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Dear Mel:

inclosed for your information and use is the repor: summarizing our results
for PWR Standard Problem Number Two. The results contained in this repors

nave deen previously presented ana discusseq at meetings of the Containment
Loaas Werking Group (CLWG).

While it was the intent of PWR Standard Problem Number Two %o focus on the
fssue of steam spike loadings in 2 subatmosoneric °WR containment, our analyses
ingicate the sossibility of significant loads due =2 hydrogen burning in a
number of the cases specified. While this 1S not a new reveiation, 1% does
once again illustrate the comolexities and phenomencicgical intargependencs
dssociated with severe accigent 2nalyses. As the "steam spike” goes away,

S0 aoes 1ts inerting effect on nyarcgen burning. The pressures that would

be oredicted in the containment woulc depend on the ignition criteria assumed;
the latier were not specified in the standard problem. As indicated in the
enclosed repor:, under some of the conditions specified in the standard oroplem
=ne pressure loads from hydrogen durning ccoule de comparable or greater than
those due to steam spikes.

[¥ there are any questions on the resuits presented in the anciosed resors,
Dlezse feel free %o contace me.
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PWR STANDARD PROBLEM NUMBER TWO

INTRODUCTION

The objective of the Containment Loaas Working Group (CLWG) is to
develop an updated technical position on the relatively short term (few hours
duration) containment pressure-temperature loading following reactor vessel
failure. A way of deveioping an ungerstanding of the problem is to have a
numper of experts analyze well-defined situations representative of the con-
ditions esxpected during the course of severe reactor accidents. Comparison
of the results of such analyses would bring into focus differences in the
understanding of the phenomena and metnoas used to treat them as well as areas
cf agreement among the analysts. The analysis of a series of "standard
prodiems” was the appracch selected by the CLAG.

The secona of the standars oropiems selected was the analysis of the
“staam spike” in a subatmospheric containment PWR.

The particulars for the °WR Standard Sropliem Number Two were given
in the January 11, 1984, memore.. um from M. Silberberg, NRC. This renort
summarizes the analvses ser<ormes a: 3atzelle’'s Columbus Ladboratories in cen-
Junction with this standard probiem.

APPROACH

PWR Standarg Prooiem Numper Two ang its variations were svaluatad
usinc the MARCH 2 comouter code. Aowever, the MARCH calculatons <or these
stancarzs prapiem analyses ai<<er consigerapiy from normal MAPCH caiculations.
Rather than starting the calcuiation at the beginning of the accident seauence
ana letting the code evaluate the carameters of interest thereaftar, the MARCH
fnout was set uo to azeiiver t0 the reactor cavity the quantity and conditions
of core debris as specified in the stangarc probiem. Normal MARCH runs initi-
ated from time zero of the dccigent seauence would not necassarily yield the
quantity and conditions for the debris ziven in the standard probiem. Thus,
these stancard oroplem analyses focus on the deoris-water interaction (HOTDRP)
ang the containment response (MACI) modeis in MARCH 2. Aaditionmally, for
variations of the standard orobiem with Timiteg watar in %ne reactor cavity,

the INTER supbroutine for treating corium-concrets interactions comes inte siay.




A number of additional assumpticns
standara problem definits

for items not specified in the
0N were required in order to ner<arm the MARCH cal-

culations. These are described beiow. Since the MARCH analyses for this
Study were initiated at the time of reactor vessel fa
sink temperature distributions were required wnich

heating up to that time in the accident. The heat sink temperatures used
were taken from earlier analyses of the TML3' sequence in subatmospheric cone
tainment. The MARCH calculations were started at 100 minutes after the start
of the accident, with head failure taking place at 101 minutes. The time
scale is needed for calculating decay heating in
Product decay heat varies aquite slowly at a

ilure, containment neat
ook into account the

the core debris. Since fission

few nours after snutdown, the resylts
are isensitive to0 the acsual time of head failure assumed.

the core detris with water in *he reaclor cavity was evaluyated using the iso-
lateq particle quench mogel in HOTORP; a particie diameter of 0.2 inch was

issumed. The particle quench model takes into account metal-water reactions

that may lake place during the course of the interaction. Hyarogen burning

consigerations were not expliicitly identified as part of this standard sroblem:

'n the MARCH anaiyses, nowever, =he flammability

The interaction of

of the zontainment atmospnhere

can ce readily monitored and shis was aone for each of the cases consideredq.

RESULTS

The resuits of the calculations for °WR Standars °roblem Number Two

are summarizec in Table [ with graphical display o

T the containment response
given in Figures 1 - 21.

In all the cases consicered the containment was at

28 osia just prior %2 vessel head failure. The latzer was followed by the
~elease of the high sressure s+

team from the orimary system and then the intsr-
action of the core gerpis with water and/or concrete in the reactor cavity.
Heat losses to containment structures were included in the analyses, with

initial structure temperatures input to take inta actount the heating taking
2lace prior to neaa failure.

Case 0 represents sne nominal cises as zefineg in =

Tem. “igures 1 and 2 snow cthe talculates pressure ang <o

ne standard arop-

moerature resgonsas

for this case. immeciataly “ollowing vessel “ailure the =2 tainment oressure



rises from 28 t5 42 psia due o the release of hignh pressure steam from the
primary system. This is followed Oy the intesraction of the core dedris with
the accumuiator water, raising the containment pressure to a peak of 73 psia.
In the nominal case at the time of the peak containment pressure the core
dedbris have been quenched essentially down to the water temperature, and there
is about 61,000 1b of water remaining in the reactor cavity. It takes an
additional 46 minutes for this water to bDe boiled off by decay heating, and
about a further 32 minutes for the desris to heat up to the point (~2500 F)
where it is assumed to start attacking the concrete. Following der=.. quench,
the pressure in the containment declines due to steam condensation on structures.
This general trena in behavior is observed in all the high primary systam pres-
sure cases, f.e., Cases 1, 2, 5, and §, with the magnitude of the containment
Toads depending on the specifics of each case. The highest containment pressure
calculated is 107 psia for Case 1. This case inciudes the large mass of corium,
fiigh corium temperature, and nign in-vessel metal-water reaction. For this
combination of inputs the contzinment pressurization is 1imited by the avail-
able water, with the debris 3t about 1450 F at the time all the water in the
cavity has deen evaporated. A simiiar situation is found for Case 5 wnere ajil
the water has been evaporated wi+h the deoris still at about 1210 7. In Cases
2 and 5, peak containment oressures are Timited by the stored enerzy in the
core debris, with significant amounts of water remaining at the time :he deoris
has quenched.

In the hign primary system pressure cases discussed acove, “ailure
of the vessel nead leads %o the discharge of accumuiator water into the reacor
cavity; this crovides an ample subply of water for interaction with the core
debris. In the low primary system pressure cases, the accumuylators are assumed
t0 have aischarged prior to vessel failure; in these cases <he amount of water
'n the reactor cavity may be quite limmitea. This is reflected in the contain-
ment loadings for Cases 3, 4, 7, and 3. Figures 7 and 3 show the containment
pressure and temoerature responses, respectively, for Case 3. The release of
the primary system steam raises the containment oressure from 22 %o 18 asia
immeaiately following vessel failure. This is followed Jy the avaporation of
the available water, with the pressure rising o 46 osia. With the debris a:
essentially the same tamperature wWith wnich it entares the cavity, and in the



absence of water, immediate attack of tne concrete basemat is predicted.
Since the gas generation rate from the decomposition of the basaltic concrete
is relativeiy low, there is no further containment pressurization over the
time scale illustrated. The decline of the containment pressurs from the
fnitial peak is due to condensation of steam on structures. Very similar
behavior is observed for Cases 4, 7, and 8.

