHAPAKER: They will gprobably hava tc chocse
one or the other. They are centinuing tc study alternate
concepts in the event that their current stucy cf the
.
distridtuted igniticn systen dces not prove to be that
desirable.

YR. EUTLEE:s Let me add tc that, Jir. They have
an interim distributed igniticn system in place now. They
hope to have it operaticnal with staff approval shortly.
However, there are continuing studies under way not only to
stuly further the glow plug efficacy, but alsc to study
other z2lternative approzchaes,

If the alternative approachecs prove better, they
vill ®e used in lircu of or esven in addition tc. It is
subject tc future determination. Fight now they are just
going fcrward with the ‘urning system, the igniters. They
might lzater add or substitute another system.

¥R. LYE: Those =zre two conflicting systems. Cne
is to suppress burning; the other ic to initiate burning.
That is why I am somewhat curious at this stage.

MR. BUTLER: You certazinly wculd not use the
igniter with the halon system, that is true.

MR. LEEs Okay.

R SHAPAXEERE: This concludes my discussion ¢f the

distributed ignition systenr. I have two other slides on
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their hydrogen samrling system and mixing svystems. I don't
know if ycu want to hear that right now or not.

¥R. XFRPRs: I think we probalbly d¢ net unless you
think it contrildutzse.

Let me ask you if yeu woul”? *e willing tc comment
on ¥re. Cilinsky's gquestion, which is, if I may paraphrase:
Is the staff persuaded of the effectiveness of distributed
igniters in ice condenser containments?

¥R. SEAPAKER: Well, T guess I can say it looks

promising; Sut this next series of testing will rezlly

¥?. ¥ERRs You are not yet persuaded tut ycu are
willing to be persuaded if the evidence is persuasive.

(Lauchter.)

MR. SHEMPAYER: We are keerping zn cpenrn mind.

“R. RUBINSTEIN: The preliminary evidence is gzuite
persuacsive, particularly from the very limited Sinaleton
Labcratory worhk. ’nd we look forward to reaching cur full
conclusion in Necember, after the submittal.

YR. XZIRPs 1Is the stzff geoing to try to deterrine
if the igniters can keep pressures; belcow design pressures if
one is faced with TNT quantities of hylrogzn?

~
3+ EUBINSTEIX: The s

ot
th

t

aff w#ill discuss analyses

this afternocon which deal with ¢!}

’.a.

e initial hydrcgen centent

-

and the final hvdrogen content zs determined axperimentally
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from our work as it is placed in both the MARUY cecde, and
TVR will address it as it is in the CL2ASIX code, and

sequential burns, which deal! with Lcth pressure and

temcerature. . -

MR. GREGOLRY: 1Is the concept you have in mind to
keep the igniters running continuously at all times, or only
to activate them in the event of an accident?

MR. SUAPA¥ER: They will not ‘e powered at all
times. They will only bte zctuated when ~ertain events occur

wr S -~ - 3 - - : < s - £ 23 F . - - - £
which cause thc automatic initiation cf different csaf

w
o
-

egquipment. Then the operatlng instructions will te for an
operator to then immediately go and actuate this systenm.

¥R. GREGOPY: I would be interested tc learn what
criteria, what triggers the decision tc turn on the igniters
and wvhat safeguards are being fput in to make sure that they
get turned on before you possitly have built up to thee
detonable limict.

MR. XERR: Can the TV? representative hear the
question? What I really want to know is whether ycu plan teo
address this question in your presentat.osne.

Re LAIs¢ I can address it now. TYA has an

emergency procedure written, but cf course we are not

Hh

activating it, pending the YN2C staf

"

arpreval to use the

systeu. The preccedure called for in the emergency cperatine
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instruction is that you would activate this systen
immediately after the ECCS system is activated and the

emergency core cooling system is initiated.

2
ke

The next step is to make surs the sysiem is on a
fun-ticnal.

MR+ XERR: Does tnhat respond to your guestion, Mr.
Gregor?

MR. GREGORY: Yes. T would have some cuncern that

the contrclled ignition system could in certain events cause

a detonation if it wvas not zctivated socon enough after a
hydrocen releacse, T think =cme attanticn ought tc ke raid

to that.
¥R. KZRRs Thank yocu.

R« SEALE: I assume you are also going tc
determine that it is rezlly on, and not that the switch has
Just been flipred.

¥R. XTRR: Y will accept that as a gratuitous
rem=rke.

(Laughter.)

MR. XTRR: But an appcopriate one.,

Mr. “therington.

MR. ETHERINGTCN: The first Vu-grarh referred to
this as the most promising interim concept. 7Tc me it lcocks
lik~ the most premising concept that we have seen. Tf this

is approved and installed, is TVR looking at the possililit:

.
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of devising an interim -~ a periodic testing of individual
plugs?

¥BR. LAI: The answer is yes.

MRe ETRERINGTCN: Gooce

MR. XERR: With hydrcgen, I assume,

¥FE. LAIs We did not rlan tc test the igniter in

- "B d kA * Laal s N Ly
MR. 2THERINGTCN: I realize you are not zoing to

£3 11 P - 4 - . 5 8 - | N e~ - < e b < - - " 5

£i11ll the containment with hydrcgene. <ulelYy You cai put a

tox around it or scmething.

MR. LAI:s No, sir. %e do not plan to test the
igniter inside the.plant with zny hydrogen. It would te
off-site testina.

YR. XFRR: Are there cther guestions?

(No response.)

¥R. KFRR: Thank you, ¥r. Shapeker. .

I show a presentation by “r. Tinkler at this point.

MRe TINKLER: I anm Charles Tinkler. T work in the

™

Containment Systems Eranch.

This portion cf the rresentation will deal with
tha overall NRC efforts to 2ddress those technical zuesiions
which are relatsd to the issue ¢f hydrcgen control.

(Slide)
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Those efforts are primarily in three areas:
short-term efforts principally directed tcwards an
evaluaticn of igniters for degraded ccore accidents. These
efforts are principally being monitored by NRRe The

lonc-te:m efforts on hydrogen centrol are being ceonducted

)

a

through the Nffice of Fesearch, and their research will deal
with toth degraded and melted ccre accidents.

In addition, earlier this year the staff regan its
studies ¢n the 7ion/Indian Toint plants in which hydrogen
control was alsc a topice.

MK« KERRs Mre. Schott.

MR. SCEOTTs For ceneral informatioc. or
orientaticn, ave the Zion znd .Indian' Point things YARK III's
or are they ice houses or what are thevy?

¥E. TINXLER: They are large drive FWEs.

Under the short-term efforts we have a rather
large program to evaluate the igniters. We have obtained
technical assistance from a number of labs in order to
complete cur evaluation in 2 tirely manner. Livermore is
participating ir the igniter evaluation by performing tests
on the igniters that have teen cropesed by TVA €for their
interim distributad igniticn systenm.

Livermore will a.zc conduct 2 survey cf hydrogen

detection in plants currently in operation. The icniter

ALDERSON REPORTING COMPANY INC.
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tests, as has been talked zlout previously -- and the tasts
will de described in much mcre detzil 'y ¥r. Bowman of
Livermore later on, but principally the idea is tc determine
the effectiveness.cf the igniters in verying atmcsphere

en in varving

mixtures, the ability to ignite the hvdro

Q

concentrations cf steam.

Columtus-Battelle is practicipating in this
program, and they are performing ani:irsis using the MARCH
code for the Sequoyah containment in an attempt tc
analytically determine the effect of use of igniters.
Sandiz will perform an evaluaticn ¢f
principally focus on alternativs systems in the case that
igniters do not eventually =nd up being very promising.

¥R. LTEs¢. M¥Mr. Tinkler, what kind c¢f resilt dc you
expect to get out of MAECH anilysis for the ccntreclled

ignition =ystems and so on?

MR. TINKL

tv)

R: We think the MARCH ccde rerresents a
substantial improvement over calculations which have been
provided, for example, in SICY papers. It provides the
capability to do a transient calculation 2f hydrcgen release
to the containment and the transient durning of hydrogen.

MR. LFEs FHow a2bout the controlled burning
ioniters? Are you tryinzs to model that?

¥R. TINKLFR: The data that we learn from tests

will ®e used ac the basis I2r parameter studies ard analysis

D
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-- the ignition set points, gquantity cf hydrogen that is
burned, for 2xample.

Now, we feel that we need a data tase from which
to fo0 our analysis.

¥8. LFE: So it iz from yocur expe.imental tests

"

you expect to get --

¥R. TINXLER: How much of the hydrogen will burn
for a given concentration, znd those parameters are input
options into the codes that we are talking about. We are

able to initiate hydrogen combustion and the burndown limit

3 | . — - -~ - - h - a e o~ - - % o - - - 4.3 4 o~ b
0l the CcCgesS sC that w canl HNceued Lhe neadat additicnh to the

O

atmcsghere.

MR. LEE:s I am still not sure the information that
you have has to really come frem your experimen*al effecrts.

MR. TINKLER: Th= experimental efforts will
verify. It will also proviie the basis for future analyses
to netermine how effective they are in mitigating the
consequences of various accidents.

MR. LEEs I am particularly interested in what
kin? of volume a particular ic¢niter could perhagps control,
wvhat kind of a volume of hyirsgen and what rate an? s¢ on.
Unless you have this information to pu* intc the M)2CH code
or z=ny other coce, you cannot expect tc get any meazningful
informaticn.

Nk. TINKL:R: I t=ink the informati-n we vill get
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from the test program will te sufficient to model the
calculation in the codes that we have available. like .
say, thm tests are designed to determine whether the

hydrogen will ignite at varicus concentratii.ns. That will

rh

be tounded for =nalytical gurgposes.

MR, KERRs Th= MARCH code does not itself model
the microscopic behavior of the burn. If I understood 'r.
Le='s questions, they hzd tc dc with flame prorzcation that
might occur at low hydrcgen concentraticn. Suppose you get

an igniticn. ~cw much burn do ycu get? Where does it go?

Cen't you need that sort o: infecrmaticn to have a ccod

3

understanding of the energy input from 2 burn, fcr example,

r

and how extensive the burn 1s; or is that too detailed?

¥Yayte you only need a rroad Prush.

¥

(&8

o TINKLER: I don't think that we need to know
the pracise definition of the flame front in crder to
pecr:zorm the bulk of the containment calculations. We are
principally concerned with how much hydrogen is rurned =nd
how much energy addition to the containment atmoschere
results.

MR. XERRs BEut th- MAZCF code does no* tell vou
26w much hydrogen is burned, does it? You have tc input
that.

MR. TINKLER: Yes=.

¥%. XTERs If you input it, hcw deo you knew what

ALPTRSON REPORTING COMPANY, INC.
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to inrut unless you know scmething abcut the behavior cf the
igniters in a lean mixture of hydrogen?

MR. TINKLER;: We intend tc test the igniters in a
lean hydrogen nixture. Yeou have seern
12 percent, okay? 2ut the iTniters will be tested in leaner
atmospheres.

MR. LEEs The dataz Lase is still guite limited.,

MRs TINKLER: Yeos. That is why we are dcing the

O
H
[
=
m
]
cr
¢

’ 4
'

Es The six foot diameter test v
is guite linitad, in my opinien, cenparsd xc ke large
containmente.

MR. TINKLER: One of the test vessels will be
approxmately ten cubic feet. ne of the test vessels will
be approximately slightly mcre than 1CC cubic feet.

MR. LEE: That is a six foo~ diameter vessel you
are talking abcocut, and T don't know how many cglew plugs you

-~

have for that 100 cubic foot volunme. don't know whether

it makes sense. T have no idea whatscever at this stage.

And to rely on -- oh, I am not saying that you should not

try to exercise the MARCH ccde or anything like that, but T
am just curious what kind of information you envision

getting out of such an exercise of the computaticnal progranm.

MR. TINKLER: One more try here. I think the

num-ers from the test data -- you know, we cannot cuarantee
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them tc be precise for the plant applications; but with a
little judgment we can bound those numbers in order to
determine the effects of hydrcgen burning at varicus
concentrations. -That is the best we could hope to do in any
situation where we have conilicts bstween test data and
actual configurations.

MR. LEE: That might well be perhaps the best you
can dc, but I am still interested in what general
inform=tion you can get cut of running the MAECH code that

you don ‘'t already have from your test progranm.

|

~
-

INKLZRs The calculations you have seen in

T

.
the SECY papers are hand calculations fcor arn adiakatic heat
additien. The MARCHE code is a substantial iﬁprovement over
that tyre of calculation. ''nless we do a transient
calculation which takes creiit for heat remcval mechanisnms
in the containment, we won't see benefit from any mitigatien
devices.

MR. LZEs I agree with your assessment to a
certain extent. As far as hydrogen generators are
concernad, perhaps what the MAFCH ccde predicts might re
somevhat more accurate or more reliable. As far as the
efficacy of the disributied igniters is concerned, T am not
sure what additional information a code like the ¥!:CE
program can p:ovide;

¥R. TINKLEE: I gave it my rest shot.
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MR. BUTLER: It might be helpful. I think the
thrust of your prior question, “r. lLee, was more in the area
of distritution of hydrogen ccncentrations before vou turn
on the glew plug, and the concern presurably s ycu might
have appropriate distributions away from the glow clug »ut
no hydrogen near the glcw plug. Is that the thrust of your
question?

MR, LFE: Yes, certainly. That would re my

concern.
¥R, BUTLZREs It might re helpful here to indicate
that there are return air fans that assist gquite a3 kit *o

mixing the air in the upper and lower compartments. These
are 40,000 CFM fans that give you one complete air change in
the lcwer compartment every five minutes.

Now, it is true that the hydrogen addition could
conceivably be a point scurce, 3nd ve are cryins to engage a
consultant to examine the heterogeneity guestiocn of hydrogen
distributions bty postulatin: point sources ard determine how
that hydrogen would provide various ccncentraticons a2s a
function of space away from the point scurce.

MR. LFE: That is just cne part of =my concern,
perhaps. The second part was related to what Cr. Strehlow
mentioned earlier about the lateral versus vertical
propagaticn of flame, which I am 4illing to wait and learn a

little it more about a little FPit later. Zut if that type
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of rhenomenon cannot te simulated in a code like the MACCH
code and the code i< not certified to te a design-type cf
code -- and I understand th= model is not really detailed at
this stage -- what additional infocrmation can we get out of
the cnde?

I still have that concern.

VOICE: ‘' I agree with most of your ccmments, “r.
Lee. The MPRCH code certainly doces not do the nicrecscoric
studies. But I think maybe the point should be made that

given certain arcunts of information on the efficacy or

(30
It

ectiveness cf the igniters unders different conditiocns,
things that the MAPCY code can tell you are what is the
effects of that éy:e of ignition in a large system as
opposed to the idealized ex:-eriments.

M3, LEEs How can you tell? I am curicus, if you
could educate me a little.

VCICE: I would just as socon not take tco much time
at the moment since I am scheduled to be on in a little
while. Perhaps I can address that point a little later.
But basically what the MARCH code will tell ycu is, given
ignition under these conditicns, what is the effect in the
full-scale system.

MR STSREHLOW: Mr. Zutler, your comment raised
another question in my mind. %4“ith those return €ans, they

are ducted? The air is ducted hy thcse fans throush ducts

ALDERSON REPORTING COMPANY, INC.
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¥R.

TIKKLER:
MR STREHLOW:

is concerned.
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MR. KERR: Please continue.

MR. TINKLER: I icn't believe I mentioned ILD
Asscciates, but they are involved, and they will particigate
with Iiverzore-in an evaluation of data. Another lal not
listed here is Prookhaven, which has participated in the
Zion/Indian Point studies and has done work on hydrogen.

MR. SFALE: I have not heard anythirg yet, and I
was Jjust interested in this one point; and -hat is, ycu are
putting some ianiters in or at least you are examining the
possibilities, There are a lot of igniters that are
apparently 2lre=d in there, switches, 21d maybe even thoz:
fan motors you were tzlkinz abcut. And I wonder if there is
any evaluation of other igniticn sources in such systems?

It s<ems_to me thit ther: is very likely gecing to
be ignition whether you put those igniters in there or not.
Maybe not as often or as regularly, if you will, or
continously, but there will be some ignition.

MR. TINKLEr:t The idea of adding the iganition

system is to more or less improve the reliaktility which you

feel will occur, okay? It is recognized there are randonm

Adonition sources inside containment.

MR. SEALE¢ The reason I broucht it up, T guess,
is you cpeak of other things besides ignition as an
acproach, and the idea that anything else might te

incompatitle wi*h the ignition; and ye:, if there are
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ignition sources there anyway, you really are going toc have
to acccmmodate that prcohlenm.

MR. TINKLEZER: That would have to be factored into

an evaluation of the cther mitigation systemse.

MR. SEARLE: Ckav.

M%. STREHLIOW: I might comment on that pcin.. The
glow plugs are probably a very strong source c¢f ignition.
There is a large surface area. They zre very high
temperature. Tf I remember ccrrectly, Three ¥ile Island
ient off at B percent or something like that hydrcgen.

-

- A TE 5 - - e Fur 44 o g
-a23at 1ndicates to me that the icn.tion scurces

W

present are not strong sources, and it turns ocut when ycu go
tovards the limit, the strength of the ignition source has
to increase markedly, otherwise ycu will not cet flame
propagation. o the installatiocn of glow plugs might be a
very good thing to do, because you might induce relatively
slov turns over a long pericd of time which will not cause
any appreciabls pressure rise in a systenm.

MR. SEALE: 1If they are not there vou still --

¥R. STREHLOW: We den't know until the experiments
are done.

MR. KERR: It seems to me we may be convergino on
the TVA position.

(Lauchter.)

¥R. SIECEL: I have kind cf z basic difficulty
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with this apprcach. I don't know if this is the right time
to ask the question, but let me pose it now.

It s=ems to me the cbjective of this distributed
igniter effort 2ad the test program L{s to demonstrate that
you can safety ignite severzl hundred kilogrames or several
tens of kilograms of hydrogen. 2ut it seems to me a better
objective would be to say that you can safely handle so many
kilograms per second of hydrcgen cominc from some hopefully
plausibly identified sources so vou'd never tens or hundreds
of kilograms in the containnent.,

T A=+ coo any =3 mme 2hate aieohar &k too.

< - -
' A4 8 B -ae A i 2 - re -

gras
or the ccncept is addressed toward this latter guesticn.

MR. TINXLER: In the event that we have to provide
gom-> sort of system to miticate the consegquences ¢of a
degraded core azccident, we cannot aveid the introduction of
hydregen in those gquantitiess.

¥R, STEGELs I agree. You need the other as a
backup system. But I would like tc see scme evidence that
you have a pilot light near the place where the flame is
lik=1ly to start rathe: than have a light bulb in the kitchen
vhich will blow it up when vou have it there.

fR. TINXLER: Wh:z:t I would like tc point out is
this is the interim distributive ignition system. Further
reviev of this system, vou ¥now, as yet to take place, ané

the loc=tion ani number of igniters it cne of the zubjects
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that we intend to review in mcre detail.

MR. SIFGEL: Well), frankly, I guess I have
expressed my reservations about this teing the preferred
int=rim system. . _

¥R. ¥XTRR: That 1c not a question.

Laushter.)

¥R. TINKLER: Okaye. The Sandia short-ternm

procram, which is being monitored by the Cffice ¢¢ Research,
as T said previously, will concentrate cn alternative

T1

) e E e ud . : bt B an . -
systems. They will 200k at deliberate ignition systems
a9l - / % - - : - o~ - TE i Y - - -
alens and to take the thianszs thsy will lock at undar

ot

deliberate ignition, they will look at igniticn stratecies,
vh=ther you want to igniters on and leave them on, or
wvhether you want to have intermittent speration. 2nd they
will loock into analytical verification of igniter
effectiveness tc see if thiy could determine from existing
test data at what concentrations you *urn hydrcgen and so
forth.

Halon systems, some of the issues to consider are
concentrations necessary to crevent deflagration or
detonation, the effects of recombiner operation in this
halon atmosphere, post-accident handling of the halen
atmosphere -- the halen only suppresses the burn: it dces

not remove the hydrcgen =-- what would = halen system look

like, the design concept. nd they wculd evaluate it as a
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short-term solutic. tc the issue ¢f hydrogen contrcl.

Water fog, similar tyre issues will be
investigated -- the design concept, what would a2 system lock
1ik=, hcw much- water would have to be supplied to the
containmnent, what droplet size in order to suppress, what is
its effectiveness in -- to prevent hydrcgen burning, what
effects would it have by immediately reducing stean
conceintrations rerhaps and thereby chznging the flammability
characteristics, what wculd a long-term recovery look like
for a2 containr=nt with =z water £fog systes, since again
presurably this only vworks as lsng as it is gcreratins, and
this would lead you to believe that this is
a short-term solution to sclvine the hydrogen contrcl
probhlem.

(Slides)

MR. X RR: What is the significance of the term
that appears in two cf those shcrt-term feasibility =--

YR. TINKLER: H§ telieve the issue of hydregen
centrol will ke studied for some time in cenjunction with
the rulemaking, in conjunction with ongoing studies that the
staff -~

MR, XRR: I am not mzking my questicn sgecific
encugh. Toes that mean you 2arz trying to determine whether
it would te feasible to implement those very scon?

MR. TINKLEE: At “equoyah.

ALDERSON REPORTING COMPANY, INC.
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MR. ¥YERR: That is what short-term feasibility
means.

MR. TINKLEE: Yes. Could they reasonably hope to
instzll a water fog system at Seguoyah in this time franme.

M%e LF¥Es Are hydrogen =-- are there any systems
under study by anybody at the present time?

MRe TIXKLER: I would say that hydride converters
are not -- they are not bdeing strongly considered by the
statf at this time. TVA has indicated they will lock into
this area, but it is a technclcgy about which we do nct know

- =
A great dea?

The ultimate copatilities to oiserve hydrogen are
not well understcod.

ME. CREGORY: I woul”® suggest that vou miaht
consult the people at Frookhaven who have a tremendous
backgrcund on various hydri‘es.

MR. TINKLERs: Ckay. PFrookha'en has suggested
hydride converters in connection with th2 Zion/Indian Point
study. Prookhaven continues to wc-k in that area.

MR, GFEGORY: I would think, just off the top of
my head, that it would e difficult to find a hydriding
met:1l that is tclerant to air, recause if you have an
inerted containment, it would te relatively easy to pull the

hydrcgen out with a hydride, but with 2n air-filled

containment, I think the hydriding metals are likely to

ALDERSON REPORTING COMPANY. INC
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oxidize.
MR. TINKLER: Lonc-term effcrts principally being

directed by the Office cf Pesearch, the last tirme, I

t
.
r

s
aa

(a4

suppose, the staff repcrted on this, ve indics

W

-
<

®
M

user 's regquest was h»eing prepared or had brer rrercar fOor

0

additional research on control or mitication of melted core
accidents. Since that time a user's request has been
issued, and to repest the oc*jective of it, was tc provide

technical support for conducting a rulemaking on

containment syst«m desigrs and hydrogen control systems for

el
n

generic types of lightw:ter reactors, varicus ccntainment
tyres. We had <uggested thzt the research initially fccus o
iydrogen controls for the ice condenser in the Mark III
containment, since they seem to be more sensitive to
hydrogen generation.

MR. XERR: Have you given the RES any
specifications? I mean, for exawple, on a filter vented
containment design. PFave ycu srecified any rough criteria
for behavior that these have, or is that part of the
research program tc establich criteria?

¥B. TINKLEE: Part of the recearch program is to
estzblish the criteria under which these systens must, YyYou

know, operate and what their functicn will te. »= have not

ALCERSON REPORTING COMPANY, INC
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specified detailed criteria that we think a filter vented
containment system must have.

¥R. XEER: FHow abcut non-detailed criteria? Fave
you given zny =--

" MR, TINKLER: We identify criteria against which
we think all the systems cshould be judged -- cost-henefit
sort of items, reliabilitye.

¥R, KERR: For examrle, have you specifiesd flow
rates that you expect that these may have?
¥R. TINKLER: %o. If we had done that, then we

>4 €4l +h n ooy Wl mod i
tiIlel ThNe 3CClLienNt sSCensaricCsSe

mn

BR: That is so logical that I must agree
with you.

(Lauchter.)

MR. TINKLEF: And we have nct identified the
accident scenarios for which they must operate. Ckavy. Angd
we discussed this before, sc --

¥MR. BUTLER: Let me add to that, Charlie.

The matter of filter vented ccntainments has Leen
under study for a courle of years at lecast, and in
conjunction with that work sponsored by research, the V&R
staff has met with the research people and the Sandia pecple
and expressed its comments wWwith respect to containment

systems®' needs in regard to the filter vented ccrntainment.

¥R. KEER: One >f the rezsons I ask is becaure any
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good research organization is not dedicated to seclving
proclems. They are dedicat d tc findin; new procblers. T
mean, you know, that is what a researcher dces. £o unless
you give him secme idea cf +he rroblem ror want hiam to solve,
he will not try to solve problems; he will +ry to find
proclemc,

At some, point it seems to me somebody is goinc to
have to define what the problem is in crder so someone can
look for a solution. Maybe it is too early tc dc that.

¥R BUTLER It is ouvr exrectation that %we will

A

“ 1

have freguent meetinos wisth +the ¢

n

as

cearch peorle 2+ 3ye
with the laboratory sugpport pecrlee. it is indeed a bit too
early to do that. We still have to meet with the research
peorle in their response to our user's reguest.

MR. TINKLERs Since that time a draft FSR prcoran
plan for severe accident phenomenology and mitigation
risearch has been drafted. The logic of the preogram is
similar to the WASH-1400 reactor safety study and the
Zion/Indian Foint study.

About tne most I can say is the program is
currently under review, and this draft preogram also deals
with much more than hydrogen control. Tt deals with brcader
aspects of the severe accident mitication.

(Slide.)

The relationship *o Zion/Indian Point studies, as

ALDERSON REPORTING COMPANY. INC.
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previously mentioned, the 7ion/Tndian Feoint studies did
consider generation and relcase of hydrogen, and the severe
accident to the containment, and the ultimate comtustion of
that hydrogen,

As a result cf the Zion/Indian Peint studies,
Sandia compared a compendium of hydrogen behavic: in a
post-accident =nvironment, :nd there were various studies of
mitigation features. These studies were done fcr the
Zion/Indian Point plants, so apglication of all these
studies to the Zequcyah pl:nt are not 2asily made.

The ct=2nerz2l conclusion £rom *ha technnlogy
exchange meetincs and the tulk ~»f the w“ork was that the
larye dry contzinments may survive a hvdrogen deflagraticn
for degraded core azccidents.

fou might argue what is large, but it does appear
for the dry containments they would be able to survive a
hydrogen defla~ration simply due to the high volume.

¥R. K*RRs: 1In fact, you cculé 2lmost say large
containments would, cculdn't ycu, whether they were dry or
wvet”?

MR. TINKLER: Yecz.

MR. CREGORY: May I go back *to the previous slide
vith ycur issuing reguests for research, and ask yocu to =--
ask what mechanisms are you using to solicit new concepts,

new ideas from the research community on methods of either
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preventing hydrogen release or observing hydrogen or
combustion techniques?

Ar2> your requests going out in such a form that
the universit;es,ﬂ;he industrial contracting lads ray
respond, or are you addressing these enly to the potential
users and the national labs?

¥YR. RUBINSTEIN: 4“e have a representative fron
research here who can addrecs that question.

Mr. Hotzen.

use Sandia Taboratories as cur center fecr the hydr-sen
worke They in turn may funnel work out to universities cr
other research laboratories, rut thcy are going to be our
center for the hydrogen research work.,

¥P. GREGORY: It occurs to me that there are
surely » number of research operations around the country
that might have ideas tc offer in this respect, but they may
not even be aware of this kind of problen.

