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Mr. Thomas M. Anderson, Manager
livclear Safety Departient .
westinghouse Electric Corporaticn
P. 0. Box 255

Pittsburgh, Pennsylvania 15220

Pear Mr. Anderson:
SUBJECT: EVALUATICHN OF PROPOSED SUPPLEMENT TO WCAF-8254 (LOTIC-3)

The Muclear Requlatory Commission staff has completed its review of
a proposed suppliement to WCAP-8354 (Proprietary) and WCAP-2255
(Non-proprietiry) entitled “Lorg Term [ce Condenser Containment

Code - LOTIC Coce." The propesed supplement describes a version of
the LOTIC computer code (designated LOTIC-3) which is intendad to be
used to conservatively calculate maximum pressure and temperature in
the ice conderser containment follewing a postulated main steam pipe
break or main feeduater pipe break. The description of LOTIC-3 wes
transmitted by Westinchouse letter dated Cctober 22, 1976 and supple-
mented by Westinghcuse letters dated June 14, 1977 and January 19,
1978. OQur evaluation of LOTIC-3 is enclosed.

Other versions of the LOTIC code were previcusly reviewe. and approved
for use in enalyses of postulated reactor coolant pipe breaks (LCCA);
WCAP-8354-P-A datad Aoril 1976 describes LOTIC-1 which is approved
for use te conservatively calculate maximum ice condenser containment
pressure and temperzture for the purpose of evaluating containmant
design; WCAP-8354-p-4 Suppierent No. 1 dated April 1876 describes
LOTIC-2 which is approved for use to corservatively caiculate minimum
containment pressure for input to ECCS performance analyses and also
to conservatively calculate pressure di“ferentials between contain-
ment upper and lcwer compartments. Qur approval of LCTIC-1 and
LOTIC-2 was transmitted by our January 29, 1976 letter to Mr. C.
Eicheldinger,

As a result of our current review, ve have concluded that LOTIC-3 is
acceptabie for conservatively calc.lating the maximum temperature
and prassure of ice condenzer contxinments following a postulated
main steam lire brea: or main feed. ter line break provided the
following three conditions are met;

; ’
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1. The mass and energy release from the steam system is calculated
with an approved madel. ‘ :

2. Option 2 of the code is used for break sizes producing no 1liquid

entrainment and for all break sizes until liguid entrainment models

are approved.

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

Accordingly, the Westinghouse letters dated Oztober 22, 1976, June 14,
1977, and January 12, 1978 are acceptable fur reference in license

appiications tc describe the LOTIC-3 versior of the LOTIC coce. Supple-
_eents to WCAP-6354 (Proprietary) and WCAP-B255 (Hon-proprietary) should

be provided within three months of receipt of this letter o include
the NRC acceptance letter, the enclosed evaluation, and any changes
resulting from our “eview. . : - o

We do not intend to repeat our review of these 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. ) L N AT s - :

Should Nuclear Regulatory Commission criteria or regulations change,
such that our conclusions concerning these reports are invalidated,

you will be notified and given an cpportunity to revise and resubmit
your topical reports, should you so desire.

o ar te sen ggs o4 BEgl i-:- -Sincerely, By -

S T - : -«

s S LS e | 1 LA T %
sgmezer TIT.CIfe .o Cnnoeex (Do F. Stolz, Chief :
S es tio=eo oo . <= _:. -\Light Water Reactors Branch No. 1
o S -* 3.8% <« .- ~ . pivision of Project Management
Enclosure: DESY s 1 o= PR e g :
Safety Evaluation il ot st ~ S
cc: D. Rawlins

Westinghouse Electric Corporation

* P, 0. Box 355 : -ty - s . St
$22:°F +tsburgh, Pennsylvania 15230 e
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TOPICAL REPORT EVALUATION

Report lo.: WCAP-835 (Proprietary) and lICAP-8355 (fion-Proprietary)
pepert Date: ppril 1976 - .
Peport Title: Long-Term Ice Coqdenser Contiainment Code - LOTIC Code
originating Organization: Hestinghouse Huclear Systews .
pevicwed By: Analysis Branch, Office of Huclear Reactor Regulation

gurmary of Torical Reports

In letters to the NRC dated October 22, 1975; June, 14, 1977; and
January 19, 1678, westinghouse has described proposed modifications to

the LOTIC Ice Condenser Containment Analysis Qomputer Code. The proposed

.modifications are designed to extend the cede's capability for the pressire-

temrerature analysis of ice condenser contcinments following a postulated
main steam line break. The modified code :s referred to as LOTIC-3. The

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

“ae LOTIC cod2 is designed to provide a mu1t1node.analytica1 tool‘which

{s capable of describing the various regions of an ice condenser ;ontainment.
These include a lower compartment enclosing the reactor sysiem, an annular -=— =
region containing ice baskets and an upper compartment to accommodate air

displacement from the other compartments.

Inlet and outlet doors are provided at the bottom and to. of the ice
conpartmenf. In the event of a piping rupture in the'lower compartment
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 fce chest to open and permits flow into the upper compartment.

e wifa T4
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gteam condensation by the jce reduces the pressure pbuildup in i

containment to 2 low level which is maintained through the blcwdown,

There is insufficient energy in the sépondary system of a Westinghouse PUR

to melt all the ice énﬂ éfter the blowdowun the containment pressuié will

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

lower compartment and then more rapidly ifter about 609 seconds when
circulation fars are actuated between the upner and lower compartments.
The fans equa11ze the air F9n§gntration betx=en the upper and louer
compartment anc cause the remaining steam in the louen 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

producad in the lower compartment as 2 resblt of releases of superhezted

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

for qualification of equipment within the containment. To accomplish S

this the code was modified to account for the thermodynamic properties of
superheated steam; modifications were also made to the heat transfer

calculations for heat flow to the ice and passive heat sinks.

- . . - . s .- - w e - - -
- . » it R - - - -

Mass and energy releases from the_break are an_input to LOTIC and.are not

discussed in WCAP-8254 and WCAP-8355.

- cos memwss e Sap egme’gowg- PRI DO - y x %= el el

Surmary of Staff Evaluation LT EERR - L i o, TR E ",
Ot :r versions of LOTIC are LOTIC-1 which is used to anélyze containment
pressures and temperature following a LOCA, for the purposes of evaluating

the cont2inre . design, end LCTIC-Z swhich contains medifications to
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conservatively calculate minimum containment pressur es follcwing a LOCA
for ECC analysis. LOTIC-1 and LOTIC-2 were reviauzd by the NRC staff
and were approved in our Topical Report Evaluaticn of UCAP-8354 (Proprietary)
and WCAP-8355 (ion-proprietary) dated January 23, 1976. Westinghouse will

continue to use the approved versions of LOTIC for LOCA analysis. LOTIC-3

“will therefore be used only for analysis of main :%eam lirne breaks and

feedwater line breaks.

