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TV202 SODIUM-CCHCRETE PENETRATION MARGINS ASSESSMENT

INTRODUCT ION

Experiments (Feferences | &nd 2) have indicated thet sodium-concrete
resctions tend to be self-limiting with | imestone concrete under conditions
preveiling curing a postulated TMBD3 scenzrio in CRBRP, The sodium-concrete
penetrztion was represented in the base case CACECO anzlysis as a constent
resction penetration of 0.5 inch per hour for @ pericd of 4 hours (Reference
2). Sensitivity studies (Reference 3) show thet 2 reaction peretration rate
of 1 inch per hour for 12 hours (12 inches totel penetration versus 2 inches

in the tese case) cen be accommocdeted by the TMBDB contzinment features based
on their cesign requirenents,

Sore sccium-concrete esperinents have exhibited considerably higher
penetration rates (up 1o epproximetely 0.2 inches per minute) for short
pericds of time (References 4 end 5). For all tests that had an excess of
scciuvm, the repid reeclicn penetretion was not sustzined for mcre than a few
minutes. Apperently the reaction penetration was sel f-1imiting after a short
pericd of rapid penetration. In other tests, where only a | imited amount of
sccium wes used, the &aveilable sodium was gl | consuned in a short time if
repid penetration cccurred (in many tests virtually no penetration at all
ocourred, and very little scdium was consumed). |In all tests to date, the
totel sccium reection penetration ~2s not exceeded the erergy and hydregen
releeses essociated with the 1 incn per hour for 12 hours used in the
sensitivity calculetions. From the large body of aveilatlie data, Reference 6
stetes thet scdiuvm-cencrete reactinn penetration into horizontal surfeaces
cppezrs to progress in three steges, esch cheracterized by successively
cecreesing rates of penetration. These three stezges znd the recommended

upper bound retes and curations are 2s fol lows:

A. An initiel repid penetretion probzbly due to spallation and breakup of
ihe surfece leyer of concresc, The upper bound rate and duration of
this ¢vege is 7 inches per hour for 20 minutes.
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B. An interrediete stzge where cspallation is no longer OCCU;ring but the
ccnerete curface is not fully protected by the ceveloping layer cf
resction prcducts. The upper bound for this stzge is | iach per hour
for 3 hours.

C. In the lcnger term (the third stage) the rate of penetiation is much
slower end cecrezses with time becazuse of a continuzlly crowing layer
of reection products which inhibits transport of unresctea sodium to
+the unreacted concrete surface. Upper bound=0.1 inch/hour
incef initely.

Besed on the above mentioned znzlysis cf the cata and the znazlyses of TVSD8
sequences in Reference 3, it is appearent that the sensitivity analyses
ecequately cover the renge of date cbserved to dete. It is alsc apparent
thet consicereble margin exists in TMBDB analyses fo- accommodating higher
sodium-cencrete reactions at the expense of vent time (less than the base
case 36 hours). With 2 view 1o assessing the margins available in the
current CRERP cesign relative to acssuned variations in the sodium-cencrete
penetraiion rete, a mergin study wes conducted. In zssessing the margins
evaileble in the cesign, two cistinct considerations emerge:

A. 1f there were no requirement to maintazin ccntzinment integrity for a
tixed time without venting, what range of rezction rates could be
eccommocdated by the cesign?

E. There must be came pericd of time 2l lcwed for venting decisions,
ectivetion of emergency plans, etc. How early could verting
rezsonably be essumed, end would such an assumption give sufficient

margin to cover any remgining uncertezinties recarding scdium-concrete
reacticns?

To assess these consicerations a stucy was initiated with fol lowing
objJectives:

A. Artificielly contrive a2 codiumn-ccncrete reaction scenzrio which would
so fer ex«ceed any otserved in tests to date so 2as to resiit in a need



to vent contrinment in 10 hours. (This is compatible vith eracuation
times quoied in Chapter 13 of +he PSAR.)

B. Assess the capebility of the cesign to accommcdate such a scenarioc.

This repert cocurcnts the analysis of this margins assessment which is a
scenzric with an inivial sodium concrete penetration rate of 7 inches/hour
for 3 hours, followed by a rate of 1 inch/hour. For this cese, no crecit is
teken for the reection inhibiting effects of the reaction product |eyer, such
thet the 1 inch/hour reaction was assumed to continue until 2ll sodium was
consumed, It is emphesized thet this artificially contrived czse does not

represent test cata, but is simply 2 mergin study to assess the design
cepability.

