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APPL;qAr:ou OF CONTAINMENT CODES TO LMFERs IN THE UNITED STA“ES

Y. W, Chang :
Engineening Mechanics Section, Reacton Anatg&44 and .Safety Division,

.”Angonne Natconat Laboratonry, Aagonne, I12einois 60439, U. S. A,

 This paper describes the application of containment codes to:pi:edict the response of the fast
reactor containment and the primary piping loops.to HCDAs. Five sample prcblens, are given to A

11lustrate their applications. The first problem deals with the response of the primary contain-
ment to an HCDk.

third problem concerns sodium spillage and slug impact.
the  fifth problem analyzes the response of a reactor head closure.

of codes in parametric studies and comparison of cede predictions with exp-r:.unents are also dlscussed.

of a piping loop.

£

'1. Introduction

o The response of the prlmary contain-

. ment to hypothetlcal core-disruptive acci~
dents (HCDA) in liquid-metal fast breeder
reactors (LMFBR), depends on a number of

e considerations, including the characteris<.

«_tics -of the HCDA energy source, propaga-
. tion of the pressure waves,.and inter-
actlons of f1u1d and internal structural

i ’ components.' -

R Because: of the complexity of the prn-

'fblem, theé ‘eatrly approack was to pexrfor:
,scaled model . experlments, in which the

- HCDA was simulated- By ‘the use of high ex-f‘

-plosives and ‘the sodium was replaced by -
‘.. water.’ However, to perform a meaningful
-“test, not only must the reactor contain-
" . ment structure and interpals be properly
. _represented in the scaled .model, but also
‘“the initiating’ cond1tlons and the rate of
" energy reléase from the . core must be pro-
perly simulated. Because of the differ-

.ent characteristics: of the energy release
T " in nuclear’ excursions and’chemical ex-
oot . 'plosives, it is very difficult to szmulate
R an HCDA with .chemical explosxves.4 .
nt approach to the problem

_the P 1mary contalnment and-the 1nternal
‘structures under the postulated nuclear
St , . In- recent years, . .
he " hlgh~speed large digital
B poss;ble o use com-
ve the: ‘conservation
¥ ‘t@ -determine -the loadings,
ynd the response of the“readétor
i ntalnment numerically. This
‘approach has ‘been adopted.by most fast
reactor projects of thevindustrialized
-.'nations. 's REXCO—HEP, ICECO, MICE,

<

-

The second problem deals with the coolant flow in the reactor 1owe;' plenum. The

- covering such a diverse subject.’

or active ‘developmen" in the Un:.ted States. e

.Puter ‘is ‘both discrete and finite. °

- are commonly used..

The fourth problem deals with the response
Application:

and ICEPEL [1-4), AWRE's ASTARTE [S5}, BN's -
SURBOUM [6], IA's ARES [7]-and EU's EURDYN
- [8) are.a few of the computer programs b

developed for LMFBR containment analysis.
Other computer programs which were devel- .
oped for different purposes; .such as : .

- PISCES, HEMP, ANSYS, TOODY, WHAM, .STFALTH,

CS5Q, STRAW, and SADCAT -[9-17] have also
been applled to safety problems related to
LMFBR containments., .

" This paper deals with the appllcatlon
of containment codes to LMFBRsS in the
United States. However, with the current
acfivities in the LMFBR containment analy-.
519, new-containment programs are develop-
ing at a very fast rate, so are their ap- |
pllcatlons to LMFBRs. Hence, the coverage .
is inherently limited by the author's per-'

sonal knowledge of the various activities
where the containment codes were actvally
applied, and the.space limitations for
There-
fore, only the containment programs devel- -
oped at Argonne National Laboratery (ANL)
and the applications to LMFBRs which are o
known to ‘the author will be reported here-
in. It is 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

2. Computer Codes Developed for Contaln- o
ment analy51s T, - 4.

The arithmetlc operatlon 1n the com- .

