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ABSTRACT

To inves tigate the capability of TRAC-PI A ana TRAC-PD2 to calcu'at:

t he phenomena assoc ia te6 with a small break in the cold leg of a
pressurized water reactor, calculations were performea for a 0.10 m
diacoter break with each verison of TRAC. To determine the relative -

capabilities of each versico of TRAC the results of the calculations are
compared. The results of each TRAC calculation are compared with results .

from a RELAP4/ MOD 7 calculation of a similiar transient. Calculatea results
a.e qualitatively compared against LOFT and Semiscale experimental test
data.

A TRAC-PD? calculation, performed to predict the response of the

nestingrouse Zion I PWR to a 200% offset break in a single steam generator
tube, is also reported.
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S UT '. A? Y

The Westinghouse Zion I pressurized water reactor ( F h e. ) was roce,
using the Trans mot Reactor Analysis Code (TRAC). Calculations ner-
performed simulating a small cold leg break using tr e Pl A and pdc
versions. A c alculation with a single steam ger,er3 tor tuce rupture was
performed using the PD2 version of the TRAC code.

.

Results of two TRAC small cold leg break c alc ulat ion s perf orrid <. itn
the PlA and PD2 versions nere corpared to evaluate the capabilities of eacn

version to calculate the behavior curing a small t'reak loss-of-coolant

accident. These calculations were also qualitatively compared with a
RELAP4/ MOD 7 calculation of the same accident and with the trencs of
experimental data from LOFT and Semiscale tests which simulated sirolar

transients.

The comparisons indicate that both versions of TRAC nere c pable of
calculating the general system hydraulics and core thermal response for a
small cold leg b.eak. TRAC-PD2 was also capable of calculating the gt,eral
hydraulic response of the rupture of a single steam generator tute.
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1. INTRODUCTION

iwo small t>r eak calculations and one steam acnerator t ut e rupture

c al cul at ion h av e t+en per f errrod w i th the TR AC computer coc which was
1develnped at Los Alamos Sc ientif ic Laboratory (LASL) . TRAC-PlA and

* TPAC-PDP' were used to ar alyze a 0.10 m-diameter cold leg break in tn e
Wes t inrp ouse lion 1 pressurized water reactor ( P.s R ) . TRAC-PD2 was als'

used to analy7e the ef f ect s of a % ingle steam generatCr tube rupture in 'he*

Wos t i n gn nus e Zion ! PWR. T il three Calcul3tions used the saH l'asic nuden
50 tnat direct cor' par isons of th e resul ts f rom dif f erent v ers ions of the

c rrrpu t er code were onssible. These three calculations are part of the

ongoing assessTnt of TRAC being conducted at the Idaho Nat ional
Engineering Labcratory (INiL),

The Transient Reactor Analysis Ccde (TRAC) i s an advanced best
es t inate compu t er code f or PWR Loss-of-Conlant Accident (LOCA) anal 6 is

TRAC-PIA and TRAC-FDF tcin allow three-dimensional represcnt at ion of the

react or v essel with two-f lu id noneo uilibr ium hydrodynar"it models. Ali

other components are represented one-di.rensionally with two-ph as e

nonea u il ittr iurn f lu id dynamic models . Both vers ions prov ice consistent

treatrent of entire accident snauences including the generation of

c ons is tent initial conditions. TR AC-PDP includes improvements in nuu ric al

technioues resul ting in irrprov ed mass cons erv at ion. The vessel heat
trensf er pack age in IRAC-PD2 h as been refined and allow; a more accurate
track ing of ouench fronts. Des cr i pt ion of the code, model nodalization,
code options, and initial conditions are f ound in Section ?

' The twa sn'all break calculations were rur through blowdown and were
conc luded af ter a cc u"'u l a t or injection had started and all roos had bec n

reflooded. The s tearn ger erator tube rupture calculation was concluded-

a f t er safety injection flow e>ceeded flow through the ruptured steam

generator tube and primary system mass was increasing. Section 3 gives a

det ailed discussion of each calcelation. Compar isons with a similar

1



calculation ut.ing the r' E L A P 4 / M OD 7 c c." p a t e r code n<v a;5: . n. i c. r 'nt ; ,

t,r ;3k c alc ula t ion. The ccnclusions n a rc c orr e n ; a t e s et this ,.' 3re'

con t 3 i ned in Section 4 and Referenre>s are fc;na ir. Sectic.n ~. - c D': . : t.;

input listina is pre:.cntcJ for the IR AC -2n 31ys i s in % pc":dit n.

