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PHYSICS OF REACTOR SAFETY

Quarterly Report
January-~March 1982

ABSTRACT

This Quarterly progress repurt summarizes work done during
the months of January-March 1982 in Argonne National Laboratory's
Applied Physics and Components Technolo; y Divisions for the
Division of Reactor Safety Research of the U.S. Nuclear Regulatory
Commission. The work in the Applied Physics Division includes
reports on reactor safety modeling and assessment by members of
the Reactor Safety Appraisals Section. Work on reactor core
thermal-hydraulics is performed in ANL's Components Technology
Division, emphasizing 3-dimensional code development for LMFBR
accidents under natural convection conditions. An executive
summary is provided including a statement of the findings and
recommendat ions of the report.

FIN No. Title
A2015 Reactor Safety Modeling and Assessment
A2045 3-D Time-dependent Code Development
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EXECUTIVE SUMMARY

ode has been modified to \1"".7 11fy put required for
bundle geometries and to allow all f exchange energy
the bundl
aitions of ) ) in the OPERA Facility
ompleted u FL in response to the experimenters' request for
)pers to pa a pretest calculational exercise. BIFLO
were performed using both one~ and two-dimensional geometries.
versal was ci i1lated to occur .55 s after boiling developed
flow area regardless of the geometry being used:
of inlet flow reversal relative to the beginning of the
was calculated to be ~0.9 s earlier using a two-dimensional
was calculated using a one-dimensional geometry. The experiment
after the calculations were completed, but the experimental

not been released.

number of preliminary LOF and TOP calculations have been completed for

{BR heterogeneous core in support of licensing proceedings, using the

D
)

|

in the fuel cycle considered were BOC-1, EOC-3

nts »
he TOP calculations effort has been concentrated so far on the
because the large number of driver subassemblies operating at
same power produces a tendency for autocatalysis when fuel motion
ls positive. This tendency became evident when fuel pin failure was
b

1M '

e at the core midplane, as suggested by the W2 SLSF experiment. A
parametric variations were made; the most important were found to be
positive reactivity ramp rate and the rate of fuel sweepout in
*hannel. For a ramp rate of 4 ¢/sec, credible for an uncon-

withdrawal, no problem was encountered. For 10 ¢/sec and higher

ytic tendencies appeared, producing hydrodynamic disassembly

ations have so far been performed only for EOC-4. Clad
re small because of the use of the CMOT code. It was found

lency for LOF-TOP development even in this low sodium

some tenc
ore if there was positive fuel motion feedback corresponding to
leration in excess of 0.1 g.
the case of COMMIX-1A development work, several improvements and modi-
have been implemented. Most of the improvements are in the area of
storage, thermal structure model, and graphic package. Efforts bhave
document and release the code.
[n the area of validation of COMMIX for preparation of CRBR licensing,
simulations (FFTF, EBR-II, and CRBR) are being performed. 'he FFTF and
[ simulations are near completion and reports are under preparation. The

its of steady-state simulation of FFTF are presented in tectaical repori

CR-2535. The simulation of CRBR primary vessel has been initiated.

In the area of COMMIY-2 development work, most efforts were devoted to

parametric studies and to resimulation of the German seven—-pin transient test.
BODYFIT code development, a new pressure scheme has been
{mplemented. This new scheme appears to have speeded up the rate of onver-

gence significar ! This new scheme will now be tested in the calculation of
1

flows in a 9¢ 1d elbow.




REACTOR SAFETY MODELING AND ASSESSMENT

(A2015)

)evelopment (P. L. Garner)
Modeling Changes

coding in BIFLO has been modified in two areas: {input and wall
subroutine which processes the input has beuvn modified to
{cation of a geometry which is not a full hexagonal bundle.
wnhexagonal geometries could be specified in the previous version,
preparation was rather cumbersome. The modeling in BIFLO has been
d to allow all flow channels to exchange energy with a portion of the
» wall; the previous BIFLO formulation allowed only the highest numbered
] to exchange energy with the bundle wall. These modifications were
to facilitate analysis of the 15-pin triangular bundle geometry of an

