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Mr. Thomas M. Andersen, Manacer
nuclear Safety Cepartment
Westinghouse Ilettric Corporation
P. O. Box 355
Pittsburgh, Pennsylvania 15230

Dear Mr. Anderson:

SUBJECT: EVAL.UATICN OF PROPOSED SUPPLEMENT TO UCAP-8354 (LOTIC-3)

The t!uclear h gulatory Commission staff has completed its reviaw of
a proposed supplement to WCAP-8354 (P.roprietary) and WCAP-8355
(Non-proprietary) entitled "Long Term Ice Condenser Containment
Code - LOTIC Code." The proposed supplement describes a version of
the LOTIC computer code (designated LOTIC-3) which is intended to be
used to conseivatively calculate maximum pressure and temperature in
the ice condenser containment following a postulated main steam pipe
break or main feediater pipe break. The description of LOTIC-3 was
transmitted by Westinghcuse letter dated October 22, 1976 and supple-
mented by Westinghcuse letters dated June 14, 1977 and January 19,
1978. Our evaluction of LOTIC-3 is enclosed.

.

Other versions of the LOTIC code were previussly reviewc and approved
for use in analyses of postulated reactor coolant pipe breaks (LOCA);
WCAP-8350-P-A dated Acril 1976 describes LOTIC-1 which is approved
for use to conservatively calculate maximum ice condenser containr:ent
pressure and temperature for the purpose of evaluating containment
design; WCAP-8354-P-A Supplement :o. I dated April 1976 describes
LOTIC-2 which is approved for use to corservatively calculate minimum
containment pressure for input to ECCS performance analyses and also-
to conservatively calculate pressure di#ferentials between contain-
ment upper and lower compartments. Our approval of LOTIC-l' and
LOTIC-2 was transmitted by our January 29, 1976 letter to Mr. C.
Eicheidinger.

As a result of our current review, v.e have concluded that LOTIC-3 is
acceptable for conservatively calc;lating the maximum temperature
and pressure of ice condenser contcinments following a postulated
main steam line break or main fecd.. ter line break provided the
following three conditions are met:

o3 .' r.

Us.uw i '



..

'
. .

IcWI 3 1970
- .

-2
Pr. Thsms M. Anderson

i

The mass and energy release from the steam system is calculated
1. -

with an approved model.

Option 2 of the code is used for break sizes producing no liquid
entrain. ent and for all break sizes until liquid entrainment models2.

m

are approved.

A break spectrum analysis is made for each plant to demonstrate
that the most severe containment conditions have been identified.

3.

22, 1976, June 14,
Accordingly, the Westinghouse letters dated October
1977, and January 19, 1978 are acceptable fue reference in licenseSupple-
applications tc. describe the LOTIC-3 versior of the LOTIC coce.

.r:rnts to WCAP-8354 (Proprietary) and WCAP-8'55 (Non-proprietary) should
be provided within three months of receipt of this letter to include
the NRC acceptance letter, the enclosed evaluation, and any changes

.

resulting from our eview.
. . . . . .

. ..

.
--

We do not intend to repeat our review of thcse reports when they appear
as references in a particular license application except to assure that
the material presented in these reports is applicable to the specific
plant involved. .

. .. - . ._ . .

-- -

.... . . .

Should Nuclear Regulatory Commission criteria or regulations change,
such that our conclusions concerning these reports are invalidated,
you will be notified and given an opportunity to revise and resubmit
your topical reports, should you so desire.

. . ..
_T

. . . .

--
. .- .. . .

--- -r -- v- ---n ---- -Sincerely , - -m

.:.... . .-- ..:. . . .- .,, . .p , |'~ .
-

.

.- - . - r a r. i.

. . . . ., * \
'

.
t

. e z. . _ . . . .__ ..
i- [JohnF.Stolz, Chief:- :-- -- .-- _. . _:: . *

;dJght Water Reactors Branch No.1- . ~ ' . . - _ :: . ': .;--

..
.. Division of Project Management- -

- 7 - '- : - ..
---

. .. . . . . .Enclosure:
Safety Evaluation

- .

- - .-- . .,
-

*

.
..

cc: D. Rawlins'

| Westinghouse Electric Corporation ~~

,

- P. O. Box 355 -- :.- .- -

- --- = -

E :! F +.tsburgh, Pennsylvania 15230 .

i y.- . .. m .. . _...._.. ...... _. . .. _ . .... . . . .
-.

.

.
. . . . . . . . _ . . . . . . . - . . . . . . ..

, -,.. ..... . .

3: '' :. : :- ; ; .- t. - :.
-

*
. .

k

WTPa c z au
L.: ory

s d'uM.] so ra
' s

'1 b a
i

-

_.

.i
Y PT _ . .. . - = . :- -._. .. .=.r. == _. . . :- .r. -..:... .: ---



_

-.

.-

EtlCLOSUPE*

.'..

TOPICAL REPCRT E'!ALUATION
"

.
.

WCAP-8354 (Proprietary) and ilCAP-8355 (tlon-Proprietary)
Report flo.: April 1976

Long-Term Ice Condenser Containment Code - LOTIC CodeReport Date:
-

Report Title: Westinghouse fluclear Systems
Originating Organization: Analysis Branch, Office of Nuclear Reactor RegulationReviewed By:

_Sumary of Tecical Recorts

in letters to the !;RC dated October 22,1975; June,14,1977; and

Westinghouse has described proposed modifications toJanuary 19, 1978,
The proposed

the LOTIC Ice Condenser Containment Analysis Computer Code.

.nodifications are designed to extend the code's capability for the pressJre-

temperature analysis of ice condenser containments follouing a postulated

main steam lirie break. The modified code is referred to as LOTIC-3.
The

may also be used for the analysis of feedwater line breaks,code

"..le LOTIC ced is designed to provide a multinode analytical tool which

is capable of describing the various regions of an ice condenser containment.

These include a lower compartment enclosing the reactor system, an annular ,-

region containing ice baskets and an upper compartment to ac:ommodate airJ

~ displacement from the other ccmpartments..
-

4

Inlet and outlet doors are provided at the bottom and tos of the ice

co.partment. In the event of a piping rupture in the lower compartmentm
.

the lower inlet doors will open and provide a path for steam flow into'

the ice condenser. The displaced air forces the outlet doors at the-

,

top of the ice chest to open and permits flow into the upper compartment.
.

8)4g

..,<# .

,
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Steam condensation by the ice reduces the pressure buildup in ae

.

containment to a low level which is maintained through the bici..idown.

There is insufficient energy in the secondary systen of a Westinghouse P.!R*
.

to melt all the ice and after the blowdovin the containment pressure will
'~

.first decrease slowly through the action of passive heat sinks in the
,

.
lower compartment and then nore rapidly ;f ter about 600 seconds when

circulation far.s are actuated between the up'er and lower compartments. .

The fans equalize the air concentration between the upper and Icuer
, ,

compartment anc cause the remaining steam in the lower compartment to be

forced through the ice compartment for additional steam condensation.
,

~ The primary purpose of the LOTIC-3 code is to evaluate the temperatures .

produced in the lower compartment as. a result of releases of superheated

steam from the secondary system. This analysis would be used as a basis
.

for qualification of, equipment within the containment. To accomplish T'
,

this the code was modified to account for the thermodynamic prcperties of

. superheated steam; modifications were..also made to the heat. transfer
~ calculations for heat flow to the ice and passive heat sinks.

.

.. .. . .
. .. . _

... . . . . .:..
,

Mass and energy releas,es from the break are an input to LOTIC and are not
!

I discussed in WCAP-8354 and WCAP-8355. ,

. . .

u .,... 3 ,,
3

_. ._. .
.. .

. . _ . . . . . .-. 3
i

Su=ary of Staff Evaluation
_

_ _... : . . .. . . . . . . . . . .

Oth:r versions of LOTIC are L0 TIC-1 which is used to analyze contair. menti
.

,

pressures and temperature following a LOCA, for the purposes of evaluating

the containw desi m , cad LOTIC- which contains rodificaticns te'

,3c.. - ,

I Li _ h |k _
-... . ,....._ -

.

. . . . . _ . . . . _ _ _
. . . _ . . , . . _~ - ... - - . . . . . . - . _ . _ .
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conservatively calculate minimum containment pressures folicwing a LOCA

LOTIC-1 and LOTIC-2 were revie,;ad by the tiRC stafffor ECC analysis.

and were approsed in our Topical Report Evaluaticn of WCAP-8354 (Proprietary)

and UCAP-8355 (Mon-proprietary) dated January 29, 1976. Westinghouse will
LOTIC-3'

continue to use the approved versions of L0lIC for LOCA analysis.
k and

.will therefore be used only for analysis of main steam line brea s

feedwater line breaks. *

.

Breaks in the main steam line have the potential of producing elevated

temperatures within the containment that an2 within the superheated range.

The high temperature results from the simultaneous processes of expansion of

steam flowing from the break and the ccmpression of the steam and air in the .

containment by the continuing steam release. The compressicn process causes

the steam to reach a superheated temperature relative to the containment
m-

pressure.

-
For ice condenser containments the action of the ice in condensing steam

,

maintains the containment at a relatively lcw pressure of about 22 psia.

The LOTIC-3 code calculates maximum lower compartment temperatures of about
,

This temperature range appears reasonable.
320 F for the steam line breaks.

To obtain further verification an analysis was perfonned by the staff using an

-
advanced containment code, CONTEMPT-4. These results compared favorably

The analysis shows the steam in the lower1

with those obtained using LOTIC-3.

compartnent to be superheated but is at a lower temperature than would be cal-
The

culated for a standard containment design without an ice ccndenser.
- l. 2ntialIY,

tcmperatures in the coper compartant and i:a c|.2s t a r: . . , . ,,

.ru , x., v -

f F. 3I* < 1
'

(% b$. m.5}a _N. .. & ' .-
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- -

l - _ , --



- . .

.

. .

4_
-

.

icwer than the lower compartment because of stean condensation on the ice.

The lower ccmpartment temperature remains at approximately 320 F until tFe

The fans mix
blowdov.n is terminated or the circulation fans are actuated.

the, cooler air from the upper. compartment with tha lower compartment.

Westinghouse has presented sensitivity studies which indicate that the

maximum temperature reached in the lower compartment is insensitive to

break size as long as pure steam is assumed to be released from the break.

