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APPLICATION OF CONTAINMENT CODES TO LMFBRs IN THE UNITED STAGES

Y. Hi Chang .
EngintiA.ing Ue.cka.nizi Se.zti.on, Rtactoi Analcfiii and-Sai&ty Viviiion,
Algonne. National la.boia.toiy, Aigonne., Illinois 60439, U. S. A.

This paper describes the application of containment codes to predict i-he response of the fast
reactor containment and the primary* piping loops,to HCDAs. Five sample problems, are given to
Illustrate their.applications. The first problem deals with the response of the primary contain-
ment to an HCDA. The second problem deals.with the coolant flow in the reactor lower plenum. The
third problem concerns sodium spillage,and slug impact. The fourth problem deals with the response
of a piping loop. The fifth problem analyzes the response of a reactor head closure. Application
of codes in parametric studies and comparison of code predictions with experiments are also discussed.

1. Introduction

The response of the primary contain-
ment to hypothetical core-disruptive acci-
dents (HCDA) in liquid-metal fast breeder
reactors (LMFBR), depends on a number of
considerations, including the characteris-.
tics of the HCDA energy source/ propaga- .

. tion of the. pressure waves, and inter-
actions of fluid and internal structural
components.'- ' .

Because of the complexity of the.pro-
blem, the eairly approach was to perform
scaled model experiments, in which the ;
HCDA' was simulated by the use of high ex- .
plosives and the sodium was replaced by •
water. However, to perform a meaningful
test, not only must the reactor contain-
ment structure and internals be properly
represented in the scaled model, but also
the initiating conditions and the rate of
. energy release from the core must be pro-
perly simulated.. Because, of the differ-
ent characteristics of the energy release
in nuclear excursions and chemical ex- .
plosives, it is very difficult to simulate
an HCDA with chemical explosives.

A diffe ent approach to the problem
is to use the basic' conservation equations
of mass, momentum, and energy and to de-
termine mechanistically the response of
the primary containment and the internal
structures under the postulated nuclear
excursion conditions. In recent years,
the- advent of the high-speed large digital
computer has made it possible to use com- .
puter programs to solve the conservation
equations and to determine the loadings, '
strains, and the response of the reactor
primary containment numerically. This
approach has been adopted by most fast
reactor projects of the industrialized
nations. ANL'sREXCO-HEP, ICECO, MICE,

and ICEPEL [1-4], AWRE's ASTARTE [5], BN's
.SURBOUM [6], IA'S ARES [7]-and EU's EURDYN
[8] are:a few of the computer programs
developed for LMFBR containment analysis.
Other computer programs which were devel- •
oped for different purposes; such as
PISCES, HEMP, ANSYS, TOODY, WHAM,.STEALTH,
CSQ, STRAW, and SADCAT f9-17] have also
been applied to safety problems related to
LMFBR containments.

This paper deals with the application
of containment codes to LMFBRs in the
United States. However, with the current
activities in the LMFBR containment analy-
sis, new-containment programs are develop-
ing at a very fast rate, so are their ap- '
plications to LMFBRs. Hence, the coverage
is inherently limited by the author's per-.'
sonal.knowledge of the various activities
where the containment codes were actually
applied, and the.space limitations for

• covering such a diverse subject.' There-
fore, only the containment programs devel- •
oped at Argonne National Laboratory (ANL) .
and the applications to LMFBRs which are
known to the- author will be reported here-
in. It i's hoped that the material pre-
sented in this paper will provide an over-
all view of the safety related containment
computer code systems under current usage
or active development in the United states.

2. Computer Codes Developed for'Contain-
ment analysis r ' • . • -

The arithmetic operation in the com-
puter is both discrete and finite. If-.is
necessary in-the computer analysis that a
physical system be replaced by a dfscre-
tizsd system/ In discretising a continuum
system', the continuum is often replaced by ;
a group of meshes.' Two types of. meshes
are commonly used. If the mesh point is



attached to a material particle and moves
with the material, the mesh is called La-
grangian; if the mesh point is fixed in
space and is invariant in time, the mesh
is called Eulerian. •