.
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e MODEL DESCRIPTION

Ihe calculational mod") w r neveloped usiru th( .len I pree or.. u

nater reactor as a basis f or providing input to the TRAC c onputer com

Inc input data came from three sources: the EE/EM study, a Prd mouei

developed by LASL and the Safety Anal' sis Report for the Zion I.

pressur ized water reactor. The BE/EM study was the primary source at
information unless more complete inf ormation was ava11SDie elsev.here. The,

following sections briefly describe the coce versions used, model

nodalization, code options, and the initial and boundary conditions for the

calculations.

2.1 Code Description

Two releases of the TRAC corrnut'r code were used for tne reportea
calculations. TRAC-Pl A was used nith t he updat es described in the TRAC

:

Newsletter No. 1,3 TRAC-PD2 was used without updates. The Configuration
Control humbers for the TRAC-PlA and TRAC-PD2 are H003E65B and H0020E5B,

9 respectively at the Idaho National Engineering Laboratory.

?.2 Nodalization

The mdel used for both small break calculations was nearly the sane.

The model contained 32 components with 175 tot al cells. A two leop macel

was chosen due to the anticipated length of the calculations and the

resulting computer time. The broken loop, representing one of the fcur

lion primary coolant loops, redeled tne volumes, flow areas and lengths of

a single PWR leop. The intact loop was a composite of the re-'aining thre,

loops. The volumes and flew areas were increased by a factor of three to
model the correct loop nass and fluid velocities. Each loop contained

,

B components resulting in a total of 31 one dimensional components,
including the break. The component configuration along with a view of
level 10 in the vessel is shown in figure 1.

3



@
.m

-

b

| -e 0

{". ..~

I '1> r

f

- H

I 2"d

i

-e-- *.-.4_ ._ _

c
*'

,m

,IL
-, d'

L" l I IfI
'? (,' J

<<+
?

, / %; , f
- - . . . . . fb,

'-4

s
_

: v,

s ,

is.
__

] -

-

2
|

.-
- r -"

= . - - - ...
h. I~, _ _ _ . ,

r a s r.: ; . : :
u - m-

1 zo $ ~

| | }" .- ,

\

i.- g C
L. e-~

s O

r.'.n' <%_ g*_
-

{ f Nw
4

\ \ / '?
f

"6')\ - n ',' M'e r r, *s

..u - d . - l .-x ~< c\ <> >\ -

g~\/
e .:s ,gx-s ,e , ,

@ L/ _._)_T'i

Q
1 (M @ %,

~
, % - .n\ \Q * /|

.y
-

-

,. N,.~ - a , ,
m

+ n \r

d \ C#

t N\ \ - _~es y
e.,

/ y _

\ - i

s $i e

{

[\ 'yE 5 lLhj ! *-- -.w

,_ El E) I [j] E 'qR m)67 s\;
.

. W' =-
l D', u
fI .

t <:^ --

\, \~~ I s ej'
Ee

g: --

C \ \ j ai
1 | j
fg i

- t a,
- ,.

4 '- ,

3 . -

. , j La4
*

e .'/-- ,

p,,
} _

\q;d-| *a-

*/ - ;%' r' a
' j , y-- s

.
- ;

l.i
-

I

g",
-

{r._ , . _ | [. l ' -. .) -f '|E| )-' -
<- 4 - !---

mu
- d "

i'
; .