While hydrogen burning was not explicitly included as a considera-
tion in this standard problem, the results of our analyses indicate that for
several variations of the probiem, hydrogen burning could be an issue. The
high primary system pressure cases were characterized by significant steam
spikes, with the hign steam conceantrations precluding hyarogen burning. In
the Tow pressure cases, the gquantities of water interacting #ith the debris
were Timited, as were the atiancant steam spikes. As some of the steam con-
Jensed and as additional hydrogen was generated Oy the corium-concrete inter-
actions, flammaoie conditions were predicted ¢o be produced in all the jow
Srimary system pressure cases consigered. Figures 9, 12, 18, and 2! show
for Cases 2, 4, 7, and 8, respectively, the adiabatic burn pressures assuming
ignition at any :ime after “lammabie conaitions have been reacned. The hyaro-
Jen was not actually burned in these analyses; the calculation of *he adiabatic
Surn pressures as functions of time is Just a convenient way to ascertain the
magnituge of the loadings if ourns were =5 occur. In these anaiyses, 1 nyaro-
gen concentration of 10 V/o was assumed =o de required for flammapility,
supject to availapility of oxygen anc apsence of inerting due %o other diluents.
While hyarogen ignition and durming can take slace at Tower nyarogen concentra-
tions, in the absence of well defined fgnition sources, there is Tittle reason
L0 assume early ignition. The resul®s shown in Figures 3, 12, 18, and 21
indicate that under the assumptions utilTized none of these cases wouid have
flammaple compositions immediately after nead failure, but that “lammapie
conditions would develop with time in all the cases. (ase 7 was found %o reach
the assumed flammability limits the earliest, with the others being deiayed
more. For different flammability thresnolds, =he times to reach them would
obviously be different. While actual durn calculations wouid produce lower
Jressures than the oraes illustratea, they would not be dramatically lower.

The results of these analyses snow that in the apsence of significant steam
ipikes and their inerting effect, Nydrogen durning may ce a significant threat



t0 containment integrity. The peak pressures que to such burns may be as
high or nigher than the large ste2am spikes previously discussed.

CONCLUS IONS

The results for PWR Standard Prodlem Number Two fall into two dis-
tinct categories. Those cases in which core degradation takes place at elevated
pressures and the failure of the reactor vessel head is followed by the discharge
of accumulator water lead to Targe steam spike loading of the containment. The
cases in wnich the primary system pressures are reaquced and accumulator discharge
occurs orior to reactor vessel failure produce relatively small steam loadings
to the containment, but have the potential of undergoing nyarogen Surning.

For the speci®ic parameters included in this stancars srobiem, the
nigh orimary system pressure cases led to peak containment pressures of 71 - 107
Psia and peak atmospnere temperatures of 300 - 424 7. In *he extreme of these
cases, containment oressurization was Timited by the quantity of water available
S0 intaract with the core dedbris; in the other c3sas, the depris were complieteiy
guenched. The nigh steam nartial pressures predictad in all the hign orimary
system pressure cases woula precluge hydrogen burning.

The reduceq arimary system pressure cases resuited in peak cantain-
Tent pressures of 41 - 46 psia with Peak atmosphere temperatures of 236 - 417 F.
in all these cases, the quantity of water in the reac=or cavity availablie %o
interact with the core genrss was limited. While nonflammabie congitions were
found to exist in all these cases immecdiateiy aftar vessel failure, addisional
hydarogen generation ‘rom corium-concrete interaction together with steam con-
densation led to the development of flammabie conditions later in time. The
containment Toads that would be predicted from possibie hyarogen burns woulid
obviously depend on the fgnition critaria assumed. dowever, ‘rom the agiabatic
Jurn pressures evalyated as part of this amalysis, it is evident that hydrogen
durn Jressures could be as nigh or nigher than the s=sam spike Toadings calcy-
lated for the high pressure cases.

Since the containment loads in °WR Standard 2roplem Number Two resuis
from two distince Shencmena, oniy one of which was explicitly gefined for
consigeration, it is even more 4i¥%iculs shan usual to derive a set of low.



neminal, and nigh containment loads for tnis propiem. Nevertheless, assuming
that in the absence of steam inerting hyarogen durning is Tikely, the Followe
ing containment loag distridution is inferreq: 70 psia represents the Tow
containment pressure loading, 120 psia is the high Toad, and 100 psia would

be representative of a nominal pressure load for this problem. These contain-
ment pressure loads assume that the energy available in the depris goes into
generating steam and/or decompesing concrete, including appropriate chemical
reactions. These loadings do not reflect the possibility of the direcs heating
of the containment atmosphere by the core debris, nor the possible air oxidation
of the metallic comoonents of the dedbris. Such considerations may increase the
containment pressure and temperature loadings above those caiculated in the
present analyses.

The most sicnificant Parameters with regard to the pregicteg zontaine
ment pressure locads were found to oe mass and temperature of the deoris, and
the quantity of water available for interaction. In cases with appreciaple
water available, containment pressure loads were found to increase with increasing
Mass and temperature of debris until all the available water was evaporated. In
cases with Timited water availacie, steam pressurization was also Timiteg, sut
the occurrence of large nydrogen Surms became possible.



/ . PHR STANDARD PROBLEM NUMBER THO \

SumMMARY OF ResuLts

Corium Corrum Primary Water Peak Peak

Case Composition Tene, F (C) Pressure (psi) Depth(in) Pressure qup(oF.)
{psi)

I ] W90 (2727) 2280. 13 107 24
2 L 2780 (1527)  2280. 13. 71 300
3 L 4940 (2727) 940, 13. “6* 3h9°
a ] 2780 (1527) 940. 13. 46" 336*
5 L 0940 (2727) 2280, 2. 101 421
6 H 2780 (1527) 2280. 2. __ 81 518
7 " 940 (2727) 940. 2. h6* hi7*
8 L 2780 (1527) 90. r & hi* 301t
0 5100 (2260) 2280, i, 73 33

PR, 4. —— e ——"
L

FeanmABLE CONDITIONS PREDICTED, BUT HYDROGEN BURNING NOT
IHCLUDED IN THESE VALUES,

i LeBallelie
bl natcte




REELUIR

(FLLONIN) — N1

ooy e.e-: e.e.: ed.: ozn oon 0001 0901 ed-c- emm: oot
1 1 1 1
}{"I""\f‘ll({!ltlﬁl\it’ = = T
e —— :'// /Z
€0 UZ4 135sap-uy
1sd pg2*2 2nssaay Aowmyay
4 001°p whja0) jo “dway
a1 [25°2s2 WNja0) jo ssey

00

-om

-002

-00e

-00F

009

-009

-00L

000

-008

0 WSVD AWUNS

e e e L

maanTe ane

famme o

0001

Sddd TVIOL

VISd Tl




oozi

oen oen
1 1

EAR LR

(MLONIN) — SNILL
e.v-: cm.: ca.: s&:

comu-

0vol
L

Gaon
1

0001

£0

isd gg2*2
4001y

a1 f25°'2s2

UZ4i 1955ap-u)
3aNssaayg Arewmpay

unye0) jo “dway
wnyi0) Jo ssey

0 HISYD AWANS

-00

d TENIVIZINEL




oozl c.c.- e.e--

R LR

(MLONIN) — an1L

o ozn oon 0801 0901
i 1 1 1

ovol
i

ozo
1

0001

6°0

isd 0922

4 0v6'P

a1 29c°cov

HZ4 18559p-u)
3unssaag Arewyay

wnja0) jo “dway
wnyi0) Jo ssey

00
001
002
~fooe
[ o
008
009
-00L
008

000

- 0001

-oon

I alSVD AWMUNS

-0021

VIS< FENSSTES TVIOL



ooy

oen o
1 1

bo3unn g

(LLONIN) — @ANLL
a,v.: c_m.: ae.: ecnz

oyl

0001

60

1sd 082°2
4 006'p

a9 29¢°c0p

HZ4 19SSAp-u)
aanssaag Arewyay

wnjao) jo “dmay
wnja0) Jo ssey

P

I WSV

AMUNS

-00

008

-0001

-00s1

-0002

-00se

000¢

-00se

-000F%

00SH

d FENIVIZSNEL



oozt

S 3911

(FLLONIN) — @niL,

c.e.—- c.e.: 0 v.= ozn oon 0801 0901 ovor cmn: 0001
1 i i 1 i
9°0 HZ4 19SSap-uj
1sd gg2*2z aunssaang Aremyay
J080'2 unji0) jo “dway
U 6ES bIE wnjao) jo ssey

