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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
¥ - *
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
SUBCOMMITTEE ON REACTOR RADIOLOGICAL EFFECTS
* * *
Room 762,

1717 H Street, Northwest,
Washington, 0.,

Tuesday, 10 March 1981.
The meeting of the Subcommittee on Reactor
Radiological Effects was convened, pursuant to notice at
8:30 a.m., with Dade Moeller, Chairman of the Sub committee,
presiding.

PRESENT FOR THE ACRS:

DADE MOELLER, Chairman
HAROLD ETHERINGTON, Member
STEPHEN LAWROSKI, Member
I. CATTON, Consultant

M. STEINDLER, Consultant
D. OPTH, Consultant

F. ALBAUGH, Consultant .
M. KABAT, Consultant ;
JOHN C. MC KINLEY, Federal Employee '

ALSO PRESENT: !
Messrs. Kelber, Silberberg, Denning, Wichner,

Kress, Bell, Mynatt, Pasedag, Lee, Kuhlman, Gieseke,

|

E

Malinauskas, Campbell, Sallach, Elrick, and Sherry.

* * *
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MR, MOELLER: Gocod morning. The meetins will now
come tc crder.

This is 3 neetinr cf the Adviscry Committee on
Reactcr Safeguards Subcomaittee on Rezxcter Jadiclogical
Effects. 1 am Dade “celler., The cther ACFS memhers here
today with us are, on ny right, Stephen lawrcski and Harsold
Etherington. “e a2lso have with us a team ¢f consultants
consisting of Ivan Catton, Martin Steindler, Don Crth, and
Fred Albaugh, glus filc Kakate.

The purpcese of this meeting is toc discuss and
continue revievw of the NAC reevaulation of the radiolecgical
source terms tc re used in accidents analyses. The meeting
is reing conducted in accordance with the crrcvision c£f the
FPederal Adviscry Committee Act and the Goverament in the
Sunshine Act. Yr. John C. YcKinley ic the designated
federal emplovee fcr the meeting.

"he rules for particigation in tcday‘'s neeting

<3

ALDERSON REPORTING COMPANY, INC,
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YR« YCELLERs Ccod morning. The meeting will now
come to crder.

This is 2 meetinc of the Adviscry Committee on
Re=cter Safeguards Subcormittee on Seactor Radiologicel
Effects. I am Dade ¥oceller. I he cther ACFE members here

today with ue are, on my rigcht, Stepher lawreoski and Hareld

a team of ccnsultants

o

LN
[
(24
- g
o
0

Ztherington. e alsc havs
consisting of Ivan Catton, Martin Tteincdler, Ton Trth, and
Fred Albaugh, plus “ilo Kabat.

The rturpose cf this meeting is to Qiscuss and
continue revieaw of the NR(C reevaulaticn ¢f the radiolcgical
scurce terms t¢ be used in accidents analyses. The meetine
is being cenducted in acceordance with the provision of the
Federa.l RAdviscry Committee Act and the Government in the
Syunshine 2ct. Mr. John C. ¥cXinley iz the designated
f£ederal emplovze Icor the neeting.

The rules for particigation in today's meeting
have teen anncunced as part ¢f the notice previcusly

-
-

published in the Tederal segister cn Tebruary 22, 1981, =2

tcanscript of the meeting is -eing kert, and it is requested

~

that each speaker firet ilentify himeelf or herself and
speak with sufficient clarity so they can te readily heard.
4@ have received no requestc £¢r oral statemants

frcm members c¢f the pudlic, anid we have received no written

ALCERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE, S W., WASHINGTON, D.C. 20024 (202) 554-2345
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be availadble, the first draft, cn the evening of larch 6th,
lact Friday. 2néd indeed, it was available as indicated,

I think that, Yel, you deserve, I am sure, z lot
of the credit, plus your team sugpgorting you.

Well, ve will move on then to the interchange with

(e

the stzff and the first perscn on cur agentda is the NEC
staff introduction by Charles Xulber.

“Re LAWRCSKIs Could I ask 2 guesticen?

¥R. ¥OELLFR Yes, let's take z monment.
“B. STILZ2ERBERG:s We are missing twoc peorle.

4Ke LOELLER: Doees the subcommittee have any
comments or remarks?
¥R. LAWECEKIs whrat ever harrened tc the dudicicus

service with which we occasicnally cot reporte like this,

LY}

usually, the “ederal. Express cr what have ycu., .: this did
come cut on the 6tii, it would have been nice fcr scne cf
us., I would hzve had at least 2 week to look at it.

¥R, ETRTRINGTON: I am leoking at it for the first
time.

¥R, LAWECSKIs last night, wher I arrived at ny

hotel rocm, was the £first time that I savw ite nd it is a

fyirly thick reporte. 7 knew on past occasioneg we 4id have

such a service., <2 that a art ¢£ the rudzet cut?

Y8, "C XINLEYs “e,

e e

A5« CATTON: TFTederal Zxgprecs wnn't make 1t.

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



1 ¥R, LAWPOSXI: Whatever kind of service it was,

2 bdecaucse it was poscible to get the stuff the next day.

3 YRe MC KINLEY:

Yee,

4 YR, LAWROSKI: I must say, from what lirtle time I

5§ did have last night, I do agree with you, Ted, that it's a

6 tr-mendous effcrt.

7 ¥MR. ETHERINGTON: I 40, toec.
8 YR. LAWRCSKT: Alsc, from a guick glancing of it,

® I was impressed by the amount ione anc what arpears to me a

10 rather evenhand2d treatment of the information on the rart

11 of net only the NZC pecple tut the centractor peonle that
12 ¢they h2d assisting them in the preparatiocn of this. 7Tt was
18 not = cne-csided attempt in anv way, from what T cculd

14 detect. I think this is tc te commenced.

15 YR, YCELLER: Ar~ there other comments from either

16 sutcommittee members or consultants?

17 (No response.)

18 ¥E. NOELLE®:; I think, then, why den't we Just
19 sirply take a chort break until Charles ig here?

20 ¥Re SILRERBERG: T appreciate that.

21 YRe YOFLLEF: 2Recause I think we're ahezd cf
22 time, S0 let's Just take 2 braak.

23 (Zrief recess.)

24 VR, "OFLLEPs Th= meetine will resunre.

25 @ Wilil dcve fcrwari then with an intreductery

ALDERSON REPORTING COMPANY. INC,
400 VIRGINIA AVE, 8. W, WASHINGTON, 0.C. 20024 (202) 554-2345
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statement on behalf of the NRC staff ry Charles Kelber.

P, YELPEF:s Thank you, ¥%r. Chairman.

¥y name is Charles Yelber. I am acsistant
directcr for advanced csafety technolcgy research in the
Cifice of Research. I shzll make a very brief introduction
today cf what I think is a very productive effcrt. I am
very pieased with the wori that Yel Silberterg, Sich Zherry,
Walt Fasedag froem NEPF, and a number of otnhers, rlus a
significant number of our ccntractors 4id. I think it is &
very gcoeud repert.

¥e Met our deadline for the final draft repecre,
and we hope yocu have had an cppertunity, although we
recognize it hag -een b%ricf, *o review at leacst the Key
portions of i*« This is a1 significant dccument addressing
an issue that has attained scme prurinrence, but which has

alwavs been a major issue in reactor zafety. That is, the

(& N
=

gical scurce ternm.

8]

sl

nature of the ra

Today Yel Silrerterg and Fich Sherry shall cpen

"

our rresentation with a review cf the points from the
iatroduction, summary, and conclusions of the repcrts Then
the contractore who were instrurmental in prerzarine this

t wkhich faorm the

(22

their repc

"

O

sport will prcvide Zdetails

rn

for the cenclusicns.

r
L}
(o
0

a

ind T would reccomnmend that vyou hold the detailed

n

~
-

t

o

L3}

actcr rresentat.ich,

0

guecstions of youy review £cr the

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S W, WASHINGTON, D.C. 20024 (202) 554-2345
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discussed the conclusions of the report and its substance
with the manacement of the Cffice cf fecearch. &ind I
believe that he hasg the confidence and support ¢f all cf us
in making his rresentation.

-

I am sorry that can't remain with ycu tcday. I
have anothar meeting a little further dcwntown to a0 to. I
hope to be able to get back to you later on the series cf
raviews.

So T would like tc turn this neetinc cver now to
¥Yel Silberbers.

MR. MYOFLLER: One question, Pr. Xelter., Tc what
degree has the rerort alr=ady underjcne review? Cculd you
give uc some idea?

¥R, YELPERs Yel can give ycu the details, rut we
have significant reviews, colleaizl ceviews between the
chapter editors, other Xey consultants, and cur own staff.
We have not at this time received any of the incdependent

peer reviews. This is the first c¢f tham., The recular

ot

we

4]

research review grcur meeting ig scheduled feor nex K2

and these two ravievs, yours ind the review arcug meetinge,

L

are constant tc the majer indevendent reer review. And

.
s S !=HECS¥I: Yoy =3ild you are having a meeting
.

ALDERSON REPORTING COMPANY. INC,
400 VIRGINIA AVE., S W, WASHINGTON, O.C. 20024 (202) 554-2345
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en it next week? ‘Yere the pecple cent this by mail, reqular
mail? '

¥Re YEL2ERs Exnrecss mail, They should all have
it, including the overseas gpeople shculd all have the
repcrte. We have tried to establish appropriate means of
communication for issues like this.

¥R, LAWRCSEKI: Ceculd we have, or is there already

a list somewhere o the people yocu have asked?

¥R, ¥ELBRER: ¥Yel Silterdbers will cover that.
“Re CILZERZFEG: I will cover where they ccnme

frome.

*Be YOELLZXs 3iny cther guestions or comrentes?

Y“Bes 2OELLZEs Thank you.

YEe XEL2ERs Goc? lucke

¥R, YOTLLER: W2 will mcve cn +then te the cverview
and summary of the ccnclusicns ty the repeort Lty ¥sl
Silteckterg.

M

s )

o SILEERBE®Cs Thank you, Yrs. Chairnane.

As Dr. Xeller has noted, Rich Shrerry and myself
will 4ivide up the introducticn, summzry, and conclusizsns,
and the summacy ©f data bage linitzticnas. FTirst -=- and we
really aren't goianc to dwell on these gointses

we will e akl= to do is fccus what we think are sore ¢f the

"

L |

mores important conclusiencs and scme ©F the mora

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S W., WASHINGTON, D C. 20024 (202) 554-2345
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points that we have found in the study.

I would like to intrcduce things ty summariczing
some of the Dbackaround, the key points that vere related te
what initiatec th2 study -- in other words, the issues,
technical guesticns that started the study -- and the baszis
for proceeding and then what we found in relatiocnsnip to
those issues and guestions. #nd then as the rest c¢ the
morning and afteraocn =volves, we will be playine throuch
each cne of these in the varicus chacters.

Yow, azain, let me suggest that it would re very
helgful, I ihink. tc ycu and us if we leave the details for
the speakers €from the contractors. They have, in effact,
done the licn's share ¢f this work. They are the teorle whe
have made the 2analyvses and evaluations and calculationsz, and
they have made the conclusionc.

311 that We have attampted to dc ig faithfully
r2pres~nt those conclusions up front. I relieve we have
done that. &0 any conclusicn that we will state will have a

basis later on. !nd if indeed you can't find that dagis,

L&

please note that, and we will certazinlv try to maie it

viziltle if we heven't alrzady dene z0.

=
‘<

2%, one thing you will not= imrediate

we have chiuged tne title af +the repcrte

- =

cur own review “cllcwinar

1y

-argely, 4t the == afte

"

ALDERSON REPORTING COMPANY. INC,
400 VIRGINIA AVE, S W, WASHINGTOIN, D C. 20024 (202) 554-2345
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the meetins on the €th with the subcommittee and the full
committee, the consensus was that among ACRS z2s well ac
amongst ourselves that the title of the repcrt needed to ke
changed tecause it didn't represent -- the wheole t*title
really didn't represent what it was atout. Thisg isg the
objective again *riefly stated, and that hasn't changed.
That has teen the same from the lPezinning.

(31i4e.)

& second area objective, of course, of the werk
wasg to, in adiition to providing informatien, the hrest
technical irformation available, tc also gut tcgether an
uncerstanding cf what areas were there gaps and where were

we limited a

o+

this pcint in teing a2hle to provide the Test
technical information. ¥z were atle to do that slso as part
of the study, and T think that's an important part of the

study. 2nd this was noted in your letter to the chairman.

"2s LAWPOSEXI: In the title that yotu have for that
r=port, vYou said "release.” I guess the new titls, which is
not the sare?

¥R+ SILEEZEBEFRGs VYes. The reason vhy -~

astects to it 2nd that's eee

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE, S W, WASHINGTON, D C. 20024 (202) 554-2345
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whether to maks it "release” or "bdehavior."” It wasa't
really clear. "Relea2se" can mean a lot of different things
to different c=ople, and we tried =0 =--
f. LAWRCSKI: 1hat did you want tc have meant?

YR, SIL3EREERG: We wanted tc state that €rcm the
time fission precducts are *orn, released frorm fuel during an
accident, £find their way throuah the primary system, hcw the
chemical behavior might chinge, the ghysical tehavior aight
change; and then if they 5o into the cerntainrent, what is
their =-- what are their characteristics in containment? And
then finally, %nowing all <hat, what might be available for
a release fror containment on containment failure cr on the
le=2kage?

So we used the wcrd "behavier” tec kind cf cover
the whole thing.

Y%e LAWROCSXI: T thought thzt you had "releace” in

1

the title, I =ee it is “"tchavier®™ ip the copy in front of
thought you said ycu had changed +he title,
¥R, SILZFRPERGe What I meant wags we chznged it

from lazst months' title.

do emphasize intenticnally the trangpcrt tehavier a2nd

chemistry o0f redicicdine Icr tliree sort ©

x
m
(3]
L
"
"
»
n
o}
=<
in
o
)
2
1
=
[
<
n
L
b
9}
+
T
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ot
=
¥
"
@
-

straigzhitfap,

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



10
11
12
13
14
18
18
17
18
19
20
21
22
23
24

25

13

potentially a major contributcr to public expesure., It has
been the focus of analysis procedures over the gast number
of years. And, as you recall, the technical issues and
questions raized vere, mos*t cf them, cn icdine.

{S1li‘e.)

ind so we felt that it was necessary to address
iodine in parsticular. However, as T 4ried to explain last
time, without having the results of the information in front
of me -- and T think you will zee tcday that the ccntractors
4i4 an excellent Job of really goirg into the natural
iesior product remcval mechanisms which have alsc heen in
issue, including the aercscl generation, aglcocmer~tion, and
settling, as well as the effects of a ccndensing cZtean
envircnment on aercscls.

“ow, in that sense, ty treating the asercsols in
some 2etall to the limits cf ccur ability within the state c¢f
technoloay, ve have, in effect, physically incioded all of
the cther particular aeroscls, as you night evrects *s ycu
will see later vhere we backed off ¢rn the fissicn product
species, primarily tecauses the infermation was lacking, was
in the chenistry, the chericstry 2f the indivicusl sgecies.
Sc fission profuctes, whethar it's 2% cesium icdide or 2ny of

th: other individual srecizs, 2re treated 2§ aarczcls. And

hd
-

0
LS
r
]
®©
'.‘
=
£
[
<
'J
£
e
W
"
'!
1]
"
0
O
|
L
Y
D
. 3
W
<
D

1

)
L&
.l
0
9
. 3
[
,b
3

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



10

1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

thz mix, that's going to te addresced later on. That's
ancther point., Alszc, we did use guite a spectrum, a
reasonable spectrum of accidents, and it covered a wide
range of conditions and enzineered safety feature failures
and degrees of corz damage.

And we note alsc that we did not cover all
seayences or & super-large numter. Ard that will te
explained later on, toc.

(

(8]

li‘e.)

404, let ae ¢go guickly tec the four issuee that we
think are the basic fcr what we have addressed in the
repert, wxie the fccus ¢f the report. The first cne deals
vith chemical forms. 1Is cesium icdide, rather than
elemental iodine, as has *cen assumed in the past, the
predominant radioiodine form reileacsed freon the fuel during
sovere accidents?

The ~onclusion in the report ig that the curfent
data rase, with scme gualification, suppeoerts the cenclusion
thert cesium ictide is the a2xpected predeminant icdine forn
uncder postulated liacht water reactor accident cecnditicens,
althoush the formation ¢f zome elemenzal icdine cannot be
precluded under certain conditions. :iné teople will dwell
on that later 28 we g€ ints chapters on chenictry,

€0, in short, thleg woculd say we don't think vou

can eliminate icdine at thie roint. i1 Aidn't say what

ALDERSON REPORTING COMPANY. INC,
400 VIRGINIA AVE.. S W., WASHINGTON. D.C. 20024 (202) 554-2345
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amovut, a1t we don't think that icdine can be, in itself,
eiemental iodine, can be remcved from the Pcokz at this
point,

(Slides)

Llet me state =-- T just realized, making my last
statement, I might have been treading on regulatery impact,

and that is the subject of another repcrt which will address

2]

thise Sc T want to caution myself on how far want to use

my ccnclusions.

Issue number 2, cince cesium icdide is less
volatile than elgmental ic4iine and is nuck more soluble in
water, is release ¢f icdine during postulated reactor
accidents currently being overestimated? "“hat we fcund was
that the assumed form of icdine, either cesium icdide cr
elementz2l icdine, do0es not have a aajor influence on the
estimated jodine relesce tc the environment for the
risk-4cmimant accidents. *nd I den't want to ¢c irto this,
*ut this will come out latsr cn. Cc we dcn't neel to =0
inte 1ts

ind these are particularly the onesg where large

releases regardless of the form, zenerally early ccntainment

£ailure, or near =2arly containment £ailurs. 'nd +here
4 3 . i - -
hacn't bSeen encuch time, as T see it, fcr the cecsiun icdide

ot

£orm that is celeaced intc the containment, nct %+hat which

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE, S W, WASHINGTON, D.C. 20024 1202) 554-2345
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advantage. Anc that's a sisple way of putting it, tut that
will *e clarified.,

Yow, however, for less severe accidents, the
effect of iodine chemical on the predicted amcunt of icdine
released tc the envircnment is mere preonounced, and the less
savere accidents are orviously those whe-e there is a
preionderance cf water lef* in the system; for example, such
as T¥I-2. To that is where the =-- we think that 15 where

it's ir=portant, the chemnical fcrm is rmore important.

R

{Slide.

o TLLEP: Ani a2lthouagh you don't rezlly cay

th

O

it, ycu mezn in that last centence that th effect is cne

reduction in the rela2ace?
MBE, STL=EERTEG: VYes., Yes. I telieve r£c.
¥R, YOTULLEFR:; You mean the 2ffect ic mrere

sroncunced, you m=san in a faveralle way?