- . .

i

gj
-

"'^''*'9 - o,

1. __ %
+ , ;: y j

- ,
F_', e - - , i %

'

I

__ f_ d - - ([ .. _..=

l5 .:-

O
.
9



- The stein generator secondaries in both the loops were no,clcd v.i*h a
recirculation path. Inis odeling was performed by using the ste

gc nerator c omponent in c onj urict ion w i th two t ees as shc.sn in Figm t ' 7t1

steam generator corrponent modeled the steam generatcr up to the normal

water level. The upper part of the steam generatcr was then m ':itl . a

tee with the secondary side representing the recirculation path. Tne-

downcnmer was also modeled as a tee with the secondary Lice of thr tc;

accommodating the feedwater fill. The TRAC-PlA model incluced atomspneric,

dump valves on the steam generator secondary which were not challer.gca 3no
were excluded in the TRAC-PD? model.

The break was modeled using a tee corptnent t o s imulate a

c ocrnun ic e t ive br eak Tt secondary side flew area nas 0.0081 r which
corresponds to a 0.10 m-diameter break. The noding of the tee teconcery

side is shown in Figure 3. The first seccndary cell was lengthened 10 n m
in the TRAC-PD2 calculation to avoid Courant limiting. The lengthening of
the secondary cell was believed to have a minimal af fect en the calculaticn

@
since the break flows from the two calculations were nearly tne same t rly

in the transient.

The reactor vessel was codeled with 12 axial levels with each level
subdivided into two radial rings and two azimuthal zones for a totai of
48 mesh cells. Figure 4 shows an axial cross section of the sessel. Ine

downcocer region was modeled by the oucer ring be+ ween levels 3 and 11.

The lower plenum was no'eu niu, inree levels. Levels 4 through 8
contained the cere permitting the representation of an a(ial p:#er

distribution. In addition to the average rods, two rods were included t'.

model hot rods. The upper plenum was noded with three levels: level 9
below the inlet and outlet nozzles, level 10 which spannea the outlet.

nezzle flow region, and level 11 above the nozzles ano below tne upper

head. Level 12 represented the upper head region of the vessel.

The small bre3k model was nadified by the acditicn of a tee an'J a
valvt io simulate a steam generator tube rupture. Figure 5 shows tnt

5
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c mp:m+m t ccmf igur at ien f or th' steem ger erater +ar- rupta . Jir.-*.

N:tho; of odeling a steam generator tubi rupture was not n eliabl; a;*nin

TRAC. Flow f r om t " t hot leg (TEE i ) w as r out ed tr.rcsgn a v als t t t'

first cell of the steen generator secondary. Inis configur.tio, represtr'ts

a tuac ructur' at the +uDesheet. CCTplete coce inp t listings M !! ~ to t

calculations are presenten in Appenaix A.

2.3 Code Dotions.

TRAC-Pl A and TRAC-PD2 reauire a minimv of input selecticn. A ajor
choice is the friction factor correlation to De used in co p:nerit cther

than the vessel. Based on the TRAC Developmental Assessient Report,' the

annular flow correlation (NFF=4) was selected for all components.

The option using the input of a fuel rod gap Conducta. was

selected. A value of 6600 w/m /k was cnosen base en , , a

c alcula t lens.

The partially implicit numerical hydrcdjnamics cption (IhYDR0=0) was
used througnout the loop piping except for the piping adj acent to the Dreak
and pressurizer where the fully implicit option (IHYDR0=l) was used.

2.4 Initial and Boundary Concitions

A TRAC steady state calculation was usec to cetermine the initial

system conditiens for the transients. The calculatio' was run until '1 Tet.

the specified convergenr:: criterion ,f 1.0 x 10-3 Tne initial system.

conditions are shown in Table 1. The same TRAC-PD2 calculation of steacyi

state was used for both the small break and steam generator tube ruptu er

calculations. The nen ANS decay heat rate was used after reacter scram.,

Safety injection (SI) and charging flows were lumped irto a single fill
component. Figure 6 shows the injection rate of two nPIS, LPIS and
charging pumps as a function of pressure. It was discovered near the end
of the two calculaticns that the charging and 51 flow shewn in figure 6
were in error. Ine flew rates should have beEn larger by a f actor of 4