Facility experiment.
alculat ns of 15-Pin OPERA 'rixpt'rim:‘nt Using BIFLO

have be.n performed for a loss-of-flow experi-

sequently performed in a 15-pin bundle in the OPERA Facility
leculations were performed in response to a request from the
various groups actively involved in modeling sodium boiling
1 pretest analysis. Various groups submitted calculations

| ind SABRE (and possibly other codes) before the
in March 1982, A compilation of the pretest calcula-
{led experimental results will be released in the future by

ngular geometry of the 15-pin bundle is representative of
a one-sixth sector of a 61-pin hexagonal bundle; this

wides a better representation of the radial temperature distribu-

|-size 217-pin bundle than has been possible in earlier 1- and
»xperiments. The pin diameter, pin-to-pin spacing, heated length
ngth are identical to those dimensions for a FFTF fuel assembly.
trically heated internally; the power generation is uniform,
pin and from pin-to-pin. For reference in the followin
and 15 are located at the three corners of the bundle

the center pin of a 6l-pin hexagonal bundle. The
ects of two of the bundle walls (from Pin 1 to Pin 1

been minimized by placing filler wires on

) ) have

small-diameter wire wraps on the pins adjacent to these walls

runs from Pin 11 to Pin 15 and mu the wall of a

not have filler wires; pins : acen o this wall

and all pins in the bundle in s ~ have full-diamete

ws from a pressurized suppl
tank in mce~through mann
ink pressure as
low scenario in FFTI Further details

experiment are given 1 Reference 1.
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ant from regions f high power-to-flo
flow ratio and 1s an additional resis

bundle. Since the verall bundle flow
of inlet and outlet pressure, the tot

adially averaged lant ten

coo perature w
1lated with a one-dimensional model. [
gher Lemperatures can result in earlie
fon of voiding than would be alculate

)f the difference in absolute timing
one~ and two-dimensional analyses is s
published literature on this subject
lterature reporting comparisons of one
8 of boiling in fuel assemblies does n
ime of inlet flow reversal due to model
onal models which use velocities raths
ire not able to properly describe the
has on the overall flow through the b
8 presented by Theofanous, showing th
tions of a loss-of-flow scenario {ir A
entical absolute timings for inlet fl
two-dimensional analysis preceded the re
s by only .03 8. A similar 217-pin b
FLO to see 1if the difference in result
. ressure histories and bundle pows
ing differences in the tw codes . K
own that a one~dimensional calculati
too early when compared with ata fr
g release of the data from the 15-pir
performed for other (both smaller and
see whether the pattern of results cal
is generic or specific. This work wi
ate the results from the 15-pin OPERA
h the experiment hoped to simulate.

ating Phase Calculations with SAS3D/EPIC (P. A
el)

yduction

ber of preliminary calculations have been comp
us core for TOP and LOF transient conditions.
different points in the refueling cycle are b
d EOC-4., A fairly extensive study of EOC-3 T
but only very preliminary estimates have been
$ For the LOF only EOC-4 has been considered
alculations