MR. POTZEN: Yes. We are currently talking about
possibly holding a conference at Sandiaz in December and
inviting the brcad community tc attend that €for two
reasons: one, :0 inform them of what Zandia is doing, and
second, tc find ocut what each cf the crganizations zre dcinc.

As someone mentioned earlier, the hydrogen prchlem

has come up pretty quick. ™here are a lot of people runnina
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in 2 lot of different directions, and we need to find out
vhat each other are doing.

MR. GREGOEY:s As a member of the industrial
contract research coammunity, we scan the Ccommerce Cusiness
daily for requests for prorosals in areas that we *+think we
have technology to cffer, znd T do not recall having seen
anything relating to this advertised to the research
community.

T would just liks tc make the ccmment that ycu do
have a mechanism of getting cut %o the hungry research
pukblic, and it might give y2u £ast r2sponse ¢n new
funding would pe availatlhle.

MR. FOTZEN: At the moment the main job -- we have
been through the compendium at “andia which raises a lot cf
interesting ar=as where research could be done from the
scientific point of view. The next step we have tc do is
find cut where that research would bre of interest in the
nuclear safety area; and that is the next part cf the work
we =re aoing to do.

After that we will te in a position to get a
better handle on the specific experiments that we might
advertise for assistance on.

MR. XFRR:¢ Please rroceed, Yr. Tinkler.

ER. TINKLER: Thics concludes my presentation at

this tine.
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I would like to intrcduce Mr. Bowman.

MR. XERP: Before you conclude completely, back to
the MARCH code, does the staff feel fairly confident of the
results or the :pplicabilicty of the results ycu ar= getting
from that code, or are you using it because it ic the ltest
you have, or what is your attitude toward the results

insofar as they apply to, say, ‘egquoyah and other operating

plants?

MRe TINKLER: It's the best we have, okav. Fut we
feel that any cf the results calculated tc date arec
praliminary in nature, ckav., The ccdas that have ~~%+ *een

used for this zgplication --

MR KERE: Is "prcliminary"™ a euphemism for
"semi-lousy,", or doc ycu mean "sarly?"

(Laughter.)

T don't know.

MR. TINKLER: If -nything, it is a euphenism for a
lot better than anything elce we can do, and we think they
are reasonable calculations. whether we think they can
precdict pressures within one psi, for example, we ~znnot say
that with any confidence.

MR. ¥ERR: What about 10 psi?

MR. TINXLERs: I think that is the ballrark we are
talking about, how much lower we can get it. On ¥:BCH -- we

need to learn a little more about it.
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MRe XFRRs¢ I'm not trying to be critical. I'm
just trying to understand how you view the results of the

code, because I 4o not -=- I do not know.

¥%e TIXNKLER: I czn conly z=ay that based on my
limited exposure tz the code, I have to say =-- rereat it is

& substantial improvement over what we had befice. T think

the code does a reasonable job of mcdeling the transient.

r

W"hether it i11d do a tetter job is debatable 2+t this time;

(4

dut we think it is valuable in determining the effectiveness
of the igniters.

Ne surely need ¢tz use soxcthing lixe 1+, ¢r the
CLAZIX code which is being used by TVA.

MR. RUBINSTEIN: May I add to this? We recognize
MASCH and CLASIY as essentizlly unverified in terms of
experimental bases, and we will be doing at Battelle with
ths MARCE code verification through cther codes where
possible. £2nrd T believe that TVA will discuss to some
degree their verification program and their code later this
afterncon.

¥R. ¥"PR: Thank you. Thank you, Mr. Tinkletr.

MR. TINKLER: 2As T said, “r. Bowman will discuss
the igniter precgram at lLivermore.

¥R ZCWMANs My n=2me is Barry Eowman. I am from
the lavrence Livermore National laboratory. I am ~oingo to

give ycu a drief overviev of the hydrccen igniter groegranm
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that ve have yoing on right now at the ladoratcry. We are
doing this under contract to the NRC, and the overview will
cover the following itenms.

(Slide.)

Very briefly T will 20 through the progran
objective, the status ¢f the hydrogen monitoring device
survey, a description of the experimental desisgn and
instrumentation, and exrerirent21 conditions and brief
account of the rrocedures we intend tc use to cenduct the
experiment, and £inally, a crogram schedule to give you an
idea of hcw soon ve intznd tc get evervything done.

(Slide.)

The objectives of ths program are fairly
explicit. There are three naijor objectives. The first of
these is to test the thermzl icniters proposed fcr use at
Sequoyak by TV: in various mixtures of hydrogen, air and
ste=z=nm.

Bill lowry is the prciect engineer. Fe is here
today.

The second objective is tc survey and repgcrt on
the state of the art methodr and devices for hvdrcgen
protection, being conducte” by Eill Lye, and then to conduct
a literature survey of th: hydrcgen corbustion, particularly
that corducted ty the U .S. Zuszeay of Yines.

To d=te ther: arz nc publicaticns or data
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availatle fc= hydrogen combustion in substantial amounts of
steam, s0 this represents 2 new work from that standpoint.
The igniter itself -- I broucht one alcng to give
you an idea of the_size of what we ar-e dealing with.
MR, STEGELs When ysu say test the trermal
igriters, what does that mean =-- tc¢ see if they light the
gas, cr tc see how the phencmencn of gas combustion goes on

in some chambher which has been initiated by the igniters?

What 4dges to test thermal i~niters mean?

MRe ECWYMAN: It implies that we will cenfirnm
whether igniters will =27 will rect functicn f3r- various
combinations of air, hydrogen anc steam. “cw we detect the

burn will be from a detection of pressure rise in the
vessel. T will go._into that in a little while.

MR. SIEGEL: It is literally c test of the
igniters, 2s ycu: :ay, not 2 test of the rhenomencn cf
hydrogen combustion as iniriated by these icgniters.

YR. BOWMANs That is right. Etefcre I cover that,
here is where we are in the hydrogen monitoring systenms.

(Slide.)

This is not an all-inclusive list. There are four
basic types thzt we have uncovered =-=- catalytic device
manufactured by these companies: a csemi-conducter device; a
volume expansion device; an? electrochemiczl cxidaticn type

device.
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The catalytic device essentially detects the
hydrecgen by increasing temperature of :he catalyst. The
semi ~conductor device decects it by a change in the current
of the conductor.‘-”he volume expancsion device 3" 2
mechanical device; as the hydrogen adsorbs i+ actually
increases in size. £And tire electrochemical oxidaticn is
basically an electrclyte absorption process vhere the
hydrog®a increases cor decreases the output of a little
battery.

(flide.)

The cgeneral characteristic of the availa*le

the hydrogen. They are

rh
m

systems, they depend on diffysicn ¢
fairly slow in respense. "“low"” here means 3 to 30 secends
for the first two devices that T menticned, catalytic ar®
semi~-conductor, and from 7 t¢c == 1 t's see -= 30 to 7
ninctes for the volume <xpansion device. Flectrechemical
oxidation is also the --

ME. XERRs Khat sort of time respconse “~es the NEC
thini should be available?

MR. BOWMAN: Yhy don't you ask the NRC?

ME. KERR: They hazve not tol? you?

MR. BCWMAN: No.
Re KZRRs All rizht. T will ask them later.

MR. Z“OWMAN: The indicaticns sere that vas

adec-uate, 30 to 230 seconds, but I will --
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MR. GREGORY: dhat is the response time of the
electrecchemical?
MR. RCWYAN: Thrze to 30 seconds, somewhere in

seconds, not minutes.

o

that tinme frame. -".c's a matter ¢
The slowest is the volume evpansicn device. Sore are
subject toc contamination if you do have other hydrccarbens
in the system, cr 1f you have a fair amcunt cf water in this
system, then they also pick ur that. The pores on a
catalytic detector can actually be plucged by condensation

of wvater.

[
o
i
or
)
+
r
0
Lh |
[
'
1

ces . mentiocned, the catalytic arnd

>

detecticn, 0Cf the dev
semi-conductor devices have a range of about .02 percent by
volume of hydrocen_ up tc abcut what is called the lower
explosion limit or sometimes referred to as the lower
flammaktility limit of 4 percent cr so.

The vclume expans >n device and slectrochemical
oxidatiusn devices don't hawe any apparent upper limit. The
lower limit for the volume expansion device is cn the corder
of = t=onth of a percent, andi the electrochemical coxidation
is roughly half that, .05 percent.

MR. STEGELs *re zny of thcse devices racsed on the
thermal conductivity 2f the gas
Re POWMAN: Cf the gas? T am not sure.

MR2. STEGEL: That is scrt of the classical wvay of

ALDERSON REPORTING COMPAM * INC.
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measuring hydroaen.

MP. BCWAAN: I susgect the semi-conductor device
refers to that. I don't know the details. I know the least
about that one, so you crobably know more than T 4o,

¥R+ RUBINSTEIN: I believe that type of conductor
is :n fequoyah. TVA can answer that.

MR. KEREs Is it the view of Livermore that
existing dlevices are adequite for the purpose for which they
may be needed in a nuclear plant?

¥R. BCWMAN: We don't
you mean by "detection™ in a nuclear ¢
kay., Right at this point what we are 2:-ying to
determine, first of all, what is available commercially,
what range of --

5. XERR: I guess I don't see what d.fference it
makes what is available ccmmercially unless you kncw what
you want. T mean, you could go to a catalecg and find out
wvhat is available commercially. I assumed that livermere
vas looking for something that would do a job, and it had
some idea what the job was.

MR. FOWMAN: Let me describe the djob a .ittle
bit. TIf you are going to detect hydrczen concentrations
that are burnable by th=sse thermal igniters, you need
som=thing that will detect normally 4 percent. Tf you want

an opinion, the catalytic converter, if that is ths= upper
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bound, if you get concentrations that exceed that, yocu are
going to pick that device almost¢ every time.
So in the selecticn of a device vwe are not
involve? in the selection, tut we could be involved in
making recommendations as to which devices are or =2re not
ysakle within 2 plant, and we will do that.
MR. XEPR: But y~-u 2re not yet prepared to do that.
M2 . BOWMAN: VNot yet, no. We started this whole
process August l. This is sort of a2 status repcrt a2s tc

where we are,

ME. ECWYAN: A description c¢f the erxrerimental
apparatus, I have some pictures that will show vcu retter
what the system is like. This is a schematic, but the
orientaticn and basic configuration are correct.

(S1lides)

This is the hydrcgen supply, air supply and stean
generatcr that we are going tc use to provide varicus
concentrations within this vessel. This is a 10 cubic fcot
diameter -- test chamber. It is an AS“E steel precsure
vessel. It is normally 2C inches in diameter and adbout 60
inches in length. ‘e have access points at the side and the
top which are atout eight inches, and at this end throuch
which protrudes a mixing fzn which is =2Pout four inches in

diareter.
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Okay. The instrumentaticn and the glow plug
itself are in the system at these approxime lecations.

(Slide.)

#e have sever2l thermocouples installed threcughout
the vessel at the bhottom, tcp, and sides. We have thenm
stickinn into the vessel, ncrmally an inch or se¢, and
attached to the ipnternal wall z2nd the outside wall to
measure the heat transfer through it.

“e are also measuring the ambient conditions. We
have static pressure transducers located oh the end flange
and right now on the tor flince, and dynamic cuarte-tvre
pressure transcacers which are flush-mcunted to the sidewall
of the containment.

These two will detect any substantial strength
pressure wvave that is prop:zated through the system. We
initiate combustion at a hicher concentraticn. e have
taken gas samples reriodically on the ends. both a“ove and
below the center line, to determine the homogeneity of the
mixture within the containment vessel at the top, and then
periodic samples that are mounted to this flange plate on
the side.

The glow plug itcelf is on an extendable red that
sits down inside the vessel through this upper flange. It
can be moved ur and down so thz: we can locate it anjzhere

vertically within the pressure vessel that we like.
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There is a so a differential pressure transducer
*hich just measures the hydrostatic head of the condensate
that ve are going to get through the process of conducting
the experirent.

Re. MARK: In the slide before an? whkat vou have

m

-

1Y

said, vou are prepared to mix hyirccen, air and am. As
soon as one of these iyniters has burned a little and the
flame is out and th: hydrogen %eeps coming, do vcu no longer
have ncrmal air to lcok at?

You have nitrcgen contaminant prebably more than

ste=m. TIs there any plan on the part of research ar

-

Livarmore or Y¥5F to add nitrogen fracticn contarinate tc the
system, because it is certainly going tc affect th= ignition
the seccnd or third time t1at you call on ite.

MR. 3CWMAN: Not =zpecifically, no. We are going
to rely on that to tell us what is in the volure at any
particular time prior to isnition, immediately after
igniticn, and any subsequent firings cof the glow plug. So
you are right. It will be --

iR, ¥ARK:s 1If you are going tc be subseguently
igniting the used air, then you will get these data points
free.

¥R. EOWMAN: PRight. %Ye are getting a lot of data
points free by this experimsnt which I think you will sece.

¥R. STREHICW: Ar= you going to change the

ALDERSON REPORTING COMPANY, INC.
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elevation cf the glow plug?

MR. BOWMAN: We h:d ncot planned on changing that.
Right nov it is sticking down, okay. We can change the
orientation of - toth the glzsw plug and the entire systenm if

-

w2 wvant.

vi

MR. STREHLOW: And are you planning to put the
gases in an then turn the ¢low plug on?

¥R. BOW¥AN: We plar on precharging the vessel,
all right, and T will go through that in a little bit.

we . emprutAw

3 .
e 4l o “w e

YR. BOWMAN: 2ny other questions on +hat? T have
som:- photographcs that we tcck just hefore we left. This

will give you an indication of a couple of things -- what it

looks like and where we are in assembly.

This is the vessel itself. You can see the
various penetrzations for the pressuze transducers at the tcr
and thermocouples. The dynamic pressure trzasducers come
out here 2nd here (Tndicating). This is the side eight-inch
flange, and then the flange on the end (Indicating).

(Slide.)

The igniter itself iy mcunted cn this recéd that we
can control its vertical positien (Indicssing). The igniter
that T passed around is sticking right up here on the end.

Everything that goes into the vessel itecelf is “ron this

ALDERSON REPORTING COMPANY, INC
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(Slide.)

The nmiver itself ic an air-driven fan that pokes
in the end wall, and the cacs sampling rottles we are 2uste
startin: to as:iemble. They are normally 70 cubic centirmeter
bottles with an isclaticn valve here. They remotely operate
a solencid valve. We have to do ali ¢f the experirentation
remotely in a bunker Jjust in case we make a mistake.

(Slidte.)

Some cf the characteristics c¢f the glow plug that
ve have arrived at are shown on the vu-grarh. We arplied
various veltages, Tncidentally, I <4id nct rentior it, rut
the glow pluc itself is instrumented for current voltage and
surface temperaturec.

(Slice.)

The first four tests are normally with 13 to
almost 1€ volts pressed across the glow plug itself.

Surface temperatures are on the order of 1770 to 1800
degrees. This is the R¥S voltage. In rise times it was the
crder tc 0 to 30 seconds tc come up to that peak
temrerature.

In the subsequent tests below this btlue line you
will see there is scme incensistency in the data, and thie
may reflect a treakdown in the plugs, since the voltage wvacs

impressed across it. That was well atove the design value

ALDERSON REPORTING COMPANY, INC
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of 12 volts.

(Slide.)

An experimental region ¢f interest that we are
going tc be lockina at, here is the famous turnery Aiacram,
I'd like to point cut a courle of things. These are nct
really very strict lines. 7They are more or less brecad tands
across hera, and this lcwer detcnation line is sultiject to
hov the tests were actuzlly conlucted, because it is
dependent upcn the --

MRB. Y2RX: I=s th=t a typo on the slide atout the
hydrcgen frartions”

- oTel "L B R ¥ . - o 1A~nl - ~ .
.':"o Un“r NS et R AiCCK h':rc‘- 1Coe

pretty hich.

MR. BCWMAN: That is not percent by volime.

VOICE: That is a tyvgo.

YR. M2BK: Under the experimental region by ycur
right hznd, maybe a2 zero would :ave cleared it up.

YR. POW¥ANs T am losing you somewhere., Yes, I am
sorry. It is a typoe. It is .04 to .0%., VYes, in this
region here. SCc 4 to © percent Ly volume.

ME. MAFK: Do you know what your tank will stand?
I mean, can you £ill it with two hydrcgens and cne oxvgen

and light it and still have the tank there?

¥R. BUWMANS WYe think sc, but we are conducting
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tests in a bunker.

(Laughter.)

The design pressure on the tank is 2C0 psi. I
think detonation galculations show that we could generate a
pressure wvave when the rrec:sure is about % tc 6 atmospheres,
if T recall, overpressure.

¥R. SCHOTT: It is mcre than that.

MR. BOWMANs: I will check that for sure. That was
in the presence of a subtstantial amount of water vagor.

%R,

w

TREVLCY:s It scunds awfully lov.

MR, PORNNMAN: A r=latively low concentraticn of
hydrcgen.

ﬁB. KERR: Well, they do have the bunker.

MR, STREHIOW: Y-==.

MR. BOWMAN: That is right.

MR. SEALE: It mz2y be a S0 cubic fcet volume.

(Lauzhter.)

¥R. EOWMAN;

xpa2rimental procedures, we are
relying on scme of our pretest thermodynamic calculaticns.

(Slide.)

We are going to mster the air, precharge the tank
with air, and then put in the hydrogen by allowine it to
reach equilibrium with a precharged bottle, precharzed
volume of hydrcszen, so we dc not inzdvertently get more than

we wvant and create this situaticn.

ALDERSON REPORTING COMPANY, INC
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We then inject saturated steam from the steanm
generator to a precalculate! pressure and temperature that
is outside of thwose predicted combustion limits, allow the
steam to condense ¢ itne side walls, and periodically fire
the glow plug, sampling gacses just before and Sust after
each firing. This gives us a measure of what the

condensation rate. on the walls is by post-determinztion of

the water vapor in the samrles.

After we get an isnition which will detect the
pressure in the system, then we will grab a final caaple and
decide to g0 on to subsaagnuent firines.,

(S1lide.)

¥R. LEFE. There is nc way of measuring the
pressure around the clcw plug éduring the =-- during the
firing crccess or right after on continuous basis?

¥R. BCWMAN: VNo.

MR. LEEs So you have to get the pressure
difference before and after.

MF. BOWYAN: That is right. We are locking at the
equilibrium pressure for the tank befcre and after, and then
the guartz impact jauges escsentially may give us 2 peak
pressure,

YR. ITE: How much time dc you feel tha“ you have
to ci'e after the firing -- turn was initiazted tefcre you

reach _hat pressure in the tank?
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MR. BOWMAN: I am not certain, okay. That is one
¢f the things that we will find out. The complexity that
contribtutes tc that is continuing condensation within the
tank of revaporized water vapcer; sc we don't Xnowe.

MR. LEE: Presumadbly from sm2ll tests set+ up like
this you could go to a larger ccntainment system, ¢cr is that
too much to ask?

MR. EOWMAN: I don't know, and that is a question
I think that ccmes up: what ie the applicability of these

-
C

tests toc an extrapolatio t¢ a3 1

[

e -
Ly T L <

St system or to a

containment jtself. End Roger --

¥MR. STREKLON: If you have a small vessel, in

(4

other words, almost a round vessel, the extrapolation is
straightfcrvard. The maximum rate of pressure rise times
the volume to the third power is a constant, so if you
determine it in this vessel =-- and T trhink thic vessel is
large enough =-- you should -e able to cet a realistic
pressure time curve. B2ssuming that there is no flanme
acceleration due tc structural interactions and things like
that, you will get the lowest value for pressure rise with
time.

¥R, LEE: How about the fact of the condensa*ion

on the walls and so on? Is that going to affect anything?

N

MR. STREKLCW: Thast is what this bic matrix cecde

[r

takes care of. What was the name of the ccde, the cne we
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were arguing abocut it?

MR. XEPRs The MAECHE code.

MR. STREHIOWs That takes care of the condensaticn

[
t
<
m
L
o
(8]
n
o
4]
o
O

effects in the rain vessel. It handles al
the load itself, which you would not do in an adiabatic
calculation.

MR. LEE:s But I hzve -- I have a concern abcut
what a code can do in lieu of experimental Aata.

“E. KERR: Eut ycur znsver is that the experirent
doe= nct handle that problen.

¥Pe. STREHIOW: Th: exrer

- : 9 e mAY -
. ent will hazndle the

protlem. He will get ernicnsation.

¥R. XFRRs It dces not handle the extrapolaticn
protlem.

¥R. STREHLOW: The ccde would -- well, T don't
kncw hew to answer that. The mzin thing that happens, I
think, if you have losses ic that the maximum pressure is
different, that the rate of pressure rise will still bde
about the same probably, and that can be done by the
extrapo’ation of these experiments here by the maximum
pressure. If ycn do =-- you are probaltly coing te dc an
adiabatic calculation for aaximum pressure, aren't you, on
this system for complete corbustion?

YE. BCW¥AN: That is right.

MR. STREHLIOW: Y~2u will see - volume that is less

ALDERSON REPORTING COMPANY. INC.
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han that during the experiment, and ycu can attritute that
to rartial combustion, and ycu can 32t samples so you can
tell hcw much did burn. In that case you will =ix the gas
thoroughly before ycu dras that final gral sample, won't ycu?
MR. BCWMAN: We will turn the fan on prior tc
coabustion.
MR. STREHLOW: But I meun after =-- you should
recirculate it aftervards because you micht draw a false

sample if you have only partial combustion.

o

cur chart atout experimental

T g S -
. o

"y

v ~
- =

Sv

™

b
(W)

- . | S - . e < N P— " - o~
procedures, you shouw thz2t ¥you injdect zzturate

& = n

- e

8]

then you allow the steam tc condense slowly, and then

periodically the glovw plug is fired. [0 you knevw the steanm
conditions at the time that coemtustion is cccurrinc? Are
those steam corditions varying during the combustion process?

¥MR. PCWMAN: Turing tre combustion process ycu are
going to generate water as a combustion groduct, and you
will alsc revapcrize some cf the condensate; so we will not
know precisely until we post-process our gas samples what we
had at the time just prior to combusticon.

¥B. SIEGEL: ¥Will you know the steam conditions at
the time of initiation of cembustion?

YR. BOWMAN: We will know from the pressure and
temperature mezsurements that we made, 0 we can infer about

vhere we are on the diagrz2:, but not exactlv.
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MR. LEE: ®ill you alsc be able to somehcow infer
the pressure pulse that might occur bas=d on the pressure
that you measure later on?

’R. ELR!;Na ='m nct sure I understand your
question.

¥R. LEEs; The pressure on the glow plug when the
maximum temperature is reached, it may be different from the
particular pressure that --

MR. STREHILOW: There are no wvaves in this systen.
The pressure is spatially constant. It is tempcrally
ts The velocity of
sound 1is 1,000 feet per second, and thati thing is only 10
feet long. It takes a huniredth of a s:cond, so there is nc
pressure gradient in the syster at all, not with this kind
of condition.

MR, LEE: Not even with the rondensaticn and so on
taking tlace on the wall?

MR. STREELOW: Noc way. You will change the
pressure with time, but you will not have spatial qradient.
So if you measure pressure 2t the wall, and you measy~e
accurately, you are mearuring the pressure at the glow plug.

MR. LEE: No, but I am interested in the temgoral
variation of pressure.

¥R. STREH1OW:

3
- 4
-+

Ycu will get with thecse gauges

and =--
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MR, LEEs The special =--
MR. STREHLOW: A megacycle of ;ressure
fluctuaticn, but you won't see that in this system recause

the precsure rice is slcu.
| 4 o

< 4
0

i. STECELs What is the time scale for the
pressure rise? 1Is it short compared to condensaticth or
evapcration times? T aa still concerned about the stean
presen«e,

¥R, B0WMAN; I t*ink it is short compared to

condensation rate. The scrt of temgperatures we ses
externally 2t the *=ct sitzs, the condenca+tinn rsters are such
that we coculd condense from 77 rercent steam down tc 3¢

percent steam in the course of about an hecur. 7kav.
Pressure increase within the vessel itcself cccurred much
more rapidly, a matter of seconds, seconds or subsecondse.

MR. SCHOTT: Ce&n we expand a bdit cn the
temperature control that you do or do not have on the test
vessel? It is unheated, uninsclated, but the injecticn of
steam will allow its temperzture to g¢ up aftsr?

MR. BCWMANs That is right. The injecticn of
stesm will preheat the vesszl, all right, and then we just
let it cool down. And the ccntrol of the experiment really
is, you might =ay, almost uncontrolled, but our control

takes place as the stezm condences and the volume cf

m

hydrogen comes up naturallvy.
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We have scme calculations that piedict what that
volume fraction decrease in steanm should te. Some of the
tests we are going to cenduct in the shakedown pericd, cof
course, and we-can verify that. There i{s a mechanism to get
the vater vapor concentraticn up to sore appreciadle vzlue
by injecting encugh steam to hsat the metal and still permit
an appreciable water vapor in =vent amrient condition.

MR. PCH¥AN: 32bsclutely.

¥R. SCHCTT: Seventy degrees or somethine like

ot
= o
w

ot
o

O, EnREvaN; Syrs,
YR. SCHCTT: Afnother clarification on the tests

that have already been done and are being reported here in

.

this extensive graph. On the glow plu~ temperature I can
see hew it is easy enough to monitor current vecltage
continucusly to these glow plugs in operaticn.

What instrumentation is laid to these righthand
column peak temperature ficures?

%% . FOWMAN: We had a thermocouple welded to the
surface of the glowv plug itself.

MR. GEEGORYs VYour experimental procedur: is
obviously desioned to get z ratrix of data on ccmbustien
aunder these conditions, but I am coacerned it does not seem

to include a set cf conditicrs that represent what would

happen in tha real case of hydrogen in a reactor containment.
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¥y concept here it that the reactor containment is
filled with a mixture of air and steam, and then you have a
steady injection of hydrogen coming from the core. And the
glow plugs will be on before you resch the flammable limit,
and you are hoping that you will get 2 lightoff cf th=
hydrogen, a partial burn, but then the hydrogen keeps on
coming, and so you get another one and another. And you
wvant to make sure that the glow plug is going tc ignite
every time before yocu reach detonation.

You are not running that kind of test in ycur

3 - Vo~ e - - o % - w - — . -
eXpeIilEnte, :'.ou s © “CCLCX103 witd a £CLS

ant ratio of oxygen

"t

to hydrogen, and just letting the steam partial prassure
drop.

MR. ECWMAN: There is a more fundamental guestion
to le ansvered, all rigit, and which this w2ole gregranm
really addressess: will the glow plug function if the
concentration around the glcw plug itselé reaches -uch and
such combination of csoncentraticns, all right?

So the ansver *o0 the more extensive guestion that
you ask is simost implicit in what you get out of this in
terms of the glew plug will function under these
concentrations locally. A1l richt. 1If it will functicer
suseguently at different ccncentrations, if we mezsure
those, then we 4o have confirmation yec, that it will or

a0te. If the concentration, you know, changes into sone
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range where we have not conducted an experiment, then the
question is agaz2in open.

MR. GFEEGORY: I think I would be hapgy if I could
see experimental recults that chow the -- in effect,
cetermine the lover flammability limit of hydrogen in the
nresence of a alow plug and ir the precsence of a lot of
steam. Ycu are really not deteumining the flammability
limit. You are just determining whether the glow plug will
ignite 'the hydrcgen when it is about that limit.

¥R«

CWM¥2Ns It really is a test of the

T

fun~ticnakility of tiis particular “evice rather ¢than =2
reproductiocn of the flammability limit curves.