Smaller breaks may produce a more severe condition for the containment

instrumentation, however, since the duratior of the blowdown will be
~

longer, and the lower ccmpartment temperature will be maintained in the

0320 F range for a longer period of time.

. For breaks when the steam release is accompanied by entrained liquid,

the liquid acts to reduce the calculated containment temperature. Al though ~~''

. about 1/3rd of the entrained liquid will flash to steam upon entering the
~ containment atmosphere, the remainder will act to remove superheat through

fur'.her evaporation. Westinghouse expects to calculate liquid entrainment

for large steam line breaks and feedwater ifne creaks.
/

Heat transfer to the ice is calculated using a semi-empirical correlation

which was approved for use with the Westinghouse TMD code. The correlation
.

was found to be conservative in comparison with data frcm the Waltz flill

: ice condenser test facility.

l .

c. . -,
.

. *#' #t erk ;ty
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ri:at transfer to the ccatainment structures may L ee little effect cn th'.

containment tenperature and pressure for ice cor.dcaser containments since

the condensing effect of the ice is the dom nant maans of steam removal.

L'astinghouse will use the extended Tagami correlation for calculating the,
.

structural hear. transfe r. '!e have evaluated the extended Tagami correlation
.

.

i by comparing it to the Uchida correlation t;hich the staff has found
\

acceptable. For an ice condenser containment the ccmparison shows that 7.he

Westinghouse model " extended Tagami" is more conservative than the Uchid1

for the major portion of the time period of interest. As a result, we

find the extended Tagami correlation to be conservative and therefore acceptable.

.

The assumptions made for liquid removal frca the atmosphere by condensation

of steam on the structural heat sinks is incortant since, if the heat
~1

transfer is assumed not to remove liquid, the condensed steam mass is in

effect added back to the atmosphere as liquid and some of the atmosphere - , -

N* superheat will be lost nd icwer temperatures will be calculated. These
- assumptions are particularly important for plants without ice condensers

since compression of the atmosphere may cause a high degree of superheat.

Westinghouse will calculate the amount of steam condensed in the LOTIC-3

code using one of t.to models.

1. For.large breaks, when liquid is calculated to be entrained by the steam

leaving the break, no liquid removal is assumed to occur on the contaiicent

heat sink surfaces. This assumption has little ef fect on the calculated
,

contain ent temperature since the entrained liquid prevents the atmosphere

fra7 tix ing sugarheatcd. c. ..,
,

w.w. :o

k

8 W ik bh{td k|f,j-
__ . .. -. . .- . -. .
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For breaks for which no liquid entrainment is calculated, a model is2.

utilized which divides the total heat transfer betueen condensation and

a small convective contribution. flo condensation of steam is assumed to

result frcn the convective portion of the heat transfer. For the

condensation portion, an equivalent amount of vapor is condensed and added

to the sump. Westinghouse has performed a comparison which shown this

assumption to have no effect on the cal:ulated temperature over the case

when all haat transfer is assumed to produce condensation.

At this time wa have not approved any models for main steam line break~

analysis of ice condenser plants which permit liquid entrainment, from the

break . Until such a model is approved we require analyses to be performed

using the seccnd option for all break sizes. Without entrainment the

double-ended break was shown to produce the same peak temperature as the
~ ' '

small break of about 320 F. The duration of the temperature peak was

longer for the small break because of the longer length of the blowdown.
.

.

Staff Position

We have concluded that L0 TIC-3 is acceptable for calculating the maximum
~

temperature and pressure of ice condenser containments under the folicwing

conditions:

1. The mass and energy release input to the code should be calculated

using a model approved by the "RC,

2. The model (Option 2) which assumes steam to be condensed and added to
1 the sump from structural heat transfer should be used for break sizes1

producin_ :o liquid entrairn a: '. cnd for all break sizes until
i

<> n >e,
**

f% f't jf Q[ I
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~' models with liquid entrainment are approved.

3. Since small breaks have been shown to produce elevated temperatures

within the containment for a longer period than a double-ended break,

we require analyses using the LOTIC-3 code to include a break spectrta

analysis to demoristrate that the most severe containment conditions tai e/

been identified.
.

.
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1.0 AESTRACT

The LOTIC-3 computer code has been developed to analyze steamline breaks
in the lower compartment of an ice condenser plant. The main intent for
the development of the LOTIC-3 computer code was to provide a tool to

analyze the temperature transient following a steamline break. Currently,
the LOTIC-1 computer code is used for LOCA containment design calculations
and the LOTIC-2 computer code is used for ECCS mini =un backpressure calcu-

lations.

This report presents an analytical model for the calculations of pressure
and temperature transients in the four major components of an ice condenser
containment (lower, upper, dead-end, and ice). The cethod applies the
conservation equations to these control volumes in order to calculate their

conditions.

This report contains two separate lists of references. The list i= mediately
after Appendix D should be used for that Appendix only. The preceding list

Appendix D shculd be used for the remainder of the text.

.

-s . .v. .,v ' > s - , ' )-
1.1-1



2.0 INTRODUCTION

Following a steamline break in the lower compartment of an ice condenser
plant, two distinct analyses must be performed. The first calculation, a
short term pressure analysis, is performed with the TMD computer code .

The second analysis, a long-term analysis, does not require the large
number of nodes which the TMD analysis requires. The computer code which

is used to perform this analysis is the LOTIC computer code.

The LOTIC(1, ,3) code has been modified for application in the steam

break analysis. It now includes the capability to calculate superheat

conditions, and has the ability to begin calculations from time zero. The

major thermo-dynamic assumption which is used in the steam break analysis

is complete re-evaporation of the condensate under superheated conditions.

Since the mass and energy releases rates for a steamline break are con-

siderably less than those for the RCS double-ended breaks, and their total
integrated energy is not sufficient to cause ice bed melt out, the

containment pressure transients generated for RCS breaks will be more severe.

However, because of the higher release enthalpies of the steamline breaks,
it is possible that their analysis may set the maximum temperatures. The
purpose of the new LOTIC code is to analyze these breaks.

The code presented here is the third version of the LOTIC computer code
which has been generated. It is a modified version of the LOTIC-2 computer

code described in Reference 3. To avoid confusion between the other

versions of the LOTIC code (1' ) for the remainder of this report this'
,

new code will be referred to as LOTIC-3.

<u,. n 7a
O V 71)4 t 8
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3.0 THECRETICAL AND MATHDIATICAL CONSIDERATIONS

3.1 BASIC ASSU'IPTIONS

a. The contain=ent is assuned to be physically divided into four co=part= eats;
the upper, lower, ice condenser, and dead-end compartments (Figures 3.1 and
3.2). Each cocpsrtment is a control volume of unifore te=perature, pres-
sure, and mass distribution.

-

-

..

#

.

b. Flow between compartments is related to the pressure differential between
the co=part=ents by a flow resistance factor. Only steam and air are as-,

sumed to flow between the cocpartments (condensate carry-over is neglected)
~

'

The_ _.. m.

directions of the flows are shown in Figure 3.3.

~ ~

..

c. A two su=p model is used. Temperature is considered to be unifor= in each
'

su=p.

d. All the = ass releases into the lower compart=ent from the RCS syste= and

the accu =ulator are assumed to cix ho=ogeneously with the compartment at=os-

phere, -

,

e. Spray water is assu=ed to cix homogeneously with the compart=ent atmosphere
and attains saturation te=perature.

_

G

.

' [

%,Jf '$,9 % a 94 % p[ 4
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3.2 CO::SERVATIOTI R LATIONS
-

For the remaining portion of this section,the basic forms of the governing
conservation equation are provided and a brief discussion on their solutions
is given. The purpose is to identify the physical meaning of each contribut-
ing tern. An overview of the systen is presented in Figure 3.4. For mathe-

matical details in the derivation of the govert. lng equations, the reader is
referred to Appendix A.

For each control volume or cocpartment, the conservation equations of mass,
energy, eccentum, and volume; an ideal gas law for air, and the equation of
state for saturated secan may be written.

,

s

(x , o * - ci
L# ' ' t./ 'N t J L )
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a. Energy equation
'

A (H h +Mh + M h ) - (V + V ) d (P + P ) + (=h)outde aa ss cc as c s a
J d t'

(3.1)

-(=h)f R=

for the lower co=part=ent:

R, = [ Rate of energy out of break]
+ [ Rate of flow energy fro = accu =ulator in the for= of water and

nitrogen)
o

- [ Rate of structural heat re= oval]
+ [ Rate of flow energy of sprays if applicabic]
- (Rate of heat transfer to the su=p]

- [ Rate of heat re= oval by the ice condenser drain flow, if acting as a
spray]

- [ Rate of energy associated with the loss of condensate fro = atmosphere
falling tc f'.oor]

+ [ Net rate of flow energy in frc= the dead ended co=part=ent]

for the upper compartment:

Re = [ Flow energy of the entering spray] '

- (Structure heat re= oval rate]
[ Energy rate associated with condensate falling fro = atmosphe.-

for the ice condenser compartment:
_

Re = - [ Structure heat removal rate]
- [ Rate of heat transfer to the ice]

[ Energy rate associated with ice telt and stea= condensate falling-

from :=osphere]
'

;

'3:,,,r.si -
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b. Conservation of steam and water =asser

dM dM
S C

75[- + de + ('s out ~ ( s in " (3.2)s

for the lower compartment:

R, = [ Rate of flow out of the RCS]
+ [ Rate of water flow out of the accunulator] _

+ [ Flow rate of the entering spray if applicable]

- [ Rate of condensate falling to the floor]

+ [ Rate of steam flow from the dead-ended compartment]

for the upper compartment:

R, = [ Flow rate of the entering spray)
- [ Rate of condensate falling to the floor]

for the ice condenser compartment:
~

.

= - [ Rate of condensate f alling to the floor]R

c. Conservation of air = ass

.

"* + (m )out - (m )in =R (3.3)de a a a -

for the lower co:partment:

R, = Irate of air flow out of the accumulator]
+ [ Rate of air flow out of the dead-ended compartment]

_

for the upper compart=ent and the ice condet.ser:

0R =

a

-,-, ,
# #(p 9 J t/ 4 4# -
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d. Conservation of somentus

2
K

- IA ) nI (3.4)
2 (A

P -P =
2i j

gj pf cg
.

e. Volume conservation

dV dV

de + dt
" *

v

for the lower compartment:

R = - [ Rate of increase in sucp water volu=e]
V

#

for the upper co=parecent

R =.0
v

for the ice condenser compartcent:

R = [ Rate of increase in free volume due to ice =eiting]

f. Ideal gas law for air

(3.6)PV =MRT -

a as aa

g. Equations of state for saturated steam

P, = g (T) , h, = g2 (T) , v, = g3 (T) (3.7)
.