Although Lagrangian codes have been
successfully,used for analyzing the pres-
sure- wave propagations coolant slug im-
pacts, and containment responses under
HCDAs, their analyses are still- limited
to the early stage of the excursion, be-
cause the excessive zone distortion will
deteriorate'- the accuracy of the numerical'

- results. Although rezoning of the dis-
torted.' Lagrangian mesh can extend the
calculations to a longer time, there is
an- upper limit on how. far one can push

, this rezoning technique in a Lagrangian
- calculation.' « ..?.-'

Since the Eulerian' meshes are fixed
' in space,, the Eulerian hydrodynamics equa- '
tions are ideal for treating excessive
fluid distortions. Thus, for problems
involving large material distortions-,
Eulerian discretization becomes more at-
tractive, especially in the calculation •
of sodium spillage-and core gas-bubble *
migration. Unfortunately, .the very fea-
ture of the Eulerian method which makes .'.
it useful in handling material distortions
is also -the one-which makes it unsatisfac-
tory for' performing calculations having .-,.r
material interfaces and moving boundaries.
In reactor1containments, the reactor ves-
sel, cover* he^d, and internal structures.
are not rigidly fixed in space. As they
displace under the applied pressure loads,

..•their boundaries will'intersect the Euler-
ian lines in various ways. Complex pro-
cedures are needed at the material inter-
faces and boundaries. - ' ,';•.

The approach<taken by Argonne National
Laboratory is to develop both the Lagran-
gian and Eulerian computer programs: us-
ing the Lagrengian code for the-determina-
tion of the pressure .wave propagation,the •:
.-response of the reactor internals and the
* deformation of reactor vessel wall during
••he phase'immediately following the ac-
cident, and the Eulerian code for study-
ing the excursion phenomena such as slug
impact, sodium spillage' and core gas-

„ bubble expansion and migration during
the latter phase of the excursion. Cur- ..,'

. rently the containment codes at ANL have '
advanced to the' point of being able to -
predict reasonably well the response of

- the primary system. The phenomena of the
HCDA can be followed up to the time of
dynamic equilibrium in the system, when

, no further plastic work can be performed
'on the. components-. The analytical pre- •" '•'
dictions of component response have been,
'verified reasonably well by comparing
with experimental test results. The
amount of sodium spillage into the scc-

, ondary containment can also be reasonably
' predicted. A brief description of ANL
•containment cde* is .given below.

REXCO-HEP

REXCO-HEP is a two-dimensional (r-z)
Lagrangian code for calculating the. pri-- .
nary system response in fast reactors. It
treats not only the hydrodynamics, but
also the elastic and plastic deformation
" of the solid reactor materials. Fluids
are) assumed to be compressible but non-
viscous. The reacter vessel, core barrel, "
and core-support .structure can be analyzed
as thin shell structures.

The radial shields.can be treated as
segmented solids with no tensile strength
in the circumferential direction. The ' •
reactor head can be treated as deformable
circular plate; crushable materials can be
placed underneath the reactor head to ab-

. scrb the slug impact energy. The reactor
vessel can be connected,to the reactor head
through connecting bolts or attached to
the ground with the holddown bolts. At
the fluid-solid interfaces, the fluids are
allowed to slide along the solid'surface
but are forced to move' together with the
solid iii the direction normal to. the solid
-surface. A HEZONE code has been developed
for rezoning the.distorted Lagrangian
meshes occurring in the REXCO-HEP runs.

ICECO ' . .

ICECO code is a two-dimensional im-
plicit Eulerian code for calculating f~uid
transients in fast reactors. Complete
hydrodynamic equations are considered, in-
cluding nonlinear convective and viscous
dissipation terms. The niwierical techni-
que used is the Implicit Continuous Eu-
lerian (ICE) technique developed by flarlow '
and Amsden [18]. The reactor vessel, core
barrel, and core-support structure are
/treated as thin shell structures using the.
finite-element method. At the fluid-shell
interfaces, the fluid velocities are cal-
culated in'the same manner as described in
the REXCO-HEP code, so that the condition
of nonpenetration of fluid particles in the
normal direction of the.shell surface.is
satisfied. • It treats the sodium flow
through the corersupport' structure open-
ings as well 'as; sodium.flow through the
openings on the head cover and at the re-
actor head and vessel wall juncture.