' ¥R. KEBRs Mr. Gregory has a point in that if it
fun~tions the way you hope it will, it will first light off
when one has reached something that turns out experimentally
to 'e the lower flammability cof hydrogen in that sitaation.
¥Yesbe you don't have to determine what that is to make
certain it will operate. That is precisely the way it qill
operate, it seems to me.

MR. FUWNMAN: That is exactly wuat we will
datermine.
¥R. STREHLOW: If this glow plug had a rapid rise

time for temperature, I would ®: suspicious of doino the

[+

experiment this way, but it takes 37 secends for the thing

to get hot, and under those citucumstances you have a
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convective £ield around that glow plug which actually
reproduces :"e same convective field that yocu would expect
to have with a hot plug being contacted by a gas w:ich has
the proper compesiticn to turn.

€0 you have a quaci-steady exreriment here, and it
should model what is happening in a reactor as the
concentration is changing. If this thing had a rise tire cof
a tenth of a second, then T would say no, you have to watch

your step becaucse vou are not duplicating conditicnsy but

"

this thing is going to have a nicely defined convective £flow
€

Now, cne thing it should look at it is when it
goes off relative tc where this 30 second rise is. If it
goes cff 2fter ten seconds, then you are igniting under
worse conditions than the steady state counditions.

¥R. ECWFANs We will "e monitorinc that durins the
course of the experiment. ‘e know previous experience of
data available indicates what the temperature threshold is
or =ven the energy threshold and --

¥R. SCHCTT:s Recosnizing that presently plaraed
and financially provided fcr and manpower provided for
experiments at lavwrence Livermore are of the preset miviure
ssitch on the glow plug rather than the continuous injecticn
of fuel type, it still makes ~-- there is an import=znt aspect

to be investigated by the rresent mode of experimentaticn,
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to work with not only accumulated steam but also accumulated
nitregen in place of air.

Carson Yark has made this point earlier, but T
vant to hanmer-cn,it. “ne «ill not have conditicns with a
lot of steam. “ne could, but the function of the delilterate
ignition system and hardwar: for »urns subsequent to a first
burn is important., and s0 *he recduced oxygen situation can

2nd =should be investigated -~y this mode of investigation.

*»R. BOWMIN: VYou =re suggesting we fire the glow

plug after initial indicaticns of igniticen, correct?
e, SCHOTT: That 1s one way 5 go ah»ogst ite TH
mor- deliberate way is to start frcem scratch with extra

nitrogen.

n
0O
g
0O
0
B
)
m
o J
ot
0}
2
i
[
]
m
2
D

¥YR. YERR: Other cuestion
continue.

YRe BOWMAN: The experimental schedule, tc give
you an idea of what we're 4cing and where we are, is we
started this schedule in August. We expect to be complete
with at least this series of tests by Octecber 20.

The design and assembly, you have alrezdy seen
some of the pictures of where we are there, WwWe are richt on
schedule or even a little tit ahead. ¥#e anticipate we will
start checkout about the middle of September, as indicated.

We provide a quick report on the data acguired py

Octcber 3(C and then a final repcrt some three menths
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subsequent to that, and alsc the conceptual desicn for a2
Fpray system § this particular configuraticn, if it is
deenmed necessary and important.

We will alsc report ¢n a review of the hydrocen
detection systems and the literature sh:vay by about the
October 3C deadline date.

Some of the problems we have already concsidered
that have already come up ic what is the influence cf glow
pluz iccatiocn on ccmbustion -- this refers to the tendency
for the stuff to propacate upwards in the rresence c¢f
concentrations telow eizht rercsnt -- whether 2r et 2
tur*ulent atmosghere in ths tank is desiradble; whether you
wvant to leave the fan on or shut it cff; the revaperization
of the condensed water adversely affecting samplin- -- we
have already addressed that -- the homogeneity of the
mixture, we get an indicaticn of that bty sampling at various
points within the containment vassel itself. And then the
last question, of course, which is one of prirme importance,
how this can be extrapclated for use in representing a real
containnment.

. What we intend tc deliver to the NEC is 2 report
of the hydrogen detection mcnitcring methods, the results of
our combtusticn literature survey, and for the varicus
corncentrations of hydrocgen, air and steam which sheculd te

abla to tell you, okay, whether or not the glow plugc will
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functicn -- function meaninec will i¢ light the mixture up.

We dc that by providing the pre- and ctost-ignition
temreratures and the ccncentraticn of the major
constituents, :nd. we will nake an attempt that if some nigh
pressure wave dces propagate throush the system ~-- €finzlly,
the energy input to the igniter and its temperature
(In=udible).

That is all T have tc =ay.

MR SIEGEL: will there be any thernmzl
instrunencation on the clow plug during the course cof the

~

test:

v

Lo

o ZLWMANEG Just 2 thermoccourle, yec.
ME. SIEGEl: You ought to be abdle to tell from the
thermocoucle wvhether igniticn .is occurring. That will tell
you instantanecusly whether ignition is occurring.

¥R. ECWMANg 'with the response time cf the
thermeccouzle. ‘€ probably rick it up cn the pressure
indicators soorer.

MR. KERR:s As I look at the schedule and after
conferring with Yr. Tinkler, who assures me that the next
presentation will require at least an hour, it seems-to me
this is a sensible time to break for lunch. So I am going
to rreak and reccnvecne 2t 1:30.

(Whereupon, at 12:30 oem., the meetins was

recessed for lunch, tc te reccnvened at 133C pem., ths same
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SissIoyx
f133C p.m.)
called tc my attention that
rather warm in this reccnm,
i inveztigatien, 1L that 364
Se¢e T want tc urce that
t 0f the day, and we will
onditioring svetem guite as
ly means ceclinc tec you, you
28l8S C ik 23ti0%. ARG
apgenine te ourse.
nz, perhags =-
Cykbulekis.,
is, ckaye Yeu lend off? Or
d off.,
he, he comes in as a relief
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ferts which have taken place
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As a point of reference, wa're showing

which cutlines the capability of the Seguoyah contzinment,

TV2

as calculated by various orgzanizaticns.

yi=2ld of 33 ané an ultimat=s strs=ngth for the ccntainment of
apgroximately 432 psicge 22ev (?) calculated a siishtly
higher vield pressure. G&RED Ascociates calculated 2 slichtly
low=r yield pressure, usin- minimum coie values for the
vield strength of steel. ‘'nd the Cffice of Pesearch
calculated a similar number fcr the yield pressure as
compared to TV:.

g I say, this, this slide, i=s presented as a
poiat of comparison for the presentaticns that will rreceed
after this.

Tc dote,-the tulk of the znalysis has been done by
tattelle/Columbus, using the M2°CE code, anéd by 7TV! threcugh
CES, usinc the CLASTIX ccde.

At this tirme, Mr. Cylulskis, *ronm
Fattelle/Columbus, will provide a discussion of the results
obtained for the Sequoyah plant using the MRAECH ccde.

2fter that, I'll return and discuss the CLASTY
results.

(Zav

JLZKEIS: Go2cd afterncon. Yy name is Feter
Cyrulskis. T 2r with EBattslle’s Columiys Takoratorias, ind
this afternoon 7 would like to descrile briefly the ver:

ALDERSCON REPORTING COMPANY, INC
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condenser, et cetera.

It is a systems ccde nore so than a detailed ccde
in 2ny one area. As I said before, it attempts tc treat the
entire meltdown accident scenario. It does have & lct cf
approximations in it, for v=ricus reasons, sonetiras decaus
the knowledge is nct adeguate tc desciibe things exact

in =ome cases we have incluZed rounding matters, in other

10
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14

18

16

17
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19

21

24

cases we have includedt approxinations for convenience; znd

at other times there are phsnoaena that we feel arz not
important, sOo we have ncoct chossn to trzat thep in oreat
det - 51l.

In ths lirmited time hLere, I don’t want tc get int

great detail on ¥AFCH, unlesss there are sonm
guesticns.

In terms o0f the treztment of the

e cspecific

MARCE is a -- has a capability of treating the containzent
as a multi-volume system. *cwever, and the inherent
assuaption in YAECH is that the =-- most of the prezsure
rises within the containment ta%e place slcwly and that the
pressures can ecuilibrate t*ree comrartrents. There are
som= exceptions to that aprroximation, particulzarly when we
get intc the areas <of containment zlumting and the
ccntainment f2ilure. Zut, in generszl, the assumpticn iz
made that the inputs into the ccntainment zand the ~rascure

rises are slow =nouzh that the cressure within the entirs

ALDERSON REPORTING COMPANY, INC
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containment structure goes ur and down essentially unifcrmly.
With thcse trief words on MARCH, let me get on to
the work related toc Teguoyah.
2+ XZBR3 Excuse me, ¥r. Cyrulskis, would you be

- -
SJACEC

(18

willing to comment triefly., at least, on wher
assumptions maxe s2nse fcor the ice condenser containment and

the gprctlem being addressed?

apptoximation 40 you feel that is, in licht of this
structure ané the proklsm?

MR+ CYEULZKIS: The == 1 don't have any great
gafiiculry with agsiving « C¥ tc the tyee ¢ str tur<= that
we have here. ~ith recard to the srecific rroblem that we

are discussing tcday, the hydrccen turnings [ssue, vcu dc¢ run

3
[
ot
w
(o
[
0
-
8]

r
41
<
m
r
(8]
(¢%
O
a
b
or
- 4
t

v
™

intc limitations. -fnd the¢ limi

duration of the durn, or, if you will, the flame velocitv.
If the flar= velocity is relatively slow and the turn takes
10, 20, 37 seconds, then that is more than adequate time for
the pressures to be essentially equzl ia 2ll compartnents.
When you start ta'king about flame spesds correeszendiny to

imes of one second or lecs, or of that order, then I

ry
(=
"
b |
o

would hsve to cuestion the =ffective eguilibriunm

Approximatione.

YB. “ZFRs Thank ycu.
¥R, LZE: I miy come back to that pcint cnce rore,

you did indicate earlier in the merninc that, indeed, usin

ALDERSON REPORTING COMPANY, INC
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MARCH code ycu perhaps differentiate or extrapclate, like
you say, from 2 small test environment to a large
containmenrt as to the speci:l sffect whether the rurn front

could be assumed to groragaie hsat, esgecially, and so on.

o

3 - -
-— -

M

v

()

h g Yo Ll - P s
3 N1L<SKIS: A SCLCY

misunderstandinc. we do no~ treat the details ¢cf the

propacaticn of the burn front in the Y:ECY c¢ccde. In the
MASCH ccde the comgposition cf ezch conmrartment is assumed *o
he homeccen=ous.

YOw, the thing that we can ¢éo in VAERCE, =znd T will
cet iatc fhat in The things that we have dohe, is, for any

given compositicn of, say, hyirccen Oor steam, we C3n make
assumptions about the voint of hvdrocgen igniticn and the

teness of burninc. and .this iz where the smzll-scale

.-J
)

co

3
"

n

xgerizents, hcrefully, will come ints rlay. Eight nos w.
have taien basically a paranmetric study, using perhaps =2
certain amount of judgment z2nd usinz the infcecrmaticn that is

nR¢

b

available in the literatures as to the “urn
characteristics.

Doinc the small-cscale experirents we discussed
earlier give us sorme data points. For example, at fé-percent
mixtures enly half the hydrcgen would turn. Then we would
input those parameters intc MAPFCE in sgecific placas and
track the effect of that tyre of burnirng threcughcut the

a2ntire containment velune.

ALDERSON REPORTING COMPANY INC.
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The thing that you -- that ¥2:5CH doez that the
small-scale experiments don't tell you is what is the effect
on the entire system of burning, say, in one ccmpartment and

then expaniing through the 1ice condenser into the cther

. - - - E - - L.
n g0 ahead and zak th=a

@

a

.- Qi =

w

compartnente, T€ you ==
assumption that all comgartments have the same comgzosition
and evervthing turns at once, then the MAECE results, say,
in terms of peax nressure, zhouléd be very similzr to the
experiments in :mall scale.

4t that, I don

'

particularly in%erestinz, toink the point of interest is,
given i-nition, say, in th= lower compartment, what hacvens
in the system as a whele. That is the type of thing t:at we

Y ST
; ¢

need 2 code 1like ¥Yi2CH or CLACST or some cther cedes.

"id T answer the cuestion®
¥Re. LFE: To a2 certain extent. Eut cne of the

concerns I raised wass if tre

r

Urn was preopagated more or s
less in a vertical column of some kind, without a lot of
lateral propagation --

e ™
wse L

v

BULSKIS: Yeahe Let me ==

MR. (“Es ~-- then what does a code like ¥ARCE tell
in =such a scenarie?

¥R. CYBULSKIS: »-11, let me -~ this is somewhat

of an acide, but let me thrcw ug a transgparency, fcr

example, that perhaps might shed some light on it.

ALDERSON REPORTING COMPANY, INC
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This is data paperback, Ffurno et al., U.S. Bureau
of Yiners data, that I'm sur:z many of ycu have seen. Ané as

far as I know, there are not tco many reople that argue with

wy

thiz, this particular data. tut what it indicates is volunme

)

s -~ - - s
ressyre increase. this

per~cent hydrogen versus the

K8}

particular curve is a calculated constant volt~e Purning
curve. TIt's easy to reproduce. It's & fairly
straichtforvard calculation. VYou c=zn even do it with a
sli“e rule if you're so incline?. & hcme celculator werks
Petter.

nd this, this i3 the experimental Gata under a
particular set of conditicns anc using a2 particular ignition
source. Ard without gcing into great detail, wha+ this
curve tolls you is-that the next recicn, here, if you get 2

comrosition in this region, giv

)

n this ignition scurce, you
will get cemplete combustion. ~he flazme will gropaaate
upw2rd, dcwWwnward, sideways; there is no prctlem, the mixture
is rich enough.

In tris mixture here, between 4 and aprroximately
8 perceunt, you will only ¢=t vrward propagation and
inccagplete cembustion. And this is the point that was made
earlier this mernince.

And right in the zteer part ¢f the curve, the ==
it’s the tricky pact, where ycu may or may nct cet comrlete

comtustion, depending cn 2 lot of factors, includinag the

ALDERSON REPORTING COMPANY, INC
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ignition source, and,

as you would like to have.

In the -=- as I

»

small-scale experizents,

" ol oy oo -
11, is definition of

1
bo

you
presented in this ccntext,
then as icniters. And if

t> icnite reliakbly,

confident that the

the conpartment 1s large ©
- b S - -
- ~ai N Vsl b O -

starct:

published in

itself has only a =rall ef
Cf course, the ¢

depending on what initial

very straightfervard calcu
particularly sascretive abo
¥Z2. STRFELOW: I

ALDERSON

400 VIRGINIA AVE, S v/

understand the
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reproducible

program, in the

hat 1t wiil »e attempted to dec, if
a sinilaz curve, but it wasn't

usina the particular c¢low points

percent composition

think wvwe weuld feel fairly
n will go tc comgpleticn, whether
r small.

that a sub 1 atacsphere at t
This particular atmosphere ==

little presc-ure?

nat could you say atout it if you
e Cor tour atmoscheres?
I think, dacsed on what has been

Fressure

f=ct on flammability limits.

inal pressure would be higher,
pressure is. Tupt that's sgair a
lation. There's nothing

ut that.

£ I can answer that, any flane

REPORTING COMPANY, INC.
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system that has a low flame temrerature, and this limit
flames are low-flame-temperature systexs, there's hardly any
dissociation. tnd that meanrs that if you doubled the

-

ial gressure, ycu'd dourle the final pressure,

’t-
r

in

"
w
b
“n

D
or
n

essentially; T mean, you'd final pressure by the

same amount propertionally. It's almost one-to-one; there's
harily any deviation frem cthat.

¥P., SEALEs £So these delta-Fs wculd just sit 2on

¥S, STRZHIOWs W-1ll, if ycu have two ztmospheres
exactlys, you A BF Bith Ttuite the delii= s,
WR. Y2ARKs Could vou Just give 2 sirple, one-wor4

answer: Poes MERRCH calculates the hydérocgen ceneration or take

it == input?

YR. CYBULSKIS: XAERCHE calculates the hyircgen
generation. And --

YE. YARX: Taking account of the amount of stecam?

¥E. CYBULSKIS: T=2king into zccount the amount of
steam, the temperature of the core, the conditions in the
core at the time, it generates the hydrogen in the prirmary
system, releases it from the primary system tc the =--

“?. YREKs FHow does it handle the fact that the
steam micht not de -- T mezn, your rezction rate at 4Q0C
degrees =-- it°'ll calrulate the hydrcgen-steam mixture coming

out of the top of the tube, fcr instance.

2 .DERSON REPOATING COMPANY, INC.
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¥R.
thzt is what
extent cf rea
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initial phase
Now

the zénse tha

YAPK And one could

yocu do get that w

"y

R |

128 4 . ~
FESKIS: Yes, i\

of the hydrogen o-

£ the core, iz would

and i£ the cere is

Yy would mix wicth the
d transfer heat tc s

-
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m

oy

n

b
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w

all break,
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at the calcu

-
the
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r whatever

*he input state cf

lower

atte

ngts

is coming

o

<

@

S

% o
alrea

tera,

than

But it tries into acccunt the

aces

lated

CYBUOLSXISs That is ccrrect. Ani, in fa
we find in most of our calculations, that
ction, or really the rate cf reaction, is

the availability of stear,

s cf the accident.

-~

¢ L Must focotncte th

t nost of
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are meltdcocwn accidents, whz2re we define an accident seguence
and let it takes its natural course, if there is a2 ratural
course; we generally de nct try to arrest the melt.

. .
. L.

hav)

CSKIs Ccald you put that curve tack on

o
43 ]

again, pleacse?
T£ I increased *the starting pressure, wculd rot
the -- what you shew there =2¢ taking off rapidly, at abcut #®

percent, wouldn't that drift to the left more?

- & - IS . - - = 1 - ;| - <

SegEend -~ & JCU CL3ise tid< pPressure unhitfornly &anc you cicg

- -~ - - = . el - ~ & e -~ - -~ 1 3 - 2 i L
~ - g - < ~ P - e w - - - = - -—T - - LA N “ e - -~

2nd let me see 1f I can lay my hards on -- on

another slide, which you have scen many times, and this is
the, basically the Thapiro- offstte curve. End this, this,

the dark line, is at one atrmosghere. :nd the other lines
are, one is increased temperature only, and the second line
is increased temperaturs and pressure. And as vcu can cee,
the flammability limits -- or the == built very rapidly with
== with increasing pressure, the temperature dces scmewhat.
2ny other guesticns or comments?
» LEEs Can you end up with a very hot hydrcgen

gas, derending cn the acciient segquence?

¥R CYBULSKIS: Yy»s, you can, cepensiine cr the
accident seguence. *nd if the hydrcgen enters the

ALDERSON REPORTING COMPANY, INC.

400 VIRGINIA AVE. S W., WASHINGTON, D.C. 20024 1202) 554-2345
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widely availa
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¥R
get iﬁ the ==~
¥P.

temrerature t

21T,

hydrogen t.at

¥R.

depend ¢cn how

large ICCA Lo
out into the
If vcu define
lon

threugh a

generatcr, th

t 2 very high

e point of en
thcut any cth
LEEs (WORDS
CYBULSKTS;
LFEs Can yo

CYBULEXIS

£f hvdrogen in

Bie, and 1if n
gmrma~ Taheor
L=Ls% And hy
e
CYBULSKIES:
0 get spentan
- )
LEES Eights

you 3t typi

CYBULSXIS:

vyeu defiped
t leg treak,
centainment mavy

a small brezx
g lensth of 3
en the temger
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? 8- =
temrerature and there's cxygen
try, vyou could expect igniticn to

€L wVents.

UNINIELLIGZZLE) numter?
I'm scrrey?
U venture tc give a2 typical number

I relieve the srontanecus

Y MemCry s2rves me ccrrectly, it's

- - &

irogen temperaturc, iypi ly, you

That would have to te the hy?rogen

ecus ignition ugon ccntact with
Eut mean the temperature c¢f

cally out of ¥RRCK ccde

~hey can be -- in our =-- it would

the rrotlenm. If£ ycu defined a

then you would, essentially, come

arbe with 300C degree Fahrenheit.

£ Or trancient where the gas gces

ire znd through the stean

ature wovid be down, contrelled tFy
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the

¥Pe.
PR.
accident, zall
prassurizer w

¥, Lawroski®
this, an¢ it
cropane or so
~Y "r:_g:gr‘,.

stz2p chang

D

different phencmena than

ececur ir

woel?d geo.

experiments a

involvec; there's pref

these are pressure-dependent. ‘nd

ncw and ask w

o N

lonnr-range

area?

resezarch

be SCC or even less.

LEZs TMI-2? Can you venture --
CYBULSKIS: Tn TiI-2, as we analyzed the
the releases tock place thircuch the

water, =0 they woculd hzve teen a2t the
ATfrC temperature, which was relatively lov.
STRE®ICEs Il I cculd interject an answer &2
S guestion, Gary and I w=2re just t2lking adou*
you're talking abecat an crdinary £Yame, like
mething like that, the le:=n linmit is tnaffected
ercaen*ially, “he proklon 1o that the -« ¥hig
in curve rehavicr there is due to a number of

Y

STREHLOW: The anzwer is: ycu'd have to do
t high pressure. There's buoyancy fcrces
erential diffusicn involved. Roth of

hich way the wind
K RR: You're

prograr shculd

ALDERSON REPORTING COMPANY. INC.
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not rurn
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LASKEOSKI: Freferably .n Illinois.
CYBULSXIS: The work that I'm about to

mn

relatively short ¢ffcrte. And - und

sions with the °C reprecentatives, th

be asxir~ us ¢ éc further worke. (o)

ave run 2 finite nurter of computer ru
rechaps as many as we would livs, or as m
¢ in that sense, the results are pr

t or referenc=, this is A cross-sec
containvant, In 3= NARCH =m=odelias & Yy
two~volume system, the lower compartnhent

ated with the icz rcondencer we modeled
tetvween the twc. snd just for reference,

hetws

W

ion 't recall th< numbers exactly, tut

it's something like 39C,C0C cudic foot in the lows

comzartrent and about 9C0,0C0 cubic feet in the v

compartment,

7]

give or take a little.

Zut thank

(28

n the two compartrents is rouchly

zccident zequence that swe used ac the

analy<is vwa

0
in
[
wi
o
m
=
0
]

-

=
b |
-
0
b
n
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break,

systenm,

the failure ¢f the energency ccre

e T indicated befcocre, the u

n
L)
£

133

‘ooling i1ndjection
enc? is that it

failure cf

ve let the segqguence groceed, to meltdecwn,

- - - -~ -~ -~ | S -
vessel head, and a droppins of the core intc the reactor

cavity. This is really not a roint of interest, as T
uncerstanad it, to the discuzsion here; however, that, we
made noc attempt to arrest the accident, at least, not in the
short-term effort.

And Jjust to give the rersrective of what we're
talking atout, we have the ccre, given this tyre of
accident , ve Rave > cre uncrvery 2t 83, tor o€ the core
teginning to uncover at 42 minutes intec the accident, start
of nmelt at 62 minutes, and slumping of the core

pproximately a half hour later. The time regquired feor the
entire core to zlump into the tottom of the reactor vessel

is functicn ¢f modeling a-sumpticns. This represents a

particular set of assumptions. It could Lte di€ferent.

That 's one area where we don't “now very much ncw.

Goin~ on, this i:z

this accident, withecut an

[
b |

nydrcgen burns, just acain te

things in perspective. And we're primarily interested in

just the pressure trancsient for

cut

this recion here where the rressurs is staying cencstant. At
this rpeint the reactor vessel £2ils anc you're in a
different sort of situation.

There 2 number cf slides for this accident

ALDERSON REPORTING COMPANY, INC

400 VIRGINIA AVE, S W., WASHINGTON, D.C. 20024 1202) 554-2345
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sequence in the handocut. I won't rother to gc through thcese

unless there's particular interest in zny of them.
Baving done the no-turning case, then we
the =-- what would happen unier fdifferent burninqg

assumptions, different ignition limits, et cetera.

looked at

And let

me Jjust give a zseries ¢f slides that are more or less

tycical, before T get into the overall results.

111 right. This rarticular =-- here 2qgain we have
pressurs time BRlstory in thes containment for & particular
seguences ignition =2ssuned t 1C volume tercent; hydrcgen
curning tec cemgleticn ~= s*rurn tize of five seconds,
believe, burning only in the lewver compartrments Anéd on the
time scale tha* the corputzsr spits out, you can barely see
the little bligs, these are the 10 percent turns that ycu
see, Ycu get very small pr-ssur- releares under these
assumptions. "he large precssure spike is zcscciated with

the head failure and release ¢cf large amounts of cocntainment

»

to -- hvdrogen to the cont

-
o
=
1

*3
it
.

Cerresponding tenm ture ccurses, this

1
D
g}
W

©

in the lcwer ccnmpartment,

ret

is

-

a

U s=e whenever Yyou rcet the

you get scmethina like 2500 degree temreratures in the

atmosgh+-re of the lower comrartment; they are rapid

recucer” by the action of the recirculating fane t1l

0
m

air around thrcugh the ice condenser, =t cetera.

ALDERSON REPORTING COMPANY, INC
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pressure ¢f hydrogen, which just repeats what we've seen in

.

r assumed igniticn

(ad
8]

c'

C

the other slides, it builds ug
limit, *urn to completion, tuilds up again, buzn to

&3
c-CNe

conpgl

(U]

@ that I'm +alkinc akou

- -

t here,

W

The rerticular c
as | indicated, was igniticn at 10 volume percent hvdrcgene.
And let me 30 on tc the mass of ice in the centainrent feor

il-cff -hase of the

O

W
]

this particular cacse. Puring the &

latively slcw rate,

[oN
7]
L o]
H
@
ot
"
(%
o
r
W
r
®

accident, he 1ice is

contcclled ty the hol

I
v
(§]
[

1
v
ot

Y
[14]
[
b |
™
or
¢

)
o+
O

’
1
3
0
a
t
iy
(w9
[
)]
‘

(

siz=, elfectively. henr yco pet 1ate ths hydrogen Burn
- ‘ . - - - 1 -~ 1] - - s Y < - < b - . - 5 -
£2gime, you ses smzil stuff releases in the amount of iceas

down ky the Purn; and of ccurse when the head fails and

there’s a large burn, you Zfeoplete the ice bed completelvy.
M3I. LEEs Lo I unterstand correctly from the

series of slides that a hydrogen burn in this particular
sequence of acticn 4dAc~esn't nake whole lot of Z2ifference?
e, CYBULEKIS: Under this particular set of

assumptions, y«u get very small pressure increases in the

lover

h

containment if you hurn at 1 volumes gercent in tk
compartment,
*P. LAWRCSKI: Did yocu say that this is the resul?

when the head fails?

%¥R. CYBULZKIS: hen the head fails znéd releaces
the rest of the hydrogen intc the coagartment, it's well

ALDERSON REPORTING COMPANY, INC

400 VIRGINIA AVE, S.W. WASHINGTON, D.C. 20024 1202) 554-2345
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above 1C percent, it burns, and you get a very high gressnre
spike. EBu:t tna: assumes conmplete core meltdown. which is
basically what the Y¥ARCF calculaticn is intended tc de, as I
indicated bsfore. ~e == for the purpocses of this brief
stu,, we made no attempt tc arr=st the accident ir any waye
M. LFE: Short 9f conmplete core meltdewn, what

kind cf

ye
- e
summary of re

gquestion.

a sliohtly di
igrniticn at #
volume rercen
spikes, obvie
each start an
You're starti
combustion of

L=t

those of ycu

read it. Apc
the runc that

iha
in terms € v

8, L cercent

impact could vwe exrect from hyvdérogen bturn?

