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1 Steam Bxg}oaions

The single droplet experiments continued this month.
Fifteen successful experiments have been conducted using iron
oxide as the fuel (0.3 gm @ 2000 K) dropped into water
(3.5 kg @ 300 K). The purpose of these initial tests was to
demonstrate reproducibility for a given set of initial conditions.
During this experimental series, both spontaneous and artifically
triggered explosions occurred. The prime variable that was
changed causing these two triggering modes was the molten fuel
drop height in air; when the drop height was small (<10 mm)
spontaneous explosions occurred, and when it was large (>20 mm)
spontaneous explosions were suppressed long enough to artificially
induce the interaction with a bridgewire. Entrained air in the vapor
film may be the reason for these effects. Debris collection and
data reduction are underway for these tests, as well as analysis
to understand the results.

The second in-vessel FITS experiment, FITS2A, was performed
in April. The purpose of this experiment was again to determine
the pressure and temperature responses of the interaction vessel
to a violent explosion. The initial conditions were similar to
test FITS1A except that the melt-mass was increased from 2 to 3 kg.
This was done to insure that a spontaneous explosion would occur,
based on empirical evidence from EXO-FITS tests. A violent
spontaneous explosion did result; however, it occurred early in
the mixing process before all the melt had entered the water.

The data are now being reduced and further analysis will be
conducted. Due to budget constraints, the next FITS experiment
is scheduled for sometime in May. 1In the interim, EXO-FITS
experiments will be conducted to understand the early trigger.

Analysis this month has continued on modelling the explosion
propagation and the fluid-structural interactions in the full-
scale reactor vessel.

The 1-D transient propagation model has successfully pre-
dicted the explosion detonation velocity in the EXO-FITS tests
(~ 300-500 m/s). This velocity is found to depend upon the vapor
and fuel volume fraction in the fuel-coolant mixture and the
initial trigger pressure. The predicted peak shock pressures are
about 100 MPa. Data from EXO-FITS tests have not verified this
value although in every test the peak pressures were greater
than 20 MPa.

In order to assess more realistic effects of the steam
explosion in the vessel, two calculations are being prepared:

(1) A March/Corral computer run to obtain estimates

of the geometry of the core and vessel at the time
of fuel-coolant contact.
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mitigating plenum failure and

slug breakup due to upper internal structures.

During April, several presentations were made describin
the various aspects of the steam explosion program. Three
papers were presented at the Thermal Reactor Safety Conference
in the Class 9 Accident session by L. S. Re*-a' R. L. Woodf1i
and M. L. Corradini. The papers were well YLCC‘JOj. Later 1in
the weuk D. E. Mitchell and M. 1. Corradini gave presentations
at the S.-F.R.G. Information Exchange Meeting concerning the
FITS experiments and the analysis employed in the Zion-Indian
Point Stud

In addition, final preparations are underway to submit the
experimental details of the single drop experiments to the CSNI
a rt of the Joint interpretative exercise A COf of tl
letter from Mr. M, Stevens of the CSNI is enclosed as attachment 1l
53 Core-Concrete Interactior

Development
RCON cleanup and sim 1fication activitie inue
juring April. They include the removal of more jant
ariables, revamping of t! common blocks, and f an

¢ minating occasional bug

The melt/gas-phase chemical eguilibrium solution algorithr
was determined to be the main weaknes in the code at present
Tt problem is not so much that the solution technique is seriousl
inaccurate, but rather that the inaccuracies are random Conse-
quently, smal changes in input variables, such as one would make
in a paramet: or sensitivity study, lead to random variations
in the calculated eg;;l;mrla. It is impossible to separate these¢
variatior from those attributed solely to the changes 1n the
input parameters An investigation was undertaken to explcre the
I sibility of using an alternate solution technique. It wa
concluded that none of the alternative methods found was likely
to be better than the present one - each has its own problem
which differ from, but are not necessarily smaller than, those 1in
the present te/“::‘qe. This being the case, an effort was
initiated to try and reduce or eliminate the problems in the
existing solution algorithm.

he experimental conditions for the two Code Comparison tests
were obtained from D. A. Powers and used to set up an input dec]
for CORCO Initial calculatior for the purpose of predictin
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the experimental variations, as part of the code comparison -
test analysis task will subsequently be made usirg CCRCON-MOD 0.

