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ABSTRACT

This study has focused on mechanistic simulation and analysis of
potential failure modes for inpedestal drywell drain pipes in the
'Limerick boiling water reactor (5WR) Mark II containment.
Physical phenomena related to surface tension breakdown, heatup,
melting, ablation, crust formation and failure, and core material
relocation into drain pipes with simultaneous melting of pipe
walls were modeled and analyzed. The results of analysis have
been used to assess -he possibility cf drain pipe failure and the
resultant loss of pressure-suppression capability. Estimates have
been made for the timing and amount cf molten corium released zo
the wetwell. The study has revealed that significantly differenz
melt progression sequences can result depending upon the failure
characteristics of the frozen metallic crust which forms ever the
drain cover during the initial stages of debris pour. Another
important result is that it can take several days for the mclten
fuel to ablate the frozen metallic debris layer - if the frozen
layer has cooled below 1100 K before fuel attack.



Cr.e cf the nest important ispec-s of depending upon the code used. Eesults
hypothetical core rr.sltdcwr. accidents in described later ir. Section 4 are thus
2«?.s is concerned with tie consequences presented paranetrically so as :c be
cf :eac:c: pressure vessel (H?V) applicable for various debris pours.
failure and associated coriura release :-::w;vsr, a focussed ar.al.vsis is

containment. Cr.e conducted thereafter usins a debris
hi f = o u r h i s t s r y predicted bv the 5X5SAS^

pressure suppressicn poci_ (?S?) ̂ bypass -.-de f c r a ahert-tenn sratica blackout
is sssooietec •«.:."• tae rai.ure c_ craia »c;ider.t secueace event, as dccuner.ted
pipss which per.etrate the concrete iT. B e f. 2, and sunu-ari:ed ir. Table 1.
pedestal flocr oswr.wsrd ir.tc the A s s e e n f r = m r,fele 2/ .ve fir£- =-4>;ris
'*•*-«" vclu-e. Ar-alyses of tr.is issue = = u r u c -o 5 0 0 0 S 9 = e- i s .f-.r vessel
were conducted by _the Nyciear ;£^:ure consists larrely of .-r.clter.

pcte.-.tially iapsrt&.-.t aechanissi far

y--j?. : r : ?ara-etri=s rrccrani at the Caic rixture""ef ir.oit-.-T"uC2 arid "£irca"=V -s
Ridce Nati_tr.al laboratory for the e ^ . = t e d . Debris bed heirht increase is
1 : y.ia : CK - ar_d ws?-2- Karic : : evaluated under the implicit assu-=tion
: c .-. t a i r.r.* r. t s - . Due to space that the debris ejected fron" the
l i - i t a t i = r.s, ce t i i l sd results ».re reactor vessel instantaneously srreacs
rr» = =.-.ted cr.ly fcr the L::-E?.:c:< Mark II u.-.ifcrrr.ly over the floor. "possible
ctntainr.ent. iraia failure scenarios fcr the

li.T.erick containment were postulated as
cocurins in 3 sta=es.

FRC31SM "CP-MULATTCM

Staoe 1 is identified as the
It is cbviou3 that drain failure situation that occurs at the start cf

characteristics will depend on the the metallic dearis-meic attack on the
specifics cf a debris pcu:: history, stainless steel drain cover plate,
h rr.ay be predicted oifferently Therein, two cases are identified*. Fcri c h rr.
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water is present, debris cuenching and
;r--st formation occurs. In this case Various ir.athe.T.aticai models ar.c
the drain plate remains intact. In related computer programs that have
C*se 3 the drain ?-at*_ melts, and ...... s e- u ? -0 a-aly:e SWS Mark II
relocates downwards into the drain pipe debris-drain interactions are described
region, and freezes along the cold i s z'-Ls section.
walls. Z'T.S aspect of molten metallic
debris seeping through the drain plate
cover slots after everconing surface
tension f;rces is also aacressed. "i"—ftna.V..-ai—5°-'--l
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>reb'Stace 2 is identified as the pr.zse
in which the existing 2ircalcy-steei
layer that may have partially crusted
•.over the cra^n cover) is subjected to Consider a solid plate in direct
a stream of -olten UC2 :r a eutectic contact with hot liquefied debris
comrcsiticn of ;JO2 and Zircaloy in the material. If the melting temserafure
s-e'end debris icur. =: --s plate is lew-r than that cf the

debris, both plate melting and debris
solidification (i.e., crust formation)