_

,

For superheated steam

h, = g4 (Ps ' T ) ' "s ' E5 ( s' )
__

* % r"hh*-

.s . s vea. n r
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h. Equations of state for the suspended condensate

The suspended condensate in the atmosphere is assumed to be subcooled at

the compartment temperature and the total pressure.
.

f2 (P,T) (3.8)h =fy (P,T), V =

.

1. Dead Ended Cc=partments

For the dead-ended corpartment, the structures are included as part of the
lower compartment structures, and the conservation equations of energy and
mase i=plified to:

(P +P)
i --- (M h +Mh) Ed * *

dt aa ss J de (3.9)
= (Rate of flow energy from the lower compartment)
dM

= ae ar m e e partment]
dt

dM
" 8 *#' " # " ""# * P ""

dt
.

The "two surp codel" has been retained in this LOTIC version with some revi-

sions to account for heat transfer with the lower compartment atmosphere. The

entering ice condenser drain flow temperature is calculated based on the ef-

fectiveness of its approach to the lower compartment temperature. As was stated

in the previous LOTIC UCAP, the "two sump model" was created because of the
insufficient capacity of the active su=p to contain all the water of the RCS

system, the celted ice, and the refueling storage tank. The excess water was

modelled as spillage into the pipe trench area outside the crane wall. This

water was therefore no longer available for recirculation and is modelled as
an inactive su=p.

_

.

The water cass and temperature in the su=p are calculated as follows:

M =M + (EM 4M overriow) (3.10)spill + M -

sunp,N sump,e dra

o ; -

=> 1 / v f a s s ,

e

3.2-5
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.

the su==atica is for all the flows entering the su=p.

.

su=p,o drn drn spill cump,o + Moverflow drn + Qsumo]h hH + [EM h 4M
g ,

su=p.o drn spill + Moverflow) (3.11)su=p,N M + (DI -M

the ter= Q included the heat transfer fro = the lower co=part=ent atmosphere
sump

and the heat losses to the structures in direct contact with the su=p water.

and the water volu=c in the active sump was

V =M /p (3.12)
sump ,su=p,N w

.

If the sump water voluce was greater than a specified =axi=u= active sump vol-

u=e, the spilling flow follows:

V

M = (M "#*) / at (3.14)snill sump,h, V
w

and the water = ass in the active sump was reset to
,

V
=x (3.15)H =

suCp:N V
w

/

. _

'
-

-
.

'y, , . , r < -
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3.3 METHOD OF SOLUTIO::

(a,b)-

- ._

After the conditions of the lo.ecr compartment had been calculated for a new
time step, Equations (3.4) and (3.9) were then used to calculate new condi-

tions for the dead-ended compartment and the flow rate between the two com-

partments.

,

k

tY ',

1*" '.,r,,

3.3-1
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WESTINGHOUSE PROPRIETARY CLASS 2
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WESTINGHOUSE PROPRIETARY CLASS 2

4.0 CONTAIR!ENT HEAT SINKS (EXCEPT SPRAYS)

4.1 STRUCTURAL HEAT TRANSFER

Experimental data indd.cate the presence of high heat transfer rates between
the contain=ent atmosphere and the containment structures during the blowdown

period due to the turbulence sweeping along the walls. Following blowdown, the

film heat transfer coefficient decreased to a smaller value as the condensate
film was then fully developed, and a stagnant air layer formed next to the cold

surfaces, reducing the rate of steam condensation.

The LOTIC' code has the options of specifying heat transfer coefficients as a

function of time or calculating a film coefficient similar to that employed

in the COCO [ 5 ) code for analysis of " dry" contain=ents.

The heat transfer coefficient to the containment structure is calculated by

LOTIC based primarily on the work of Tagami. From this work it was deter-

mined that the value of the heat transfer coefficient increased to a peak

value near the time of peak containment pressure and then decreased exponen-

tially to a stagnant heat transfer coef ficient which was a function of steam

to air weight ratio.

Based on experimental measurements from blowdown tests, Tagami presented a

plot of the maximum value of H , as a function of " coolant energy transfer
speed," defined as:

-

total coolant energy transferred into containment

(containment vessel volu=e) (time interval to peak containment pressure)

From this the maximum of H for steel was calculated (6, 9): q

-

H 75 [t V36
(4,1)=

max
P

H = maximum value of H (Btu /hr ft F)max

time from start of accident to peak containment pressure (sec).t =

<!.
- at_
' i

v < s <<

4.1-1
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The increase to the peak value is given by:
.-

,

H H-=

(t/t ;O1t1 ta
p (4.2)max p,

heat transfer coefficient for steel (Btu /,hr ft2o )H F=

s

time from start of accident (sec)t =

The exponential decrease of the heat transfer coefficient is approximated
by:

,

stag] e .05 [t-t ]; t > (4.3) -
'

H =H + [H -H p ts stag 22x p

a

where

2 + 50X; O < x < 1.4 (4.4)H =

stag -

H =H for stagnant conditions (Btu /hr ft2o )Fstag s

X = steam to air weight ratio in containment

,

For concrete the heat transfer coefficient was taken as 40% of the value cal-
culated for steel during the bicudown phase.

In applying the Tagami correlation to an ice condenser containment, it was
noted t at the total net energy transferred into the containment was no longer
equal to the total blowdcun energy because of the large removal of energy. from
the contain:ent by ice melting. E/V should therefore be calculated as a prior
condition for the use of equation 4.1. This was accomplished by
-

_

(a,b)
- (4.5)

-
_

The subs ripts "s" and "f" were used to designate the steam and water contents

c f ti . . ' + ' -ere average values up to t,

p.

D b
e o jl)

o_ c, : v.. .,7-
Q, ~ ~ ~
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The stagnant heat transfer coefficients were limited to 72 BTU /Hr-ft .

This corresponds to a steam-air ratio of 1.4 (according to the Tagami
correlation). The imposition of this limitation is to restrict the use of

the Tagami correlation within the range of steam-air ratios from which the
correlation was derived.

By imposing this limitation the stagnant Tagami data is kept conservative
with respect to the Uchida data given in Reference [7]. This is illus-

trated in Table 4.1.
~

The above relations are suitable for the lower and ice compartments. For

the upper compartment, since the main constituency is air and the rate of
mass and energy flow from the ice compart=ent is small, it is appro-

priate to use Equation 4.4, the steady-state relation for the whole tran-

sient including the blowdown period.

For the transient conduction heat transfer in the structure, LOTIC assumes

one-dimensional heat dif fusion. A structure is divided into many layers

and nodes according to the thermal properties and thickness of the struc-

ture. LOTIC allows for as many as 100 nodes for any structure if needed.

"' ~
.,"~_ U myr, ,
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Table 4.1

Steam-Air Ratio Uchida Coefficients Lotic-3 Tagami Coefficients

M /M Stu/(hr-ft - F) (Btu /(hr-ft - F)g A

.02 2. 3.

.05 8. 4.5

.05556 9. 4.8

.07143 10. 5.6

.1 14. 7.0

.14286 17, 9.14

.2 21. 12.0

.25 24. 14.5

.33333 29. 18.7

.43478 37. 23.7

.55556 46. 29.8

.76923 63. 40.5

1.25 98. 64.5

2. 140, 72.

10. or greater 280. 72.

1-~
O n o ,,..,
U N} O TAl|}^g



,

,

,

e

. -

5.0 C059 UTER CODE DESCRIPTION
-

5.1 GENERAL DESCRIPTION

The mathematical =cdel described in this report has been implemented as a digi-

tal computer code having the name LOTIC-3 (Long-Tern Ice Condenser Code). The

input data consi;cs of geometric, engineered safeguard syste= design and energy

and mass release into the containcent information. The format for input is

discussed in Section 4.4 of this report. The output data are avcilable in

tabular and graphical formats.

.

.

h

/

e

g
[3ms a

s di e .s<.

5.1-1
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5.2 LIST OF SUBRCUTINES

LOTIC Main program. Calls for major subroutines.

AUTOME Adjusts tice step length if necessary so that the percentage changes

of certain compartment para =eters will not exceed an input value.

CRAlSE Compares and records the maximum and mini =um percentage changes of

certain compartment parameters (for use in AUTOSE).

READ Inputs and prints the input data.
.

-

WREADF Prints the input data on film.

I

INIT Sets all constants and calculates compartment conditions for the

blowdown period.

MAEN Calculates the masses, enthalpies, internal energies and specific

volumes of air and steam in a compartment for given pressure and

temperature.

MAFLO Calculates heat removal by ice.

BODRIV Serves as a driver of matrix solution routines (also updates sump
conditions).

DERIVE Calculates deri-tatives of the " steam table" functions.

VECTOR Calculates ele =ents of the vector R as defined in Section A.7.

FILL Calculates elements of the = atrix as defined in Section A.7,

= atrix solution, calls for time step adjustment routine, checks

f im. re. cts .o, ar.. updates compartment conditicns by rate integra-

d
~ "

IU] w'l u, 'au
o

[in,
~

Cm T; pq~ _, ,r . m
e

>
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BOOM Sets saturated /superheated flags if necessary.

FLOW Calculates SIS flow rates and enthalpies, = ass and energy release
rates from RCS and accumulator, and the cooling by heat exchangers.

RECALC Updates ice =elt and inventory for each of the six sub-compartments
in the ice ccadenser. Also calculates surp conditions during the

blowdown.

PCALC Handles containment depressuriestion period.

.

.

RESP 0 Calculates upper and lower compartment temperatures during long-
'

term.

.

TRANS C'}culates air reverse flow to the lower co=part=ent using " bubble

model".

WRITE Prints the results on paper and film.

PROP Calculates the derivative of internal energy with respect to te=per-

DER 17 1 ature for use in RESPO.

DCAY Calculates decay heat as a function of time (an option usually sup-

pressed by direct input of cass and energy release rates).

SID Linear interpolation or extrapolation of tables.