CYBULEKIS s #11, that =- let me get on tc nvy
sults and that perh=ps will ansver your

& JUSt thrcws Ufp cne otner slide. ihis . is for
fferent == well, for a cacze vhere we assuned
volume percent and only rurned dcwn to 4

t, the rurn linmit. And you wouléd get more
usly, since ycu're burninc less hydrocen in
d with that particular set c¢f assumpticns.
ne to approach the =-- more c¢cr less a continuous
the hydrogen.

me throw con this very busy slide here. 2nd
that don't have handouts may not te atle to

logize for that. That's lasically a cummzry of

we conducted for this initial study.

t we lccked at were the assumed igniticn

olume percernt hydrcgen =-- we l1oo0ked a+

-- anéd the assuped :urn

ALDERSON REPORTING COMPANY. INC

400 VIRGINIA AVE, S W., WASHINGTON, D.C. 20024 (202) 554.2345
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far down
the cases,
the hydrogen
burrned dcun
e
burn tinme,
velocity,
it 2ian*t
CNINTFLLIGISB
tends

to

~F w sl

progacaticn.
comrartrent
compartment

is relezsed

rezch your set point,

comparctment first before

comrartrent.

comrartment down to

of the hydrogen in the upper compartment,

percent,
s¢ the lower
nwppsr

hy“reogen

in hydrogen concentration.

as YCUu cCcanh see,

which corresponds
and within the ccntext cf

Sesm™

overwheln

‘@XTt IzaCtor

one

blows=

comrfartment

increzces in a

a2 burned

e zcsumed

In a nunmber of the cases

to the ncominal flammalbility limite.

also looked at the duraticon

tc scme assumptions

t0 make an awful lot of difference

- .
ol

But in ths presence of the ice,

1%

the enersy release and

that we locked at

Cince the hvircgen is

to the.cther, tlame

s0
=C

to tWo or vice versa

or your icnition point,

ycu wculd reach

iz, ycu burn the

“o what happens

2ero, if that's the caze, and

which i

back down, vycu generate some more

compartment keers buildinc up to 1C,

tends tc lag behind, though its

pericd cof time.

ALDERSON REPORTING COMPANY, INC
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in most c¢f

cemplete ccmtusticn of

that it

{8CRCS

the

propacation fronm

intc the lcwer comcartment, ycu would zlways

it irn the upper

lcwer

then

~>-

the

atout flame

what we're doing here,

ice

-= since the hydrocen

in the lower

some

nct at 1C

while

- 8VN

hvdrogen,

the
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So in most of the cases we assuded irnition only
in the lower compartment. ‘n some of the cases we assumed
that the flame would prcpacsate intc the uprer cempartment.
That was an assumption, th:t, in fact, it wcul? propagate;
there's no mechanistic calculation to indicate that it would
or wculd not, though, in fact, if, say, y2u're talking about
10 volume percent hydrcogen, in the uppsr compar+ment ycu
would probdlably he tzlking =*cut significant levels == T'=w

sorry, if you have 10 volumeo prercent in the lower
comparthent, you would have significant levels in the ucper

coagart

think they're

.
o
9
s
O
A
e
=
Q
w

a4
(ad

J
3]

n
H)
(=]
’ ]
t
mn
C

b
L%
D
(ad

~
<4

fzirly straightforward. +hat we see is, if we kur* enly in
the lower compartnent and l=t the hot caces expand throrgh
the ice bed into the upper comcartrent, se get very nominal
pressure rises. *nd that's not tco surprising, since the
lower ccm;attmvnt'is a smaller volume, you're burning a

relatively small amcunt of hydrcgen there, you're takinn

advantage of the ice heat sink as well as expanrsicn volume

in the upper ccmpartment. ~nd the prescures that we're

talking about here are just a few psi oressure rises.
If ycu make the acssurmption tnat the flare

Frcoagates intc the upper compartment, then you get

sionificantly “ighsr pressure rises.

— : )
-i1@ == in the las* three cases in the taltle, ve

ALDERSON REPORTING COMPANY, INC
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arbitrarily reduced the zm~unt of ice in the containment, to
see what we wculd pgredict in the absence of icee. S0, in
thece three cases, the ice was cone long before the hydrogen

- -~ L B d .2 o 4 99 . - - - o~
case 17, &4 still et a meocdest gressure

14}

came alecng. Irn th
rise compared to what it wenuld 4o &
adiadatic combustion. Case 18, we modified the treatment of
our susvende2d water drcplets in th=2 atncsghere, bacsically,

n the ztmesphere, and we get

b

reduced the amocunt o©: w=ter

séme increase in predicted rressure tut still a relatively

- $ - - -~ » - | S, % - - - - - 1 -
CieSt 1ncreas=. 6d in ths last case there, we let the
£ - o "ro:ﬂﬂz&A intn Q-k__' - L c,-—:-ﬂ,:u- -.:’ - - 3

- i - - - | - - - -~
started, and trh=n you get sCne relatively i7h gressuyure

generated azain.

.
ot
i g
[y

ut ~ think the cecnclusion, based on

3

rel-tively limited set of runs, iss civen ignition, and .¥£

.

(1]

the rurn takes rlace cnly in the one ccmpartrent, your
pressure, overall pressure relecaszes ares guite modest. nd
if you ccmpare the column marked "P7T," which is, if you
will, the actual »ressures, 2gainst the "PNEW,"™ which is the
adiabatic pressure that you would conduct, vyocu'? see quite 2
significant sffect of the containment scrays ané the ice on
the pressures that we calculated,

That is == T will stor there.

-~

Yes, sir?

v

)
4
183 ]

. GELs Si=gz2l. Sorme 0of your latter curves,

ALDERSON REPORTING COMPANY, INC,
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I think it's, well, like the fourth frcm the last, which
shouwsz the temperature in compartment number two, and there's
a period of, oh, like, flve minutes after that grecipitous
riss where the atamcsphere i: upr around 1500 degrees

-~ 3 .- ~
e 18 - - e

i)
-

Fahrenheit, as T read what I sze there, Wha+ ¢
this temperatur=? And how much ¢f the mcdel that's used in

calculating this is disappearing daring theose five minutes?

¥R. CYBULSKIS: I1'm scrry.

¥Rs SIEGELa I mezn, are there fans, sprays, and
S¢C zorth?

s SYEULERTES This, the ic epncezser, 1% the
ice is there, isc availatle to remove heat, basically, in

proportion tc the £low through it; the sprays are on in this

0

particular accident sequence, ¢ they would be availab_’.e
except for thos= times when the == there is ice availabdle.
Basically, we czn't -- the way the ccde is set uvp, we can't
have the ice and the <pray both.

MB. XFRR3 I think ¥r. Siegel has some concern
about the fans cperating at S0CU degrees Fahrenheis.

¥B., CYBULSKIS: % 11, the =-- the -- the numbers
that you see there, the 1500 ¢r 2000, whatever, is the
temnerature of the gases.

2., SIEGEL: Yeah, I Ynowe. Fut in five ni

[
b= |
=
ot
o
2]

ALDERSON REPORTING COMPANY, INC
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CYBULSX1IS: L=

don't

T,
scre 13ig0t on th

's just a narzov spike, I can

L& N

nosgchere.,
t me put on a slide that mioht
o I ee A

- . 2T e vaviie

helieve this in your handout;

and perhaps it chould have teer. But this is for, I think.
the previous cice 17, where we had the reduced amount of
ice. These are the surface temperatures of the varicus
structures in the compartment. The shall in the urper
compartnent ani the iron anzZ ccncrste structures in the
1pper cemeartmant == lousr comrarvtment. And rasically, what
wve're seeing 1is, in this r=~7ion, very rodest temperatuyrs
rises, =znd then when you g¢et the head failure it increacses.
EFut the heat cagacity of the atmosphere is very

low ccmpared to the heat capacity available., fo, tasically,

the temperatures that you see zre of very short duration in

tse atmocsphere and they're rapidly dissipated by the
available heat sinks.
what you might

fo tris is perhapc indicative of

expect given this set ¢f acssumptions.

M. STEGEL: ° The cther question I have is related
to rhis. ©On one of your charts dealins with the mass of
ice, I'm really quite impressed with the disappearance cof a
million pounds of ice in a very brief cericd That, tcc,

locoks like = ilacier fallinc o0ff or somathing.

ALDEARSON REPORTING CCMPANY, INC.
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disappearance of tha
large

the high-

in the primary systen
the conbustion cf trh
thoss represent cath

ice ccndenser is
with
of the concept. ALY
Vestinghouse people
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than I can =--

measured -- th=2y put

effluyent cominag out
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ice condenser ic alnm
outlet conditions, b

-

50V, . ==
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CYBULSKIS: I+t's a

qyestion some of

the ice condenser,

Westinchouse -~
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direct result cf the energy

ficw, there I wculé suspect that there

the assumptions of cur

whether, in fact, vou
at to the ices Tyt the rapie
t ice, if, in fact, it is a direct
energcy ingput associated, one, with the
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m
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it's dust
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of steam d
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ansver about the details of the ice

heres te¢

: el TN TS T T AT T ™
itself (HCRCS UNINTELLIGIZLE).

MR« MAEK: Could I ask what is just meant by your
tern "hesd fazilyure®": is thar melt-through of the

“2e CYBULIX1ISS Y-s. That is the =-=-
W2« YMEX: Ckay.
¥Rs CYBULSKIS: -= £ailure ©of the reactor veszel
22+ STHOTZR And +hat is, that tricgers release of
~ - o~ -aeab . - - -~ - - - - - R s o
- < s =« - & o % 4 - - -~ S <ii
®p == rerresents the coxidation of zirconiu -
Mt. CYRPULSYIS: Fichte That's =--
2R« ECEOTIT s == whicsh is withheld fron the systen.
¥8., CYBULSKIS: That i1s correct.
“e SCHOTTs 2ut it's == what? 7Tn scliuticsn irn the
¥R+ CYBULEKISs PRight. It's not in sclution.

that it's relaase? to the primary system, ard as

level in the core dreps “own, your rteoil-cff rate
reps down, and, effectively, there is ro, little
v: force to pump that =--
YRe. SCEOTT: Tt's just the vclume that's ==
¥+ CYBULEKIS:s That's o=

M7 ECBOCTTs == that's about that time Lzen

ALDESSON REPORTING CCMPANY, INC
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shizldea off by =--

¥YRe CYBULSKIS: =Eighte.

MP. SCHCTTs == (WCRD UNINTELLIGIELE) that «as
attacked.

¥R+ CYBULSXIS: 2nd when you're == ncCd, retenter,

this is a small break case, the particular seguence we're
talking atout; it's a two-inch break. You now c¢cpen up the

entire tottom head and vou =mpty thz syster.

;- -~ & - - - La 1 = = -
tal2 ECAle 0 Edaether tae Al ZallE, evere ¢ €& Galégce
3 s 1 4 - T - w e - -~ - - s R - - 5 - »
prinarily deals with scenarios which are terninated, tndg

S2D0-2 ic a scenario which is unterminated.

MRes CYBULSKIS: That is the goint I tried to make
in my orening remarks, that basically we made nc attemrt, as
a matter of ccnvenience, in this thing in pointinag to some
results of, say, terminatiny it; ve just ran the ccde acs we
norrally do it, which is a unterminated, or, if you will,
just let -~ follow the sequence and whatever, wherever it
leads without terminating it shert of meltdown.

And, in fact, the resul’s fcllowing head failure
represent complete cors meltdown, ccmplete retal-water
reaction.

MB. SIEGZLs ©To they include a core=-conccete

reacticn?

ALDZRSC ™' REPORTING COMALNY, INC
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MR. CYBULSXISs In the particular calculations
that I presented tcday, th're is no core-cencrete
reacticns. They would take place, well, tasically, at about
the tine that the calculaticn =nded they would start, to

comgound it.

Vu-graphs in the handout dezl with twec cases, Z2D-%= and

€2D-2+ 4&hat's the =--

uo CYRDTOR TS, s

- - - - V aow '\ A~ - ’ - L

.,:. ""'--"]'f": ~= m-d0r dictirrtion *etween thees
twe?

MR, CYBULSKIS: The S2D=-B, in this case the "E”

no hydrogen burning whatsoever; the

stands fcr "hase case"™

w

hydrcgern is generated, it c-arked thrcugh the systerm, but we

1id nect burn i+.
n the caze of =-- "2" is the one where we burned

it. Case 2 in that case correszonds to case 7 in the table

of the kiads of conditions under which it wss turnina.

.'
LXoe

CROTT s

)
X

(e

né. the cther gzneral matters in

these calculations there is consideralle pressurs excursion,

!

w

ot
n

in the lowver chamber wn=2re the hturn takes place,
relieved on some ti.ce scal=.
stronger than he total containment by core distinct amount

'Re CY

m

NITCYre . T e ] 2 - - 3
ULSXIS: I would defer that gquesticn to

ALDERSON REPORTING COMPANY, INC
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SCEQOTT:s Ckay.

120

st

.

2. X*RRs Vr. Lee, vyou have a guestion?

YR. STEOTTs Ffrobzbly it‘'s =-

¥Po CYBULSKIS: 4What I tried to irdicate, if you
vill lcok a+ that PNEW colunmn, that recresents the adiaba
burn prassure.

MRe. SCHOTT: Sc are the ==

“Re CYBULSEKIS: In thzt particular ccrpartment.
So if you want to look at it as being a2 limiting pressure
cendition for that conmpartrent, that will give you sone
incdicatior as o Pow high the rrecgeurs 7ight ba i# it yere
not ventinc in+*o the cther comp2rta=nte.

"%, SCHOTT: Trobably what I've done here is “u
-= is fclloved comethine toc l:te t2 the he=d rupture.
There is something here called "pressure in containrent
volum2 nunkter cne,” which is this lower probably, =~oinc up
to almest 140 psi at 90 (WCLSLCS UNINTELLITGIELE) =--

¥R+ CYBULSXIS: That is following head failure.

YF. SCHOTTs That is. Ckay, thank you.

¥Re XZRR: Mre. L=e?

¥Pe LFEs T guess I =till “den't understand ths
distincticn between hydrogen turn prescure and
partial-pressuce hvdrogen in compartment number twe ané so
on?

"Re CYBULEKIS: The rartial cressure cf hvircgen

ALDERSON REPORTING COMPANY, INC

400 VIRGINIA AVE. S W., WASHINGTON, D.C. 20024 (202) 554-22345
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is just that: the partial gressure that the hydrcgen would
have at that particular point in time. That’'s Jjust the =-
MR, LFE:s With or without the burn?
"R CYBULSKISs Without the hurn. That is Just
the hydrogen cccuplies some ~--

8. LEEs All rizht.

"
(8
= g
w
n

"R« CYBULSKIS: -=- goMe spacej; therefcre,
some partial pressure associated with it.
Fe LZEs Put for the same case when you say

“"hydrogen -urn pressure,” what does it mean then?

= ST TS - o - By =n )
s CYSULEKISS e hydrcgen >Sur ST the 1
-= L2t Re Make sure == the Rydrogen kburn pressure in == as
. Ta*»aY — -
it's lareled in == let re =ce if 1 can find & apprepriace

5 % - ‘ S - o1y " -
graph perhaps -- is really the zdiakatic burn gressure tha

you would get 1f there were no heat removal mechanisns.
¥Y®. LCEs And if you hazd hydrngen burn?

¥R. CYBULSKISs Y«

n

¥R. LFTEs BEBut ycu just sazid there is ¢ hydrcgen
Burn, because the partial gressure indicates it's -ero

practically.

¥ME. CYEULSKIS: Ckay. Which grarh are ycu lcoking

at?

¥P. LTEs Okavy., I1'11 refer to it. ~ere’'s one
that shows Segqucyah S2D-B.

¥R CYPULSKIS¢ lRights

ALDERSON REPORTING COMPANY. INC
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¥R. LEEs And the ordinate is partia
hydrcgen in cempartment nunter two.

MR, CYBULSXIS: Ckay, that's =-- it's not this

'.Z'. _‘uULSK:S‘ ' -
MRBe L"Es No, that gects a= wvhat I'm most

int=rested, that's ny secon. one.

MR. CYBULZKIS: +=~11, the onec that says “partial
prassure,” thers is no surn, but there is, cbviously,
“ydroeg .

wRe LTEs Eut, & ¢ 1f there is nc turn, what is

it -- where 40 ve get the rurn pressure?

vE CYl

.
Lo [

L

tn

KISs The.== in care F, the adiadatic
pressure is calculated if it burnss i€ it hurne what weould
he the r»rescure.

MR. LEE: 1Is that for lower compartaent, upper
comgartment?

h§d Feoer Zoth compartments, if it vere

« CYBULSKIS

to Iurn at any instant in time, thic is what the 2¢iadatic

pressur= would e.

¥R, CYBULSKIS: It gives ycu szome perspective as
to row significant the hydr~gen might te, so trhat when yocu

run the next M'FCH ca2se you know whether to run a case with

ALDERSON REPORTING COMPANY, INC
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burning or not.

M%. LEEs Are we looking at the results c7 two
different casec, then, althcugh they are all, both labeled
case B?

¥®. CYEULSKIS:s <Ci2se 2 is ths same case -- as I

sajid, this is a2 "what if" pressure; we 4ié¢ nct actually turn

it, dut we askesd the comput:zr what would it be if it burned.

1

T doen't think you == 3ou still lcok puzzled.

¥R. L7 %3 SO0 the == let me try to go at it once

:Ue o hydrogen burn ovar tne initial gart of the assuned

P4
m
"
po 3
]
t
*
y
»
+
2

accident is sonething lixz 20 pei?
YR. CYBULSKISS 1'% == T*'a still ==

- v -
o4 4 LEES

rom thiss From this transtarency yo2u
had-

e« TYBULSKISe: Just looking at this gragh -~

%P, 1fEs ~-- the ‘acrease in pressure dus to
possirle hydrogen burn is «C p3i or thereabouts?

¥R, CYBULSXISs It‘'s =-- it's =-- no, in this
particular cas» it's zero, 50 that this really rerresents,
is the pressure. There is nc turninge.

MR+ LEEs Eut if you had durring?

“Re CYBULSXIS: It can't burn in this peint of

ALDERSON REPORTING COMFANY, INC

400 VIRGINIA AVE, S W., WASHINGTON, D.C. 20024 202) 554-2345
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time. S0 tiiere's no centrisuticn of burn up te this peinte.
It “ecomes flammable at this point hera,

Yow, if it wvere to turn at this peint,

MR, CYBULSX1S: C-aye.
MR, ¥“BRR: Are there other questions?

Ileacse continue.

B re - - 8 A
YBE. CYBULSKIS: i = hat ccncludes =y discussion,
- -~ - - - ~ - - - -
except perhaps to say that 4e are planninz some further
stui'le=, perhars a little more paramatrically *2an wa havse

ione, to try tc ltatter defire the limiting ceonditicns, if
you will, under which the ccntainment may or may nct ke able
to "ccommodate hydrcgen burns. 7Tre detzils of these
particular parametric studiss z2re yet tec re defined cther
than they're in the works.

I don’t know whether you want t2 add anrthing to

that, les?

MR. EUBENSTEIN: vell, we have the czcrability of
assuming certain hydrogen ceneration rates and turns, ard

whar we're goinc to try and do is anticipate a matioix which
we can plug our data from the Tivermore and the Fenwal’

exgeriments into, to get scne insight intc what the

prassures and temperatures would te as calculated ry ¥2TCH,
¥®, KFRE: At various points, ycu and cthers have

ALDERSON REPORTING COMPANY, INC
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pointed tc the fact that this i=s an unverified ccde and that

it has some approximations and assumptions in it and that

is 2 system: ccde which attempts to handle a gocd many

phanomena simultanecuslvy.

jab

If£ y~u were gcing to

it

ssign confidence, Wwoulé you

say that that part of the ccde that is treating the hydrogen

-

burn and the consequences thercof is mcre, or less, or about

ot

P
1
a

: Apmpag. Ol PP
re, 1n a sesnse, Che 1 tr: 4t -

W

the same acs =-- h

D

almost as a human input; althouch the code dces calcul

(ol
[ ot
|
(9
i)
la}
P
"
w
et
-
1%
r
n
Ll
M
]
-
v
’.
n
n
(ad
(9]
e

- : = % e pe 3
:-:l lt calcCculates 1

~ o
cén

ate

feeling that the turn zand the pressure calculations i:, sar.,
a Ssquovah-type containmen+ are fairly accurate? “r d¢ you

have any comnant on that?

¥R. CYBULSX¥IS:

4

I feel fairly comfortable

about the way we treat the hydrogen burn itself and the -

say, thes pressure assscciated with a burn in the srecific

volume aciven, the srecific coecmpesition. Thzt part of

think, is fairly straightforwvard.

it

Now, We dc¢ include heat =in%=s in our sutrcutiree.

The slab heat sinks, the sgray heat sinks, again T feel

reasonatly comfortadble; I 4hink those zre fairlv
strzightforvard.

The ¢re heat zink -- 2nd which, unfortunstel

(5 3
@
o
-
1]
s |
O
N
(a4
-
=
3
0
"
o g
W
3
o
(]
o |
Ly
]

1
4

r
w
<

)
0
0

Rl
D
‘1
’»‘v
n
n
.—‘
-
-

3
a
’l
w
-
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that's the ice red. While the ice bed has been p

quite effective in handling, say, stean blow-down
have no reason to question that, the way we have
ice bed, for alsao t%ese hydrogen cialculations, is

vay as we did for the blow-4own, and whether, in
ice bed is equally effective in creating, say, th
removal from the hydrogen flame, I don't know 2nd
have any basis for assessin~ it right at this =2nm

¥F. ““RRs Well, it arpears to me that
€airly crucial zart of the calculation. Ancd if ¢
13rce yncestalnty Lin that, T weuld +xi: that ore
to ilnvastigate that. Fow es the staff loock at
of the calculation?

¥%. PUBESNSTEIN: se.feel much the sane

T think, Feter, ycu want to tzlk about
half of the work that you'll te doing for ue, wkhi

tovw:rds the verificatione. ind T don't want to us

in the literal cense that "r. Tong uses it experi

because T think vwe'll do code comparison, but we
i00king at that.

¥YR. XTERR: You'rz going tc compare two

codes with the assumpticn that

answer somethinc or other has then been demenstra

I'm not sure what,

NB., SUBENSETEIN: +2*)l tzy.

ALDERSON REPORTING COMPANY, INC
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¥Re CiBULSKIS: Iect me just make a couple of
commentc, 1f I nmay, in this verification area. There are
facets cf the YIBCH code thzt are fairly eacsy tc verify, and
som: of this has been dconee. T"here are facets that pernaps
never will be verified. Let me 3ust point out, fcr exanmple,
that the structural heat sink mcdels that we use are the,

@ssentially the same as they are :a th=

vhich, T *elieve, is an aprrroved cocde. The heat transfer
coefficients frcm the atmocphers to the structural heat
sinks, T forget whcse correlaticn we use, Ty memcry fails nme
fog the Tcaent, gt tRis partigigiasr Cor: ation ha -

shown Xy a number o0f people tc ke consecrvative inscfar as it

does not tranzfer as much heat to the containzant =-=- to the

P

structure as hac been experimentally o*served.

(2 4
«

In terms of, =ay, the bhlow-dcwn pressures tha

ng

misht rredict, we have soms hicghly csimplified rlow-down
models in our ccde that would predict the containrent
respgonce if we put stean in among other things. 2nd the
results that we get are consistent with what we ses for
sample -roblems fcr CCNTEMET, for examrle.

€So a number of th:se things are really, cither
have bheen cr, in fact, are, eacsy to verifvy. The areas that
are difficult tc verify and may never be verified. I think,

are some of th2 areas T alluded tc in scome cf my earlier

present:stions tc the committee, namely, the ccre slumping

ALDERSON REPORTING COMPANY, INC.
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models and that type of things. In those areas tiie only
hope that you have of any kind cf verificaticn is a
comnarizon with somebody elce's code. FHopefully, we weon's

have tco many data points.

¥e, SU'BENSTEIN: *Fut they're teycnd the range cof
int=rest, core slurcs.

¥Re CYBULS¥IS: In the particular discussisn at
hand ==

“Re KUBENETEIN: This time -~

YR CYBULSKIS: == that is correct.

- ; & rrocaen
t

N enNtel
- - ST LT d

4 o

- e N ;-

e &1 Tiie &EOLlA

-
A
S
0
[
[
~
(8
or
w

here, ve just nade assumpticns that the hydrecgen icnites at

w

certain levels and burnes down to certain levels. These were
assumptions of convenience, for the purzesss of the study.
dnd the experimental program that was described earlier

will, hopefully, shed scme light into these areas. We can

then go back and feed that experimental data and repeat the

.calculations anéd see what it would maks.

€0, T guess, in summary, as far ac the
verification is, there are rarts of the code that are, in

fact, verified or easily verifiable, there are parts cf the

code that are not as easily verified.

¥R, KZRE; Well, zg I have grasged the nass of
materisl that T have heard today, T get the feelinz that the

MRRCY code, given an enercy input which would ccrme “ror

ALDERSON REPORTING COMPANY, INC
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burning uniform distributions ¢f hydrocen and air,

probably calculate th¢ vrescure fairly accurately.

"R. CYBULSKI53 fes,
YR« KERRs That there's gzoinc tc te an

exzerimental prcoceram to determine if igniters will

But at some poinrt, it seems to me, one alisoc has to

ionition, one gsts an amcunt of kurn

~rgy input which

in the vicinity

0
P.
<
®
b
1"
tr
[
"
= |

igniter, how doe And the ccde =--

n
-
ot
O
"
O
ke
[y
a
w
5
L))
-

(s]
o
0
+
w
3
-
(1)
n
)
-
r
rt
J
™
O
0
i
Ly

certainly have

anythinoc about that. It isn't clear tc
experiments arse

tha

r

Ahare dces information

-
Lt

« CYBULSKI

wn
-
’-J
ot
r
o
ok
“
4
(1]

C

ol
(23}

-
" - f\'F

thinge.

123}

.

o
"
4
_;
a
-
0]
n
[
e J
O
0n
0O
-3
v

'R. CYBL

<
o

=1
P

i

KIS: The point that I

i

showing my first slide, which was really nect in

ny

presentztion, the Furno data,

of hydrcgen in air, in particular, perhaps net in

mixtures, there has been data showing that con

will go to comrcletion., sure =-- tc¢ the
my knowledge, that

that we have tc prcove

“Re KZBERs So

[ad
o 8
W
ot
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point one will accumulace a sufficient concentration of
kydrogen so that given an i:niticn at that point one has a

burn?

o . CYBULERTS g And the bura will =0 to

comrletion. An? T think the exreriments that Livermore is

doing will shed scme l1li.ht on trtis for the gparticular set or

’)Q

Q
2
-
o
(L]
"
m
.

T¢ I might ma¥e & passing comment with resylt to
the == with recscect tc the furnc slide that I shcwed, T
believe, if T rememier the =curce correctly, thcse data vere
shown for 2 sincle spavk in a particular pivture ind what

they fcocund: that given 2 si.gle spark in those very lean

1§

mixtures, it did not burn at all, and you got these little

er, little talls of fire

(B

flamelets that were nention«d =23rl

-
< -

W

that scrt of Jjust rose up.

Another part of that particular papger, which isn°'t
perhaps as well known, is that they 4id do some e=periments
with rereated sparking. And when they did the exreriments
with rereated srarking, they, in fact, founc that they could
get more complete kurning than they did with juct 2z sinale
spark, though the number of experiments in that area is very
ilimited.