Breaks in the main steam line have the potential of produéing elevated
temperatures within the containment that ar: within fhe superheated rang2.

The high temperature results from the simultaneous processes of expansion of
steam flowing from the break and the compression of the steam and air in the
containment by the continuing steam relcase. The compression process Causes .
the steam to reach 2 superheated temperature relative to the containmant

pressure. ' e

For ‘ice condenser containments the action of the ice in condensing steam
maintains the containment at a relatively 1ow pressure of about 22 psia.

The LOTIC- 3 code calculates maximum lower comp nt temperatures of about
320°F for the steam line breaks. This temperature range appears reasonable.

To obtain further verification an analysis was performed by the staff using an
advanced containment codz, CC! {TEMPT-4. These results compared favorably

with those cbtained using LOTIC-3. The analysis shows the steam in the louer
compartment to be superheated but is at a lower temperature than would be cal-
culated for a standard containment design without an ice condenser. The

terperatures in the uoper comparimznt and {2 chest are sabatantially o
A W £
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1cwer than the lower compartuent because of stean condensation on the ice.
The lower compartment temperature remains at approximately 320°F until the
blowdown is terminated or the circulation fans are actuated. The fans mix

the cooler air from the upper compartment with th2 lower compartment.

Westinghouse has presented sensitivity studies which indicate that the
maximun temperature reached in the lower corpartment is insensitive to
break size as long as pure steam is ass&med to b2 released from the break.
smaller breaks may produce a more severe cordition for the containment
instrumentation, however, since the duratior of the blowdown will be
longer, and the lower compartment temperature will be maintained in the

320°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 temperaturae. Although ™'~

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 liguid entrainment

for large steam line breaks and feedwater line oreaks.

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 from the Waltz Mill

ice -ondenser test facility.

hi P
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veat transfer to the coatiinmeat structures may hase 1ittle effect on the
containment terperature and pressure for ice cordenser containments since
the condensing effect of the ice is the dom nant mezans of steam removal.
vastinghouse will use the extended Tegami correlction for calculating thg

structural heat transfer. e have evaluated the extended Tagami correlation

.by comparing it to the Uchida correlation which the staff has found

acceptable. For an ice condenser containment the cemparison shows that the
Westinghouse mudel "extended Tagami™ is more consarvative than the Uchida
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 frem the atmcsphere by condensaticn

of steam on the structural heat sinks is imoortant since, if the heat

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

effect added back to the atmosphere as liquid and some of the atmosphere — -
superheat will be lost nd lower 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 concdensed fn the LOTIC-3

code using one of two 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 containment
heat sink surfaces. This assumption has little effect on the calculated

containment temperaturs since the entraired liquid prevents the atmosphere

ancy
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2. For breaks for which no liquid entrainment is calculated, a model is
utilized which divides the total heat transfer between condensation and
a small convective contributicn. No condensation of steam is assumed to
result fron the convective portion of the heat transfer. For the
condencation 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 hz2at transfer is assumed to produce condensaticn.

At this time Qz have hot approved any models for main steam line break

analysis of ic2 condenscer plants which permit l1iquid entrainment, from the
break. Until ;uch a model is approved we require analyses to be performad
using the seccnd option for all break sizes. Without entrainvent the
double-ended break was shown %o 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.

Sta’f Position

We have concluded that LOTIC-3 is acceptable for calculating the maximum

temperature and pressure of ice condenser containment; under the follewing

conditions: 4

1. The mass and energy release input to the code should be calculated
using a model approved by the NRC,

2. The model (Optioﬁ 2) which assumes steim to be condensed and added to

the sump from structural heat transfer should Le used.for break sizes

producin. 20 liquid entraimmont and for all break sizes until
QN Ay
el DL
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models with liguid entrainment are &pproved,

Since small breaks have been shown to produce elevated temperatures
within the containment for a longer period than a double-ended break,
we require analysas using the LOTIC-3 code to include a break spectrim
analysis to demonstrate that the most severe containment conditions Fave

been identified.
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1.0 ABSTRACT

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 minimum 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 method applies the
conservation equations to these control volumes in order to calculate their

conditions.
This report contains two separate lists of references. The list immediately

after Appendix D should be used for that Appendix only. The preceding list
Appendix D shculd be used for the remainder of the text.

1.1-1 7 Gma st ]



2.0 INTRODUCTION

Following a steamline break in the lower .ompartment 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[A].
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 Lorrc(tr 23

code has been modified for application in the steam
break analysis. It now includes the capabillity 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 R-ference 3. To avoid confusion between the other
versions of the LOTIC code<1’2’3)
new code will be referred to as LOTIC-3.

, for the remainder of this report this

L3 T i T g = 4
AR A ST
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3.0 THEORETICAL AND MATHEMATICAL CONSIDERATIONS

3.1 BASIC ASSUMPTIONS

a.

The containment is assumed to be physically divided 1n£o four compartments;
the upper, lower, ice condenser, and dead-end compartments (Figures 3.1 and
3.2). Each compartment is a control volume of uniform temperature, pres=

sure, and mass distribution.

Flow between compartments is related to the pressure differential between
the compartments by a flow resistance factor. Only steam and air are as-

sumed to flow between the compartments (condensate carry-over is neglec:ed)

> — 1 o e . The
directions of the flows are shown in Figure 3.3.

A two sump model is used. Temperature is considered to be uniform in each

sump .

All the mass releases into the lower compartment from the RCS system and

the aczumulator are assumed to mix homogeneously with the compartment atmos-
pkere, .

Spray water is assumed to mix homogeneously with the compartment atmosphere

and attains saturation temperature.

3-1-1



3.2 CONSERVATION EQUATIONS

F_r the remaining portion of this section,the basic forms of the governing
conservation equation are provided and a brief discussion on their soluticns
is given. The purpose is to identify the physical meaning of each contribut~-
ing term. An overview of the system is presented in Figure 3.4, For mathe-
matical details in the derivavion of the govertn.ng equations, the reader is
referred to Appendix A.

For each control volume or compartment, the conservation equations of mass,
energy, momentum, and volume; an ideal gas law for air, and the equation of

state for saturated steam may be written.

