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I. Steam Explosions

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, FITS 2A, 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 FITSlA 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. In 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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'(2) A structural calculation of the early and late
time expansion of the explosion to assess the
mitigating effects of lower plenum failure and
slug breakup due to upper internal, structures.

During April, several presentations were made describing
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. Nelson, R. L. Woodfin
and M. L. Corradini. The papers were well received. Later in
the week D. .E. Mitchell and M. L. Corradini gave presentations
at the U.S.-F.R.G. Information Exchange Meeting concerning the
FITS experiments and the analysis employed in the Zion-Indian
Point Study.

In. addition, final preparations are underway to submit the
experimental details of the single drop experiments to the CSNI
as part of the Joint interpretative exercise. A copy of the
letter from Mr. M. Stevens of the CSNI is enclosed as attachment 1.

-II . Core-Concrete Interactions

CORCON Development

CORCON cleanup and simplification activities continued
during April. They included the removal of more redundant
variables, revamping of the common blocks, and finding and
eliminating occasional bugs.

The melt / gas-phase chemical equilibrium solution algorithm
was determined to be the main weakness in the code at present.
The problem is not so much that the solution technique is seriously
inaccurate, but rather that the inaccuracies are random. Conse-
quently, small changes in input variables, such as one would make
in a parametric or sensitivity study, lead to random variations ,

in the calculated equilibria. It is impossible to separate these
variations from those attributed solely to the changes in the
input parameters. An investigation was undertaken to explore the
possibility of using an alternate solution technique. It was
concluded that none of the alternative methods found was likely

t

to be better than the present one - each has its own problems i

which differ from, but are not necessarily smaller than, those in
'

the present technique. This being the case, an effort was
initiated to try and reduce or eliminate the problems in the
existing. solution algorithm.

The experimental conditions for the two Code Comparison tests
,

. were obtained from D. A. Powers and used to set up an input deck
for'CORCON. Initial calculations for the purpose of predicting'

i
!
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the experimental variations, as part of the code comparison -
test analysis task will subsequently be made usirg CORCON-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
current 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 Iuel 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 1

that of the single phase nelt. In 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 I

slurry viscosity increases with particulate volume fraction and I

with decreasing shear rate.

1

III. Separate Effects Tests for TRAP Code Development

Experiments to measure the vapor pressure of CsOH in moist
and dry N2 are continuing. Also continuing are experiments
studying the possible conditions for desorption of Te from nickel J
and stainless steel. No desorption was found at temperatures at I

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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'l (I would then send copies of both the inquiry and response
to the other participants for their information and possible
use in their analysis.)

Attach ent 2 contains the responses to the request
in my telex for suggestions as to what key physical effects
and values the interpretations should atte pt to predic:
and explain, qualitatively or preferably quantitatively
.(such as relative i:portance of different physical processes,
order of naEnitude of i:portant quantities, etc.).

Also attached for your information is the addendu.. to
document SE!/SIH(76)41, which sumnarizes the opinion of -he
CSNI Expert Group on the Science of FCIs about the status Of -

theoretical understs ding and experitental results availicle
about FCIs as of late 1975. (As you may recall, reco ::r
dation 7 in that docurent eventually led to this inter.r<.*ive
exercise .

We hope that it can be run with a need for only are
mec.u n.e 4_, w.a e_.a

, , a ..o..,.eho,o m, v, , e,.,4t _ e. ,. & s..e 4 ,.. c- -- , r. . _ul. a .- e _,- ..- .. . . _

tions and arrive at conclusions regarding the state thc.. Of
theoretical understandits of FCIs, what uncertainties rcraf n
to be reduced by further researc'.1, as well as recorrenda.icns
on what further action, if any, OI!I should censider takir.g.
It wou.d pro.cac,ay ce cesiracte to convene a seer. .ine or 02l

. . . . .. ,

Grou .s o f = :.;. =- "". = c .'. '< *..'. .=. ~ ' = ". .s, e c A' =. ~.J.. e 4_ 2 c v- ..,'; ~. ~e ". * o.'. .. . . >.2-
, . .

th.. n '?o_->..~-%..o . ~c uJ . p. s. .. e _1 a . . r 1_ . :. e .,1 . .- w .e. ~b..e l_ e. v
-ea*e v . a w

. --. _. r
3 4 ~_ e t.". '2_r k n. ". _- .v _"4. =. .e .