Fir.allv, stace 3 accounts for the ~ay occur simultaneously. Based asen
prchable situation where the molten experiments conducted with simulant
fuel melts the lircalcy-steei layer materials, PodcwsJci and Lahey- observed
(formed during stage 2) and thereafter that the liquefied plate material (of
attacks the drain pipe region. This is lower density than the debris) would
also the situation when significant percolate upwards through the cracics in
ccre-ccr.crete-ir.teracticn (CCl] occurs, the crust to the debris p o d surface,
accompanied by non-ccndensible gas so that the debris pool remains in
generation which tends to stir the contact with the solid plate. Assuming
molten mixture. that the plate and molten debris are

thi;k (i.e., their thickness is greater
than their respective thermal boundary

The absve mentioned scenarios layers), the propagation of plate
cov-r nest cf the important aspects cf melting and the buildup cf debris crust
the core debris attack of the drain was approximated by a one-dime.-.siona!
pipe region under consideration. "semi-infinite" conduction model.



r e t a i l s regarding -he conduction was ss : up tc evaluate the transient
equations, and accompanying boundary thermal rsspcr.se of a twc-slab system
conditions car. be found in ?.ef. 5. consisting cf mclte- tircalcy en a cold

steel place rerrsjs.-.:i.ir the init ial
stage cf debris pour describee earlier.

The model describe: above has been Tor XZLCOR calculations, the specific
: : ; e : as the STZF program, This code heat capacity cf each material was
prevsd particularly useful fcr the increased by ar. appropriate amcu.-.c ever
-cc'sli.-.c cf stage 2 scenarios as a small temperature range .-,«»: the
described earlier, where colter, fuel material's melting temperature, tc
: i . e . , "Zz cr i.'02-Ir eutecti;) attacks account fcr the latent heat cf fusion,
a layer cf less dsr.se material ( i . e . , Transient temperature prof i l e s
Ciroaloy-steei fixture) that was generated by the twe models were in
ejected "earlier and may have frozen. good agreement with one another.
-n-»r»sfn=lv, codes such as CCSCCK5 Coupled with validat ion against
-.•__-„ .^j.^Z. -•-». r - e molten fuel exp-srir.ental data, this verification
decris =Vts instantanecuslv relocated exercise cave confidence in the use cf
tc the" concrete surface without 2ZKC for analyring pertinent aspects cf
11 u " - ̂  - — •=--"c^i»"*ise delav involved. '"- SJfR Mark ZZ ir.?«desc2l drain
iuch^'wi's' the ~casa~"ir. Vhe "a"ns"lysis failure problera.
cresentec in Kef. 3. "n the contrary,
the -echar.istic -odsl in S"F described
= bcve calculates both the anount cf mh> ? t - , G o - ^ ^ ^ ̂ g - > ? , . ' v < i , „*
fuel c.-ust t.-at vou-s ==ra, and t .« r ™ , Z^LM V>i o e .M e B v i*h^
relative tirr.ir.r associates •.•;:s taa h w * * — • • • • • • ns-«-g«-vii—r......
pc-.-.tial fuel-c'or-crete attach. grain ?i?a
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The PS.2S computer program was
written to evaluate cere debris
relocation ( i . e . , plug-type flow)
within a drain pipe with simultaneous
deir i j freezing and possible tub*
melting. The program u t i l i z e s

The model used in the 2CKO mathematical models reported in
. - _ _ . . . » , - s i - accounts fcr 2-2 ?-3-- ^ - ~ic*«e 2 provides a schematic
chenc'mena related to'simultaneous heat representation of the physical
t r a n s f e r and chase chance configuration for freezing penetration
. - . • - . . - - fj . jj '-c) between ho- l-'cuJds c - a moving molten debris fluid in a
and" Vs"lst"iVe"l"7"cold"*so"li'ds"'"" Various channel, combined with channel melting.
ECC••*-"»"•""s"^-.elude the m»" zLr.s"s' a " - e ~'-~- period between the pissace cf
solid"structurV whM in"conVa'ct' with a - - * - - - i a ' s leading edge and the

a

vertical wall in contact with a liquid buildup at the entrance region tc cause
occl . The ZZ'r'.Z moc'el has b'een complete blocViace is designated as t.;.
validated sgiir.st experimental data, 3oth t.- &r,d tm need to be evaluated
i.-.d shewed =ocd acreems.-.t". This code externally, cr icnewn previously. =1V3
•-•=3 ;or.sicered carticularlv useful fcr also calculates thermal ar.d hoc?
t.-.s rrese.-.t analvsis rf sr'ain failure, stresses in the frozen debris crust",
si.-.ce i t allows for transient debris *~£ compares them to the cr i t i ca l
ceocsitirr. en a rlate. failure stress at the drain pipe

melting front. This allows one to
obtain an indication cf crust collapse.