Ehiy L
[V LR LT T
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Erergy equation

- -
- (u‘h‘ + u‘h. + "chc) (v“ + vc) d (P' + P.) + (mh) -
J dt

(3.1)
-(ﬂ‘)m = R.

for the lower compartment:

R_ = [Rate of energy out of break]
+ [Rate of flow energy from accumulator in the form of water and
nitrogen)

[Rate of structural heat removal)
+ [Rate of flow energy of sprays if applicable]

[Rate of heat transfer to the sump]

[Rate of heat removal by the ice condenser drain flow, if acting as a

spray]
[Rate of energy associated with the loss of condensate from atmosphere

falling tc f oor]
+ [Net rate of flow energy in from the dead ended compartment)

for the upper compartment:

Re = [Flow energy of the entering spray] -
= [Structure heat removal rate]

- [Energy rate associated with condensate falling from atmosphe.
for the ice condenser compartment:

Re = - [Structure heat removal rate]
- [Rate of heat transfer to the ice)
= [Energy rate associated with ice melt and steam condensate falling

froz -mosphere] I
‘& 30
s WAR Lk
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b.

C.

Conservation of steam and water masses

dﬂ. d“c
at * dt . (ml)out - (ms)in . ll‘ G.2)

for the lower compartment:

[Rate of flow out of the RCS]
+ [Rate of water flow out of the accumulator]
+ [Flow rate of the entering spray if applicable]

[Rate of condensate falling to the floor]
4+ [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:
l' = - [Rate of condensate falling to the floor]
Conservation of air mass

dMa ‘
dt N (ma)ouc = (ma)in - Ra 13'3)

for the lower compartment:

l. = [Rate of air flow out of the accumulator]

+ [Rate of air flow out of the dead-ended compartment)
for the upper compartment and the ice condenser:

l. =0

30 2-3



Conservation of momentum

2
By

- l.(fii_) A3
2 2

A P.e

ij i"¢

l’1 - PJ

Volume conservation

dt dt v

for the lower compartment:

Rv = - [Rate of increase in sump water volume]
for the upper compartment

R, = 0

for the ice condenser compartment:

Rv = [Rate of increase in free volume due to ice melting]
Ideal gas law for air

P‘V.s = MaR‘T

Equations of state for saturated steam

P =g, (M, ﬁ. =8y (T), v, = gy ()

For superheated stean

h‘ — 84 (PS' ), \" " 85 (PS' T)

P TR
aFilN

30 2-6
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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.

hc - fl P,T), . fz (p,T) (3.8)

i. Dead Ended Compartments

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

+
4 +Mh)°!d(i'—'—ia')
dt “aa ss J dt (3.9)

= [Rate of flow energy from the lower compartment]

dM
Ezl = [Rate of air flow from the lower compartment]

dM
3:5 = [Rate of steam flow from the lower compartment]

The "two sump model" has been retained in this LOTIC version with some revi
sions to account for heat transfer with the lower compartment atmosphere.
entering ic2 condenser drain flow temperature 1S calculated based ou the e
fectiveness of its approach to the lower compartment temperature. As was s
in the previous LOTIC WCAP, the "two sump model" was created because of the
insufficient capacity of the active sump to contain all the water of *he RC
system, the melted ice, and the refueling storage tank. The excess water w
modelled as spillage into the pipe trench area outside the crane wall. Thi
water was therefore no longer available for recirculation and is modelled

an inactive sump.
The water mass and temperature in the sump are calculated as follows:

+ (M 4 )

sump , N . Msump,c drn Mspill " Moverflow

U5 S BT, b J
ar Vi it wns d

3.2“5
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the summation is for all the flows entering the sump.

" - nsumpLo b [zxdrnhdrn g Mspillhsurgp,o ol Moverflow hdrn " qump]

sy, ¥ Mnunp.o ) (EMdtn N Mspill - Hoverflow) (3.11)

the term qump included the heat transfer from the lower compartment atmosphere

and the heat losses to the structures in direct contact with the sump water.

and the water volume in the active sump was

/o (3.12)

v =N
sump  sump,N W

If the sump water volume was greater than a specified maximum active sump vol-

ume, the spilling flow follows:

v
(Msump,N - v:‘x) / br (3.14)

usnill »

and the water mass in the active sump was reset to

e ' (3.15)

3-2-6



3.3 METHOD OF SOLUTION

— (anb)

-

After the conditions of the lower 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.

-,
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4.0 CONTAINMENT HEAT SINKS (EXCEPT SPRAYS)

4.1 STRUCTURAL HEAT TRANSFER

Experimental data ind‘cate the presence of high heat transfer rates between

the containment 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 COC0[ 5] code for analysis of "dry" containments.

The heat transfer ccefficient to the containment structure is calculated by
LOTIC based primarily on the work of Tagami.(e) 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 coefficient which was a function of steam

to air weight ratio.

Based cn experimental measurements from blowdown tests, Tagami presented a
plot of the maximum value of Hmax as a function of "coolant energy transfer

speed," defined as:

total coolant energy transferred into containment

(containment vessel volume) (time interval to peak containment pressure)

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

N R o
_.* 7 [;;71 (4.1)

H = maximum value of H (Btu/hr f:zof)
max

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

O
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The increase to the peak value is given by:

o 2k R /e, s0<e< t (4.2)

B. = heat transfer coefficient for steel (Btu/hr ft‘oF)

t = time from start of accident (sec)

The exponential decrease of the heat transfer coefficient is approximated

by:
| - .05 [e-t ] ' :
By Hntag * [Hmax astag] . i e? tp (4.3
where
B't.g =2+ 350X; 0<x< 1.4 (4.4)
; 20
Bstag = Hs for stagnant conditions (Btu/hr £t° F)

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 blowdown phase.

In applying the Tagami correlation to an ice condenser containment, it was

noted that the total net energy transferred into the containment was no longer
equal to the total blowdewn energy because of the large removal of energy. from
the containment by ice melting. E/V should therefore be calculated as a prior

conditisn for the use of equation 4.1. This was accomplished by

(a,b)
(4.5)

The subsccipts "s" and "€" were used to designate the steam and water contents

~F pa
CL €

ware average values up to t_.
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The stagnant heat transfer coefficients were limited to 72 BTU/Hr-ftz.

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 {s air and the rate of
mass and energy flow from the ice compartment {g small, it js 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 diffusion. 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.

ot



Table 4.1

Steam-Air Ratio Uckida Coefficients Lotic-3 Tagami Coefficients
M /M, 3tu/(he-£e°-0F ) (Btu/(he-£e2-%F

.02 2. 3.
.05 8. 4.5
.05556 9. 4.8
07143 10. 5.6
S 14. 7.0
.14286 17. 9.14
o2 21. 12.0
.25 24. 14.5
.33333 29. 18.7
43478 3. 23.7
.55556 46. 29.8
.76923 63. 40.5
1.25 98. 64.5

2. 140, 72.