-

and th c v- c".4 a.a.'_ i_ d a _- _'" o _. . .. e"w _2 _s. . ..- _ _ . -

shall write.to you in late June to find out your feeling: 1

re y- rd in..e ",,k e *. ' '.".e- c_ .d l o c e_ ". _# r .- .. . _ . o _' '. S..e ..'c - >.c k.. o .^ . 0.. ., '.'..a".L
...

time you should hate had a chance to esticate the tite you
wish and are able to devote to the interpretive exercise. |

4

out any contunication problets that ray arise.
~ IPlease do not hesitate to contact te to helu stocth

|

|

1
|

Yours sincerely, 1
1
1

1 1,.

s i. . w.v,f/ks.- ~
Michael Ste: hens

i Nuclear Safety Division
|
|

.
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Attmhm' nt 1.

{ C*nt^ct Per7ons for th7.

CSHI Joint Interpretation Exercise on Selected
Fuel-Coolant Interaction (FCI) Experiments

i
!

! France M. Georges Berthoud

| Laboratoire de inernohydraulique des
M6taux Liquides
Service des Transferts Therniones
D6partencnt de Transfert et CoInversion
d'Energie

Connissariat d l'Energie Atonique
Centre d' Etudes Huc16cires de Grenoble
B.P. No. 85X - Centra de Tri
F-38041 Grenoble Cedex

Tel: (76) 97.41.11 Poste 3416
T1r: 320323 r~..iERG A

Federal Republic Dipl. Ing. Manfred 3'Arcer
of Gernane Institut fur Kernenergetik und

Energiesystene
Universititt Stuttgart
Pfaffenwaldring 31
Postfach 801140-

' D-7000 Stuttgart 50 (Vaihingen)

| Tel: (0711) 7841 or 784236S .

T1x: 07253445 UUIV D |

Dr Ing Leonardo Caldarola
Institut fur Reaktorentwicklunc |

Kernforschungszentrum Karlsruhe GmbH |

Postfach 3640 l
D-7500 Kcrlsruhe 1 |

Tel: (07247) 823974
T1x: 7826484 KFK D

Italv Ing. Giovanni Senreno
Il Direttere
Laboratorio Studi Dinamica e Sicurezza
del liocciolo

Divisione Eicerca e Sviluppo-

: Dipartimento Esattori Veloci
Comitato Nacionale per l'Energia Huclearet

! Centro di Studi Hucleari della Casaccia
S.P. Anguillarcse km 1+300
C.P. No. 2400
I-00100 Roma

J
t

Tel: 4698,

T1x: 613295 CHZ'.! CASACCIA

.
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I
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I

!



4

Mr Katuuro Takahashi') ;, Japan.-- -

Reaccrch Asaociato-
.

I FBR Safoty Laboratory
'

'
O-arai Engineering Center
P.N.C.
Oarai-Machi, Higashi,

Ibaraki-Gun, Ibaraki-Ken
!

| Tel: (O'3) 5036111
T1x: 26462 FHDC J,

i
United Kinedon Mr Anthony J 3 rices,

U.K.A.E.A.
Atonic Energy Establishnent
Winfrith
Dorchester
Dorset DT2 EDH

Tel: (305) 3111 Ext. 2091.

T1x: .41231 ATOIO.'E G

Dr Sinon J 3oard
Section Leader, Reference & Safety Division.

Central E1cetricity Generating Board
Berkeley nuclear Laboratories
Berkeley
Gloucestershire GL13 9FB

Tel: Eerkeley 451 Ext. 254
T1x: 43227 BUL G

United States Prof. Theofanic G Theofacous
School of nuclear Engineering

I

'

Purdue University
West Lafaye-te !

'

Indiana 47907

Tel: (317) 493-3130 i

T1x: 8103421892 FURDUE U LIB |
1

Dr Dae Cho
Reactor Analysis and Safety Division
Argonne National Laboratory
9700 South Cass Avenue
Argonne, Illinois 60439

Tel: (312) 972-2000
T1x: 9102583283 US DOE-CH ARGH

Mr Lloyd S Relson
Org. 4441
Sandia Laboratories
P.O. Box 5800
Albuquerque, Xew Mexico 871S5

Tel: (503) 264-3140
T1x: 9109391600 SAHDIA LABS



Cansission of the Dr Ing Heinz Ictterski
' European Cornunitics Head of Licuid detal Section

-

Hoat Transfor Division-

'

Consiscion of the European Con: unities
Eurato - Joint Research Centre
.Ispra Establish ent
C.P. I!c. 1
I-21020 Ispra (Varese)
Italy .