HEAD Prints title to describe the job.

WALLT Computes temperature distribution and heat losses / gains for the

compartment structures or walls.

CRMAK Calculates the heat transfer coefficients between structures and
compact.nent atmosphere.

,,, , ,
v.e s o., s ?
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HMCADM Calculates the heat transfer coefficient between the containment
structure and its external environment (including natural convection

~ and solar radiation).
.

TUNAR Calculates exit flow rate and temperature from the ice condenser

drain pipe. Also updates the total mass and temperature of the ac-

cumulated water on the ice condenser floor.

The following routines are " steam table" routines:

.

HSV Calculates enthalpy, temperature entropy and specific volu=e of

saturated steam for a given pressure.

IISS Calculates enthalpy, entropy and specific volu=e of superheated

steam for given pressure and temperature.

HCSLV1 3
I

VEST I
> Internal to steam tables.

VLIQ l

>
'

GRS '

PSL Calculates pressure of saturated steam and liquid for a given tem-

perature.

TSL Calculates te=perature of saturated steam for a given pressure.

HCL Calculates enthalpy and specific volume of a compressed liquid for

given pressure and temperature.

HCSL Internal to steam table. ._

HSL Calculates enthalpy, entropy and specific volume of a saturated

liquid for a given temperature.

Several subrcut; , for plotting are available for use with LOTIC.

53fIflI Ji '''"} n,
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5.3 FLO'a' DIACIWI FOR LOTIC-3

_

(a,b)

.-

=

/

e

6 ?a 9 "f 94 ''g=*

** 'd } ,,,. _ .

5.3-1



.

p

54 I::PUT DTCC",IPTIO]

Card I.D. Format /Sebol Description

(a,c
__

1 and 2

(titles)
.

3

(program

control

parameters)

-

d

4 -

(program

control

parameters)

5.4-1
9. ; ,,n#9U W I L. s ,v f
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a**

d

Fo rnat /Svrbol Description
{yylI.D.

_ (a,c)

5

(program

control
parameters)

.

m

/

-
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.

C.ird 1.D. Format /Sr.bol Description
,.

..
(a

6

(pror, ram

control

parameters)

.

Ep

[

(s- 7
~

(program

control
.

parameters)

,

'I
-t e%.

-

' R. s * .g A
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Card I.D. Fo rma t/Synbol Description

(a,
- 8

(tabular
data control
parancters)

9

(: =p:::::::

vall data-1)
.

/

* * *
_

A # a-w g,

'' ' ' % ) C',
,

'

,

5.4-4
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Car'd I.D. Format / Symbol Descripticu

- (a.C)
10

(compartment

wall data-2)
,

,

.

.

11
-

(external
vall surface

heat transfer

controls)

.

12

(external
wall surface

heat- trans fer

coefficient

tables)
.

L " , > ^ *yy

''' '
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Card I.D. Fo ma t /S vinbol Description

- (a,

13 ,

(external
vall surface

spray

paraceter)

14

(inner wall
heat transfer

coefficient

table
'

controls)
-m

L
15

(inner wall
heat transfer

coefficient

tables)

16 '

(time step

table)
.

17

break flow

tabic

,

controls)

<...n, . , , ,,
.,o <>re - -

5.4-6
.



Description (a,c)Card I.D. For u.it /Synbol -

18
~

(break ficw
tables)

,

.

19

(heat
addition

table

controls)

20

(heat
m.ltion

tables)

21

(air
addition

tabic

controls)
-

22

(air
addition

tables)

23 ,

(boil-spill

table

control) ,

24

(boil-spill

table)

IIO oE"7,9
5.4-7
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'

!
24A 6

'

( Al ternate .
'

Boiloff
Table
Control)

i

,

i

e

f
:
1

24B |

(Al terna te
'Boiloff

Table 1) |
I

1

I
t

25B !
i

( Al terna te
Boiloff

Table 2)

- -

.

. '

.

<

e

, *g *, *
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k Card l.h Fornat/2ghol Deseription [

_
(a,c) -

25

(zirc heat
table controls' , +.-

,

,

"O 26

(zirc heat
tables)

d

,

..

27 -

~

(compartnent.

initial
'

conditions)
..

Q

..

., *

.. ,

..

t. ? ?28
)..

(cafety

injection and

internal-

spray) ,.

.

4

,

4 .

<

~.

29

.7 (heat
exchanger s.
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Card I.D. Fo rma t /Sy mbol pescr ip t ion (a,C)
_

(

'

I

,

(

I

30

(heat
exchanger

parameters-2)

/

31

(cooling
tower / pond

'

'water para-

meters)

32

(safety

inj ection

system (SIS)

parameters)

33

(second

recirculation

fanparametersh
_

5.4-9 3|}:0,']'j;?



.

.

Card I.D. Fo rt,a t /Svr.b ol Description

(a.c)
..

. . .

(safety

injection sys-

tem flow dis-

tribution)

(Figure 1)

35

(ice con-
denser flow

distribution)

36

(ice con-
denser flow

distribution-2)
,

s

37

(ice con-
denser flow

distribution-J:
.

38

(ice con-
denser angular '

section)

39

(ice con-
denser para-

meters)

o j ,, . s
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Card I.D. Format /Svnig Description
-

L '
~

(a,c)
,

40

(Ice
column table)

41

(Sump supple- -

=c'n t)

42

(Control
volume ten-

perature and

pressure table

controls)
.

43

(Tables for
temperature ant

pressure tran-

sients during

blowdown) c, ,
n',p.. '
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F_ormat/Syrhol DescriptionCa rd I .D. o
'

(a.C)
. .

44

(Flow re-
sistance

K-factor per

area square,

K/A )

45

(K-factor -

and blew-

down con-

ditions)

46

(Heat trans-
|

fer data for

icwer com-

partment) ,

)

47

o n c 7 cr-o V 0 ,6 o 3

.
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5.5 LIST OF CODE OPTIONS IN SPECIFYING STRUCTURAL

HEAT TRANSFER COEFFICIENTS

Structural heat transfer coefficients may be input as a function of time, or

calculated by the code using correlation based on the experimental work of
Tagami. As an extension to the input description in the preceding section, the

following lists the options of specifying structure heat transfer coefficients

through the use of the input parameters, ITBL(I), CT(13), CT(14) and CT(31) .
The user must determine which option is most suitable for his application.

'

_ ...

(1) Input of structure heat transfer coefficients as a function of time:
.

ITBL(I) > 1
, .

(2) Use of Tagami correlation as described in Sec. 4.1

ITBL(I) = -1, or -2

CT(13) = 0, CT(14) > 0.

where CT(14) denotes the time of the containment peak pressure.

(3) Use of Tagami stagnant heat transf er correlation, Eq. 4.4 over the whole

transient

'
ITBL(I) = -1, or -2

CT (13) = CI(14) = 0.

(4) Input of an average structure heat transfer coefficient during blowdown
,

and the use of Tagami correlation after blowdown

ITBL(I) = -1, or -2

GT(13) > 0. , CT(14) = 0. , and CT (31) > 0.

~ , . s.
* Q $ & ,

5.5-1
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where CT(13) and CT(31) denote respectively the structure heat transfer

coefficients before and at the end of blowdown. i.fter blowdown, the

structure heat transfer coefficient is assu=ed to decay expontially fol-

lowing Eq. 4.3.
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APPENDIX A
_

DFRIVATION OF CONSERVATION EOUATIO'!S

The purpose here is to cheu tlie final mathematical forms of the conser-
vation equations which are used for solvina the comoortment cond.i t ic as
and flow rates. The equations are derived by substituting the ideal
gas lau for air and the ecuations of state for steam into the conserva-
tion equatier.s of energy, nomentum, rass and volume for each compart-
ment. The equations are derived senarately for saturated!- ;.nd : g r.e r
heated conditions. Four parameters, the steam prescure, the casses of
air, steam and suspended water are used to define the condition of a
saturated compartment. For a superheated compartment, temperature is
used to replace the suspended water cass as the fourth parameter.

*The equations for saturated compartments have already been presented
in Appendix A, Reference 3. They are included here for conpleteness,

e. . ; 'n
u a .' k j f a , ,

e
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T11FAI. PAS T.AW A!iD Tif E FOL'ATIOfiS OF STATE,A.1

v

.r. - -,,r .i S.itirrated Comnnrtment ,.

i .,r
tiie ;tean and suspended condensate in eacii compartment, clic rates of cliange

he related as
.

i nti.alpy and specif ic volun:e ma,..i p i c . .s ii r . ,
(a,c)-

,_

(A.1)

(A.2)

(A.3)

(A.4)

_

_

For the air in each compartment

(a.C)
-

(A.5)

(A.6)

-

Substituting,1:quation (A.3) into Equation (A.6). we have
(a.C)

_.

.m

1e

uhmu m, [Mi: w, ,en_.m
.

A.\.\
..

_
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For a Sunerheated Compartment

a

The rates of change of pressure, temperature, enthalpy cnd specific volume for
superheated steam are related as

- ..
_ (a,c)

(A.la)

(A.3a)
-

-

3 - 3

And for the air
_ (a,c)

(A.5a)

-

% *

(A.6a)
_

A

Substituting Equation (A.3a) into Equation (A.6a),

(a,c)
_

.

(A.7a)
-

_

For the upper compartment, V = 0, Equation (A.6a) simply becomes

- (a,c)
,

(A.7b)
-

_

U%1 u f-a u . % j

..

'

. . , sr .7.. . . . ~ ,. . ; .; v.s ..;r a , . ..,- . . . -(_ , ;,, .- n . , .:. y . .;.,. p ;.. ; . ..
. : . .. .. . .

_
_ ;.

_
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.

.

Since the air and steam mixture in each compartment is assumed to be completely
mixed and the flow leaving a compartment consists of steam and air, the following(,,
relationships also hold

_
_ (a,c)

(A.8)

(A.9)

(A.10)
- -

The above equations are now ready to be substituted into the conservation
ecuations of energy. mass. mnmentum and volune. For simplicity % d:rtycti:n,

we will consider a j-th ccmpartrent which nomally receives flow from compartment
i and exits flow into compartment K Subscripts 1, 2, 3 and 5 will be respectively
used to designate the upper, lower, ic4 condenser and the dead-ended compartments.

.

.

I

nk,m n nm!!di
.