10. or greater 280. 72

Chey i Pt
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5.0 COMPUTER CODE DESCRIPTION

S.1 GENERAL DESCRIPTION

The mathematical model described in this report has been implemented as a digi-
tal computer code having the name LOTIC-3 (Long-Term Ice Condenser Code). The
input data cons’;cs of geometric, engineered safeguard system design and energy
and mass release into the containment information. The format for input is
discussed in Section 4.4 of this report. The output data are available in
tabular and graphical formats.

-
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5.2 LIST OF SUBRCUTINES

LOTIC

AUTOME

CRAISE

MAFLO

BODRIV

DERIVE

VECTOR

FILL

Main program. Calls for major subroutines.

Adjusts time step length if necessary so that the percentage changes

of certain compariment parameters will not exceed an input value.

Compares and records the maximum and minimum percentage changes of

certain compartment parameters (for use in AUTOME).
Inputs and prints the input data.
Prints the input data on film.

Sets all constants and calculates compartment conditions for the
blowdown period.

Calculates the masses, enthalpies, internal energies and specific
volumes of air and steam in a compartment for given pressure and
temperature.

Calculates heat removal by ice.

Serves as a driver of matrix solution routines (also updates sump

conditions).

Calculates derivatives of the "steam table" functions.
Calculates elements of the vector R as defined in Section A.7.
Calculgtes elements of the matrix as defined in Section A.7,
matrix solution, calls for time step adjustment routine, checks

£iow reversals, <ad updates compartment conditicns by rate integra-
- \ ~\ 4, .\ -
(D»:ﬂ';-
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FLOW

RECALC

PCALC
RESPO
TRANS
WRITE
PROP }
DERLY

DCAY

SID

WALLT

CRMAK

Sets saturated/superheated flags if necessary.

-

Calculates SIS flow rates and enthalpies, mass and energy release

rates from RCS and accumulator, and the cooling by heat exchangers.
Updates ice melt and inventory for each of the six sub-compartments
in the ice ccadenser. Also calculates sur) conditions during the
blowdown.

Handles containment depressurizition pericd.

Calculates upper and lower compartment temperatures during long-

term,

C~Jculates air reverse flow to the lower compartment using "bubble

IOdgl".
Prints the results on paper and film.

Calculates the derivative of internal energy with respect to temper-
ature for use in RESPO.

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

pressed by direct input of mass and energy release rates).
Linear interpolation or extrapolation of tables.
Prints title to describe the job.

Computes temperature distribution and heat losses/gains for the

compartment structures or walls.

Calculates the heat transfer coefficients between structures and

compartaent atmosphere.

502‘2



HMCADM Calculates the heat transfer coefficient between the containment
structure and its external enviroanment (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 volume of

* saturated steam for a given pressure.

HSS Calculates enthalpy, entropy and specific vclume of superheated

steam for given pressure and temperature.

HCSLV1

i Internal to steam tables.

VLIQ

GRS

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

TSL Calculates temperature 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.

{g ‘;,),““;‘-)J- 5'2—3 T & T o



§.3 FLOW DIACRAM FOR 1OTIC-2

(a,b)
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S.4 _ INPUT DESCRIPTION

Card I.D. Format/Symbol : Description

1 and 2
(titles)

3
(program
control

parameters)

4
(program

control

parameters)




- ——— . ——— . - — - . = ——

!:j_"'_l oD- Format .’SV?"?‘O‘L Descrint ion
S
(program
control
parameters)
—— .
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™

Card 1.D.

6
(program
control

parameters)

7
(program
control

parameters)

Format /Svmbol Description

5.4-3



(tabular
data control

parameters)

S

- - —— -
ey e -

wall data-l)

Format/Symbol

5.4-4

Descrintinn

S

(a,



Card 1.D.

10
(compartment
wall data-2)

11

(external
wall surface
heat transfer

controls)

12

(external
wall surface
heat - trans fer,
coefficient
tables)

Format/Symbol

5.4-5

Description

(a,c)



Card 1.D.

13

(external
wall surface
spray
parameter)

14

(inner wall
heat transfer
coefficient
table
controls)

15

(ioner wall
heat transfer
coefficient
tables)

16
(time step
table)

17

break flow
table
controls)

Format/Symbol

50“6

Description

(a,
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Card 1.0, Foruwt/Synbol Descript fon (a,c)
p—— —— e e ﬂ‘
18

(break flow
tables)

19

(heat
addition
table

controls)

20
(heat
coition

tables)

21

(air
addition
table

controls)

22

(air
addition
tables)

23
(boil-spill
table
control)

24

(boil-spill
table)

6?9
S. ‘-7



24A

(Alternate
Boiloff
Table
Control)

246

(Alternate
Boiloff
Table 1)

258

(Alternate
Boiloff
Table 2)

-

5.4-7 A






Card 1.D.,

.

30
(heat
exchanger

parameters-2)

7

(cooling
tower/pond
water para-

meters)

32

(safety
injection
system (SIS)

parameters)

33
(second
recirculation

fan parameters

Format/Symbol

5.4-9

Description

(a,c)



Card 1.D. ‘ Forrnat/Symbol Description

(a,c)
34

(safety
injection sys-
tem flow dis-
tribution)
(Figure 1)

35

(ice con-
denser flow
distribution)

36

(ice con-
denser flow
distribution-2)

37

(ice con-
denser flow
distribution-3

38
(ice con-
denser angular

section)

39
(ice con-
denser para-

meters)

Oy vy
5.4-10 CUGRSD



Card 1.D.

40
(Ice
column table)

41
(Sump supple-

ment)

42

(Control
volume tem-
perature and
pressure table

controls)

43

(Tables for
temperature a
pressure "ran-
sients during

blowdown)

Format/Svmbol

5.4-11

Description

.— (l |C)




Card 1.D.

44

(Flow re-
sistance
K-factor per

area square,
K/Az)

45
(K-factor
and blow-
down con-
ditions)

46

(Heat trans-
fer data for
lower com-

partment)

47

Format/Syrbol

——

5.4-17

Description

(TR

L v/ ’_.v.-r
(VARSI e

(a,c)




5.5 LIST OF CCDE 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 neat transfer coefficients
through the use of the input parameters, ITBL(I), CT(13), CT(l14) 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(1) = -1, or =2
cTr(13) = 0, CT(14) > 0.