jerstand the significance of results obtained
1e ] ycle, the CRBR refueling scheme should be
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5 I eact id-numbered fuel le, an entire frest re loading
{ £ 15¢ iri r fue issemblies and o inner t inket isse lle 18
ed. he Iirst tw yC L€ ire anomalous 1n that € projected bdurnup is
er tha r o However, the BOC~I re onfigurat m , onsisting [ all
re el t i1l for the start of the odd-numbered cycles. Cycles and
i Ltypica u eedl 1irs { ycles. AL the ¢ I CyCle >, D 1 er
1 1ssemblies are r fresh driver fuel subassemblies to
r i fficient excess r r ycle 4. These 6 subassemblies,
r t msiderably h than the thers |{ cycle 4, act as lead
ibassembli¢ i that they fail much earlier than the others.
the BOC-1 core, a ¢/s8 TOP trarsient has been calculated only
\ ec. When a peak axial yde fuel melt fraction of .98 1is
t ed 1 the hottest WA hannel, which represents 24 out f the 15¢
ies, 24 yre subassemblie are mly about .01 lower in peak fuel
f fracti . 18 means L} i St i third of the driver subassemblies
it at t the same t1ime f l melt fracti can be rrelated L«
ime. erefore, it is na2cessary t te the as=2 further and
t ite Lhe f here y at failure c« fons and the reactivity
‘ K fue i tion resulting from pin faillure. EI
i fi t ew 1nformation apout Lhe iynamics )f Tuel arfter raillur
t rre 4 e be iriven ejecti
i I I Ire t Lt he fferent from
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i er | 1ér rissi ZAa
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¢ wE § 1t reacti ity 1 prot lv ne nore tha oD t L . iS estimate
t he ulati . The 1lcul fon 1 t be ntinued further
{ rLner ra res which will result from further rea 'l‘v'il" inser
. he ext failures will 1T mly after some seconds of time del 1Y,
wever., [herefore, the disposition of materials in the ead ¢ ibassemblies
D¢ ‘ ed. eSs¢ lead 1 nay heat uf substantial v 1 coolant
¢ W ¢ P " ‘ f fuel blockages 1in the nhannel. [f this ippens
i 1 drair ' move \ way and fuel uild siump, leading L«
* { { feedbDack whicCl migznt ifrect further pl ra ures. ive Lhe |
t ed, lerable idding and fuel moti uld o r before sub
I res. There 1S urrentiy way t treat { 1S situatiorn wllt
: & externa reactivity ¢ tion based separate ¢ 1 Lé I
iterial t1 these lead subassemblies may ha to be used y continue
rie i 1l 1tations for Lhne =3 Ccore wa errormed, i
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{lures are much more coherent for EOC-3 than for EOC-4, since a large

of the core has nearly the same power rating. With the assumed

fallure, this was found to lead to an autocatalytic situation at high

ales.

Table I shows fuel melt fractions at the core midplane 50 msec

« f
)

. fuel melt fraction was attained in channel 10 during a 0.1 3/ 8
TOP transient. It an be
gseen that 114 out « 156
driver subassembl{ie are
within 3% of one another
in peak fuel melt fraction
aind 66 out of 156 are
within 1Z. To the extent
that pin failure can be
correlated to fuel melt
fraction, this situation
indicates a very high
potential f

falilures across the core.

or coherent pin

It may be incorrect tq
attempt to correlate
melt fraction with pin
failure, however.

A burst pressure
pin failure criterion

which assumes the cladding to be stressed by fission gas pressure axially
equilibrated along the length of the molten fuel, would predict the failure of
cladding towards the upper end of the molten fuel cavity where the cladding is
hotter and weaker. Such a criterion probably would have predicted failure at

the point when the peak fuel melt fraction was in the range 0.40-0.50, depend-

’

ing upon assumptions used to calculate fission gas pressure and upon assump-
tions with respect to cladding strength. If, on the other band, the mechanism
of pin failure can be presumed to be differential fuel-cladding expansion,
then it is possible that the location of the cladding breach and the subsequent
release of molten fuel is near the midplane where the probability of such
failure is highest. 1In order for such a release actualily to occur, the fuel
melt fraction must be sufficiently large and the pin gas pressure sufficiently
high. Also, there must be a large enough break in the clad for molten fuel
ejection to occur. In the following calculations, in order to assess the
effects of such a midplane failure on the EOC-3 core, an 0.50 peak melt
fraction was assumed to be necessary for the release of molten fuel.

Table II gives parametric assumptions and results of various cases
ralculated for TOP transients for the EOC-3 core. Cases 1 and 2 were run with
+.1 ¢/8 driving reactivity ramp rates. Beth cases had relatively high pin

1

1

pressures at initial pin failure. Extension of the assumed 7 cm center

e

. _ Kfyel
rip was not allowed and the nominal EPIC FCI heat transfer coefficient"™ of