MODEL AND ASSUMPT IONS

The CACECO code model cefined in Reference 3 (Appendix C.1) was modified to
perform this sensitivity study. The model used in the base case includes a
socium-cencrete reection rate of 0.5 inches per hour for 4 hours, starting at
the time of reactor cavity liner failure (assumed to be at the time of
penetration of the reactor vessel and guard vessel). To calculate the
conteirment conditions for the penetration mergins assessment, the CACECO
model hed to be modifiea to include the more severe reactions associated with
the margins essessnent case. The criteria for venting were similar o those
for ihe bese cezsce scererio and, as in the base case, the RCB h drogen
concentretion wee The |imiting factor on vent time, Other design
rejuirenents (heet ,ozd to the confinement building, venting rates, zercsol
discherge to *the cleenup system, etc.) were not imposed on the assumption
that the TM3D3 feetures externazl to the RC3 could be enheanced, if necessary,
to accommccate greater operationzl loads. Other variations from the base
case ecenzrio inclucad were: 1) the sodium-concrete penetraiion rate for the
pipewey floor concrete 1s the seme as for the RC floor (with the exception
thet the reacticn oczurs only when a sodium pool exists; 2) ini*iation of the
RC2 ennulus cooling system et 10 hours; 3) increasing the thernal
concuctivity of the concrete nodes as the assumed penetratior front moved

past the node to sirulate movement cf the sodium boundary (the node thickness
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usec in The regicn of concrete penetretion was tws inches); 4) consurption cof
scdium by rescticn with the concrete resicdue (0.38 43 sodium per #43
concrete) in accition to reactions with the water an¢ carbon dioxide driven
oft from the concrete. (In the bese case TMZDE, the rezction energy 331
tu/1b concrete, was accounted for, but scdium corsunption from this source
wes ignorec cue o *he smell amount of concrete irvolved); end 5) RCB purge

initieated at 13.5 hours (immediately efter blowdown %0 atmospher’= pressure),

RESULTS

The results confirm that with an initial sodium concrete penetration rate
inte the reactor cevity floor of seven inches per hour for the first three

hcurs end | inch per heur theresfter, FCB venting would be required at 10
hours.

Consicerations which &re Importent cduring the TW2DB scenario Inlcude the
ccnsequences from the initial hydrogen ignition, sonditions which cause 4he
initietion of RCE verting, and long t2rm or meximum RC8 corditions curing
venting, These results zre summerized in Table |, Due to the additlional
energy from the .cre severe scdium-concrete reactions causing the sodium pocl
to heat up fester end al lowing sodium vapor to enter contzinment sooner, the
criterie for inifial hycrogen ignition are met at 1.4 hours 2s compared to 10
hours in the base czse. The corresponding hydrogen build-up in contaimment
prior fo ignitior is less than in the base case (2.5% versus 4.5%). Upon
ignition, the conteirment responses would be less severe. The resulting
centeirment temperature end pressure would be 5700F and 13.9 psig s compared
10 8450F end 22.4 psig for the base cese.

The initiation of RCB venting is tne next importznt consideration. The
criteria thet cen dictete venting are excessive R(8 pressure and steel shell
temperature, or excessive hydrogen builcdup. !n this case the hydregen
builcup wes the limiting condition causing venting to occur at 10 hours.
With the sodium eand hydrcgen retes into contzinmert everaging about 4000
Ib/hr end 250 Ib/hr, respectively, over the first ten hcurs, the conteinment
oxygen wes cepleted to below 8f cue to the chemical reactions., After the
cxycen is cepleted to below €f in containment (8.1 hours) the hydrogen is



precicted to eccumulete cdue to incemplete turning. As in the base case TIELS
sequence, venting woulc be initizted well in 2dvence of reeching the hydrogen
Iinlt because *the cepressurization of contezinment results in hydrogen flowir3
up from the resctor cevity, which in furn czuses the hydrogen concentration
to inrcrezse curirg the blowdown period before purging can be initiested. (For
purging, the RCB must bte &t a2 negative pressure.) In the Lazse case the
resulving pezk hydrogen concentration is 4.5%, wel| below the objective
maximum of 6.06. in this cese the calculated hydrogen concentration hes
reacted 2.6% et 10 hours when venting is initiated. The blowdown excursion
exceecec 6f for epproximately 2 hours. (The peak wes 8.7% at 13.5 hours.)
Ouring the time hycdrogen wes zbove €%, the oxygen was below 5% so that the
mixtire in conteirment would not be flanmable (calculationz!l |y, the reason
“he hvcrogen exceeced 6% wes because there Is not enough cxygen to meet

turning criterie). This short excursion beyond €% hydrogen is considered
accepte

or

le for this margins ezssessment case since it occurs 2t 2 time when

:l"