An additional validation cf the and re-entry cf molten core debris into
2::-::- code model --as conducted by *ne channel. The model predictions
comparing against results of a one- were compared by Best et al .-2 aoainst
dimensional (1-2) heat transfer model data o'ctained from experiments
developed using the KS and CVH modules involving molten UC2 flo"w from a
cf the KE-CC?9 code. A sample problem reservoir into narrow channels. Sood



agreement was observed. Furthermore,
?£,•>•: program evaluations for a samplepg
problem "were verified ssair.s
"calculations.

p
hand

The simulation c a p a b i l i t y
developed was used to analyse the 3KR
.Mark IX drain pipe regions for their
respsr.se to attack by cere debris. The
analysis was conducted in two steps:
(1) code calculations ever a rir.ee of
-ara-eters covering the estimated
conditions for the Limerick BWR
containment, and, (2) application of
results cf parametric evaluations to
analyze the possible ssqver.ee of events
leading to drain failure. These two
steps are described subsequently.

Figure 1. S;.*.«x.it:c cf
fsr Limerick
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The parametric calculations are
described in five stages as fallows:

consequences cf surface tension
breskdcv.-., and melt entry into the
drain pice through the slots in the
dram cc'ver plate fcr the Limerick
containment (Figure 1 ) , were

contribution from momentum transfer cf
debris as it settles around the slot,
3: hole, and ignoring malting or crust
irrigation, a force balance yields. Ho -
3 x ?w / (rhed x = x Ac) , where, He is
the critical height of molten debris, S
is the surface tension cf debris ths drain pice regi;n, under various
material, ?w is the wetted perimeter cf boundary conditions. Further, based
the opening, rhed is the density of upon 5W3SA5 results depicted i.i Table
debris material, g is the gravitational 1, it would require tens of seconds for
acceleration, and .-.c is the cross- several millimeters of molten pool head
secticnal area cf the opening. '."sing to form for surface tension breakdown
this relationship it was found that the to occur. Hence, for all practical
critical height cf molten debris for a purposes it can be assumed that no
variety cf conditions is quite often in significant melt drainage will occur at
the several millimeter range. the start of metallic debris pour.

A ther.-r.al analysis using the 2DKC
code indicated that it takes less than
a second for molten metallic debris to
freere and plug the slots or holes is

£alli.".g F a r i m t t r i C
' " ' " » * ' " • ' • ?he 2DKO program
described eariier was used to analyse
the response of a stainless steel plate



to railing metallic debris as predicted,
by the 3W3SAR code (summarised in Table
ll . A test matrix cf runs mace for
:: . is ana lys i s i s shown in
Table 2. A range of effective heat
transfer coefficients were estimated
fcr heat transfer between hot and cold
surfsees, as shown ir. Table 2. Zz was
r.cted frcr. = ef. 3 that the maximum
i.-.pec'estal crywell te.-perature reaches
a value between 500 K a.-.d 700 K. An
upper bcu.-.d cf 600 K/rr.2-K was thus
calculated fer the debris surface-tc-
crywell e f fec t ive heat transfer
coefficient. Due to minimal structural
material in the drain ?i=e, and the
atmosphere therein, and to l i - . i t the
number cf code runs and ensuing
a.-.alyses, the plate surface-tc-ambier.t
'? — ; * transfer c o e f f i c i e n t w • s
cc.-.servsrively set to zero. The
thickness cf the plate was for the most
tart taken as 12.7 mm ; 0.5-inch) to
correspond with the thickness of the
steel ccver plate in the Limerick
i.-.peiestal. However, a parametric
stuiy with different plate thicknesses
fcr selected cases has also been
conducted. Based upon EWSSAS
predict ions fcr the r e l a t i v e
ccrrbinaticr.s cf molten Zircalcy and
steal, the material properties of the
fa l l ing debris were derived by
weighting the respective properties cf
Cir;al=y and steel with factors cf 0.3

were performed until 5000 s after the
start cf debris pour, after which the
2DK0 program is not valid.

