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TIGDB S031Ul/.-CCNCRETE SENETRATION MARGINS ASSESSMENT

'

INTRODUCT ION

Experiments (Ref erences i end 2) have Indicated that sodium-concrete

reactions tend to be sel f-limiting with I imestone concrete under conditions
prevail ing during a postulated Tl/BDS scenario in CRBRP. The . sodi um-concr ete

panetration was represented in the base case CACECO analysis as a constant
reaction penetration of 0.5 inch per hour f or a pericd of 4 hours (Ref erence
3). Sensitivity studies (Ref erence 3) show that a reaction penetration rate
of 1 inch per hour f or 12 hours (12 inches total penetration versus 2 inches
in the base case) can be accommodated by the TMBDB containment f eatures based
on thei r desi gn requi rer.ents.

Some scdium-concrete e:periments have exhibited considerably higher
penetration rates (up to approximately 0.2 inches per minute) for short
perleds of time (Ref erences 4 and 5). For al l tests that had an excess of

,

sedium, the rapid reaction penetration was not sustained for more than a f ew
mi n ut es. Apparently the reaction penetration was sei f-limiting af ter a short
pericd of rapid penetration. In other tests, where only a limited amount of
sodium was used, the as all abl e sod i um was al l consumed i n a short ti me i fi

rapid penetration occurred (in many tests virtually no penetration at all
occur r ed, and very littl e sodi um was consumed). In al l tests to date, the

total sodium reaction penetration bas not exceeded the energy and hydrogen
releases associated with the 1 inch per hour f or 12 hours used in the
sensitivity cal cul ations. From tha l arge body of avail abl e data, Ref erence 6
states that sodi um-concrete reaction penetration into horizontal surf aces

appears to progress in three stages, each characterized by successively
.decreasi ng rates of penetration. These three stages and the recommended
upper, bound retes and durations are as f ollows:

A. An initial rapid penetration probably due to spallation and breakup of
the surf ece l ayer of concre7 0. The upper bound rate and duration of
this stage is 7 inches per hour f or 20 minutes.

2
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' B. An intermediate stage where spallation is no longer occurring but the
concrete surf ace is not f ully protected by the devel oping layer .cf
reaction products. The upper bound f or this stage is I inch per' hour
for 3 hours.

C. In the icnger term (the third stage) the rate of penetration is much
slower and decreases with time because of a continually crowing layer
of reaction products which inhibits transport of unreactea sodium to
the unreacted concrete surf ace. Upper bound-0.1 inch / hour

i ndef ini tel y.

Based on the above mentioned analysis of the data and the analyses of TISDS
sequences i n Ref erence 3, it is apparent that the sensitivity analyses
adequately cover ite range of data observed to date. It is al so apparent
that consi derable margin exisis in Tb8DS analyses f o. accommodating h igher

sodium-concrete reactions at the expense of vent time (less than the base

case 36 hours). With a view to assessing the margins available in the
current CRSRP desi gn rel ative to assumed variations in the sodium-concrete

.

penetration rate, a margin study was conducted. in assessing the margins
evail able in the desi gn, two distinct considerations emerge:

A. If there were no requirenent to maintain containment integrity for a
fixed time without venting, what range of reaction rates could be
accommodated by the design?

8. There must be same period of time al lcwed f or venting decisions,
activation of emergency pl ans, etc. How early could venting
reasonably be assumed, and woul d such an assumption give suf ficient
margin to cover any remaining uncertainties regarding scdlum-concrete
r eacti ons?

.

To assess these considerations a study was initiated with following
obj ectives:

A. Arti f ici al ly contrive a codi um-concrete reaction scenario which woul d

so f ar cxceed any observed in tests to date so as to resuit in a need

3
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to vent centcinment in 10 hours. (Th i s i s com pa ti bl e w i th evacua ti on

times quoied i n Chapter 13 of the PS AR. )