9



TABLE 1. INIT I AL COSDlilCNS FOR ZION I TRAC CALCLLAT10h5 '*

Parameter TRAC-PlA TRAL-PD2

Core power (Mu ) 3228 2228
t

Cold leg fluid temperature (K) 550.a 550.5

Hot leg fluid terrperature (r.) 583.5 583.1

Pressurizer pressure (MPa) 15.65 15.65

Pressurizer liquid volume (m ) 30.01 30.01

Core mass flcw rate (kg/s) 1r263 18243

Steam generator secondary pressure (MPa) 4.686 4.696

Accumulator pressure (MPa) 4.155 4.159
3Accumulator liquid volume (m ) 26.63 26.70

Accumulator temperature (K) 325.0 325.0

Aserage rod peak power rating 'kw/m) 26.39 27.31

O
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ine reducod 51 flcw decrersed it.e tot al as< iniect t . ir to in- pe r .r
-

ry'st+c for the PD2 ar d P I A c al c u l a t lon<. Incros',ina tn'._ 51 ,'.r i i: o- t') ,

would not have t ign if ic antly changed the depressur iratinn att fct ntr-

c alcu lat ior Tne add it ional us in the syste ' f or i t : e I R r .'. - E m

<.!culation .;ey have raintained a core liquid les el ar,a re:uct tr
.

'

c lat1ing heat u The TRAC.-PD2 core thermal respcr.se v oula hay ( r.o 21m c

t he saw since the are was covered threughout the transient I H- sefet)
injection and charging f lows v.ere correct eo f or the steaT ger.c r at c r tur e
rupt ure ca'cul ation. Auxiliary feedwater flow was noceled from two

trat or-driven pumps arid cne t urbine-driven pump. Th2 tot al ficw ate wc_*

M.? kg/s into the single steam gonerator er.d 84.6 kg/s int o th+ triplo
s toa ' ge ner at or at a t emperat ure of 308 K

@
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3. RESULIS

C alc u la t icro using TRAC-PIA and TRAC-PD2 were perfo med o',ing a

CDC 176 computer to simulate a 0.10 m-diameter cold leg break in tnt

Westinghouse Zion 1 PWR. The TRAC-Pl A calculation was ccr.cluded 660 t

af ter the rupture requiring 40 hours of CPU time. The TRAC-PD2 c alculat ion'

rcquired 14 hours of CPU time and was concluded at 673 , into tr<
transient. Both calculations were terminated after initiation of.

accumulator flow and reflooding of the core had cccurrea. A calculatico

using TRAC-PD2 was performed using a CDC 176 computer to sm,ulate a stcan

generator tube rupture in the Westinghouse Zion PWR. This calculation nas

run f or 600 s using 4.5 hours of CPU tirc.e and was terminated when saf ety

injection flow 'xceeded leakage into the steam generator Mcondary. T i .m l n g

of maior events f or all three calculations is shown in Table ..

3.1 0.10 m-diameter Cold Leg Creak Usina. TRAC-PlA

The simulated 0.10 m-diameter pipe break occurrec at 0.0 s. The

@ syst em pressure decreased to 12.82 MPa at 9.0 s which resultea in a re3ctor
scram and a primary coolant pu:rp trip af ter a 3.4 s delay. The sim .

outlet v alves on each steam generator were closed at this tiw anc tFc
feedwater flow ramped off over the next 14 s. Au>.iliary feednater flon was

initiated 1 s af ter termination of main f eecnater flow.

Upper plenum pressure, shown in Figure 7, ecreased to approxicately

6.8 MPa at 50 L which corresponded to the hot leg saturation pressure The

system pressure remained nearly constant until 250 s wr.en the break flow
changed from a low aality mixture to precominately steam The ir.creasta

.

volumetric flow r u resulted in an increase in the rate of system

depressurization. At 330 s the steam generator secondary pressure equaled
,

the primary system pressure and the primery system vepressurization rate
decreased due to primary system and steam generator secondary temperatures

being nearly equal. The system pressure continued cecreasing until 770 s
when accumulator fluid quenched the fuel rods. The ste m generated from

the quenching of the f uel rods increaseo the system pressure slightly.