¢ ASVD

AWRANS

-00

0o

ooz

-00€

ooy

0os

-009

-00L

009

-000

VISd ‘TENSSTEeS TVIOL




‘9 N9 |
ﬁ
(ALOANIN) — aNLL ?
0021 oo o9 o ozun oon 0901 0901 0rol 0201 0001 |
1 1 1 1 1 1 1 1 1 00 |
h
-009 |
0001 W
‘ 0051 m ,
m
-0002 ﬁ |
P m
-00s2 L |
Lol td i
B S & 4
ooe
90 Z4 195Sap-uj -00ge 7
1sd pg2*z 2Inssaayg Aavwyay W
408L'2 wnga0) jo “dway -000F% |
9 6ES VIE a0y jo ssey
0 0S¥
-
¢ JASVD AMANS




RaELILIE]

(FLLONIN) — an1LL
0ozt ed.- e.o.: 0 v.: 0 N.: 0 c.: 0 J: 0 omz c.vm: 0 um: 0001

-00

-00

002

ooe

e oory

00s
-009
-00L
008

-000
9°0 474 13ssap-u)

1sd o6 aunssaay Asemy.ay -0001

4 006"y mya0) jo “dwa)

91 6ES bIE WjA0) Jo ssey

-oon

-0021

E WSvVY LMINS

Sddd TVICL

VISd Td!



ooz1

oen osn
1 1

8 3y

(LONIN) — anL

o oz oon 0801 0901 ool
1 1 1 1 1 1

ozm
1

0001

90

1sd ops

4 006"y

a1 665 phe

HZ4 195S9p-u]
3uNssaag Aavwyay

wnja0) Jo “dway
mwhja0) jo scey

£ UISVD AMANS

00

-oes

-0001

0061

0002

-00s2

-0e

-00se

000¥%

-00SK

TENIVIZSR

1
e



000¥

6 3y

(MLONIN) — SINILL

oose oooe 00s2 0002 0051 0001
1 1 1 1 L -Qc
oGz
ﬁ

-009
-0SL

9°0 HZ4 |95S3p-uj

1sd o6 aunssaanyg Aiewy.a
. ‘ e -0001

4 006°V wnj10) jo “dway

9 GES bIE WNj10) jo ssey \\.;
e
\\\

00s1

£ WSVD AWMINS

VIiSd T

d NdNE

o



0r U914

(ALONIN) — a1

ooz1 oen o9 o ozn oon 0801 0901 orol 0201  ooo
1 1 1 y R 1 1 1 1
6°0 HZ4 |95Sap-u)
1sd 0ps aMsSsaag Arem)ay
408L°2 uny a0y jo “dway
S 29 cop Wng10) Jo ssuy

P asvD AMANS

WIS W e IA aan et #

L LT B

Canr 1w

00
001
002
. +3
e 3
R
008 nm
*j
009 i
oo
i
-00n ‘o
n
ooe
0001
oon
0021

L T

LR



L 3MnoLy

(IINNTN) — SINLL
e.o.: e.o.: e.c.: c.m-: 0 c.: 0 cn: 0 on._ 0 J: 0 mm: 0001

-00

-00%

-0001

-0081

-0002

i;!J 0vsz
/ 0008

6°0 ¥Z4 12SS9p-u) -006E

sd 0v6 aunssang Aaewyay
4 08L°2 wnja0) jo “dwaj ooV

a1 29c°cov Wy .10) Jo ssey
-00SY

P uSvD AWMANS

4 TEIVIEINEL



000¥%

RANE!ULLTE)

(FLLANIN) — ANLL

e_ewa 0o0oe oose 0002 0 c.n_ 0001
1 1 . 1
T;f/b
6°0 U7 ¢ 195Sap-uy
isd o6 2aN,5aag Aaewpay
4 000°2 w0y jo dwayg
ql 29¢cov a0y o ssey

p——"

—

e

P alSVD AWMAUNS

00

-002

-008

-CGL

-0001

oszi

-0081

VISd TENSSEEd NeEng




oozy

L 3oy

(LLONTW) - SN

o ozn oon 0801
1 1 1 1

0901
1

oo
L

c‘mm:

0001

90

1sd 082*2
4 0b6'p

a1 665" bhE

UZ4 |9ssap-u)
3uNssaay Arewmy.ay

a0y jo “dway
wnji0) jo ssey

G ASVD AWMAUNS

00
001
-002
-ooe mw
13
-00F nx
009 "M“
b3 |
009
00 mﬂw
008
'
000 3
0001
oon




oozi

AN

(ALONIN) — ANILL

oen oon orie ozn oon 0801 0901 ool 0201 0001
: L i 1 { L N h .
9°0 W24 13SSAp-u|
1sd g82*2 aunssasg Aremyay
4 006°F wnja0) jo “dway
q1 6ES PYE wnja0) Jo ssey

G USVD AWANS

00

009

-0001

-00S1

0002

-00s2

-000€

-005€E

-000F¥

-00Gy

d TENIVEEINEL

WAL A e ta ana TYmitivg ' connatn-nof oGt “wnl t Wil £S5 c2 01

£




S 39ty

(FLINNTW) — AW
0ozl c.o.: c.o.: 0 v.= 0 m.:} 0 c.: 0 euz 0 ou: 0 v.e— c_mw_ 0001

-00
ool
002

fooe
\ -00¥
008

-009

,irin!.J,.i:}-f(! -00L
s
-000

-0006

6°0 HZ4 19sSap-u)
1sd pg2'2 2UNSSAAg Aaewmyay 0001
JoBL2 wnja0) jo “dway

-oon
a1 29e°cov i) jo ssey

-0oz1

9 WSVD AMANS

VISd TaNSSEEd TVICL



ooel

o8 o9
1 1

91 U9

(MLONIN) — anLL
e.v.: e.m.: ec.: cemz 0 euz

orol
1

ozo1
1

0001

6°0

1sd 0v6

4 0b6'¥

q1 29¢°E0b

Y24 19sSsap-uj
3UNSSAAY Arew)ay
umnpa0) jo dwa)

mja0) Jo Ssey

-00

-0om

-002

-00e

-00F%

009

- 009

-00L

008

-0008

-oon

L WISVD AMINS

oot

VISd ‘TEASSEEL TVIOL



oozt

AR

(ILOANIN) -— ANLL

o8N oon o ozun oon 0801 0901 ool ozor o001
1 1 1 1 1 1 1 1 1 .00
-008
-0001
T:B-
0002
g -0052
-000€
60 z4 19sSap-u) ooseE
1sd ov6 2uNssaay Aaemyay
4 006"y unjio) jo “dway -000¥
a1 29¢°€0v Whja0) Jo ssey
- 009

L ASVD AMANS

sone Fowe » ey -

TENIVEENEL

-
=

e




000y

RUBELNINIE!