8. Assess the capabil Ity of the desi gn to accommodate such a scenario.

This report docum:nts the analysis of this margins assessment which is a
scenario with an initial sodium concrete penetration rate of 7 inches / hour
f or 3 hours, f ol lowed by a rate of 1 inch / hour. For th is case, no cr edi t is

taken f or the reaction inhibiting ef fects of the reaction product layer, such
that the 1 inch / hour reaction was assumed to continue until all sodium was
con s uned. It is enphasized that this artificially contrived case does not
represent test data, but is simply a margin study to assess the design
ca pa bi l i ty..

f-ODEL AND ASSUMPTIONS

The CACECO code model def ined in Ref erence 3 ( Appendix C.1) was modified to
perf orm this sensitivity study. The model used in the base case includes a .

sodium-concrete reaction rate of 0.5 inches per hour for 4 hours, starting at
the time of reactor cavity liner f ail ure (assumed to be at the time of

penetration of the reactor vessel and guard vessel). To cal culate the
contair. ment conditions f or the penetration margins assessment, the CACECO

model had to be modifiea to include the more severe reactions associated with
the margins assessment case. The criteria for venting were similar to those
f or the base cese scenario and, as in the base case, the RCB hydrogen
conceniration was the I imiting f actor on vent time. Other desi gn

requi re:ents (heat iosd to the conf inement bull ding, venting rates, aerosol
discharge to the cicenup system, etc.) were not imposed on the assumption
that the TMSD3 f eatures external to the RCB coul d be enhanced, if necessary,
.to accommodate greeier operational loads. Other variations f rom the base
case scenario incl udad were: 1) the sodium-concrete penetrailon rate f or the
pipeway floor concrete is the same as f or the RC flocr (with the exception
that the reacticn oc;urs only when a sodium pool exists; 2) Ini+!ation of the
RCB annul us cool ing system at 10 hours; 3) increasing the therinal
conductivity of the concrete nodes as the assumed penetration f ront moved
past the node to sir.ulate movenent of the sodium boundary (the node thickness

4
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used in the region of concrete penetration was two inches); 4) consumption of
sedium by reaction with the concrete resi due (0.38 f t3 sodium per f t3

concr ete) in addition to reactions with the water and carbon dioxide driven
of f f rom the concrete. (in the base case TMSDB, the reaction energy 331
Etu/lb concrete, was accounted f or, but sodium consumption f rom this source

was i gnored due to the smal l enount of concretc involved); and 5) RCB purge
initiated at 13.5 hours (immediately af ter' blowdown to atmospheric pressurs).

RESULTS

The results conf inn that with an initial sodium concrete penetration rate
into the reactor cavity floor cf seven inches per hour for the first three
hours and I inch per hour thereaf ter, RCB venting woul d be requi red at 10
hours.

Consi derations which are important during the TMSDB scenario ini cude the
consequences f ran the initi al hydrogen i gnition, conditions which cause the

initiation of ROB venting, and long term or maximum ROB conditions during .

v e nti ng. These results are se:marized in Table 1. Due to the additional
energy frcm the ... ore severe sodium-concrete reactions causing the sodium pool
to hcat up f aster and allowing sodium vapor to enter contairenent sooner, the
criteria f or initial hydrogen ignition are met ei 1.4 hours es compared to 10
hours in the basc case. The corresponding hydrogen bull d-up in containment

prior to ignitior is less than in the base case (2.5% versus 4.5%). Upon
ignition, the containment responses woul d be l ess severe. The resulting
centairment temperature and pressure woul d be 570oF and 13.9 psig as compared
io 845cF and 22.4 psi g f or the base case,

j The initi ati on of RCS venti ng i s tne next important consi deration. The

criteria that can dictate venting are excessive RCB pressure and steel shell
to perature, or excessive hydrogen buil dup. In this case the hydrogen
buildup was the limiting condition causing venting to occur at 10 hours.
With the sodium and hydrogen rates into contairanent averaging about 4000
lb/hr end 350 lb/hr, respectively, over the f irst ten hours, the containment
oxycen was depleted to bel ow 8% due to the chenical reactions. Af ter the
cxycen is depleted to bel ow 8% in containment (8.9 hours) the hydrogen is