YR, "TLESZRR2ERG: In 2 favoratle way. Yee, Thank

SHEEPY: Mel, I would Just like ¢ zdd cne

less severe

iy

*thing. TFor the maljecricty of the cases £oF th

accidents, if ycu assume %he chemical fcra of iodine is
cesiym icdide *hen there will he necre attenuaticen. Hcwever,
éor certain spscific phencomenz, primarily 1 +he cecntzinment

[

J . - » 2 . . - . 2 =
nehaviecr of iccine, we havz found that in certaln cases the

oéine rercval rate wculd Se

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., SW ., WASHINGTON, D C. 20024 (202) 554-2345
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faster than cesium iodide in aerosol forme S0 it'gs not
conpletely =traightforward that cesium iodide is always
better from the attenuaticn standpeint.

MR YOELLERs: HWould you identify yoursalf for the

ragorter?
YR, ZHERPY;:; I =m Richar? Sherry, YRC Pecearch.
MR ZILEEZREERGs “hzank vou,

Tten Yumber 3 had to dc with the guestion ofg
dave naturzl ra2movzl grocecses reen acdeguately accounted €fecr
in previcus and rast studies guch as reactcr safety
studies? That parhaps most severe postulated zccidents have
been overpredicted tecause thece iltems have nct been ==~
thz2gse processes have not heen taken intc account,.

The results of the study do nct support the
contention abkcve that the rredicted ccngeguences for the
savere acclidents have teen overpredicted by crders of
macnitudes in rast studies. For =xzampgle, the analysis in
this report indicates that the test ectimate atttenuation
factor for icdine is between atout Z and 10 for <hre
risk~-dcminant accidents; that is, fzen 10 to £0 gercent of
the ccre inventory of jcdine cculd re released %t¢c the
anvironment. *nc, again using the 9o0st advanced mathods
that we have znéd ac T will note later, rezlly puzhing the
st2te of the art on the study, the several crders cf

masnitede 2ust cza't rte surctortel, Lt dpst does not have a

ALDERSON REPORTING COMPANY. INC,
400 VIRGINIA AVE., S.W., WASHINGTON, D C. 20024 (202) 554-2348
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gecod technical basis.

I¢ there is information cut there for scmething
thiat is missing that might bring that abcut and it is not
obvious tc us at this point, then one will have tc have the
data as well =g a modelinc that gces alonz with it that
allows one tc include somethino that we really can't take
into account yvot.

(Slide.)

YR, LAW3CSXIs I

U]

that guestion a falrly worded
one?

¥R.

n
4
te
o
15 ]

REZRGCs Actually, zhey were generatsd in
two differant wavs. In one, they were seneratad, That

-

guesticn evelveg from the _evinson-Zohm paper 25 well as
from Lr. John Ce S+t2hr's presentatison crn the 1Eth, Che said
several orders of magnitude. 2nother said from 17C tc 10-%,
I thiakes S0 we Just sald "ceveral or“ers of magnitude.

¥R, ITEEZRINGTON: Can you guantify zoughly the

rizk-dominant accidents? Which ieg the domirant accidezt, cg

which are thev?

¥, STILZEFRESG: Ckave =ich == that is coir? to
Pe covered by Tre. Denny but =~

’%, STUERTNCTON: I wirhdrawvw the guestich, kip
1ta

YR+ CLLBEPEERG: Finally, in the letter t2
Chairrman lheacne b5y Malinacegkae, Stratten, &nd Camgiell, 2

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



19

1 very excellent point was made; namely, Questicn 4: Will the
2 encineered safety features, ESFs, designed for icdine

3 contrcl te effective and optimal for the actual icdine

4 behavior rather than the tehavior currently assumed? And

§ how will these enaineered safety features perform under

6 postulated severe core damage and core meltdown accident

7 conditions?

8 tnd the report conclusicn ics that the

9 effectiveness and rerfcrmance of the different FSFes varied

-

10 for different accidient sequences. That is -~ now, that may

11 be a littles difficult to understand, and when I wrcte it
12 yezterday T said to nyself, "Yo one is geing to understand
13 th

”
te

w

14 "yt 18 we get inte Chapter = and you will hzve an
1§ opportunity tc see what that =means, tut what it s2ys is that
16 some 2ngineered safety features did very well, cthers d4id

17 me'ium to low, and there wns cne, I think, that Wae very

18 poor. Anc that's what I mean by dependinc on the accident
19 sequences

20 (31lice.)

21 "ow, lat me Sust ncte something about the pecple

-

ok

o

14 -~ -3
glides 4T 4 -3 A"

22 who centributzd to the report and o to

o
.

n

23 I would like tc note a correcticn on Zhagter

ia ]

24 in your draft, In Chapter £ *here were two charte
'

i

- 4 - - -4
angdis ang Jares gll TToN

28 co-leaders, Tick Zlder fronm

ALDERSON REPORTING COMPANY, INC,
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RiAga Yational latoratery., éEiv

chemistry 2nd the aguecus chen
I went to note that.

here, "ut wzuld alsc like %o

particiation was organized and

vhu war indeed very helpful in

Ridge work.

-

I would also likxe to

things. In spite cf the sever

particularly dcwn the homestretch,

on= vchone zall from any ©f the

meet the schedule. I just wan
ceacord.
¥e have alzoc notad i

the limitaticne, =cme cf anhich

constraints of the study.
sure that sur centractores zre
toc gualify whz2t they have done

that it was their

b
LS

reccgnizes the schedu

grheduy’le as ar cut.
The teanwork cocpers:
avxcellsnt. T Zon't teliavs
ithout 1t. =

e mzia

pxceaded the initial soals

“owever,

iding ur the vagpor-rhase
istry.

Secondly, 1t is net shewn

note that the CTak Sidge

directed by Dr. Fred Eynatt,

pullina together the Zak

ackrovledge severzl other

2 pressure for tine,

we never received even

team about rot hreinoc atle to

t that tc b~ nected €for the

n the regors ain scorve of

~a
-“o.

o

were the resultes ¢f tire

w2 won't == and T am

not 7oing te -~ use s=chedule

think they are satizsfied

and I ¢think that evervone

3
ot

¥ 2 WC uze

the lzhs was

ameng

could have made the pregrecss

wa

ALDERSON REPORTING COMPANY, INC,
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December when the study was initiated. Zome cf the werk
recresents new effcrts and extentions of availatle
inform:tion. Tet me Jjust list some of these =c that ycu can
look for them as we prcceed through the repcrt.

One wars &z reevaluaticn cf fission preduct releassz
fractions and rate data to yield a revised release nmcdel.
Vew acssessment of the ecuilitrium cherical therrodynamics
for cesiyr-iocdine-hydrogen-g-+-am systems.

The £iret evaluationr of the effect cf cendensing
steam environment on aeroscl Dehavior for a sgecific
accident sequence; namely, TMLE primeisnd, to my Xnowledge,
and I know the calculationes are still perhape teing made ~--
the first evaluation of aercscl behavicr fcr a EWi. There
may he others that will gpecr up.

I just want to ncte tnat most of the new
evaluations of analyser were develcped during the last twe
veeks of the studv. 3And 3t that time, I could sense : great
deal cf enthusiasm cut in the f€ield that the contractors ==
for the kinds of informaticn they were getting and some of
the insichtes they were getting in 7ow thinjs were turaing
cut. And I really believe that we didn't run cut cf time as
much 2c we ran sut of inferation. Thet's really what
believe, I believe we went right uc ae far as we can tell,

stors of =he state cf the art and really

"
=
i
=
(54
&=
a
i
&
o
o
0

ALDERSON REPORTING COMPANY, INC,

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




10

1

V2

13

14

18

16

17

18

19

20

21

22

24

25

There are c2rtainly impreovements and
entellishments and diffzarent ways cf gresenting the data,
and maybe a f:w more calculaticns that we cz2n make, and wve
may indeed make in the next week or two to Fust round thincs
out. 2ut I am not all thut conceined about not having that
information at this point,

(S§1ide,)

Tinally, Jjust l2t me ncte scmething abcut our peer
review process, which T micht tell ycu, tock wcome time to
develcps e are even getting phone calls from arcund the
cecuntry frem people who would 1like a copy becauses they would
like tc comment and so forth. And ac best we can, ve are
serding peopls corpies.

We have indicated to them that it is coing tc be
difficult for then at thig point to te zart cf the formal
review proress., We welcoms any comments they have, but as
fsr as meetiny on the 17th and 18th, there were ¢cing to te
timre constraints cn Just naving the pesorle that T have
liste?d here, %s~ttine involved in the rzer review,

Now, T hzve list=2? the peer resviewers by the
following catezoriss, and T will try to name some of <zhe

anéd I mavy miss scne.

£
i
0
< 3
O
by
v
€
th
ot
¥
O
n
U
~

nantes in
2ut on the independent review side, we have receple
like leo ®%rever from the Tniversity ¢f California-Zerkeleys

we nave Dre. llzyd Zumwalt, prcfesscr emeritus at Yersth

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., S W., WASHINGTON, D.C. 20024 (202) 564-2348



10

1"

12

13

14

15

16

17

18

19

21

5

24

25

Carolina State University. We've gect Tavid Garvia, 2r.
David Garvin from YES, who hesds ur “deputy directer of a
secticn cn chemical pghysics. ¥e have ~= althcugh we list
him also as a TCE lazd reviewver -- we have fichard Wallace
from Savannah Fiver laloratcrizs.

ind we have others whom we czn't really now claim
as independent, but nevertheless they are well known in +he
field., 2nd I feel that one can get as independent appraisal
from them as rossible. Certainly, somebtody like Fob
dillyer, trom HEDL, whe has tremendcus tackgrcund in this
ar=a whom we've used before on revisv 2rougs. Carl Johnson
from Argonne *ational laboratory. Denald Schweitzer fron
Brookhaven “aticnal laborztecry. We've invited Tave Canmgpbhell
and Tocany Yalinszuskase ANé 8ill Stratton hasg, if you will,
laz reviewers. Although I muct say that in the stretch,

when things cot exci+ing, "ave Camgbell and Tony “alinauskas

o

pitched in and cffered advice and contritutions tha2t were
infeed very, very helpful. 2and, again, another evamgle, I
think, of scod teamwork,

“e hzve industry reviewers,

representinge TFFI; we have Dee Walker representine

Testinchouze and 77%; and *hen we have rerresantatives fron

GE, L%, and Ccmbustion Encineeringe. e have rchert Fitzaan
€rom €21, Ae hav: invited PRarry Jtoreswitz from 3Al,

ALDERSON REPORTING COMPANY. INC,
400 VIRGINIA AVE., S W., WASHINGTON, D.C. 20024 (202) 554-2345
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ncw we have five 2ut of gix acceptances, very enthusiastic
cocperation from the fcoreign ccuntries. We have Tave
Torgerson from 2ECL in Carnada. ©®=rian Ainscouah frem UO¥AEA
Spring Fair lah. We have a Yr. Devillers from CEA, who is
vesponsible for the radiological werk thers. WwWe have 2 ¥r.
Icshikawa from JAEETI in Japan. And ¥r. Pevell <rom Swedien,

We alesec will represented by federal agenciec. e
are still in touch with EETA and trying o make contacs
theree. We have NES, of course, and 27FE will e representad
by themselves as well zs one of their lalbs.

T have listed as others the follewing: There will
be an chbeerver from Vuclear Ffafety Oversicht Committee =--
thzt should »e == YRDC has teen invited. UCZ is sendin
Cordon Thompscn and 2cb Alvarez f£rom Tnvironnental Folicy
Institute has ‘teen invited and will attend.,

Zasicallv, than, that cgncludes mv rresentaticn,
Mr. Chairman.

¥R, YOELLER; The lecst synonym, or whatever you

"
=4
L3 ]
1
b
n
t
¥
i
(a4
]
e ]
o
1
~

call §

Sciences, haticnal 3Academy of Sciences yet?

- e - - % P % . 4 -
HSe SILZERTEEG: T thought akeus it, and I “ust
1 . - 4 o ‘. i 4 - - - L 4 :
haven't really come to griprs with it. s thinn I mishe @9
. > w3 ) : -
thats I think zhat is a ¢ood suggestion.

ALDERSON REPORTING COMPANY. INC.
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Re ALEAUGHEs Where does th.s committee it in
this 1ist?

YR. SILBERBERGs Th=2y wauld be under “"Federzl
Agenciss.”

¥R, MCELLERs Any guasticns for ¥el?

-vrC
nr

<
o
.
e
=
(7

KIs 2nybedy from Harwell? VYeu
mentioned sometedy from Sgringfield, but Parwell is the big
recearch ==

4%, SIL2ERBERGs I understand that, What we did,
Pre lawroski, is ve ccntacted our contact at UKAEER 3SRD, and
tnis is what was offered, and T am sure it's rszine to hre
fine.

YR, YOELLER: Th=z nex%t rresentation ig :y Battelle
Columtus then?

TRs SILZERBERGs Ne« I would like to introduce
Zichard Sherry, who will do the second half.

~

YEo. YCELLERs All riohte I think whern Tichard

o« ZHERFYs My name is Sichard Shecry. I am with

tha NEC Cffic> of Research. ihat I hsd planned t= do *oday
is g¢c over the sSumMmarye.
"Fe NORLLERS “anve it ag 2cud as you can, TiledER.

e« THESEY: What I rlan to d¢ today is cecver the

i3
*

-
4]

13

=
*
v

tr
»
n
v

-
e
i
ot
'
ot

summary, the -crnclusicns., =n

ALDERSON REPORTING COMPANY, INC.
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which are presented in Chazter 1 of the report. T won't
sp=nd zuch time on the summary, tecause the individual
chapter needs will cover this later on in the cresentation.

(51i%9.)

Thies is taken from the table of contents. I* 3Just

indicates what the various charters contain. Chacgter 2
describes basically the mecharisms with fissicn prcduct
infornation within the fuel and a numbler of Other suljects
dezling ¥ith the health 2ffects of radicacrive materials
barrierz, v21leasing these materials, et Cetera.

Chapter 3, where it gresents a ﬁgsc:i;tion of the

! in the zanalveis of

- N

accident sequenca2s which were use

fissicn product transfer, zlsc, it goes inteo sone detail in

ot

the desion of various type nuclear stear supply systers,
centainmentes, et cetara.
Chaster 4, we reallv Segin the discussion of

€icsio product ralsase rehavior. In Chapter 4 we have a

(£

s
®
(9]
n
"
'A—
L8}
(e d
b
0
3
o
"
=
=
®
"
W
h
(=8
“
n
=
o
& |
oy
"
O
(&%
c
0
ot
14
w
o]
"
'—‘
O
0
w
o
0 1)
BN
v
e J
"t
=
]

fuel rode, how they micrate, how they are releazsed under
accident situaticns, et ceterae.

In Chapter %, the chemicstry of cesium icdide and

th
(2

-
ad

2%

aw 2 iszion productc are 2iszcussed. There are *uo

i)

r

=
(54
n

“

3in sudbsections in this chapter. Cne is secticn on vapor

8]

phase chemictry, 2nd anothar zection, suksecticn, on *he

- - i - > : 44 - - . | i
SelAVICT 9 19Cineée 1N aguecus goluticns.
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(Slides)

In Chapter €, the transport tehavicr c¢f fissicn
profucts when they are treleasec from +the fuel and during
their transport through the reactor czolant system are
discussed. PBascically, in ¢this study, we used the TRAP-VELT
cecde to do thizs analysis.

in Chapter 7, the mechanisms of figesicn product
trangpert within the containment are discucsed., "he varicus
computer mcdels that have been used in the study are
desscrired, and then a number of calculaticne are cerformed
to determine the attantion of varicus forms of fissicn
products, particularly vapcrs, et cetera.

ind then in Chacter f, the 2rfectivernecs 2f eight

di‘ferent 2ngineered cafety feetures are zddrecsesd for a
range cf accidents and fcr different chemical fcrwe of
iod4ine.

(Slide.)

‘that I wopld like %0 40 now 1l o gc inte the

tant conclusicns from €h

P
=3
i
O
"
B

discussion of the more
chagters dealing with fissicn product relcace and transgport
behaviecr. Thersze %“egan wizh Chapter 4, which, as vnun recall,

review was

om

th= releace from the fcvel. Turing this study
madis cf tha experimental evidence for c¢r smainct %he
chemical form of icdine released frceonm the fuel. This reviaw

indicared that there wes insufficient eviience tc Mmake a

ALDERSON REFORTING COMPANY, INC,
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determinztion cne way or ancther whether cesium icdide was
the dorinant fcrm released cor =2lemental icdine.

Also, in this study the egquilitrium thermodynanmic
calculaticns performed in the past were to determine the
chemical form of iondine unter conditicns equivalent or that
you would find in the fuel cladding ¢ap was examined. These
calcuations indicate the predominant form of icdine shculd
te cesium iodide; and the remainine cesium, which is nact in
the €nrm of cesiur iodide,; should de in the form of either a
compecund w#with U02, a cesium urinate; and 2lsc there shculd
be small z=mounte of cesium in elementzl form irn the gas
phase.

Ancther £inding in thie ctudy wae == excuse ne,
l2t me back up for a seconi =-=- baged on three of what we

consider2ad the becst releaze f£from fuel experiments, a new et

h

of ralease rate astimates wer2 made fcr the cesium products

bacsed on these exreriements. Usinc these new relecase rate

0

estimates, total releaces fcr %40 accident cesquences w=are

n
D
n

determined. These were then ccmpared with the relt relea
presented in the rsacter safety study.
safety study, we found that the releace ¢f iodine in cesinm
juring the in-vessel core Teltdcwn phase Was nearly

conplete.

ALDERSON REPORTING COMPANY INC,
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Chapter 5. T¢ what extent did seoczle at least lcok into the
chemistry of tellurium, since it iz a rrecursor tc iodine
and, of coursz, its chemistry could have guite an effect c¢n
thzt part o€ the jiodine that would come as a result of decay
of tellurium aiter the accident?
%o CHEREYs Okay. We briefly looked at in the =--
as I will get to in the next chapter -- we loocked at the
behavior of tellurium in a tellurium=-cxygen-hydrecgen gas
system, And I will get tz that.

YRe LAWROSKIs So it ig ia that?

#“E, SHERRY:s It is in there. Although

-

1en't
believe we did any calculations of tellurium dehavior where
we had uranium present like you would find in the gap

SPECe.

YRs ZELL:s There is no tellurium in the ocap

“R. YOEL1E2: We can't heuar you. ©Give us ycur
namne, t00, nla=zsge,

YRe WICHNEIRs 30* Wichner from Cak Rit=2e, There

but, in general, the guestion as possdi dces not =-- there is

not sufficient tackorcund infcrmation to address that

gu=stions And T will repose that gquesticn in my ta2lk.
¥Re “CELLER;  Thank vous
1T+ SHZRIY: Usina thege relasasge rzte estimazes in

ALDERSON REPORTING COMPANY, INC,
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our study, we found that we czlculated that the releases ¢t
tellurium actually vary, and strontiun were significan+ly
higher for the in-vessel r-leace period than we calculated
in the reactor safsty study.