(MLANIW) — ANLL

00se 000e 0ose 0002 0osy 0001
1 i 1 1 1 I-20
oGz
w
5
-008  x
‘U
pa i)
b3}
-0GL
8
0001y
177
-
L.
6°0 HZ4 19SSAp-u]
1sd ob6 2uanssanyg Aaem)ay -0s2l
4 006°0 wnjao3 jo “dway
a1 29c°c0v Wnja0) Jo ssey
0 ost

L ASVD AMUNS

¢ fummr 0 Latll rire e

? tn



oozi

osn o9n
1 1

61 W14

(GLLONTW). — SINLL
0 v.: c.m-: 0 e.: 0 em: 0 cm: 0 v.c- 0 Nm: 0001

9°0

1sd 0b6
4080'2

a1 6ES BYE

S AL v l/\\l
S

HZ4 19553p-u)
2anssaay Arewpay
wnjao) jo “dway

unj10y) jJo ssey

8 WSVD AWMINS

-00

-0

-002

-00€

-00F

-008

-00L

000

-0001

-00on

o021

VISd TINSSFTEd TVIOL



ooz1

02 3w

(FLLONIN) — aniLlL

osn o9n on ozu oo 0801 0901 ool oz0t 0001
1 i i 1 1 | ] 1 i 1 °°
-009
-0001
-0091
- 0002
e ‘./L
/ -Qg
9°0 UZ4 1955ap-u) -00GE
1sd obe aNssaay Arewpay
J080°2 wnji0) jo “dway -000Y
q1 6£S°boe unja0) Jo ssey
0osy

B SVD AMANS

VEAdNEL

a1l

d &



000V

12 Uy

(SLLONTW) — SN

.vemn ——cwﬂ .-cm& 0002 .-cw— 0001
1
9°0 UZ4 19SSap-uj
1sd 0b6 aunssaag Kiewyay

40012 wnypao) Jo “dway
a1 6ES bbE WNj10) Jo ssey \\\\\\\\\g

\

8 SVD AWMUNS

-00

-0%2

-009

-08L

-0001

-0s21

00si

ISd Tl

Sddd NdNg



'

Sandia Natonal Laboratories

Alduguercue. New Mexico 871488

cune 12, 1984

Summary (2.56.1)

T0: CIWG sP-2 ANALYZSTS

Dear Colleagues:

< am enclosing a Touch draf: of =he summarv we
have preparsd descriling zhe werk CLAG members
éid on Standars Proclem Number Twe. In scme
cases, our only available record of the work
seriocrmec consgisted ef vugrach packetss clstrie
Suted at the meetings and i Zormation exchanced
Sy telephcne. Zence, cmissicns ancd errors are
POSsSille. Please review Sils draft and forwars

COmments and correctiens .to RKen 3ergerzn cr
mysels by July 1.

Sincezely, .

=/§;w?;"<2r:?€:52:49x‘;

Savic C. Williams
Centainment Modelling
Sivisicn 6449

SCi:6449 :2ke
e,

Qistzidbutic
See next pace
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APPENDIX 3

SUMMARY OF RESULTS rfOR STANDARD PROBLZIM NO. 2
DRAFT

D. C. Williams ang K. D. Sergeran
Containment Modeling Divisien su4s
Sandia National Labcratories
Alduguergue, N. M, 87112

The CL4C Stancars P=oblem No. 2 [3pP-2) -avelves analysis of a
Subatmospneric WR large iry containment. Althouzn zany of the sarameters are
taken from an actual plant of tais general type, no effars was zace 2 de
campletely faiwhful =o any parsticular @X1sting containment in defiaing SP=-2
anc there (s consensus among the analysts :that scme of the speciflea predlenm
parameters are n0t realistis. Hence, the resul:-s cbtainea shouls not be taken
a5 actual precictions aof the containment laacs 3 De e2xvectag ‘ar a speciliz
Secuence at 3 speci’ia plant. Insteac, the Tesulis.snculd de taken as
sreviaing a ccamen sasis for discussion 5y zpeaifyim snitial ane scuncary
sonciticns for detailed salculatisns, with s=he Surtose I revealing current
eXDert Ihinking about severe accicent zontainmen: pnencmerna.

ndependens caleoulations were perrirmec anc susmissec S the CLAG ay
analysts at 3attelle Columnus Laberatorias (8CL), 3rookhaven National
Laborateories (3NL), the Universisy of Wiscensin (W), ane Sancia National
Laborataries (3NL). The major features Cf the results will he summar: zed,
wilh lmpor=tant similarit.es anc 2iffarences ameng the calsulations igentifiec.
Scme of :ne key reasons ‘or ‘aor he z:ain features a7 the results will he
noted; nowever, ne atlempt will de made =2 explain all aspects ar the
calsulations or identify all reascns far the 2ifferences among them, (n mar-
Jecause aceguate zerta:il on the calculaticns (s act aval.aple.

Sectizn 2 of :his summary <ill aiscuss zhe Sriicizal Teatures of 3P-:,
inelucing :he SensSITivity study specifiec as Part of the protlem. Sectisn 32
Will present resul:ts for the dase case, while Section & incluces the results
for the sensitivis: Studies. Section 5 imcludes eenclusions ane
recTmmencations o the 2.L4G.



of SP-2
=

SP=Z represents a TML3' sequence leading %o core mel: and vessel failure
at nigh pressure. The principal features of the stancarc sroblem
specilications are the initlal containment conditicns prior o vessel failure,
the mass of molt dedbris released o th :av::y. the temperature and
composition of the released dedris, the water level in the reactar cavity, ang
various gecmetric features of the containment bduilding. Table 3~1 provid
the most important of the standard problem parameter specifilcations as given
in Ref. 2 for the base case, whnile Table 3-2 gives :he parameter variations
specilied for the sensitivity studies.

It should be noted that although the soe--f. cation of initial ceonais

nitial conaitions
was helpful in focusing attention on specific containment pnencmenclogical
issyes, (T was also a source of scme :;ff:::...e:. “he most

‘mmore - A
-&0 -ant <l

. 1 a1l .
these include the following:

In code analyses $ into account heat iransfer
arovec necessary In the srotlem from the

v ewaS Segianin
J.SWaown O orger 0 nessitfll e neat
r 2 =) e
scmet.les [ounc o e Sr SSC83.3.¢

e specilled containment pressure at vessel Zal.wre L7
blowdown histories vere used. iffet analysts 2copec
with this problem (n Qdifferent wavs, ana | S eatilatec that
difTerences in inal containment sressure
resull Jrom this cause

Scme of the speciflec
N particular, the aczumul
than the RCS pressure spec:
in Table 3-:.‘79: is
dumped prior : o SBAT r these cases.

ac"~aCﬁes - ing with i : nsistency 2an

a3 3—."".5

'

"o
O *sev o

The containment atlosphere was

none of the analysts i(nclucec any release of
energy in their calculations. Hcowever,

that, for the concitions calculated., such enerzy
anc the 2a0re ascrtant of hese cases Wil be

sect.on

“he SP-2 specificaticns inclucg
ejected coherently at vessel
among the analysts that this




Table 3-1

SP-2 Base Case

S2RSlilIllS.Rlﬂﬂil.!!llll.‘lillﬁl&

Volume
Pressure

Temperature

Water leve!
in cavi:zy

50,91 m°

.19 MPa (absoclute)

(0.10 MPa steam: 0.09 MPa aoncondensable)

275 K

10 ea

Ataosphere was specified as being steam insrted

£ SV

Pressure

Vaolume
(iacludiag
pressurizer)

Accumulators
Pressure
Tempezature
Water volume

4 8% - 3

Total mass

uoz
Zirconium

(total)

Zirconium
(unoxidized)

Steel

Fraction of
Corfe released

4.6 MPa (gage)
322 K

78.58 IJ

114,556 kg
79.820 kg

16,500 kg

11.550 kg
16,500 kg




Tzble B-2
SP-2 Seasitivity study

Corzium Primary Watar

Corium Temperacture Pressure Depth
Sase composizion (X (MPa) -0
1 Corium B 3000 18.7 33
2 Corcium L 1800 18.7 33
3 Corium L 3000 6.5 (Low) a3
- Corium B 1800 6.5 (Low) 3
S Cogium L 3000 15.7 H
L] Corium H .B80O 5.7 S
7 Corcium H 3000 6.5 (Low) H
8 Corzium L 1800 6.5 (Low) 5
Notes:

[
.