5
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predicted to acct.mulate due to inccmplete burnir.g. As in the base case TIEES
sequence, venti ng woul d be initiated wel i in advance of reaching the hydrogen
Iinit because the depressurIzetion of containment results In hydrogen fIowing
up f r crn the reector cavity, which in turn causes the hydrogen concentration
to increase durir.g the blowdown period bef ore purging can be initleted. (For
purging, the RCB must be at a negative pressure.) In the bese case the
resul+ing peek hydrogen concentration is 4.5%, well below the objective
maximum of 6.0%. In this case the cal culated hydrogen concentration has
reacted 2.6% at 10 hours when venting is initiated. The bicvdown excursion
exceeded 6% f or epproximatel y 2 hours. (The peak was 8.7% at 13.5 hours.)
During the time hydrogen was above 6%, the oxygen was below 5% so ihat the

ml>:ture in conteir. ment woul d not be flammable (cal culational ly, the reason
the buc'rogen exceeded 6% was because there is not enough oxycen to meet
burning criteria). This short excursion beyond 6% hydrogen is considered
acceptable f or this margins assessment case since it occurs at a ilme when
F.CB oxygen has been depl eted. Shcrtly af ter purging was initiated, the
inco:ing air raised the oxygen concentration to 5% at which time the hydrogen

i in cxcess of 4% burned with acceptable consequences to conteinment *

i -

conc i t i ons. Figure 1 shows the hydrogen and oxygen concentrations as a
f unction of time. The peak contairrnent pressure was higher at venting than

4

) the base case (18.7 versus 13.1 psig), but welI within the ultimate pressu e
capabil ity cf the steel shel 1 (Ref erence 3). The reactor cavity and
contsiraaent atmosphere tenperatures are shown in Figure 2. The contairenent<

tenperature is several hundred degrees higher than the base case due to the
incre:. sed rate of sodium burning. The higher containment e fmosphere
tei.pcreture al so resul ts in a higher steel shell tenperature than in the base

case (4cOcF versus 4000F based on the one-dimensional CACECO cal culations).
|

The rteel tenperature is shown on Figure 2. Figure 3 shows the reactor

| contcirenent pressure which is higher then f ound in the base case because of
.the increased sodium burning and more energetic concrete reactions.
Additionally, the heat loads to the RCS steel shell for the base case and f or

,

the .v.rgins assesment cese are shown on Figure 4. While the peak flux to

| the steel shelI is not si gni f Icanti y di f ferent f r om that observed f or the
base case, it occurs eerl ter in time and is suntined for a longer period.
Sodi u a boli dry occurs at 51 hcurs f or this case es compared to 133 hours f or
the L se case. The amcunts of sodium aerosols irgested into the cleanup

|
;

| 6
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system are ciscussed in the Radiological and Aerosol Consequences section
bel ow.

Figures 5 to 15 show structural tenperatures f or the various cavity and
pi peway floors and wal l s. The total penetration of sodium into the reactor

cavity floor is 5.7 feet whil e the pipeway floor is penetrated approximately
2 feet. These te:peratures are used in Appendix B to assess the integrity of
th e str u ct u'r es. The ef f ects of the heat loads on the steel containment shel l
and concrete conf inement structure were assessed and the results are shown in
Appendix A.

RADIOLOGICAL A'4D AEROSCL CONSEQUENCES

2 Four Exclysion Econderv Doses

The doses resulting f rom the margins assessment case (10 hour vent) scenario
are ccmpared with the TMBDB base c:se (36 hour vent) doses in Table 2.* The

peneiration nargins assessment scenario produces a higher RCB pressure for ,

the f irst 2 hcurs resulting in a greater release rate of the initially
suspended 1000 lbs. of scdlum and noble gases. The l arger l eakege during

this time interval produces the higher 2 hour Exclusion Boundary doses fcr
the margins assessment case compared to the base case.

30 Dav Lew Perulation Zone Doses

The majority (>99%) of the 30 day !.ow Population Zone (LPZ) bone dose comes

f rom pl utoni um sparging f ol lowing hoil dry. Sparging renains unchanged so the
bone dose increased very littl e. The whole body dose is largely dependent en
external gamma c>posure f rom the r 3l eased nobl e gases. The higher RCS

pressure and early vent time releases more of these gases early in the event,
when the cal culated radiological irpact is greater. The resul t i s an L PZ
dose about 4 times greater than the bese case. The second si gni f icant ch ange
is in'the thyroid dose which decreases f rom 99.2 rem in 1he base case to 94.7

*This comparison used Case 2 from Table 4-3 of Ref erence 3 as the base case.