£lso, using the relezcse ratz estimates, we
calculated the total aeroscl masses rsleased up until the
time of the failure of th2 lower ccre structure. For the
two cazes analyzed we calculated 770 and 1480 kilcsrars
aercsols released in vessel,

Jsing a correlation ceveloped by Sarndia
Laboratories, we calculated the aercscl release during melt
concrete interactions for thesa two acrcident sequences, and

ve calculated 3 maxinmum of S$1C additicnal cr 810 Xiloaranms

n
0
ot
(6]
]
<
n
0]
n
m
'<
'
o
'J
‘—l
=
"
D
.

of 3ergcscl generated during re
(Elides )
The major conclusionz frem +<he chapter on fission

profuct chemistry are listed here. ae perfermed 2 -- or

=

Sandia and QOak PFidge rerforned calculaticns

vh
O

t the
io“ine-cesium~-hvdrongen-oxy~en system cver a wide rangs cf
conditions, temperatures, ccncentraticn cf variocus species,
in toth reducing and oxidizing ronditionsg. Aind these

ae-czgciym=-ctean

»3
[
-3

calculations indicate that in the iz

. - -
515‘2 TEM -

m

vy d
. t2afh=nycdrogen

r
it

ths 2ominegnt erecicse

tn
in

i

i
o
-~

would e elemantal iodin iodide, and hydrcocager

N
~
O

2cl

[

-
h

£ ot oA
deoCilee
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It w2s found that the elemental icdine dominates
in oxidéizing anvironments has reen assumed, ard in reiucine
atnospheres and a+ lower temperatures the cesium icdide

dominates. Thzse calculations alsc indicate that the major

cesium species in the gas rhase in the primary system would
ke cesium hydrexiie, cesium oxide, and ele~:o=<: :1 cesium.

We also 2id the calculations for the =-- to
investigatas the predcminant szecies of tellurium ani the
t2llurium-oxysen~-hydrogen zystem, and it was fcund the*
tellurium oxide would te the only significant telluriunm
species that we found to be stadlz.

The conclusions frcm the investigations intc the

behavior of icdine in *he agueons sys<en indicate that at

v

equilitrium the iodine will exist prefcminantly as icdide cr

"y

iodade =pecies, partition coefiicient ~- that is, the ratis
of concentration in a ligquid phase te *he gas phase -~ for
agueous icdine at* equilibrium will e at least 100,00C.
conciusiors about noneguili*rium icdine partition
coefficient, partitioen coefficients, z2nd nonequilitrium

iodine chemistsy are subjects ¢f large uncertainty tecause

nonequilibriun iosfide partiticn coefficientss These uwonld
indicate that a range ¢f 100 == taat's 17 £06 the fifth ==

~OERLZON REPORTING COMPANY, INC,
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¥R. SHEERYs =~ nct 100 and & =~ would re
appropriate to these ccnditions, arpropriate estimates for
noneguilibrium icdine partition coefficients.

The last two conclusions were based on <he
assumption that I2, or or slemental icdine, forms the
initial form of iodine. Hcwever, if the iodine is initially
released from the fuel as cesium iodide, then the partiticn
coefficients would be much larcer.

1 review of the zvailable data cn the fornation of
organic iodide under accident conditions, a review of the
test informaticn that is availadle was done. This material
vas reviewed from 2 more r2alistic viswpoint. And Dbacsed on
this review, i4 was ccnclided that the test estimate fcr the
fractional conversicn of the elamental iedine for two
organic iodide should be less than one-tenth of a percent.

(Slide.)

d8s STETIUDLERs Hew éid you define that partition
coefficient? C(Complatemens: of a gaz?

“Re OHEPRY: HRizhte It is the concencration of

h

1iquid over corcentration <f the gas., That includes 2ll of

the icdine species except “he or'anic icdire fraction.
elementil iodine it's not 211 +the icdine speciec, was it?

i ;c"ne to methyl

oY
o

eleamen
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“2, KXARAT: Fave you made an estimate the interval
or on how long 2% will take for elemental iodine tc get in
at equilibrium to form the IuINE plus ICL2?

e

0]

FE2R3Ys Wcoculd Cak RPidge -~

‘Re

r

ELLs Very little kinetic data fer that
rezction. An?, no, we are not prepared to make a half-life
caiculaticn on that reaction.

¥E, ¥ABAT: Have you ccncidered hydrolyeis as the
process involved in dissolving elemental icdine invclved
there? Zecause frecm these facts, it doesn't seem to le
clear.

“R, SElls I am ’. T. Beil, from CRNL, %e dc look
at the hydrolysis ¢f II species with water te preduce “Cl.

I an sorry. He isked me tc say my nz2me, and I am
pot sure I caucht all »f your guestion.

"R, KARAT: Therz is nc == ycu haven't menticned
HGCI as one of the possible spscies at 211? Tou Zust
conclude ==

e~

MR, %Fll: Yes, we do, ian Chapter &, consider H7I

conclucsions whore the rarziticn ccefficisants cculs te as low

f %] v, - ~ - = 1 "
as 100, THat's the only way they cpuld get TC %hat lov

-
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number is if K01 is present. %o, yes, they are included in
that cense.

Re SHEZREYs This conclusion is for the
predceminant srecies at equilibriunm.

¥R. BFLLs The cne, two, three =-- third conclusion
down is really based on only the reaction to fcrm :0I1.

¥P., KRBAT: ©D4id you say there iz ccefficients for

BELLls HCI ic alsc considered.
48. ¥XABAT: Thank ycu.

~

LERs Iz that adeguate, Trs Kabdat?

P, XAB2T: I guees we can discuss it in more
detail Jater on.

YRe YOTLLFRs HRioht. We can, when the chapter
comas.

*Re LAWBRCSEXI: ihqg you don’t have partition
cecefficients greater than 1P~, the significance ¢f =ach
numters is not Zust sort of lost, tnouch, when yog consider
the effects of entrainment sr aercsols. for exancle ==

- -
.o
.

-~y
Jia?

18 ]

bt | Yecnanical.

"

‘% LAWRCOSKT: == mzny of us have teen invelved in

trying %2 roncentrate racdica

0
ot
b
~
4
L3
]
w
o
v
n
W
= 52
s
LA
’1
3
(5
'.)‘
=
€«
'l
“r
-~
D
"
-~

=l 2 T i3 8
entralintnent Jllle.
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I see a haad shaking "Yes"™ rack there. So wve may
not te able to take very much advantage ¢f the last

menticned, you know, in the factors ¢f partition greater for

“
-

cesium iodide than even the 10 , a few lines above, which

was the cace for elemental iodine.

¥R, SH ¢ < think the importance of the very

. &

e

5

<

high partition =-

YR., LAWRCEXI: Tecauce we are no%t dealing with a
quiescent system when you =svapcrate, =ay, at rcer
temperature saltwater, you decn't get very much entrainment.
On the cther hand, when you put it at roiling, ycu get a

different zituation.

¥Re TEZREY3 I think the importance of +he very
high partition coefficient is not frecnm the stazndpoint ¢f the

lonr~=term ratic of the amount ¢f iodine in the cas phase to
that in the sump, say, but the fact that with very hickh

partition coefficient, the liguid ghacse would not limit the

O

mass transpeort ant, consenuently, the sta2zm flcow carrying
radioactive materials would contact water in th primazy
gsyet~m would de limited dv provrably vapor phase transport

rather than the liguid phase, An2 that iz guite inmportant.

- ~ 4
¥oving cn to Charter £, usi»g th trep =cde, the

or
@
=
o
o
-
(oS
O
s J

calculations indicate that there was very little szt

0f molecular icdine during transport throuch the zrimacy

ALDERSON REPORTING COMPANY, INC.
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systen for accident seguences where the primary system was
dry. However, calculations indicate if the flow path would
contact water, for example, in T¥I-2, where the flcw went
through the -~ where the s*eam flcw went throuch 2 partially
water-filleé pressurizer during escare into the ccntainment,
then throuah the very high attenuatior factors cof iodine
€from within the primary system, mostly the IV transfer to
the liguid phase.

Tt wnos alsc found that the attentuation of cesium
icdide was hich for accident sequences nct invelved in a
full ccre relt irregardless of whether theres was water in
the primary systen or shetrer the primary system was dry.
owever, for accident secuences that led te full
czore melt, there wzs less attenuation cf cesium iodide.
This was primacily due tc the formaticn of large guantities
of 3erosocls or*c which th2 cesium iodide would depesic
rather than cntc the walls. <Cnce cn the aercsecls, it would
then »e transtertec with the steam flcw in the aercscls into

containment.,

<
L]
-
1
=
]
¥ 3
s
=
.-
P4

s mucl. attention asiven to the avent

1Re SHEZRYs  Zwant feedt?
Y8e CATNOYE . Ve,
MR« FHEFRY: Yerg, veg ==
Ra CTATTLCN 3 Do these cenclusiens hold fecr fvent

ALDERSCN REPORTING COMPANY, INC,
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YR. CZNVINGs Eichard DPenning from Fattelle.

ictually, we lccked at Event V more from the
contzirment acsrects than rrom the crimery system zspects,
although the tipe break accidents that we locked at in
Chapter ¢ on primary system transpcrt would be aprlicabdle to
event 7, too. Anc the indications would ke that there
wouldédn't ke much attenuation in the primary systen.

2R, CATTCKs Ckazs Thabk you.

¥R. SHEFRYs Ckavy. Using the results from Chapter
€ on the figsicn prcduct chemistry in the ges pghace in the
thermal hydraulic calculaticns that were done dyring the
study, several additicral concilusions rculd te made akcut

the dominant fcrm, the expecte” dominant form ¢f£ iodine.

"
(24

Ané btecause of the I cencentrations of fissicn prrecducts and

th= release conditions during the core rsgion, even though

O

it is fairly high temreratures,, you would expect that
cesium iocdide would te the dorinant fcrm near the core.

*8 the flow leaves the ccre 3arez out in<o the
primary system and is diluted by additional stear flow and
is ccoled, cesium iodide stalility would he == well, cesium
iodide would acain be favored because cf the lower

temperaturss *eing in the lesser atmccphere.

O
h
s

+
0
©
P.
(0]
=

"he -gaclusicns regsrding the tehaviecrc

ALDERSON REPORTING COMPANY, INC,
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products Zurinc transpgort thrcuch the containrert are *that
th= cverall attenuaticn factcrs, the overall remcval cf
ioféine in the containment was not dramatically Zifferent
vhether the icdide weculd t2 in the form of particulate
cesium icdide associated with other aeroscls, of ccurse, or
wh=ther it was in the form o©f zlemental molecular iodide.

sor the most severe accidents we lccked at, that I
tarm the "risx-dominant accidants," those reing accidents
where there iz a core melt event, the containment engineered
safety features fail to orerate, such as the containment
spray systems and eventually the contzinment £z2ils, under
these types of accident ccnditions, the predicted

attenuation of ioé:?

Vo
e |
0

! was 3h the order of €0 percent,
whether it was in the fcorm ¢f zn aercesol or a meclecular
iodine.

This calculaticn was made fcr the large dry
containments, cuch &s Threz Yile Island, comparalie
attenuation fzctors for beiliny water reactors. <rd ice
condensor cont2inments were also addreszsed. o uysed the

NiUA ccde t0o evaluate the cffzct of steam condensatior on

that the 2ffect of cteam ~- we concidered
Ther= wae an adcitional attentyation on

vercent dus tc the cencensation o ste

mn

n on
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the aerosols.

For a2 scvere core damage accicent which we
analyzed, which was characterized by having appreximataly S0
percent of the core meltec, the late EZCCE iniectien, no
centainsment fzilure, add <he engineered sateguards in *the
containment opearable, we ~alculated attenuaticn facters of
greater than 100,000 fcr the containment fo:.all *he fission
product species we included in the analysis, which was fcr
essentially everything except the notle gzacses.

MB., ETHERINGTON: Crn the first item -here, dces 12
imply with associated organic icdide, or is that Just
2lemental iodile?

¥Re SEHERRY2 That was just the vapor, the
It €id noet irclude corcanic
ioiide?

¥YRe EBERRY2s Noe« 0Ot this one. QGar

M
n
-

YR CATTOM:  Ehouldn't thate bt a £ifth
conclueion? "hat is, that we don't know *he
thermehydraulics really w=ll enouch tc do 2 sound 3¢k on the

rest ¢f the calculations?

- L =Rl L o -
MRe CILBERFPZEG: Het's the sizth, rRink. hat
is the gixth and seventhe.
T2k Lt L L 4 : 1.
YRe SEEREY: cnzt's «= T heve included that under

t doesth 't shcw up 2 2 cenclusien.

ALDERSON REPORTING COMPANY. INC,
400 VIRGINIA AVE., SW., WASHINGTON, D C. 20024 (202) 554-2345



v 24t, y#e, that is a valid ccnclusion.

2 ¥R+ YOFLLERs Mels

3 MR, SILEZRBERG: 1let me Just note I think that is
4 a valid conclusion, really for six == bhetter for six than

S5 seven, I believe, ‘or condensation. Thank you.

6 {Slices)
7 YR« SHERRY: I would like t2 point out some major

8 imitations on the scope of this repcrt. Firet of all, wve

9@ did nct “evelcpr a new set cf cuantitative scurce terms for

10 release of racdiocactive materials from the plant such as wvas
11 pr=sented in the reactcr safety study. £Is Yel mentioned

12 previously, in some caces we took a close lcok at the

13 chemistry of tre €fission greducts other than cesium and

14 iccdiine, althcocuagh %hese other species were treated as in the
1§ bdulk o©f the aercsols.

18 We cnly lcoked 3t a limited set of the postulted

17 accident sequences., Severzl tcotentially important

18 mechanisms were identified during the =tudy which, tecause

19 ¢f a lack of

m

ny éata at all, we == ycu %ncw, these are not
20 evaluvatad for what the effzct 0f hydrcgcen burn in
21 containment would *e urnder the physical an? chemical

4 be in t.:¢ containment ztmcsrhere cr sgettling

-

o

8]

22 preduct

0w

u
28 onto surfaces within the containmant,
24 P« SOELLERS ‘cur first lipitatien listed on that

28 chare, vou arns sgimply saying o ug thit yvyou either give us
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mcre confidence or less confidence in what we have been
deins in the cast, *ut you don't really cive us a set of new
source terms; is that it?

YR. SHER2Y: Ri-ht. %We take a look at the
individual mechanisms and roint out whzt we feel are the
best models and do secme c=lculaticns «“ith these modals to
previde some insichte into what possirle attenuation.

2ut recause cf the limited amount of time €cr the
study, we did not do0 a systematic calculaticn cf where we
first calculatad the new releare rates frem the fuel and
then to the primary srstem calclulaticn and then the

inces we 4id not dc this, we

{4

containment calculation. Mnd

L0

den't == wa dcn't have == %e 4idn't have any way to generate
th< new socurce terns systematically fcr ezch accident

secuence.

MRs STL3ERBEFGs I wouli dust add that when we
€izst started this study, we Xnew that we were not going *o
Ye able to come up with a new cet ¢f scurce terrs, »ut %e
wvould hope =~ we had hcped =~- that we would at least proviide

anough infermaticen, enough evaluatior analycis, tc rrcvide a

gocd peint of departure in which t¢ rroceed in ths future to
gat these source terms.

End T micht sav T hadn*t originally theught that
we wou.ld even ¢et this cloze te thate.e 2nd we 2id. Cco, as

ALDERSON REPORTING COMPANY. INC,
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such, at this point we are not goin~ tc recommend in that

centext of recctor safety ctudy savyinc these zre the xinds
of release rates factors we w=nt to use for release to
containment. Cne would want to ¢o from the leginning tc the
eni again and add them all up and see what cne gets.

B, TTHERINCGION: Cn the last item on the previous
slide, was there any ceonsiderztion of any qualitative

consideration cf what a hvdrecgen deflagration might dc?

¥Re ETEERINGTON: Tid you look at it ané say,
*"W=11l, we can't dc anythina or" =-=-
¥R, SHERRY: Well, we did ta+e a brief lcck at

it. we asked Tr. “alinauckas at Uak Fidce to see what he

theught about ic, and he indicated tha*t he didn*t £feel that

it would be werth pursuine right now recayuse --

TRP. ETHERINCTON: WVould vyou speak a little lcuder,
pleage?

¥Re HEZEY: I am secrry. Initially, we had asked

Cr. Yalinaucskas at Nak Riize what his thoughts were on this
su-rject, and he concluded that basically, vwith ¢ little
information arocund to make any estimates, it weculi not ‘e

vorth the effort right nov to cursue that.

INGTONs: 5is ovinicn waes it wag not

- ekt
-

Ko an

"

-
-

a
W
L]

+*

"

w3

I
-
a1
e
O

%
L& )
b
<
P
W
ot
.

impecrtant? That is really what

cae

m

7Y

ot
*

{733
(]
-
=
0
\‘)
w3
]

3
'.n
O
b= |
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that it waes nct importante.
¥R+ ETHERINGTON: I cce.

4R. ZOCELLER: FEe said we just don't know how to do

Another limitaticn in the scope of this trepert is
that we did neot evaluate the past reactor accidents or the
destructive tests with the mecdels uses2 for the analysis in
this repcrt, for a numter ¢f reascns. Although we couldn't
examine the effect of these limitations rigsorocusly on our
conclusicns, we don’'t btelieve that setzuse of thece
limitations our conclusions are in errer bty larce amountse.
R: How much more do you havef? I know
RRYs I have a number of slides cn

limitation=s in the data bace <hich czn be takzh 2t 3 later

tine.

pa )
-
(93 ]
= ]
5
)
83 ]
L ¢ ]
w
™
Xy
o0
.
be =1
ot
ot
Y
W
i 1)
3
(o
-

MR. SHYFRBY: €S¢o 7 can concluéde my presentaticn

¥Re OELLERPs 21l richt, azyde we s3hould do that.
YRas SILSEPEERG: e can have that later.

3 Ben Yincher f£from Nak Lidoa, I would

1ik2 te guesticn your 4definizicn ¢f the "tarn
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“risk-4dcminating accident.” t's 2 little bit different
from what I thcught it would mean. Yeou're usine it, it
seems, synchyncusly with “cevere accident,” whereas I
thought a risk-dominating accident could be either severe or
2 lecs severe :ccident as lonc 2z it's near the prckability
conseguence ar<ia.