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

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

transient

ITBL(I) = -1, or =2
CT(13) = CT(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
¢T(13) > 0., CT(14) = 0., and CT(31) > 0.

sV I ps
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APPENDIN A

NERIVATION OF CONSERVATION EOUATTONS

The purncse here is to <how the final rathematical forms of the conser-

vation equations vwhich are used for solvingz the compartment cond’ticns

and flow rates. The equations are derived by substituting the ideal
gas lav for air and the ecuations of state for steam into the conserva-
tion equations of energy, momentum, mass ard velume for each compart-
ment. The equations are derived separately for saturated”: anl turer
heated conditions, Four parameters, the steam pressure, the masses 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 mass as the fourth parameter.

*The equations for saturated compartments have already been presented

in Appendix A, Reference 3. They are included here for completeness,




A.1 IDEAL_CAS TAW_AND THE FOUATICNS OF STATE

For a Saturated Compartment

bor the steam and suspended condensate in each compartwment,

ol prunsnre, enthal

py and specific volume may he related as

For the air in each compartment

——

Substituting Lquation (A.3) into Equation (A.6). we have

e~ M)

m ﬁf\'“ 10}

| 1]

u Uu
aeeiiNTAl
l;'. \| A | a8 -
V) Ul U U U =

-

(a,c)

(a,c)

(-\- 1)

(A.2)

(A.3)

(A.4)

(A.5)

(A.6)

the rates of change

(a,c)
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A.2 'ENEPGY CNUATIONS FOR THE J-TH COMPAPTMENT

lf;;hp_gpm;gxgmcnt is saturated st
(A.1))
Fxpanding and substituting Equations (A.1) through (A.10) into Equation (A.11),
we obtain
_— (a,c)
e
(A.12)
where B abbreviates:
(a,c)
‘ — (A.13)

The subscripts ° and m in Equation (A.12) are used to designate:

{ 1f m 2?0
4 - L (A.14)
j if my ¢ 0 (Reverse flow)

i ifm, 20 D
h kdr mjt < 0 (Reverse flow) [;)(E][E)[ﬁ} (A.15)
o)
JRIGINAL

A
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If the compartrment is superheated

Expanding and substituting Equations (A.la} through (A.7a) into Equation
(A.1a),

R

p—

-

(a,c)

(A.11a)

(a,c)

(A.12a)

For the upper compartment, we use Equation (A.7b) in place of Equation (A.7a) for

substituting into Equation (A.11a), and we obtain
P

A

— (a,c)

(A.12b)



The expression for RP.

LA

-

The following expressions for Rej are applicable whether the compartment is

saturated or superheated even though the term for drain energy, Mdrn hc
loses its meaning and becomes zero under a superheated conditions.
o—— e

(T AW L "N

A.33

(A.17)

(A.18)



For a Saturated Compartment

A.3 CONSERVATION OF STEAM AND WATER MASSES

Using a similar procedure and the nomenclaturc as in the derivation of the

encrpy eauations, we obtain

— (a,c)
(A.19)
T . (a,c)
(A.20)
(A.21)
(A.22)
. el

For a Superhezted Compartment

Equations (A..9) through (A.20) are val%d L % ch and mdrnj are set to zero.

L ¥
s
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AL COMSERVATION OF AIR MASS

For anv compartment saturated or superheated,

(a,c)
(A.23)
And
- - (a lc)
(A.24)
(A.25)
(A.26)
- -

A4 0y




A.S5 CONSEPVATION OF MOMENTUN
The hydraulic equacion between compartments j and k,

k., >R /(20 B, At

N %

But,

Pj = Pjo + Pj At

= Pjo + (PaJ + st) At

Substituting into Equation (A.27)

P.j - st - [xjk mjk/(ZD At A )] m = -(P, = Pko)/At

jfe jo

(a) If both compartments i and k ._are saturated,

Substituting Equation (A.7) for Paj and Pak into Equation (A.27a) we obtain

QA 5.\

-

sl

\ .
s, G

(A.27)
(A.27a)
(a,c)
(A.28%)



(b) If both compartrents { and k are suncrhenated

Substituting Equation (A.7b) for Paj and Pbk into Equation (A.27a) to obtain

an equation similar to Equation (A.28). If one of these compartments is the

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

(¢) 1f one compartment is saturated and an other suverheated

Equation (A.27a) is substituted using Paj and Pak from Equations (A.7), (A.7a),

or (A.7b) whichever is applicable.

POOR
DRIGINAL
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A.H VOLUME CONGLERVAT LON

VYor a saturated compartment

dv dv
-l g (A.20)
Jdi dt vj

Applving Equations (A.3), (A.4) and (A.7) to (A.29),

(A.30)
§ For a superheated compartment
dv '
uidt. B
at " Ry (A.29a)
Substituting Equation (A.3a) into Equation (A.2%a),
SRy t“‘c')

(A.30a)

(AG3LD)

(A3

e A 30659
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At the end of calculation for each time step, the compartments arc checked for
possible switching of states (saturated or superheated). A switch from saturated
to superheatcd states occurs when the mass of suspended water, ch becomes zerc
or less. In order to avoid needless iterations and computation time, the switch
is carried out when the water mass becomes small such that (Mcj/Msj) < B<<].,

The user may input appropriate 8 value for his particular application. It is
expected that the containment conditions should be insensitive to the 8 value
chosen as long as it is small. For our analysis, will be taken as 0.0l1. 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).

AR
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A.8 CALCULATION OF THE DEAD-END COMPARTMENT CONDITION

After the conditions have been obtained for the upper, lower and the ice con=
denser compartments, a new flow rate between the dead-end compartment and the
lower compartment may be calculated using Equation (A.27). The new conditiocns
for the dead-end compartment may then be caléulated easily using equations as

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

L T
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APPENDTIY B

CODE VERIFICATION

A computer code can be verified in anv number of vavs., Two aoproaches
are to compare the results with other accepted analytical tools, and to
compare calculated results with test measured results, It is these two

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

B.1 CODE CO!PARISIONS

Figure Bl gives a comparision between LOTIC-3 and the COCO[S] computer
code (an acceptable, single volume, containment computer codetg]).

The comparison mrde was for CVTR[S] test 3, [Later in this section
further discussion of these tests will be made]. This excellent com- .
parision indicates the required consistency, and uniformty between the
two codes. Futhermore it demonstrates the correctness of the previously

mentioned modifications to the LOTIC-? computer code.