M I C E • • . •., . • • ' " ' ' ' •,

MICE code is an extension of the ICECO
code. It is a multi-field 2-D implicit
Eulerian code and is currently,under de-
velopuent at ANL. A fluid is considered
r.fco be a field; the'vapor phase of that
fluid is considered to be another field;
. a different fluid is considered to be
another field. Altogether five fields are
allowed in the MICE code calculation. Each
f.lelA is governed by a set of equations of .
Mass, momentum and, energy,'and the equation,
of state of t».at material.



Momentum exchange between fields is
accomplished by the use of the drag func-'
tions. Mass changes resulting from phase
transitions are considered in the mass and
momentum equations. Thus, interpenetra-
tions of fields are allowed in the MICE
calculation*

ICEPEL ,

ICEPEL code is also an extension of
the ICECO code, but is developed specifi-
cally for the analysis of the heat trans-
port piping systems. It has a generalized
pipe component mode.l which'can be used to
model valves', reducers, expansions, and
heat exchangers. Together with the elbow ,
and tee branching model, they can be used
to analyze a complete LMFBR heat trans-
port system both hydrodynamically and
structurally under the effect of'simultan-
eous pressure pulses in an HCDA.

. STRAW, SADCAT ,

STRAW and SADCAT are two finite-
element codes. Although they are basically
structural codes, they have hydrodynamic
capabilities. They can be used for the
nonlinear transient analysis of plane two-
dimensional, axisymmetric, and three-
dimensional structures and continua in
fast reactors. They also have' static and
modal capabilities. One .of the main fea-
tures that distinguish this series of
codes from other finite element codes is
in the type of coordinates system employed.
A corotational coordinate system is used
which rotates and translates with each
element. This offers the cap.-bility to
ultilize linear relationships for the
stress-strain and-force-displacement
expressions which yields considerable
computational efficiency.

A list of the containment codes is
given in Table 1. It should be mentioned
that these codes were chosen primarily on
the basis of the fact that they have been.
used for the analysis of the LMFBRs. It
is by no means a complete list of all the
containment codes available in the United.
States for LMFBR containment-analysis.

3. Application to LMFBRs

The major areas of application of
containment codes to LMFBRs are: ',1) to
perform safety analysis in support of
LMFBR licensing; (2) to perform parametric
studies to determine the sensitivity of
results to key unknowns; (3) to perform
comparisons with.experiments to validate
the mathematical model used in the safety
analysis. • • <

3.7 Application oi Code.A in Suppont o£
the. Sa.ie.ty Analytit . >

The containment codes developed at
"ANL have been applied to the safety anal-
ysis of the Fast Flux Test Facility(FFTF).
Currently, they are being applied to the
Demonstration Plant Safety Analysis. The
propagation of pressure waves, the response
of the reactor internals, the coolant slug
impact, and the deformation of the r'eactor
vessel wall during the phase,immediately
following the accident are analyzed by
the Lagrangian code, REXCO-HEP. The flow
of sodium coolant in the reactor lower
plenum, the sodium spillage through open-
ings, and the core gas-bubble expansion
and migration are determined'by the Euler-
ian containment codes, ICECO and MICE. The
response of the primary piping system.to
HCDA loads is analyzed with, the ICEPEL',
code; the response of structural compon-
ents such as reactor head and core-support
structure is obtained with a structural
code-SADCAT. Some of the applications
are illustrated in the following sample.,
problems.

3.7.-7 Rzipomz of, the. Piumtvty Containment
taan'HCVA ;

As mentioned earlier, the response of
the primary containment to. an HCDA is anal-
yzed by a Lagrangian code. Because of the
Lagrangian discretization, sufficient de-
tails can be included in the analysis.
However, in order to perform a manageable
HCDA analysis, the representation of the.
reactor must be simplified. Internals '
which must be included in the analysis are
core blankets, shields, fisson-gas plenum,
core barrel and core-support structure.
This is 'because they are placed so close
to the reactor core that the expansion of
the reactor core is strongly influenced
by the response of these internals.Figure
1 is- the mathematical model of the FFTF
reactor which illustrates how these inter-
nals can be included in the analysis.

The most important thing in the- com-
puter analysis is the modeling of the re-
actor internals. Some of the modeling
techniques are described below.