An assessment was made of a fission product decay heat
generation model suitable for use in CORCON. Several levels of
sophistication are possible in describing this phenomenon. The
initial model will be kept fairly simple and designed for ease
of modification and improvement. It will contain a simple aerosol
generation model to allow depletion of the decay heat sources in
the melt.

A paper entitled "Modelling of Molten Fuel/Concrete Inter-
actions,” by J. F. Muir and A. S. Benjamin, was presented at
the ANS/ENS Topical Meeting on Thermal Reactor Safety held in
Knoxville, Tennessee, on April 7-11, 1980. A review of the
curr=nt status of CORCON and a discussion of the results of an
initial sample problem calculation (the ZIP conditions), including
comparisons with INTER and WECHSL predictions for the same condi-
tions, were presented at the USA/FRG Jfuel Melt Research Program
Review and Information Exchange Meeting also held at Knoxville
on April 11 and 12.

Experimental Program

In anticipation of the need to describe crust formation and
growth on oxidic melts when modelling the long-term behavior of
melt/concrete interactions, the viscosity of two-phase siliceous
melts was examined. The precipitation of solids in these melts
will cause the viscosity of the resulting slurry to differ from
that of the single phase melt. 1In general, such slurries are
thixotropic, i.e., the viscosity is a non-linear function of
shear rate. Furthermore, at zero shear rate, the slurry viscosity
is also a non-linear function of the particulate volume fraction.
Correlations were obtained from the literature for the viscosity
of slurries which model both of these effects. They show that
slurry viscosity increases with particulate volume fraction and
with decreasing shear rate.

I1II. Separate Effects Tests for TRAP Code Development

Experiments to measure the vapor pressure of CsOH in moist
and dry N, are continuing. Also continuing are experiments
studying éhe possible conditions for desorption of Te from nickel
and stainless steel. No desorption was found at temperatures at
or below 700C.

Fabrication of the Fission Product Reaction Facility is
proceeding. The difficulties in fabrication of a nickel crucible
for the interim laser cell have been resolved.
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i (I would tten send cories of both the inguiry snd responze
to tkhe other participznts for their information and possit

use in tkheir anaI) is.)

Attachzent 2 contains the respronses to the reguest
in my telex for sugsestions as to what key physiczl efrezt
and values the interzretations should attezrt to rreiics
and explaiz, gualitatively or preferzdly guantitatively
(such as relative i:portance 0f different pnrsical process

order of magnitude of izportant guantities, etc.).

Also attached for your inferration is the adderxduu
document S=!/SIII(78)41, which suznzarizes tne o9inioz of <ne
CSNI Exrert Group on “he Science of =CIs abtout the statuv
theoretical "*rer:t::c::g and era=r1:ental results availit_e

about 7CIs as of late 1978. (As you zay recall, recozzer
dation 7 in that docuzent eveubual N led %o this interrre’i
exercise).

We Xope that it can e »un wit:h e zeed fo2 only 25
peeting in tThe sutuzn, a Vorizshop “o Teviev

ng 13 the Cutn, & Loxzsh thEe 1nserrsels
tions and arrive at conclusions regzriing the state the..
theoreticel understandize of :CIs, waat uncertzinties Teixz
to be reiucesd oy fursiher “GSE??C‘. &8 Yell a8 Zecozzerndn.l
on vhet furctier scticn, il any, JCUI ghould cemsider Tarlr
It would proosdlz be desiratie t0 coavene a meetinz of to:g
Group of ~xrerts on sie Sclence of 07 dm confunciion «ix
the Vorkzhor., ¢ aissuss the lstess eyrerizenza) rezulsc
and theoreticel idezz froz= the different letorasoriss. ©
shall write to you iz late Jure to find out your fesiinc
regarding ilze tizming znd locatich of the Worzshor. =¥ Ui-
time you szould have zs2é a chacce to estirate the tTise you
wish and are able tc devote to the interpretive exercissz.