.

7

-



__

. .

ren f or the penetration margins assessment case. This cecrease is attributed,

f to the f ect that this case has higher aerosol cor.crentrations, resulting in
| greater overal l aggi oneration and f al icut than the base case. The ! ung dose

is heavily dependent en the solid f ission products which are noT released
,

ea rl y i n th e e/ ent dur i ng mor e r adi ol ogi ca l l y si gn i f i ca nt ti me i nt erv al s.
,

However, the greater suspended aerosol concentrations produce a higher RCB-
aggi aneration and f el icut rate with l ess rel ease to the environment.
Consequently, the net ef f ect on the l ung dose is very smal l and it is
essenti al ly the same as the base case dose.

The higher aerosol concentrations in the penetration margins assessment case

result in greater aerosol depletion and sanewhat less cercsci discharge to
the RC3 cl.een-up system. Table 1 provides a comparison of the totel aerosol
transported into the clean-up systen and the rate of transport.

STRUCTURAL CONSEQUENCES

.

'

The consequences of the penetration margins assessment case on containment
.

and conf inement structures have been assessed and the details are presented
in Appendix B. The r es ul t s i ndi ca te th at desi gn ch anges w ou l d be r eq ui red i n

two areas of the structures to accommodate the margins assessnent case. The

requi red modi f ications are:

A. Reactor Cav ity Fl oor

(1) Extend the wel l liner to 6.5 feet into the floor structural
co ncr et e.

(2) Eliminate the construction Joint at Elevation 733 ar.d rearrange
th e r eba r i n th e f l oor.

.

(3) Frovide a desi gn f eature en the RC floor liner near the wall to

inhibit the spreading of the duel debris to the region of the
wal l-f i car j uncti on.

8
,
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,

B. Pi peway Cel l Fl oors

(1) Provide a second l ayer of insulating concrete bel ow the second
liner which separates the two layers of structural concrete.

|
(2) Incre:se the thickness of the floor by the thickness of the '

;

second layer cf insulating concrete (lower bottoo).

| These modifications are not considered majer changes and would, in
;

conjunction with other existing TI3DS features, result in acceptable Tb8DB
margins to accommodate the margins rssessnent case,

00NCLUSICNSj

Base on this margins assessment, the f cilowing conclusions heve been reached:

A. Tne sodium-cencrete penetration rate f or the margins assessment case,
which is 7 inches /hr f or 3 hours f ollowed by 1 inch /hr thereaf ter

,

until sodi um boil dry, coul d be accommedeted by venti ng the containment
at about 10 hours.

B. Hydrogen i gnition woul d occur earl ier and would resul t in l ess severe

contalunent conditions f ollowing rapi d burning.

C. The clean-up system peak flow rate is sanewhat higher than the base
case, but bel ow the desi gn basis val ue f or the system. The total
eerosol Icading woul d be l ess than the base case.

D. The sodium bcIl dry time is recueed to 51 hours compared to 133 hours
in the base case.

. .

E. With modest ccsign modifications in two areas (the Reactor Cavity
floor and the pipeway cell floors) the margins essessment scenario
would result ;n acceptable containnent and conf inement siructural

margins.
.

9
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' F. Radi ol ogi csi doses are comparable to the tase case except the 30 day
LPZ whole body dose which is greater than the base case due to the

earl ter venti ng, but stil l within the guicel Ine val ues f or this beyond
desi gn base event.
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TABLE 1
,

SUMMARY OF RESULTS WITH INITIAL SODIUM-CONCRETE

PENETRATION OF SEVEN INCHES PER HOUR

Penetration
.