13



TAELE 2 MAJOR EVENT FOUEfCE

. _ _ _

Times (!,)

TRAC-IDi
St ~

Ge r.e r a t o r *

TRAC-PlA i.' A L - P D 2 Iute

_S dll Erear. KuptureEvent Small Ereak ?

Time of rupture 0.0 0.0 0.0

Reactor scram 12.24 14.36 100.0

Pump trip 12.24 14 .36 100.0

Initiation of S1 flow 15.11 17.3S 105.0

Termination of feedwater 27.24 29.34 120.0

Start of auxiliary feedwater 28.24 30.34 124.0

Broken loop seai swept out 270.0 293.0 --

Termination of auxiliary feedwater 400.0 -- 4 2 t' . 0

Initiation of accumulator flow 630.0 462.0 --

Core quenched 775.0 h a

.

.

a. No core uncovery or r od heat up was calculated.

O
,,
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The st ram generator secondery pressure, als o shw 1- f ics ,,

increased at 20 s after the steam outlet v al s .. c s clo m .1 1in

feedwater flow de c r e a'..ed . The steam generator stc;' Jar y b aan

cepressurizing after 80 s due to tne mixing of sutcceled mx11iary
f eedwater with the steam generator secondary fluid. Iht mc w , .. i t

mass inventory increased approximately 4 times faster than the ;2 1ilary .

feed mass flow rate due to mass gained through numericai errors It c

increase in secondary mass reduced the ef f ect of the aux iliary f(tanatcr ,

and resulted il earlier termination of the auxiliary f et J f lov. m to

second ny water level recovery. Thc auxiliary f eeawater min a wit n t ho

mes gained f rom numeric al errors, nhich w as at the st e m ger er at or
secondary terperature, resulting in a higher overall seconocry

temperature. This secondary behavior resulted in a decrecseJ prirm y

aepressurization rate and an increase in time to accumulatcr initiat Rn.

The break mass ' low rate, shown in Figure 8, was appr m ias tely

900 kg/s initially. The break mass flow rate decreased to 5M kg/s as tnt

system pressure decreased to the hat leg 't urat ion pressure of 6.L MPa. A

sharp drop in break flow occurred at 250 s when the icop seal in the t>roken

loep was swept out. Clearing the Drcken loop seal permitt(d ,epor flow'

from the upper plenum which resulted in a high void mixture at tne Dreak
and decreased the break mixture density. The reducec mixture censity at

the break resulted in a reduct ion in the mass flon- rate as shown in
figure 8. The instabilities in bre>A flow, -tarting at 330 s, wert. a

result of renoding the secondc;, side of the t;reak tce. The renadina was

performed to reduce the severely restrictive Courant 1 rit irposed by the

code. The instabilities were not fed back into the system ena appearea to

have lit tle ef f ect on the remainder of the c alcu lation. .

Primary coolant flow decreased af ter the reaci . ' CGol ant pumps were .

tripped at 17.24 s. Figure 9 shows the flow coastdown and a flow reversal
in the broken cold leg between the vessel and break 'luid f r om t he
downtomer floned toward the break until 270 s when the locp seal was swt pt

out During the remainder of the calculation flow was into th. vessel aoe
to steam flow from the upper plenum through the loop.

16
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The int.ct locp cc'd leg beaaved differently cme t. tM
'

p Jil t

pSin c'. fr-rs 3ining liquid filled and thus blocking the lt op 'l: t

the loop seal to the vessel nas near zero s n o .s h in J1gare 1: Io

ar: ' c; -~~ .g.tj- . . - .c,y, sh:w :n Fiore-
, n *n :,

loop teal from 490 s until ('60 s. The intact cold leg es n i n r: 1, h d+

with safety injection flu id at 490 s. Figure l? Enons the so a fr :' nn < -
,

the accumulator injcction tee and the 53fcty inject ion tet: ef in< i r. t - : t

cold leg. When the intact cold leg fice r ev er s ed at 490 s. fioic ln tv i

tres flowed into the pump and loop seal, Fluid fil h d each of tne

computa t 'n al c ells in the intact c nic leg f rom it-t- p;p tcasra t.nu

vessol. Eanh of the corrput ational cells nearly filled t of ore tnc

downstream : ell started to fill. This phenomena is not physics, as,

pro to typ ic al ly, the liquid would tered to form a layer in tot pipt c r, a ficn
toward the vessel. At 630 s, when the accumulator f l o.s na initiated the

initial flow was limited due to the intact cold leg being f ull of iiquio.