Corium E is 79,820 kg Uoz: 81.500 kg steel (45.8 weigh:
percent); 16,500 kg zizconium (assume 90% of the zizconium
will oxidize in-vessel): total mass of 177,820 kg.

Corium L is 79,820 kg 002: $6,500 kg steel (37.0 weight
percent): 16,500 kg zirzconium (assume 60% of the zirconium
will oxidize in-vessel): total mass of 152,320 xg.

Por the primary system pressure of 15.7 MPa. the
accumulators will dump onso the corium. The vessel hole
equivalent radius is 0.145 m.

For the primary system pressure of 6.48 MPa, the
accumulator water has already boiled off. The vessel hole
equivalent radius is 0.46 a.

All other initial conditions are as specified ia the base
case.



analysts alsc delieved :hat the entire juesticn of aign pressure
ejection shoull de arappea Secause of their delief =nat such
Sequences can not arise; nowever, tnere Jas no consensus o this
effecz anc acdaressing this issue was defined as lying outsice tne
secpe of SP-2.)

The above difficulties include scme, thougn not all, of the reascns tnat
there was a consensus that the resulis obtained should not be viewed as
sroviding actual predicticns af containment loads o be expectec for a
specillc accident sequence in any specilic plant.

For the base Case, the analysts were requestec o provide "high" andg
"low" estimates :tha: were t0 dound the range within which he actual
sontalinment loads ({.e., Pressures anc temperatures) Algnt reascnably de
expectec o fall, anc they were 3lsc requestec o provide "central” estimates.
for the "™igh" case, resul:s were IO lnclude the guantiiies af Steam, H,, C2,
and c:.‘. adcec o the atmosphere, as well as the extent of Sasemat attack after
one ang three ncurs. For the SenSiTivity stugy, it vas r~eguestec that the
scmiination of governing pnencmena asSumec “or the "hign" case je usec
SANOUgnout, and that neak Fressures anc temperatures during the firs: nour
after vessel failure ne Teporzed. ALl analysts were encouraged o incluge the
contridbution of direcs fNeating 2 the :zotal Peak pressure and temperature in
cSntainment.

2.2. _Base Case 3esul:s

The CLAG spent Sonsiderable amcunts of time evaliating consistency of
Qifferent calculaticons of Steam soike lcacs (i.e., without direct neating, anc
evaluiating the impor-ance ef non=aciabaciz effects for steam soike
calculations, Mest af tNis <ork was perfarmed in connecticn Wwiin Stancars
Proglem ' (5P=1) anag will not %e discussec extensively nere; Rerf. ! Zay e
scnsulted for getails. Salient conolusions that are relevant =g :ne 3P=2
results include the fellowing:

'. Adiabatic steanm Spike calculations can onvenliently Je character:ized
in teras of a single Parameter, e.g., the mass af steanm acged 2 =
sontalinment. For eguivalent issumptions 2oncerning this sarameter,
there was good agreement ameng the r~esulis sbtainec 3y diffarent
analysts

c. With scme qualificaticns, aen=aclabatic zalsulaticns 2an de
snaracterizecd (n terms af twe parameters, with the seconc parazmeter
Seing a time paramecter. Again, with eguivalent assumptions aiffasrent
analysts cbtained egquivalent resyl:s.



3. For steam accition Simes of ! minute or less, ncnadiabatic effects
"educed Ihe pressure .ncrease only slightly, i.e., by L T8 with
Tespect to the adiabatic case.

4. A consensus was reachec that "™Mign" steam spike calculations snculc
Se performed assuming rapid quench of 100% of the core, with 30% of
the metallic zirconium present Feacting with water. The heat of
reaction of the zirconium {s assumed S0 be available for steam
generation.

For the SP-2 analyses, BCL employed MARCH 2 ang 3NL employed MARCH 1.1,
The UW results (reported for the Sase case only) were performed using
aciabatic calculations. SNL results werse dased upon calculations performed
with the CONTAIN code, althougn zany of the actual aumerical results oit
wers obtaired using a much simpler adiabatic code, DHEAT, which hacd been
valldated by performing detailed compariscns with CONTAIN calsulations aver
the full range of parameter values of interest(!). Scurces of gases due o
core=concrete interactions wers caloulatad Oy MARCH/INTZR (BCL), MARCH/IN"2
or CORCON (BNL), ang CORCON (ENL). Differences setween <NTZR anc CORCCN, as
well as giffering inpuc assumptions, led o substantial variations is the
amounts of these gases :that were calculated %o de procuced. However, in no
Sases Cid the core-concrete interactions arive the peak pressures and
“emperatures during the pericas of interest anc the 3SNL calculations Sypically
Smitiled core-concrete lnteractions once his fact haa been estaplisned.

Peak Jressures anc emperatures that <“ere repersted for the dase sase are
Summarizec in Table 3-3., Not all analysts r~eported results for all cases.
The 3CL anc the 3NL resul:ts incluged no direcs neating, the UW ~esul:s
s2cluced 10% direct feating in the "hign" case, and ihe 3NL results inclugec
signillcant direct neating for the "central" anc, especially, the "™ign”
cases. The MARCH assumptions usec 8y 2CL ang 3NL for the "Migh" case agpear
%S correspond reascnadbly well o the CLWC consensus pesizion far Saxizus steam
Spike calculaticns that was notec apoves.

The tabulated results ingisate that there are Iiffsrences hHetween he 5Ce
anc 3NL "high" results cthat appear signiflcant (almest 0.7 MPa), sven =mouzn
tNe problems analyzed are nominally quite similar, in terms of *he data given.
The dilfference detween :hese two results is very zuch less than the Gilfference
with respect to the 3SNL "™Mign" resulis. Ffrom sther SNL calculations of steam
spikes (see Section IV), it is apparent IRat tnis difference in resul:s nas
~ittle %2 do with the diflerence in salculational SS0ls; rather, it is alzost
entirely due :2o the inclusion of Sudstantial direct neating in zhe 3NL
calculations, The Uw "hign" results are signilflcantly increased by even :he
small amount of direc: Neating assumed. The UW "zentral” results are basec



UPCn steam generation only and are
BNL ™high" resul:s.

thus more nearly ccmparatle to the 3CL ana

Tagle 3-3
SP-2 Base Case Pressure anc Temperatures

B LY L SNL

"Hignh" P (MPa) 0.50 0.41 0.64 3.13
T (X 428 408 -— 918
"Central" ? (MPa) -— - 0.54 0.72
? ’K: -—— — — 5.5

"Low" 3 (MPa) -— 0.38 (0.26") 0.48
‘.. 'K: b d “o“ -—— 48

‘Performed for a low sressure secuence, anc :hus not cireerly
scmparasle to other resul:ts.

The jotential impertance of direct neating effscts was 2ursh
lilustrated 9y zarametric calsulations sresentec oy SNL for sotn SP-! ans
SP=2(1). The 5P=2 resul:s are reprocucec 2 Flg. B=1, in waien the peax
Sressures and temperatures are plottec against the fractisn af e core wnizn
Parsticipates in direet feating. Feor tnat fraction af the core Jedris wnizn
Participates in direcs heating, 100% of the zetal (but ncne of the uoz; was
assumed o oxidize and the associated SOrium vas assumed to come into thermal
equUilibrium wisth the fontalnment ataospnere. The remalinder of the sorium was
dssumec o steam Juench without cnemical ~eaction. From these results, it :is
clear that even mogeriate amounts of direct heating can have very ilaporsan:
effects upon sontainment i0ags. Based upcn ~esults given in Ref. 1, doth he
core theramal energy and the chemical energy r~elease make izpercant
Jontriduticns o the total direet Neating eflect in Fig. 3=1, with the effect
of the chemical nergy “elease bdeing scmewnat -arger inan that aof the sore
thermal energy.