00 eub Ud 3 4 7- . ,. .,~
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A,2 ' E;;Enr,y Erl"AT:0:!S FOR Tf!E J-TH CO. Pi'RTMErlT
"

I f_the,_com;artment is saturated _ )
-

(A.11)
-

_

Expanding and substituting Equations (A.1) through (A.10) into Equation (A.ll),

v:e obtain

(a,c)
_

T

(A.12)

where E abbreviates:
(a,c)

_
-

._

(A.13)
.

-
_

The utibscripts ' and m in Equation (A.12) are used to designate:

1 if nE3 > 0 (A.14)
.12. =

q <. 0 (Reverse flow)j if m

i ifmk>0 0 * O TIj ( A .15)
k if m 50 (Reverse flew) oo1m

g -

opg7
o JO _ JJ _1 _a

.

W:.:a
- - . _.
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If the cr~partment is superheated
__ (a,c)

_,

(A.lla)
-

__

Expanding and substituting Equations (A.la) through (A.7a) into Equation
(A.lla),

(a,c)

(A.12a)
-

-

For the upper compartment, we use Equation (A.7b) in place of Equation (A.7a) for
substituting into Equation (A.lla), and we obtain

(a,c)

j !

c or,ow$b du bU =dib (^.12eo m.~ ~,.,a _..

6 4.>
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The expression for Rg
- - -

- /
*

.

The following expressions for R are applicable whether the compartment isej
saturated or superheated even though the tena for drain energy, m hdrn c

loses its meaning and becomes zero under a superheated conditions.

(a,c)-

.

h

(A.17) ,

(A.18)

.

e

4 * N' 4

6 5 t / % J '#mer s A

R .s .'A
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A.3 co::SEP.VATION OF STEM 1 AND WATER MASSES

Usin;; a similar procedure and the nomenclature as in the derivation of the
energy equations, we obtain

For a Saturat_ed Compartment
(a,c)

(A.19)
_

And (a,c)

(A.20)

(A.21)
.

(A.22)
-

_.

For a Sunerheated Concartrent

Equations (A.19) through (A.20) are val d if i and are set to zero.dW

_. .

u t ? . m ., . -

A.3.1
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A /, cm,'|':1:!9/ATIO!I 0F AIR MASS

F<ir any compartment saturated or superheated,

(a C)

(A.23)
-

,

And

(a.C)- -

(A.24)

.

(A.25)

(A.26)

- -

u.

9

g,4.g o; .,s
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~

. me -m



.

A.5 CO:4.9EI' VAT 10:; 0F !!O.'!E:4TCi

The hydraulic equation between compartments J and k,

/(20 g A2) ( _2y)P -P =K m

But,

.

+ P) atP =P
g

*
. .

sj) atjo + (Paj + P=P .

-

Substituting into Equation (A.27)

sj jk jk (20 $ At A2 )] = -(P -P g)/At (A.27a)+ h ~ (K /P k

_

(a) If both concartrents i and k are saturated,
-

_

SubstitutingEquation(A.7)forh,)andP, into Equation (A.27a) we obtain

(a,C)
_

,

(A.28)

<1 ~. . ~ . . ,
*JVse, t;

.bd
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(b) If both co-nartrents i and k are sunerhe.ated

.

Substituting Equation (A.7b) for P andh's into Equation (A.27a) to obtainb
an equation similar to Equation (A.28). If one of these compartments is the

upper compartnent, use Equation (A.7c) for this conpartment.

(c) If one connartnent is saturated and an other sunerheated

Equation (A.27a) is substituted using h, and h fr a Equatiens (A.7), (A.7a),ak
or (A.7b) whichever is applicable.

.
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A.6 Vol.t':tK CO 'il":VATIO.4

4:itiir:tted compa rtment_
-

l'r r a

dV dV
- IN #3 = R <g ,n)'

& '- -
dL dt vj

Applying I:quations (A.3), (A.4) and (A.7) to (A.29),
- (a,c)

.

(A.30)

._

--

.-
For_ a superheated cercartnent

dV i (A.29a)=R
dt yj

Substituting Equation (A.3a) into Equation (A.29a),
(.%c.)

(A.30a)

(A.31)

( A .12 )

-

A.6.t
s. ', * ''Re

u. .,<-.a
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A.7 "!;Tli'lI8 C WWC

Equ it ions (A.12) through (A.32) are conservation equations which govern and
Inter-relate the conditions for the three cenpartments; upper, lower and ice
conitenner compartnent. Since any of the compartrent could be saturated or

.uperheated anytLee during the transient, there are a total of eight probabic
..at.iinnent c o n.! i t ions (2 ) . For cach of these probable containment conditions,

F.:n.it i ons (A.12) through (A.32) provide 15 appropriate simultaneous equations,

. i a.1 in natrix notation

_
(a,c)

( A .3:-

.

,

.

s

v

.

D D.

Soa.

B ~

@ ~1T Q F
a JC & .]du!!d a

, , , . , ,,,g
t u' '' b u t o . t ;

I or .3 sure:heited cocyiartment, h* ~
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,.- At the end of calculation for each time stcp, the compartments are checked for

k. possible switching of states (saturated or superheated). A switch from saturatedm

to superheated states occurs when the mass of suspended water, !! becomes zero

or less. In order to avoid needless iterations and computation time, the switch

is carried out when the water mass becomes small such that (M . /M . ) < S << l .cj sj

The user may input appropriate S value for his particular application. It is

expected that the containment conditions should be insensitive to the S value
chosen as long as it is small. For our analysis, will be taken as 0.01. On the

other hand, a switch from superheated to saturated states is carried out when
a compartment temperature is equal to or less than the saturated temperature
(evaluated at its compartment steam partial pressure).

s

e

%

f

() *1 8"a # ._g

v ' 3 ek s .
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WESTINCIIOUSL PROPRIETARY CLASS 2

.

v

A.8 CALCULATION OF THE DEAD-END COMPARTMENT CONDITIONS

Af ter t.he conditions have been obtained for the dpper, lower and the ice con-
denser compartments, a new flow rate between the dead-end compart=ent and the

lower compartment may be calculated using Equation (A.27). The new conditions

f or the dead-end ccepartment may then be calculated ecsily using equations as

presented at the end of Saction 2 of the main test.
. .

C

r
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APPENDT'< B

CODE VERIFTCATIO!I

A computer code can be verified in any nucher of vays. Tuo aoproaches

are to compare the results with other accepted analytical tools, and to
compare calculated results with test reasured results. It is these tuo

approaches which were used to verify the LOTIC-3 computer code.

B.1 CODE CO?TARISIONS

.

Figure B1 gives a comparision between LOTIC-3 and the COCO {5] o o rf r

(an acceptable, single volume, containment co=puter code'9y) .
r

code

The comparison mcde was for CVTR test 3. [Later in this section
further discussion of these tests will be cade] . This excellent com-
parision indicates the required consistency, and unifo rnty betueen the

_
two codes. Futhermore it deconstrates the correctness of the previously
mentioned ecdifications to the LOTIC-2 cc=puter code.

s,

B.2 TEST MODELLING ,

In order to use the code to calculate containment temperature and pres-
sure transients for steamline break accidents, the code modelling on
structural surface condensation and revaporation, and the condensation
heat transfer coefficient were evaluated to find their applicability

and conservatisa under superheated steam blowdotm.
'

Condensation-revaporization was studied by cceputer ccde simulation of
lCVTR tests using dif ferent assumptions and the Tagami heat transfer

coefficients were compared to a more detailed heat transfer correlation
based on Tagami and CVTR heat transfer test data.

C. q . 9no
O%*vs .. .

.
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B.2.1 Condensation Devaporization

The CVT3. tests were superheat steam blowdown tests. The containment

free volute is about one-eight of a typical PUP 3-loop containment and
one-tenth of a 4-loop containment. The bloudown steam enthalpy is 1195
Etu/lbn uhich was about the same as a postulated PUP =ain steamline
blowdown under the assumption of no moisture carryover. The blowdown
lasted 166.4 seconds and the average rass' rate pervolute was equivalent

3

to a 3-inop 4.6 ft' break under no load conditiens.

Figure B2 shows the CVTR containment. The containment free volu=e was

separated into threc regions--operating, intermediate and basement
regions. Steam blowdown occurr'ed in the operating region and spread

out into the ethcr rcgi;ns through an cpcn ar:n in the cpernting fl:cr.
Tests 3, 4, and 5 were essentially the sara for the first 166.4 seconds,
and thereforc only test 3 will be considered here.

C Two condensate models will be considered in the corputer code sinula--

tion of the CVTR tests. The first one is the design =edel. This =edel

assumes that an equilibriu= condition exists between the condensate

(attached on the cold structure) and the containment stea= air atmo-
sphere. At each time stsp, the conservation equations (= ass, energy
and state) are solved si=ultaneously to determine a new containment

air-stean-condensate condition. If the calculated condition is a sat-

urated state, water tass (condent. ate) forms and is assumed to fall
instantly into the su=p. On the other hand, if the condition is a

superheated state, the water = ass would not f o r= at that time step. The

assumption is conceptually justified by the rapid temperature increase
at the condensate fil= surface due to increasing contain=cnt atmospheric

temperature. The condensate which is at a saturated state based on the
interfacial temperature at a previous time step revaporizes under the
exposure to a superheat atmosphere.

,s c

' Oj .

.ni
d u'. -

, . . ,

-

-
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The second condensate codel assures that the condennate is modelled
separately fron the calculation of containnent atmospheric conditions.
This model also maximizes the rate o f condensate formation by assuning
that heat transfer from the containment atmosphere to the cold struc-
ture is the result of a phase change only. At each time steo, a rate
of condensate formation is calculated by

.

6 =0/ (h - h)condensation - v f

where h is the rate of structural heat renoval, h is the saturatedy

vapor enthalpy, and h is the saturated liquid enthalpy. The conden-g

sate is assumed to drop out without being revaporized by the superheat

atmosphere. For convenience, the results obtained using this model
will be denoted as " condensation uithout re-cvaporation".

.