F luid flowed out of the intact cold leg at 770 s and into the v e !.s e l
condensing vapor, and allowing en increase in the flce from the cold seg.
The void fractitn in the intact cold leg increased as fluid drainco i r.t o
the vessel as the vapor in the vessel was condentea. Tt.c vessel and ctre

rr',iled quickly, as shown in F,gure 13. Figure 12 sh ass the scic fraction
in the intact cold leg decreasing as accumulator fluid once rare filleo the
intact cold leg.

The rod cladding temperature history is shonn in Figart 14 L) ;ddi r g

temperat ures dropped f rom near 600 K to the systen saturatiD', ita percture
upon reactor s c r ar" a t 12.24 s. The rod ticdding tempercture r,: .ined r. ear

the fluid saturation tomperature being cooled by a two phase n1>ture in tn-.

core. At 575 s the uppermost level of thc core dried oJ1 and int claJding ,

t emperat ure t>egan incre asing. As a result of dry out the cled tenperat ur e:

in level 4 increased at : 15 s folloned by the terperature in leveis _ and o .

at 680 s. The lower les 1 of the core experienced no dryOJt or Clad

temperature increase. All levels of the core were quentned upon

a cc umu l a t or injection at about 770 s. The peak cladding temper at ure

obtained during thr_ t,ansient was 750 L in level 4 duririg the cryeut.

O
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E mparicor.T of t he Tf'AC-P l A small bren c alcu iet ic n oith k-F' ej '

REL AP4/ MOD 7 calculations and the trenas of experir:(ntal cats . vill tc

presented in Section 3.3.

3.2 0.10 m-dlawter Cold Leg Ered Using TRAC-P02
.

This section will discuss tne TRAC-PD2 calculation an1 compu es 'ne

results with the TRAC-Pl A c alculation discussed in Section 3.1. .

The small break transient Degan with the opening of the breax et
0.0 s. The system pressure decreased to 12.82 MPa, the system icw pressur,
scram setpoint, at 11.0 s with a reactor scram 3.40 s later at 14.4 s. The

primary coolant pumps were tripped and the stean generator outlet s a iver
were also closed at this time. The main feed and auxiliary feca flow was

e,irrulated the same as was discussed for the TRAC-Pl A calculation in

Section 3.1.

The upper plenum pressure, Figure 15, decreasea to the s atur ation

pressure of the upper plenum f luid at about 60 5. The r. essure remainec

nearly constant during the next 230 s showing only a slight increase f r om
vapor generat ion in the core. The primary system continued depressurtzing
at 290 s when the loop seal in the t:roien loop wss cleared. Clearing the

tirok en loop seal permitt ed vapor f rom the upper plena, to reach the breat.
Increased break volumetric flow resulted in the system cepressur i2'ing at a

faster rate. The primary system depressurized to 4.13 MPa at 462 s and

accumulator flow was initiated. The system pressJre shered an mcrease ir

depressurization rate at 560 s wnen cold accumulator fluid entered the
vessel causing condensation in the vessel and a decrease in pressure. -

The steam generator secondary pressure, also shown in Figure 15, .

remained 13wer than the system pressure Jntil 370 s. From 370 s to 440 s
the two reessures were equal, after 140 s the primary pressure was loner as

the primary system depressur ized due to flow through the break. The

auxiliary f eedwater flow remained on during the TRAC-FD2 calculation,
cooling the secondary. The mass conservation in the TRAC-PD2 calculation

u
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33 v <. r s g r. ' 1 The ret. O f m, c a i r, w /,,t -

ger.er a t or wt nr: ries ,t: ea t - auxilaar f - 6, ,
*. t+

,

:- ics, a t'
* -- -i n, :W:*n - **er v c u m.e v n r- e

not recover hy f.00 s ind tr.e suul: i Sry f em t,st - - : .; i
'-

,

r educ : ng t he <,+: c cr 1 ary t er.pe r a t u o. . C:,cpa i: r .i :o TR- *- *-
,