€0, I guess, the only thing

out there is that we're not comrletely in the dark on

w
L]
o
P.
[
w
18
[
m
.

hydrcgen behavicr. There iz & tase ¢f knowledge

ALDERSON REPORTING COMPANY, INC.
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*%. KERR2 Thank ycu.

¥r. Lee?

MR. LEEs Based on ycur MARCH calculaticns, can
you som~how give me a rcugh idea what kxind of benefit, or
reduction in pressure in ccntainment, we ca2n expect if ve
have functicnal distriduted ignitsrs?

¥R. CYBULSKIS: 5 e come back, if may, to

tha, whzt perhars is, to me,

conclusior, thocugh I'm not sure that everybody would

with e, tut if you let

guzntities in ~antal DL @f this Lyre ER2 tien et
igniticn, for whatever reason, a la Three Y¥ile Tsland, or
vhatever, at a significant concentraticn, then ycu have a
very hiah probability cof fzilinc the sntainrment, 2nd the
whole pecint of the intenticnal ionition effort, as T
understand it, is to mz2kXe sure that yocu never reachk those
very high concentrations of hydrogen that can, in fact, fail
containment. “hat ycu're tryina to dc is tc keep th=
hydrecgen concentration cdown tc manaceable levels., 2Aand the

not *2 well defined, bus

manageatle levels may

what ycu're trying to do is keep the pressure within
envelore. 2ind 2 good way to do that i~ to make sure
the hydrogen doesn't accumulate to a hiagh level.

¥2+ RUE

&5 ]

as

-3

cf the next

T :
rINg Lae

will address score specific:t in terms o0f pressure snd

ALDERSON REPORTING COMPANY. INC
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temperature with the CLASIY rode for Seguoyah.
*Res CYBULSKIS: 11, I wecn't keer you waiti
2. K7BR: Thank you, Nre. Cyrulskis.
That bring Us, . believe, tc a rresentation
Oor you, yzsu're next ur. o o

&

n

18

19

21
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"Re TINXLER: This portion cf the presentation

e

will de=l with the analysis that has treen provided by TYA,

“hiz-31iic zays scme cf the sades Tt indicatess
that TV?: believes that ‘he =tyudy of icniters will rentinue
for about a yezr and they will cotermine sencsitivity to

the containment resconse fcr distrizuted igniticn systen.

The slk o0f the celcualations have teen 2one usin
the CL2°IX ceda, op cede is under da2veleczrméent. gyt to
Sunm3Irize, we thlnk the ccdz contains the models that are
necessary to psrform a calculation ¢of the cortainment
resgons:e. It ccntains features typical for containments arnd
features uniques to ice conZsnser ccntainmente.

This is =2 list cf some of the capalilitiess that

CLASIY has. CLASIX is a multivelume ccontainment ccdep It

is not restricted to egual prescures. It c2n calculate

o

Cifferent prressures in ciffzrent rooms. It has tre
capability tc mcdel a vent freom the upper compartrant inte
either the environs or can rcdel a vent path directly frem

the upper compartmant to th.: leower compartment, which weulid

byvass the ice cecnsenser.
1t has an ice ccndencer mcdel slishtly vecre
refine? than thes M'7CF code presseatly uses. The ire

ALDERSON REPORTING COMPANY, INC

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

in the LCTIC 3 code,

inghcuse CPS to

condensers. And the ice
iz taken principslly fror the
Yy te mnodel the recirculation
€ case from the urger
! lower compartment in the
ginment. Tt has the
cwer inlet and internediate
rs v Ns LT YEU 2ny Cat
nE€Yy act as creck valves in
to model irdividual
ccn, hydrecgen, nitregen znéd
r saturated stean. "t has the

t will

model sgrays whether

n be in the form cf hvdrcaen,
C, and inrut would alsc e

< several burning¢ control
the sensitivity tc the

that yocu choose tc

the TVRA has rrovided

NC
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preliminary analytical results. These results are for the

small break LOCE: with a failure of ECCZ, the £ D
L |

nce., The raite of hydrogen releases to the centainmen

csaace
- = e e - - T F P | T -

was rased o 2 e Cn ezleslaiticn previdied to Xestinghouse .

Cnset of hydrcgern release wares aprrcrovismataly one

hour 2a2fter accident initiation, and ths hydregern cocntiaced

to e releasead for aprroximately 3000 seceonds., They

relaased approximately 15850 poundis of hrdrcygen, regresentinc
ahout 77 gpercent o the zirc rezction.

ke Lrse case, Waich ve will te lceckizg at a
little *it lacer, agsun Hegplroen céacuetion svten 10 velgsE
percent aydirogsn was reached ie the v iCuE corgartnents.,
They have done =2 nunber of zensitivity studies recarding the
air return fan, burning par:nmeters a2nd ice zvailarility,

"his is 3 1ist of the base czse rarameters that wve
use’ . s I said, the CLASIY ccde c2lculaticn tegins when
hydrogen is released tc containment, when hvdrogen is

1

enerated. Up until that time, in crder to initialize the

a
CLASIX code, recults frem the LLTIC code, whrich is a review

coniiticns, volumes, terperztur~s, grecsures, the ice mass
at the ctart of the CL2SIX calculation, heat transfer

precperties, are taken “rom the LCTIC asralveis.
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within 2 compartment, hvdrogen concentrations necessarv for
prcrpagaticn of the hydrecgen burn into zdjacent compartments,
and the cxygen levels necescary to sustain the igniticn.
Thoze are the valiunes that == used in the base case.

The cir return fans s«ere rodgled, both of them, in
the base case, assuming a constant cagacity of 40,000 Cr¥.

The spraiy system wes modelad with 2 flow rate of 6,C00 7PN

+ne ice condeoser dral teMgeratyre was
concserv=tively z2ssumed to t 2”7 degrees,. re I have said,
break release dita was obtaine? fromwm resuylts using the v2RCY
code to ‘ralculate +*he primary cystem r=spgonsa, The CLATIX
code dces nct mcdel the prinary system; it is sirply a model

of the containnen=+.

i - figure 2f a ice condenser rodel as ceen

4]
b
n
o

by CLA”IX. Th~ Sequovyah mn-iel was alsc a four-velume
model. The fan wacs mocdeled, took suction from the upper

comrpactment 2nd discharced intc both the dezd-ended volumes

(]

and the lcwer cempartment volume, and they also rofeled the
£low path from the unper cc-partment tc the lower
compartment thiough the cepsrating *eck drain holez, which is

a byrass.

ot

The ultimate cicacity of the code

[
l,‘,
0n
m
<
w

3
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volumes,

m™h

hig shovs the hy4

the CL:5TX calculaticn as c¢ca
6T ¢th= £ 2 transi=nt. as .
prouction occures in roughly

3
a)
0
0
n
o
'y
0
'
O
b}

initiation and

This recresent: == at tha t¢
intesgr2+ted masc release an~
0 the core reaction.

rt this time the ¢
the z:lculaticen recause *h
i”gra‘e core sccicdents.

This is 2 plet of
using the CLASIY code for th

nine burns in

ar2 turned on. Evy“

percent and the hydreccen is
“vdrecen concentra
per~ent setproint is rezched,
tenrerzture novers arocund zZ2¢
turning cycles. During each

0of hydrcgen are burned,

containmens.

relzaceid

BFe T5BRY Ar. Tind

r$ 14y
rosan relezse that was used in
lculateé frem a MAFCH analyceis
z szid, the onset of hydérogen
an heur after accident
agrroximately 320CC secends.

g o the curve -- this is

it represents atout 7C rerrent

ores slurped and they teraminated
—~mmmd A~ .\.:,:__ ;,111.1. orn 3.'

scme 0f the results obtained

-

'his

is

Ashat Wwe see here

o
L

the lower compartment.

rcgen ccncertration reaches 10

*urned off.

tion then bPuilds ug urtil the 1C

and again it “urns. The

C degrees for each of the nine

cvcle, aprroximately 100 pcuniés
resuitirg in altout f millien Btus

kl<r, ycu rentione? sprays
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condenser veclurz: simply becauses the cconcentraticn cf

hydrogen was sufficiert tc meet the criteriz of the analysis.

1

13
14
15
16
17

18

12

21

3

24

This is 2z plet of the temperature in the upper
coagarctrent velume. 7G3aiN, YOU s@e Oone departure from the
noraal transient in that th+- tamperatyre ricses rriefly ¢o
about 15C degrees.s 7Thiz i=s die tc the fact trhrat one of the
burns 4id occur and did propacate into the ice condenser and
results in a hicher exi* temgerature frem the ice cendenser,

§0 you ‘ischarge ko tte gas«g into the ugper corpartment and
it raisc<s the Ucper cConrparittent temcer- tur=,

T don’t t*in o0 could gee *hat rhercvencn
necessarily frorm M. 7CF, depgwnding on hou the calculation was
dcne.

This is 5 series cf gressure pleots. The total
pr«ssure in th: lowver compartmsnt. CTressure pricr to
hy"rogen turning is approxi~ately 22.5 rsia, and i* arices
to roximately 2€.5 Zor the firzrst durn. The pressure
transient closely resemble:z the temperature transient, =2nd

the pe=2ks are

calculated sach

crviously

rressyre

-
«urn

ecccurring when

)

is decreased

from

i

in apprexirmately

the

t¥vo rirutes.

the hydreogen is

bec2use the concentration 2f hy?recgen, while i+ iz =2¢ 17
percent for each of the turns, the ztszclute macnitude ¢¥

ALDERSON REPORTING COMPANY

INC.
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hydrog=sn present in the lower compartment can vary simply
because the mases of various cocastituents in the lcwer
compartment varies during tne transient.

S0 ycu may have had slightly mcre actual gpcunds cof
en Iin the lower compartaent fcu the first bucn.

“his is 2z plot of the pressure in the uprer
t is very similar to the liver ccmgpartment.
Th=re is a sli~htly different rressure tecause the burn did
Ppropagate intc the ice condenser.,

this is 2 ploct of the lower compacrthent oxygen,

PAILidd FleS5S5Ulce com this ficure it locoks 1l.kxe the cxygen
concentration 1in tha lower comrirtment at the start of the
transient is on the order ¢ 10 tercent and decreaces durinc

S returced to

(=

the durn as oxycen-is depleted, ard avygen

iy
o
"
w
’ -
[
(8
-
®
(2%
"
o

the lover compartment via fans a2nd the cl

2]
d

gstart over again.

T™his s a plet ¢f the hydrogen partial gressuze in
the lower compartment. First -urn occurs when the hydrogen
concentration is 10 percent and the partial pressure is
correspondingly arcund 2.3 .si.

0f the stean prartial rressure in

2

This is a plo
the lower compartment.,

“his is 2z plot of the ice macss. 2&s can be sgeen,

n

durting =ach bdurning cycle w= z&t a very rarid chance in the

v
"
D
2]
[
o
& o
1
"

ice mass, altheugh the overzll tranciente

ALDERSON REPORTING COMPANY, INC
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smooth., As a matter of fact, the shagpe dcesn't really

change that drastically £rz~n the tecinning of hydrsgen
burning to the end, but thzt may var» 4due to cteam release

- -
" = I

b
"
O
-

zates from the-grimary s

.
e

Cne c¢=n roughly ectimate the efficiency of the ice
in removing en=argy due to hydregen rurrning ty loocking at the
slope of this transient during a burn cycle. You cculd
extragclate the slore at the hicher points in order 0
estimate roughly how muzh eners

removed Ly the ice.

.
"
o
]
"

-k - re -3 - & f - AY - .- LT =R

pounds cf ice which should represent at least 4C sillion

.
T
A

r4

Btus cof energy removal cagpazility say, this was done

conservatively, asguming th=s dr-in temrerature to te 32

“l
r

deqgreecs, The hctter the drain temperature, the more ice

4
(ol

that would e left followin he t ient.

"

an
- ah

0

TV? has provided 2z numter of sensitivity studies

to indicate trends that they

mn

ee, The first case, as I
said, vas the tase case. There was a total of ¢00 counds of
hydrogen burned. “here vas a scriecs ¢f nine burns, 100
rounds rer burn. The peak temperature in the lower
compartrment wars agproxmately 220C degreec. The iceted cav a

peak temperaturs of 120C 3¢ ;rees, The upper compartren* sau

a peak temperature cof only ‘50 iegrees, with ceak

K4 )

ressur

D
L]

of 28.% snd 28.%5,

ALDERSON REPORTING COMPANY, INC
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They cerformed a case assuming that the hydrogen

was ignited at ? percent and thet tho rurn would propacate

into other comgpartaents at ¢ rercent. This case resulted in

sli:htly more hydrogen teinc burned, with less hydrogen

beina burned 2zt a tinme,

This case alsc sav aprroximately 76 total burns

within the containment, th- bulk of them occurring in the

lovwer compartment, :ut thers were alsc burrns in the ice

condens»r and a burn in th= urger compzrtment, Yeu se2,

.
UPP L JLAapartment teasperature is sufstzntially hicher
- Y - - -~ - - - - - - e

¢the tage ca:zc. 2% Tisss ¢ aout < sCE€Se.

addition to the uprcer compartment in this case.-

TVA hes rerformed a case assuring one air €an in

operation., The tase cacs= assured both air fars, and

vas a negli~rible change in the results.

TV: h:s also perficrmed a case assurine~ noe ice in

the ice ccndenser exists after the €first two of seven
turning cycles. This is a nonmechanistic 2nalysis in

if *hey dc the = D transienz, they have ice in there.
~

e

thie cace was done in crder tc indicate what tyre cf

sensitivity they may have to varyinc accident scenarioc,

althouch you would have to prerisely lcok at the acci

scenarioc *o detsrmine at whzt time you ran out of ic

There are obvioucsly =~enarins where ice is
4 Y er 2 1

ALDERSON REPORTING COMPANY. INC.

400 VIRGINIA AVE, S.W., WASHINGTON, D C. 20024 (202) 554-2345
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depleted, but you would have :o balance that acainst the

e¢nergy that would e remaining in the ccre along with the

releases t~ the lower compartmenc,

Bl T IEFS amnne 2
- - - R

&
-

3%
(¥
cr

LCgel,

(8]

L a3
asSe CuUrhed S I

significantly different. “hey burned =lichtly more

each time. They hasd only s:ven surning cycles, all

vere determined to nave occurred in ths lower compartmen*.

The peak pressure for this case was 41

The final cas= shcwn here is a2

of difficulty in predicting beforehand where

end ug.

P -
will

this case a grecat cdeal

in the urper compartment, r-=sulting in a burn in the uacrer

compartment with a very high pressure of resia.

¥P.

182}

¥

l‘l

EIXGTCN: sressure

differernce on the ducts without the fans?

TS

- -

s

o TINKLER: VYecs., you have a delta-p between

is

the ngper and leower conmrpartrnent, it will drive it threuch
that tc the Jducts and to the fins,.

YRe TTEERINGTCN: So you con't really =-- that
means 1f you have nc fan sy ter.

YRo. TINXKL:ZPg Well, this bturrn may ccrur, say, on

ALDERSON REPORTING COMPANY, INC

400 VIRGINIA AVE, S.W., WASHINGTON, D.C. 20024 1202} 554-2345

of hydrogen accunulated

hydrogen

of which



the order of 17 to 20 secondc. I can't say it is

guaranteed,. but ic is dcubtiul that the pressurs cculd te
equalized betveen those two compartments thrcugh the fan

»

system in 17 s:conds.

P, ETHERINGTCN: Isn®t that egually trus 1€ the
fans were running?

¥R . TINKLZR: Yec=,

¥Re ETRERINGTCN: €¢ the fane den't rezlly make
much difference cne way or the cther.

“Re TINKLELS A5 Iar 5 ifferentis. rressures
thore?

« TTHEBINCTCN: VYsr.

4P, TINKLZFs No, they don': make much difference,

T weculdn't guess. shat th dec méke a Aifference in iz

mixing the hydrcgen.

one peint the lower comzartrent was oxvgen depletedi or there

vas nhot sufficient cxygen t- sustain t.e ignition.

vhen one chambe: burns, and +the other icesn't turn. Is that

what you actually 2o in the c¢ofe, ycu alicw comtustion only

in one chamber a2nd nothing harpens in the cother chanmber?
M7+ TINYXLER: You spec-ify conditicne under which

the burn will crcpacate. Y2y specift the ccnditiecn at which

ALDERSON REPORTING COMPANY, INC

400 VIRGINIA AVE, S.W., V'ASHINGTON, D.C. 20024 1202) 554-2345
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the burn in one compartment will propagate to

Jou can

2
o
"
0
-

n

153

goin

a

the ¢

o

chanmber.

specify a rropac

¥R STREHLCW3

W s TINKI TR
P - - K—.l

S STRENION
¥2. STRE¥1COW:

some of the gas
hydrogen t¢c the
mix with that g

The flame will

have a ventasd vess«l, £fo

going ¢cn in it, vyou get

vessel.,

o th=t when vy

trancferred ¢to the recon

thzt

gas

contains the v

ation dglay time,

4 » 19c

ancther,

But it =z2lvays propagates, in ot

It :lways propz.ates?

I hove a problenm with

»
n

=
-~

]

i i wmd eq 21 - -
+83 103 T%iad -

J
=
id

chamber that doesn't.

b

as; it is gecing to tur
progacate after it. I

r example, that has g¢go

that, dec

Sure to &b

and

her

It is not

n ia that

Tresn i€

t combyst

you

i0n

a tremnendcus fireball ouiride that

ey gregsurize this ves

d vesgeszl to gpress

o
"
[
N
®

drczen. An® you don's

ALDERSON REPORTING COMPANY, INC.

el and =

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



199

flare arresters in there, =0 the flame will get up in

there. Ncw, it won't turn 21l of it recause thers iz nct

10

1"

12

3

14

17

18

19

21

24

that mauch hydrogen upr there, but there will lre coatusticen in
thes second chanter if there is combustion in the firse
cha=ber, 2t all times.

¥R TINKLERs I understand.

¥9 STFEHLOWe Put th=zt is nct what the ccde dces,
cight?

{Re TINKLEFs The code zan éo that ty spgecifying a
= you could ultirately model that ty =gecifyins a lsvw
setroint 102 propacation.

¥ STTEELCHs But it icesn't =zt the present =ine.

¥R, TINKLZ®: +$ell, these runs did not. It could,

¥R STEEMLCWs Ckzy, that is the answver.

MPo TINKLER: Lik= I say, it is anticipated that
senzitivity studies intc the igniticn criteria that are used
in the =2nalysis will continue for scme time. There is ro

claim that we have

cearched cut and

fcund the

wcrst case for

ignition criteria. That wacn't thez intent in these cases.
“he intent was to picY parameters they thought
were rezsonable. T telievethat would te the case. I believe
at 10 volume percent, which was the bacse case, thev telieved
that the combdustion will »c fzirly corrlete, and therefcre
it is 3 r«zzons*le calculaticn.
¥R+ YiRX:s Ti2 I catch zorrectly that this Cacze ¢

ALDERSON REPORTING COMPANY
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he cne in which ycu have still nine c¢cycl

¥YEe TINKLER: N0+ The case wvwisth n
gquite the same because the turning occur
€8s at slighsly different ti Se *his ca
1 completicn.

YEe YAFK: <t is the no ic2 that h
with ice and seven withcut.

¥Re¢ TINXLEE: Th: nc ice case had
with ice, five without. : will provide
haet a little later. C &8 natter ¢f fact
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NRC/ACRS T qﬂ;
Tape 4/SRB ~

8/28/80 |
SRB/srb 1, This is the case with no ice. Again, it's a non-
92 | mechanistic analysis, which is ccaservative. This is the total
3 | Pressure in the upper compartment; pressure in the lower compart-I

4 | ment. Very similar.

& B ; MR. KERR: Mr,., Tinkler, I'm beginning to run into a
= I
b
z 6 | problem in t=hat I have about thrse more hours of presentation
"=
& : : .
= 7 and only about two more hours of time.
3
g 8 | MR. TINKLER: I only have a few more slides.
= 9 | MR. KERR: Okay. I was just going to suggest that if
¥ ]
= 104 You could talk 30% faster =--.
- |
&
= r B stk R ) = 3 ; 4 ,
s 1 | “Re TINKLER: Okay. Like I said, the transient looks
-
z l
< 12 1 very similar to the cther transients you've seen. You see the
> i
. = 13 | two pressure peaks for the cases where ice is remaining, and the
2 14 two cases where ice has been removed.
s .
- i
= | " ,
z 15 | You would expect the pressure in the containment to
i ]
[ . - . ; :
; 16 | rise atfter the ice has melted out, irregardless of hydrogen
# !
= 17 burning, because you've lost the heat sink, and you see that in
- |
% 18 a normal design basis LOCA analysis. But the pressure is
= i
= ; , . . . .
® 19 | approximately 41 psi, which is still far below the yield pressure
T
20 | ~ontainment.
|
1 |
21 4 This is a plot of the temperature in the lower compart-
|

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

. % i yield?

i ALDERSON REPORTING COMPANY. INC.
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]i MR. TINKLER: The yield was estimated between 27 psig

srb 2 l
I

| i
. 2 | using a conservative value for the yield strength, and between

3 27 and 36 I believe psig. We calculated 41 psia.

i . . "
4 | MR. LAWROSKI: Mr. Tinkler, in view of what happened
- 5 | in the case 5 with no air fans to the upper compartmen% peak
g | |
2 63' pressure, how comfortable would vou be with a system that only
] ! !
= | ) 2
: 7 | has two air fans? !
3 | |
§ av! MR. TINKLER: You could argue that anything that ;
= 9,i increases reliability of the air fans would be an improvement.
4 |
= 10 { Since they are sensitive to it.
Z |
z T As we tried to emphasize, this 1s all work thatc nas
. "
2
g 12 | been done on a rather short timeframe, and we have many things
= !
= 13| that we're going to continue to review. Some of these topics :
g 14 | 1include the location and number of igniters. It may be that we
- i
™ e . o . . |
¥ 15 | decide we will want additional igniters located in some stratagic,
= ] |
= ; i
; 16 | places where high point vents are, the pressurizer release valve |
% [ '
- ' y i 2 )
g 17| or whatever. Hydrogen monitoring and mixing, those systems were |
=
= | K . . . : . {
# 18 | designed Zor what is on the docket as a design basis accident. |
2 ! -
; 19 | Are they adequate or suitable for this kind of accident mitigatio#?
3 b
20 | We need to know more abcut the ability of igniters !
|
i I
21 | to function in a turbulent flowing atmosphere. Procedures and ‘
22 | strategy for igniter operations; we reed to learn more about
23 | CLASIX, the solutions scheme, models in the containment, specific
. 24 | details, that is, and the input parameters. Analysis result s
25 need mcre review. Mixing of constituents, sensitivity studies,

i ALDERSON REFORTING COMPANY, INC.
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’ burning criteria ana the effects of different hydrogen generation
'
‘ 2 rates.
i
3 ; We do think the no-ice case does demonstrate some ;
4 j insensitivity to the accident scenario. ?
5 ! The.effects of local detconations need more work done, 7

they need more review,.

MR. KERR: Excuse me, when you say the effects of, are |

20024 (202) 554-2345
o

|
7 ‘} !
8 | you able now to predict the nossibility of local detcnations? ?
1
a 9 MR. TINKLER: We don't calculate concentrations that
s .
[ | . " " 3
é 10 | are dectonable in the analysis we've done.
4
5 )1 MR. RERJ: 15 your model capable of doing thac?
3 |
=
< 12 1 MR. TINKLER: Of doing a . detonation calculation? ]
z : |
§ | . AR . |
= 13| MR, KERR: Of doing a calculation which would find 1
= | |
2 14 | Ppockets of detonable mixtures, if they existed, in this structure?
= ‘ i
= - , . :
£ 15 ! MR. TINKLER: If we picked a small, 1 verv small,
: | |
! . . » '
. 16 | Vvolume, we have 7-node capacity, and if we picked a very small t
5 |
£ 17 | node and we introduced hydrogen in a node adjacent to it, we §
B |
% 18 | could force the code pcssibly to calculate it. '
= ;
19 j MR. KERR: Do you plan to make an effort to explore
= ‘
=
20 j for this possibility? Do you consider it a serious problem or ‘

21 | unlikely?

22 : MR. TINKLER: We consider the problem of local detona-

23 | tions to require more work by both the applicant and the staf€f.
Preliminary calculations and judgments are that they can withstand

“II' g
25 local Cetonations. Presumably, concentrations may be hicher in |
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the lower compartment, but it's a smailer vo'ume. If you could |
withstand a detonation of a local pocket, you could most surely i
withstand equilibrium pressure after the detonation, because

we're talking about smaller gquantities of hydrogen. But in any f
event, it dces need more work. . |

we need

~

Protective measures for essential egquipment

to learn a little more about the response of equipment to the

temperature transients and what may be necessary to insure that
they'll be operable. Whatever equipment is needed, that is.
Conclusions. The preliminary conclusion is that the
distributing ignition systen has significant potantial as a
short-term solution to the problem of hydrogen control. It shouli
be stressed that the system is most useful when operating in I_
conjunction with existing heat removal systems. If you don't
have other heat removal mechanisms, burning it with igniters is
not a great advantage. !
And we intend to explore various aspects of both i
.
igniters and possibly additional heat removal methods. |
MR. KERR: Thank you sir. Are there questions? |
MR. MARK: When yoﬁ say the very short term, do ycu
mean something that can be implemented guickly or something
you'll try to get away fror. quickly?
MR. TINKLER: Something that could be implementad

quickly. TVA has indicated that this is an an interim distribu- |

ting ignition system and they will continue to study other
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measures for hydrogen control.

MR. MARK: But there may not be any very good reason

t2 change if you learn a little more about it. }
MR. TINKLER: That is correct. That's not to say i*

1

couldn't ke the final systen.

MR. GREGORY: I have a concern about the curve which
l
shows depletion of oxygen in the lower compartment. If you drop |
!
the oxygen pressure by about half for a short period of time, it,?
in effect, is putting the hydrogen-oxygen ratio up and your
conditions for initiation of ignition will be quite different ;
during that period while oxygen 1s coming back into the system.
You, in effect, conceivably increased or you've certainly altered,
the hydrogen-oxygen ratio in the gas.
MR. KERR: How do you remove oxygen while at the same
time removing hydrogen?
MR. GREGORY: You remove both, but they'll come bagk

in at different rates because they're coming back from different

sources. The oxygen, I assume, is coming in from the upper
compartment and the hydrogen is coming from a break in the lower }
compartment. And they're coming in at different rates and it i
will be pretty complicated to model but it ought to be looked at..
MR. TINKLER: It does look like, though, that the
oxygen is returned to their ignition setpoint much more quickiy

than the hydrogen is built up, just based on the next slide.
g

MR. KERR: If the igniters work, as one might predict

ALDERSON REPORTING COMPANY, INC. J
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that they will, is that a problem? One would simply get a
flammability limit earlier than otherwise might occur.

MR. SCHOTT: 1In the regime that's being deal with
here in this series of calculations, it appears that depletion
of oxygen -- rather, depletion of hydrogen at the immediate time
of the burn is quite complete; that of oxygen, while it looks
serious, like down to half, is not for any useful period of time
or a dangercus period of time so complete as to prevent burning
of any hydrogen that might accumulate. That is, one is always
in the regime where there is more than enough oxvgen to handle

en may be present. And as long as that is

however much hvdro

QO

so, the 10% criterion on hydrogen is the limiting one, and even
that is just an assumption.

It appears to me that the series of calculations that
have been done both with the CLASIX and the MARCH codes are
severe cases of the pressure and temperature transierts in that
they have not -- they have worked with hydrogen accumulation up
to this 10% level, or 8% --

MR. TINKLER: That was a point that we battered around
this morning.