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
strgctutal surface condensation and revaporation, and the condensation
heat transfer coefficient were evaluated to find their applicability

and conservatism under superheated steam blowdowm,

Condensation-revaporization was studied by ccmputer ccde simulation of
CVTR tescs[slusing different assumptions and the Tagami heat transfer

coefficicnts were compared to a more detailed heat transfer correlation

LT’ S Ta s
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B.2.1 Condensation-Pevanorization

The CVTR tests were superheat steam blowdown tests, The containment
free volume is about one-eight of a typical PU™ 3-loop containment and
one-tonth of a 4-loop containment., The blowdown steam enthalpy is 1195
Btu/lbm which was about the same as a postulated FUT main steanline
blowdown under the assumption of no moisture carryover. The blowdown
lasted 166.4 seconds and the average mass rate parvolume was equivalent

to a 3-1lnop 4.6 ftz break under no load conditicns.

Figure B2 shows the CVIR containment. The containment free volume was
separated into three regions--operating, intermediate and basement
regions. Steam blowdown occurred in the operating region and spread
ous lato ths other Togisas thoough an ope= 33z 2= the speTalisg L~

Tests 3, 4, aad 5 were essentially the same for the first 166,4 seconds,

and therefore only test 3 will be considered here.

Two condensate medels will be considered in the computer code simula-
tion of the CVIR tests. The first one is the design model. This model
assumes that an equilibrium condition exists between the condensate

(attached on the cold structure) and the containment steam air atmo-

sphere. At each time step, the conservation equations (mass, energy

and state) are solved sirultaneously to determine a rew containment
alr-steam-condensate condition., If the calculated condition is a sat-
urated state, water mass (condencate) forms and is assumed to fall
instantly into the sump. On the other hand, if the condition is a
superheated state, the water mass would not form at that time step. The
assumption is conceptually justified by the rapid temperature increase
at the condensate film surface due to increasing containment 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.

= —~—
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The second condcnsate model assumes that the condensate is modelled
separately from the calculation of containment atmospheric ceonditions,
This model also maximizes the rate of condensate formation by assuming
that heat trarsfer from the containment atmosnhere to the cn]d struc-
ture is the result of a phase change only. At each time sten, a rate

of condensate formation is calculated by

acondensation ot ) (hv 3 hf)
where Q i{s the rate of structural heat removal, h is the saturated
vapor enthalpy, and hf is the saturated liquid enthalpy. The conden-
sate is assumed to drop out without being revaporized by the superheat
atmosghere., For convenience, the -ecults obtained using this model
will be denoted as "condensation without re-evaporation”,
The two condensate models were igcorporated inte the LOTIC-3 code to
simulate the containment responses during a CVIR test transient, The
input information required for tﬁe calculatioa were taken from Kefetence‘sl,
The CVIR containment was mcdelled by a 3-node LOTIC-2 code to represent
the operating, intermediate and basement regions., Measured regional
heat transfer coefficients were used, The comparison «rith test results
1s shown in Figure 33 for the design condensate model (condensate-re~
evaporation) and in Figure B4 for.the condensation without re-evaporation
model. Good agre-ment with the measured temperature is obtained in all
regions when the condensate-re-evaporation model is uczed. Extremely

high temperatures were obtained if no re-evaporation is assumed for the

condensate, and consequently an extremely poor test match,

The preceding code simulation of cthe CVIR test required input data on
detail structure information, This was done by taking the data directly
from the test repert (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 was performed and is shown in Figures B5 and

B6. An arbitrary value of 60% increase in steel volume (exceeding




) \
uncertainty limit) was added to the structure data, Vhile decrecases in
temperatures were olserved, the complete condensate drop-out model (no
re-evaporation) still yvielded high temperatures which were not represen-

tative of the test.

B.2.2 Structural Condensing Peat Transfer Coefficient for Steamline

Break

Tagami heat transfer coefficienter] have been used widely in contain-
ment analysis. These heat transfer coefficients were the result from
extensive experimental measurements based on simulated LOCA blowdovms

¢f varicus blowdown fluid conditions and flow rates. The¢ mest important
contribution from these tests was to provide a quantitative relaticnship
between structural nheat transter coerfriclent witi a turouiance para-
meter, the "energy transfer speed"”, Many correlations with only slight
differences were developed and used by various containment analysts and |
were known as Tagami or modified Tagami heat transfer coefficients,

The correlation of the Tagami 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 pericd when the intact loop steamline

isolation valve is closed.

2. Saturation tamperature instead of superheated containment tempera-

ture is used for structural heat transfer calculatioms.

The first assumption is based on the similarity between the large blow-
down rates during the early transient following a main steamline break
and a LOCA blowdown.

e

*See Section 4 of this report

)
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The assumption of saturation temnerature for structural heat transfer
rate calculations conservatively neglects any heat removal when the
structural surface attains the saturation terperature of the contain-

ment steam,

Another conservatism is to vacognize that the Tarami tests were two
phase blowdown 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 two phase fluid.
Therefore, it should mve higher heat transfer coefficients, This is
probably one of the factors which could contribute to the underpredic-

tion of the Tagami correlation to CVIR test data,

Figure B7 compares the measuteé test pressure transient with those cal-
culated by COCO using the W Tagami model and the average measured heat
transfer coefficients. Both COCO calculations overpredict the test
results, and the W Tagari model yields the highest pressure. Thus
illustrates the basic conservatism in our models, Tigure B6 shows

similar results for the temperature 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:

wWhen steam is blown into a containment free volume, it induces turbu-
lence in the containment atmosphere by its momentum 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 magnitude of structural condensing
heat transfer coefficient,

Blowdown Resulting Transient
Containment b Condensing Heat
Atmosphere Transfer Coefficient,
I(e") h(t)
P(e,e')
T T Y

2.3 e S



The condensing heat transfer coefficient h(t) may be written as

[ N

where C1 is a correlating comstant, The blowdown function I(t') and
the containment response function #(t,t') are correlated using Tagami

heat transfer test data.

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

where M. - time dependent blowdown rate of steam mass
u. - containment air mass ;
AH.- Net ipcrease of steam mass in the containment atmosphere

V - containment free volume
Results and comparison:

Case 1 - Compariscn of the new gprrelaticn with Tagami data is shown
in Figure 28, Good agreement is obtained for both large and

small blowdown rates.

Case . =~ Comparison of the new correlation with the CVIR Test #3 1is
shown in Figure 39, Good agreement is obtained for all
three regions of the containment, We note that the required
flow rate for the evaluation of the new correlation were

taken from LOTIC-3 results (See Section 2d).

**Detail description in Appendix C

813.3



Case 3 = Comparison of the new corrclation with COCO Tagami correla-
tion is shown in Figurc B10. The cas: analyzed is a 3-loop
plant with a 4.5 ftz main steamline break. The Tagami
correlation is shown to yiecld lower heat transfer coefficients

in comparison with the new correlation.