L
was used. In both cases the pins in 18 subassemblies were assumed to fail
coherently. The only differences between the two cases was that a different

particle radius was assumed. In case 1, a 0.04 cm radius was used, implyi:




drag and case 2 assumed

ase 2 with

adius, the

1 |
Lless fuel

sweepo
reactivity did n«

ne power

nr a1
pressu

great

and
romot

) €




ed results similar to cases 4 n with the
ng suft ient sweepout to p \ {#h power
ip was assumed r when a

axial ce.l. T D extensd
the power leve 11 was
is that th extension

nnot

reactivity

ower level even

with a 0.50 § i g ramp.
minal power ) N FCI he:
assumed., The simultaneous f lure of pi
one-third of the driver pins, was assumed.
pin pressures were calculated at failure and a p l ze
issumed. High power levels were attained. In ¢ ] lower
s prevailed but two different particle radi ) 03 )4 were
cause of the high initial reactivity level : simultaneity of

failures even the efficient sweepout of y iid not prevent

the most ~ cant parameters
of fuel sweepout

t a function of the

se in which prompt criticality was attained the calculated
ilaximum reactivity are not rea vy meaningful because the
k in the calculation was from fuel sweepout. As the
3 d 1t stiv increase greatly, negative feedback from hydrodynami
ssembly be present and must be calculated by a code other than
For 1 such calculations in the past have given relatively small
releases because of the rapid pressure buildup associated with the

ntent of the core.

LOF Calculations

A 'Y';“‘.‘

A ber of cases were also rc~lculated for a LOF transient to

ine the potential for LOF-TOP pin failures in the EOC~4 core. In these
ations the fractional acceleration of gravity was varied parametrically.
xial expansion feedback was assumed to either be 0.0 or 0,50 of the

corresponding to free thermal expansion. Clad motion was calculated

K code CMOT. Essentially no positive feedback was obtained from

r
instead small negative reactivity effects were obtained. it was found

reason for this was that the calculated sodium vapor velocity was too
levitate the molten clad for the assumed flooding velocity and
factor. Because this velocity seems low for the calculated core
calculation i< still under study. In any case large
effects are not expected from CMOT, in contrast to
module - of SAS3D.

cases were run with

{

sodium vapor driven
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he objective of this program is to develop ymputer programs (COMMIX and

3 WFIT) which in b 1sed for either single-phase ' two-phase thermal~-

hydraul { analysis of reactor aponents under normal and off-normal operating

mditions, especially under natural circulation. The governing equations of

iservation of mass, momentum, and energy are solved as a boundary value
problem in space a in initial value problem in time.

MMIX 1s a e~dimensional, transient, compressible flow computer code

for reactor thermal-hydraulic analysis. It is a component code and uses a

porous medium formulation to permit analysis of a reactor component/qulticom

ent system such as fuel assembly/assemblies, plenum, piping system, etc.,

) I Any mbination of these components, oncept 3 volume porosity,
surface permeability, and distributed resistance and heat source (or sink) is
ey ed in the ( [X code for quasi=-continuum (or rod=bundle) thermal-
\wydraulf inalysis., [t provides a greater range of applicability and an
proved accuracy than subchannel analysis. By secting volume porosity and
surface permeability equal to unity, and resistance equal t zero, the COMMIX
yd e in equally handle continuum problems (reactor inlet or outlet plenum,
etc. e
BODYFIT 1is a three-dimensional, transient, compressible flow ymputer
)de for reactor rod bundle thermal-hydraulic analysis. This is also a compo-
nent )de, and it uses a boundary-fitted coordinate transformation. The com
ylex rod bundle geometry is transformed into either rectangular or cvlindrical
oordinates with uniform mesh. Thus, the physical boundaries, including each
rod, coincide with computational grids. This allows the Navier-Stokes equa-
tions, together with the boundary conditions, to be represented accurately in

the finite-difference formulation. Thus, the region in the immediate vicinity

 solid surfaces, which {s generally dominant in determnining “he _haracter of

Lt he fl"\d, call ’ sccurately res ylved.,

B. COMMIX-1A, Single-Phas¢ ode Development (W. L. Baumann, H. M. Domanus,
Je Re Hull, Ce Schmitt, W. Sha, J. E. Sullivan, and S. P. Vanka)
B.! Development Work

During this quarter, the following improvements and modifications

were implemented in the code:

° A new operating procedurr for obtaining load modules was developed
to take advantage of the dynamic storage capability of version 7.0.
While previous versions required the user to make changes to several
variables directly in the COMMON locks, the new procedure will

require the specification of only one space allocation parameter.

Moreover, if this parameter is not known, {t can be automatically

11
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