Results of the various evaluations
are sur-T.arised in Table 2. Zz is seen
frcm Table 2 that the steel plate
( i . e . , drain cover! melting
characteristics are not significantly
affected by the chcice "of debris
surface heat transfer c&efficis.-.t.
This indicates that the process of
plate melting i s dominated primarily by
heat conduction. It should be noted

the steel platethat for all cases,
gets completely m-olten within 130C s,
and that at the end of 6000 s various
:aelt-crust temperature profiles can
result.

:*a'vc;'< w'** h *^<* .gm~r " — -*g—ar*. For
generality, ten different cases were
analyzed with the STEF program. The
results are tabulated in Table 3. The
plate (i.e., frocen metallic debris)
temperature at infinity (i.e.,
sufficiently far away frsn the melting
frtr.t) was tied to th* results obtained
from the 2DKO falling debris analysis.
This temperature was set at tha melting
temperature cf the plate fcr the case
when the metallic debris surface heat
transfer coefficient was set to 0 W/si'X
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• i . e . , ir. -l-.e 2DK0 evaluations) . When
-z« i e b r i s surface heat trar.sfer
cseffirie.-.t --as taker, as 500 W/.T.-X, the
plate tsnperatur- at ir.fir.ity was set
at 112 3 :< (arrived at iy taking th«
eritr.r.eti: average ci zzzzer. metal l ic
: » : : ; s crust tsr.ceratures ever the
h-sirr.t : : the bed at the e.-.d cf
5CCC s) . :ases 1 through 5 ir. Taile
2 tcr.siier sifjaticr.s where the r.clten
=ei:ris i s a e - tect ic r.ixture cf "02 a-c
Zircalcy, either i t the sa l t ing
te-cerature ;f the eutect ic or
£-cer heated -o to the .T. e l t ir . c

results, depending upcr. the decraa cf
p.ate subcccli.ig, the tir.e it takes :s
cc.T.rletely arlate the epprcxiT.ately

.' i .e . , Zzsi Z) . >.s expected, the

cc.Tpletsly 2hl3iir;g the frcter. debris
layer plate is when the plate
ter.perat.re is at i t s r.eltir. g
te.T.perat-re. Sv»r. i.-. this case ( i . e . ,
"ase 1), i t car. :•:<• clcse 13
20 -ir.'Jtes. Her.ce it is evident that a
sigr.ifirrar.t ti.-e car. elapse before the
.T.c-lter. fuel debris car. reach the
concrete base-at, and init iate CCX.
finally, as seen frc- Table 3, the
evaluations shew that the ancunts cf
debris crust Jcrr.aticn and plate
ablation are senerally f:iz'r. less when
the debris is ~Cj alone, rather than a
eucestic fixture cf UO2 and Zircaloy.

This is attributed in large -T.easure to
the s ign i f i cant ly lower thermal
conductivity cf "JC-2 cor.pared to the
•JC2~-r eutectic fixture.

'••'»''•»• J —" - In ordar to evaluate the
parameters t a «-">d t c for rlUG
calculations, additional 23KG program.
runs were aade with the debris "bee
height fixed at a given value equal to
the drain pipe channel radius. The
olate thicknesses chosen correspond
with channel wail thicknesses for" the
pipe regions in the lir.erick and KN?-2
designs respectively. The debris side
heat transfer coefficient w.*s set at
0 W, s- Y. due to centerline svrmetrv.
The heat transfer coefficient "for the
plate { i . e . , tube material) interface
with the a-bient at~osphere was
para.—etrically vsried between 5 "«'—-K,
a.-.d SCC W/T.-K. Results of these
evaluations are shown in Table 4.

The rlUCS program was next used to
evaluate the aaount .cf debris flow
through channels. Results obtained for
the length of debris penetration, crust
buildup, and failure, are surr-.arised in
Table 4. As can b« seen, a significant
amount cf debris can exit through the
drain pipes before the entrance
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failure i
Lr.zizzzsi r. s;~e ca£-ss whers
si"i*icj£«* "ubs **>*sll n*.sl*ir.c ccc-rs,
Ir. 'iheES ir.stsnces a ""i -ucus pour cf
;cre debris at high discharge ra.es -ay
also ztiz. establishsd.