Itis =

necessary in .the computér analysis: that a - -
physical system be replaced by. a discre-
tized system. In discretizing a ‘continuum .
system, the continuum is often’ replaced by ':

a dgroup of meshes. Two types of meshes -

If the mesh poxnt is

L




; materia part cle and movcs
W thnthe material, ‘the: ‘mesh is called:La=
grangian; if the’ mesh point is fixed in.
pace and is. invariant 1n time, thr mesh
called.Eulerian." o

“Although Lagrangian codes have been

ure: wave propagations coolant slug im- "~
‘pPacts, and containment® responses under-

"‘to.the early: stage of the excursion, be-.
ﬁ,cauce theiexce351ve~zone distortion will

< Yesults, < Although rezoning of .the dis=
'torted: Lagrangian: mesh" ‘can, extend the -
: calculations td a. longer time, there is -
: an'upper limit .on "how: far ‘one: can: push:. .
th. ,chnique in- a Lagrangian

Tin- lpace, ‘the Eulerian hydrodynamic equa-
. "tions-ara ideal for treating excessive
" fluid-distortions. Thus, for problems
dnvolving large material distortions,
", . ‘Bulerian ‘disc¢retization’ becomes more at-
o .. tractive, especially :in the calculation
o oF sodium-spillage-and core gas—bubble
Ll migration. Unfortunately,-the very fea-

d mov1ng boundaries..
-the, reactor, ves-
,.and internal structures,‘
1y fixed in space. 'Hs they
displace‘under “the applied pressure lioads,
their ‘boundaries will’ intersect the Euler-
~ian:lines in- ‘various ways. . Complex pro-
‘cedures are nceded at the material 1nter-
S faces and: boundaries.u“
‘ f“‘;~‘ L ‘The approach:itaken' by Argonne National
T e Laboratory is to develop both the Lagran-
gian and Eulerian computer’ programs: us-. -
- ingthé Lagrengian code. for the' determina-
‘tion-of. the pressure wave .propagation,the
/renponse of the reactor internals and the"
deformation of reactor vessel wall-during -
“he .phase’ immediately folloWing ‘the ac-
*ident, :and the Eulerian code for study-
.ing-the excursion phenomena ‘such as .slug
impact,. sodium spilldge ‘and core gas-:”
‘bubble’ expansion and migration during '
‘the:latfer phase of the: exeurSion. )
‘rently the containment codes ‘at.ANL. have'
advanced to-the poirt of being- able to
‘predict reasonably well. the resppnse.
‘the primary ‘system.’
‘HCDA can‘be followed up ' tc the time of

e

no further ‘plastic work. can be performed -
#on the. components. “The. analyticalipre-.>
‘dictions of corponent response:have:been
yerified reasonably well by comparing

. with sxperimental test results. ' .The. L
2o amount ‘of ‘sodium spillage: into. the -sec-
: ‘uwhondary containm
" ‘predicted. A brief descriptionof’ ANL
*~““containment-codea is.given below .

- HCDAS, their analyses are still. limited - .

The*phenomena £ the ;}

nment. can also: be:reasonably‘ 3

T

REXCO-HEP 18 a two—dimens;onal (r-z)
Lagrangian code for calculating the pri- .
mary system response-in fast reactors. It’

. treats.'not . only the hydrodynamies; -but

uccelsfully used for ‘énalyzing the pres- "

' deteriorate the. acruracy of ‘the numerical ‘-

. scrb the slug .impact ~ energy.
- 8incethe Euleria "meshes are. fixed O

. in the circumferential direction.
- reactor -head can be treuted as -deformable

also the elastic ‘and plastic deformation-
".of the 80lid reactor materizls’ -~ Fluids

are: assumed to be . compre851b1e but non=~ -~
viscous. The reacter vesseél, core barrel, *
and . core-support Structure can be analyzed

. aavthin shell structures.

. " The radial shields. can be treated as
‘segmented: solids ‘with no'tensile- strength
The -+

circular plate;’ crushable materials can be
placed underneath the reactor head to ab-
The reactor
vessel can be connected, to the reactor head

- through connecting bolts or attached to

3

“Cur~- .. -

- dynamic .equilibrium in the system,: when' 1, 3
- velopment at ANL.
v "7to be a field::

.MICE

rcode.

the ground with the holddown bolts.' At
the fluid=solid 1nterfaces, the fluids are
allowed to slide along . the solid’ surface
but are forced to move together with the

' golid ia the direction .normal to the solid

‘surface. A REZONE code has been developed
for rezoning the.distorted iLagrangian
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 cons;dered, in-

Ucluding nonlinear convective and viscous

dissipation terms. The- numerical techni-
que used is the Implicit’ Continpous Eu-
lerian (ICE) technigue developed by Harlow
and Amsden -{18]. The reactor vessel, core
barrel, and core-support structure are
vtreated as thin shell structures using the.
finite-~element method. At the fluid-shell

" interfades, the fluid wvelocities ars 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 thé _.ghell surface.is
satisfied. - It treats the sodium flow
through the core-support structure open-
ings as well ‘as: sodium, flow through the
openings on the head cover and at the re-

actor head and vesgsel wall Juncture.