The reactor core is represented by
zones. Four to six zones for-a reactor
core are generally sufficient for an HCDA
analysis. If less than four zones are
used for a reactor core, one should re-
zone the reactor core to a large number
of zones at a later time after it -expands.

• The core blankets and shields can
also be represented by zones. If they are *
segmented, they must be modeled as- solid
materials with no circumferential strength.
Modeling of the core blankets and shields
as hydrodynamic materials can lead tp'the
underestimation of the slug impact load-
ing on the reactor head £s well as -the'
upper vessel wall deformation. Sliding
lines must be. provided at both sides of
the core blankets and shields. The fission-
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Table 1 Compilation of Containment Codes

' Na
Origin (Kef)

Problem
Solves Unique Capabilities

Discretization
Fluid Structure

Integration
Method

REXCO-HEP . Sliding lines for fluid/ FD
ANL [1] 20 + Shell solid meshes and fluid/

shell interfaces Rezoning • •
by REZONE code (Lagrangi'an) Explicit

ICECO
ANL

NICE
ANL

ICEPEL
ANL

[2]

[3]

[4]

PISCES-2DL
PI [9] «

PISCES-2DELK
PI ~ [19]

HEMP
LLL

TOODY
SLA ,

CSQ ..•
SLA

STEALTH
SA2

STRAW
ANL

HBAM
UICC

SADCAT
ANL

[10]

[12]

[15]

[14]

[16] \

[13]

[17]

20 -1

2D +

2D +

2D

20 +

20

*2D

2D

2D +

2D

20 +

3D

- Shell

.Shell

Shall

Shell

Shell

Shell

Coupled Eulerian/Lagrangian
Can handle extended fluid
•otion (e.g. Bubble motion
and Na spill)

JJultifields- • -
Allowing interpenetrations

Extensive models fox piping
component - can handle ex-
tended .fluid motion

Sliding lines for fluid/
solid meshes - Rezone and
static option - Auto..
coordinate generator

Coupled Eulerian/Lagrangian
implicit/Explicit Option -'

FD 'FE

.(Euler.)(Lagran.

FD FE
(Euler.)(Lagran.

FD • FE

(Euler.)(Lagran.

,FD .,

(Lagrangian}

FD -
{Euler.){Lagran.

Sliding lines capability for '. FD --" *
fluid/solid meshes Rezoning ; "• ' ,
capability " {Lagrangian)

Slide line capability for .
coupled fluid/solid meshes
Rezordng capability ' " •

Extensive EOS'options Con-
duction & radiation H. T.
Up to 10 fluids ~ ,

Continuous auto rezoner
Finite-element shell option

Convected coordinates'Can
handle complex geometry

Convected coordinates Can
handle complex geometry '

. Convected Coordinates
Can handle complex geometry

FD

(Lagrangian)

FD

(Eulerian)

FD FE'
(Lagrangian)

- .FE'
(Lagrangian);

(Lagrangian)

FE
(Lagrangian). .

•f

) Implicit

) Implicit

F Implicit

Explicit

Explicit/ .
) Implicit

Explicit

Explicit

Explicit

Explicit

Explicit/
Implicit

Explicit/
Implicit

Explicit/
Implicit

FD - finite-difference;'FE * finite-element
ANL * Argonne National Laboratory / SLA
PI * Physics International Co. ;-• • SAI
LLL " Lawrence Livermore .Laboratory ' , UICC

sandia Laboratorieo
Science Applications,Inc.
Univ.of Illinois at
Chicago Circle
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gas plenum can be treated as a. group of
nixed materials containing gases, liquids,
and solids. - •:•'••

w EOUAL
DIVISIONS OF'
31.4325 em
•502.92 cm

RADIAL
BLANKET

REACTOR VESSEL
(2-3/4 In. THICK)

K) EQUAL DIVISIONS
OP 30.48 cm
•304 .80 cm

Pig. X. Mathematical Model of this
PPTF Reactor

. Core barrel must be modeled as a thin
shell. If the core barrel is to be treated
as a continuum solid material, the thick-
ness of the core barrel will have to be
divided, into at least three to five zones.
This'not only brings about a requirement
for a.large number of zones, but also limits
the time steps to very small values. Again,
sliding lines must be provided at both
sides of the core barrel. '