:rs:r. rs:.1;:* was analyzed ir. a
$:-*•••:-.»; focused T.ar.r.er usir.g rhs
results cf the para.-r.ezric evaluaticr.s,
ar.d :.he 2WSSAS dstris pcur history
siven ir. Table 1. Analysis results are
ierittedieritted in Ficurs 2
chart format.

using a flew

As seen in Figure 3, upcn initial
debris attacic cf the drain pipes,
surface tension breakdown nay or ir.ay
not occur depending upcn the nature of
the pour. Even if breakdown occurs,
only negligible drainage will result,
as was previously demonstrated.

"•;j-t 3. F'sw c-a.-t of Eve.v.s for ir.ss5«j:»! arj-n -j-.-j-e

Ks described below, very different
scenarios .-say take place dependent upon
whether or not a significant water pool
exists in the ir.pedestal cavity region.
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_r--=»T» -̂» -»v-.-y -»7-_"-. in case a
significant water pocl exists in the
Lnpedestal region, debris freezing from

>eils cff cr the metals cool down
rufficiently. The degree of
:ubcee".ing cf the metallic debris would
rlearly depend upcn operating
renditions. The MSLCCR analysis cf
«f. 3 indicates that the nietallir
.ebris temperature would be lowered to
bout HOC K at the end of 6000 s from
he start cf tiis debris pour. In any
ase, i t is evident that no significant
e ta l l i : debris drainage into the drain
ipes can occur in this scenario.

Vpcn ejection of colter. COj-Sr
Euteetie into the ir.pedestal cavity

crust may start to ablate. •:: the
likelv case where metallic debris has
coclad off to about HOC K, Case 2
(Table 3) resulr.s indicate that it -ay
is.?.* several iays befcre the entire
frrren -etallic debris cr^st laver cf
about C.1T3 .T. height can be ablated,
even if the UO2-Ir debris dees r.ot
sdidifv due to cor-Jri.-.ed heat of

the simultaneously occurring CCI would
tend to remove the entrance blockage,
and enlarge drain holes due to radial
concrete ablation.

the
structural materials ir. the cavity
re:::.-.. rf s. VC2 debris layer is
assu-.ed, nc metallic crust ablation is
predicted (Case S) . Trrrr. table 3 it is
seer, that other relative ti.-i.-.cs (e.g.,
3C T.inutes fcr Case ~, to several hours
fcr Case ?) are also possible. These
are revealing and isiscrtar.z results,
since the accident crccressicn is
significantly impacted by virtue of the
fact that CCI -.av not occur at all.

Clearly, if the fuel debris dees
net reach the drain pi-pe region, no
bypsss can occur. Ir. the event that
the nclten fuel debris ices reach the
ir.pedestal . drain pipe region an
i.idicaticr. cf the relative aacur.-s cf
drainage can be obtained fro.T. the
results cf the rlL'3 program
evaluations, Cases S 5 5 respectively
in Table 4. Eepencing upon the amount
cf debris superheat, a continuous pour
-ay or ~ay not taxe place. Significant
drainage can be expected in either
case. The actual amount cf debris
expelled may be greater than the
amounts indicated in rigure 3, since

a»*.«-» r»v.-v a-;:"r _n t.-.e acsence
of a water pool, the 23KC-iesed
evaluations shown in Table 2 indicate
that plate melting can be »x$~zze<l to
s t a r t ir. about 1C to
15 minutes from the start cf metallic
cebris pour, at which point in time
several inches cf debris crust would
have formed. Even at the start cf
plate melti.-.g a significant debris
crust may have formed. Hence, a
qualified conclusion may be drawn that
metallic cebris drainage will not occur
even if the drain cover plate is
completely molten. However, a
significant asieurst concrete
degassing may also be occurring
simultaneously which may fracture or
stir the froser. debris mixture. In

occur, the 2CKO evaluations iCases 1
through 4 in Table 2) indicate that at
the end cf 6000 seconds the entire
metallic debris would have crusted
based en assumed debris surface-to-
ambient heat transfer. The crusted
cebris temperature would exhibit a
temperature gradient ranging from about
€0C X at the top of the debris, to
about 13C0 X at the debris-drain plate
region. At the other extreme, where
the surface heat t r a n s f e r
characteristics mav have been
su = -- --'.r-lently degraded ( e.g., possibly
frem the generation of an aerosol cloud
layer which blocks radiation heat
transfer) only small fractions cf the
cebris would have froten after zZZZ s
^ _.. - .vthe transient. Such a surface
condition in unlikely, because no
significant CCI can occur during this
stage, and because the metallic debris
has no significant :JC; fuel in it.
Thus, the formation cf dense aeroscl
clouds above the debris bed to cause
adiabatic-type heat transfer surface
conditions is not possible.