It is a multi-field 2-D implicit
Eulerian code and is currently under de~ .
‘A fluid is -considered
the vapor phase of that -
Fluid is considered to be another field;

LA different fluid‘'is considered to be
... another field.
>”;allowed in. the MICE code calculation. Eath
‘field is. governed by a set of equations of
',mass, momentum and,energy, and - the equation,

o state’of tudt material.‘.A

Altogether five fields are

[

MICE code is an extension of the ICECO N



- ICEPEL

Momentuf ‘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

v calculationr

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 model 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 analys;s of plane two~
dimensional, axisymmetric, and three-
‘dimensional structures and continua in
fast reactors. They also have static and
modal capabilities. One ,0f 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 LMFBis

The major areas of applicatior. of
containment’ codes to LMFBRS are: .l) tc
- ‘perform safety ana1y31s in support of
LMFBR licensing;: (2) to perform parametric
studies to deternine the sensitivity of
results to key unknowns;-(3) to perform
comparisons with-experiments to. validate
~the mathematical model used in the safety
analys;s. ’

3.1 Apptication of Codes in Supponz 05
. the Saﬂety Analyua .

..

The containment codes developed at =
“ANL have been applied to the safety. anhal-'
ysis of the Fast Flux Test Facility(FFTF).
Currently, they are being applied to . the
Demonstration Plant Safety Analysis. The:
propagation of pressure waves, tlie response
of the reactor internals, the coolant slug
impact, and the deformation of the reactor .
vessel wall during the phase. immediatuly
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

' coder SADCAT. Some. of ‘the applications

are illustrated in the following sample.
problems.

3.1.1 Re&ponbe 05 the Primany Containment
Lo an AICOA ,

- 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 analy31s.
However, in order to perform a manageakle
HCDA ‘analysis, the represeritation oi- the.
reactor must be simplified. Internals
which wust 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 cf the re-
actor internals. Some of the modeling
techniques are described bélow.

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 zobnes. If they are’
segmented they~must be modeled as solid ..
materials w1th no circumferential s*rength.
Mod=ling of the core blankeis and shields
as hydrodynamic materials can lead tg,the
underestimation ‘of the. slug impact load=" ?
ing on the reactor head ds well as the ﬂ C

" upper "vessel wall deformation. .Sliding. '

lines must be provided at both. sides ‘of . -
the core blankets and shields. The fisszon-?




‘ Discretization

- Name™ Problem ¥ T D N Integration
Origxn (Ref) 801ves RN ’unique;Capabilities'.=}_i- Fluid structure B Method -
d nrxoo—nsp %' §liding lines 'for':t'flu’idf/"_'.“ R ' .
';,fﬂﬂL [1] .".2D + Shell. = 'solid meshes and .fluid/. : F ] S
ST e - 7 shell interfaces Rezoning = . Sl e T
i R T by RBZONE code :iﬁ(“_ o (Lagranglan) ; Sxplicit
ICEGO " coupled Eulerian/Lagrangian FD.  'FE . - . .
ANL . -[2] . 2D+ Shell - can handle extended Fluid- s S e *
. : ’ IR S I ' motion {e.g. Bubble mceion T oot L
: . N ~ ... . . and Na spill) L Jsuler.)(Lagran;lx Implicit-
‘ “'MICE " . .. - Multifields. . ' FD. . FE e, T
AIL [3] « 2D-+ Shell Allowing 1nterpenetrations \Euler )(Lagran.) , Implicit
ICEPEL ) aF L . ‘Extensive models ‘for piping FD- e FE . .
AHL ,[4] " 72D + Shell component’ = Can handle ex- o
. ; . - S tended fluid motion . Vo (Euler.)(Lagran.v Implicit
. PISCES-2DL - -~ - Sliding lines for fluid/, . = ..FD
e P '~ -9 . 2p " so0lid meshes — Rezone and '’ = _
e IR - ... static option - Auto.. L ST
: o ¥ R -ﬁ“vvcoordinate generator: ‘ (Lagrangian) Explicit
»ff) QESCBS-ZDELK' , ~‘;T»_y coupled Eulerian/Lagranglan FD. . - ' Explicit/ .
I PI . [19] . 2D +'Shell ._Imp11c1t/Exp;1c1t Optzon (Euler.)(Lagran.) Implicit