té to contact

.
ita z ©
colexs that ey ar

Please do rot hes
out ary cozzunicatioz 2

Michael

4
VLT s -
Nuclear Safety ITivislieox

0

4]
m
-



ttachment 1

: . Contact Persons for the

Joint Interpratatic: Izercice on Selecte
Fuel-Coolznt Interaction (:CT) ZExoeriments

: France M. Georges EBerthoud

Laborato Te ae _aerzoaydraulique des
Métaux Liguides

Bervice des Transferts Therzigues

Départerent de Transfert et Conversion
d'Energie

Commissariat 2 1l'Energie Atomigue

Centre 4'Ztudes N*c1é3¢re: 4e Grenotle
B.P. No. 85 - Centre de Tri

F-23041 Crz2noble Cecdex

Tel: (76) 97.41.11 Poste 2416
Plz: 220223 ZUz=C A

Federﬂl :‘."“,-tlic Dipl. I:%. a...& ei .4.::"“::‘
of Cerzz_r Institut ftr Zernencrcei.z und

Energiesystere
Universit%%< Stutigart
Pfaffenveldring 31
Postfach 501140
D-7002 Stuttgart 830 (Vaizingen)

Tel: (0711) 7841 or 78423cE
Tlx: 07255445 ULIV D

Dr Ing Leorardo Caldzroles
Institut fUr ZeazZtorentwicklune
Kernforcc;‘*gs:ettr;: Karlsruhe GabE

Postfacs 3:40
D“?)OD '\81‘1--4‘ 1

Tel: (07247) 823374
Tix: 782¢484 KFX D
Italv Ing. Giov::ni S¢arano
I1 Direttc
Laborauoﬁ_ u.‘d1 Dinamica e Sicure
del uocczolo

h)

Divieioze Ficercz & Svilupp

Dlpa~*1:e“, Rezttori Veloci

Comitato Naziorzale per l'Energia Hucle
’ Centro di Studi Nucleari della Casacci
: S.P. Anguillarese kxz 14300

C.P. NO. 2‘10':\’
I-00100 Rona

- — o

- - -

Tel: 4&°©
Tlx: 613



X an. ¢ Mr Katsuro Takahasghi
. Research Assoc.ate
FBR Safety Laboratory
O-arai Engineering Center
P.N.C,
Oarai-lMachi, Higashi
Ibaraki-Gun, Ibarazi-Ken

: Tel: (03) 5036111
| Tlx: 26462 FiioC J

United Xincdon Mr Anthony J Zrigss

U K AQLQA.

Atonic Energy Establishment

Winfrith

Dorchester

Dorset DT2 EDH
Tel: (305) 3111 EZxt. 2091
Tlx: 41221 ATOI.H

Dr Simon J 3gard

Section Lezcfer, reference % Safety Divisio:z
Central Electricity Generating 2oard
Berkeley Iluclear Laboratc *ies

Berkeley

Gloucestersnire CL13 9FB

t Tel: Eerkelevy 451 Ext, 254
! Tlx: 42727 B2 G

United States Prof. Theofaris G Th .0
School of Lu,Le:r rrpineering
Purdue University

West Lafeyezte

a Indiana 47907

: Tel: (317) 493-312)
i Tilx: 810342189 FURDUE U LIB
| Dr Dae Chro

Reactor Ainalysis and 3afety Division
Argonne ilat ional Labvoratory

9700 South Cass Avenue

Argonne, Illirois €0439

Tel: (312) 972-2200
Tlx: 9102683285 US DOE-CH ARGIH

Mr ILloyd S Nelson
Org. 4441

Sandia Laboratories
P.0. Box 53C0

Albuquerque, Vew lMexico 874185

Tel: (503) 264:-3140
T1lx: 9109891600 SAWDIA LABS




Coamise?

o of the

OECD Nue

Puropean Cozounities

Acenc
—— e -~

Dr Ing Heinz Zottowsks

Head of Licuid ..etz. cectien

Heat Transfer Division

Conmiscion of <he Zurcrean Cozmunities

Euratoz - J i:: ’ecearc: Centre

Nuclear Safety .ivision
OECD Iluclezr Zzerg- Agenc:
38 boulevard Cuczet
F-75016 Faris, rrance
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Following are participants' respoases to the question: what
key features of the experizents should tae interpretatiors
attenpt to include?