In conclusion, we have shown that for steamline breal: analysis, the
Westinghouse Tagami correlation calculates conservatively lower heat
transfer coefficients in comparison with a new correlation which has
been shown to agree wpll with the Tagami and CVIR test results.
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APPENDIX C

CONTAINMENT HEAT TRANSFER COEFFICIENT CALCULATION
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APPENDIX D

NRC ADDITIONAL INFORMATION

QUESTION 1

Provide and justify the assumption made 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 water
exit temperatures for the steamline break during the blowdown and post-
blowdown periods.

RESPONSE

Mass and energy release rate: 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 temperaturé will be set by a steamline break. The

LOTIC-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
of [ ]‘&:;:s)ervatively 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 ratss used
at Waltz Mill, the{ ]';.:'ehc):ondenser drain temperature will be used to
calculate the rate of ice melt. Thus, LOTIC-3 calculations will conservatively

overpredict the ice melt.
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QUESTION 3

The energy removal and addition processes for the lower compartment and

the ice condenser compartment 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 information also for primary

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

RESPONSE

Rate of flow from the accumulator for water and nitrogen;
flow fram the containment spray system;

heat transfer to the sump;

ice condenser drain flow;

condensate from the atmosphere;

energy associated with ice melt; and,

rate of heat transfer to the ice.

In the energy removal and addition processes in a steamline break

analysis with the LOTIC3 computer code, the following equations and

assumptions are applicable:

b.

The rate of flow from the accumulator for water and nitrogen is

Zero.

The flow from the containment spray system is mixed with the
atmosphere and allowed to come to themmal equilibrium. Therefore,

the rate of energy addition is m__ h__. i iy
o Sp Sp A TL STHN

P-Y



The heat transfer to the sump is zero.
The heat removal by the ice condenser drain flow is zero.

The rate of energy removal associated with the loss of condensate
from the lower compartment atmosphere is xflc hc (where hc - hf = f(Ps)),

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

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

processes during a LOTIC-3 analysis of a steamline break,

The rate of heat transfer to ice is simply,

Ajce
(HaT)dA (See Response to Question 1)
0
The energy rate associated with ice melt and steam condensate
falling from the atmosphere is (mice melt hice sate *' R hc);
where hc = f(Ps).
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QUESTION 4

Page 3.2-5 states that suspended condensate is assumed to be subcooled at
the compartment temperature and tctal pressure. We belleve that a more
appropriate assumptior would be to assume the condensate is Saturated at
the partial pressure of steam in the containment. Discuss the conservatism

of your assumption for containment analysis.

RESPONSE

Althewgh the analysis is insensitive to this assumption, the LOTIC3
computer code has been modified such that condensate is now assumed to be

saturated at the partial pressure of steam in the containment.

0.4



QUESTION 5 RESPONSE

See introduction
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QUESTION 6

Provide and justify the assumptions made for heat flow to containment heat
sink structures below the liguid surface in the sump, and the heat transfer

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

RESPONSE

Even though the LOTIC3 computer code has the capability to include heat
transfer to the containment sump, from the lower compartment atmosphere, in
the LOTIC3 analysis of a steamline break this option is not used and no

credit is taken for this heat removal mechanism.

The water of the sump in an ice condenser plant Covers some structural
heat sinks. Provision is made for heat transfer from the sump to these
structures using the average temperature of the sump and the outemmost wall
temperature as the driving force. This mechanism is the only one which
transfers heat to these structures. A contact heat transfer coefficient of
200 Btu/Hr—ftz-? is normally used in this analysis. However, the magnitude of
the heat transfer coefficient does not impact on the analysis. Using heat
cransfer 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 pemmitted between the

lower compartment atmosphere and the sump.

VAN AT Tl
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QUESTION 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 amount
of atmospheric superheat. As discussed in our Topical Report Evaluation
in our letter dated January 29, 1976, we concluded that this assumption

is unacceptable for analysis of stcamline breaks. We believe that the
major portion of the condensate will flow down the containment walls and
internal structures into the sump without mixing with the containment
atmosphere. The assumption 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 MODEL DESCRIPITON

The LOTIC-3 computer code will be used to analyze large and small
steamline 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 steaml ine 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%,

0
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70%, and 30% power for a typical 4 loop ice condenser plant. Even though
it has been shown using the CVIR test data that condensate revaporization
occurs under superheat steam environment, the LOTIC-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.

A model is described {in the following Section 7.2) which includes
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 v ed in the analysis of small steamline breaks. (This is the same
model which has heen reported in WCAP-8936, ref. 1.)

For large steamline breaks inside of an ice containment the model pre-
viously presented in ref. > will be used. In large steamline breaks entrainment
carryover is expected during the blowdown, and the high degree of turbulence
makes revaporization of the condensate a realistic assumption. Verification
of the condensation model has been provided in our previous LOTIC-3 submittal
(ref. 2), in the form of a comparison with the CVIR test data. As this
submittal has shown the LOTIC-3 condensation model conservatively predicted
the CVIR test data, even when the steel structural heat sinks were increased
by 60%. Another consideration when comparing the CVIR tests to the ice
condenser plant is that turbulence even for small breaks as measured by the
parameter[

], is considerably lower in the CVIR tests CP,‘-'
than in the lower compartment of an ice condenser plant during the early

transients.
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of the latent heat. This is generally the case in the evaluation of overall
heat transfer. However, 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 steam mass in the 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, momentum, and energy for the
liquid film and the gas mixture. These equations and their derivations have
been clearly 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

aT 3T 321'
+V — ) = k — :
pln pm (Um ax m dy ) ay2 &)

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

The exact solution of this probelm requires that the boundary conditicns

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

. i‘l‘. T
- hfg * m 3y k‘l.. ay (2)
where subscrint L denotes condensate. 3
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(3)

(4)
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(a,c)
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_(a,c)

(6)

(7)

(8)

J

Finally, we note that the thermal properties for the condensate are evaluated
at a reference temperature T, = T, + .31 (T; - T,) based on Reference 3. For
the mixture, the film temperature T_ = 7 (T; + T ) is used, and the following

formulas are used to calculate the mixture properties (Reference 9).
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where

X, = mole fraction of component i

u;, = dynamic viscosity of component i
k. = thermal conductivity of component i

M. = molecular weight of component i
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QUESTION 8

Discuss and justify the assumptions made for atmospheric cooling by the

spray system when the atmosphere is superheated.

RESPONSE

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.

3.3 & ™~
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QUESTION 9

Provide a comparison of the steam and water properties used in the LOTIC-3
code with the 1967 ASME steam tables. Discuss the accuracy of the LOTIC-3
code in predicting contaimment pressure and temperatures relative to the

ASME tables for saturated and superheated conditions.