;IJTY{ " HEMP "'§1iding: lines ‘capability for - FD

o LLL {10] ; x-'fluld/solld.meshes Rezon;ng o R
e mt~;;~ ‘a3,capabyllty e . (Lagrangian) " Bxplicit
L . POODY. . -»Slide 11ne capabllity for . FD '
. SLA [12] coupled fluld/solld meshes ., ) .
G e ‘,Rezonlng ‘capability - B 1L§grangian) Explicit
'_fCSQ-:é:f"lff“37‘ ~ Extensive EOS‘options Con-  FD- i o
. -°SLA:. [15) < -@2D" . . i ¢ duction & radiation H. T. . o :
»fo S et e 'Up.to'l0 fluids . (Euleriam) Explicit
CSTERLTH .. o . . _”continuous auto rezoner FD  FE' o -
Y ‘SAI‘“ [14] -..2D + Shell . -Finité-element shell option (Lagrangian) Explicit
'f‘ STRAW  © B ,,:A‘Z; ‘Convected coordinates Can ~ FE Explicit/
-,'Qgp, [16] © = .. handle complex geometry ”(Lagranqiany Implicit
fi“nﬁﬁ:"f St Convected coordinates Can "FE- Explicit/
"UICC - [13]' ZD + Shell - handle complex geometry {Lagrangian) " .'Implicit
| "”'ﬂ‘. SADCAT - . | convected Coordinates FE . Explicit/
o ANL [17) D,;a;'iﬂ ’ Can hindle complex geometry (Lagrang;an{xk_‘ ] ;mplicit

rn - finite-difference-‘ E - finlte-element .
{ANL - Argonne ‘National Laboratory . ", SLA, = -sandia Laboratorie:
PI '= Physics International Cds: ;> - . - . SAIL = Science. Applications, Inc.

LLL. = Lawrenca Livermore Laboratory o " [ UICC = Univ.of Illinois at
. r Chicago c;rcle
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- gas plenum can be treated -as a. group of
mixed materials contalnlng gases, liquids,
) and sol;ds., ot

* s

g
; . U
o . L F
SHIELD PLUG
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. . - z
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. . L1 L
274.32 cm— “///7
1A
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INERT GAS
. 10 EQUAL DIVISIONS
OF 30.48 cm
. =.304.80 cm
Fig. 1. Mathematical Model of the

PPTF Reactor

- .Core barrel must be modeled as a thin
shell. If the core barrel is to be trested
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 requirecment
for a ’large number of zones, but also limits
the t1me steps to very small values. Again,
sliding:lines must be p»rovided at both
sides of the core barrel.

= The: ccre-support structure can be
‘modeled. either as a lattice of shell el~-
ements«31m11ar to _the actual,structure or
.as an elastlc-plastlc solid continuum i
material which can be done by shaping the
Lagrangian 2ones to conform to the actual
-configuration. If the core~support struc-

’ture 18 treated as. an elastic-plastic mat- .
erial, the ‘mass represented by those Lag-
rangian zones - 'should bhe equal to that of
the actual structure, which can’ be obtain~
-ed quite easily. However. the ‘equivalent
bending_stiffness is ver . hard to obtain, -
Fortunately. the core-support structure
“in the LNFBR design is ‘very rigid. Numer-
Jcal experlmentatlon shows that the de- "
flection of a core-support structure made

S B

‘ on' the pressure loadlng 1n the reactor

of lattxce of shell elements is very simr»
-ilar to that of a core-support structure
modeled as an elastic-plastic solid: con=

. tinvum material by shaping the Lagranglan

zones to conform to the actual configura-
tion. Conmnection between- the core-support
structure and the reactor’vessel must be-

" modeled properly. Results in, [20] show - -

that improper modeling of the core-support
connection can lead to unrealistic results

lower plenum. L
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 othevr struéturés 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 deformed. The -
overall flow of the coolant ‘can be’ fol-
lowed v1sua11y from these configurations.