MR. SCHOTT: Which one is sure will burn rather
completely, whatever is in short supply, which in every instance
is the hydrogen. So it's a conservative test of the ability of
a repetitive burn system to accommodate a rather small number of

burns with rather substantial, 100 pound, accumulations of
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hydrogen each. And the real situation that may result from
having ==, 1It's as though the igrniters were triggered at will
at this 10%, which is not what's actually being proposed to be
done.

MR. TINKLER: But you're saying then that they hydrogen
may be burned at even a slower rate, smaller guantities at a
time.

MR. SCHOTT: More continuously in time. And prcbably
mixing =-- to the point where mixing becomes the limitation

instead of what's now == the set of parameters that now are

MR. KERR: Other questions or comments?

MR. LEE: I'm still somewhat puzzled. Is there any
accident scenario that could get us to the upper flammability
limit instead of the lower flammability limit?

MR. TINKLER: Ar: there any?

MR. LEE: ic.. Or should they consider those
sequences?

MR. TINKLER: 1It's difficult for me to say whether
there's --. Seventy percent of the core reaction is what we
showed as the endpoint for our calculation in some definition of
a degraded core accident. That represents near 17% hydrogen,
17%-18% hydrogen concentration in the containment at dry atmos-
phere. So =--

MR. LEE: Seventeen percent of =-=?

ALDERSON REPORTING COMPANY. INC.
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MR. TINKLER: No. Seventy percent of the core i
corresponds to 17% molar concentration of hydrogen in the contain%
ment uniformiy. |
MR. LEE: In a mixture of air and hydrogen?
MR. TINKLER: Yes, it's primarily a dry atmosphere.
More steam reduces the concentration.

MR. MARK: But you will go through the upper limit.

You have hydrogen and steam coming out the end of a pipe, and
it's a low percent hydrogen as far as the 2ir is concerned. Now

you'll add air.

O
s |
z
(1)

TTNRI.FR - TAaral ~~111 3 ™ 1=
MR. TINKLER: In a local could. That's

N
{0

W3
¢

based on bulk containment.

MR. KERR: A;e there any other questions?

MR. SCHOTT: That 70% based on zirconium, is that
hydrogen that is all released throuvh the vent, or is some
hunk of that 70% still harbired in the urburst reactor?

MR. TINKLER: That 70% is in the containment.

MR. KERR: Thank you, Mr. Tinkler. Mr. Butler?

I show you for 10 minutes now. ;

MR. BUTLER: 1I'd like to make some conclusory remarks
for the staff's portion of today's presentation. I certainly
appreciate the comments and alsc some of the answers and questions
raised by the members of the committee and its consultants.

We covered a lot of ground today, covering different programs,

each with different objectives. We've dealt with long=-term
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programs and short-term programs; generic issues, generic

criteria, as well as specific issues and specific criteria for i

Sequoyah for the near term. I recognize it's somewhat difficult ?

|

for those new to the issue and the problem to keep these differeng
programs and issues separated, but I think it's important that '

an effort be made. _
|
We did cover a lot of the generic and overall kinds of |
I
]
issues. But for us, that kind of matter can await further develop-

ments in further meetings. For us, the urgent thing is the near-
term issue, Sequ r’ah; the interim distributed ignikion system
and whether it is good enocugh for an interim pericd pending
further understanding of the characteristics of the IDIS.

The program has moved very fast. We had ¢ meeting with

the ACRS July 1l5th. Subsequent to that meeting, all this stuff
we discussed today was prepared. We wrote work statements,
contracted with a number of labs and got them well underway with
their programs. I think you can understand that the staff has
worked very vigorously, and certainly the TVA applicant has
worked harder and faster. They have limited time to present |
their story, additional to those things that we presented based
on their input to us.

Now, let me go through some of the slides, just to
refocus on the stuff I showed you earlier today and tie urgency
cf our schedule. Starting with the September 2 date =--

MR. KERR: If you read those things one by one, I'm

ALDERSON REPORTING COMPANY, INC.
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MR. BUTLER: I won't. You've seen it this morning.
Starting with the September 2 date we have the mini-PSAR, and
we expect to conclude all our activities by December and meet

again with the ACRS in January and with the Commission also in

January. We need a tentative decision next week with respect to

whether Sequoyah can reasonably be authorized %o run at full

Q

£
oz

power for this interim period vending further understandin
the issusa,
This slide simply summarizes the status for all the

e

0

ccntainments, and you'll note in here for the i

n

cilasses o

condensers that the specific criteria and measures for hydrogen

control are under consideration. We hope to conclude that matter|

within the next few days.

I have one slide on staff position and tien the staff
conclusicns. The staff position is that the existing provisions
at Segquoyah which satisfy Section 50.44 are sufficient near-term

requirements to warrant full power licensing. We have accelerated

programs, both staff and applicant, to qualify and implement

measures additional to those of 50.44. The timeframe is during

the next four months. These additional measures, if found
effective and appropriate for Sequoyah, will be considered as
requirements also for other ice condenser plants.

In conclusion now, since the TMI shor+-term Lessons

i
|
i

I

]

!
|
|

Learned it ems have been implemented at Sequoyah, and placing the!
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Sequoyah plant in the same risk space as Surry and the Peach

Bottom station, both of which are orperating; since aggressive

applicant and staff programs are in place to improve the hydrogen

management, capability at Sequoyah in the timeframe of the rext

four months; since preliminary work shows the integrated distribu

ignition system to be a very promising approach, at least for a
substantial fraction of scenarios that lead to degraded cores;
furthermore, since backup programs are in place, should the
IDIS prove unacceptable, the staff concludes that full power
licensing of Segquoyah need not await completion of these near
term studies and experiments.

MR. KERR: Are there guestions?

Thank you very much, Mr. Butler. The agenda now has

scheduled a presentation by RDA Associations. Mr. Hubbard, are

you going to start?

MR. GREGORY: May I ask a guestion before we start.
is it my understanding that the Commission is recommending
allowing Sequoyah to run at full power without the ignition
system we've been tulking about? Is that fair?

MR. KERR: I think it.has reached the position that

they are going to recommend this to the Commission, I believe.

MR. RUBENSTEIN: That's true. Between now and December

the startup program is such that I wou.dn't even want to hitch
on December., We feel confident that the changes made by the

action plan have improved the risks to Sequoyah and placed it

ALDERSON REPORTING COMPANY, INC.
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equal with other plants. But in any case, until the resolution

cf tha2 interim distributed ignition system occurs in December,

potentially 25 effective full power days of operation will occur.

MR. KERR: Mr. Hubbard? .

MR. HUBBARD: My talk is going to be very short, which

the Chair will be glad to hear, I'm sure, as much to catch an |

airplane as any other reason, however. But I made the talk length
|

proportional! to the length of time RDA has been involved in this

subject of containment safety, which would be about a minute.

Our involvement came through a recuest from Commissioner

1Y)

cific questions about

~+ 13 1 - ’ - ~ - s £ . b | -
GllinskXy €O :es;':‘:d -QC a4 3et 0L Ialirxly sp

L35

fequoyah containment. And although we have a group of people at ;
RDA who are intensely interested in the subject, we have spent a §
very short time on it. The total effort was about four man weeks |
anc split between a look at the structure and hydrogen problems. ;
So I think it's probably a little unlikely that we're going to be!
able to say anything to you that you haven't heard bhefore, %
other than our opinions on the matter. |

|

The first thing that struck us was, of course, that one;
is constrained by rates, and that at some rate of zirconium
reaction and burning of hydrogen, igniters don't do anything for
you. And we took the base case of no ice present and 1% per
minute zirconium reacting, and that saturates the heat removal

capacity of the plant.

So whatever else ' @ have to say about it, we're talking|

ALDERSON REPORTING COMPANY. INC.
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about what can one do if the rate 2f production is lower than
that, and I don't know of any data that limit the rate to that

value. In case -he i1ce is cresent, I understand that Donald C.

Cook's study indicated about twice that value to saturate the

heat remcval capacity.

-

€9, one might ask then what next, assuming that the

rate is lower than that. What one would like tc do is use the

pilot light approach rather than the light in the kitchen, and
that is to surround all the possible sources of hydrogen produc-
tion with a little flame so that you get it immediately, before
1t can build up in concentration. And, of course, probably that's
how the igniters will be distributed somewhere near. But as a
practical mattar, you can't accomplish that goal, so gradually
the concentration of h?dzogen will build up in the containment, |
and there's probably no way to avoid that.

Therefore, there seemed to be two ways to go wvith
ignitcers, that being the case. One would be to try to keep the
c¢oncentration belcw 9% or 10%, whatever is the value, wherein
propagation is rapid. The octher would be --, 2and in that case,
I haven't heard any data that exist that would give you informa-
tion that tells you how many you need in that case. I'm sure
it's not 30. I mean I'm sure, but after all, if you spread them
uniformly, that's 30 in 30,000 cubic meters. It stretches the
imagination that one per 1000 cubic meters is going tc suck in

all the mixture and burn it.

ALDERSON REPORTING COMPANY, INC.
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The other approacn is t2 say «~211, we'll keep track of !
the concentration and let the igniters go when you reach some ;
limit at which burning is more rapid, 9% or 10%., And in which !
case, then, you are stuck with burning whatever is in the compa:ti
ment that's isolated. You know. the structure is compartmentalizec
and the problem with that, as I see it, is the upper compartment
is very large and 10% of ic is like 2000 cubic meters. A 10%
concentration is like 200 kilograms of hydrogen; =hat will

create == you know, burning that will create a pressure too

rapidly for the heat removal 2gquipment to handle. 1I% looks like

L8l

two-thirds of the case that we examined at 300 kilograms of the
whole containment, which would be close to four atmospheres.

So it seems to us that because of the uncertainty in .
the production rate and the uncertainties in the mixing in the
lower containment; after all, it's produced rich and becomes lean|

as mixing takes place, probably largely in the ice comparthent,

the-uncertainty of where you ought to put the igniters =--

until you know those facts and the lack of information about

igniters, we concluded that it's probably not a reasonable thing |

to expect that igniters could play a role of pressure control '

until those data were available, at least on the slow burning.
There's another thing that has to be added to that,

some of the judgment that want into that has to do with kind of,

I would say, a pathological task that RPDA, against accepting

the output of large systems' computer codes, without the

ALDERSON REPORTING COMPANY. INC.
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adjunct of a large experimental program tc go with it, and I
haven't any experimental data that would be needed for this use.
So that was the reason -- I mean, that in a nutshell summarizes
our feelings about the subject.

In addition, I think one should point out that if the
ice is there, and if the sprays are working, they do remove
steam from the hydrogen-steam mixture that's produced. And it
seems to me any fluctuations in the containment have a chance,
therefore, for leaving you with a dried out mixture that's rich

e€nougih to pessibly detonate. And it was just mentioned -- I'd

Q0
O
(21

be very leery of detonating 10 kilograms hvdrogen next to
the containment wall.

MR. SCHOTT: As a gas?

MR, HUEBARD:- You den't think so? The energy content
of 10 kilograms is several hundred of high explosive, and just

on an energy basis alone --, And if you have a thick enough

layer, I mean, the speed that counts is nct the detonation speed,

you know it's a very sharp spike, but it's just the sound speed.
So you'll have a pressure there for a few mil.iseconds and
that's something that really ought to be iooked at.

So the other part of the question that we were aske”?
to speak on was what about alternatives. And it's very clear
that nobody likes inerting a containment, which would solve this
problem and create a lot of others, I guess. And I must say,

as was pointed out before, it's an awfu'® lot easier to find the

ALDERSON REPORTING COMPANY. INC.
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problems than it is to come up with solutions. And I guess our
tetal time on this specific problem was maybe a couple weeks, so
I think we really can't add anything to the programs that are
ongoing here already.

MR. KERR: Are there gquestions?

MR, GREGORY: You indicate, I think, in your written
material, and you were alluding verbally, that you might prefer
to go the inerting route rather than the combustion route.

MR. HUBBARD: I mean, it just avoids th2 problem.
That was the point. It raises a lot of other problems.

MR. GREGORY: May I ask if the containment will fail
Or not with the pressure rise that's brought about simply by
the release of the extra gas? If we get something like 70% of
the cladding material reacted, and all that hydrogen comes out
into the containment, just the pressur.zed use of the extra
gas that's in there, will that cause the containment to fail or
not?

MR. HUBBARD: I don't think so, no. It's just the
energy released in producing the hydrogen that's split evenly
between hydrogen production and burning. It's the added
energy, it's not the gas.

MR. KERR: I think the answer is nc, but I expect it
depends on the scenario that one postulates.

MR. BUTLER: That particular problem was considered

and reported in SECY 80-107, wherein we made the determination

ALDERSON REPORTING COMPANY. INC.
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that pressure, although above design pressur=2, is well below
the failure pressure of the ice condenser.

MR. KERR: Thank you very much, Mr. Hubbard. That
brings me to TVA, and I expect having listened this long, you
would like to be heard. 1In fact, the parenthesis says "new
information".

dy name is Wang Lau with TVA, Nuclear Engineering

Branch. We also have a few peorle from Westinghouse, Offshore

Power and also from our home office here today. They can answer

gquestions later.

(b

v “wr 1» - 1 — 'y 711 K y
fe were asked to give a 15 minute talk about new

(D

information. Since we have not talked with this particular sub-

committee we weren't sure exactly what new information was or

old information. But I heard from this morning and this afternoon,

{

a lot of gquesticns were asked, a lot of information was presented

Of course, I will not duplicate that information. I do intend

to cover some of the things that were not covered this morning.

Not with the intention of presenting a complete story in 15

minutes because that's not possible to do, but I will try to use

my presentation to kind of stimulate your questions so that some

of the gquestions that were asked this morning if they were not
answered properly, you can try me again and see if I can do a

little bit better.

The first thing I want to cover is th2 igniter system

a little. Let me tell you some of the major topics I will cover

ALDERSON RZPOURTING COMPANY, INC.
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and I want to cover the installation and operation of thermal
igniters, locations and things like that. And I will briefly
mention spark igniters that we considered at one time, and
about the Singleton Lab tests, the Fenwall tests, a little bit
about the halon study and some information about degraded core.

The igniter system loocks something like this. It has
a4 General Motors type diesel igniter with a transformer in there
to drop it to the proper voltage; a little ring shield at the
top to stop the containment spray from getting to it directly,
and the assembly is pretty rugged. We have sent samples of

these 1gniters with the whole assembly to Livermore and to NRC

"

and to Fenwall and, o

This is just a simple electrical circuit.

MR. LAWROSKI; That will do it for our Chairman,
anyway.

MR. LAU: I beg your pardon?

MR. KERR: He is alluding to the fact that at one
point I was kuown as an electrical engineer, and he thinks that
will be the one thing that I understand about today's presenta-
tion.

fGeneral laughter.)

MR. LAU: We have some electrical engineers in our
task force and I do have to keep them busy, you know.

(Laug hter.)

This is a rough outline of our Sequoyah plant, and

ALDERSON REPORTING COMPANY. INC,
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you notice there are six different elevations. These elevations
are sealevel elevations. This is a very busy diagram. I'll

show a little bit better one.

This gives you a little better view. I also intend

to show you this one later. Now, 663 is the floor level, basemen

level, and you can come up. This elevation is directly under
the air return -- I mean, the ice condenser. These numbers are
the number of igniters at these elevations, in those particular
planes. There's four in the ice condenser in the upper plennum:
five in the lower plennum; six d.rectly under the ice condenser;
and those are in what we call the deadend volume, but they are
pretty wide open really. Notice the colors, because going to
the next picture, it will show you a little about the detonation
thing you will consider.

The four yellow ones are the steam generators. These
four are, of course, air coolant pumps; th.s is the pressurizer,
this is the reactor cavity. The ice condenser goes 300o around
this == ma, e <¢n go down to 60° for refueling and other things.
These two locations are the air return fan locations, and they
are not under the ice condenser, they are jdstwiﬂun the 60°
opening and they suck directly from the upper compartment into
there.

This is the pressurizer joint tank. This is where
the reactor vessel vent discharge point is. Those are the

locations of interest.

ALDERSON REPORTING COMPANY., INC.
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MR. SIEGEL: What is the reactor vessel vent?

MR. LAU: Yes, we have a reactor vessel vant since

TMI, and that is just an opening in case you have that bubble
that we talk about like at TMI inside the reactor vessel. We can
vent it out. It doesn't get trapped inside. That's a new |

feature.

MR. SEIGEL: That can be controlled £rom the control

room?
MR. LAU: Yes, sir.
MR. SCHOTT: 1Is that up or down in this picture here?

Downward into here?

It's vented out tc the lower compartment

5
2
o

just outside the ice condenser doors, near the ice condenser
doors. In this picture, it would be around elevation 700, plus
or minus. Okay?

|

MR. SCHOTT: That's a duct from someplace. ;

MR. LAU: There is the reactor vessel vent. 1

MR. SIEGEL: Where is the nearest igniter to that?

MR. LAU: Okay. Let's see if I can remember all those
figures. Same color as the igniter, orange. This is one
elevation, that's 689, the basement. To give you a rough idea,
the orange dots are the igniters. Those numbers don't really
mean a whole lot. The A, B, C means the reclose(?) of the
diesel generator because it is backed up by emergency power and

seismic ard all that. The Clow represents the glow plug. L is

ALDERSON REPORTING COMPANY, INC.
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the emergency lighting fixture that we are not using. '

MR. SEALE: All of the G's on here are glow plug I

locations, right?

The (?)

MR. LAU: Yes, sir. And this is at the basement.

was scattered, and this is a little high elevation, !

700 under the ice condenser. That's 731. You'll recall that

731 is around there, inside the ice condenser i

plennum,

3

the lower

.
>

L 3

a the ice

8
i
wn

It's kind of like a manifold as

condenser 1s concerned.

MR. STEGEL: Are vou saying that the nearest plug is

MR. LAU: ©No, sir. We've got -- The nearest .lug +o the

|

reactor vessel vent? Nearest plug to what?

The reactor vessel vent is venting to the lower compartment,

and there are =--,

10 feet?

MR. SIEGEL: To the exit from the reactor vessel vent.

MR. LAU: No, there are a few in the lower compartment.;

MR. KERR: What is the nearest glow plus? One foot,
20 feet? '

MR. LAU: Let me see. In this drawing, this is 900,

so this is around 450 at around 731 elevation. Sc let's take

~ : o — "
that 731 elevation at 457 ; I would say the igniters are located

in this area. This area is about 65 feet, so this is about, oh,

say about 20 feet,

MR. EERR: Okay. 1Is that a good enough estimate? Good.

ALDERSON REPORTING COMPANY. 'NC.
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MR. SCHOTT: It's a good enough estimate but it's not

close enough.

MR. LAU: This elevation, 792, has something interesting

in one corner, and that is the location of the contreol panel in
the auxiliary building. And this control pan2l is approximately
170 feet from the main control room. You can run out there and
throw the switch and run back. But these igniters are manually
controlled, not from the main contrecl room. You do have to get
out there, but there's no radicactive stuff at that elevation;

there are electrical things.

D

$ K a1l A . T y ! > s 11 13 T ey
MR. KERR: I should point out that it's very unlikely

that any hydrogen would ever come out of that vent. So if

you're going to put the glow plugs there to catch the most likely!.

exit spot of hydrogen, that's probably not it.

MR. GREGORY: I thought I heard somebocdy say that the
purpose of the vent was to let out the " bubble."

MR. KERR: Well, that was the Three Mile Island bubble
which maybe was there and maybe was not. But remember, at
Three Mile Island there was a lot of hydrogen released and it
didn't come out through a vent. And it may not come out through
it ==, In fact, I think it somewhat unlike.; that it will come
out the vent the next time.

MR. SIEGEL: It came out of a vent which happened to
be the exist from the pressurizer, but if you provide another

more suitable vent, why shouldnr't it come out there?

ALDERSON REPORTING COMPANY. INC.
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MR. KERR: iiut this suitable vent is only the vent in

case one develops a bubble in the top of the vessel and can't
get rid of it.

MR. GREGORY: So if you ever use the vent, you will
get hydrcgen coming out.

MR. KERR: That's true.

MR. GREGORY: And I would not like to operate a
kitchen range, for example, where the pilot light is 20 feet
away from the burner. That doesn't seem to be =--

MR. KERR: I defer to your wisdom.

MR. SEALE: I think Dr. Kerr's point mizht be, thoucgh,
that it's equally important to ask whether or not there's a glow

near the relief valves for the pressurizer.

0
st
s

0

MR. KERR: I}ll take credit for that viewpoint.

(Laughter.)

MR. LAU: Of course, there's a pressurizer reljef in
Sequoyah that relieves to the reactor coolant drain tank, the
tank that I showed earlier, and from there, there is a
rupture. Just like in TMI. I mean, that rupture =-=- the
hydrogen will be dispersed in the lower compartment.

MR. SIEG:LL: Do I understand that the location of the
glow plugs is really constrained by the location of your emer-
gency lighting system?

MR. LAU: I'm not so sure that constrained is the

proper word, but this is ==

3 ALDERSON REPORTING COMPANY, INC.
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MR. SEIGEL: Determined by?

MR. LAU: In the interim system, the first phase, we

4o want to go in there and use whatever is available. Our reason

is that the emergency lighting circuit is usually located in a
place, by design, that is wide open to give gocd illumination
of what is going on. So the couplingis pretty good because of

that. And the conduit is there, it is seismic and backed up by

diesel and the location (?) is good, and that's what we
used.

Later on, in our fature studyv if we do find out that
there are better locaticns such as -- we might reroute the

reactor vessel vent, we might put the igniters further away and
we might put them closer.

MR. KERR: Mr. Lau, I think if we get answers this
long to every guestion that we ask; I think he has the answer
to nis question now.

MR. LAU: Thank you. Three more in the very top
dome .

I have here a drawing showing the approximate == it's

a hydrogen scheme, designed for that purpose =-- to collect hydro-|

gens at various locations especially at the deadend volume and

the steam generator enclosures and things like that. So we can

use the air return fans to kind of circulate the hydrogen burner.

Get better mixing.

As Mr. Butler said earlier, the air return fan has

ALDERSON REPORTING COMPANY, INC.
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something like 40,000 cfm speed and you would have a complete
air change in the lower compar+*.ent in about four or five

minutes. So it is a highly turbulent, well mixed case.

I heard a lot of questicns this morning and this
afternocn about pocketing, detunation and so on and so forth.

T think we should keep in mind that the flammability lower limit |

|
is around 4%, ind you'll get a lot better chance of igniting at, :
say, 8% or 10%. The detonation limit we're talking about, 18% !
and higher.

Now, there is a margin of, say, about 10%. We are
therefore talking about concentration gradient in space of
around 10%. With this kind of mixing and with the wide open %
|
areas and with all the turbulence inside and in the upper compartJI
ment we have the sprayé, of course pecp.e can always argue with |
me, but I really think that we have pretty good mixing, such

that that kind of concentration gradient is not e..ceeded,

considering we have 30 igniters and they are not that far away .

Okay? But right now I do not have any numbers to back up what

I've mentioned about this concentration gradient.

Any questions so far? Okay. We'll talk a little
bit about some of the Singleton tests we have. We have endurance |
tests and it looks like =-- you can always fail a plug. If you
intentionally put overvoltage on it, we have successfully
ruined a few of them at at 16 volts or so. But if the reactor

coolant fails, it usually fails within about the first 30 minutes!

ALDERSON REPORTING COMPANY. INC.
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or so. At a bout 14 volts we are pretty successful in keeping
it alive. Now, some of the old plugs we bought they fail. I
think it's k2cause of the shelf life or maybe there's some
moisture in them or sometHing like that. But all the 1979 plugs
are pretty successful, and I guess the Lawrence Livermore people
use the plugs and they're okay, too.

The endurance tests -- we are planning more tests. We
are buyving large samples, a kind of gquality assurance sampling
test to establish‘some “ind of confidence level on an ignitar.
We use, of course, a future installation of an igniter or a
replacement ignite:; and we prove 1t would work.

We feel very comfortable with the temperature require-
ments we've put on the igniters. That's important because we
want to prove that the igniter works.

The staff mentioned this afternoon that the spontaneous
ignition temperature in the ideal situation, dry air, is around
1100°F. Now, we are using about 1700°. Something above 1500°
is our criterion, so there's plenty of margin there, The steam
concentration does not affeét the spontaneous ignition tempera-
ture that much; according to some of the published literature
from the British research, t'.e steam concentration in the range
we are talking about might adé about £0°¢ or may be 100°F to
the spontaneous ignition temperature. So we have plenty of
margin, we feel very comfortable with the fact that you will

ignite. Certainly at the 8% and 10% range. And, of course,

ALDERSON REPORTING COMPANY, INC.
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we'll confirmthcse in our future testing.

MR. STREHLOW: I've got a comment here. Remember we
said that if you have a 2% hydrcgen mixture you'll probably get
low localized chemical reaction in the neighborhood of the
glow plug; they hydrogen would not burn but would be decompcsed,
it would oxidize; it wouldn't really be a flame. There's a
possibility that this might shorten the life of the plug
considerably, and if you're considering putting these plugs on
and leaving them run for weeks to make sure that there's no

hydrogen buildup that's geing to go to explosion, and vou soak

aw davs.

them in a 2% hydrogen mixture, they may burn out in a
#ad that's one ==

MR. KERR: You do not intend to leave them on ==?

MR. LAU: We have scme of the igniters in the lab and
we've been burning them for over a week.

MR. STREHLOW: 1In a hydrogen atmosphere?

MR. LAU: Not in a hydrogen atmosphere.

MR. STREHLOW: That's the point I'm making. I'm
making the point that if you put ther in a hydrogen atmosphere
of 2% or 3%, the plug's temperature will be higher than the
temperatures that you measure because of the oxidation reaction
occurring at the surface. And this will cause the plug tempera-
ture to rise above the temperatures. And the thing that burns
those things out is to get them too hot.

MR. KERR: This could be a prcblem in the long term

ALDERSON REPORTING COMPANY, INC.
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evolution of hydrogen, but I would guess that it's more likely

that that will be slow ard would be thought of as being taken
care of by recombiners, if recombiners are still in existence. ;
MR. SIEGEL: My impression was that this could be a .
serious point. If you're doing this for a couple of days, you're!
in a time that's short compared to where recombiners are in :
place but long compared to a deterioration time of the plug. ?
MR. KFRR: You may be right. '
MR. DILWORTH: This is George Dilworth, TVA. |
Recombiners . 1 our containments are in place. They're inside the l
,
containment, two of them, part of the design basis for this plant.
And we 4o not in*2nd to run the igniters for extended pericds of t
time. When the hyirogen is »roduced through the S2D situation |_
that we've been talking about tocday, after that's over with, thos*
9 burns, the igniters will nct be left on. The recombiners are ;
1
sufficiently capable of taking care of any small residual hydroge,
that might be released.
MR. KERR: FHowever, one should not ignore the fact
that nature does not necessarily recognize all of the S2D as
a possible method of evelving hydrogen, and it seems to me it
is possible that one might get something slow compared to *hat e
and fast compared to recombiners. !
MR. LAU: At one time, we considered spark igniters.

They are definitely a very efficient ignition source. We kind

of dropped it for our Phase 1 program, interim program, because

ALDERSON REPORTING COMPANY. INC. i
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we were not sure of the effect due to electromagnetic interfer-

ence, and we are contracting people to make a study and go ahead

with a design of a (?) or something of that nature and

maybe if it's successful we'll pick it up again. But, of course,
we have to worry about electromagnetic shield. We might also

ame burning. So that's being

(]

have a magnetic effect on the £
studied.

MR. LEE: Are these glow plugs used in any major

ways other than in diesel engines?

MR. LAU: I do not know of any.

MR. LEE: Just diesel engines? That's where the
are used?

MR. LAU: Yes.

MR. LEE: Are any controlled ignition devices in use
for controlling hydrogen in any industry?