CB oxygen hes been cepleted. Shertly after purging was initiated, the
inconing air reised the oxygen concentration to 5% at which time the hycrogen
in excess of £% burned vith eaccepteble consequences 1o conteinment '
concitions, Figure 1 shows the hyd-ogen and cxycen concentrations as a
function of time. The peek contzimment pressure wes higher at venting then
the bzce case (18.7 versus 13.1 psig), but well within the ultimate pressure
czpelitity cf the steel shell (Reference 3). The reactor cavity and
conteirment efmosphere temperatures are shown in Figure 2. The contairment
veamperezture is several hundred degrees hicher *han the base case cdue to the
increzsed rate cf cocium burning, The higher ccnteinment atmosphere
teipereture elsc rescits in a higher steel shell temperature than in the base
czee (4C0CF versus 4000F based on the one-dimensional CACECO calculations).
The cteel temperazture is shown on Figure 2, Figure 3 shows the resctor
contiirment pressure which is higher than found in the base cese because of
the increesed sodium burning and more energetic concrete reactions.
Addit'onal ly, the heat loads to the RCB steel shell for the bese case and for
The margins zssessment cese a2re shown on Figure 4. Vhile the peak flux to
the s eel shell is not significantly cdifferent from that observed for the
teee cace, it occurs earliier In time end is susicined for a longer period.
Sociuva bolldry occurs at 51 hours for this cas2 ¢s compared to 133 hours for
the Lise czse, The amounts of sodium aercsols irgested into the cleenup
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system zre ciscussed in the Reciclogical and Aerosol Consequences section
be Ow .

Figures 5 to 15 show structurel terperatures for the verious cavity and
pipeway floors and walls, The totzl penetretion of sodium into the reactor
cevity floor is 5.7 feet while *he pipeway floor is penetratec zpproximately
2 feet, Thesce temperatures are used in Appendix B to azssess the integrity of
the structures. The effects of the heat lcads on the steel contazinment shell

end concrete conf inenent structure were a2ssessecd end the results are shown in
hppencix A.

RADICLOG ICAL AND AEROSQOL CONSEQUENCES
2 HQ”r Fzrlyc' n Soundar g

The coses resulting from the mergins assessment case (10 hour vent) scenario
ere ccmparecd with the TM3D3 base c:se (36 hour vent) doses in Teble 2.*% The
penetration merging assessment scenario produces & hicher RCB pressure for
the Tirst Z hours resulting in @ greater relezse rate of the initially
suspended 1000 Ibs, of socium &nd noble gases. The |arger |easkeage curing
this time interval produces the higher 2 hour Exclusion Boundary doses for
ine margins ezssessment case compared to the base case.

=0 Lay low Pocruletion Jone Doses

The majority (>¢%) cof the 30 dey i.ow Populetion Zone (LPZ) bone dose comes
fron plutonium sparging fol lowing oildry. Sparging rerzins unchanged so the
berne dose increesed very little, The whole body dose is iargely dependent cn
exiternzl cemma erposure from the rzleesed noble gases. The higher RC8
prescure gnd early vent time relezcses more of these gases early in the event,
when the calculated rediological irpact is greater. The result is an LPZ
cose avcut 4 times greater then the base case. The second significant change

is in the thyroid cose which cecrezses from 99.2 rem in the base czse 10 94,7

*Thin corperison used Case 2 from "able 4-3 of Reference 3 as the base case.



ren for the peneifration mergins zssessment cese. This cCecresse is attributed
to the fect thet this czse hes higher eserosol corcrentrations, resulting in
greeter overezl| egglomeration and fallcut than the base cezse. The |ung dose
is heavily cepencent cn the sclic fission products which are nor rel essed
early in the event cduring more raciologically significant time intervals,
However, the grezter suspenced zercsol concentrations produce & higher RCB
agclaneretion end fel lcut rete with less relezse to the enviromment.
Consequently, the net effect on the lung dose is very smell end it is

essentiel ly the szame as the base case dose.