It's a fairly isportant point, rtecause vou nmake
sore cecnclusions regarding the risk-dominating acgidents,
and I think perhape what you really mean is “"severe.,”

MR. SHERPY; Well, ir the reactor safety study, if
I am correct, the rtisk-doainant acclidents, irrecardless of
whzt ssguence they follow, wculd alwvave have certain
characteristics., Anmcn~ those were abeove-2rcund containment

failure or at least failur= tc isolate the centainment or

somathing involved ==

in the

(2]
=
0
x
L
L3
0
3
.4
]
v
oD
or
T
0
8}
.J—
(S
@
3
ot
m
-~
.04
"
"
o
L9
nl
"
(o9
[
b ]
0
4]
O
‘h
T
-1
D
0
o
Q
[+
@®
D
O
o

ctecr == ns 2analvzed in the reactor cgafety study ~-- alvays

"
b
13}

had certain characteristices, =uch ag above-ground
atmognheric rslease, ccntainment £=2ilure abcve-ground, core
pmeltdeuyr 3Af, in most cases, fiilure cf the ccntalrcment

engineered safety features tc operite.
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saguence.,

¥Po MINCHER: T2 T might, the point I am 4driving
at is that some of the ccncluciones that were zrrived at deo
in fact effect the risk curve at the low-consecuence end,
whereas the way in which the ccnclusion was stated, that did
not happen because o0f the “ifference in definiticr of the
term "risk-dominating accident."™ I am not sure I rade my
peint ~lear.

It is possitle, “rom the conclusions as ctated,
that the ccnsaguence of less serious accidents are indeed
re“uced; therefore, in my review of ;%3: "risk-dominating
accident”™ means, T would g3y that the risk hae in fac¢t been
diminizshed o0f the low-consequence accident.

YR,

133

ELL: Anen.

¥R. YOELLER: You a3re szaying also +that i€ that we
ars ¢to0 nive our attention =c the more imrportant contridutors
to risk, we will look at the *igger~-risk accidents?

YR. ALEAUGHs Y3, nct necessarily.

¥R NOELLZLNs Any other comnents or questions at
this peint?

(No response,)

gourse, that when we cove: thz individual chapters, we will
have an cpporsunisty te ¢go iate each ¢f theege i4semsz in more

detzil.
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NDkay, lat's take ten minutec.

(Erie«f rececss.)

YRe. YOELLEP:; Th= meeting will come tc crder.

We a2are in a very poor room, ‘rom thes standpoint of
hearing what is being said. 2nd we have a high level cf
bzckground nocise. Ffo we z2sk and plead with evervone to
identify yourself and to speak lcudlvy.

Also, for the various laloratory people who are
here who have worked cn various chapters cof the report, I
would encourane you top raise your hand and contridute if you
have a ccmment, Lecause we ares here tc learn ard toc dec the
best job Jjointly that %e can. S0 we very Mmuch encourge vou
and invite your comments.

We will mcve on then to the Fattelle Cclumbus
przsentation. You are ¥r. Tenning?

YRe TERaINGs That's riaht. I zm Richard Leanin=

w)

%4

from Zattelle Columbucs. ind T have wcrke< on the accident

saquence identification with :=Zz2rk Tunningham cf the NEC.

o

“he reascon that we had to select specific accident
sequences here was t~2 provide 2 ccntaext within which the
study woyuld e performed. Thet le, the evaluation of the
accuracy of the dzta base, the evaluation cf the analytical
methods devends uron which accident sscuences one s JLoo0kin
at. 328 so we had to define accident ssguences which weculd

e used in the different chapters and 2h each ¢4 the results

ALDERSON REPORTING COMPANY, INC,
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type2 of chapteree. Chapters 2 and ?, ¢f course, are really

just background.

(

ta)

1i3e,:)
Chapter ¢ and th=> estimation 0f the release nf

Yissicn groducts and aerosols from the fuel, we had to

iefine some accicdent sequences there to help the Cak Zidoe

U7

people in deinyg this. There is no explicit consideraticn ef

accident sequences in Charzter 5. Fowever, there was

jteration »etween Chapter £ and Chapter €. “hen we lccked

at the primary syctem trancsgort behavicr for cdifferent

acsident sequences, we th=2n told the gecople frcn Tandia what

regime they should ke looking in with regards to X2C ratics,

€izsior producte, Y20 zatics to come up With the chemical
Saris

"0 they zelected their reqine Pzreed ucren the

analycses here, and than later, after we hau done the primary

sSystem transport analyces, we went back and lcoked tc see

dha2t we thought the chemical form cf zhe fiszsior sroducts

[
- g
ke
ot
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"
N
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o
e J
.
P
et |
.
n
T
0
o
=
N9
s
a.
‘-‘w
=
2
"
<
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N
-
4}
ot
m
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w
0O
=
L1
1
(8]
=
=
&%

behind why we chose the ones we chose f¢r Chapgter 7 on

containment transcort, and then in Chzpter % we really went

back and looked at the recsults from these cther chapters.
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The criteria for selecting the accident sequences
wore, first of all, we wanted tc cover a broad spectrum of
accident sequences. We realized, thouch, it couldn't be
comprehensive. 3ut we wanted to try to ccver as brcad a
spectrum a3 we could. We w<“anted to lcok at real accident
sequences. And our intent in the znalyesis was tc analyze
th=se realistically.

rnd there were nct intentional ccnservatismes put
into the znalysis. %e wanted tc inclucde a range of possible
conditions in *he reactor ceocolant zystem and in the
containmente. @ wanted tc examine the influences cof the

containment d2ciqan and enginesred

in

afety features.

Show, thazre are a numbter of “ifferent areas within

o

the vlant whera there are accumulaticns of £fission products
that can be released to th= environment. "Ye decided *o lcok
specifically 2%t danmage to fuel in the cperating reacter
hecause of the inventory of fissicn preducts thers. There

ieeicn preduces in the waste ~7as

ey

are like S000 curies of

O

gtcrade tanks, akbout 5000 curiss of fissicn products in the
cezcter coolant srystam dissolved ther=s, There are atout
timeg 10 t2 the saventh curies in the sgent Fusl storzge

poole.

than 13 20 ths ninth curies figsior freducts within the f£1el

O0f the operater r£2ictor.
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potential for 2 major release, and so this is where ve
focused 1in our study, not to say that the accidents inveolved
in the others aren’'t important, but this is what we decided
to look =t in this particular study.

(S1licdes)

'l

.

e divided the accidants up into two categories:
on=s which invelved minor cr nec fuel damage; and then cnes
that involved severe core damace. The minor or nc fuel
damane seqguences zre the types 0f cequences that ars
typically analyzed in =safety analysis reports or, i# one is
familiar vith the AVYS clacesificazion ¢f accidents, their
categeries 1 through 4 defined thare, these would be the
condition 4 tvpe of accidents. FHRealigtic accident sequences
in which one night et claddins damage, that is the type of
thing that is involved thers,

8. LANEOSKIs %You use the number of 10 to the
ninth as the inventory of fissicn rroducts.

YRe TENNTINGY Y3,

2. LAWRGSKIs JYet I gee nunkbers that are at least
a facter ¢f 12 higher than that gucted for a thcusand

megawatt 2lectrical.

electrical zeactor == rathzr, 1200 mecawatt electrical

3
reactor that Tandia analysed with oricin uas 1.u 170 '« 3
think that's a sood number £or Lh8 curies in an cperating

ALDERSON REPORTING COMPANY, INC,
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reactor.
Y2, WINCHES: At whzt tinme?

¥YRe DENNING: This wze a

H

ter three yvears of

operation, I telieve. This was inmediately. Zero time. I

ot

am not surs wherz your 10 to =he tenth would have come
fron.

#3, LAWRCEKYIs “=11, because I recall a gaper Ddv
Dr. “einberg in which he states an inventory cf 15 tillion
cucies.

“R, DEANINGs 15 %®illien? T think that 1,%

-

viliion is really the letter nuaber., T thin

)

X there is an
error of a factor of 17 there. However, I don't think I
vould like tc¢ challenge Drc. Seintezs.

(Zagshter.)

¥o, DEVNNINGs Th=n the other categery was ths
savere cora d:isnage accidentz. The prelblem we havs zTur into
here is senantics. Tecpl=s uUce "“severe core damage,”
Piggriad core,"” then the “core neltdiocwn.” tome pecple use
them for different purposesz. . use here "degradea core,
thinges that ars mora sever=2 %har clad damacge, But 2ot going

tn =oaplate cors maltdcwn. “ut that is net universally

uced.
in this rceport, nen we refer to "legraded core
sequences," tiere are thinse that a2& More severe than

ALDERSON REPORTING COMPANY. INC.
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Vow, for these csevere core damage accidents, there
are characteristics of them that are pretty much all the
same; that is, there has to be a heat coclant imbalance.
Either the heat generation rate has tc rise and exceed the
capability of the coolant tc take away the heat such zg in a
reactivity accident, or ycu have to degrade the heat
transfer capability of the coolant such as by locsing the
coolant. 2nd it is really the second type that is grimarily
what we have looked at in this study.

This seems tc be the more likely tyse
(indicating), although the charactaristics arsen't
appreciably from between thes> two different tyneas of
accidents., 3Jut this is ncre less »f coolant type of

condition thers leadinc to decraded core condi<ions.

MRe STTINDLE®: Ire you planning to address at
some lzter time the difference in the characteristics
hatween the first and the second of thoge tuo last itenms
thzt you indicated?

¥R. DENYINGs VYre, 1lot me go back and make sure I

understands I am gecinc to 3¢ through now and tell vou shich

i

accidient sequencees we zna.vze” here, here, ans her

fk

ent

p -

(indicating)s Mnd I will +ell you whst these acc
saguences locockad like.

*ut thern when Ji- GClzceke g2:tg dp thig 21fternoon

ALDERSON REPORTING COMPANY, INC,
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h2 will explain what the fission rroduct transfier vas.

“Re STEINDLERs That's not what I had in mind.
Under vour last h2ading there, the severe core 1amage
sequence involves cone of two situaticrs. Xow, down one
fuyrther ==

YR, CENNING: Here? Yes.

MR, ETEINDLIEY; It's the first one that
constitutes the largest amcunt of accumulated date on the
rezctor accidents that havs led to gecrle teconing
interested in this whole protlem in the first place. 2nd if
theorte is a difference in fission product tehavicr with
ra2leasge characteristics, et cetera, then lcokine at the
mosels that are prepared on the tz3sic cf the second item and
conparing them to the data, what we hz2ve is a 21fficult
item. It's th= 4ifferences letween the twe T am leoking
for.

MR« DENNINC:; Let me see if T understand. You are

saying that reactivity excursicnh accidents are the ones wve

have the most exp=zrience from?

"
"
- 3
L]

YE. SETEINDLER3 A part o experience, That's

"
[

‘
o
~

8. DJENEINGa It certainly is a cart of the

axrverience., "ow, there are 3 numder of rezcone Yhy we

ALDERSON REPORTING COMPANY, INC.
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w

vater-bounied environments, sc *hat the releases are going
going to be into =-- eventu:lly wind up into water. And I
think in that sense these accidents are g¢going tc lcok
eventuallya lot like an accident that we analyed right here
(indicating). .

ts far ac what =-- it alsc turned out that
reactivity excursion accidents didn't look like they are
risk=-dominant. That may e unfair, because I think wve
ovarplay this question of risk-4ominant. Zut in WASH=-1400
it didn’t look like the red ejection accident, the control
ro? Aropout acciient, are really that likely, rarticularly
in ccmparison t¢ the expected consequences,

S0 T am afraid cthat we may not answer all the
guestions that you might ask in taic regard and T think at
tha moment, th2n, all I can say is that vyou might save your
comments until afterwards and pernaps make some suggections
in that regard.

¥Pe STTINDLIZE: Just a £inal comment. Iooking at
the exmerience cf those accidents that are cited in one cof
th: reports that 32ry circulated tc us, which T can't cite
to you, it's z sequence of a2xperiences which indicate that
notle nas relezase as well as iodine release and gc on. 1
gather then tnazt we need to 122k 3t tha censequences cf
thecse sccidents with grea* caution tecause they are in fact

Ai¥fereont £r the hear transfer capa®ilitys They'‘re the

O
2 ]
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ones I an focuszing one.

R« 2

(8]

NNING: I thirk the most important thing
there is that there aren't pany accidents that have happened
in PWRs or BWdfs of this tyre. Okaye. I think that is the
bic difference as ogpposed tc the cifference between do they
look like this type or that tvze (indicating).

T think the higgest thing is were they really in
similar aeometries for similar tehavicr tc what one might

expect in a r=al orperating reactor.

"ow, we only concidered one of the minor or no
fuel type damage sequences. This was a larce-pipe-treak
accident with the 2mergency core ccoling system crerating as
exnected. In this particular accident sequerces, ycu wculd
exvect some cladding failure, some relezse of gar
inventorys.s 3And we only lockad at this particular accident
gsoguence with regard to this prirmary system accident
behavicr; e ware lockinc *o see hcw much retention of
radiocactivity will we exzect in the primary systen. ‘nd the
results will te discussed

vne would expect in this particular accident

gssgquence a very small relerse €from the containment.

The degraded ccr= z=sguenca2s zZre really very

15 ]
1
1

dAifficult to characterize, because thay invelve par<sial

ALDERSON REPORTING COMPANY. INC,
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performance. 1In general, the reascn you get intec a decraded

core condition is recause therz has been either the failure

m

of an encineered cafety fesztures cr the delayed rerformance
0f un engineervd safety fezture. 2nd the the thing that
arrests it short of full core meltiown is that the
engineer=sd saizsty feature must have at least worked to sonme
degree,

20 Wwe are faced rerz with guite a2 brecad range of
possitle releases to the conteinment, and they rarge £rom
things that are chacteristics of these mincr fuel éamaqg
accidents all the way up to accidents that are tyrical cof

the full core neltdown accident

(8]

.
i@ lcoked at twe particular conditicnes, recause it

s#22ned toc vs that there were twe conditions of najor

interest. Cne of thos2 is relcsase into water-‘oundasd

timary systems, such ags 3¢ hargened at TMI. At T¥I, the

core wWwas uncovered, but there was always watsr in the

pressurizer. For the iodine %¢c get into the ccntzinment

atmosphere it had €0 g0 throuch waters S0 this wag ths

cendision that we wanted ¢tz lock at,

as plipe treak z2cciients Wwherze therz c¢o2uld te a3 drvy gpathuyay
te the centainment, ané one misht expect 2

9f radicastive material tc <he cortaiament unéder those

ALDERSON REPORTING COMPANY. INC,
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1

0 the two sequences we lcoked at were a TMI-like
accident, and that is what this stuck-open relief valve with
partial ECCS ogperztion is. It's not suppcsed tc be a mockup
0f 7Y, 2nd there are soms assumptions in the analysis that
are different from T¥I. 1I*'s cuppcses «c te characteristic
of a spectrum cf 2ccidents of this tyre.

#e looked at fissicnproduct transport thrcugh
vater to the containment 24¢mosghere in t~i:. case, And ve
alsc wznted to look at trzansport through systems like the
letioen system. 3nd we 4id it within the ccntext of this
accident -=2guence here.

“hen the other tvpe was a large-pipe-kreak
accident with delaved =CCT injection, In this particular
cace, the ELC cystem, the active ECC systam, was delaved 16
minutes., shen it came on, the core was EC percent
core-mclten or £97 percent 2f the cecre had teen melted, and
th-n it rapidly, or gresunmably, recovered the core, and
arrested core melting at =zhat point.

There was a 4ry tathway to containment durine the
period of core uncovery whan the daimage wae occurrcing to the
percent releace o0f iodine in the TID zezsumptions. Yow, this
is net & desian bicils accilent; this ig suprosedl: 2

-

39 - - -
+~st® TH@

- -

ctenlistic type of aeci‘ent that lecks semething

29
m
&1
[
E

s
ot
.n.
O

3

1

.
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So if you want 20 see what would scmething look

i

o

like, the TID assunapticne i1ook like, 1in the context of a

L

cealistic accident segueéence, then thic is somewhat like
thate

(Slide,.)

Now I am going to be talking about core meltdown
saquences that we analyzed. Je startsd cff by locking at
releacge from the fuel. This was input regquired fcr Chapter
4, and we look24d at two specific cases. 2 rapid fuel heatup
cace, where the core would melt down very guickly, and then
a delayed core meltdown caze whare core meltcdown was delaved
30 hours.

T won't g0 into the sptecifics cf this particular
accident seguence, >u:t meltdown dcesn't reelly cccur until
3C hours after shutdown. ¢ it happens over a more
protracted tine pericd.

Se we uysed theses two seguences here (indicating)

to oive us the esprav.

y

¥R, CATTONs The #£irst cnre, rapid fuel heatur,
that is still elow reiative tc the chemical kenetics?

YRe DEUNTINGE I =hink thisz ig tzTue, d»ecause this

6]
'-‘
|
-
v
r
3
=4
[
s
[
-4
B
tn
o
(8]
3
iy
b
'
o
O
£
nl
o
et
7]
i}
O
"
®
-

[

v Lot e - 8 - Bk F el s
go _....I“.:...:-P.uo o 8wy ]
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(Slides)

Then we noved on te trancspert in the primary
systen,

Now, Appendix ® has a generic categorization of
accident seguences. The intent there is to try to cover a
bread spectrum of possible cenditicns so thuat we cculd show
that the specific cnes that we chorce were characteristic of
th: entire spectrun.

In there we looxked at the behavior in the reacter
coolant system and in the reactor cavity. < wen't ao into
this categorization that we went through there. Tut the

principal varizticns that we saw tetween the saguences were

¥

in the flow path ts the containment, which is different for

.

different sequencss, the thermochydravlic cenditions in the
flow path, the pressure during cocre meltdown reccanized that

ure in the

L]

in some geguences the ores rimary system can be

e
0

pest-atmespheric, cuch as a core meltdown that was initiated

by a lar pine Srz2ak, or it c3n de a full system pressure

e |
W

lik2 1% bars in come trancient accident sequences.
ind what we wanted t¢ lcck 2+ waere thesge
conditions and also the hvirogen~to-cxyfen ratios. We have

the atmcsrhere

r
O
=
13

(98
e
rn
-
b |
<)
o
i |
"
wn
b
©
w
i
@
=
s

toth potential £¢

and tie fissi

(9]
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here. And the first stage, which is btefore pressure vessel
melt~througsh, ther=s are tvo primary release pathways. The
core is heatinc up here (indicatiny) znd releasine the
radiocactivity =nd relating many of the transient accident
segquences, the pathvays at thy tocp ¢f the ccre to the het
leg 2nd the pressurizer tc ¢he reactor ceclant drain tank

and into the containment atmosghere.