MR. LAU: Of course, the Bureau of Mines has a lot
of -- something of this nature with igniters, but they're not
for hydrogen. They're for various types of gases. And there
are other industries, the chemical industry uses igniters, but
not for the purpose of hydrogen that I know of.

The Fenwall test will have a seven foot diameter test
vessel ., We intend to push droplets in it later on, and we
intend to have a fan circulating the atmosphere inside to make
sure that the burning is still there.

By the way, a couple days ago we had a kind of

ALDERSON REPORTING COMPANY, INC.
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shakedown demonstration at Fenwall. I hesitate to call it a test

because it was not one of the scheduled tests. And they put

about 12% hydrogen in there in dry air, and they got ignition.
They measured pressure pounds, and don't gquote me on the final
pressure we got because I don't know anything about calibration
Or pressure sensors Or anything like that. But they received

about a 67 psi gauge, which is pretty much what you'd expect

in an adiabatic burn in a closed volume with no venting.

12% hydrogen. The pressure rise was about.4 second. Since
the vessel was 7 feet in diameter =-.
MR. LAWROSKI: Where was the decimal on the second?

MR. LAU: Zero point four (0.4). Since it was

a seven-foot diameter, the igniters were put in the center, so
the distance from the éenter to the sides is about three or four
feet, so that would give you a flame speed cf approximately 10
feet per second, plus or minus. That's exactly the kind of
thing we're talking about,

MR. DILWORTH: Wang, just a minute. This is George

Dilworth again. To save time, we're going to have a more

detailed presentation on the 5th to the full Commi tcee of the

Fenwall test. I think it would be better to wait ui. _ that

time rather than receive a lot of guestions on those tests today. |
MR. LAU: Okay. Our schedule for those tests is in

the handout, and we intend to have a first phase of the testing

done by approximately the last part of September.

ALDERSON REPORTING COMPANY. INC. i
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The halon s“udy. We have contracted a contractor to l

study halon with Duke and ADP joining in that study. The major

thing to study, of course, is the biological effects if it's
virtually activated, and alsoc, whatever the decomposition product

may do to your system. r

hE

D]

« KERR: That doesn' a lot of study, does it?

w

MR. LAU: 1It's a very funny thing. This decomposition
product I understand will reach some kind of equilibrium.
At least, that's what the chemical engineer told me.

I want to conzlude by saying that we are using the

S$20 or MARCH code to study. We do not know that certainty
evolved in the MARCH code because TVA Jdoes not have the c;pabilitx
to generate the MARCH data., We are using the CLAS1Y code to

make the containment study. We are testing to make sure that

igniters work.

Qur approach 1is that we want o make sure that 2

hydrogen source be used that will find a fair range of accidents.

We want to make sure that the containment analysis using the

CLASIX code predicts situations that we can stind in our contain-|

ment, and we want to make sure by testing and whatever, the |

literature and available data, to prove that our assumptions

and things like that used in the computer model are accurate.

And we believe that that's a logical approach to the solution.
MR. KERR: Thank you, Mr., Lau. Questions? This brings !

us to a presentation from NSA by Mr. Miller.

ALDERSON REPORTING COMPANY. iNC. ;
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MEs MILLFR:s Yy name is Al ¥iller. I an
summarizing the workshop that we held in Falo Alto back in
Yarch, where we gathered a runch cf exgerts tc talx abdbout

containment stalility.

There is a summary ¢f that wecrkzher svajlarle to
anyone whe wantec it. I will leave this one here fcr the
committee if they would 1lix .

T will race throuzh these first slides. T think
that we will see tiie purpos-« This is the hydrocen burne.
se have a littl aore detal on tiat showln¢ the agrparent
procsure rite followed *y 3 cenaraliz inCreasze in
temrerature all the way arcund the containrent, scmewhat

iaplyine a generalized burn throughout the containrent, and

the tree Ptalan~e showine sovewhzsre zaround 57 percesnt matal
water reaction taking gplace there.

Thes2 are all in thes document, if you would like
more detail. I will not dwell on them. The conclesicns

fror our workshcp =-- these zre conclusions from our
workshep, and nct necessarily -SAC conclusicns. The first
cenclusion was that the Three Yile containment was rot

chzllenced by the hydrceen urn. t would not hav= teen

challenged if there had been 7% percent or even 1°C gercent
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large containments. There are ccale effects, and these

11 g0 intec what Avery is

b

should te studied further. I w

r

it later.we will talk

[

doing with respect to that a litt
about that a little bit lactere
t conclusicn was the third that

orta

The most in

o
o

the highest probability for successful mitication of
hydrogen accumulation problems was controlled igonition,

gerhags cougled with %th2 usz of wvater csprays.

The £iller ventin; concept received almcest nc
sSugprerte. Spark igniticn of hycrogen in concentrations less
thge R vescent sas unreliakbles -nhelfe is sore data Lty
Hockwell that show that they had scme difficulty icniting

hydrogen concentrations less than atout 28 percent in a
reliable manner.

The inerting cf containment atmosrhere is a
poscitle option but there it very great concern because of
the cccupaticnal harards that it peses. The experience in
India vas mentioned where they lost a few pecple.

The use of halon to suppress detonations was

talked abcut, tut again the questions that were rzicsed v

TVR were again raised here.

fR. LARRCSXYIs The~ regular halon.
MR. YILLEP: &EHalecrn 13C1 is the one that the Azta

WECSEXIs They mey to date neot have heen very

ALDERSON REPORTING COMPANY, INC

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



13

14

15

16

17

18

19

21

24

- 234

serious.

'

%P, YILL=E2;: Pulon is used guite a bit. I know

Thrce Yile has 2 halon sys*t-m.

)
or
*

£2v final wcerd:s cn the worx a
Avery, or vhat ve are proposinT to 2o at Rvery,

w2 are proposins =cme large =cale testino,

crotably at the Yevada test site, proltably in a2 S5C~-fcot
diareter epherce, 1°C psi st-el sphere, locking at the scale
effecte., There willi re rcor to put in fans, obstructicns,
promoting turrulence, testing uviffsrent kinds of igniticns,
iznitiors of vericus scorren, 2V€%arant percoeniag r c2zhars
*0drng ur to detonalrle rmixtures :y usiag subsatrmospheric
conditions.

That in a nutshell is about what T have to say.,

Ry LTRRS Thank yet, Yr. Miller.

“eferrinc tc one cf ycur conclusicns that igriticn
is unreli=ble in cecncentrations of hydrcgen less than ¢
per-ent for sprrk ignition, did you concsider only spark, or
4id ycu tal% adout ¢low-plurns, for exargle?

¥Pe PILLER: VYes. Sonme 0f that cdata is in the
blue beund velune. Spark iznition via the 2I werk, the

-

Atemic Tnternational work w:s not relizltle, whereas using =

detcnaltle mixture tc ignite was relialble, and ucing a flame
to ignite wzs reliakble at those regions, even dcwn to cr &

per-ent.
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M2. KERRs Did th= giow plug ge

*
o
<

2., YILLES: The work there was to lock ‘cr
pressure resgon<e, and not ignition tyres.

¥R. ¥FER:s D14 you vosrkshop tzlk sny atout uwhat
was deemed to re an appropriate way of conszsidering the
amount of hydr-gen involved s there a2 censensuys that conse
oucht toc consicer, 100 cercent metal water reac*izr, or 50
ot 7C, or 2C? Ts there an sprprocach toc how one nisht decide
on N argrorri~te anmcunt to Cconslgcery orf 4¢ vYecy Lhave any

SRe Y2LL"Fs That waz § subisct of tre wcrkshops

4 - - P
it, what are the resgconses.
> ol - B - -p 1 n S 3 ] -
¢ XYERP: Your conclusion is that rurnine locks
lik2 2 gromising aprroach, tut nore guestions need *¢ re

~

ansvered defore cne is cert=in of that
¥Re YILLPRE: Exactly, ves.

MP, ¥ERRs Ars ¢

0y
a
T
0
r
-
]
"
£
D
4]
fad
I
O
-
]

<
)y
+

s unreliabij

« LZEs Th

b

8 percent or below that, in light ¢of cne of thece clides
that ve savw earlier in the :fterncon which indicatzé a steer

increase in pressure scmewhere around - percent
concentration, io0es that mezxn that we have 2 very r"a2rrev

winiow in which we should cperzte our ~low pluccs?
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¥R, LEEs I

M2 . YTLLERs
second cparkplugs, arnd
glov pluas is cuestion

MR LAWROSKI
too, hydrocgen getters?

¥R. “ILLER:
workshogp.

“R. LAWROSKXI
You are gting t¢ have

¥R MILLE®S
and they did nct recei

(3eneral

¥E. LAWRCSKI:

battery. You have an

getter for this purros

kin® of fiaghtina the D
to take the hydrcgen o

¥P . GEEGORY:
inert the containment,

hydrocen is to *urn it

going tc inert the con

rif of the hydrcgen cso

The work at AI dealt with szarkplugse.
understand that.

€mall sparkplugs, 12C sparks per

the correlaction between that and the

able.

¢ Y2y we not also forget getters,

“e +t1lxaé adbcut cetters 2t +he
F i youn get oie that is trualy cood,
Sroklefs with axysens

e tz2lkxed about them at the workceshor,
ve toc much supporte The FED tycves

becauce it isg 2 fantastic LD rroiect.

inventory of hydrogen. If ycu hzve 2
e, wvouldn't yocu ac¢ree that you are
attle letween sorething that is cecino
ut withcut getting gocfed up.

I think that if not going to

YCcu are

then the best thing to do with

in 2 centrolled vay. If ycu are
tainment, then ycu still have tc get
mehcs, and then y2u would use a
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getter.,

¥R. 1LZEz: I this tvpe of tenefit out
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of our sprays, what kind of spray system do we need comrared

12}

to what we have right now?
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num:;ers are in here, but they were standard EWF ncecrzles in

existence. I have fcriotten ths nunmber. They were standar+

guarsnteeing that the sprayvysz will wvwerke.

-
]
~
1
)
“
Ll |
'
\

. adads 2ol 2 3 sUréeé that you could cptimizse
chate. tfyt there ¥zs no att:-mpt made in this study to

optinize.

Thera2 were questicns concerning the a2ctuzl heat
sink supply is not really :tig encugh tec give you that

pressure suppressicn. So there were guestions rconcerning,

was there a mechanical enecsvy transfer; was a 1ot of tre
energy c¢f that deflagrution gecing into actuzlly breakine the

droplet acart as opposed to actually heating up and

(A ])

vapcrizing the droplet. You really cculd not ace

O

unt <4 4

n a heat transfer heat sink

[

that presssure decrease jus<
type meodle.
There is certainly 2 lct of room ‘or

-~

optimization. This was Jjust u

m

ing standard EB“® gpray

-

NOZZ .ies.
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suppreszants

talked abcut

menticned bHv

that is

test with

hoping tc be

Septenber,

by our task forces.

of

bPunch of options

sence that

being done by

the one

plag wor

somewhere in that

“"irectors.
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L2AWRCSKI: ¥y acguaintance with the

-~ Were there any really good cnes that were

at the workshep?

oo wAd sk
cucl e Cda€

Wac

o

celfe,

him the Falon 1301, the CF3BR. T think

W2 s
most commonly in use
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FILL:ETs Tie

starting initi:l next summer, next

are2a. Ycney has been allccated

It hasn't Teen allocated by our Becard

e are looking for cc=fundingce. There are a

in the mill,.

YRRy Is your work coorZfinated

are gcing toc taxe full account ¢t

Livermere?
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EYECUTIVE SESSICN
¥P. X7FR: The executive session is ncw in

sescion. It is an open exscutive cessicne.

/1
’

3
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[ 1
17
n
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b
O
n

wculc like your comments c¢n

: AR P 3 . v W - . | S s - 4
raiced by ¥r., 1linsky, 1f 7¢3 have any at this pecint, si

ve must deal wi*h these as 3 ccmmittze 2t our next meeting.

Do you have any suggestions for me, cr the subcommittee?

Do those membters 2f th suktccamnittee have any

suggesticns as to approgrizte comments in resconse t¢c Vr.
2ilinsky's gquestions, the first one teing, "lces tae
comnittee selieve additional hyccsogen cecntrzol measares are
necessary for ice containmznts?"®
. IR« STESSs Riditional tec what?

¥RBs XTRRs T “on't kxnew. I zssume that it iz
additional to what now existse.

M5, STIESS: By wh:it now exists, dc you mean whas
was requi:a2d of Segqucyah? ]

¥E. ¥XERK: I am not suree.

MP. SIFSS: Wz vwrcte two letters in whatever nc
it was, July. “e wWrote one latter on “egucyak. Ye wrote

=

leatter to M-, “ilinsky in response to & question he had

P

raised separat=ly. )id we say anything in those letters

n
K]

ce condenser

b

about hydrogen contreol measures for

¥e, K2R3 de commented, I think, about th

v

(9

approach® thaz: w3is takine, and s=2id that it see-~e
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Y¥P, SIZSSs Wwe

a respense to him at the July meetinge. I don't have that in
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thouaht the conmmittee had a2 po

reguired for ice cordenser

mn

som~thing adéditional wa

wn TRR = 3 3 1e -
e KTRE3 YY int-rpretation of the lett=r, which

is to0fably nct 28 gecocd as ycurs ==
w - ol s e v - -~ - - - - -~ - - - -t .
- & - - @ - - - - ] - - - - T L - L <
1 > . 4 -~ - A e - - | " - % s } w - 5
iettere. Saic, 2 pgocsition, tut whether we have written it

down anywhere, T 4don't Xnos.
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becomes written down.

writtan on cther things, we hazve talked aboutr .avdrcgaen
contral feor ice condensers. Put specifically, T guess, the

guestion frem ¥r. Cilinsky is whether either of the letters

wn

wve vrcte on July 15, or wh=ztever it was, made a clear

positicn, or #hether we can cite something else, or wheother

we shculd write another letter.
wR, ¥LRR: Fe refesrs *C the letter of July 15tk ¢to
him on hydrogen control measures at Seguovah.
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2R, STESSs That is the letter I don't
front ¢cf me, or the fequoyah letter, fcr that mat

at the moment.

dhat 40 you think the committ2e's positien is
hydrcgen contrcl measures “or ice condenser containrents?

Didn 't we vrite a letter? “ave w2 aid anvihig atout

or Yark Il containrents on hydregen.

“¥R. XTRE; de have written a letter on

-~ T

"

o~
EN

~
"

Rark

lecsons

[N

oo

= |

(o

a

~ 3

t

on

learned in which we agrced <ith the stzff's reccnrendation

on inercting Xark I and Zark II centainmante. I d¢
rea=mnber our hayina mention ce condengers in X
let:'::o

N2. SIESS: Yy racellection is that we did

Vie XKTRP3 We dii not recommend inerting
we?

MRe STIESSe BPFee € rsacommended that thev
looked t.

YRe XIPRR: Yec,

- =

T

MPRe. STESS: There wac a strong indicaticn that at

least vwe thought that theres micht be scmething needed

done ablout ice condensers.

D, XFER: I think that that is the cas

-~

YT don't knowv whether Mr. Silinsky is ta

D
4]
n
»
®
0

the general case eor about S:sgucvahe. I %

by askirg, mayke.
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e LAWRBOSKI: When we talk about Seguoyah, that
is the immediate mcédel?
¥R. KERR: It seems to me that that wculd make

- =

t there will

-
- s

W

MEe LANROSEKTI: W= nust not Zcriet
be at Zz2ast 1C ¢f these things. Sconer or later we are

going toc have to bite the bullet.,

¥R, STESS: w0 Eh letter to Mre. Cilinsky, we

- ~ - " - 1 Yo -~ - -~
yorcgen 18 QlsCussed tOo schme extent in the cemrittee’'s
B - PO 1 - W o - - £ » *
- - 3 . - " v C e ~ LSRN - - .- - o -G Lo . - 3 “

look at the Segueoyah letter.,

I think that sometody needs to lock back further
tecaucse I'trou¢ht { sensed 2 pociticn -y the cormirtee that
ice cendensers, at least, had & probler.

- N
.\I_. (

m

R

o

¢ There certainly has been a ccncern
bout ice ccndensers.

¥R. SIESSs The Tcamittee in its March 11, 19&0,
report on the "“TOL items recommended +the licensees develcp
reliability asseesmzents for their plants, and that desian
stuiies of possible hydrogen control in filter vented
containments be required. This was mentioned inr the
Sequeyah letter.

awful

'
o
-
w
"
®
.

L ]
n
"
™
v
e

I dorn't =ee any gcsition

let of words, tut no posit

b
O
-
.
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MR. KERRs Do any of our conzultants have advice
for us at this point that they would te willing to

volunteer?

the ignition apprcach is the

Ww
ot

It s=ems to me th

huider to think of all of the as

"
Ui

ight way to gn. T really
yet unresclved ergineering rroblems you would cet into i
you tried to dc inerting, and =0 on, at thiz stzge cf the

gacs= in a system that was designed ¢t

1 am a little concerned about a pgroblem that was
menticned by, T believe, Cr. Strehlow, regarding the

poscilrili*y o0f the.dccts and th= turdbulent mixtures in those

fa
o
)]
n
0n
~
h
(9]
"

guasi-containrent, T

W

ducts serving as a sort of
directing some flame fronts, or something like, frcm ons
region to another. I am nct sure if I am sayina it guit
right, tut I think that that the is the substance of what he
said.

-

0 me it is kind of interesting that the locatien

==

eems to be a question cf

v

on

of the rlugs at this stage

convenience rather than mayrte the mcst strategic place in
which they =aight ke lccateld. I think that that can e a

dancerous converience tc accegpts I would hope that the TV:

people wcoculd lcok at it in more detzil and if there was" 't a
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more systematic way of going abcout locating those things.

Certainly, the ¢glcw rlu lock like the right

0

(9]

a
O
'

apprcaches T think sparkpluzs woculd cause all kind:

-9 - 4 - .y - i - - 3 p o &Y - -
pro:tlexs 113 control instruacntaticn and things 1ixe that

N

that we have nct even thought z2tout ye+ just becauce 0€ the
electrc-magnetic interference eifects.

In generzl, I thirk the idea of going ahead a=z the
staff reccemmends, recognizing trat at some point fairly secon

down the road =scme decisicnc are geoing to be avajilzble with

the glew plug agproach, and hcgefully tutting the 2lovw plug
in ncre propiticus set of lecztices ig the reasonzkle and
pru“ant thing to do.

MP., STEGELs I more or less second the comments

2re arn

W
.
L ]
it
e g
»
o~
*
Yy
®
N
[
O
A
-
2
o
Q
]

that Seale has -ads

Lo ]

appreopriste interim scluticon to be adopted. feel rather

strcngly that the vent systsm =-- vcy cannot move the glow

plu-s, the exists from thae vent system ought tc be somehow
adarted to be lccated closer tc one or mors glow plugs. I
personally would emphasize the =ore or sc, to give some
redundancye.

As ycu said, Dr. Yerr, I 4don't think we can fully
identi€y where the hydrogen is coing to come frem in the

next event, ou* 2t least there zre some plausidle rlacer

wvhere it might *e planned sor. I think that those planc
shecteld e coordiinated with the loczticrs of the glow plugs.
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I£ it is too hard to move th

vent system, tut compine the
tashion.

If this can be do
propose~ creration at one 2

less simuyltanecusly with the

vent 2nd glcw rlug system, ¢
the recormendations of the s
Cn the other hangd,
thing *eing an interim=-inter
operatics continges for son
glow gtlugcs come inte availar

-
]
I h
H

recemmendaticn, they
pecmitted to oo to 170 pe
sin~e they are in z testing
percent powa2r oreration rLetw
approval time is likely ‘o t
days.
i« STEGZLs what
particular recommendation is
impede 3

percent pcwer would

modifications to the glow gl

sore zdditisnal

n
[=
=
*
L4
n
s

chznges added tc the
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understand the

vent systen.
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e rlugs, then let's adapt the

m in scme reacsonalbly logical

a timely

- -
reesnt can

pevwer

installation of this ccmbined

hen I have no reservaticns about

tetfe

would 4dislike cseeing the
im measure where 1 gercent
extsNaEd =z=LdCu S=ZCLe @V¥en tihe
S LLEY S

£
staff's

recemmend

rcent pecwer with the idea that
phzze the total amount of 170
een ncw an~ the glow plug
e scmething like not mcre than a
cancerns a¢ about that
whether coperation at 1C¢
ny additional, hopefully, riner
ug array or the ins:callatien of
would rsther razve those
flan, cather than tc have those
INC.

202) 5542345
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changes impeded by the 1C0 rercent operation even for a
brief pericd,

PR ¥ZRRs I think the pcints you 2Are raisin- are

very goode. I den't know encugh about the ignition systea tc
kiew where the gplugs should Lbe put. it occurs to ne that if

you put them toc close tc the zource of hydrogen, at lezst
it seems to me in principle, to be pessible that ycu will be

ignitincg the hvdrogen in 2 situation in which the

a

concentration is considerably greater than if it vere
permitted to diffuse scmewhzt, which might be an argument

aga.uet puLiaLl 4T Nl€éal & V-NTs «i LiL+~ Cctaerl Nanda, 1r you

O
“
W
2}
"
3
Q
la
b
}J
'4
N
b
¥
-
g
O
-
1
3
[
(34
11
=
i

put it neiar the vent, then vy

earlier.
ahat 7 am saying is-that there are possi*le

trade-cffs heres which T would nct Xnow hew to answer on the
basis of what 7 have hecard so far.
¥R, STEGELs I fully -=gree with ycu. There is

som:= cptimum place, and that optimum plzce would e == Tt

o

would Fe extre-ely fortunate if that octimum wzs where the
emergency lightbu’'b hapgpened to be.

ME. LEEs M2y I make scme comments?

R XTrve

-

Pleas=s.

¥YP. I17Es I f:el scmzuiat less encourzgsd,

perhaps, about the igniticn system thap the twe gentleren

o

¢cf reascns.,

¥ho have commented on the syster, £

O
"
"
O
O
o
vy
P
n
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One is, even with the addition cf the ignition system, cne
may not e able to disregard the possibility of local
deconations, and with all the compartments, and so on, .ne
might have to ccatend with.

The cecond +oit Srcokhaven Na+ional lat

e |
t
-
)
D
1
- 4
w
(s ]
1

peorle reported that one misht have tc werry about some of
the £cam radding or cover that exists =round the ice
con“enser, and so on, and nct tased on my exgrertics=2 at all,

which is practically nothing in this area, but my 3yt
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1ttl=s 2i% uneasy
explore the possibility of using some cuppresc:nt. haleon
1301 cr some other mechanisz, or a combination of reverzl
possitilities.

Thos+ things, perhaps, should be expleored a little
bit mecra, pernars as actively, 2lthcuch I feel the issue of
ignition cystem perhaps has gone far alon¢ so *hat we should

cer-ainly try ocut more eith=r in the test facilities or alse

in the :ctual :larnt in some w

i
-
-

feel somevhat uneasy about the igniticn systenm

n respgonse tc one of my ear.lier gusstions,

[=s

partly tecause
if this type cof sys*em had =ver been uced with hvdrcgen. the
answver w#as no. 7To try it cut on a large containment for the
first time, I feel csomewhat uncasy.

Ll T
'y Iy - 4

GELs I would like tc add a comment, or a
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question that Yr. lLee's comments reminded me of. In reading
the descrigcticen, I, toco, was —ccncerned abcut this cne weord
description of the focam incsulation around the ice

condenser. In vievw 0of the things that we have heard abcut

tn
i

in sirrlanes and {n the svatem, that can be a very
susrect materizl, particularly if ycu have an atmosghere
that is up at 1200 fegrees or a few minutes.

We dii nct hear arything =%ocut thazt todar in

resconse to My concerns atbout what &lse haprens when the

atmosph=re getz u; to 1500 :‘egr-es for ceveral ninutes.

¥%. CREGCEY:s I woul: like t~ agree with the
general ccemmants that Wwere made over here that an icnitien
systsan does seen to he the way tc ao, »néd more consider=ztion

should e given to th tlacement ¢f the igniters.

T
L4
m
1 7]
b
L4
e J

In general, thers aras two standard ways of dez2ling
with fl=mmable r~ases leakin~ into spaces. Cne € +¢
deliberately eliminate the ignition sources, and the cther
is to deliberately icnition sources in a place where you
ignite the flarmable gas befcre it gets cut of centrel.

The orvious example that we are all familiar with
is in cur own gas dcmestic azppliances, the pilot flame, or
the srark igniter is always lccated very, very close t¢ the
burner. I think we have to iocck at the same philesophy in

the systen.
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It should Lte possibls toc make some pretty educated
guess as to where the most likely place is that hydrogen
will ccme out inte the containment in the event of various
typrs uf accidents, and to nake sur2 that there is an
ionition source risrt there.

I would like tc mzke cne ohservation trat would
bother me a little bit adbout glew pluss. Glew pluzs are not
normallvy used in hydrcegen isniticon or flzrnma®le cas ignitien
systems, whereas standing rilots and srark igrition systen

have gct a record of being used for this kind cf thing.

perhaps is not well establishes in the industry, it just
occurs to me that a sparkplug in an encine cperates mary,

many nj .lions cf time in its Yife, z2nd 2 glew tluz only

§oo
Rt

operates for a few thcusan? times in its life. I Sust
wonder if the spark system chould not :=, perhars,
reconsidered.

WR. X:RF: Any further comments on that?

YFo. SEALE: I will just cobserve that IFEF 275
control reod circuits are a reautiful antennaz, and mcre than
once reactors have lreen scranmmed recause o0f high frequency
electre-magnetic disturbances.

¥Re SIEGEL: 2ut hop-~fully the reaciors have heen
scr=mmec when these things zo cn.

¥YFP« SEALZ: That is right.