The higher zercscl concentrations in the penetraticn margins zssessment case
result in greater zercsol cepletion and somewhat less zercscl discharge to
the RC2 clean-up system. Table | provides a comparison of the total azerosol
trensported into the clean-up system and the rate of transpert,

STRUCTURAL CONSEQUENCES

The consequences of the penetration mergins assessnent case on containment
end confinerent structures have been assessed and the cetails are presented
in Appencix B. The results Indicate that cesign cheanges would be required in

two erees of the structures 1o accommocdate the margins essecsment case. The
required modificzations are:

A. Rezctor Cavity Floor

(1) Extend the well liner to €.5 feet into the floor structurel

cencrete,

(2) Eliminate the consfruction jcint et Elevetion 733 ard rearrange
+he reber in the floor,

(3) Frovice e cdesign feeture on the RC floor |iner near the wall to
inhibit the spreading of the cuel debric to the region of the
well=flcor junction.



Pipeweay Cell Flocrs

(1) Provice a second layer of insuleating concrete bel ow the second
liner which separates the two leyers of structural concrete.

(2) Increzse the thickness of the floor by the thickness of the
second |ayer cf insulzting concrete (lower botton),

These modifications are not considered mzjor chenges and would, In

conjunction with other existing TM3D3 features, result in acceptzble THBDB
mergins to accommccate the margins zssessment case.

CONCLUSICONS

Eese on this margins essessment, the fcllowing conclusions have been reached:

F- -

The sodium-ccncrete peretration rate for the margins assessment case,
which is 7 inches/hr for 3 hours fcllowed by 1 inch/hr thereafter

until socium boildry, could be accommccated by venting the containment
at about 10 hours.

Hycrogen ignition would occur earl ier end would result in |ess severe
centeirment conditions fol lewing rapid burning.

The cleen-up system peek flow rete Is somewhat higher than the base
case, but Lelow the cesign basis value for the system. The toteal

eercsol lcacding would be less thean the base case.

The scdium beildry time is recuced to 51 hours compared to 133 hours
in the tase czse.

With mocest cesign modifications in two aress (the Reactor Cavity
floor and the pipeway cell floors) the margins essessment scenario

would result .n accepteble conteirment and conf inement siructural
margins.,



Reciologiczl dcses are comparable to the tase czse except the 30 day
LFZ whole tody cose which is greater then the base case cue to the

eerl ier venting, but still within the guicel ine values for this beyond
Cesign base event,
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TAELE 1

SUMYARY OF RESULTS WITH INITIAL SODIUM-CONCRETE

PENETRATION OF SEVEN INCHES PER HOUR

Initial Hy€recen Icniticn
Timz (hrs.)

RCB Atmosphere Temperzture (°F) (before/:zi'er)
RCRB Pressure (psig) (before/after)
Hydrogen Concentretion (Vol.%) (before/after)

Initiation of RCB Venting

Time (hrs.)

ptmosphere Temperzture (°F)
Stee]l Shell Temperazture (°F)
RCE Pressure (psig)

x

]
M O

-y N

RC3 Hydrogen Concentreztion (%)
RCB Oxygen Concentration (%)

Maaimum Conditions During Venting

Meximum Venting Rete (ACFM)

Purge Rate Assumed (SCFM)

Pe:k Hydrogcen Concentration (Vol.%)/Time (hr.)
RCS Atmosphere Temperzture (°F)/Time (hr.)

Ferosol Comperisons
Mc<imum Rate to the RCB Cleanup System (1b/hr)

Total Aerosols to the RC3 Cleznup System to
Boildry (1b)

Base
Cese

10.0
120/845
2.2/22.4
4.5/0.0

36
617
400
13.1
0.0
8.4

4,0t
8000

£.0/40
©15/40

4400
260,000

Penetratior

Margin

Assessment _

1.4
145/570
2.4/13.9
2.5/0.0

10
710
390
18.7
2.6
7.4

27,500
8000
8.7/13.5.
1020/14.6

51CC
167,000



Orecen
e .

gone

Lung
Thyruid
Whole Body

Whole Body

TABLE 2
COMPARISON CF PADIOLOGICAL CONSEQUENCES

36 iiour Vent

2 Hour EB Deses (rem)

10 Hour Vent

Bace Case Penetration Mareoin Assessment
n.028 0.44
0.0055 0.082
0.00%6 0.023
0.16 1.9