' The core-support structure can be
modeled.'either as a lattice of shell el-
ements'similar to. the actual}structure or
as an elastic-plastic solid continuum
material which can be done by shaping the
Lagrangian zones to conform to the actual
configuration. If the core-support struc-
'•ture'is treated as an elastic-plastic mat-
erial, the mass represented by those Lag-
rangian zones "should be equal to that, of
the actual structure, which can be obtain-
ed quite easily. However, the equivalent
bending,, stiff ness is ver/.hard to obtain.
Fortunately, the core-support structure
in the LMFBR-. design is very rigid. Numer-
ical experimentation shows that the de- "
flection of a core-support structure made

of lattice of shell elements is very siror
-ilar to that of a core-support Structure
modeled" as an elastic-plastic solid con-
.tinuum material by shaping the Lagrangian
zones to conform to the actual configura-
tion. Connection between the core-support
structure and the reactor vessel must be
modeled properly. Results in f20] show
that improper modeling of the core-support
connection can lead to unrealistic results

' on the pressure loading in the reactor ,
lower plenum.

Figure 2 is a series of computer-
generated reactor configurations at var-
ious times during the. excursion. These

. configurations show how the core-surround-
ing structures are deformed, and how the
deformations of the core barrel, vessel
wall, and other structures adjacent to
the core become progressively larger with
time. It also shows how the coolant slug
is being pushed upward until it comes in
contact with the reactor cover and how
the upper vessel wall is defbfmed. The
overall flow of the coolant can be"fol-
lowed visually from thes? configurations.

3./.2 E&&e.c£ 06 Coie.-&uppoit Stiu.ct.uie.
- Optningt, on the Pitiiuiz loading

In the. Rzactoi Lowe,*. Plenum

As mentioned eerlier, the Eulerian
codes are ideal for treating excessive
fluid distortions. Therefore, they can
be used for analyzing sodium flow in the
reactor lower plenum. However, because of
the difficulties in the treatment of the
material interfaces and moving boundaries,
the Eulerian containment codes developed
to date still can not treat a reactor con-
figuration to have the same complexity as
in the Lagrangian analysis. Therefore, ..the
reactor configuration used in the Eulerian
analysis is considerably simplified. Figure
3 is the reactor configuration used by -
Wang 121} in studying the effect of core-
support structure openings on the pressure
loading in the reactor lower plenum. It
consists of a core gas-bubble, a radial
shield, a core barrel, a core-support
structure and a reactor vessel. The core-
support structure is assumed to have per-
forated openings as shown in Fig. 4, where
the perforation'ratios for the first three
zones from the center line are 0.15, 0.10,
0.15, respectively.

Because of' the presence of the1open-
ing holes in the cor^-support structure, -
the coolant, in the core region immediately
below the core gas-bubbls can be pushed
down through the openings into the reac-
tor lower'plenum by the expansion of .the
core gas-bubble. This can be seen from - -
the "sequence of•reactor configurations
shown in Fig. 5. Figure 6 shows the pres-
sure' loadings in the lower plenum for the
cases of with and without op-.iirigs. As
can be seen the,omission of the coolant,
passage openings on the core-support
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Pressure Loadings in the Reactor
Lower Plenum

structure can lead to an., underestimation
of the pressure loading in the reactor
lover plenum. Of course, th"e. degree of
the underestimation is dependent on* the
perforation of the cors-support structure.

3.1.3 Eiizat oi iilatl Opznlng and Sodium
Spillage, on Slug Impact

The effect of wall opening and sodium
spillage on slug impact has been studied
by Chu [22]. He applied the Eulerian code"
ICECO to a reactor configuration which
consists of a core, a reactor vessel, a '
movable head and hold-down bolts, as shown
in Fig. 7. For simplicity, the lower por-
tion of the reactor was omitted ±n the
analysis. The initial pressure in the core,
region was assumed to be 30 MPa. Three *
computations were performed: Case 1'as-
sumed no gap opening as reactor head moved



upward; Case 2 assumed that a gap opening
was generated at the head vessel juncture
as the.reactor head moved upward; Case 3
assumed that there was a penetration hole
opening in the reactor head cover in addi-
tion to the gap opening at the head vessel
juncture.