3.1.2 Effect of Coxre- éuppo&t Struclure
OpenLngé on the Pressure Loading -
in Lhe Reactor Lowen PLenum

‘As mentloned etrlrer, the Eulerlan
codes are ideal for treating excessive
fluid distortions. Therefore, they can
be used for analyzing scdium flow in the
reactor lower plenum. However, because of
the ditficulties in the treatment of the
material interfaces and moving boundaries,
the Eulerian containment codes developed
to date still can not treat’ a reactor con- N
figuration to have the same complexity as -
in the Lagrangian analysis. Therefore, .the .
reactor configuration used in the Eulerian
analysis is. consicerably simplified. Flgure
3 is the reactor configuration used by -

Wang [21] 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 perforatlon ratios for the first three

. zones from the center line are 0 15. 0.10,

0.15, respectively. :
. Because of the presence of the open- o
ing holes in the cor:-supgort structure, e
the coolant -in the core region immediately
below the -core gas-bubbl‘= can be pushed -~

~ down thrcugh the openings into the. reac~

tor lower plenum by the expansion of .the ]
core gas-bubble. This can be seen from - T
the’ sequence of - reactor conflguratlons

‘shown in Fig. 5. Figure 6 shows the pres~' L
sure loadings in the lower plenum for the - ...

cases of with and without op.iings. As ... .

can be seen. the Jomission of the: coolant
passage openlngs on the core-support
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°. Grid :
« 7 . 1 'b\ ﬁ/vp e .structure can lead to an, underest:.mat:.on
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spil only (c;se 2) -andthat’ Wlth- 
ut spillag 1) ,-has: peen reduced.
his; reduction in impaot“pressures affects

he: piping loop‘analyzed was a 51m-'
plified primary coolant loop shown in .
. Pig. .9, which was. analyzed by Moneim [23]
usaing the ICEPEL code. The loop consists
of; five pipes, two elbows, cne reducer and

o .zone bounuaries shown by heavy linesin

; Fig.-9. The cross-hetched ‘area- represents
‘the- lecondary £luid:-region.

: ~ghe, external walls of .the’ plpes, re-
-fducer and - the IHX are considered &s 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 dut..-
tion were applied, respectively, at the”
inlet .of pipe 1 and the outlet of pipe 5
\,limulteneously. The system was assumed’
Lo indkially to be full of coolant at zero

© L pressire. -

Tyt COmputed pressure ‘traces. aL various

tlgecations in pipes. and- components are .-
shown in Fig. 10 and 11, respettively.The

... #ions. are ‘shown-in'¥ig. 12 and 13: In gen-
eral, the pressure pulses at ‘locations
- AWRY from the pressure source are reduced
"by the wall deformation, if ‘the magnitude |,
o of] the pressuré pulse exceeds the yield 2
‘-pressure Of, thé pipe, and.the plastic’ de-
~formation: are limited to'a relative-short
length near. the: -source, of .the préssure
B Y this is’ ‘no:longer true in
“the" cése “6f ‘a piping -loop:having various
- components:: ‘subjected to. two.pulses. As".
~“geen from Fig: 12, the rad al wall defor-
io - nede NP3 'ig” large‘_than that at |
'sudden de~ "

t6! the inlet of pipe‘
intcracta with the:i
g MmOre - plast
a,it travel

oming pressure wave,
deformatlon to pipes:

Bécluﬂl two pu are” pplied si--“-'.

wall deférmation at the corresponding loca- -

. Free-surfoce

.. .one IHX.' The flow of the primary coolant R

5

m tanoo sly at. the tﬁo endo'of the piping S
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Yoop , they are- bound +5°meet somewhere in»
the.piping loop. ‘As ‘the two pulses: m-et, o ‘ i

ey new pressure pulse is" generetc whicu . is %0 The reacto‘ head cover analyzed was
"~ usually large encugh.to cause further plas-:M the CRBR.bhead cover. The: calculation was -

tic deformation of the pipe: ‘wall. This- can .+ performed by Kulak [24)-utilizihg the: - :

be seen from the pressure historzes of: 'SADCAT code: The. finite-element’ model ‘of

~ nodes €2 and C3, shown in Fig.: ll_where :the triple rotatlng plug.head. is: shown. 1~vg

if N':f: the second peak in those*pulses is caused . ‘Fig. l4. The plugs were:divided into 148"
] by the formation of a néw pressure pulse ‘trlangular plate’ elements. The ‘outer pe-
¥ . when the two’ applied pulses meet- ingide riphery oE the’ large plug-was treated as-