The two condensate codels were 16corporated into the LOTIC-3 code to
simulate the containment responses during a CVTR test transient. The

ReferenceIO3information required for t$e calculatica were taken fro:( input

The CVTR containment was modelled by a 3-node LOTIC-2 code to represent

the operating, intermediate and basement regions. Measured regional
heat transfer coefficients were used. The comparison with test results
is shown in Figure B3 for the design condensate =odel (condensate-re-
evaporation) and in Figure 34 for,the condensatien without re-evaporation
model. Good agre =ent with the =casured temperature is obtained in all
regions when the condensate-re-evaporatien model is uced. Extremely

high temperatures were obtained if no re-evaporation is cssumed for the
condensate, and consequently an extremely poor test match.

The preceding code simulation of the CVTR test required input data on
detail structure information. This was done by taking the data directly
from the test report {8]. Because of the uncertainty in structure data

as mentioned in the same report, a sensitivity study of the code calcu-
lation to structure data uas perforned and is shown in Finutes B5 and

B6 An arbitrary value of 607. increase in steel volume (exceeding

m. - ,3 .
U - ..% ,

6.1/k
- --. . . . -
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I

- uncertainty limit) was added to the structure data. While decreases in

temperatures were observed, the complete condensate drop-out model (no
re-evaporation) still yielded high temperatures uhich were not represen-

tative of the test.
_.

B.2.2 Structural Cendensing I! eat Transfer Coefficient for 9 tea,11ne

Break

Tagami heat transfer coefficients 6) have been used widely in contain-T

cent analysis. These heat transfer coefficients were the result from

extensive expericental ceasurements based on simulated LOCA bloudowns

of varicus blowdown fluid conditions and flow rates. The most important

contribution from these tests was to provide a quantitative relationship

between structural neac transfer coefficient with a turculance para-

meter, the " energy transfer speed". Pany correlations with only slight

differences were developed and used by various containeent analysts and

were known as Tagami or modified Tagani heat transfer coefficients.

The correlation of the Taga=1 heat transfer coefficients is contained

in the this code * and the COCO code. The correlation will be used in

steamline break as follows:

. 1. The peak heat transfer coefficient is assumed to occur at the end

of the large blowdown rate period when the intact loop steamline

isolation valve is closed.

.

2 Saturation t2 perature instead of superheated containment tempera-

ture is used for structural heat transfer calculations.

The first assumption is based on the similarity betueen the large blow-

down rates during the early transient following a main steamline break

and a LOCA bloudown.

*See Section 4 of this report<

oq nc . ,
ua>vQs .a
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The assunption of saturation temperature for structural heat t rans fe r
rate calculations conservatively neglects any heat removal when the
structural surface attains the saturation terperature of the contain-

ment steam. .

Another conservatism is to 'mcognize that the Tarani tests were t'm
phase bicudown and the current steamline break assumes pure steam with
no moisture carryover. Pure steam should have better contact with the
structural wall and a thinner condensate film than a tuo phase fluid.
Therefore, it should buve higher heat transfer coefficients. This is

probably one of the factors which could contribute to the underpredic-
.

tion of the Tagami correlation to CVTR test data.

Figure B 7 compares the reasured test pressure transient with those cal-
culated by CCCO using the }T Tagani model and the average measured heat

,

transfer coefficients. Both C0CO calculations overpredict the test

results, and the E Tagari model yields the highest pressure. Thus
illustrates the basic conservatism in our models. Figure B6 shows''

,

similar results for the teeperature transients.

As further verification of the conservatism of the Tagami model, a new

correlation has been developed and compared to the Tagami results. The

- basics are as follows:

When steam is blown into a conraincent free volume, it induces turbu-

lence in the containcent atmosphere by its tonentum and energy. The

intensity of the turbulence depends on the blowdown rate, the size of
the containment and the available heat sinks. The intensity of the

turbulence will ultimately affect the cagnitude of structural condensing
heat transfer coefficient.

Blowdown Resulting Transient

Containment Condensing Heat

Atmosphere Transfer Coefficient,

I(t') h(t)
Q(t,t')

<v: . ...
* E N >O f
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The condensing heat transfer coefficient h(t) may be written as
- _

(a,c)
- __

where C is a correlating constant. The blowdoun function 1(t') and
the contain=cnt respense function :(t,t') are correlated using Tagami
heat transfer test data.

Only the final correlating equation will be given here:**

(a,c)--
-

__
_

s

where M - time dependent blewdcun rate of steam mass
s

M - contain=ent air = ass
a p

( AM,- Het increase of steam mass in the containment atmosphere
containcen t free volumeV -

Results and comparison:

Case 1 - Comparison of the new correlatien with Taga=1 data is shewn
in Figure 38 Good agreccent is obtained for both large and

small blowdcun rates.
-

Case 1 - Comparison of the new correlation with the CVTR Test #3 is
shown in Figure 39. Good agreement is obtained for all
three regions of the containment. L'e note that the required

flow rate for the evaluation of the new correlation were
taken fre: LOTIC-3 results (See Section 2d).

** Detail description in Appendix C

c. 3 m
*

.n
u n . . p r, ,
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Case 3 - Comparison of the new correlation with COCO Tagani correla-
tion is shown in Figure L10. The cas 2 analyced is a 3-loop

plant with a 4.6 ft main steamline break. The Tagami

correlation is shown to yield lower heat transfer coefficients
in comparison with the neu correlation.

In conclusion, we have shown that for steamline breah analysis , the
Westinghousc Tagami correlation calculates conservatively lower heat
transfer coef ficients in comparison with a new correlation which has
been shown to agree spil with the Tagami and CVTR test results.

.
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APPENDIX D
I

NRC ADDITIONAL INFORMATION

- - . --. .

QUESTION 1 -

.

Provide and justify the assumption mde for heat transfer to the ice baskets.

Discuss the conservatism of these assumptions for containment analysis.

Provide and justify the values assumed for the ice condenser air and unter

exit temperatures for the steamline break during the blowdown and post-

blowdown periods.

RESPONSE

hhss and energy release rates and integrals are considerably less for

a steamline break than for double-ended RCS breaks. However because of the

higher enthalpy of the steamline blowdown, it is probable that the maximum

calculated atmospheric temperature will be set by a steamline break. The

IM IC-3 computer code was developed to analyze these secondary side accidents.

In a steamline break analysis the rate of ice melt is calculated using

an ice condenser drain temperature based on the Waltz Mill test. During

the Waltz Mill Test series it was found that ice condenser drain temperatures
.WM

of
,

consenratively predicted the ice melt during the blowdown
.

and post-blowdown periods. Even though the limiting steamline break's mass

and energy release rates are greater than the post-blowdown rates used

]WA)
.

ice condenser drain temperature will be used toat Waltz Mill, th
,

calculate the rate of ice melt. Thus, IDTIC-3 calculations will conservatively

overpredict the ice melt.
.

O

D.(



. . . . . . . . . . . _ . . _ . _ . - . . - _ _ - - - - - . . _ _ - - - . - - - - . _ _ _ _ . _ _ _

>

.

.,

'- ne steam and air exit tanperatures from the ice bed help set the

containment pressure during the transient. The method IDTIC-3 uses to

calculate ice condenser heat transfer (exit temperatures) is basically

the sa:ne as that used by D'D (NCAP-8077, with the modifications noted in
- - 4 A c-)

WCAP-8282). The eljac used is
,

, the same eljac as used by DID.

Since the limiting accidents are superheated, the lower conpartment tem-

perature transients are relatively insensitive to changes in containment

pressure and thus to eljac. Figures 1 to 3 give ice condenser exit temperatures

for three of the most severe san 11 break accidents. (See Questions 7 and 12)
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OUESTION 2

RESPONSE

See introduction

.

C.

$ '4 * *** a s .e,

6.o 4* 4 ) 4_,
,

9Y

h.b

-



.

N
"

QUESTION 3

The energy removal and addition processes for the lower compartment and

the ice condenser ccapartment are discussed on page 3.2-2. For analyses

of steamline breaks, provide all equations and assumptions for each of

the following processes. Indicate whether the quantities are added to

the atmosphere or pool region. Provide this infomation also for prirury

system DBA and ECCS calculations if they are to be analyzed by LOTIC-3.

Rate of flow from the accumulator for water and nitrogen;a.

b. flow frca the containment spray system;

c. heat transfer to the sump;

d. ice condenser drain ficw;{',
e. condensate from the atmosphere;

f. energy associated with ice melt; and,

g. rate of heat transfer to the ice.

RESPONSE

In the energy removal and addition processes in a steamline break

analysis with the IDTIC3 computer code, the following equations and

assugtions are applicable:

The rate of flow frcm the accumulator for water and nitrogen isa.

zero.

b. The flow from the containment spray system is mixed with the
,

atmosphere and allcwed to come to themal equilibrium. Therefore ,

" ithe rate of energy addition is m h -''s
- ,

.

sp sp %

p.?
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(. The heat transfer to the sump is zero.c.

d. The heat removal by the ice condenser drain flow is zero,

The rate of energy removal associated with the loss of condensatec.

from the lower compartment atmosphere is 5 hc (where h =h = f(P ))'c c f s

this is taken from the atmosphere and added into the sump.
I

For the ice condenser compartment, in the energy removal and addition

processes during a 10 TIC-3 analysis of a steanline break,

a. The rate of heat transfer to ice is simply,
A

I ice
(IbT)dA (See Response to Question 1)

o

b. The energy rate associated with ice melt and steam condensate

falling frcm the atmosphere is (5 h * h )Iice melt ice melt c c

where h = f(P ) *c s

'd O',|~| ?
'

o.s
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QUESTION 4

Page 3.2-5 states that suspended condensate is assumed to be subcooled at

the compartment temperature and total pressure. We believe that a more

appropriate assumption would be to assume the condensate is 5aturated at

the partial pressure of steam in the containment. Discuss the conservatism

of your assumption for containment analysis.

.

RESPONSE

Althe"gh the analysis is insensitive to this assumption, the IITTIC3

computer code has been modified such that ccndensate is now assumed to be

', saturated at the partial pressure of steam in the containment.
J

nz,
Uk g

0.9
^' 1' 9
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QUESTION 5 RESPONSE

see introduction
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QUESTION 6

Pmvide and justify the assumptions mde for heat flow to containment heat

sink stmetures below the liquid surface in the sump, and the heat transfer

from the atmosphere to the su p water. These are discussed on page 3.2-6.

RESPONSE
.