Figure 8 shows the time history of
the total slug force acting on the reactor
head cover. As expected, the slug impact
force with the penetration hole and side
spillage (Case 3).,. as compared to that with
side- spillage only (Case 2) and that with-
out spillage (Case 1), has^betm reduced^
This reduction in impact pressures ,'af f ects

- the collant motion, the upward motion of
' the' reactor cover and the radial deforma- -
tion of the vessel wall.

3.1.4 Rtiponit o£ a. Piping Loop

The:piping loop analyzed was a sim-
plified primary coolant loop shown in
Fig. 9, which was analyzed by Moneim [23]
using the ICSPEL code. The loop consists
of five pipes, two elbows, cne reducer and
one IHX. The flow of the primary coolant _ •
inside the IHX is simulated by the rigid
zone boundaries shown by heavy lines in
Fig. 9,. The cross-hatched area represents
the secondary fluid region.

The. external walls of the pipes, re-
ducer and the IHX are considered as de-
formable. The external walls of the elbows
and the interior walls of the IHX are
treated as rigid walls. Two step pressure
pulses of '8 MPa and 4 MPa and 2 msec dura-
tion were applied, respectively, at the
inlet of pipe 1 and the outlet of pipe 5

' simultaneously. The system was assumed
initially to be full of coolant at zero
pressure.

•' computed pressure traces at various
lecations in pipes and components are /
shown in Fig. 10 and 11, respectively.The
wall deformation at the corresponding loca-
• tibns are shown in Fig. 12 and 13; In gen-
eral, the pressure pulses at locations
aw«y from the pressure source are reduced
by the wall deformation, if the magnitude ,
of the pressure pulse exceeds the yield • '
pressure of the-pipe,'and,the plastic*de-
•.formation are limited to a relative short
' length near the source of the pressure
-' pulse. However; this is no longer true in
the icase°6f a piping loop having various
conpoiients subjected to two pulses. As
seen from Fig. 12, the radial wall defor-
mation at node NP3 is larger than that at
node NP2. 'This is caused by a sudden de-
crease of flow,area in the reducer, which
causes a pressure pulse to reflect back
to1 the inlet of pipe 1. This pressure wave
interacts with the incoming pressure wave, ,
producing more plastic deformation to pipes1

* near ,itl« ,it" travels,, back to the inlet
of pip* 1. ' ,

Because two pulses are-applied si- •
nultaneously at the two ends of the piping
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loop/ they are bound to meet' somewhere in
the piping loop. As the two pulses m«*et, a
n w pressure pulse is generated,whicu.is
usually large enough to cause further plas-
tic deformation of the pipe wall. This can
be seen from the pressure histories of
nodes C2 and C3, shown in Fig. 11 where .
th« second peak in those'pulses is caused
by the formation of a new pressure pulse
when the two applied pulses meet inside '
the IHX.

I 00(0-

10008-

10006-

(0004-

50002

ELASTIC Uk'T FOR PIPES 1,2 AND3:0.00213cm
9.20

Fig. 12. Radial' Displacements a$ Various
Locations in the Pipes

Jii.5 Ktipomt oi (he. Ktacton. Head Cove*

The xsactor head cover analyzed was *
the CRBR head cover. The calculation was
performed by Kulak [24] utilizing the
SADCAT code. The finite-element model of
the triple rotating plug head is shown i <
Fig. 14. The plugs were'divided into 148
triangular plate elements. The outer pe-
riphery of the large plug was treated as
simply supported in the usual manner. The
large-to-intermediate and intermediate-to-
small plug boundaries were: treated as '
special.boundaries-which permit the trans-
fer of the transverse force from plug to
plug, but not the.transfer of moments or
membrane forces. The coolant slug pressure
force on the closure head was calculated
with the REXCO code.'The actual pressure
is applied to the underside of the bottom
shield plate.