Since direct Neating is potentially such a dcminant effeecs, (% &

appropriate o review the findings of the CL#C Direcs Heating Sudbcommitzee, as
Summarized dy T. Glinsperg in Acpencix (1), A consensus of the subcomziitee
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was reacnec that cirect nheating effacts Weuld not de large if the vessel
fallec wnile under low preasure, at least in the zase af SP-2. However, no
consensus coull De reacned as o the potential iaportance of diree: heazing in
0ign pressure ejection scenarios. Scme analysts (designated "Group A" in

Ref. 3) believed :that signiflcant direcs neating effects could be =ule¢ out.
However, a number of other analysts ("Group 3") delieved that, at presen:,
"...4% i3 not possidle 0 rule out occurrence of sufficient direct heating 2
present a severe challenge %o PWR large ary ccntainments.”

Participants in the direc: Neating evaluation were asked o provide
"hign", "low", and "best estimate” values as o the fracticns of she core
therma. energy and the metal oxidation energy that 2ignt de transferred %o the
containment atmcsphere (n the direct heating process. Group A, believing the
Process o be negligibdle, provided enly a single estimate. The estimates cf
the Group 3 analysts themselves Spanned a zonsiderable range, but there was
Sonsensus amcng the Froup tnat the uncertainties are large and that :he
ifferences amsng the various Group 3 estimares snoulc act de viewec as deing

ticularly significant., There wvas alsc Sonsensus that the "hign" estimates,
at least, would fall wizhin the range for wnien Flg. 3-' implies that severe
Shallenges 0 the containment will arise.

Although no consensus pesition couls be formed that incorzorated otk
§Toups, it was possible %0 offer values reascnaply reflective of a sonsensus
within each group ingivicdually. As.a resul:, the Subcommittee on Direct
Heating presentec two sets aof TeccImendations on direct heating parameters.
Secause :the Zirect Neating uncertainties acminate any others consicered
Juantitatively dy the SP-2 analysts, it was Judgec that, for the present SP-2
Summary, the dest single representation of the state af knowledge of the ZLw
a3 a wnole would de a set of 2alculations performec using the varicus sets =7
Parameters or 3P-2 tnat vere presented Oy the Direct Heating Subcsomitcee.
Hence, a set of calculations, net reportec crevicusly 9y any of ihe
-aboratories, was car=ied out specilically for :zhe 3pP=2 Summary. The
calculaticnal approach employed «as that of SNL, i.e., use af =he ODHEAT coce
Sackea dy CONTAIN. However, it snould he empnas.ized that there (s esvery
Teason o Delleve that 2ifferences in anal: TiZal technigues :(ntroguce
<ncertalntles tnat are Juite small in comsarisen With the variations due =2
iilferences in tnhe assuzec cirsc: neating rarameters,.

i Table 3=4, the Sest-ludgment recommendations for SPe-2 direct neating
rarameters are resroduced from lef. 3. Alsc si7en are the Jressures anc
semperitures calculatec [or the present Summary 3y applying tnese zarameters
te the SP=I dase case. In each 2ase, he numders (n the columns heacec
"thermal" indicate the fracticn of Wle core therzal energy that goes 35 :he
ingicatec process (direct neating or stean quench). Feor that portion af the
eore, the fraction of ine unoxidized Zetal thersin that relcases (ts chemical



9xidation energy o tnhe indicated process is given in the ol neacec
"enemical”™. The labels "0," ang "ST™" gean that the metal meaction is wish 3,
or 3team, respectively; thls distinction is important because the reactions of
the metals with steam release consideradly less energy than the reactions aof
the same amounts of metal with oxygen. (Hyarsgen procuced by metal-vater
Feaciion ls assumed not Lo react with oxygen in these calzulations.) Note shat
the ‘ractions given under "Chemical™ apply only to the fracticn of the core
material specilied under "Thermal", not to the total sore inventory. Thus,
for the Group B "Mign" case, the fracticn of the total core zetallic inventory
WRich reacts wiin oxygen anc contridutes tc direet heating is 25%, not 50%.

Tadle 3-4

SP=Z Pressures anc Temperatures with Direct Heating

Group Sirect Heating Water QJuench ressure Temsp.
ang Case chermal Chemizal Ther=al Zhemical (MPy ) (X)

Ar ALl 2% - . 3C% o g.53 43l
3: Mign” s0% 50% 2, S0t 308 sT™ «.08 EL
3: "Central® 2%3 SCs ST™™ T 2%% ™ 0.78 611
8: "Low” b8 4 508 ST ass 0] 0.58 c39

The cressures anc temperatures zZiven in the Last tWe 2slumns of Taple 3-4
were caliulated assuming containment conditions 3t vessel faiLure taken fram
the CONTAIN calculations, rather than those specified in the definision of
SP=2. Use of the latter would recuce pressures %y about 0.J4 MPa3 (but
increase tamperatiures scmewnat, except when direct Reating (s negligisle).
Even allowing for this effect of the .nitia. 20nGitions, it is obvious that
only the r~esults for the Group A jarametars are comparable o those resulls in
Table 3-: inat incluced no direct heating. 7or Group 3, even :ne "low”
parameters yvielcd signillicant enhancement o7 zontailnment sressures and
temperatures Dy Iirect neating, ancd the "hign" case presents i very severs
shallenge. Even tnis case does N0t represent a Consensus as o an aosclute



upper lizit: one analyst @stizatec "Miznh" paramerters which would ({mply
Fressures and temperatures of the Sraer of 1.3 MPa anc 1500 X, respeciively.

Soth the SP-2 analysts and the zempers of ihe Direct Heating Subcommit:ee
have cauticned that there are many factors not taken into account in the
results discussed here. Soth conservative and ncn-conservative factors are
involved. Two of the most important factors are:

1. The assumption that 100% =f the corium is @molien and (s releasec
conerently wnen the vessel fails.

2. Neglect of possidle lydrogen-oxygen recombinaticn in direct heating
scenarics. Even wnen the ariter:a for Sell-propagating hycrogen
durns, in the usual sense, are At ;et, hign containment temperatures
and large surface areas af Suspenced nhet parsiculate 21zght promote
recombination in diree: 78ating scenarics. This effect ssula
increase containment pressures 5 up %2 0.1 = 0.3 MP3 in typical
cases,

Scme analysts helieveg that the net effect of the various factaors not
treated was tc render the "hizn” caloulations, at leas:, excessively
ccnservative. There was no consensus S0 this effect, nowever.