Even though the IDTIC3 computer code has the capability to include heat

transfer to the contaiment su p, from the 1cwer compartment atmosphere, in

the IDTIC3 analysis of a steamline break this option is not used and no

credit is taken for this heat renoval mechanism.
~

The water of the sump in an ice condenser plant covers sane structural

heat sinks. Provision is mde for heat transfer from the sump to these

stmetures using the average temperature of the sump and the outennost wall

tempersture as the driving force. This mechanism is the only cne which

transfers heat to these stmctures. A contact heat transfer coefficient of
,

200 Bru/Hr-ft~ *F is normally used in this analysis. However, the magnitude of

the heat transfer coefficient does not impact on the analysis. Using heat
2

transfer coefficients of 2, 200, or 2000 Btu /Hr-ft - F would not change the

containment temperature and pressure transients following a steamline break,

since as mentioned previously no heat transfer is pennitted between the

lower compartment atmosphere and the sump.

o- . - . ,p. t\ v i > u d ,J f ,
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( W TION 7

Section 2.0 states that the LOTIC-3 assumes that all liquid condensed on

the . structural heat sinks is assumed to be instantaneously remixed with

the containment atmosphere. This model artificially suppresses the a:nount

of atmospheric superheat. As discussed in our Topical Report Evaluation

in our letter dated January 29, 1976, we concluded that this assumption

is unacceptabic for analysis of stcamline breaks. We believe that the

major portion of the condensate will flow down the containment wn11s and

intemal stmctures into the sump without mixing with the containment

atmosphere. The assumpticn of complete condensate removal is conservative

for these calculations. Revise the LOTIC-3 code to include a conservative

model for removal of condensed liquid from the containment atmosphere.

RESPONSE

7.1 50 DEL DESCRIPITON

The IDTIC-3 computer code will be used to analyze large and small

steanline breaks at various power levels. Small steamline breaks are

defined as those which are sufficiently small such that an isolation and

a trip signal from the high steam flow / low steamline pressure protection

system is not generated, nor is this break large enough to result in

liquid entrainment in the blowdown. Tables 12-1 to 12-3 (Question 12)

give the mass and energy releases for these breaks at power levels of 102%,

<m
U\ * % , e3 s .V!

D . G.
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Even though
70%, and 30% power for a typical 4 loop ice condenser plant.

it has been shown using the GTR test data that condensate revaporization

occurs under superheat steam environment, the WTIC-3 computer code has

been modified to include the assumption that no re-evaporation of the con-

densate occurs in the analysis of these most severe small breaks.

{in the follcwing Section 7.2) which includesA model is described

the effect of convective heat transfer from the containment vapor to the con-

tainment structures, this model has been incorporated into the LOTIC-3 computer

code and is wed in the analysis of small steamline breaks. (This is the same

model which has been reported in NCAP-8936, ref. 1.)

For large steamline breaks inside of an ice containment the model pre-

viously presented in ref. 2 will be used. In large stemline breaks entrainment

carryover is expected during the blowdown, and the high degree of turbulence
Verification

makes revaporization of the condensate a realistic assumption.

of the condensation model has been provided in our previous EMIC-3 submittal
As this

(ref. 2), in the fona cf a comparison with the CVTR test data.

subnittal has shown the WTIC-3 condensation model conservatively predicted

the CVTR test data, even when the steel structural heat sinks were increased

Another consideration when comparing the CVTR tests to the iceby 60%.

condenser plant is that turbulence even for small breaks as measured by the

parameter h, is considerably lower in the GTR tests
~

than in the lower compartment of an ice condenser plant during the early

transients.

OO bdQ]
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StfMARIZING

1) The IDTIC-3 computer code has been modified to include the assumption

that no re-evaporation of the condensate occurs for small stea: aline

breaks. A model described in Section 7.2 which includes the effect of

convective heat transfer from the containment vapor to the containment

structures is used for small breaks.

.

2) For large breaks, liquid entrainment is expected and the condensate

revapori::ation model is appropriate for use. Verification of this

condensation model is based on the CVFR test comparison previously

sutraitted (ref. 2) .

7.2 (MVECTIVE lEAT TRANSFER ANALYSIS *

hhen a condensable vapor is in contact with a surface at a temperature

below the saturation tanperature of the vapor, condensation occurs. The

rate of condensation has been found to be strongly affected by the presence

of non-condensable gas (ref. 3 5 4) and the flow of the vapor steam (ref. 5

4 6) . The probler. of forced convection condensation in the presence of

non-condensables and interfacial resistance has been solved analytically by

Sparrow et.al. (ref. 7), under the assunprion that the convective heat flux

from the vapor gas mixture is negligibly small compared with the contribution

*See also Section 2.1 of Ref. 2 c, . , , .

-% ,
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of the latent heat. This is generally the case in the evaluation of overall

heat transfer. Ibwever, in the analysis of a containment transient condition

under a superheated steam blowdown, the containment temperature is very

sensitive to the amount of steam mass in the containment atmosphere. The

convective heat flux, though only a few percent of the overall heat flux,

can change the stecm mass in tha containment atmosphere and thus affect the

containment temperature substantially. It should, therefore, be considered.

The physical model includes a liquid film adjacent to a cold surface,

a velocity boundary layer due to mass diffusion, and a mixture temperature

boundary layer due to heat diffusion. Mathematically, this requires

the use of conservation equations of continuity, mcmentum, and energy for the

liquid film and the gas mixture. These equations and their derivations have

been c1carly presented in reference 7. For the inclusion of the convective heat

flux, the energy equation for the gas mixture is required and may be written as

2BT BT 3 T*"
p C (U "+V ay ) = k -- - (1)
m p m ax n C 2g 3y

where subscript m is used to designate the steam-air mixture.

The exact solution of this probeim requires that the boundary conditiens

as contained in reference 7 be solved in conjunction with the interface condition

aT BT
=k (2)mh fg + k ay g

where subsc:iot L denotes condensate. O,7 m..,
w ;

D.\S
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(a,c)
,

(6)

(7)

.

(8)

,

1

_ _

.

Finally, we note that the thennal properties for the condensate are evaluated

- T ) based on Reference 3. Forat a reference te:nperature T =Tg + .31 (T1 yR

(Ti + T ) is used, and the followingthe mixture, the film teq)erature T =
m

fon:nlas are used to calculate the mixture properties (Reference 9) .

<:. . -, , _,
U '- % j s,

a



.

2 X vii
I"

U* 2i=1 g xg
, i ij
3=1

2 xkitk I=
m 2i=1 g x ,.

13j=1

-1/2 1/2 1/4 2
M- V g,

1 (1 + l ) E1+(i) _1 ) }g,3.=1 M.8 M
3 "j 1

where

'

mole fraction of component ix. =
1

dynanic viscosity of component i=91

themal conductivity of component ik =
g

molecular weight of component iM =
y

c., c n
u t ] % ) f.J ls
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QUESTION 8
s

Discuss and justify the asst =ptions made for atmospheric cooling by the

spray system when the atmosphere is superheated.

RESPGNSE

The lower compartment is the only location in an ice condenser plant

which becomes superheated to any extent. This compartment's air concentration

is very low, and because of its relatively small volume it is very turbulent.

Therefore, it is assumed that the spray flowrate mixes with the atmosphere and

comes to equilibrium.

-

1

( h *, ' q

ss4*\,,,
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QUESTION 9

Provide a comparison of the steam and water properties used in the IDTIC-3

code with the 1967 ASME steam tables. Discuss the accuracy of the IHTIC-3

code in predicting contaiment pressure and temperatures relative to the

ASME tables for saturated and superheated conditions.

RESPCNSE

A comparison was made between the steam and water properties used in

the IDTIC-3 computer code and those of the 1967 ASME tables. The temperature
, (_c,., c )r

range investigated was and the pressure range investigated

was 0.12 psia to 30 psia. These are the ranges of interest to an ice condenser

containment. Subcooled liquid, saturated vapor and liquid, and superheated

vapor properties frcm IDTIC-3 were compared to those of the 1967 ASME steam

tables. The nnximum difference found was 0.01%. Therefore, relative to the

1967 ASME tables, the accuracy of the LOTIC-3 computer code is essentially

identical.

c. - , ,
- - ,..g.p
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QUESTION 10

The Westinghouse condensing heat transfer model discussed in Appendix C

appears to be applicable only for blowdowns that are constant with time.

Discuss how the model would be applied to a variable blowdown rate.

RESPCNSE

The heat transfer model described in Appendix C was developed to

illustrate the conservatism of the Tagami correlation. This model was

not developed for use in the design calculations of the containment

responses to steamline breaks. It is applicable for both variable and

constant blowdcwn rates. Perhaps further discussion will clarify this

point. The heat transfer correlation was developed based upon the

following rationale:
- h,C)

<o ., .

L, V < v u ,e

~
.
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This is the completed correlation and is independent of the end of blowdown

time and can be integrated for different blowdown rates.

.
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QUESTION 11

See response to Question 2.

.
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QULiTION 12

Discuss the conservatism of the Tagami condensing heat transfer data for a

steamline break within an ice condenser containment. We believe that the

correlation of Uchida would be conservative for this application. Provide

a comparison of the heat transfer coefficient predicted by the two correlations

for the lower compartnent of a typical ice condenser containment.

a. Justify use of the time of peak pressure (t ) in Equation 4.3 forp

the lower compartment and ice condenser compartments. This time

corresponded to the end of blowdown in the Tagami experiments.

Compare this time with the time of peak energy in the lower

{ compartment and peak energy in the ice compartments,

b. Justify calculation of the energy per unit volume in the Tagami

correlation for the lower compartment and the ice condenser

compartments. You indicate that the calculation is based on the

steam and water contents of the blowdown. Since a large fraction

of steam will be exited from the lower compartment and condensed

in the ice condenser, a more appropriate assumption would be to

base this ratio on the conditions which exist in each compartment.

RESPONSE

Tables 12.1 to 12.3 give the mass and energy releases which correspond

to the most severe small breaks identified in the answer to question 7. These

n ~
u s z uu . a
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break sizes will produce the most severe atmospheric temperature conditions,

since no credit is tabm for condensate revaporization for these break sizes

(This is described in the answer *.o question 7) . Using the containment data

given in Table 12.4 and these mass and energy releases, the containment tem-

perature transients have been calculated using the current version of the

IDrIC3 computer code. The results are shown in Figures 12.1 to 12.3. As

these results show the 70% power case generates a slightly more severe tem-

perature transient than the other two. Using this most severe case as a base

the IUTIC3 Tagami and the Uchida heat t.ansfer coefficients were compared.