In the unlikely event cf debris
crust failure upcr. drain-cover plate
melting, the accident sequence" can
change significantly. Molten metallic



debris above the crust would begin
pouring into the drain pipe region.
Based cocr. the 2DK0 and ?1:J5 program
results "(Table 4), it ip?e::s that 5000
to "3JC kg (per drain) can be expected
tc leave the debris bed, and enter the
drsir. sumps as shcwr. in table 4 fcr
Cases 1 tc 3. The metallic melt would
freeze before the remaining metallic
;s:r:s bed aievs in the concrete
pedestal is attacked by the molten fuel
debris at r.he end of 6000 seconds.

differe.it. No fuel can be ejected from
the inpecestal regie- during y.CZZ for
this instance. However, if the ar.nulus
region were no: filled with frorer.
debris, the results cf melt progression
would remain similar to those described
previously (i.e., when a significant
water pool exists) . This i.-.dicates
that the support plate fcr the dra;.r.
pipe in the Limerick containment design
"can potentially play an important rola
in preventing early ?S? bypass of
molten fuel debris.

rir.allv from the fallinc debris
ar.a."sis Casa 13 (Table 2)
appears that there say be a remote

"(1-ir.ch! thick surpcrti.-.g structure
'rigure !• holding the C.1C2 m (4-inch)
diameter drain pipe late ;i.e., after
iz'Z seccr.es) ir.tc tha trar.sier.t. Fro-.
the results cf Case 1 through 3
analyses !Table 2), it is evident that
this result would hold true even if the
debris surface heat transfer conditions
•-ere r.ct adiahatic. However, even upon
"-clste meltir.o cf the sur-ccrt olate,
nest cf the metallic debris above it
would be in a freran state. He.-.ce,
under the assumed conditions, a

amount does net appear likely through
tr.e cper.ir.g r.hat -ay be created. If
the support plats were to fail secehew

degradation;, and aolten r.etallic

evaluations i^ase 4, Table -.> iacicsts
that up to -;,COG kg ;per drain) of

hour aft-ir the f irst ' "debris'" pour
::.T-s-:si. 5;.-.;» it ices r.ct appear
lively that tha annul us :cr:::r. •-•ill

-elt, a reasonable pathway dees exist

cf t.-.e ir.pedestal region after it has
ablated the crusted r.etallic debris.

The progression cf the transient
after 5CO0 seconds would essentially
re-air, the sa.-re as for the case when a.
significant water pool exists.
However, in the unlikely event the
entire drain pipe region (including the
3.-..--jlus) were plu-cged up with frcien
metallic debris, the progression cf the
.T.oiten fuel would be radically

CONCLUDING R2MAXKS

Mechanistic models of the combined
heat transfer and phase change between
either flowing or stationary multi-
-aterial cerium and the drair. pipes
have been used in the.analysis. "These
models have been numerically tested and
validated acair.st experimental data.
Several accident scenarios have been
analyzed, including timing, amount and
composition cf cerium released from the
rSV onto the containment floor, melt
superheat, the effect of water in th-
in-pedestal cavity region, melt inflow
into the drain pipe, pipe heatu? and
plugging due to crust buildup, et'c. in
a general manner. The results cf these
analyses have been used to assess the
possibility of drain pipe failure, as
well as to estimate the timing and
amount of molten cerium release to the
wet-ell. The study has revealed that
significantly different melt
progression sequences can result
depending upon the failure
characteristics of the froeen metallic
crust which forms ever the drain cover
during the initial stages of debris

it can take several cays for the molten
fuel to ablate the "frocen metallic
debris layer - if the freten layer had

ks a final ncte it is cautioned
that the results presented in this
paper are bases upon the specific
debris pour history predicted using the
EWF.SAR cede, and on the individuals
models and assumptions used. Cther
debris pour histories (predicted by
other codes) may cause considerable
variaticr.3 in 2WR MARK It containment
drain failure characteristics.
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