36 Hour Vent
Bese Case

30 Dey LPZ Deses (rem)

55,1

-

3.56
26.2
3.5

12

10 Hour Vent
Penetration Marcin Ascescment

$5.2
3.9

84.7

13.0



Figure 1

RCS Hydrogen and Oxygen Concentration
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Figure 2

Reactor Cavity and Containment Atmosphere and

Containment Steel Dome Temperature

1800

ook /

Reactor Cavity Atmosphere

-
S— — o —
~

=

- —
- —
O — . o—

12004!
! Contzinment Atmosphere
- F R S
, \~ —~~
! ~~~~
' e -
go- ; ~
'}
7 p- Containment Steel Dome
4:)0_" /" i
Iy ¢
!ll
"l/l
/
0.0 : . . J 4 J - J 4 1
0 10 20 30 40 50

Time (Hrs.)

14




Pressure (psig)

24

20

16

12

Figure 3

Containment Pressure
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lieat Load (10° Btuzhr)
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Figure 4

Heet Load Through the
Containment Structure Steel Shell

Margins Assessment Case
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Temperature (°F)

Figure 5

REACTOR CAVITY FLOOR (frua liner to 2.5 ft.)
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Temperature (°F)

REACTOR CAVITY FLOOR

Figure 6

(from 3.6 to 7.6 ft.)
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Figure 7

REACTOR CAVITY FLOOR (from 7.6 to 11.6 ft.)
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Figure 8

REACTOR CAVITY NONSUBMERGED WALL
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Figure 9

REALTOR CAVITY SUBMERGED wALL (upper)
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REQCTOR CAVITY LOWER SURMERGED WALL
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Figure 11

REACTOR CAVITY PIPEWAY CELL FLOOR (from liner to 4 ft.) LEGEND
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Figure 12

REACTOR CAvITY PIPEWAY CELL ROOF
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Figure 13

REACTOR CAVITY PIPEWAY CELL OUTSIDE WALLS-2.5 FT. THICK
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APPENDIX A
SODIUM-CONCRETE PERETRATION MARGINS ASSESSMENT ANNULUS COOL ING ANALYSIS

The penetration margins essessment cese heat |oacs tc the contzirment steel
shel|l 2s 8 function of time were used es Input to a detalled ‘he-mal
czlculetioen using the TRUMP computer code. The thermzl mcdel wee identical
to that of Reference 2, except an upcdeted mode! wes used in the vicinity of
the ennulus cool ing cutiet structures. The nodal arrengement of the thermal
mocel is shown in Figure A1, An arnulus cool ing system flow of 400,000 SCFM
was used as wes in the base case.

RESULTS
The temperature versus time plots for key nodes are presented in Figures A2

through A13. The siructural consequences of these temperatures are cescribed

in Appendix B.
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A®PENDIX B
TMEDS SCOIUM-CONCRETE PENCTRATION MARGINS STRUCTURAL ASSESSMENTS

The sodium~concrete peretration maigins assessment case considers penetration
reves of sodium into concrete of 7 inches per hour for 3 hours end | inch per
hour thereafter, The temperature trensients for this case zre shown in
Figures 5 through 15. The structural requirements are as fol lows:

A. ¥ell liners in the Reactor Cavity to maintzin integrity until boildry
time (50 hours). While this is not a base case TMD3 requirenent, it
is imposed here to precluce extreme penetration into the RC walls
concurrently wi*h extreme psnetration into the floocr.

B. Pipewey cell wall integrity to be maintained as fol lows:
Well between RC and pipeway cell (double hezted wall) - 50 hours
All others = 30 hours

C. The Reactor Cev .ty floor and Pipeway Cell floar to prevent sodium
lezkage to Cell 105 until boildry time.

0. Ceontairment znd Confinement integrity to be meinteined for long term.

The structurel essessments for the sodium-concrete peretration mergins
egssecsment cezse incluce the Reactor Cavity, Pipeway Cells, and the

Conf inenent structure and contzinment shel | zbove the operating flooer. The
cenizinment and confinement telow *he operating floor are not subjected to
eny significant tenperetures in th? short term, and lcong term ef fects are not
expected to be cifferent than the base case.