1

2.8, Scr.:itivi:z Studies

The sensitivity stucies presented dy 3CL, 3NL, anc 3NL were cerformec
4sing calculational technigues and iNPUt parameters similar o thcse emploves
for ihe "Mign" nase case Tesulls summarized in Table 2=3. Thus, the 3CL anc
3NL results did not include airect neating wnile the SNL mesulls did. Resul:ts
given above for the dase case snow what it 1s necessary o incluge an
fXamination of the impact of direct nNeating upeon the sensitiviss study. As in
the case of :the base case analyses, it is Protably zore resresentative af the
CLaC state of ungerstanding o employ cireet Neating jaramecters jasec upon she
Tecommencations of the Direct deating Sutcoamitiee than to enplly the ~esul:cs
ef any cone analytical team. Calculaticns of this king Will De presentec _ater
in this section. However, it (s 4l30 of interest o summar:s he resul:s
obtainec wnen the prodlem is TeStricted Dy specifying no zirest feating, anc
these r~esults will de consicered firsc.

in aadition %o the Sensitivity stugy with direct neating, 3NL perfarmec
the study with direc: feating eliminated. These zalsulations wers ~un for n
iimiting cases af 0% ang '00% zirconium-vater reaction a8 Rart of a parameter
3TUCY, anag thus ncne af “he ca.culations were €Xacily comparatle o inose



performec dy 3CL anc 3NL wnich included metal-water reactisns as calculatec by
the HOTDROP module of MARCH. However, the SNL resul:s snowed that including
30% zirconium-water ~eaction “would increase tnhe base case pressures Yy about
0.04 MPa, anc the pressures in the Sensitivity study cases would be increased
by only 0.01-0.02 MPa in twe instances and there would be no effect in :he

other six cases. Hence, the Zirconium=-water reactions are net a major factor
in the steam spike sensitivity study calculations and the SNL results without

Iirconium-water reactions will be presentec here along with the 3CL anc 3NL
results.

In Figs. B~2 anc B8-3 the pressures and temperatures, respectively,
ebtained in the :inree sets of analyses are presented grapnically. In each
figure, the first bar on the left represents the Sase case wnile the remaining
eignt dars represent the ~esults for e sensiiivity study cases specifled in
Table 3-2. As mignt de eXpected, the four cases wnere the vessel fails at low
Prizary system pressure (cases 3, 4, 7, ang 3) give substantially lower
Fressures than 4o the high-pressure cases. In large pare, this resul: fellows
from the fact that enly the (very limitea) amount of water in the savity is
avallaple for steam generation in the low=pressure Ccases, since :the
accumulator water (3 assumed o have Sumped anc ocilec off before vessel

fallure. It alsc reflects the smaller release of steam and £as upcon vessel
failure.,

There '3 ocne major ualificaticn that aust be made S0 the cenclusion zhat
the low-gressure zases are zuck Less severe., 3CL notad wat, for al. four
iow=pressure cases, “lammanle songitions were calculated =2 axist ihin zhe
sontalinmment, but hydragen Surning was not lncluded in the ~esults given., :?
the nydrogen is assumed iz durn efficiently, the 3CL calculations incdlzacte
LAt pressures could de at Least as Ni8n as any snown in Flg. 3-2, anc
“emperatures would de 3weh higner than any of those in Fiz. 33, 0On =he
Sthernand, the cccurrence 2f flammable Sonaiiicons for these scenarios zan not
Se taken o de rigorously establisnec, decause of limitaticns in the
definiticn of SP-2 anc limitations in the analyses. For example, none of the
analysts =00k intoc account Cutgasing of unllnec concrete within the
SCntalnment, Wnich [Nt reduce or sliminate flammapility of tne atzoscnere.

ANONE the Migh=pressure cases, the hlign-tamperature sorium releases
yielded more severe r~esylts San digd the -ower-temperiture releases, wnizn &
hardly surprising. In at least sne set of calculations (SNL's), :the
2ifference woulc nave zeen considerably greater Were (i not “ar e fact chat
Steaz generat.on vas wvater l.mited: =hat i3, tne iotal water availatle (CavisYy
plus accumulator vater) was inadequate o completely gquench the -arge nass of
not corium,
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In comparing the resultls obtained by different analys:ts, !t is seen =hat
the qualitative trend of the gressures “rcom case t0 case SnOwsS good agreement
Detween tne three sets of r~esults. Quantitatively, there (s good agreemen:
for several of the cases but significant caifferences (up %2 0.'5 MPa) arise .n
scme instances, notably the 3OSt severe cases. In calculating the
temperatures shown in Fig. 33, the SNL results wvere obtained using the
adiadatic DHEAT code, wnich assumes the containment atmosphere (s saturated
unless direct heating s involved. The MARCH calculations assumed
Superneating in scme cases, presumably due 0 superneated gases released ‘rom
the ACS. Hence, it i3 not surprising that the SNL temperatures tand :c de the
lowest. Actually, however, the SNL and 3NL temperatures are very similar.

The 3CL temperatures are significantly higner in scme instances.

No effort nas Deen made 0 ldentify in detail the reascns “3r the
differences in the results cbtained by the different analysts. It is worsh
Noting that the diflerences detween the 3CL and 3NL results, wnich were
cbtained using similar calculational tcols, are comparable (n zagnitude o the
gifferences bDetween these results and the SNL results, which were sbtained
using quite different calculational tocls. This fact suggests :that ne
ifferences reflect different iNput assSumptions at least as much as they
reflect differences in calculational approach. Such a sonclusicn, i valig,
i3 3l the more striking in view of the fact that the range of input
assumptions was heavily restricted Dy the definition of the proslem, wnich
corresponds closely to the CLWGC consensus "higzh" steam spike case with direct
Neating postulated 2 %e apsent. (It shoculcd de noted that the present problen
is dominated Dy scurces of steam and energy released O containment over a
shert tile, whicn ainimizes the depencence upon calculational approach.)

A very 3zuch wider range in calculated resulis bdeccmes possitle when the
rFeStricTiOoNns upen inDUt assumptions are relaxecd 0 reflect nore realisticallv
e mange of parameters deemed credible within the CLAC community as a wncle.
This ennanced ~ange (s {llustrated in Figs. 3=¢ and 3-% wnich present,
respectively, the pressures ancd tsmperatures obtained in the following sets of
calsulations for the sensitivity stugy:

. The results labeled "SNL Low" in Figs. 3=¢ anc 35, wnich were
obtained dy 3NL for the complete sensitivity study using the same
assumpticons they used for their Sase case "low" steam spike
calculations. These assumptions included .ncomplete corium-water
aixing, ~ol.owed by CORCON calculations with flla Soi.ing on he 320
surface.

2. The snaded zone, labeled "Hign Steam Spike Range”, represents tn
range of results spanned Dy the zalculations summarized in Flgs, 32
ang 3-1,
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3. The resul:s labelec "Nominal Sirec: Heating" were calculated for ine
present Summary using the consensys Tecommencations of the Direcs
Heating Subccam:issee Greup 3 for Spe2 "™Mign" Sase case direct neating
parameters (Table 3~4) as a Starting point. Since shese
Tecommendaticns wvere clearly not intencec tC be applicable for al:
the parameter ccmbinations of the sensitivity study, the direc:
heating parameters were varied as a function of tese parameters in 3
manner similar, but not identical, o that employed by SNL in Rer. 4"
Scme details are given in the Adcencum :o this Appendix. For the
Cases 3, 4, 7, ang 8, s was assumed that the primary system was
fully depressurized, since the pressure specifiec in Taple 3-2 was
incompatibdle witn the Specification that accumulater discharge
occurrTed prior to vessel failure,

Obviocusly, the Tange spanned by the results given in Figs. B=4 ang 3=z
greatly exceeds the Tange spanned dy the results for the more restricted stean
Spike sensitivity study. The daminant effect is that of direct heating,
ShNCUSh the difference Setween the "BNL Low" resulis and the other steam spike
results (s also signiflcant in scme cases. The exiremely larze direc: leating
effects calculated far Jcme of the nign pressure eJectlon cases arise from he
Very lLarge corium zasses “ilh very nigzn steel content specified in Table §=2.
For the hign pressure cases, the therzal energy Sontridutes sligntly cver 50%
of the total direct teating for the . nigner-temperature coriums (cases ' ang
5), while chemical energy contridutes about two thirds of the total for the
lower-temperature oriums (cases 2 ang 5).

o5 is aoteworiny that the vige Spread In the resulss acplies only =5 she
RNiEn pressure eJeciion cases. Tor she 10w pressure cases, there was l:::le
difference detween :he "low" ang ine "Mign" steam spike calculations of 3NL,
anc the direc: feating prescription descridez in the Acdencum als0 largely ar
entirely elizminates zirsees nNeating in the low Pressure cases. I: snoulz e
empnasizec that this ell3ination of direc: heating (s ased upen assumcticons,
10T mecranistic calculations. These dssumptions are delieved to Se reascnably
consistent with the sonsenszus of the Directs Heating Subccamizzee, althocugn :the
Subcommiss dig not explicitly consiger the Juestion in detail.