ALDERSON REPORTING COMPANY, INC.
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(4) Ice melt complete at 21 minutes
(5) Modified treatment of suspended water droplets

SUMMARY OF RESULTS
Ignition Burn Burn Flame PT PNFW PMAX
Point Limit Time, Propagation (1) (2) (3)
Case v/o Hj v/o Hp sec 132 psia psia psia
1 10 0 1 no 23 58 141
2 10 0 5 no 23 58 136
10 0 25 no 22 58 131
1X 10 0 1 yes 44 58 126
lX(S) 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
6X(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 | yes 24 41 111
17(4 10 0 1 no 31 79 146
18(4+3) 10 0 1 no 35 68 223
19(4»3) 10 0 1 yes 50 66 149
(1) Peak pressure prior to core slump .
(2) Peak adiabatic Hy burn pressure prior to core slump
(3) Peak containment pressure after head failure %Ba"e"e

Columbus Laboratones
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AALYTICAL EFFORT

- WesTinGHousE/OF=sHORE PoWwER SYSTEMS

- ABOUT/YEAR STWDY OF CRITICAL PARAMETERS FOR VARIOUS ACCIDENT
SCENARIOS TO DETERMINE CONTAINMENT RESPONSE

i “FZA“G QCY’Y ,\r\x (v MITED ™M =1 ‘:;\‘I‘l"_’l""\

U WO VYEL i/



CLASIX CAPABILITIES

1. VENT FROM UPPER COMPARTNENT

2. 1CE CONDENSER

3. RECIRCULATIOM FAN

4. DOORS - LOAER LNLET AiD INTERVEDIATE

5. IMDIVIDUAL REPRESENTATION OF 0y, H,, M, AUD Ho0
6. SATURATED AND SUPER-HEATED STEA

7. SPRAYS

8. Hy, il AND HEAT ADDITIONS

9., BREAK FLOW

10. BURN CONTROL



PRELIMINARY ANALYTICAL RESULTS

SELECTED SMALL BREAK LOCA RESULTING IN DEGRADED CORE
COOLING (SZD SEQUENCE OF WASH-1400)

PATE OF HYDRCGEN RELEASE BASED oN MARKH cooe cacuaTion (onseT
OF HYDROGEN RELEASE 3500 SEC AFTER ACCIDENT INITIATION AND
ASSUMED TO CONTINUE UNIMPEDED FOR 3000 SEC, RESULTING IN REACTION

OF ABOUT 707 OF TOTAL ZIRCONIUM IN CORE)

HYDROGEN COMBUSTION ASSUMED WHEN 10 VOLUME PERCENT HYDROGEN
REACHED

VARIED ASSUMPTIONS REGARDING AIR RETURN FAN AND UPF :
COMPARTMENT SPRAY.PERFO%NCE; AND ICE AVAILABILITY,



N

INITIAL CONDITIONS:

BASE CASE PARALTERS

VOLIES

TOPRATURES

PPESSURES LOTIC
ICE MASS C0De

ICE HEAT TRANSFER AREA

BUP! PACAETERS: b FOR IGNITIN 10 V/0
H, FOR PROPAGATION 10 V/0
0, FOR IGHITION 5 V/0
AIR RETURN FAIS: HUMEER OF FANS 2
CAPACITY OF EACH FA 4000 CRM
SPRAY SYSTEM: FLOW RATE 6000 GPM
TEMPERATURE 15 F
HEAT TRANSFER COEFFICIENT 20 BTW/HR FT4F
ICE CONDENSER DRAIN TEMPERATURE N F

BREAX RELEASE DATA

MARCH CODE



UPPER COMPARTMENT FAN

7N

ICE CONDENS'R

LOWER COMPARTMENT

" S s et

&

DEAD ENDED VOLUME b

CLASIX MODEL OF ICE CONDENSER CONTAINMENT
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TABLE 1, PRELIMINARY CONTATHMENT ANALYSIS SERSITIVITY STUDIES

TOTAL PEAK TEP. (°F) PEAK PRESS (PSIA)
BURGED (B)
KR ICE PR LR LPPER
CUPARIET  ED I, . Q.
L PAECRE 90 20 LW 1 %65  B.S
2.ty IGUTION 1050 1 w2 B85 5
AD PROPAGA-
TION & &
5, LAIRFMI Q0 20 BN I8 %5 25
b, N0 ICE® 850 M0 20 20 4 0l
S5, 10 AIR FAIS 1200 20 20 100 64 Q.4

* [CE EXISTS ONLY FOR THE FIRST TWO OF 7 BUKNIIG CYCLES.,
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TOPICS FOR FURTHER REVIEW

LOCATION AND NU'BER oF IGNITERS

Hy MONITORNG AHD MIXING

ABILITY OF IGNITERS TO FUNCTION IN TURBULLivi, FLOWING

ATMOSPHERE.
PROCEDURES AlD STRATEGY FOR IGNITER OPERATION

AVALYSIS MODELS
CLASIX

A, SOLUTION SCHEME
B, CONTAINENT MODELING
c. INPUT PARAETERS

AWLYSIS RESULTS
A. MIXING OF CONSTITUENTS
B, SENSITIVITY STUDIES

1. BURN CRITERIA
11, DIFFERENT H, GENERATION RATES

EFFECTS OF LOCAL DETONATIONS OR RAPID BURNS USING
CLASIX. INPUT AS A BOURDARY COIDITION TO CLASIX,
START FROM DETONATION,

PROTECTIVE MEASURCS FOR ESSENTIAL EQUIPFENT



DELIBERATE IGHITIGH SYSTEM (DIS)

PRELIMIMARY COUCLUSION:  SIGNIFICANT POTENTIAL FOR
MITIGATING THE CCrSEQUENCES OF DEGRADED CORE ACCIDENT
WHEN OPERATING I CONJUNCTION WITH EXISTING CONTAINYENT

HEAT REMOVAL MECHANISIT.



HYDROGEN PROBLEMS IN SEQUOYAH CONTAINMENT

INTRODUCTION

This letter report completes the_ggé_response to a request
from the Nuclear Regulatory Commission to critique the ultimate
strength analysis of the Seguoyah containment. This second
repirst 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 igniticn/detconation
of 300-600 Kg of hydrogen distributed uniform:y
and neonuniformly in the containment?

2. To what extent can distributed ignition sovrces

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
1980.



RESULTS

1.

a)

b)

300 kg of Hz 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 '),
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 H, would of

course have more severe consequences.

2

A nonuniform distribution of 300 kg of H2 priesent in
the containment would consist of parcels of ¢as
richer in Hz than the uniform distributicn. If these
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 nigh as the uniform distribution. Under some
circumstances, it would be possible to collect pockets
of gas too rich in H2 to burn. As the outer edges

of such pockets mix with air, partially combustible
mixtures would form. The results of igniting such

a distribution would clearly depand on the sizes of
the parcels and the timing.

It should be noted that narmless mixtures of Hz, air and
steam may become highly cmbustible 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.



2. 1If the rate of hydrogen formation is sufficiently low,
and the mixing of Hz is complete and rapid so that all
the gas in the containment gradually increases in H2
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 oanly delay containment failure.
Table 3 shows that a 1 percent per minute 2Zr reaction rate,
accompanied by the burning of hydrogen at its rate of
formation, would match the ~teady-state heat removal
capacity of the RHR equipment.

If the Hz is not thorougniy mixed, then there is a
possibility of igniting a detonable pocket of gas with an
igniter. 1If left to its natural end, such an Hz-rich pocket
could disperse below the detonation limit (20 percent Hz)
when its ignition would cause less of a problem.

Since the possible rates of generation of H2 following
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
Cetrimental rather than helpful. On the other hard, 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. 1In this
sence the use of igniters seems beneficial.

COMMENT

It is our opinion that the uncartainties in Hz generation
and mixing are so dependent on hardware details and scenarios
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-
phere in the containment, so as to avoid the hydrogen burning
problem.
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Figure 1. Uniform mixtures in the Sequoyah containment vessel.



TABLE 1. INPUT DATA FCR SEQUOYAH PLANT

1. Free volume of containment vessel(a) 3.2 % 104 m3
Weight of contained air at 27°C, 1 atm. 3.7 x 104 kg
Gram moles of air 1.3 x 106
Gram moles of oxygen s 105

2. Weight o\ zirconium in core(b) .9 x 104 kg
Gram moles of zirconium % 105

3. Yield of 100% Zirconiun-water reaction
Weight of hycrogen 836 kg
Gram moles of hydrogen 4.2 x 105
Heat of reaction(s), Ir + Hy0 1.1 x 10" joules
Heat of H, burn(d) (to form liquid 4,0) 1.2 x 1011 joules
Total L¢az of reaction + burn : .3 }O]‘ jouices

4. Mclar quantities and partiai air pressure
of saturated steam in containment

At 100°F (38°C) vapor = 8.1 x 10% moles = 0.06 atm.
150°F (66°C) = 5.9 x 10° moles = 0.25 atm.
200°F (93°C) = 8.4  10° moles = 0.78 atm.

NOTES:

(a) Seauoyah Nuclear Plani, Preliminary Safety Analysis Report (PSAR!, 5
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 1b.

(c) G. W. Keiiholtz, ORNL-NSIC-120, Annotated Bibliography of Hydrogen
Considerations in Light-Water Power Reactors, Feb. 1976, Table 1,
Heat or Reaction = 122 to 137 kcal/mole Ir.

(d) Lewis and Von Elbe,
p. 685, 68.3 kcal/mole HZO'



TABLE 2
HZ Quantity

300 kg 600 kg 836 kg

1. Percent Zr Reaction 36% 72% 100%
2. Moies H, 1.5x10°  3.10°  4.2x10°
3. Partial Pressure @ 300°k {atmospheres) 0.12 0.23 0.32
4. Molar Ratio é%%, Uniform Distribution 0.11 0.23 0.32
5. Detonatable (D) or Combustible (C)a

Mixture, no steam present C D D

6. Ho Concentration Multiplier Required
relative to uniform mixture?

a) to reach detonation regime 2.0 1.0 1.0
h) to reach stoichiometric ratio of
0.42:1 for Hp:air 3.8 1.8 1.3

7. Steam Vapor Pressure Required:D
a) to prevent detonation of uniform

. 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 1

(liquid water product) 4.3x10 8.6x10 1.2x20
9. Final 3h-olute Pressure ir Adiabetis

Combustion

(Initial A#* Partial Pressure .

1 atm, Initial Temperature 300°k)

a) No steam, 100% combustion 5.5 atm 10.0 13.3 atm

b) No steam, 50% combustion 3.3 5.8 7.3

¢) Steam @ 19C°F, 50% combustion 4.1 6.5 8.3

NOTES*
(a) Approximate, based on regimes outl:ned in Figure 1.

(b) /pproximate, based on regimes outlined in Figure 1, plus molar concen-
:raticns of saturated steam as a functior of pressure.

(c) Assuming products of combustion behave as ideal gases, and assuming
a constant-volume reaction.



TABLE 3. HEATING AND COOLING RATES IN SEQUOYAH CONTAINMENT

Time when Fission Product Heat (Cumulative) Equals Total
Heat of Reaction

Rate of Heating at the 1% per min Zr Reaction Rate
Ir Reaction
H2 Burning
Total

Rate of Fission Product Heating at 2 hours (when ice
has been meltes in DBA)

Steady-stateaCool‘ng Capacity of the 2 RHR Heat
Exchangers

Net Margin of Cooling Capacity (Beyond Chemical
Reactions @ 1%/min and Fission Product Heating)

NOTES:

3000 sec

18.0 MW
20.0
38.0 MW
27 MW

67 MW

2 M

(a) Sequoyah PSAR, Table 8.3-2 c.tes 2 heat exchangars, each having a

capacity of 1.15 x 10

BTU/h at specified conditions.



APPENDIX A

LITERATURE SEARCH ON EXTENT OF HYDROGEN
BURNING AND FLAMMABILITY LIMITS FOR MIXTURES
OF HZ‘ AIR, AND STEAM

In considering the effects of 300 kg to 6C0 kg Hz in the
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
comhustion.

EXTENT OF COMBUSTION

Kei1luoltz states that combustcion of 100 percent of tne
hydrogen will not occur until the hydrogen comprises about
10 vol percent of the Hz—air mixture. A partial combustion
data point of 50 percert combustion is quoted for a 5.6 vol
percent H2 mixture in air. This point is attributed to
Shapiro and Moffette (2), a refererce that we were unable to
obtain in the available time. However, Furno, et al. (8)
indicate about 90 percent combustior for an initial mixture
of 8.5 percent Hz as compared with 5~10 percent combustion
for mixtures of 6.9-7.4 percent Hz. If 300 kg Hz
uniformly distributed throughout the active volume of the
Sequoyah Unit 1 containment vessel, it would constitute a

were

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 H2 in air but at this concentra-
tion, Egerton (3) as well as Keilholtz point out that the flame
front is not céherent, anZ flame propagation is upward only.



Downward propagation begins with a hydrogen concentration of
about 9 vol percent (1), (3). Drell and Belles (4) state

that a 9 percent mixture will burn completely (a point to wue
compared with the Keilholtz 10 percent mixture for 100 percent
combustion). Even the lean mixture ion-coherent flames are
postulated to burn a mixture that is richer than the original
mixture, bscause the high diffusion rate of H, permits access
of additional Hz to the flame (4). The diffusion rate of H2
is also important to the dispersal of segregated pockets of
hydrojen, and will be discussed later.

STEAM DILUTICN

The effects of dilution by steam are pctentially important.
Drell and Belles (4) state that inert diluents have scarcely
any effect on tie lean-mixture limit of flammability, where
300-6Cy kg of H2 in Sequoyah would be, if uniformly distri-
buted. They claim water vapor has effects similar to COZ’
and they show data of Coward and Jones (5) (which we were
unable to obtain) such that only after more than half the
mixture is CGZ does the fraction of 52 required for flamm-
ability begin to increase. These findings are consistent
with the tern:ry mixture chart of Shapiro and Moffette for
Hz, air, and steam. wherein the lean mixture f{lammability
limit is at a nearly constant Hz fraction as the steam content
increases from zero to about 50 val percent.

DETONATICM

Shapiro and Moffette indicate a triangular shaped detona-
tion regime in their ternary mixture chart, a regime bounded
approximately by a 19 vol percent Hz line at the lean mixture
boundary and a 45 vol percent air line a2t the rich mixture
boundary. Although the original reference was not available
to us, it appears that the authors constructed tne detonation
regime by extrapolating from data on dry mixtures of Hz and



air. We note that Drell aind Belles show the range of deton-
ability of H2 in air from 18.3 vol percent to 50 vol percent
H

2° We could find n» information cn the effects of inert
diluents on the detorability of hydrogen-air mixtures, and

we note the caption on the Shapiro-Moffette ternary mixture
che it: "Assumed Detonation Limits." We conclude that the
effects of steam on detonability of Hz-air mixtures are
essentially unknown. The nearest information we could find
was cited by Keilholtz, and this pertains to detonations in
dnallgas-team mixtures (6). Knallgas is a stoichiometric
mixture of H, and 02. in reference (%), experiments indicated
that a minimum of about 65 vol percent Knallgas in saturated
steam at 100°C was required for detonation. This would

correspond to about 44 percent H,.

el

Tha cccurrence 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
detonation precisely.
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APPENDIX B

HYDROGEN-AIR MIXING BY FAN

Air recirculation fans are provided in the fequoyah con-
tainment for returning air to the lower compartment after a
postulated Llowdown. Two such fans are provided, each having
a rated capacity of about 40,000 cfm. The purpose of the
fan-inauced recirculation is to convey steam produced by
residual heating to the ice condenser, if the emergency core
cooling system shouid fail (failure of the ECCS is also a
.Situation that could permit a zirconium~-water reaction angd
hydrogen generation). The design basis for the recirculation
system is an air f{low rate of 40,000 cfm, corresponiding to the
operaticn of one fan. Some parameiers related +o mixing and
burning of hydrogen in an air flow of 40,000 cfm have been
calculated, and are presented in Table 4.

The air velocities in the ice condenser and upper plenum
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% HZ' This
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 zircorium reaction are plotted on the ternary mixture
chart. Eachk 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-H20 reaction and the latent



heat of vaporization of water. 1t can be seen in F.gure 2
that the yield of Zr~320 reaction rates in excess of 2% per
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-
arios in WASH 1400.



Table 4. Air Circulation Parameters

Nesign Data From Sequoyah PSAR
Number of Blowers
Capacity of Each Blower

Ice Condenser: Flow Area (net)
Height
Annular Thickness

Effective Circumferential
Length

Lower Compartment Active Volume

Total Containment Active Volume

Derived Parameters, for One Blower Operating

Air Velocity: a) In Ice Bed

b) In Upper Plenum of
Ice Compartment

Air Reynolds Number in Upper Plenum

(kinematic viscosity of air
@ 50°C = 1.15x10-2 £t2/min)

Air Residence Time in: Ice Compartment

: Lower Compartment

.

Total Active Volume
of Containment

2
40,000 cfm

1,326 £t
48 ft
11 ft

267 ft

2.87)(105 ft3

1.24x10% £¢3

30 £t/min

14 ft/min

2.6x10%

1.6-min
7.2 min

31 min
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Introduction

TVA has a testing program which is being corducted at TVA's
Singleton Laboratory to obtain preliminary information about

the performance of commercially available igniters. The purpose
of these tests was to screen alternative igniters and to gain

a degree of confidence “hat the igniters could ignite hydrogen.

The tasts were not run under normal laboratory test conditions
since the objective was tc identify which igniters, if any, were
most promising as subjects for more detailed testing and
evaluation. Nontheless, TVA gained considerble information and
assurance that commercially available igniters could ignite

hydrogen.

Preliminary Screening

A number of igniter types were evaluated, ranging from high
energy spark igniters to large diameter (1-1/2" I.D.) heater
coils. Although the spark plug type igniter was considerec¢ an
excellent candidate for this application, it was rejected prior
to preliminary testing due to potential problems with
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
considered at a later date for use in Sequoyah unit 2 or Watts

Bar.

Two other potential candidates, both coil heaters, were rejected



3.0

after the first one, a large diameter (1-1/2" I.D.) ceoil, could
not reach sufficiert surface temperature, and the second one
failed a£ the connector in less than five minutes. Therefore,
testing was restricted to diesel engine glow plugs, since they
were known to be capable of achieving the 1500°F minimum surface

temperature desired by TVA and because of their rugged design.

TVA determined that at 12 volts ac, acceptable surface

tamperatures could be achieved but that considering line losses,

4

variances in system voltages, possible plug cooling due to high

1
-

=

humidity, and other effects, TVA would need to operate the

s )

gs

- .
at 13 volts ac - 1 volt.

Since the possibility existed that TVA could overstress the plugs
by overvoltage, TVA consulted glcw plug manufacturers and
identified two types of failure modes which cculd be expected.
The first type of fajilure 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 tc 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 glow plug may continue to glow; hcwever, the

surface temperature would drcp significantly.

Description of Glow Plugs

Glow plugs manufactured by three different comparies have been



u.z

levels boll un the primary and secondary side and at the
plug were measured by a digital voltmeter (Fluke model
number 80244), and the current levles were measured by an
;mp meter (Triplett model nuzber 10 type 2). The surface
temperature of each of the glow plugs was measured by either
a thermocouple (type S) connected tc a pctentiometer (Leeds
and Northrop model number 8630-2) in contact with the
surface of the plug or by an optical pyrometer (Pyro model

nuzber 85). A total of 12 plugs have been tested to date.
Surface Temperature

A GMAC model 7G plug was cperated at 12, 14, and 16 volts
ac. Surface temperatures as measured by th. thermocouple
were 1480, 1550, and 1650°F, respectively. Since the
thermocouple would be expected to increase local heat loss
and hence reduce the measured local surface temperature
of the €hin-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 a2t 14 volts

ac and getting 1720 = 15°F.

A Bosch plug has been tested at 13 volts ac. It produced
a surface temperature of 1700°F as measured .. an optical
pyrometer. Based on these results, TVA concluded that the
diesel glow plugs could produce the desired surface

temperatures.



' 4.3 Voltage Tests

Voltage tests have been coxmpleted on only the GMAC model
7C plugs. Based cn tests on 5 CMAC 7C plugs, reliable
operation at 14 volts was confirmed by two cother 7G plugs

failed at 16 volts ac after a few minutes.

Inccnclusive testing on 2 Bosch plugs resulted in failure
when operatad at 14 volts ac; however, one Bosch plug
operated satisfactorily at 13 volts ac. One Isusi plug

was tested at 14 voits ac but lasted for only 20 minutes,

‘ 4,4 Extended Operation

Eandurance tests nave been performed on only two plugs for
extended periods of time. A GMAC model 7G plug was operated
continuously for 148 hours without failure and was later
used in the hydrogen burning tests. A Bosch 10.5 volt plug
was operated at 13 volts for 90 hours, then cooled down

for two hours and tdrned back on. It has been running
continuously after being reenergized since August 20, 1980,

at 10 a.m.

5.0 Hydrogen Testing

One igniter (AC 7G) was installed in a "PARR" (229HC6-T315-031579-
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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
concentrations in the vapor phase were determined before and
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 3320
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, AST™ 9C) thermometer. Temperatures reported are ambient
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.
Future Tests at Fenwall Laboratories

TVA and Westinghouse have contracted with Fenwall Laboratories

to perform hydrogen burn testing on the 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 designe” to prove the effectiveness of this



.gniter assembly to burn a volumel .c quantity of hydrogen in
environmental conditions which « -ximate postulated accident

cornditions inside containment.

7.0 Conclusions and Summary

The purpose of these tests at Singleton was o select a
commercially available igniter that was capable of igniting
hydrogen. From the results obtained, the GMAC model 7G glow
plug produces more than adequate texperatures at a range of

voltages that can be provided inside the Sequoyah containment.

In addition, the plug seems capable of extended cperation at
high temperatures and has been shown in smll tests to be able
to ignite 12 percent and lower volumetric quantities of hydrogen.
Although it has not been tested as thoroughly, the Bosch plug

appears like it may also be an optional igniter.

E50239.06




TABLE 1

HYROGEN IGNITION TESTS

Initial Final
Test Vessel Tgmp. Hyd. Conec. Hyd. Conc.
No. Contents (°F) (% Hvd.) (% Hyd.)
1 dyd., Air 90 12.5 0.1
2 80 7 0.1
3 8o 3.5 0.1
y Bvd. Air,
Water 120 12 0.1
5 180 14 0.5
6 180 - 2.5
7 180 2.5 1.5
8 180 1.5 1.3
9 180 1 <
10 180 5 2

Vessel Volume 1.1 dm3 (0.039 ft3)

Uperating Voltage 12V dc

E50239.07

Ignition
Intervals

(Min.)

5

S

W

1.3



ATTACHMENT 1
SUMMARY
SEQUOYAH PLANT

HYDROGEN IGNITER TEST TLAN

(9 Introduction

The following describes tests to be conducted on a type of
hydrogen igniter to be installed in the Sequoyah Nuclear Plant.
The igniter consists of a "glow p%ug" as used in diesel engines,
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
concentrztion levels. The tests will be 2conducted by Fenwall,
Incorporated, at their facilities in Ashlard, Massa:husetts.

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
nerformance monitored.

1«1 Purpose of Tests

The primary purpose of the tests is to demonstrate that

the igniter will initiate a volumetric burn of the hydrogen
for the specified ervironmental conditions (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:

. Data generated are internally consistent (i.e.,

ignition at 8% consistently produces low pressure
rise).

2. Data gathered confirm theoretical predictions.
3. Igniters reliably ignite mixtures at high (12%)
concentration and provide relatively complete

combu. ion.

2. Description of Igniter

The igniter is a General Motors Ac Division Model 7G glow plug



(thermal resistive heating element) requiring 14V ac supply at
a meximum of 8-1/2 amps. The surface temperature of the plug "
as measured by an optical pyrometer should be a minimum of 500
F. TVA has measured 1720 F surface temperature on one of the
glov plugs at their facilities. The igniter is powered by 120V
ac stepped down to 14V ac. The power transformer is a Dongan
Electric, Incorporated, Model 52-20-187 specially wound
transformer having the following characteristics:

*120V RS AC on primary side
14V RMS AC on secondary side
200V A Min.

Class H (High temperature insulation)

Open style with 18" flexible leads s
Certified capadility that transformer will operate at 220
c.

The igniter and transformer are mounted a2s 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.

Description of Test Facility

The tests will be ccnducted by Fenwall, Incorporated, at their

facilities in Ashland, Massachusetts.
3.1 Test Vessel

The igniter unit will be tested in a spherical vessel in
excess of six feet in diameter. The 1n§erna1 volume of
the test vessel is 1000 gallons (134 ft“). The vessel is
constructed of carbon steel (exterior) and is lined with
stainless.steel. Thezvessel is designed for a working
pressure of 500 1b/ft”. The vessel is equipped gtth five
diameter access ports (four on circumference, 90" apart,

and fifth 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.

3.2 Instrumentation and Measurements

The vessel is ins.rumented with two pressure transducers
to monitor the pressure including the pressure transient
during the hydrogen burn. The output is carrier amplified
and feeds to an oscillograph device. Thermocouples are
provided which will monitor vessel atzosphere temperature
prior to and after a burn. In addition, a thermocouple
will be used ‘o measure the temperature of its heated
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4.1

4.2

surface. Gas mixtures will be formed using pressure
instrumentation and a partial pressure method in which a
given gas is added until the appropria.e partial pressure
is indicated. Sampling capability exists via a 1-inch by
1=-foot lecture bottle. Hydrogen and oxygen analyzers will
be provided to measure pre- and post-burn concentrations
of these gases:

0,. Analyzer H., Analyzer

Manufacturer Hays Republic Hays Republic
Model A 00632 SH-A-00643D
Range 0-5%/0-20% 0-5%/0-20%
Accuracy + 1% F.S. + 2% F.S.

Test

Plan

Identification of Tests

The unit consisting of the glow pluz and erncased 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
will be adiusted with pressure and temperature as specified
and then the igniter turned on. The pressure transient
will be recorded and the mixture analyzed for H 2and C,
content prior to ana 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 15/+° a will be covered
at hydrogen concentrations of 3 and 12-volume percent.
Initial temperature wil vary from 180° F (dry case) to 350
F (superheated steam) with most of the tests being
ccriducted at saturation temperature corresponding to the
pressure to be tested. In addition, a fan will be located
in the test vessel io provide drafts of S5 and 10 FPS in
the vicinity of the glow plug to simulate turbulence which
may be developed in the vicinity of the igniters.

(o]

Further testing will be developed based on the outcome of
test series #1, and may include addition of an instrumented
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.

Test Procedure

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

are as indicated in Table 2. In one of the tests with a
steam environment, the glow plug will be energized after

the steam, pressure, and temperature environrent conditions



are reached, but before hydrogen is added, and allowed to
stand for two hours. Then the glow plug will be
deenergized, hydrogen adjusted, and then the glow plug
energized. The purpose of this is to aliow for preburn
exposure to the environment.

4.3 Test Schedule

The test schedule is tentatively planned as follows:

Facility Preparation 8/18 through 8/29
Test Series No. 1 9/1 through 9/5

Subsequent Tests §/8 througn 9/12
Test Evaluation §/15 througn 9/19

DEO1;SQNHYD.AA



TABLE 1

TEST SERIES NO. 1

. : Total Hydrogen

Pressuret® Concentraticn Fan Induced

Test Temp (°F) (Gauge) (Volume Percentage) Flow Jpeec (fps)
1 180 0 12 0
2 180 0 8 0
3 Sat temp 6 12 0
“ Sat temp 6 8 0
5 Sat temp 12 12 0
6 Sat texp 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
1 350 12 12 0
12 350 12 12 10

#This is the total pressure due to air, hydrogen, and steam. For tests
1 and 2, the pressure will be higher than 0 due tc the added hydrogen
partial pressure and the evaluated temperature.
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PERSONNEL HAZARD DUE TO INADVERTENT OPERATION

SYSTEM DESIGN AND INCORPORATION

_11-






STATEMENT IN RESPONSE TO QUESTION -

DO ICE CONDENSERS NEED ADDITTONAL EYDROGEN MITIGATION SYSTEMS?

The nuclear power industry and NRC have identified many lessons in

the ™I-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 number of changes have been identified. Some
were implemented almost immediately, some are in varicus stages of
implementation, and others are the subject of intensive study or
planned rulemaking. The issue of the effects of hydrogen generation
from degraded cores was considered by many, including TVA, as one

¢f the more important raised.

We are adcressing 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 Sequoyzh design. (TVA Nuclear Progranm



Review: Sequoyah Nuclear Plant and tae report of the President's

Commission on the accident at Three Mile Island, November 1975.)

TVA moved immediately to fulfill that commitmezt by committing
significant resources to the issue. That effort continues and at
this point has resulted in a significant study of degraded core
accidents and their mitigation, in a long range plan to further study
and act on the recommendations of that study, and in installaticn

of an interim distributed ignition system. We feel tsat the steps
taken and planned to reduce the likelihocd and minimize the extent

of core damage events, when coupled with the plants' inherent
capability to withstand substantial core damage (about 25% metal-water
reaction), would provide a sufficient degree of safety for the short
term until TVA's and others' studies could be coxzpleted. However,
since TVA is committed to make feasible improvements in the safety

of our plants, we proceeded to install the interim distributed
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 capzbility 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

has significant capabilities to withstand a range of core damage



events; and that the int m distributea ignition system increases
this range of capability. ’'= are firmly committed by policy, by staff

opinion, and by actual wz:l to take the lead on this safety issue.
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