Base Margin'

Case Assessment ,'

I
'

Initial Hydrocen Ignition

Time (hrs.) 10.0 1.4

RCB Atmosphere Temperature (*F) (before/aDer) 120/845 145/570

RCS Pressure (psig) (before/after) 2.2/22.4 2.4/13.9

Hydrogen Concentration (Vol.%) (before/after) 4.5/0.0 2.5/0.0

Initiation of RCB Venting

Time (hrs.) 36 10

RCB Atmosphere Temperature (*F) 61 7 710

RCi' Steel Shell Temperature (*F) 400 390

RCB Pressure (psig) 13.1 18.7

RCB Hydrogen Concentration (%) 0.0 2.6~
~

RCB 0xygen Concentration (%) 8.4 7.4

Ma imum Conditions Durino Venting
-

Maximum Venting Rate (ACFM) 24,00C 27,50C -

Purge Rate Assumed (SCFM) 8000 8000

Feak Hydrogen Concentration (Vol.%)/ Time (hr.) 4.0/40 8.7/13.5
RCS Atmosphere Temperature (*F)/ Time (hr.) 915/40 1020/14.6

.

| AerosolCchaarisons
Mcaimum Rate to the RCB Cleanup System (lb/hr) 4400 5100

Total Aerosols to the RCB Cleanup System to 250,000 167,000
Boildry (ib)

11'
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TABLE 2 -

COMPARISON CF P.ADIOLOGICAL CONSECUENCES

2 Hour EB Deses (rem)
'

36 Hour Vent 10 Hour Vent'

Penetration Marcin Assessment
Orean Base Case

0.028 0.44
Bone

0.0055 0.082
Lung

0.0096 0.023
Thyroid
WholbBody 0.16 1.9

30 Day LPZ Doses (rer.)
10 Hour Vent36 Hoar Vent . Penetration Martin Assesment

Organ Base Case _

55.1 55.2
Bone

3.96 3.91
Lun9 ,

Thyroid 99.2 94.7 *

Whole Body 3.5 13.0

l
i
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Figure 1

RCB Hydrogen and Oxygen Concentration
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Figure 2
'

Reactor Cavity and Containment Atm sphere and
Centainment Steel Dome Temperature
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Figure 3

Containment Pressure
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Figure 5

REACT 0R CAVITY FL00R (frua liner to 3.5 ft.)
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Figure 6

REACT 0R CAYITY FL00R (from 3.6 to 7.6 ft.)
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REACTOR CAVITY LOWER SUBMERGED WALL
LEGEND

inco. -

0 Hours,

L

10i+ce. - -

1

20........

l=cc. . - -

30
----

rico. - -

40
w
L 50

iE icco. - -

o
a
es
b .
O
c. ,

a eco.
u 1, ,

-e-- !
.

.
4

; i
660. ' - : 4

,

t4

:

1 *

g ,- ,

ec. .ss ,

* s
, sN .

'ss. .

,

N- '' % im. . . . ~ , '
_

~ . . . . . - .c . . gn.,,;w.., .g - . g. m.

,

t i.o 2.o 1.0 *.o 5.o 6.o 2.o,
,

DISTANCE (FT)

22



. .

.

Figure 11
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Figure 12
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AFFENDIX A i

SO310!/.-CONCRETE PENETRATION IURGINS ASSESS!'ENT R4NULUS C00' ING ANALYSIS
4

i

The penetration margins assessment case heat loads to the contairenent steel |

shell as a f unction of time were used as input to a detailed ihermal
cal cuiati on usi ng the TRUMP computer code. The thermal model was i dentical
to that of Ref erence 3, except an updated model was used in the vicinity of |

; the annul us cool ing outl et structures. The nodal arrangement of the thermal
model is shown i n Fi gur e A1. An annulus cooling system flow of 400,000 SCFM
was used as was in the base case.

RESULTS

The ter.perature versus time plots f or key nodes are presented in Figares A2 j.

through A13. The structural consequences of these tenperaiures are described !

In Appendix B.
.
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AoPENDIX B

TIEDS SODIUR-CDNCRETE PENETRATION MARGINS STRUCTURAL ASSESSMENTS.