,slmply ‘'suppogted in the: usual manner. The.
-Llarge-to-lntermedlate and -intermediate-to-
--small ‘plug boundaries were. treated as *
- gpecial houndarles which permit the trans-
ferof- £the transverse force from plug to -
plug; - hit not; the transfer ‘of noments or,
membraneé forces. The coolant slug pressure
force on: the ‘closure head was. calculated
with the REXCQ code." The actual pressure :
,-is applied to the underszde of the bottom R
shield plate.v‘. : A

the

’,...

|- EvaSTIC UM T FOR PIPES 1,2 AND 3+ 00023 -

12, 43 mohrb,ag -

DIAL DISPLACEMENT FOR

RA
=

S EeE AR TlME we S T AS
‘Flg. 12, Radial Diqplacements a'; Variou: ) e :
: Locat:.ons :.n the P:I.pes o

_ Fiq. 14. Finite-elément Model of the Closuré ‘'
L Heaq and the Deformed Prof:.le of the -
i “priple Rotatlng Plug : :

SR Figure 14 also shows the deformed ’

" prolee of the closure: head along the )

-, . dismetral symmetry line. . The cross—hatched_

.. areas in Fig. 15 indicate tHe finite el-

./ ‘ements. that underwent plastic -deformation.

-~ rhis illustrates that ihe deformations and
ithe resulting 'stresses .of a, ~complex 'struc~

‘ture such as.a reactor head closure can- be.

.,analyzed w1th a st uctural code.»==;




-

_contalnment design [25]).

. tnlermediote Plug

Fig. 15. Location of Plastic 'Regions'

Appl&cat&on 0§ Codes in Paaameta&c
Studies .

3.2

' ¢ .mputer codes are ideal for "perform-
ing 'parametric studies. They can be used

to determin. the sensitivity of results to B

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:.
" actor;

'$50/sec ramp case is taken as the base

. case. Calculations will then be performed

replaced by water. There, computer calcula-

‘tions can be performed to determine how

the exper;mental results will be affected,
if sodium is used in the actual test. The
senSLt%vlty of results to the variations
of the coolant inertia and compressibility
can also be determined rathér easily. In
the early design stage of -the CRBR plant
REXCO-HEP was used to perform ‘scoping
analysis to provide HCDA loads for the
Since REXCO~HEP
scoping analysis was carried out in par-
allel with other calculations, the source
terin of the YCDA was not available at. the
start of the REXCO-HEP calculations. It
was decided to use FFTT P-V relation of

71

'the 150 MW-sec accident as the source term cl

of a refarence case in the scoping analy-
sis and perform a paramctric study with .
dlfferen_ pressures, energy. releases, and
P-V relationships. The®gas spacing above

. ¢he sodium surface was also treated as a

parameter in that study. Altogetheir five

cases have been analyzed. The initial °

conditions of these five cases are glvan

in Table 2. : .
The study proauced enough 1nformatlon

on the HCDA loads on various components

 and the response of the prlmary con.aln—

ment to HCDAs. " .
", Currently a parametrlc study 1n energy
partltlonlng follow1ng energetic HCDAs is
being performed at ANL [26]. Numerical cal-
culations are performed with REXCO-HEP ‘to

.determine the redistribution of energy

among reactor materials for ircreasingly
energetic HCDAs. The. level of ‘energetics,
for each calculatlon will be characterized
by ‘the magnitude “of reactivity ramp input

. into ‘the core at prcmpt—crltlcal For a
-given ramp, VENUS-II [27] is used to de-
. termine the pressure vs. volumas relation-

ship for fuel vapor.expansion from an oxide-
fueled core which has been vqided of coolant.
This pressure vs. volume data is then used-
as input for the REXCO-HEP calculations.

‘For gach calculation, the partition of

chergy will be plotted as -a function of
time up to and including coolant slug im-
act-on the reactor'head cover.

. PLBR is chosen as the reference re-
the ‘pressure vs. volume data. for a

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 semsitivity of
maximum coolart 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 11m1t1ng the

vpotentlal for mlSSIIE generatlon.

H
.

Table 2 Initial Conditions

Case No. P-vV Relation Pressure * Work Energy Gas Gap -
e - . . S " MW-sec* iq.
1 “FFIF P~V FFTF Pressure 300 27’ L
2 FFTF P~V FFTF Pressure 300 51
3 ‘ PFTF v 75% of ?FTF Pressure 225 127"..
A FFTE P~V . 1508 Of FFTF Pressure . 450 27...
s V‘B-Const. ‘ Initial P=98.5 bar 225 27

' fBased on. expansion to one atmosphere pressure"} C ST L




Comparison o{g;h\ code. Paedtcttana
with Expeniments.

ti nin the computer:;é digcrete, and
. It,is necessary in: the computer

"a’discrete form, and to’ replaoe ‘the N
phy ical system by a discrrt;zed system.