« "We thirk that the interpretatiozns should atte=p*
to clarify the conditiozns under wiich incoherezt
interactions will decz2y or escalaze and cozerenxts
interactiozs will prona:ate. The mechanisms oz
which the escalation 224 propacztioz process zr

based ehould e idertified and as =much as poss::le
quantified, using the theory of t:herzzl dectonztion
An escsential poin+ nerein should be to analvsze tr e
dominant fragoentation _odes. -ur.“er ore, the

importance of the spontaneois nucleation criterion

should te diszussed for ¢x 1-ffe“::t gtages

(coarse z=ixing, escalation a2nd nrogacatiosn),
Inportent paranaters fro= our view are: Ilateriels,
maes retio, 4drop gize, void fraction, texperetires,
pressure ratin, pressure rise tize, exergy releasce,
pressure Ae"elop:e::, interactioz zoze lergtkh,
frab_e“.a ion decree &nd tize, provagation “velosity,
flulid and drop velogities tenind <:e front, for
incohere t irteractions: delay tice betreen trigcer
and exyrensica, and for coarse nixing: quslity of

mixing".

Dipl. Ing. M BlUrger, I7E, University of Stuttgart

"I suggest that participants be 1i1sked:

1. To consider guzntitatively the energetics of
proposed f***:eﬁ'a*lo“ nechaniszs, and the resulitin

interfaciagl areszs.

2. To deterzine, from the calculated degree of

fragzentation, ilhe expacted heat <ransfer arzd —srtour
generatiorn rates, &.d hence to predict quantitazively

the observed pressure signals.

3. To show clearly, for ta
Therair expt., wnere, ard at wahet rste, the postul
fragaoentzation process occurs iz relatioa to tle
observed propagating snock frozt".

larze scale metal fweter

m dQ

Dr 8 J Board, CEG3 Berkeley Iluclesr Ledboratoriss



- "In connectioa with whet interpretations should be
attecpted for the Wwinfrith experiuents, we sugges®
the following:

4. Calculate tae initial corditions just before
the interaction (e.g. vapour fractions, interface
temperatures) which are not available as direct
experimental data.

2. Calculate propagation velozities and perk

pressure.
3, Discuss how the neceScary degrce of fragzen-
tatioa can be obzzired, rearing in mind trhe nature

of the recovered deoris.

4, Estimate hea®t transfer rates during the
expe-iment.

In the case of the Sandia experiments the aralysis
ghould cover the samé points €7CEET for propagsion
velocity ",
Mr R B Datterzail, AET Winfrith
- "I pelieve the interrretations should ¢ to identily
and quartify the mesagnisz(g) of the | \getion

step”.

Prof. T Theofaznovis, Purdue University



. "Eaving had the ad

g;?ticipants co=2
Teague, 1 WO

4. Interest £ee3s +o be mainly &
propasation arnd fragze &
is also jzportazt ard sa

2., There is 1itt

pucleation theory:
will attezpt an interpr

3. Ve must bevare that we get int
get the impressi
e latter

explanatic:s. 1

conzent +npt it is th

ents,

vantage of

and a

-y A
....bab¢°:L. AL

suld also be considered.

seeizg
fier 4

1e mexntion of trne

etati

We alrezdy Kmovw taere is suf
many paracte

that nodels wita
nappened, atc.
a ples to
there 2are {catare
the mecaanist.

1 feel that tre exercise w;ll i

ot 2 noers2

Pn =
»at vie 2¢e

=eeaz

concentrete tne minds of Toe

can learn avout tze cach

T - - FNy
exper.zents Tratze

gre feaszble."

Mr G J Vauughazn,

.
- -
2ni1isntsS

- ghowizng T2

I hope one of

o2,

ficiex
-

ey -
VA v

-

-
var
"

3
)

+he other
iscussioz with

uld like to note tae following:

evoted to

e initiation P

spontaneous
jts proponents

ed is —ore than this:
-4 cular PrCCEES y Sa

s trhat

orthwhile if we can
gipante OL what ve
t occurred ir. the
gt C v ain mecnani

SRD Culcheth

aasce

.
- o