Tel: (0332) 780131 to 780271 Ext. 687
Tlx: 380032 to 380038 EUEATC1

OECD Nuclear Enerry Mr Michael E Sterhers
Ace ncy Nuclear Safety .ivision

OECD I!uclear Energy .a.sency
38 boulevard Euchet
F-75016 Faris, France

.

Tel: (1) 324-95-79
T1x: 63066E A_~! I?EA

1
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F::llcwing cra particip2nto' raaponics to tha quoation: what
-key features- of the experiments should the interpretations
attempt to include?

"We think that the interpretations should atte pt-

to clarify the conditions under which incoherent
interactions will decay or escala:e and coheren
interactions will propagate. The rechanisus on
which the escalation and propagation process are
based should be identified and as cuch as possible
quantified, using the theory of thermal detonation.
An essential point herein should be to analyse the
dominant fragnentation rodes. Further: ore, the
importance of the spontaneous nucleation criterion
should be discussed for the different stares
(coarse cixing, escalation and propagatio?.';.
Important parnte:ers from our vieu are: Eaterials,
mass ratio, drop si c, void fraction, terperatures,
pressure ratio, pressure rise tire, energy relea se ,
pressure developnent, interaction zone length,
fragnentation degree and time, propagation velocity,
fluid and drop velocities behind the front, for
incoherent intaractions: delay tine between trigger
and expansicn, and for coarse nixing: quality of
mixing " .

|- Dipl. Ing. M B'arger, IKE, University of Stut,tgart
1

!

l

i
.

. 1

!
'

|

"I suggest that participants be asked: l-
,

!

l

|' 1. To consider quantitatively the energetics of
proposed fragmentation techanists, and the resulting,

! interfacial areas.
1

2. To deternine, from the calculated degree of |

fragmentation, the expected heat transfer and vspour
i generation ratte, a_d hence to predict quantitatively

the observed pressure signals.

3 To show clearly, for the large scale metal / tater
Thermir expt. , where, and at what rate , the postulated
fragmentation process occurs in relation to the
observed propagating shock front".

Dr S J Eoard, CEG3 Berkeley Huclear Laboratories

t

.
-

i
|
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CIn ccnn:cticn with what intcrpretations should be*

attempted for the Winfrith cxpsrincnts, wa cuggest- -

the following:

Calculate tne initial conditions just before'

1.the interaction (e.g. vapour fractions, interface
temperatures) Which are not available as direct
experimental data.

2. Calculate propagation velocities and perk
pressure.

Discuss how the necessary degree of fragten-3tation can be obtained, tearing in sind the nature
of the recovered debris.

4. Estinate heat transfer rates during the
experiment.

5 Compare energy release .with that estinated frou
.

expe,ricental data.
In the case of the Sandia experiments the analysis
should cover the sane points eJcept for propaga;1on
velocity". .

Mr R B Cattersall, AEE Winfrith
. .

.

.

"I'believe the interpretations should o' to identify
' -

and q. antify the mechanis:(s) of the I. agation
u

step".

Prof. T Theofanous , Purdue University

a

f
.

%
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tage of asoing tha other
,

,

h

Mr Tea 5ue, I would like to note the followin6: participants-concents, and after discussion wit
. d"Having had the a van-

Interest seems to be mainly devoted toThe initiation phase
1.

propagation and frag:entation.is also 1 portant and should also be considered.
There is little cention of the spontaneousI hope one of its proponents2.nucleation theory:will attempt an interpretation.

We cust beware that we get interpretations. noti get the impression from sone of the3
co: cents that it is the latter they will atte:pt.explanations.
We already know there is sufficient energy availabic,
that models with =any paraceters can explain whatI!ot

What we need is more than this: thatis feasible buthappened, etc.
a plea that a particular procesthere are 16s.tures that scan that the process cus;

be

the nechanism.
.

I feel that the exercise will be worthwhile if we cant we

concentrate the rinds of the participants on whacan learn about the cachanists that occurred in t ecertain rechanistsh

experiments rather than showing that
are feasible."

Mr G J Vaughan, SRD Culcheth
,

.

.

%

.
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