The sodium-concrete penetration mar gins assessment case considers penetration
rates of sodium into concrete of 7 inches per hcur f or 3. hours and I inc'h per

,

hour thereaf ter. The tenperature transients f or this case are shown in
Figures 5 through 15. The structural requi renents are.as f oi lows:

A. Wal l liners in the Reactor Cavity to maintain integrity until bolidry
time (50 hours). Whil e this is not a base case TirDB requi renent, 'Ite

is imposed here to preclude extrene penetration into the RC walls
con' currently with extrene penetration into the flocr.

B. Pipeway cell welI integrity to be maintained as f ollows:
WalI between RC and pipewey celi (double heated walI) - 50 hours

All others - 30 hours
.

C. The Reactor Cav:ty fIocr and P1pewey Cet I fIocr to prevent sodium
ieakage to Cel 1 105 untii bolI dry time.

D. Contair. ment and Conf inement integrity to be maintained f or long term.

The structural assessments f or the sodium-concrete penetration margins
assessment case include the Reactor Cavity, Pipeway Cells, and the
Conf inement structure and containment shel l above the operati ng f locr. The

containment and conf inement bel ow 'he operating flocr are not subjected to
any si gnif icant tenperatures in th9 short term, and long term ef fects are not
expected to be dif ferent than the base case.

|

The porpose of the structural essessments was to eval uate whether the
! struct ur es, as designed, can withsiend the irtposed conditions, and i f not, to
t

j determine what rrodif ications would be necessary to accomplish that. Due to

the scoping nature of the work the assessments are based on s!rnpilfled

| computer model s and/or comparisons wIth the base case structural eval uations,
the riaterici properties and criteria are as described in Appendix C.3 cf

B.1
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CR3RP-3 (Ref erence B1) .

A brief senmary cf the eval uations is given bel ow.

REACTOR CAVIT( AND L INER

.

The Reactor Cavity well above the floor is subjected to temperature

transients (Figures 8 through 10) which are about the seme as in the base
case, since the surf ace temperature is governed by the sodium boiling
temperature which is independent of sodium-concrete penetration rate.
Integrity for the Reactor Cavity wall and liner in the base case has been

demonstrated f or 50 hours and longer, so the 50 hours (boll dry time)
Integrity 'requi renent in the margins assessment case is met.

The Reactor Cavity floor liner is assumed to f all at the onset of the

accident as in the base case. The Reactor Cavity floor thermal transients of

Fi gure B1 Indicate that 5.5 to 6.0 feet of concrete ~woul d be to al ly degraded
by the penetration of sodium and heat and this would leeve only about 2 feet -

of concr ete to the f l oor f il l constructi on j oi nt (Fi gur e B2) which is not
adequate to prevent sodium leakage through the construction joint. Fur th er,

if the sodium penetration extends radially into the wall, the base of the

wel l woul d be undermined and l eakage to the adjacent cell 105 mi ght occur.

In order to meet the scenarlo requirenents it would be necessary to introduce
modifications in the floor of the Reactor Cavity and the junctica with the

wall. The basic modif ications, in the cenceptual stage, consist of the
f ol lowing (Fi gure B3):

1

A. The wall liner wcul d be extended to 6.5 feet into the structural
concr ete.

.

B. The construction joint at Elevation 733 would be eliminated and the
f loor retar rearranged.

;

C. Prcvide a desi gn f eature cr. the RC floor near the wall te inhibit the

de' ris to the region of the floor vall junction.spreading of the f uel u

B. 2
._ _ __ _ _ _ _ . _ _ _ _ .
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Eval uations were perf ormed to determine the adequacy of the concrete bel ow

the reactor cavity floor under the temperature transient at boil dry time (50
hours), in these eval uations the undergraded portion of the floor was
represented by the axisymmetric restrained section in Figure 84 and the
stress analysis w:s perf ormed using elastic procedures and the computer
progran ANSYS (Ref erence B2) . The behe/ lor was bracketed by two extrene

conditions of no racial restraint and f ull radial restraint. Capacity
cal culations were perf ormed using the computer progran b?HI (Ref erence B3) .
The results of the analyses demonstrate that the floor can withstand the
imposed temperatures with suf ficient margin.