The results are illustrated in Figure 12.4. This figure illustrates the

conservatism of the LOTIC3 Tegami correlation.

QUESTION 12 a

The peak energy in the lower compartment of an ice condenser plant

corresponds to the time of peak temperature, pressure and turbulence.
~

The turbulence is affected by die blowdown rate. ]

-

-

!
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The ice condenser structural heat transfer coefficients are based on

stagnant Tagami, and therefore do not use tp.

QUESTION 12 b
- c
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TABLE 12.1

bOST SEVERlf St\LL BREAK AT 102% POGR

. .

Time m e

(sec) (1b/sec) (BTU /sec)

(~d Oa

,

a m

4) 4

D%d* , ,

O.v1

-

_ . _ . . . . . . . _ . .
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TABLE 12-2

bCST SEVERE SMALL BREAK AT 70'6 POGR

-
.

Time m e

(sec) (1b/sec) (BRJ/sec)

.

.

e

aus L

.

d # [3
o 4 ; v ., . -

ha

. . . _ . . . . . . _ _ _ _ . _ . . _ . . . _
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TABLE 12.3
t

MOST SEVERE SMALL BREAK AT 30% POER

.

Time m e

(sec) (ib/sec) (BTU /sec)
~ ~

(24)

.

Vf
44 * * Vg

,

g .

D b\
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TABLE 12e4.

1. VOLL?G* .

. .
.

,

.
.

,. Plant P Ice Condenser Design Parameters
-

/

/ - .
#

.

3Reactor Containment Volume (flet free volurre, ft)
'

670,101
Upper Compartment

Upper Plenum
' 47,000

86,300*

Ice Condenser
~ ' 24,2M

Lower Pienum

Lower Compartment (Active) 235,481
130,899

Lower compartment (Dead Ended)
1,[93,971Total Containment volume

,

s. .

,.p-

e.
. .. .- .,e

6

i 6
~

2.45 x 10-

TechSpecWeightoficeinCcNdenser,lbs.
?

.

.
.%

.
~ o

.

o

0 .

e
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,

e
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_

,

e

o

e
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2. STRUCTURAL. HEAT SINKS

_

'

.

. -

Material and ThicknessArea

- (f t ) (f t)
.

.

-

A. Upper Comoartment

1. Polar Crane Vall, .

Containment Shell, and
.

.
Misccilenccus J::cl

,

Slab 1 8915 0.000583 . Paint .

N
0.01017 Carbon Steel

)
.

' "
-

.
~

- Slab 2 31667 0.000563 Paint

0.05758 Carbon Steet
*

.

.-

Slab 3 720 0.00167 Paint
,

- 0.1670 Carbon Steel

.

2. Refueling Canal and
_

Miscellaneous Concrete

Slab 4 25443 0.00167 Paint
.

1.511 Concre:e
.

.

Slab 5 680 0.00167 Paint
rn ris

9 9
4.82 Concretc

<> Cs.

~ ~ .~ 9; ,,,,*
*-

t -. . n ,.

-
,,

-
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STRUCTURAL HEAT Sil1KSs

.

'

Area Haterial and Thickness-

.
,

2(f t ) (ft)
. .

'

B. _ Lower comoartment ,

.

'

l. Platforms -

Stab 1 1,375 0.000583 Paint.

0.007813 Carbon Steel
.

.

. .

'2. Steam Generator Supports .

and Reactor Coolant Pump
.

Suppcrts .
,

Slab 2 2.580 0.00583 Paint
'

O.0605 Concrete
.

3. Miscellaneous Concrete
'

Slab 3 2-3,300 0.00167 ' Paint

1.645 Concrete
.

.

4. Reactor Cavity
.

Slab 4 2J70 0.00167 Paint

4.0 Concrete
'

u , n' .

.

.. -.

'''''
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-

. . .

. 5 Base Floor
'

_

,

'

Slab 5* 4,228 0.00167 Paint
,

,

V 2.0 . Concrete
.

.

.

'

C. Ice Condenser
.

.

'

1. Ice Baskets -

Slab 1 180,628 0.00663 Steel
'

.

.

2. Lattice Frames

Slab 2 76,650 0.0517 Steel
. t

i
-..

h,

3. Lower Support Structure r
.

Slab 3 28,670 0.0267 Steel (c ,}

- - 6J-

,%,

4. Ice Condenser Floor '
e-db b

Slab 4 3,336 0.000833 Paint
_ 'gf-

; 0.333 Concrete dED.'
.

L
5. Containment Wall Panels and

.

Containment Shell
,

-
.
.

Slab 5 - 19,100 1.0 Steel & Insulation
,

0.0625 Steel Shell
.

.

6. Crane Wall Panels and Crane Vall

Slab 6 13,055 1.0 Steel & Insulation )
,

1.0 Concrete
i .-

* In contact wi th sump. , , ..

v ' > G ra u.:
D.M
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3. Initial Conditions
, .

.

15.0 psia
A. Pressure

*

B. Temperatures

100 FUpper' Comp

120 FIower Comp.

32 FIce Bed

-
.

.

'

.

Contain.ent Sorav
' '

4. -

'0A. Iower Ccmp. Spray Flow Rate
,

B. Upper Comp. Spray Flow Rate 3400 gp:n

C. Initiation Tine 9 sec.
- -

. .

e

*
e

.

O

.

o

O

e

%

*
e

yenv
Jg we L Lu uu 3.
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QUESTION

A conservative assumption for masa transfer to structural heat sinks is
that all heat trans fer results in a corresponding amount of mass trans-

fer in the form of condensed liquid. The amount of mass transfer is
determined from the heat transfer divided by the change in enthalpy

between the vapor and the condensed liquid.

When the containment atmosphere is superheated, the LOTIC-3 code assumes
no mass transfer for double-ended steam line breaks and partial mass

transfer for small steam line breaks.

These condensation eclels are also being reviewed for use in the COCO
code to establish th2 maximum containment temperature for instrument

qualification analy;is for containments without ice condensers and are
described in WCAP- 3936. Althou gh the mass transfer assumptions have a

significant effec c for containments without ice condensers, we under-
stand that use of less than full condensation may have an insignificant
effect on ice condenser analysis. To evaluate the significance of the
condensation nodels, provide the following sensitivity studies.

a.) For a double-ended steam line break at hot standby for which no

liquid entrainment is assumed, provide the containment tempera-
ture for a typical ice condenser plant assuming:

1.) full condensation on the structural heat sinks with no
revaporization, and

2.) with no mass condensation.

b.) For a small steam line break at 70% power for which no liquid

entrainment f rom the break is calculated, provide the contain-

ment temperature for a typical ice condenser plant assuming:

b

1.) all heat transter to the structural heat sinks produces

condensation with no revaporization, and

2.) the method discusssd in Section 7.2 for fractional condensa-
tion is utilized. , gn ,

,3
a u s.'],

aa

D 41
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Response

Four calculations were performed with the latest version of the LOTIC-3
computer code. The containment data used in this analysis were taken
from Referance 1. Two separate sets of mass and energy release rates
were used. The first, the large break, was a double-ended steamline
break at hot standby with no liquid entrainment, the second was the most
severe small break at [70%) power (see Reference 1). For each set of a,c

mass and energy release data, paramecer studies were performed by vary-
ing the structural heat removal condensation assumptions. The small
break studies analyzed two cases, one with all structural heat removal
producing condensation with no revaporization, and the other utilizing
the convective heat transfer calculation discussed in Referr ace 1. The

results from these small break calculations were essentially ider. ical.
This temperature transient i wn in Figure 1. Two large break calcu-'

lations were also performed; the first with full condensation due to
structural heat recoval and no revaporization, and the other with no
condensation (when the containment steam is superheated) . These results

are shown in Figure 2. As this figure shows, there is a significant

difference between these two cases. However, the small break transient

is still more sevet _ inan the large break transient with complete con-

densation. This is illustrated in Figure 3. References 1 and 2 present

studies which show that complete condensation does not occur for large
breaks when the containment is superheated.

References
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NOME:1CL\TURE

SYMBOL DESCRIPTION

A Matrix, defined in Eq. (A.33).

A Flow area between coc7artments j and k.

C Specific heat.

E Total coolant energy transferred into containment.

g Conversion Constant, 3362 ft-lb m/lb -sec .
f

h Enthalpy.

H Structure heat transfer coefficient for stee'
s

H, Stagnatien heat transfer coefficient as defined' in Eq. (4.4).

H Maxi =um Taga=i heat trans fer coefficient.

+

I Column vector, defined in Eq. (A.33).

J Conversion constant, 778 ft-lb / Btu.
f

K Flow resistance factor.

m Mass flow rate.

lf thes.

30,'009'

t.
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SYMEOL DESCRIPTION

/

P Pressure.

q Heat trans fer rate.

+

R Column vector, defined in (A.33).

R Gas constant for air.

t Time.

T Temperature.

t Time from start of accident to peak containment pressure.
P ,

','

v Specific volure.
>

,

V Volume. *

V Total active surp volu=e

Percentage change of cgrtain selected parameter allowable for eacha

time step.
-

-

n Efficiency, defined in Eq. (4.6)

X Steam to air weight ratio

p Density.

O Absolute temperature conversion cor.stant, 459.7.

o
0 0._ ... f ()A;

2.
.
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SUBSCRIPT DESCRIPTION

.

a Air,

as Air and steam.
-

Suspended or entrained water.c

di Deck leakage.
-

dra Drain water.'

e Energy.

i 1-th compartzent.

ice Ice.

ij from 1-th co=partment to j-th compartment.

j j-th compartment.

L.C. Lower co=partment.

N New.

0 Old. ,

Overficw Water overflow through the ice condenser inlet doors.

s Steam

Spill Sc illed Water.

OU T(.) x.41
u

3
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SUBSCRIPT DESCRIPTIC:I

sump Lower compartment sunp water.

sump 1 Active sump.
,

sump 2 Inactive sump.

W Water.
a

1 Upper ce=partment.

2 Lower compartment.

3 Ice condenser.

5 Dead-ended cocpartment.

.

s

.

SUBSCRIPT

*
*

A dot over a symbol, such as P, means dif ferentiation by time, P = dPg-

r\r na d t ' ,t >

4
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