Limitaticns in tne Sase case calculations noted at the close af Section
3=3 alsc apply nere. These include the Nighly conservative assuaption of
conerent release of 100% af the aclien corium ang the ncnconservat:ive neglect
of nyarsgen-cxygen Tectmbinaticn wnizh zay sesur ancer severs direps heating
soncitions.,
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Results obtainec Dy different analysts for 3p-2 Peak pressures anc
temperatures agree reascnably well wnen eguivalent input assumptions
are used even if aiffersn~ calculational techniques are employed,
However, the limited sensitivity to calculational approach should not
be overgeneralizec: other containment lcacing problems can show a
Zuch greater dependence upon the sopnistication Sf the calcwlation.

Results obtaineg Oy different analysts gif®er widely for high
pressure ejecticn Scenarics, but g not diller Featly for the low
preasure ejection scenarics. The iarge differences among the hign
Presasure results Primarily reflect the aifferent deliefs abcut the
appropriate input assumotions, especially with respec:t =0 direcs
feating. ZEven with direc: Neating cefine¢ out of the problem, the
Steam spike resul:s Showed significant (about 0.1% mpa; Silferences
in some cases. Qbtaining closer dgreement vill reguire Icre care in
identifying anc defliaing signiflicant parameters in aacizion 0 2irec:
heating.

There is at least an iZnlled consensus SRat neiiner stean Spike ner
direct heating effects “ill present a severs thi'eat of zassive
sTructural failure in low pressure ejeciion scenarios for Sr-2,
(Significan: leakage !naucec 3y pressure ana/or temperature
ransients are nor Tulec ocut, Rowever.)

There (s a consensus that steam SDike eflects alone will not present
3 severe threat of Jassive structural failure in i8N pressure
ejection 3cenar:ics, alihougn scme of the pressurss 2alculatec for
Sertain (rather eXxireme ) paramecter chcices specified :in the
sensitivity stuay do sresent cuise substantial challenges, =7 :he
order of 0.7 Mpa.

L diree: Neating parameters are assumec similar s the "™igh" values
2f the Direc: Heating Sutcommitsae aroup 3 Sonsensus, a vervy severs
tareat to containment integrity resuls. Ne consensus coulcd be
“eached among Sp-2 iNalysts as :o wnether these zaramerter values azre
Sedidle.

f the rarameters ireatac Juantitatively anc in 2etail 3y the 3P-2
analysts, the dires: neating guestion :s e deminant uncertaincy,
Other ‘mportant issues, nct analyzed in detalil, appear :2 incluce the
fraction of the core that aign: actually ungerze ccherent ejection
anc the extant ar hm:nn-oxygea Fecomdination, especially uncer
sTong diree: Neating condisicns.



It i3 recommencec that the results calculated for 3P-2 using the
various Group A anc Group 3 consensus parameters of the Direcs

Heating Subcommiiiee be taken as provid
the CLWG position on SP-2. There (s a
analysts that results for this Stancarz
interpreted as actual predictions of zh
expected for any specific accident sequ
Scme analysts believe that at least the
unreallistically conservative, bdut there
eflecs.
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ADDENDUM

Sensizivity Study wish Direct Heating for Figs. 3-4 and 3-3

The starting point for this analysis is adaptaticn of the consensus
parameters for the "High" SP-2 base case reported for Croup 3 of the Direct
Heating Subccmmittee. These parameters include 50% of the %otal corium
thermal energy and 253 of the total corium potantial energy from zetal
oxidation going to direct hrating. However, the cases defined “ar the
Sensitivity study differ from the dase case in up =2 three izporsant ways that
could sinificantly affect direct heating:

. In all cases, the coriums contain such zore steel, Hut Less
unoxidized sirconium, than 30es the base case.

"

. In four of the semsitivity study cases, the srizary systas pressure
is specilled tC De =uch lower than for the base case [‘or sresent
PuUrposes, (T was redefinec as deing Sully depressurizecd in these Saur
cases.)

L)

. In four of the sensitiivity study cases, the COrium esperaturass vere
defined as being much lower than in the base case, SC low that it &
iikely that steel would Se the only corium component actually zolten
0 a large degree.

The SNL analysts were the cnly team 3o explicitly sonfront these
diflerences since cnly they performed the sensitivity study with cirecs
heating Iincluced. In Ref. 1, they descridec :the prescriptions wnicn they
developed for acdiflying the direct heating parametars o take Lats acssunt
these factors. Though gualitatively reascnable, these prescripsticns are
rather arditrary in teras of the actual numbers assumecd:; ncnetheless, hdetter
prescrilpticns are not availlaple. Hence, they will be amploved here axcent for
the prescription used for zhe first 2f the adbove items, the difference :in
composition. The Group 23 dase case parameters are rather differen: “rom those
of Ref. ', anc applying the prescripticn in Ref. ! %0 the present case wouls
almpost totally eliminate the chemical contridution o direct neating,
scmething <hat (s judged contrary =0 the spirit of the recommencations cf
Group 3 of the Direct Heating Succommittee. Therefore, no allswance “2r h
difference in compositicon has been made in the present wWor«.



Major assumptions used “ar she Sensitivity study calculations wiss Qirec:

heating are as fcllows:

1. In the nigh pressure cases involving the higher temperature (3000 X
coriums, the parameters were as in the "high" base case: 50% of the
core thermal energy and 25% of the total available zetal oxication
energy goes to direct heating: 50% of the sorium steax guenches with

30% of the associated zirconium ngcergoing reaction with water, with
ihe heat procuced going to steam generaticn. }

In the high pressure cases invelving the lower temperature (1800 X
coriums, only the steel (analyzed as consisting of iron) was assumed
L0 participate in cirect heating, with the percentages deing as
above. The raticnale is that suf’icient ragmentation for efficient
direct heating i: judged imprapable faor constituents that are sclic.

The remainder of the ireon, anc all of e other constituents, were
assumed o steam guench.

In the low pressure seguences, the enly direct neating allowed “ar in
the higner temperature corium cases wWas ~saction of 253 o the
Iirconium wWith steam, witnh tne energy going to direct heating. (The
resulting direct heating effects are nc: large decause the amcunts of
unoxidized zirconium are relatively small in these coriums.) In the
low temperature, low pressure cases, no direcs h ting was allowea
SOPr.

4. Steam spike zalculations for the Aigh temperature coriums inclucec
Teaction 2f 30% of the available zirsonium with water, but ne
shemical energy r~elease vas assumed 7or the low temperature coriuz
Steam spike zalculations. water available for steam generat.on was
assumed o incluage th cavitiy water and acsumulator water in augn
pressure seguences anc only cavity water was includec in the low
pressure sequences. I water was exhausted, energy remaining in
mnguenched corium was lgnoreg.

wn

. For all secuences, :the scntainment sonciions at vessel failure i
were assumed I3 De the same. (This is not realistic; gifferent 303
pressures I3ply sequences that 2iffer in ways that wouls affecst
sentainment concitions.)

It zust be stressec :that the Direst deating Subccmmics has a0t
consicered in Jetall now the direct neating parametars @ignt vary a
function of the aczident sequence parameters considered here, anc no
endorsement by the Subcommittee af the above srescripiicns is implied. No




clear conflicts Detween these prescriptions and the ~ecommencations of =he
Subccmmittee are known, however.