The purpose of the structural essessments was to evaluate whether the
structures, as cesigned, can withstand the imposed conditions, and if not, to
determine what modifications would be necessery to accomplisk thet., Due to
the scoping nature of the work the assessments are based on simplified
computer models end/or comparisons with the base case structural evaluationg,

the niatericl preoperties end criteris are a2s described in Appendix C.3 cf
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CRSRP-3 (Reference B1).
A brief surmary of the eveluations is given below.
REACTOR CAVITY AND L INER

The Reactor Cavity wel |l zbove the floor is subjected to temperatire
transients (Figures 8 through 10) which are ebout the szame a2s in the base
cazse, since the surface temperature is governed by the sodium boiling
temperature which is indepencent cf sodium-concrete penetration rate.
Integrity for the Reactor Cavity well and liner in the base case has been
demonstrezted for 50 hours and longer, so the 50 hours (boildry time)
integrity requirenent in the margins assessment case is met,

The Reactor Cavity floor liner is assuned to feil et the onset cf the
accicent es in the base cese. The Reactor Cevity floor thermzl transients of
fFigure E1 indicate thet 5.5 to 6.0 feet of concrete would be to—~el |y degraced
bty the penetration of sodium &nd heat and this would leave only ebout 2 feet
cf concrete to the floor fill construction joint (Figure E2) which is nct
edequate to prevent csodium |eskage through the construction joint, Further,
if the sodium penetration extends racdially into the wall, the base cf the
well would be undermined and |ezgkage to the adjecent cell 105 might occur.

In orcer to meet the scenario raguirenents It would be necessary to introcuce
modifications in the flcor of the Reeactor Cavity and the juncticn with the
wéll. The basic modifications, in the ccnceptual stezge, consist of the
follewing (Figure B3):

A. The well liner would be extencded to 6.5 feet nto the stiructursal
concrete,

B. The construction joint at Elevetion 733 would be el iminatzd and the
floor retzr reezrranced.

C. Prcvice 2 design feeture or the RC flocor neer the wall tc inhibit the

spreading of the fuel ceuris to the region of the ficor vall junction.
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Eveluations were perfcrmed to determine the adequacy of the concrete bel ow
the reactor cavity tloor under the temperature transient at boildry time (50
hcurs). In these evaluations the undergraced portion of +he floor was
represented by the axisymmetric restrained section in Figure B4 and the
stress analysis wis performed using elastic procecures and the computer
program ANSYS (Reference E2). The behavior wes bracketed by two extreme
conditions of no recial restreint end full radial restrzint. Capacity
czlculetions were performed using the computer program MPHI (Reference B3).
The resulis of the analyses demonstrate that the floor can withstand the
imposed temperatures with sufficient margin.

PIFEWAY CELL WALLS

‘n the bezse case, integrity for the wall and | iner between the Reactor Cavity
end the pipeway cells hes been demcnstrated for 70 hours. For the
renetration mergins 2ssessment case, the wall liner is subjected to the szme
Tempergiures s in The base czse and the concrete wall at boildry (50 hours)
s subjected to temperatures which are lower than the base cace 70 hour
temperature (Figure B5). It may be concluded that this concrete wall and

well liner meet the margin assessment case requirements.

In the bese case, integrity of the pipeway cell walls and wali liners (other
then the lirer between the RC and the pipeway cell) has been demcnctirated for
40 hours, at which 3ime the |liners may fzil, but collzpse of the walls is not
expected until af fer the 133 hour sodium boildry time. In the penetration
marcgins essessment (ase, the wall liners are subjected to the same
temperatures &s in the base case. A comperison of the penetration margins
cssessment case trarsient with the base case transient (Figure E6) indicates
that the pipeway cei wall tenperatures at 30 hours zre scmevhat |ower than
the 40 hour base case transients, It may be conciuced from this that the
pipeway cell liners meet the penetration margin essessment requirements.
Because cf the much shorter boildry time, the wali temperatures are |ess
severe &¥ boildry (20 hours) in the margins zssessment case, s that the
cencrete wel ls &l so meet the requirements for the penetration mergins
essesonent case.
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PIPEWAY CELL FLOCR AND LINER

The penetration margins zssessment case consicders that the pipeway ceil floor
experiences the same penetration rete in the reaciion zs the reactor cavity
so there is substential sudium penetration, In order to accommodate the
temperature trensients it is neces<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>