TRAC-PDr c alcul at ion at 650 s shoned a seccnde , peret r. 1 ._. . ' -- *

TRAC-PIA anu S15.5 h for ikM -F[G The rr1z e : :. , -: '-

the IRAC-PD? c alcuiation ennanced tne pri~ary sy:tc.. .- ; . r ': re . .

thortened the + W until ectum lator i r. i t s ti:n

Steam generator seconcery water ,eSel was ccntrel a D, - o,

f ract wn in the stear gener at or sim lar to previous TE/E ;l; l a *. :m : p _r

to the renoding of the steam generatcr futur" calcuittions D'-;ia t.- t":,

the la el on the donncon er ,ncications sirct tnis is the ~.tsc c:Lc -, .

is maintained in an oper at i r.g pl an t . MN,eling tre 5te n *' .- a' ~

3

the 5t m G:r,erator comp.nent ar.d tw o T-: r, n;r:ne tr.e ;.. fc -
* *-

steam gereratoi. The nen rocel allowed circul5ticn ritni- ine st+r
generator during tne transicnt eliminating sevcre teeper ? ur e

. . ,.- ,

stratifica. ion which was etserved in previous ,1 % ita, i cri .
.

c alc ula t ions. Thc model also allened trc preneating of f,.. .s .- ,

steady state calculations.

*ia,yh- hraak mass flo. rate, shonn in Figurt 10, i- n c 3,.

rnd decreased as the syste t pressure decr.: sed t It f._' ' 1 '. t 9 t l: r,

pressure of 6.6 F.Pa. The loop seal was swept Nt it N . tic m uit.v

in a hign void mist ure reaching the breS.. reducir.; iM .- is d ',

rate. Flow out of tne vessel to the break ro er sec =t x 3 c : ' 19 <

reduction in the brew mass ficm for about 10 s. Th. :, n p -r in ,

break flow at 370 s was caused by stagnation of the fic, Diwce - ine .-L;'

and the break. The stagnation occurred as e resLit cf conrensett: ir tim ,

vessel.

Flow in both loops cecreased after the pri1 cry cccl2nt y p. e: re

ieg t-t etripped off at 14.3 n. At 150 s the iltw m t h e t r c ,. r. n :t ,o m

the vessel and t>reak reversed, as thcwn in figure 17, cer the :.r:M n ,:c;
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f m. ,tcanate in th 't? t a:e31 v. :, ' ,, > p t ' ''
.

, .

m rturt c:rtulatea thrcugh the Sc..en ; .w p F ino li v,. s.
-

frect en in thc !cc to ;' O t n i n 4 e c t ' c r, tee of tht ,r * s ci c i; -
,

fraction increasca folleviing tne lcss of the brca r loc 7 - it 1% t <
,

the accumulator fluic entered tric l oop t he ', o id f r *c+i w. ,_t.

Prior to initiation of acc umu l at or fica na liquid e t t u' :i dt ru : r, tt, .

in jec t icn tee which differed from the IRAC-pia calt lete rcsuit' Tr>.

intact loop pump seal was swcpt out at 570 s when pressur- 'n tr- ." ,

was roduced by condensation allcw ina f low of t rm c n l d ,cc t ' i t: tc tre
'cv e w.1, in the TRAC-PlA calculation tt'e intact loop , eel r en , i o ,..

filled througnout the transient. The prp seal in inc IR u-r'lA colc.;li;. '

may have remained filled due to the accumulation cf tnc aftt, injectier

flu id ic thc -^al. The increased mass in thE Icop seal 'n the T R -P;"

calculation may have prohit;ited the seal f rom being Enept Jut.