_epresented by a simplifzed mathematrcal

odel .for obtaining a 'manageable solutlon

4in. the' computer. analysis;
gszé

computer solution rappro
eolutloneof=the system

tical solutions and exper1mental data.
“o3 0 ‘establish the' valldlty of ‘the con~
ainment.: codes, extensrve compacisons of

tioas and ‘experinencs have been undertdken -
at ANL''|28, 29]. It has: been shown that the
computer ¢ode ‘¢an produce ‘the same results
~as the analytical solutions of simple.phys-
ical problems, such as _wave .propagations, .
- £luid thamics. and response of a shell
“under impulsive loading. It has been fur-
ther. demonstrated [30] that the computer
-'code’can predr*t accurately the. response
. of the primary containment-to high axplo- .
;. 'sives, as well as to HCPAs, and can. glve

dents in-'a fast reactor'system. s
- v Howewver,. the answer obtained from
he computer analysls depends. upon the -°
asic: :information. and*mathematrcal nodel
Lused: in the computer analysis. Even if’
_.the :computer: code-has been proven to be
- -perfect, ‘the.use:- of a’ zmproper mathemati-
chal 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 strehgth.in
K the circumferential directlon, they.ex~
... hibit considerable.tensile strength in the
'radial and: axzal*direot;ons. Therefore,
-:they can.not.be represénted. by the hydro-
‘dynamic mjaterial. Modeling of the shield
as hydrodynamic: material. can lead not only
to .underestimation of the: ‘slug impact .
loading-on the ‘reactor. head and the upper
- “yessel. wall, but’ also to.erroneous profile
of. the“core barrel deformatlon. . .
7. - To illustrate this, two calculat;ons
“were performed for a simple reactor con-
F»tiguration which ‘had ‘a 0.5 cm thick ves~
- sel wall, ‘a0, 127 cm thick: core barrel, -
and a thick segmented ‘radial shield. In
 case A, the radial shield was assumed ‘to
" be" solid elaltic-plastic matérial with no -
tensile strength in the circumferentiel '
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:: -
‘s material where the sliding of coolant was*
i lllo pernitted. The profil :of the core .

the code: predlctlons with-analytical solu~ -

"_guidance as_ to-the effects of such accl— g

oFFT TN,
| | o Tesdl Core-beme)
E. 1 peiccuse a
;’ ’ ‘\f..—-q-se 8 :
- 5 and
E° \
- {.:
.
. | )
I N K !
0 ’ 02 X 04 06
Retisl Diw!xinnr.."cn o
Fig. 16. Profile of the Core Barrel

- /*" Deformation -
barrel deformatlon is shown in Frg. 16,

where the mode of deformation in the two
models is guite different.

. Therefore, to verify the mathematical
model and to-understand the behavior of
individual components and their effects”
on ‘the primary system, experlmental tests
are ‘needed. It is believed that through
the analyses involved in making thé com-
parisons, insights can be gained into-the
phenomena. These insights can, lead %o 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 capablllty 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 1nterna1

radial shield.[31] and flexible pipe test
[32}, whichk were spec1f1cally designed
for the purpose of validatrng the math-
ematical models used in ANL's REXCO-HEP,
ICECO, and ICEPLL codas.

' : ! -

4. Concluding Remarks

The contalnment 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 HCDA -can be followed

‘up to the tinie of dynamic eguilibrium in

- the system, The amount of sodium spillage

into the: secondary contalnwent can also -

_‘be reasonably predicted.
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In order to be abie 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-
spcnse of the reactor internals, and the
deformation of the reactor vessel wall
during the phase" 1mmed1ate1y 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 must also be anal-
yzed with an Eulerian code. .
"7 Oncé a computer code has ggenwvallda-
ted by comparing with experlme al tests,
it can.be used with confidence to perform
analysis on reactor containménts and pip-
ing loops. Future tests are needed only
for the understdnding of behavior of <dndi-
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
€xplosiye testing programs will not be
necessary to assess the contalnment cap—
ability of reactor systems. )
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