"

If yeu have a pige-trezk accident, then ycu ge
from the top of the cocre t2 the location of the pipe Lreak.
Now, that locaticn can be suite a bi¢ different for, like,
exzmple, like it can e in ths hot leg; that's a gretr-
dizect pathway. It cculd te in the ccld leg and require
transgort thrcugh the steanm generatsr, which could give you
guite 2 difference as far 2s ieposition within the primary
system reforz release to the envircament.

The naximum temgeratures that vwe saw for core melt

during this stazge were vy to 1500 degrees C, leaving the

w»

system in 3 hor leg Preak. The ringe ¢f temperatures
throughrut thiz system cuald te from scmething like 21700

desrees centi~“rade in the uprer plenum dcwn to 24" degrees

12}

centigrade fav down the pathway systen,

Then after you have prrecssurs vessel melt-through
and the ccre ic attacking the ccacrets, ycuy can have flaw up

ALLEZRSON REPURTING COMPANY, INC,
400 VIRGINIA AVE., 5 W.. WASHINGTON, D.C. 20024 (202) 554-2346



10

11

12

13

14

18

16

17

18

19

20

21

5

24

28

50

Ther= are 2also some cther potential flowv waths,
such as thrcugh the keyway kack up to the ccntainment
atmosphera.

I gueses I forgot to mention that I wanted to, in
that sarlier zhase of the accident that I went in+*c before,
it really is pretty unlikely that you are going te have air
ingress intc the reactor vessel. You are almost certainly
going to have a reducing snvircnment. ©One can dr=am up
conditions where ycu can have zir ing¢gress, but they lock
like they have very r2mote possibilities.

In +his ca3se, took, it lcoks like at least in this
portion of the transport pathway, that you zre coing to have
re’ucing condis<ions. The conditions are going to bhe
dominated ty the products -f Jecompositicn of the concrete,
hy4ronen, carren mcnexide, carton dioxide.

lemperatures in herz (indicating) are geoing to
range frem 1200 degrees centigcrade to as high as possitly
2270 rfenrees centigradie, There are scme conditions where
you mizht have sgrays cper=ting in water flcwing Z2cwn into

pe rretty cool in the

(&%

the cavity, and then thinges woul
cavitye.

Theras is some pcogirili+sy £2r 2 f£lew pathvay

o

"m

cening dewn th=- keyway and up around *he vesz2l, ard we
dorn *t know wh:ther that weuld zctually e realized in an

sccident whers cxvaoen cculsi b=: treught down in here

ALDERSON REPORTING CUMPANY, INC,
400 VIRGINIA AVE., SW., WASHINGTON, D.C. 20024 (202) 554-2245
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{indicating)e. I think it is unli.21ly, but it ies =cmething
that we will have to lececk at furthe) in the future.

(Slides)

The specific seruencss tnat we looked at were for
the pressurized water reacter, 2 large-pipre~-break accident
with £fzilure of the ECC sycstem, and here we locked at both
hot leqg and cold leg breaks, :nd then for trancient
accident, we lcoked at lcss cf heat removal capability, the
TXZ? prime accident. Thi-~ is according to WAIH-1U(CO0, oLe of
th* more important accident secuences.

¥R. CATTONs Can you “ell me again why you didn*t
look at the V seguence?

¥P., TENNING: As far as the primary transport is
concerned, vou will see that ¢cn containment we did, I
thought that ac far es locking at the pgrirmary systen

deprosition, that the V secuence would lcok somewh=% like

celd leg break, 1t doegn’'t lcck exactly like that, but it
locoks somevhat lize it. \néd I would eypect simillay orders

Ll
A

of macnitude certainly ¢ epositicn to cccur at the 7

EEC systen. 2nd the transient we locied at here was “zilure

ALDERSON REPORTING COMPANY, INC.
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1e€Xt, we looked 2t the transport in the
corntainment building.

(S1li‘es)

This shcws a large high-grecssure containment
desicn. I have shown in red the envelcpe cf the r~ontainment
(indiczting) so we can see that boundary. 2nd then the
important systams here, ani the large high-pressure svesten
are the spray systems and the filter systems. *néd I have tu
take credit £or that artwork.

(Lavchtar,.)

(S1ides)

The particular accident sequences we lcoked a2t
then were cneeg with the srréys operating &r nencperatings

here are some cas:ss, therz are scme desicres vhere there is

[

filtered recirculation. ‘his is net typical, tut we did
120k 2t & case here (indicating).

So the cagse witnout the ¢prays opersazinc was TNLB
prime, transient with loss ¢f containment heat renmcval

cavabilitys Aind this iz the szequence in which orme would

h
i
o

exrect early ccntainrnent dure, early atmecggheric

R}
& ]
',
I

centainment failure. ¢ct, poeeipily right nezaz the end

k]

i

Qf thae cers nsltdown g=ri

-

e also lcoked nether version of this TILE

e
o
W

prime in which ve c¢id rot zllow the containnment tc fail at

m
r
1]
w
o3
m
[
15
o
(8 4
h
O
”
"
O
i3
1

this ezrly tine, and we tian $foilovwerd th
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400 VIRGINIA AVE., 5.W , WASHINGTON. D €. 20024 (202) 554-2345



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

time later, sc there wWzs no above-cround containment failure
in this other cegquence that we locked at.

This was varticularly useful in ccmparing the
different 3erosel transpert rcodes, and you will sse that
mect o those coapariscns z2re for this case (indicating)
rather tha- for this one. With the early corntainnment

ailure, ycu dcn't get a chance tc see what differences are
going to set up in the aercsol tehavicr of the different
ccles.

kav, then we alce lcoked at a small-pire-break
accident with.:\i failyre, sprays operational; there is no
filter in thie particular lesicn.

*nd then firally, we locked at a case oFf

small-pipe-break accident with ECC failure with the filter

ope

"

atinag,. nd in the partiucler decsicn we locked at here
(indicatinc), the presscurs never gets up *o the point where
you weuld auntomatically trigger the srray system. Sc we
re=1ly have a case here wh:re we just lcok a2t the filtar.

(3lide.)

¥R+ YOELLER Yas there telcocw=-cround fzilure
tetween the sequence where yocu say there is no abcve=-arcund
containment fuilyre?

- e -
e ® -5 O I R 4 -

ALDERSON REPORTING COMPANY, INC,
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all.

Now, in most of the gequences where the pressures
in mocst core maltdiown cequences where the pressure is
re<uced within the system, it dcesn't really make much
difference whether vou melt throucrh the base mat cr not
because you're not geiag t2 puff cut inte the orcund. In
TYLE rrime, presumably if you melted through that conccete,
you would have some elevated internal pressure, ycu would
have the puff through. ®e did lock at that irn this
particular conmparisen.

ve, ALBAUGHs Cu=stion.

YRe DEVHING: Yor,

¥Ra RALEBRUCH: VYot reing a vetreran of the TEMNA
syndirome, could ycu refrech me or tell me how lcng aftet
shut?own ycu h=ve enoush fissicn product heat left tc melt

tnrough the bace mat?

#Re CTENNING2 T can't absclutely anewer (“at for
you. Tt's 4 very open gquesztion as to whether vou would

re2lly melt throuah. Tyvpically, thece base nats are like 112

he romputer cocdeg that are currently in axisternce

o
hey caanet

W
A}
tr
e
n
L
g
"
o
-
£
c
1
b |
0
- d
i

]
<l
ct
ke
f'
O
ey
W

b
¢
}J
2
®
L]
-

ALDERSON REPORTING COMPANY. INC,
400 VRGINIA AVE, S W, WASHINGTON, D.C 20024 (202) 554-2345




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

really accurately predict what happens in the lcng term as
you are attacking the base mat in the long term. SO0 even
for these caseg where you have rather rapid meltcdown, there
still is some guesticn as to whether you would really
penetrate the concrete or not.

Certainly, it is less likely if veu were to delay
core meltdown for several hours than i1f you were to have an
immediate cores meltdown. ~Fut it really is an unangwered
Juestion.

#Re ALBAU

W

Hs You assumed it £cr cne o€ your cases
here, didn't vou?
¥R, CEWUING: Well, z2ctually, we didn't assume it

in any of our cases. It woul”n't have made any difference

(2]

to the atmospneric reisases for mocst ¢f the seguences we
loocked at. But the specific seguence that vcu raise, the

-
TeL

Qg

grime, it would have made a 2ifference it we had loocked
at that == nctrt a very majcr differance, but it would have
made a differcence. let me taks that hack., It would hzve
made a difference. I can't say that it wouldn't have teen a
major idiffzrence, tecause it cculd have been a significant
Alffarence to the results.

(Slice.)

Ckav, than, the next 1is +the ice condenscr.

ind then within <he ice ceonienscr we hMave tuc very

ALDERSON REPORTING COMPANY, INC,
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important features.
the centainment and
separates the upper
containment vclume.
you have a core melt
th= ice.

'ﬂkﬂ'_fo

also have a2 spray systenm

steam Lyrasces here,
effectiveness in
(Eli%e.)
e lcoked
large
»lace and

ice in

with lcseg of iC gpove

Pnd then up atove here (indicating),

removing

~cipe-break accident

tne sprays functicnal.

€6

I have shown the ocuter houndesries of

then - have also shewn the rcoundary that

containment volume for the lower

Tven when vecu don‘'t have electricity,

down here and things have t0o =¢ through

we

which is in there really tc vent

but it alse weculi have scne

radicactive materianle.

at thr2e cases here. First cof

failure of ECC systsm, the

gith

wne lccked at & case

r, becuuce the ice condencor has &

fairly Ainteresting capability here of a passive

condensatisn. AnAd

no spravs becauss th

PCWET

ncicéental

ra2dioactive materials hne

Neztinzhcuse Icr ele

Anvthing hare
to talk abeout that 1
‘ng then t

we lookad at

varticulate

but with

the ice functicnal

ere would e nc sprays if we lost all AC

ly, the czgability of the ice to remove

avaluated sxperimentally by

we didn't

teern

mental icdine, but

iodiie. I Zdoh"'e know 12
ater.,
accicdent secuence which

here ir ancther
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is a €a3irly interesting one fcr the ice cendenscor.

(Slides)

That is one. TI%t'c a common mode failure whers the
accident happens, a small rire break, znd water gets
scrayed, of course, up here (indicatinrg). It would collect
up here (indicatinr) and nct rvn down to the sump. If one
vere %o forget to leave ocen some values that go dewn tc the
sump “rom this upper deck area (indicatine) and in this
particular accident sequence it is assumed that either the
pathway gets blceccked or peorle forget to take these things
out of there, that bdlock that flow path.

fo ycu have a pire-rreak accident, everything is

- :

hzappenipae normellve. Tpray wWater i happeninc up here, the
ice is melting, and eventually it all melts 2vay. They run
out of watar for the sprays bdecause everything is up here
(indicating). Then vou g2 intc ccre neltdewn. {zcu den't
have ary ice left, and you don't have Aany weter for sprayse.
So that is ancther accident zecuence that we lcoked at
there, where neither the ice ncr the srrayes are functional.

MR, YOFELLE®: In terms of the ice corndencors, we

noted in reading the repgort, &and we heard a few minutes

hurn was 10t taken inte coensideration. low, cgather that
war becauss vcu lzcked the 23tz e “gt co you further

.
cengider that its impact iz g0 ;ns;"nirlcznt that ¥ou cahn

ALDERSON REPORTING COMPANY . INC,
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ignore it?

%E. DEN3ING: When we said this mornirg that the
hy‘regen deflasration wasn't %2ken intc account, we were
referring specifically to the potential for conversion of
cesium iodide to elemental iodine through oxidaticn, through
an event like a deflagration. The potential for that,
insofar as the potential for . deflagration event to lead to
containment fzilure or to Lead to &n earlier contzinment
failure, we dc¢ indeed take that into account.

:n4, in fact, in the AD case that I menticned
earlier -- let's see, where am I here ~-- in this case right
here (indicating), the containment failure mode is really
th2 result of durning of the hydrocen in the urper
conmpactment, "¢ in that sense, leading to centainment
failure was taken intc account.

“2. YOEZLLER; Yew, will someone tell us what their
estimete is 0 the potantizl impact of +he hydreccen burn
upen the conversion of cesium iocdide into elemental?

uo " I TN
o ® .,E\*..;.-

€3 That's what Dr. Yalinauskag was
saving i 2 difficuist crorlem that he doesn't feel =-=- didn't
€0l cculd pe 2déresserd in this study, I guese,

8 +hat preopec?

cTT
.‘.,_:

"

G: let me “ust ncte +that T believe

*3y

carw
Dr. Ztherington's comment is ctill &8 reascnable che, that

perh=cs on= should at least think 2bout it and s=+ what one

ALDERSON REFORTING COMPANY, INC,
400 VIRGINIA AVe, S W, WASHINGTON, 0.C 20024 (202) 554-2345
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mizht expect. 2ut w2 migcht go back and 4¢ that.

YR, YOELLZ2: Rich.
MRe SEEREY: 1IY¥ the hydrogcen burn causes

containment failure at tneée time of the hydrogen buran, then
the transformation from one srecies tc ancther grobably
doesn't make a whole lot cfi Aifference in the atmosphere.
HYowever, if it dces neot immediately lead to
montainment failure, it mazy change the derositicn mechanisms

which could affect latsr releacze.

(Slide.)

“Be DENNING: scw you will zee there are a ccuple
9f places in hare uwhere I have specifically put in for Dr.
Catton, and this onz2 is the interfacing systems LCCA

bycassing containment, event V.

(Slide.)
let me just review for you =zgain what that ise. Cn

this side (indicatinn) we have the containment, vea have
hish~-pressure zystens *rat are connected toc the lew-pressurs
syst=mg throuch check valves, If thece check valves should

ge £all while vou arc a% creraticnal sressures, then vecu

ALDERSON REPORTING COMPANY. INC.
400 VIRGINIA AVE., S W, WASHINGTON, D C 20024 (202) 554-2345
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into the low=prescure lines through the break into the
auxiliary »uildéinc,

"he auxiliary building, thig is (indicating) is
equivalent to about a six-inch break, so it's a pretty large
pipe treak or zotentially larce pipe -reak. It depends upon
the mode of fzilure cver hers. whirh is very uncertain.

towsver, this building dces nct have a high desiagn
capability, so it would £ail within seconds, ugp to a minute.
Then you would have passage from the £luid from the primary
system then out to the environment. S0 this is the flow
path that we're talking akout.

Tt (ypasses the ccntzinment mechanisrs, sc it vas
a ¢case that we analyzed. ‘ow, we didn't analyze the primary
system deposition, which Zre. Catton hag nenticned hefore
could te very important here. 1 thinkX that you can infer
some thinos atout the princry system Jdeposition one miaht
exgrect hers from the analycee for the pire-treak accidents.
fut we did lock 3t the potential f2r <eposition within this
vclume her=2, once it gets released into this wvclume beicre

it leakes out intoe the environmsnte.

KAV ¢ NEXt we have the koiling wvater reactoreg, and

ALDERSON REPORTING COMPANY, INC.
400 VIRGINIA AVE., S W.. WASHINGTON, D.C. 20024 (202) 554-2345
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I have shewn in red the containment bcurdarv.
This 'uilding here (indicating) is the containment bduilding
or secondary containment >uilding. Fut this is really the
containment envelcpe (indicating). C£f ccurse, the importint
feature in all of these is *he suprression pocl.

(flice.)

That was the Mark I, P2 feature that I should

point cut in the fark I is that in WAZF-1u400 the gredicted

H

failurs locatin for overpr2ssurization of the 2WR Yark I
coerntainment was in this recion here (indicatine) in the
suppression pecol region. T£ it did £ail in that region,
thare sr2 a coutle ¢€ possirle flow vaths for radicactive
materials to ta2ke ¢n their way tc this raeilding.

Yow, r2member, thzre is a tuilding around here
(indicating), :tut it has vary low desicn pressure. In all
caces, in all ~ore meltdown cases, we predicted that the ZNPR

conrntainment wculd fail by overrressurization eventuallr,

(indicating) will alsc fail.

-

i

.
Q

fu

-
-

"hen it deces, this bu

"
or

Yow, in this particular Adesiin, there is a standby

0

’ -
i
(8]
‘n
i
L3
i
(g
®
$o
h
o
=
[
n
0
<
mn
ot
m

1

gag treatnent system that wou

(indicating) ware intact, and they in fact have sonme

“ne releage rathway i3 tc ge¢ into this little area

ALDERSON REPOHKTING COMPANY. INC,
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here (indicating) and out what we call the annulus. There
is some credit taken fcor depcsition in this annulus, z2nd you
will s=e we have analyzed the case in which the £lcw path is
this way (indicating).

nother possibility is *nr this 4all here, which
geoes directly *c the envircnment tc €ail, in which case
there is a direct release pathway (indicating).

(Slide.)

de did not actually do any sequences fcr the Mark
IT containment, but this iz what it locks like. 7f course,
th> important reatuce is, 3¢ain, the cuppression pececl.

€lides)

ind then the Yark TI7, with thle supcreesion pool.
Anéd then there is alsc a crray system up here {indicating)
in the Marik III containment decign. Tnce acain T have shown
the *cundary of this inner region, the drywell here, and
this cuter containrent volume, which ls the vagper gpace to
the guppreszion pool ¢ the Yz=rk TII containmant 3esian,

(£3iles)

The kxey cystems again ars suppression gecls 3nd
spraye in zcome gdesigns. w2 lccoked at a large-gipe2~break
accident with fallure of emarsency core cocline svystem in
the Mark T, and this ie a casgs wheres the supprescion seol is
Sutcccled, and youn weuld evpect it to re very effective in

renoving radicsctive naterialsg froer the £lcw of ficsien

ALDERSON REPORTING COMPANY. INC,
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product Taterial.

Ve also lockzd 2t a transient with failure to
scram in the Yz2rk I, 1In this case, th2 pecol ic beiling
during the core melting pericd, and the particular seaquence
we looked at here was one where the centainment fzilure mode
was such that the flow went up thrcugh the annulus. ie
locked 3t a transient with fzilure ¢f heat removal,

Incidentally, thase twc segquences were founé to be
(indicating) risk-dominant sequences fa2r the ®WF in the
reacter safety study. But in this ca2gce, we lcoked at the
£lcw typassing that annular region going directly to the

envircnment, and then we also Zoo0ked at a transient with

th

leces ¢f all makeup water in the Mark IIT design, 77UV, in
the cocled, supcceled.

Cee that we don't know, really, thies is a
difficult preblem to handle (indicatina), the rciling pool,
particularly with regard toc fisegicn product removal. You
will s2e that when we analiyze this from a figsicn precduct
removal standgpecint, we've 1one that parametrically. It
isn't clear just how much retention there would te there.