Fig. 14. Finite-element Model of the Closure
Head and the Deformed Profile of the
Triple Rotating Plug

Figure 14 also shows.the deformed
profile of the closure head along the
diametral symmetry line! The cross-hatched
areas in Fig. IS indicate ttie finite el-
ements that underwent plastic deformation.
This illustrates that the deformations and
.the resulting "stresses of a complex struc-
ture such as a reactor head closure can be
analyzed with a structural code. '

g. 13. Radial Displacements at Various
Locations in the components
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Fig. 15. Location of Plastic Regions

Application o& Cod&i In
Stadlm

C ̂ nputer codes are ideal for Tperform-
ing parametric studies. They can be used
to determine the sensitivity of results to
key unknowns. Such studies provide guid- •
ance for containment design as well as .
for experimental work. For example, in
performing experiments,.the sodium is often
replaced by water. There, computer calcula-
tions can be performed to determine how
the experimental results will be affected,
if sodium is used in the actual test. The
sensitiyity of results to the variations
of the"coolant inertia and compressibility
can also be determined rather easily. In
the early design stage of-the CRBR plant
REXCO-HEP was used to perform scoping
analysis to provide HCDA loads for the
.containment design 125]. Since REXCO-HEP
scoping analysis was carried out in par-
allel with other calculations, the source
term- of the HCDA was not available at the
start of the REXCO-HEP calculations, it
was decided to use FFTT P-V relation of

the 150 MW-see accident as the source term ; .'
of a reference case in the'scoping analy-
sis and perform a parametric study with . '
different pressures, energy releases, and
P-V relationships. The*gas spacing above

. the sodium surface was also treated as a
parameter in that study. Altogether five
cases have been analyzed. The initial
conditions of these five cases are giv^n
in Table 2.

The study produced enough information
on the HCDA loads on various components
and the response of the primary contain-
ment to HCDAs. ' - '

Curreatly. a parametric study in energy
partitioning following energetic KCDAs is
being performed at ANL [26]. Numerical cal-
culations are performed with REXCO-HEP 'to
determine the redistribution of energy
among reactor materials 'for increasingly
energetic'HCDAs. The level of energetics
for each calculation.will be characterized
by the magnitude of reactivity ramp input
into the core at prompt-critical. For a
givpn ramp, VENUS-II [27] is used to de-
termine the pressure vs. volume relation-
ship for fuel vapor- expansion from an oxide-
fueled core which has been voided of coolant.
This pressure vs. volume data is then used '
as input for the REXCO-HEP calculations.
For each calculation, the partition of
ehergy will be plotted as a function of
time up to, and including coolant slug im-
pact on the reactor\head cover.

PLBR is chosen as the reference re-
dactor; the 'pressure, .vs. volume data for a
$50/sec rainp case.is taken as the base
case. Calculations will then be performed
for increasingly higher,ramps until the "
extrapolated relationship between maximum.
coolant slug upward kinetic energy and
ramp can be accurately predicted. Addi-
tional parametric calculations will be
performed to determine the sensitivity of
maximum coolant slug upward kinetic energy
to variations of dimensions in the refer-
ence reactor model for a given ramp. The
objective of these calculations is to
identify reactor designs with optional
inherent characteristics for limiting the :
potential for missile generation.

Table 2 Initial Conditions

Case No. P-V Relation Pressure Wofk Energy
MW-aec*

Gas dap
in.

1'

2

• "3

',-. •• ;;4 ;'-"-

FFTF P-V

FFTF P-V

FFTF P-V

FFTF P.-V

PV*8«Const.

FFTF Pressure

FFTF Pressure

75% of FFTF Pressure

150% of FFTF Pressure

Initial P-98.5 bar

300

300

225

450

225

V
51

".,: 27 "

27

27

*Based oh.expansion to one atmosphere pressure



• 3.5 Companiion o{ the. code. PJie.dictA.oni
with ExptA.ime.nti

'*.' ' '
As stated earlier, the arithmetric

operation in the computer is discrete .and •
finite. It is necessary'in the computer
code to formulate the equations of inter-
est in, a discrete form, and to replace the
physical system by a discretized system.
Quite often, the real physical system is
represented by a simplified mathematical
model for obtaining a'manageable solution
in the computer analysis, How' closely the
computer solution approximates the true
solution of the system/ is-t concern of
the safety analysis. If the computer codes '
are to be .used with confidence,-they must
first be"validated by comparison with aral-
ytical solutions and experimental data.