PI FEW AY CE'LL W ALLS

!n the base case, integrity for the wall and I iner between the Reactor Cavity
and the pipeway cel l s has been demonstrated f or 70 hours. For the
penetration margins assessment case, the wall liner'Is subjected to the same

.

temperatures es in the base case and the concrete wall at boll dry (50 hours)
is subjected to tenperatures which are 1 ower than the base case 70 hour
tenperature (Fi gure B5), it may be concl uded that this concrete wall and
wal l l iner meet the. margin assessment case requi renents,

in the base case, i nt egr ity of th e pi peway cel l wal l s and wal l liners (other
than the Iiner between the RC and the pipeway cell) has been demonstrated f or

40 hours, at which t!me the liners may fail, but collapse of the walls is not
expected until af ter the 133 hour sodium boil dry time. In the penetration

margins assessment case, the wall liners are subjected to the same
tcmperatures as in the base case. A canperison of the penetration margins

'

assessment case trarsient with the base case transient (Figure B6) Indi ca tes
that the pipeway cel i wel l tenperatures at 30 hours are sanewhat l ower than
the 40 hour base case transients, it may be concl uded f rom this that the

pi peway cel l liners meet the penetration margin assessment requirenents.

{ Eecause of the much shorter boil dry time, the well tenperatures are less
severe at boil dry (53 hours) in the margins assessment case, so that the
concrete wal l s al so meet the requirenents f or the penetration mergins
assessnent case.

|

I
B. 3
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Pl PEW AY CEL L FLOC.R AND L IN ER

The penetration margins assessment case considers that the pipeway cell floor
eg>eriences the same penetration rate in the reaction as the reactor cavity
so there i s substanti al sodi um penetrati on., Ir. order to accommodate the
tenperature transients it is necessary to introduce the following
nodi f ications to the present desi gn (Fi gure B7):

A. Provide a second layer of insulating concrete bel ow the second liner.

B. Increase the thickness of the floor by the thickness of the second
~

l ayer of insulating concrete (lower bottcm).

With the above modifications the temperature transient at 50 hours is as
shown i n Fi gure 58. Scoping computer analysis was performed using the
programs ANSYS and MPHI, with the floor represented by a restrained section

similar to that of the Reactor Cavity floor model descri bed earl ter. , The
*

results of this analysis Indicate that structural integrity of the modified
floor woul d be maintained and leakage to Cell 105 would be prevented f or at
least 50 hours as required.

CONFINEMENT STRUCTURE

An eval uation was perf ormed to determine whether ihe conf inenent structure
coul d sustain the thermal transients of Appendix A with the same annulus
cool ing as in the base case. The eval uation cons!sted of computer analysis
using simplif ied model s and comparisons with the base case eval uation
descri bed i n Ref erence B1. Speci f ical ly, analysis was perf ormed usi ng the
. computer program ANSYS and model s of restrained sections simil ar to that
shown'in Figure B4 for the RC floor to cal culate the thermal manents and
f orces at various l evel s. These val ues were tisen adjusted based on the

results f rom the base case which considered both restrained sections and the
f ul l structure anu were compared to al lowables f rom the progran MPHl. The

results indicate that f or the 50 hour transients integrity will be
; maintained. The results al so Indicate that the worst conditions, f rcm the

B.4
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si . uc' eral stendpoi nt, occur at 50 hours or eerl f er. As shown in Appendix A,
the tenperatures cecrease af ter the 50 hour sodium boil dry time.

CONTAIN!ENT STEEL SHELL

.1

The tenperature transients in the steel shell are shown in Appendix A, with
the ar.nul us cool ing activated at 10 hours. The peak tenperatures prior to
venting (when the peak pressure of 18.7 psig occurred) were about 6000F.

Ref erence B1 gives a pressure capability of the~ steel shell' of over 34 psig
at 6000F so there is no significant threat to the steel shell as a result of
the penetration margins assessment case. Al so, the peak tunperature at the
steel shel I-grade I evel intersection was ebout 170cF, welI below the 240oF
critical tiuckling tenperature of Ref erence 81. It is concl uded that the

1mar 5 as assessment case does not present a significant challenge tc the steel
shelI.

.

REFEFENCES
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