Yeu ghould also racecznize that in these cases.,

containment fz2ilure can occur refcre cr during a core nelt

pericd, which intrcocduces another gquesticn about it's nct
Just a cuestion of is the water dciling dDut 21sc igs it even
there? Fecauce the contazisment f2ilure is gredicted t:

ALDEREON REPORTING COMPANY. INC,
400 VIRGINIA AVE,, S.W., WASHINGTON, D.C. 20024 (202) 554-2545
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occur within that region of the pool.

(Sli‘e.)

And now, in the cther =~ as ve move on tc the
other ‘haptere, people will descrite the code that we use
for ficsion precduct transpeort *ehavicr. T wanted to mention
here the methods that are used for the thermchydraulic
analyses, btecause, as Dr, Catton has pecinted out, there are
some significant uncertainties in thermchydraulics. They
can have a majer 2ffect on fission preduct transpert
behavicr.

ovw, throughcut her2, we have used the “arch

computer ccde to analyze +the thermchydraulic tehavior. 2s

n

-
-

as the thzrmohydraulic conditions within the rprimary

"

vetem, the ¥arch code does not predict these. It predicts

grcss tcehavior of the primary system, tut it dcesn’'t show,
as ycu 9o from the upper vlenum tc the het leg tec the stean

generator, wWwhat the stzar temperatures and <conditiecns 2re as

i

you move throush the primzry system. There is nec code
currently availabls that ices that during this period.

o we did some hand calculations to supplement the
Yarch computer co®*e, and they are subiect to large
uncertainties, They can have a sigrificant effect on the
amount of daposition that zcne ypredicts within the prirary.
There is some sensitivity znalvees to try tc sive you a

handle ae to how »ig that =2%fect nicht te. There ig &

ALDERSON REPORTING COMPANY, INC.
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definite weakness or inability to analyze thece thincs.
Alsc, veu should reccgnize that with regard to
containment, that the timing and mode of containment failure
have a particular effect cn the consequences of an
accident. If the containment remains intact or it remains
intact for a specific ceriod of time, you're going tec have a
prstty miner accident in cemparison tc the alternative, If
you hive an early atmospheric failure cf the containment,
thet's the kind of conditicn in which you have ths very
large release fraction and which ycu will see as a result cf

scme of these zccident seguences.

(§5]

o0, in conclusion, I wnat tc say that there are
uncertainties in the thermchydraulics ag well as in the
models for precdicting fission rroduct transfer. 2nd these
uncertiinties affact one's ability to predict fission

product tehavicr.

That concludes my presentation.

i

0

o CATTCNS: What weoenld you say ie the tiggest
ancartaintv? nowledce of the scurce strength or the
transpgert mechanism?

YRe 2EXNINCs I an net sure what you mesnt by the

{s CRATOCNs The figsion sroductes that you are

moving from one place to another, I scort of hzve a

13

"
1]
ey
0
o3
(8]
a
(34
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is centreclled ty thermchydraulics, anéd I am wondering where
is the veakest link.

*R. CENNING: It is not in the scurce wvwith regards
to particularly what one looks at iodine and cesium. for
core meltdown sequence, there is guite a bit of assurance
that a very large €fracticn of that ig going to be released
frem the fuel. Ckay? So then ycu have uncertainties as far
as the depositicn in the crrimuiry system, uncertainty with
regard to lepocsition in the containment for things like TYLE

prime, 1 think the biggest uncertainty ls will ycu have a
containment f£-oilure that cccurs rizht after core meltdcwn?
i%. CATTCONs But really, without a code to handle
th= primary system, without 2 meanz of calculating the
behavicr in the ccntaiament very well, we really den't ==
can't do any*hing but kound.
YRe DENNINGS Yo, I definitaly weuldn't say that.

You will see the results ¢f uncertainty studies that have

seen dcne here which I think zretty we.lL show ug what the

spread of pcssitle consaquencas are. “@'ve done an

un~ertainty analysis, for example, on TMNI12 prime with

MACH-CCRRAL, tn: we have alse done an uncertainty analysis

can cet a2 rretty good idea there

ALDERSON REPORTING COMPANY, INC.
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range is fairly dread. Sc there is a lot of roem for
improvement or for errcr.

¥R, CATTONg I thought that's what T imgplied.

Y3. CEUNINGs OCksy, well, T think what vou had
salid wag all you cculd do is tcund. 2nd I thought you were
implying upper bound. Hhereas, if ycu're saying a range of

uncertainties, I acree with you.

2Rhe JGELLER:s Any other quaestions fcr “r. Cenning?
¥R, RTHUERINGTON: I found the drawings that you

showed on the screen of the 2W% much better than threy zre
snown in the reports. ¥hy 30 you use chese?

¥B. TENWING: Th

- .

-
»
ot

2+ iz an excellent guesticn. I
think that the drawings cculd 4definitely de improved, and
maybe we can srend scme investmentt into that.

¥Rs ZTHERIMNGTON: VYeog, ycu could clean them up.
o JERNING: Yeze dActually, the dravings that
would zctually be in the real report, those were, of ccurse,
Yeroxes o0f figures., The ficurzes wWwculd ccme out mcrs
clearly. Fowever, you can't sz2e the tvpe of things that I
tried to show here.

M2, ZTHERINGTON: VYag, that's what T meant.
ne other guestis>n. =ave yeu tried *c assign any

probabilitiss *to your various ceguences?

YRe TENHINGs Weoll, it wasn't our intent *o do
thet for this ctudve That is very plent-desicon-geecifie, as

ALDERSON REPORTING COMPANY. INC.
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ycu can

¥Eo»

tc dc something

wp

s e
thought were i
judgment tasex

Safety Study

study that is just

(5 ]

THERINGTON:

DENNING: We

‘.ethodeology

78

imagire.

When you talk of risk, you have

did try to include what we

sk-domirant secuences, grimarily using cur

upon the sezctor safety stucy and *he reactor

Applicaticns Progran, which is a

neariny cormcletion, a Joinv

3attelle~Sandiz studye.

How=ver, I think that vou have t¢c rececernize that
thiet dces dep=nd very much on the garticular plant design.

¥e. TTHERINGTON: Well, &t least, 1f somebody
su*sequently decides to acsisn probahilities, then they
can't uge thies report to establish relative risk.

YRe DENNINGs I chink they can uge it to help
predict what the release nagni-udes are, yes.

¥R, “CELLZRs Any other guestions for Yr.
Denning?

(Yc resgcnse.)

IR. NSCELLEXs Tlank you very much. Zhat was well
dones.s Ye will move on to the next »resentaticn, which is
ficsionr groducts releaces fron the fuel, and this w#ill e by
tha Dax Ridge group ani %z. »nichner,

(CliZes)

'R, ATCHETRB:  Just to introduce the authcrs, I am

ALDERSON REPORTING COMPANY, INC,
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dichner, “rom RLL,
YR+ YOELLFR: We are coirng tc have trcuble hearing
+» Eaba.

(Laughter.)

dRe WICHNER: This talk is 4ivided. In the first

half, I will be giving the first half, and Tom Xress will de

providing the second half cf =he talk. Anrd Dick Llerenz is

another esignificant chapter auther who is not here., 3nd 1

mizht mention that we 4id have contributicns fr-om 2zgerne

and

oz

226G, which are present in the report.

a
b= 3

The cbjective of apter U in the overzll scheme

-
-

e N

things is civen in this slide. rincirvally, what we

e

wotld like to 40 is tc lock a+ the eviderce a2nd see i€ we

cAan

evo

eve

determine the chemiczl form of icdine in *the fuel 2r

lved from the fuel; secondly, determine what the rate of

luticn is -- and here we ar= a little bi4t more general.

r2te 0of evelution cf fission products from overheated

fu2l is scmewhat of a2 side iscue., We were acked toc lock at

might =2£fact the tvate of realease from the fuel.

effect ¢f intera with the UC2 as izt

0
(ad
...a
3
Q
ot
[11]
a
'J
It
(59
fe N
’.o
=
L%}

A
na

naliv, to put this togertnher with an accident secuenre to

deternine the whola core r=lease.

the

This itenr 3 uil. »e handled seg the szeccend part of

i 1 '™ - a3 5 - i 4
cn Xregse I 711l %e addresssing ctrincirally
& > -
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(E€lides)

I will hHriefly cc inzo where the figsicn preducts
-= how they arrive in the <uyel, very driefly. 7T will just
briefly indicete what is indicated on this slide, withcut
going into toc much detail. Tor example, “he firet colunmn
indic2tes the mass number; the second ccluﬁn indicates the
amount of atcerms per hundred fissicns that arrived that are
borne, had that me2rs number. Ffor this case, they will be
223 for mass number 131.

The fracket indicates the element at birth. 1In
this crse, for the example, antimeniugx and tellurium are the
bicth =lements in mass 121 and subsequently with date cf
decay, it soeg to ycur rizht.

€0 the point I would like to make with this slide
== which you can Study perhaps later == {is that indeed
tallurium is s significant precursor for all ilodine as we .
as 3all xenhon species.

The seceond == in additicn to simply teing a
srecursor and goesibly affectino the subseguent lccation of

the icdine as it iz pornhe, it is aleo present ac a stable

ALDERSON REPORTING COMPANY, INC,
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about it.

The second thing I would like to pecint out is that
the z2mount of cesium produced is significantly greater not
just solely by radicactivity, but ty mass. The amount of
cesiun being generzted by *ission Adirsctly indicates stable
cesium species are almest ctable cesium species. Ycu get
cecsium as well by *uilding it in £rom a xenon by neutron
activaticn,

€0 the =zmcunt you can take xenon=132 and it could
abserd neutron, emit 2 ke+r2, and cesium=-134 and these cesivu
speciez add sionificantly tc the amount cf cesium ycu
generate directly by fissicn. So when you add it all up,
roughly you have atcut 10 times as much cesium as iodine eon
all the bases.

ME+s MCELLERs A rouple of guestions.

-~ 3 3 ¥ i 3
0 zheal, Dr. Leawrcski.

4

Ke LAWXUSKI: T Hust want to make sure
un‘erstand your second column. The tctzl cf that gecend

colurn would te 270 percent; iz that ceorract?

AR, WICBYNEFRa Yas.

‘Re 'SFELITBE: I was intrigued when - resd the
octiziual repest, which this iz taken from. IT1+-122 has 2
half-1life of nzout what, 10 millicn years? And ycu say
that's asproxinately inifingry”

GRe YICETERs Yrra,
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ME+ YOELLER: Cak Pidge’'s judgment?

(lLavonter.)

YRe I

O

Wil

(0 ]

Rg I Aidn't mean anvthing

sophisticated. If you're adding up masses or nmolar amcunts,

you would fcr that purpose lump 122 with the thing that

stays arcund fcr very long pericds of time. I didn't mean

that to imply 2any radicactive hazard €rom that.

iiRe #OEZLEEs <Ckzy, that's 2dequate, T think you

L4

cucht to give a footnote nr cscmething and explain what you
meant.

Pown there, with the two reactions that are
pr2ducine the cesiun~-124 and =136, again the way yecu have
written these 7o0u inply it's zn end teta reactione

- an getting intec details, tut what you actuallj
de, isn‘t it in 133 to go to 134 yenon, which decays by
besa?

¥R+ RICHYERS Ye3z, Tiohte

YR. YCELLZ®¢ Mcst :nd reactiones are in gammas and
probably it ic an end gamma reacticn that drives the 123 t¢
124,

*Re MICENER3 ZRichtes Your voint is well taken.
This terninolzaoy 12 not ccrrect ag “c what hagppens,

rPe Rl rmbat,  CRAY I THADK YOO,

%0 zhead,

Ds TARTPCEYIs TUsin~ too nuch shorthan? there.s
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MR. WICHNER: VYes.

!R.'KABAT: I am sorry, may we see that table
again?

(Slide.)

MR. KABAT: The yield of iodine-121 from decay of
thorium=131, which has only 25 minutes' half-life, it means
that the number, if they are in equilibrium in the fuel, in
the decay equilibrium, it means that there would be about =t
least 100 times lover amount of tellurium atoms. It means
from the accident that would be cnly one-hundredth of
thorium atoms countering this icdine-131; so it means that a
subsequent production of icdine-131 frem thocium would be
relatively insignificant. MR. WICHNER: VYes.

MR. XKABAT: That would add cnly less than 1
percent off the iodine-131 from thorium decay. And that was
actually a subject we discussed on a few occasions here, how
much iodine would be actually produced from tellurium
released from the fuel during the accident itself. So I
think it wouldn't truly be so significant.

MR. SHERRY: 1In fact, that exactly is addressed in
Chapter 4,

¥R. KABAT: The 132, 133, and 134 are short-lived
iodines and would be produced in larger quantities, but it
is relatively shortlived isotcpe which wouldn't precduce any

environmental hazard.
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MR. MOELLER: Did you get the ansver you needed?

¥YR. KABATs I would say it was rather a comment
than an explanation.

KR, MOELLER¢ Okay.

(Slide.)

MR. WICHNER: Let me point out some basic physical
properties of some of the materials that wve're dealing
with., Let me emphasize that the melting point and thc
boiling ynint colunns.. Cesium, it is thought, would exist
primarly s a cesium uranate and the melting point at 940
degrees, which like cesium lodide indicates that some of the
inner portions of the fuel will be mclten and it would be
solid at the outer portions of the fuel. And in fact, alsc
that cesium ursnate is not one of those compounds that has a
distinct boiling point.

What you do iz you drive cff the cesium from the
uranate and simply increase the vapor pressure of cesium
above the uranate so you don't have a clear boiling point,
snereas the elements are much more volatile with the lower
melting points for the elements and also lower beoiling
points for the elements.

So we're dealino with materials that could exist
either as a crystalline solid or as a liquid on the
interior.

MR, ETHERINCTON: Dces the formation cf cesium

ALDERSON REPCRTING COMPANY, itiC,
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uranate imply oxidation of some of UC2 and the reducticn of
another part of the U02? Where does the extra oxygen come
from?

MR. WICHNER: It combines with U002, cesium
combining with UO2.

MR. ETHERINGION: Yes, but then that wouldn't give
you the CS2, that would just give ycu UO2 unless you pick up
the oxygen from somevhere elr ..

MR. WICHNER: Cesium uranate wvould tend to form
vith a slighc excess of oxygen. You don't normally have
U02. You have UO02 with a slight excess of oxygen.

MR. ETHERINGTON;: I see. There is sufficient
excess to give you that?

MR. WICHNER: Right. ESo the slight excess would
tend to ~--

¥R. ETHERINGTON: 1Is this known to exist cr Jjust
believed?

ME. WICHNER: That's a good question. I an
assured that it exists. However, it has not lbeen cbserved,
and I will get to that point.

¥R. ETHERINGTON: 1In general, with all cf the
fission products coming out as elements and many of thenm,
like calcium and strontium, the tendency would be to reduce
U02 rather than to provide the extra oxygen.

MR, WICHNER: Well, the point you raise about

ALDERSON REPORTING COMPANY INC,
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vhether this actually exists, I am not certain it has ever
been observed. Iliowever, thermcdynamically, it is strongly
implied.

MR. KABAT: ‘ould this exces=5 of oxygen be
available for reaction with some of the fission products?

¥R. WICHNEERE: The proper vway to phrase the
question is that the fuel has a certain oxygen pressure
associated with it vhich depends upon the amount of oxygen
in excess of the stochiometrically required amount. And
that oxygen pressure has an effect on stochastically
required amount. And that oxygen pressure has an effect on
a large number of possible reactions.

(Slide.)

Now, as far as identifying the iodine chemical
form, there are a number of approaches that you would wvant
to take or that you could take.

You could observe the thase compositi~n directly,
as has been done by Clay Camp and XFX; or one can look at
concentration profiles from discharged fuel and try to infer
from the manner in which the profiles match what sort of
chemical species you have.

MR. MOELLER: Dr. Steindler has a questicn.

MR. STEINDLER: GS2efore you go toc far, I assume
you are going to eventually get to your thermodynamic

calculations.
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¥R. PELL: But in controlled experiments, it can
be made?

MR. WICHNER: Yes. And the high value is a bit
misleading., It has something to do with the number of ntoas'
per molecule as wvell.

dRe STEINDLER: Well, even if you divided by two
and you normalize everything tec per mole of cesium, it is
still pretty high.

MR, WICHNER: Well, the general implication of
that large negative value is that it is the preeminent
stable specie of cesium in UC2.

PR STEINDLER: That is exactly my preblem, T
don't think it is a preeminent stable specie of cesium,
There is a cesium~-U4 compound that apparently is more
stable, and that's why I am trying tc focus in on why you
are addressing that particular species.

MR. WICHNER: I telieve on that pcoint there is a
disagreement between that and the thermodynamic studies that
I have used to form the =-- that part of this chapter.

MR. STEINDLER: Yy real questicn is how important
is that disagreement to your conclusions?

MR. WICHNER: It may be significant, because,
vell, for one thing, I dorn't put a great deal cf weight on

the thermodynamic results. I present them, but T feel that
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perhaps one ought to qualify those results. I present
then.

Hovever, if one were to use the thermcdynamic
results wvith a great deal of force, then I would believe
that that would -- that tiat comment of yours would be
significant, because the thermodynamic calculations presune
that the environment that the iodine sees in the fuel is one
in wvhich the partial pressure of cesium is basically the
partial pressure over cesium uranate. So it would have a
big effect in that case.

MR, SILBERBERG: You mean effect on release
fraction of cesium?

MR, WICHNEE: No. FEffect on the chemical form of
iodine as calculated by chemical thermodynamics.

MR. SILBERFEFG: I see. Thank you.

¥R. KABAT: Have you calculated the free path of
the iodine in cesium atoms in the uranium nitrates which
would, of course, bte gquite limited and that might eventually
affect the reaction rate or the equilidrium? If the free
path is long enocugh, it might still be diffusion-controlled
reaction but it would surely affect kinetics of reaction
betveen cesium and icdine?

MR, WICHNER: I have a very limited knowledge in
that area. Yy impression is, hovever, that at temperatures

below 1400 these large atoms are essentially immobile =~
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MR. KABAT: Yes, that's what I mean.

2 MR. WICHNER: =~ in the matrix. And it would be

3 extremely difficult to predict the frequency of collisions

4 Dbetveen these atoms to allow some generalization on the

§ subsequent chemical form. And this is, in particular, my

6 reason for not overly emphasizing the chemical~-thermodynamic

.

results, one of the reasons.

8 ¥R. KABAT: Yes.

9 MR. WICHNER: Hovever, I do present thenm.

10 (Slide.)

1 The conclusions regarding -- these are actually

12 partial conclusiens.

13 First, there are no iodine-bearing phase has been
14 identified in the fuel. 32Zut of the 20-0dd phases that have
15§ been observed by Clay Camp at XFK, he has observed none

16 containing iodine. I think what that means, is that either
17 iodine is not -- is either in a separate phase finally

18 dispersed or in the UOZ grain. So the direct observation
19 does nct lead to a clear result of Qpecifyinq the chemical
20 form of serving concentration.