• To establish the validity of the con-
tainment codes, extensive comparisons of

• the code predictions with analytical solu-
tions and experiments have been undertaken
at ANL 128,29],. It has been shown that the
computer code can produce'the same results
as the analytical: solutions of simple.phys-
ical problems,, such as wave ,propagations,
fluid dynamics,, and response of a shell
under impulsive loading. It"has been fur-
ther demonstrated [30] that the computer
code'can predict accurately the response
of the primary containment to high explo- .
sives, as well as to HCDAs, and can give
guidance as to the effects of such acci- , :

dents in a fast reactor'system. . ''•".. . '
However, the answer obtained from

the computer analysis depends upon the •••"
basic information and mathematical model
used in the computer analysis. Even if
the computer'code .has been proven to be
perfect,, the use of a improper mathemati-
cal model can lead- to erroneous results.
For example, the radial sheilds in a re-
actor are made of segmented plates. Al-
though' they have.no tensile strength in
the circumferential, direction, they ex-
hibit considerable tensile strength in the
radial and - axial1- directions.. Therefore,
they can -not be 'represented •. by die hydro-
'dynamic jjiaterial. Modeling of the shield
as hydro-dynamic, material can lead not only
to underestimation of the slug impact
loading- on the reactor head arid the upper
vessel, wall, but also to erroneous profile
of the core barrel deformation. ......

TO illustrate this, two calculations
•• were performed for a simple reactor con-
figuration' which had a 6.5 cm thick ves- -'
sel wall, a 0.127 cm thick core barrel,
and a thick'segmented radial shield. In
case A, the radial shield was assumed'to
be solid elastic-plastic material with no .
tensile strength in the circumferential,
direction, and,the coolant was "permitted ,
to slide*along the inner'surface of the -•
shield.' In Case B the radial shield was
modeled as compressible hydrodynamic,
'Material where the sliding of coolant was v
also permitted. The profile of the core

Fig. 16.

0.2 ,: 0.4

OispMciMtiit, CM

Profile of the Core Barrel
Deformation

barrel deformation is shown in Fig. 16,
where the mode of deformation in the two
models is quite different.

Therefore, to verify the mathematical
model and to understand the behavior of
individual components and their effects'
on the primary system, experimental tests -
are -needed. It is believed that through
the analyses involved in making the com-
parisons, insights can be gained into the
phenomena. These insights can, lead to im-
provements in the mathematical model re-
presentations in the computer codes. It
should be noted that mathematical models,
no matter how sophisticated they are, are
only as good as their capability of pre-
dicting results which are in agreement with
the experimental .data. Recently SRI has
performed some tests such as rigid vessel
test, simple vessel test with internal
radial shield.[31] and flexible pipe test
[32], which were specifically designed
for the purpose of validating the math-
ematical models used in ANL's REXCO-HEPf
ICECO, and ICEPEL cor!ss.

4. Concluding Remarks

'The containment' codes developed for
the safety analysis have advanced to the '.•
point.of being able to predict.reasonably
well the response of the primary system.
.The phenomena of the HCDAcan be followed
up to the time of dynamic equilibrium in
the system. The amount of sodium spillage
into the secondary containment can also -
be reasonably predicted. ' . '



In order to be able to analyze the
entire sequence of events which occurred
in an FCDA, one should use both the La-
grangian and Eulerian codes.' Lagrangian

- codes should be used for the determination
Of the pressure wave*propagation, the re-
sponse of the reactor internals, and the
deformation of. the reactor vessel wall
during the phase' immediately following
the. accident. The excursion phenomena such
as slug impact, sodium spillage, and core
gas-bubble .expansion and migration during
the latter phase of the excursion must be
analyzed with an Eulerian code. The re-,
sponse of a piping loop roust also be anal-
yzed With an Eulerian code. .
• ' , Once a computer coda has been-valida-
ted by comparing with experimental tests,
it can.be used with confidence to perform
analysis on reactor containments and pip-
ing loops. Future'tests are needed only
for the understanding of behavior of «indir
vidual components and their effects On pri-
mary systems, so that appropriate math-
ematical models:can be formulated for these

.components. It is believed that extensive
explosive testing programs will not be
necessary to assess the containment cap-
ability of reactor systems.
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