RESPONSE

A comparison was made between the steam and water properties used in
the LOTIC-3 computer code and those of the 1967 ASME tables. The temperature
]L‘hl‘

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 from LOTIC-3 were compared to those of the 1967 ASME steam
tables. The maximm difference found was 0.01%. Therefore, relative to the

1967 ASME tables, the accuracy of the LOTIC-3 computer code is essentially
identical.
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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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QUESTION 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 compartment of a typical ice condenser containment.

RESPONSE

Justify use of the time of peak pressure (tp) in Equation 4.3 for
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.

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.

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 qu.stion 7. These
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TABLE 12.3

MOST SEVERE SMALL BREAK AT 30% POWER

Time
(Sec)

o
(1b/sec)

e
(BTU/sec)

G

Nt

D-3\



TABLE 12.4
) 1. VOLIAME

~_Plant P lce Condenser Design Parameters

-

Reactor Containment Volume (Net free volume, fe3)

Upper Compartment ' ' © 670,101
Upper Plenum ; : 47,000
Ice Condenser LR _ . 86,300
Lower Plenum ' 24,200
Lower Compartment (Active) : 235,481
Lower Compartment (Dead Ended) : 130,833
Total Containment Volume : 1,193,971
~.
age ba e o2 YR ’ §, a0
\
3 4 6
Tech Spec Weight of lce in Cogﬁenser. Ibs. 2.45 x 10
. & )
f..'
DR
i)
AN 11
T ' ". ..
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A.

Upper Compartment

STRUCTURAL HEAT SINKS

1. Polar Crane Wall,

Containment Shell, and

Miscel lancous sSiccl

Slab |

Slab 2

Slab 3

2, Refueling Canal and

Miscellaneous Concrete

Slab &

 Area "°  Material and Thickness
(re?) ()
8915 0.000583 Paint
0.01017 Carbon Steel
31667 0.000553 Paint
0.05758 Carbon Steel
720 0.00167 Paint
. 0.1670 Carbon Steel
25443 0.00167 Paint
1,511 Concreze
(*\ 680 0.00167 Paint
D 11D '
[;)\ﬂ {tg'LD 4.82 Concrete

J
T‘ﬁ {Eplrwﬁ D . R 0
GINAL | 3

Y e
Rt b



. Lower Compartment

3.

4.

Platforms

Slab |

STRUCTURAL HEAT SI H.K_S.

Area

(Ft?)

1,375

Steam Generator Supports

and Reactor Coolant Pump

Supperts
Slab 2

2,580

Miscel lanecus Concrete

Slab 3

Reactor Cavity

Slab 4

23,300

2,370

D34

Material and Thickness

0.000583
0.007813

0.00583
0.0605

0.00167

0.00167
A0

(fe)

Paint

Carbon Steel

Paint

Concrete

Paint

Concrete

Paint

Concrete

ar’



5. Base Floor

$lab 5% 4,228

€s lce fondenser

2.

3.

5.

lce Baskets

Slab 1 180,628
Lattice Frames

Slab 2

Lower Support Structure 4

Slab 3

Ice Condenser Floor

Siab &

Containment Wall Panels and
Containment Shell

Slab § ° ' 13,100

Crane Wall Panels and Crane Wall

Slab 6 13,055

* In contact with sump,

0.00167

2.0

0.00663

0.0217

0.0267

0.000833
0.333

1.0
0.0625

l.o
1.0

Paint

Concrete

Steel

Steel

Steel LC::)‘"'

- ea——

— . {C’J
N

Paint CT*’33”'—-)
—
=y L

Concrete =~ —©

* J _”f

\

[ \
|| =~

Steel & Insulation

Steel Shell

Steel & Insulation

Concrete

£y 5
s b



v <)

()
1

o
Lr" “i
Lower Comp.

Ice Bed

Upper Comp.

Initiation

3 Initiii~;;::3:j_i;;

15.0 psia

1(;00}:
120°F
32°F

Crvyav

4. Containment

Spray Flow Rate 0
Spray Flow Rate 3400 gpm

¥
0
®
O
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QUESTION

A conservative assumption for mass transfer to structural heat sinks is
that all heat transfer 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 stesa line breaks.

These condensation mciels are also being reviewed for use in the COCO
code to establish th: maximum containment temperature for instrument
qualification analysis for containments without ice condensers and are
described in WCAP-3936. Altho-gh the mass transfer assumptions have a
significant effec: for containments without ice condensers, we under-
stand that use ¢ less than full condensation may have an insignificant
effect on ice -ondenser analysis. To eva.uate 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 tenpera-

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 70X power for which no liquid
entrainment from the break is calculated, provide the contain=-

ment temperature for a typical ice condenser plant assuming:

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. Xl d
:}iiti)fjil

D41
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SYMBOL

NOMENCLATURE

DESCRIPTION
Matrix, defined in Eq. (A.33).
Flow area befween compartments j and k.
Specific heat.
Total coolant energy transferred into containment.
Conversion Constant, 3262 ft-lb m/lbf-secz.
Enthalpy.
Structure heat transfer coefficient for stee!
Stagnaticn heat transfer coefficient as defined in Eq. (4.4).
Maximum Tagami heat transfer coefficient.
Column vector, defined in Eq. (A.33).
Conversion constant, 778 ft-lbflstu.
Flow resistance factor.
Mass flow rate.

Mass.

G 0L



SYMPOL

Pressure.

Heat transfer rate.

Column vector, defined in (A.33).

Gas constant for air.

Time.

Temperature.

Time from start of accident to peak containment pressure.

Specific volure.
Volume.

Total active sump volume

Percentage change of cgrtain selected parameter allowable for

time step.

Efficiency, defined in Eq. (4.6)

Steam to air weight ratio

Density.

Absolute temperature conversion constant, 459.7.

30761



SUESCRIPT

dl

dm

L.C.

Overflow

Spill

DESCRIPTION
Alr.
Air and steanm.
Suspended or entrained water.
Deck leakage.
-
Drain water.

Energy.

i-th compartment.

‘Ice.

from i-th compartment to j-ﬁh compartment.
j=-th compartmént.

Lower compartment.

New.

0l1d.

Water overflow through the ice condenser inlet doors.

Steam

fpilled Water,

2

. )
-

-
La



SUBSCRIPT DESCRIPTION

sump Lower compartment sump water.

sump 1 Acti've sunmp.

sump 2 Inactive sump.
W Water.
-
1 Upper compartment.
2 Lower compartment. -
3 Ice condenser.
5 _Dead-ended compartment.
SUBSCRIPT

A dot over a symbol, such as P, means differentiation by time, P =

dt