21 Yes, sir?

22 ¥R. STEINDLERs I think that's a fairly critical
23 conclusion.

24 MR. WICHNERs Yecs.

25 MR. STEINPLERs I am wondering why you decide that
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because you haven't been able to see cesium iodide in
sufficient size aglomerates, that you can identify cesiunm
iodide crystal that you worry about wvhether iodine ig there
as a cesium iodide.

¥R. WICHNER: Well, let me put it the other wvay.
What I am doing is looking at what evidence is there to
determine whether or not one can come tc a conclusion from
that evidence.

Now, the evidence is a description of phases that
have been identified, and none of thsoe phases have been
listed as containing iodine. Now, that is the fact in the
literature. Vow, what conclusion one forms from that, that
is just my impression.

ER. STEINDLER: I am not in a position to guarrel
vith your facts, T think. But I am wvondering how you got to
the conclusion.

¥R, WICHNERs Well, the conclusion is really my
opinion.

MR. STEINDLER: I see. Okay. You will perhags
admit that there is a possibility of cesium iodide being
there in such a phase that you can't see it as a crystalline
material?

¥R. WICHNER: Yes, certainly. Sure. However,
cesium, the second half of the itenm 1, ce~tum jodide

crystals have been found on claddine case by Argonne
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researchers, in one case by Cooper Jahdi, working fer EPRI.
And usually, these are observed on fuel pins that have
higher pins, higher heat rate in them than usual, and thece
crystals have been observed.

The second item, I found nothing really
distinctive in concentration profiles to give any clear
evidence as to vhat the chemical specie is. This was sort
of a long shot. Sometimes you can see a unique feature in a
conceutration profile to allowv identification of a chemical
specie, but that does not occur in this case, as far as 1
can tell.

Third, there are a number of thermomigration
experiments that have reported. These are experiments wvhere
you have powder and temperature gradient, and ycu add cesium
and iodine in various forms, and you see wvhere it comes down
in the temperature gracdient. There have been experiments Dby
Pease and Wiedenbaum, and they disagree as to whether or not
cesium iodide form. Wiedenbaum says yes, Peace says no.

However, they do agree that when you add a small
amount of oxygen to the system, that you tend to form
vhatever you had before you tend tc form a molecular icdine
subsequently.

Now, all I am going to say about chem~-thermo is
listed in item 4, Within the limitations c¢f the study that

was made by PResman and Lindner, their conclusions are that
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the stable forms and the fuel are cesium iodide, cesium
uranate up to 950 centigrade, which is the limit of their
study. They fcound that adding steam to this system did not
change things too much. However, oxygen, they found, did
destabilize cesium iodide. Easically, what it did was lock
up cesium in a more stable uranate, making it unavailable
for cesium iodide.

MBR. STEINDLER: Are you suggesting by that
conclusion that cesium is present in really only twe kinds
of material; namely, cesium iodide and cesium uranate?

MR, WICHNERs I thini the more caireful statement
vould be to say within the realm of chemical-thermodynamics
and within the temperature range of this study, yes.

However, the realm of chemical-thermodynamics is a
limited realm. Sometimes there are rules that you have to
use in chem~thermo that don't really apply to ycur situation
that you have. And this is the reason why I am not
overemphasizing thermodynamics in this regard.

MR, STEINDLER: Well, can I drive you cut awvay
from that nice, neat limitatioen?

MR. WICHNER: Yes,

MR. STEINDLER: If you would just address the fuel
in general and not the study and vhat you know of the rest
¢f the literature, would you still say that cesium is only

found in two compounds? If I pulled fuel out of the reactor
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and let it cool for a few days at rocm temperature and gave
it to you and you looked at it, wvhere would you expect to
find cesium?

MR. WICHNER: 1In some cases, you would find cesium
that has migrated down to cooler portions and exists there
as metallic cesium. In some cases you would find cesium,
some cesium, in around the gap between the pellet and the
clad.

MR. STEINDLER: As metallic cesium?

MB. WICHNER: As a form that during operation was
in the gas phase. I mean vague. And occasicnally you would
find cesium as a compound with zirconium on the surface of
the pellet. Put this has been observed only in extremely
high~heat~-rated fuel., Similarly, you would find come
cesium-bearing compounds on the cladding and cesium iodide
nas been found on the cladding. Again, I believe, only for
heat ratings above the desigr heat ratings.

¥R. STEINDLERs The rationale for the guestion,
obviously, is I am looking to see what information you have
been able to accumulate on were cesium to get tied up in
compounds more stable than cesium iodide -~

YR WICHNER: Tha2t point is a very good point.

And T did look, and I don't believe there is much background
to allow an ansver to that question. It is a complicated

gquestion, because of the very difficult mobility of these
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heavy atoms in UC2 and wvhat opportunities they have for
chemical combination. I don't believe that question can be
ansvered.,

¥R, STEINDLER: One compent, or two comments. The
cesium uranate that you're looking at is ~- the one that's
on the slide -- is probably not the most stable fcrm cof the
cesium-uranium-oxygen system. Two, there has been no
conment made -- I wvas a little bit surprised that there has
been no comment made on cesium melectates, which vaporize
congruently and represent part of the vapor transport at
high temperature. Congruent vaporization is nect a good
enough reason to call scmething stable, but at least it adds
the guestion as to whether or not a cesium aalitdate may be
another sink for cesium that would take it out of the cesium
iodlde domain.

MR, WICHNER: Cesium malibdates vere examined by
the study by Pesmer and Lindner and they determined that
cesium uranate vas more stable than a malibdate. Again, I
have to qualify, for a given oxygen pressure, their
conclusicn is that cesium uranate is the most stable species
for this oxygen pressure that is appropriate for a UC2 with
a slight excess of oxygen.

Sow, it's true that other cesium uranates become
more stable, bdut at higher oxyvgen pressures.

MR. XABAT: Have ycu included the effect cf
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hydrcgen high energy of different kind of radiatien on
actually the thermochemical analysis?

MP. WICHNER: No. That is another point, another
reason why I do not like to emphasizs the chemical
thermodynamics. This point cannot be accounted for in
chemical thermcdynamics.

MR. KABAT: ©Would you expect that it could have a
very significant effect?

¥MR. WICHNER: It's only my suspicion, but I think
metal halides can be affected by intense radiation. £fo it
could shift some of the equilibrium.

Yaybe sore of the more chemically oriented pecple
could comment on that.

Well, I don't knove. I don't want to put anybody
on the spot.

MR. BELL: I would expect the gradient radiation--

¥B. LAWROSKI: We can't hear you, sir.

¥R. BELL: I would expect the greatest radiation
damage in the fuel would be on some oxygen-containing
species creating an oxygen radical type reaction,
essentially the redox contention.

¥R. LAWROSKI: It is what?

MR. ¥XABAT: Significantly affect the chemistry of
iodine and cesium inside the fael.

(Slide.)
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MR. WICHNER: I will have to go a bit into release
rate mechanisms, and this is a very touchy point, as some of
your questions have already indicated. And it is also a
matter of some opinion, one investigator to the next. This
opinicn presented here is predominantly the one presented by
Lorenz. I have to go through this a bit to be able to
understand some of the variations in the data that are going
to te observed.

Initially, wvhat you have, you have the cladding
burst and you have a release of gaseocus materials from open
voids in the plenum. Confounded with that release is a
release of some embedded noble gas which -- well, again, I
am presenting a model as developed by lorenz =-- in a
temperature range approximately that. Then you would get
cladding burst.

You can alsoc release noble gases that are
shallovwly embedded on various surfaces. And it's a subtle
difference, but some experiments might have different
amounts of this release relative to the others, =nd it does
caucse a bit of confusicn occasionally in looking it some of
the release data.

Following cladding failure and release cof the
shallowly embedded noble gas, you then have a process of
diffusion to the failure point at about 1400 centigrade.,

You have something called "grain boundary release” deqginning
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to occur, vhich involve several processes and seems tc occur
about 1350 to 1400 centigrade.

And the processes involve bubble, linkage, grain
boundary growth and separaticn, all of which you tend to
have sort of a rapid evoluticn at this point, and high
burn-up fuel. I don't know what it would be in lov burn-up
fuel. It might occur at a different temperature.

And then, subsequently, you can diffuse material
actually from the grain interior to the grain surface.
Actually, diffusion occurs altering this process. However,
it would become the dominant methcd of release only at
higher temperatures.

(Slide.)

So you have these release mechunisnms.

MR. ETHERINGICN: Let me ask a gquestion to clear
up something for me, please. In a solid lattice-like UO02,
vhere both cesium and iodine, does it knowv that it's cesium
iodide to the extent that it becomes a separate phase?

¥B. WICHNER; I don't think that questicn can be
answered, There are several things that possilly could
happen, and I don't know if anyone can say definitely that
one thing happens. You have a general notion of noble
gases.

MR, ETHERINGTON: VYes.

¥R. YICHNER: It could be tcwards the grain
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boundary.

ER. ETHERINGTON: When it migrates to the grain
boundary, you have a void in which a compound can form.

¥R. WICHNER: VYes.

MR. ETHERINGTON: But within the lattice, would
there be anything to say what it is?

MR. WICHYER: Nc.

MR. ETHERINGTON: All right. Thank you.

MR. WICHNER: Cne can lcok at =--

¥R. BELL: Excuse me.

¥R, WICHNER: I am looking =-- Yes, sir?

MR. BELL: Excuse me, sirc?

MR. MOFLLERs Harold, they have further
comments.

MR. FTHERINGTON: Excuse me.

MBR. BELL: With respect to your guestion of
species in the lattice, I don't think you'd expect micration
©of anything other than atoms =--

MR. ETHERINGTON: That's richt.

¥R. BELLs -~ inside the atonm.

MR. ETHERINGTON: That was a2y thought., But when
you get to the grain boundaries, you'd have a different
cendition.

¥R. EELL: Yes, you could.

MR. WICHNER: That's an extremely important point,
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because a significant fraction in the life of any fission
product exists in that form as atoms migrating in. UCZ and
how they migrate, wvhat opportunity they have for chemical
combination within that grain is, I believe, not answerable
at this point.

MR. ETHERINGTON: The metallurgists have empirical
rules. I think it's somebody -~ Rotheri, isn't it -- rules
of potential solubility based on atomic size, atomic radius
and valents and a few other things? Is there any similar
theory in a compound like UC2?

MR, WICHNER:s That takes me out of my area of
specialty.

¥R. ETHERINGTONs Humeri is the name, or something
like that.

MR. WICHNER: It was the same purpose of
identifying the iocdine species. OCne can look at release
rates. In particular, one notes that iodine and ncbhble gases
come off uniformly at equal rates. Well, that is a strong
indication that you have a highly veolatile form of iodine in
the fuel. On the other hand, if iodine and nodle gases come
off at significantly lowver rates, that would de an
indication that the iodine is locked into scme more stable
species than molecular iodine.

So, with that point in mind, I have t¢c note that

the early data, in basically Parker and Pavies, actually
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indicate a more rapid evelution of iodine in noble gases.
And this bias is still built in the ANS 5.4 code, which is a
little bit surprising to recommend for the release rate
correlation. They recommend diffusicn coefficient for
iocdine seven times that of xenon, and it's based on these
early observations of Parker and Davies.

Again, let me speculate why is this sc. I think
the reason it is so is that both Parker and Davies did not
use fuel elements and their experiments did not fully
account for all the release mechanisms that are possible.
And I think that they actually d4id nct see scme of the noble
gases that they had lost prior to the experiment, because
they didn't contain it with cladding and they lost the
shallovly embedded noble gases.

That is my speculation. But that is still present
in existing technigue, that lias.

¥YB. LAWROSKI: But they should have been observed
differently, depending on the size of the chunks of fuel
they were working with.

MR, WICHNER: They didn’'t do that pany
experiments. And Davies did cbserve such, because he used
pellets and powders, both.

¥R. “OELLER: Dr. Steindler.

¥R. STEINDLEE: Are you saying that the Farker and

DPavies' experiments are not well enough wvritten ug to de
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able to evaluate the validity of the speculation that you
came through with?

¥R. WICHNER: They make no such speculation. I
enmphasize that is my speculation. And I don't want to say
that.

MR. MOELLER: Regeat your gquestion.

MR. STEINDLER: #y question is: Do ycu believe
that the papers written by Parker and Davies contain
insufficient information tc either validate or comment on
the importance of that speculation?

MR. WICHNER: I wouldn't put it that way. Parker
and Davies both present their observations, and novw you are
free to analyze them and interpret them.

¥R. STEINDLER: lLet me try it once more. A lot of
people write a lot of papers in wvhich *hey present
information, tut the question usually is: Is it presented
wvell enough to be either complete, or traceable, sc you can
identify fairly clearly the answer to the gquestions that vyou
ask ten years later. There is an awful lot of junk in the
literature, sir.

Lauchter,)

MR. WICHNER: Yes. Yes, indeed.

MR. STEIKDLEEKs That may be part of it. I guess
vhat I am really getting after is: 1In the work that was

behind putting this volume tcgether, was there any
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significant attempt to critically evaluate the quality of
the information that you have been able to dig cut of the
literature?

MR. WICHNER: I am actually going to come to that
point in a moment. But the short answver is: not
completely. The full evaluation of each experiment could
not be done in the scope of time. But if I can get a plug
in for another NRC-funded program that is a milestone in the
severe accident sequences analysis program for later in the
year.

MR. MOELLER: Don Crth has a comment.

¥B. CRTH: Yes. I don't remember that particular
paper richt nov. Put I have jone through evaluating scme of
the papers. One ¢f the key points when you are trying to
support the speculation yocu get is not just the rates which
came out but the total amcunts. And in some cases, ycu find
the rates indeed say this sort of thing, but they can’'t
account for about 90 percent of the material that was really
supposed to be there. So =--

MR. WICHNER: I agree. I don't know about Davies,
but I agree that the mass balances on Farker's experiments
did not work out very well. That much I know.

Well, later experiments by lorenz ~- and here I
vish -- I misvrote this -- I wish you wculd correct this on

your copye. I don't mean "grain doundary release.” I mean
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"emtedded gas release.” So rlease cress this out. I Jjust
vrote the wrong words down.

Cross out "grain boundary"™ and write "embedded gas
release.” That's mechanism 2 rather than 3 or 4. I just
wvrote it down incorrectly.

Later experiments by Lorenz don't ltear this lias
of more rapid iodine release relative to xenon release.
Hovever, the situation is not clear, because you have
several mechanisms being involved, and all ycu can say is
that you get approximately the same amount of iodine and
xenon released at low temperatures as far as lorenz'
experiments gc

At higher temperatures, at 1400 and above, or at
about 1400, Lorenz' experiments show equal parts of iodine,
cesium, and noble gas release.

The other thing I would like to get into relates
to a feature of Lorenz' experiments where he had something
actually identifying the species. Up till nov vwe've reen
looking at -~ seeing if ve can infer something frcm a
relative release rate. Put there is a species
identification attached to lorenz' experiments. And that is
on the next slide.

(Slide.)

.A couple of significant points here. Llocrenz had

several J&pes of experimentcs, and I have abstracted these
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results from Table 4.3, which is in the report, and I really
urge you to look at the full report, because there is not
any fully adequate way of abstracting it. 1T have tried just
to get it on the slide.

What I mean to show here is that in his
experiments, where he employs helium to carry off the
evolved noble gases, he -- oh, the three species that he can
crudely identify -- and maybe "crude"” is not the proper word
== but in its analytical train he has, he can observe a
location of a deposit and infer that that deposit is cesiunm
iodide or he can look at a charcoal figure and infer that
that deposit is a molecular icdine, and he can lock at some
filters and infer that that is a particulate form of
transfer. So that this amauch an oversimplification, I want
to tell you, because it is not clear particulates can cause
it every place. So it takes a little bit of unfolding.

¥R. LAWROSKI: It is really too good of a
100~-gercent material balance.

MR. WICHNER: Now, lorenz did have a careful
material balance. That's one thing he did have =--

MR. LAWROSKI: That would indicate =--

MR. WICHNER; =- which was absent in Parker's
experiments, but Lorenz did have a good mterial balance.

Well, the point I would like to make is that in

hizs experiments shere he employs helium that he calls a "gap
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purge test,"” now, the range of temperatures less than
1100-1200 degrees centigrade, the dominant species does
indeed seem to be cesium icdide. In other tests, in stean
there vas a range of species that are identified.

The range I have given here, the low point, the 4
percent cesium iodide and the high point -- I believe I
picked the high cne; I am nect sure. It's 86 percent cesium
iodide. °So that when he ran his experiments with steam, he
got a range of percent of cesium iodide, a range on the
location where the molecular iodide would cocme down, alsoc a
tanqe.cf particulates.

MR. LAWROSKI; Excuse me. I guess it's a
different way cf expressing material balance from what I am
accustomed to. What that is is of the stuff that he
measured, that's 100 percent, but that doesn't say that he
wvas accounting for all of the 100 percent of the icdine.
It's just that you can do material. That's not =--

MR. WICHNER: Yes., That's right. Although he did
make comparisons with predicted amcunts actually in the
fuel. PBut these are not those numbers; these are simply
percentages of what was observed.

So this would go up to 100. However, the
statement is still true.

¥R. LAWRCSKI: Yes.

MR. WICHENFR: 1In cocmparing these total amcunts
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vith wvhat was in the fuel, he did get good comparisons.

MR. ETHERINGTON: It seems to me important to know
hov much of the equilibrium iodine-131 is in the v2ids and
presumably found a stable partner and howv much is still in
the lattice. l'o we kncw what that ratio would be?

MR. WICHNER: That ratio, that wvas measured for
twvo pair of fuel elements. And for PWR fuel element, the
amount of iodine in the void that was readily available for
departure on fracture of the void wvas on the order of 1
percent, 1 percent of the total inventory in the fuel.

MR. ETHERINGTON: You mean 39 percent was still in
the lattice?

¥R. WICHNER: VYes, for the PWR experimental pair.
I have to emphasize that, because for a similar pair of
tests using a EWR fuel element, that number was 14 percent.

¥R. ETHERINGTON: So the assumption that the
icdine pairs out with for cesium iodide will then depend on
the relative rates of diffision out of the lattice as well
as the relative amounts of cesium and iodine in the
lattice. Is that somewhat indeterminate?

YR, WICHNER: I am sorry, I missed the gist of
yonr guesticn. I don't know at what point in the pellet
void cladding geometry you generate stable chemical species
and at what pcint you keep thece elements apart just simply

because c¢f -~
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MR. FTHERINGTON: The point was that in a meltdowvn
presumably everything that is in the void disappears
quickly, and that is to say cesium iodide. Now, in the
lattice we still have cesium and iodine, which are diffusing
out at different rates, and it isn't so clear that we can
assume that we will have cesium iodide unless we have some
numbers, Have I made that clear there?

MR, WICHNER: No, not really. Let me just say
this. The cesium iodide and other -- and the ncble gases -~
are predicted to be almost completely gone significantly
tefore melt occurs.

¥R. ETHERINGTON: Then the distribution at
shutdown is very rapidly upset then bv increacsing
temperature?

¥R. WICHNER: Yes.

ER. MOELLER: ©Don Crth.

¥YR. CRTH: Was all of that done on samples cf the
same fuel, different samples of the sane fuel?

MR. JICHNE®:s All of that was done on different
samples of two fuel rods, one fuel rod from the Feachbottom
boiling water reactor, and one fuel rod from the H, P,
Robinson PWR.

MR. ORTH: ©2ut is there any way we can tell from
that table which wvere from which, or do you have any kind of

a radiation data?
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MR, WICHNER: Not on this table, but on the table
in the report, I believe it is identified.

MR. MOELLER: Rich Sherry.

YR. SHERRY: FEob, you may want to point out the
difference between the experimental apparatus for the helium
setup and the steam setup which may account for scme of the
1ifference in chemical form.

MR. WICHNER: Yes.

MR. SHERRY: I think that's important.

Y¥R. KABAT: There is also an interesting
coincidence also. In the case of the report which are
indicating that for a larger amount of total amcunt of
iodide we are getting a higher yield of cesium iodide; here
ve are in the low guantity, we are getting high, too.

¥R, WICHNER: Yes.

MR. KABATs And also they are actually shorter
periods. We are getting a higher amount of cesium cn cesiunm
ic4ide; it means that cesium iodide might even be in the
voids and elemental iodine from diffusing subsecuently from
the uranium oxide. That might de. That would also bte
actually a point worth -- what we discussed before about the
free path of cesium and atoms inside the lattice. It means
that the iodine would be reacting so much in the veoids.

There are quite a few cases like that in the table

andi the report. And it might te worth analyzing it from
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this gpint of view.

MR. WICHNERs I was getting to the point of
setting down some postulates that could explain this
behavior. I noted vhat you have said. Yowever, I did not
use that as an explanation.

MR. ETHERINGTON: Jim, I would like to try another
tack cn my previous gqu2stion. Assuming that immediately we
get overheating, everything in the void disappears, ve still
have cesium and iodine in the lattice. If that iocdine in
the lattice was a large proportion of the total shutdown, do
ve know there is enouch cesium in the lattice to take care
of it?

MR. WICHNER: To take care cf what?

MR. ETHERINGTON: Do we know there is enough
cesium in the lattice to satisfy the iodine in the lattice?

MR. WICHNER: VYes, I think that's clear. There
are about 10 times as much.

MR. ETHERINGTON: No, no. That's the total. But
ve don't know how much of that is in the voids and how much
is =till in the lattice.

¥MR. SHERRY: I think the observations that were
made on the higher-temperature tests, which vere as much as
20 percent of the cesium and icdine vere released during the
test, indicated that there vere =-- or mest cof the release

was coming from the grain structure itself. And the
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observations were that the total fraction of cesium and
iodine b-ing released were approximately the same, about 20
percent.

And based on the overabundance of cesium, you
vould expect that about 10 times as much cesium coming off
tae U002, coming from the UC2 grains.

MR, ETHERINGTON:; You said that avfully fast and
alsc I didn't hear it very well.

¥R, SHERPFY: 1In the higher-temperature tests, the
test was compared tc 216 degrees C. There was a total
release cf approximately 20 percent cf the available
inventeory of both the iodine and cesium. Okay? And they
came cff about the same rates. And since there is
approximately 10 times as much cesium as iodine, okay, and
they're coming off about the same rate, there should at all
times be an abundance cf cesium for a combiration of iocdine
if they are combined prior to release.

MR. ETHERINGTON; Let me probe a little further.
At shutdocwn, essentially all of the icdine is in the
lattice. Now, if one-tenth of the cesium is in the lattice,
then we've get enough cesium there. [0 we know that there
is one-tenth cf tiue cesium in the lattice at shutdown?

¥R.

)

HERRY: Well, the gap inventories of cesium
and icdine during normal operation shculd be approximately

the same.
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FTHERINGTON:

In the gap.

SHERRY: In the gap, yes.

ETHERINGTON: Now with tae ratio in the

lattice ==

MR.

“HERRY: Approximately the same as in the
6 gap. To the firs' order --

7 YR, ETHERINGTON: Ycu're saying they diffuse at

8 the same rate?

9 ¥R. SHERRY: Yes.

10 MR, ETHERINGTCN: That's very surprising, because
11 cesium has an atomic radius enormously greater than the

12 radius of iodine.

13 MR. SHERRY: The two top tests were tests to

14 measure the gap inventery of cesium and iodine, and these
1§ indicated that the -~

16 MR, ETHERINGTON: I see.

17 MR. SHERRY: =-- fraction of the available

18 inventory that got to the gap was about the same for cesium
19 and iodine.

20 MR. ETHERINGTOF: Okay. If you have £firm numbers

22 MR. WNICHNER: In looking at this table ==
23 YR. MOELLER: Well, now, had you done what Dr.
24 ¥abat asked about on the type of analysis that he

25 suggested?
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¥R. WICHNER: By that you mean?

MR. MOEILER: Llcoking at the total guantity and
looking at the time factors and so forth.

¥R. WICHNER: No. I presume you mean looking at
the bdehavior of migrating species within a UO2 crystal. No,
I haven't done that. And furthermore, I am not gquite sure
hov that could be done. That's quite a difficult Jjob.

MR. KABAT: I believe that in the voids actually
because it's gasecus phases, the iodine and cesium would be
in the form of gas, gaseous forms. S£o that probably the
reaction probably would be much better because of the free
path.

MR. WICHNER: Yes.

MR. XABAT: So that eventually that would affect
the ratio of cesium iodide to elemental iodine in voids,
vhile in the crystalic structure of UC02, it wouldrn't have so
much chance.

And the other thing, also, the half-life of
iodine-131 is relatively short compared to the dynamics or
kinetics of that action between cesium icdide. S50 it means
it really wouldn't have ~-- it's d.ffusion-controlled in this
case. And at today's half-l.ie, that would give us actually
less chance to get a inter-reaction than, say, the stable
icdine atoms.

€o this wvay, actually, probably the ratio of
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elemenmtal iocdine to cesium icdide would be different in the
matrix, UO2 matrix, than in the voids. And this would
eventually indicate that it might be the case.

¥R. LAWROSKI: How reproduceable are those, do you
know? I am loocking at the steam at 200, I guess. Those
three are at 900. They're on two different kinds of fuels,
I guess, because of the amount of iodine reducing ~-- the
last pair is a common sample, and then the other one is
net. If it isn't, then I have some questions about the
reproduceability.

¥R. WICHNER: These are very difficult
expeciments, and one-shot experiments.

¥R, LAWROSKI: I agree with that, ves.

¥R. WICHNER: And testing for reproduceability is
frequently not a luxury that is afforded people.

MR. LAWROSKI: PRecause if it was indeed the same
sample of fuel, those three you locked at, then you get a
crazy pattern there that leaves you with a great deal of
uncertainty as to what's geing on.

MR. WICHNERs These may involve phases in the test
series where the t‘emperatures approached and allowed .he
plateau and then subsequently elevated and left the plateau,
and that tends to emphasize -- explain why scome of these
large differences. Some of these might refer tc a plateau

in a series of tests and not necessarily to inventory of the
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fuel rod.

Put I Jjust wvanted to get to some postulated
reasons for this behavior, and there was one such given a
moment ago.

(Slide.)

One possible reason for this behavior, if we look
at the last two experiments, the last pair, we see under
nominaily similar conditions, similar amounts of iodine.
When we run the experiment bdbriefly, was get propcrtionally
more cesium iodide than if we run ;he experiment for a long
period of time.

Ckay. Yo you can form a postulate that the cesiunm
iocdide has some finite reaction time with the environment,
say, steam or impurities in the steam, so that the long-term
experiements tend to degrade the cesium iodide to form the
molecular form. Okay, that's a postulate.

The other postulate is that the steam in this
experiment was not chemically pure, it did contain =-- they
used demineralized vater, but they didn't purify it
othervise. And if there is a reaction with an impurity. it
vould tend to have an effect vhenever you have a =.aller
amount of iodine invelved.

So I do observe this thing that was mentioned a
minuie ago that you have cases uher? not vastly different

conditions, but when you have small!quantities of iodine,
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you tend to manufacture larger observations of molecular
iodine from that point of view.

And the third possibility is that in this
experimental system, which consisted of quartz, it is
possible to get some interaction with the quartz, and you
have, tetween the steam experiments and the heliunm
experiments, a different type of geometry that allows more
¢f a contact with quartz. ©So that is also a possibility
vith the reaction with cesium iodide with quartz would tend
to lock the cesium in the guartz and allov the icdine to
dissolve.

¥R. STEINDLER: You're not saying that experiments
at 1600 degrees centigrade were done in quartz, are you?

MR. WICHNER: No, the Poundary tube was guartz,
however, and the carrier gas convected past the quartz.

¥R, STEINDLERs Co you know anything at all about
the impurity content of the stean?

MR. WICHNER:s It would de ppm level air, That
weuld be the impurity content. There was no special rains
taken to de-aerate, that's all.

MR. STEINDLER: 1Is that right? I guess my
conclusion on that basis is most of those experiments won't
mean much.

MR. WICHNER: No. I think that will =-- that might

prove to be true, bdut the indications are that higher oxygen
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levels in wvhat you would normally get from dissclved air and
vater wvould be required to alter chemical species. But that
remains a not completely resolved guestion.

MR. MOELLER: Don Orth.

MR. CRTH: Well, I mean with all of the caveats
that keep coming in on this, is it =-- would it be fair to
say that these particular data as reproduced in Table 4.3
and your table and your book here really aren't very good in
terms of trying to make any of these interpretations?

MR. WICHNER: Well, I wouldn‘'t put it that way.
They're a step forward, and vhen;ver you take a step
forward, you recognize things that if you were that smart in
the teginning you vould have done differently.

¥R. CRTH: Right. And from the standpoint,
though, it's fine. There is a lot of interesting pecints.
You can postulate the reasons as you did for why tvwo series
of tests you got those two results.

MR. WICHN.R: Right.

MR, ORTH: However, those data are only useful if
then you can go on and design some experiments and ccnfirm
that those explanations really are any good.

¥R. WICHNER: Riaght.

“R. ORTH: So my reaction con readina this the
first time -- because now I am beginning to remember the

original reports, tecause I think I read some of those ~--
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were that they vere very interesting from the standpoint of
planning tests. But you still couldn't drawv any conclusions
from thenm.

¥R. WICRNER: Well, I would agree with that. If
one were awvare of these possible phenomena that are
illustrated in the results at the outset you would have
designed the experiment differently.

MR. ORTH: Correct. So they are valuable for that
purpose. But I guess what I am really wondering abcut then,
does this table and a few cf the others like it really have
any input into wvhat our general conclusions are as you have
put them in this chapter? Eecause if they do, they call
those “"conclusions.”

¥R. WICHNEER: Well, you've geot me on the spot a
little bit,

MR. MYNATT: Ffred Mynatt, from Oak Ridge.

Almost all of this discussion is focused con the
steam part of this table, and wvhen you get to the point of
questioning the experimental technique, that's appropriate,
because the best experiments were the helium and steam purge
experirments.

And if you turn the question around and say fcr
those experiments which have the best experimental
technique, if the form is atomic or molecular icdine, how

could that have been observed in the analytical train? And
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that is the firmest piece of evidence, I think, in the
experiment.

MR. ORTHs Right. But we are also interested in
the overall conclusions on accidents that involve, in many
cases, having a large amount of steam there. 1It's hard to
have a water reactor and have no water whatsoever rresente.

¥R. MYNATT: Yes. It's important to take the
questions one at a time. T certainly don't reduce the
emphasis on that gquestion. I Jjust did it one at a time.

¥R. ORTHs I don't guestion the data here. As I
point out, it's interesting data from the standpoint of
designing experiments. You can drawv a lot of conclusions
that are very worthwhile as far as designing the next
experiment., I Jjust worry about using it right nov to draw
conclusions on pathwvays and migration rates.

MR. STEINDLER: There is one other hooker,
though. You've got to be very careful when you make that
statement. That's a selected table, and he carefully
pointed out you ought to go to the text.

If you go to the text, you find it is two kinds of
experiments., It's helium experiments and gap purge
experiments, The other ones are not. And unless ycu do a
lot more talking cr reading, you can't compare necessarily
the results from a gap p urge experiment from what they call

a burst release test and the interpretation of a ccmparison
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of what you have on the slide, I think, is a little
hazardous.

MR. MOELLER: Ha;old Etherington.

¥R. ETHERINGTON: Yes. I would like to understand
those last two lines. As I understand it, in the final
tests the extra 60 minutes of heating only released an extra
three milligrams of iodine; is that right?

MR. WICHNER: I am not familiar with the exact
chronology of each individual test. I don't know. I would
have to look at the chronology of the tests to re able to
answer any question that is that specific to the test
sequence.

MR. ETHERINGTON: Well, then, T will ask a
hypethetical guestion. If this is true, then it doesn’t
seem reasonable that an extra three milligrams can so
radically change the cesium iodide and iodine distribution.
So I will just drop it there, as long as we don't wvant to
discuss it.

MR. KABAT: Was this iodine released from one
element?

¥R, WICHNER: It vas released from two from
segments from two discharges.

MR. XABAT: So that the five grams actually in two
experiments, an order of one gram from the other

experiment? That's quite a3 large amount of iocdine., That
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vould regresent probably almost a total release of iodine
from the fuel.

ER. WICHNER: The experiments, as they ended up at
the upper temperature levels of 1200 or so above, most of
the iodine would end up in the vault, yes.

MR. KABAT: That shows really a very ragid rise.
A fev hundred minutes, a rapid release of all the iocdine
from the fuel into the steanm.

MR. WICHNER: Yes. PRight. I have some release
rate coefficients, but I am not sure how much time you want
to give me.

MR. MOELLER: I was geoing to ask you where vou
stand. Mr. Kress still has tc appear; is that correct? I
know we have delayed you with gquestions. But let's do move
along.

MR. MYNATT: Fred Mynatt again.

Let me restate the conclusicns that I think boil
dovn from this discussion. That is, for the gap purge
experiments. The helium test, the observed form is not
molecular icdine. Strongly suggestion from analytical and
cesium iodide, but that's not a definitive measurement for
the steam test.

The conclusion, I think, that comes from this
discussion is == our observations ~-- 1s that the

experimental technigque has to be much more carefully done in
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order to get real conclusicns, so you can see ve're not
really getting all that much from this table. But on the
other hand, it is very important that in one very clean case
it is not molecular iodine.

¥R. MOELLER: How much more do you have?

MR, ETHERINGTON: Could I just ask one more
question quickly? Was the last table included in the
report?

¥R. WICHNER: Yes.

MR, ETHERINGTON: Looking at Lorenz' more recent
publication, his numbers are on micrograms. You miqﬁt vant
to check to see whether that milligrams is correct on the
table.

MR. WICHNFR: I am pretty sure it's milligranms,
but I will check that.

ME. ETHERINGTON: Some of this goes down to five
grams., That's a lot of iodine.

MR, WICHNERs; Well, all right. Thank you. Ckay.
Thank you.

MR. MOELLER: If you can finish your part up in
ten minutes or o, go ahead, Ecb.

MR. WICHNERs Okay.

(31ide.)

I think I have covered, I think, the rost

important area, and very briefly I would Just like to look
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nov at relative release rat~es, sort of leading into Tom
Kress' part of the talk. I just would like to say that we
have examined a host of =-- well, not a host =-- but many
release rate experiments. And I think these are all that
pertain to materials other than noble gases. Fach has
different characteristics, and I have to mention that
somewhat to indicate some of the subsequent uncertainty.
Each represents some sort of a compromise, and the
experimental conditions affect the results in different
vays. And the results, on the surface, is confusing. And
even below the surface it's confusing.

But in Lorenz' experiments, he actually used
discharged fuel, and the environment was helium and steam.
Parker used chunks of low-burning fuel and helium. He also
had some melt experiments. We used the causal experiments.
These used fuel simulants, which have a set of uncertainties
introduced therefore, and their experiments are
predominantly in air, which alters the chemical species.
And now there is generating some steam experiments.

We have the power burst facility tests and
reactcr. Davies used low-burner material, powders, and
compacts and helium and so on, where ycu have in each
experiment either a burn-up effect, a chemical form effect,
a cladding, existing or nonexisting. And in-reactor tests

involve prodblems of their own.
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But wvhat ve did to obtain relative release rates,
ve emphasized for this study the first four studies.

(Slide.)

And while the result is confusing at first, there
does seer to be some sort of a pattern. These results are
expressed as release rate coefficient, fractiocn release of
remaining uncontrolled for a minute, and this curve for the
noble gases and the volatiles indicate some trend that ve
2xamined, the individual experiments, gqualitatively tried to
note their biases, and from that scatter attempted to define
an interim release rate coefficient for iodine, xenon,
krygton, and cesium, based on these individual tests, which
are a function of temperature.

(Slide.)

And from these uncertainties that we have come up
with this, which I would just like to present as our what I
vould call an "interia"” set of release rate coefficients
from fuel based on a partial examination of the bdody cof
data. You might correct "zinc®” there at the bottom. That
*Z¥" should be "ZR."

This set of curves applies. It does not apply to
the release part to the burst release and to the shallowly
emnbedded release, but to tﬁe subsequent release.

Well, T think I will end my talk at this pcint.

MR. YOFLLER;:; Arz there any other questicns?
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1 (No response.)

2 MR. MOELLER: Okay, let me ask how long Tom Kress'
3 presentation will te?

4 MR. XRESS: I had planned about a 20-minute talk.
5 ¥R. MOELLERs All right, I think we will go ahead

6 with it now and break for lunch after you finish.

T (Slide.)
8 ¥R. KRESS: Tom Kress, Oak Ridge Laboratory.
9 The part I vorked on and will discuss is the

10 calculation of release rates of fission products and other
11 materials. That includes fuel, clad, structure. As the

12 core heats up and passes through melt and is sustained at
13 some melt temperature.

14 In addition, if T have time I will talk ahout the
1§ release from concrete and molten fuel, interacts with as it
16 falls through the vessels.

17 (Slide.)

18 The release calculations in this study are

19 somewhat different from the original reactor safety study.
20 And so that you can notice that those differences and more
21 or less highlight them a little bit, I have one slide which
22 T would like to present.

23 (Slide.)

24 This reviews briefly what was done at the reactor
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