Rod c lariding temperatures, shown in Figure 19, re.alnto ncar
noling was maintai: ed Ly ; t,o phase<aturation throucheut ti.e trans ien , r

,

marture flowing through the core. The peak clad t emper at ure s mert the

'o cryout ofnormal operat ing temperatures at the st art of the transient. -

the cladding was c alculated in thc 1RAC-PD2 c alculat ion in :cntrast to tne
TRAC-PlA calculation- This was due in part to the ;rlier cepressur uation

of the system and subsequent accumulat or f low

Comparisons of the IRAC-Pl A and TRAL-PD2 calcul at icns nit: other

calculations and e>perimnt al data will in mact in 5cct ?n 2, . 3 .

.
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3.3 Co:rper isens of IRAC Snali Break CalcuieticrJ wa*,t>: -)" ,t:.

Data and RELAP4/F0D7 Cal ,laticn

This section comparec . few selected p5 ram ters fr,- N'r 7L-

caltalat ions v.ith the trends of experirental cata m . c n e F ' .. A r '. ' 5' ' .,

c alc u l a t ion . Semisc a ae Test 5-5B-2'; and LOFT exper 1
y

-

tnt L3-l~ e -

selected for comparison because tioth representec a 2.t% told leg ren
0

The RELAP4/ MOD 7 calcul at ion s mul ated the sam colo lera o cas transient
as both of t he IRAC calculat ions. The LOFT L3-1 e <pt - iment ,9 uiated

reactor scram cnd primary coolant plap trip at 0.0 in the t o nsi: t ine,

Semisc ale 5-SB-2 test allowed purup trip an1 poner decay to c.c z is to

systen pressure decreased. Both IRAC calculations and tne stLAF'/ MOD 7

calculation tripped the coolant pumps and reduced thc power tmn 1N s ys t e:
pressure. The two experirents are compared with tne two IRAC calculations
and the REL AP4/ MOD 7 c alculat ion in the folleoing section. tven thcugh

there were annor differences in the experiments and celculatiens it was

possible to make qualitative comparisons and ot:ser VM the general trerds of

both the calculations and the data.

A comparison of tne primary systen, pressure, Figure ?O, shcus that all
tnre" calculations and data are in gon agreement early in the it ^nsifnt.
The variation between the three calculations and the expr imental data was

appror.imat ely 1 Mpa parly in the tr ansier.t . The yariat' , nbs c2 tc the

dif f erences in upper plenum fluid ter^perature woich contr01s t+ e saturation

pressure. Under- or overpredicting the upper plenum tenperature ay c h
results in a pressure difference of about 0.? MPa. The IRAC-PD2 system

pressure was the lowest after 400 s due to continued auxiliary feed fiow
which was terminated in the IRAC-Pl A and REL AP4/ MOD 7 calculations. In both

the Semiscale and LOFT experiments the auxiliary f eed ficw v. n n o t

initiated until appror.imately 75 s but was continued trougnout the -

remainder of the exper H 'nt.

A comparison cf the ..eam generator secondary pressures, Figure 21,
shows a wider dispers ion of the dat a end calculations. ire IRAC calculatec

pressures were lower than the LOFT value for several reasons. Secondary
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pr. < s ur er in t'oth IPAF ralculaticns were t '. t e r s a _. :t r - .

-'-

incr ustd to achieve an encrgy and a m " ia"ce in,. ' + , - ,I ,:<.- *

in th e L Uf T e x per inen t were mariu a l l y c l es f>d at 0.0 ; nm ere r :n i. ~ -,

c a l c "l a t i o n", thi v alvos n(re Close d St 19 7 0 s d # in '<% ;r, w, cyi'.

prn%ure Auviliary fcedneter flon was n,t startt. u r, '.1 1 7; ;'tr*
s

.

thf ttart of thi tr ans >cnt in LCFT The r3lCulaticru s' 'IarI'

2 .

e+

ferdwater flon at approx.mately 30 s. Ecnsidering thc 11fterer.c. n sn t

'

TMC c alcula t icn and the t CF T e > per imc nt it is reasen3rit to st t " inc

pressur- pr ed i c t e d wnlld t'e closcr if an actual sima | 9 ticr of the tint n

t'een ccnductrd. All sec ondary pressurcs sn ov.ed the " e t r , rn _ 1:ter 1 r.
.

the calculat ion as the press ures cecreased . Th e ;E L AN/''M7 c a l c i s t :n

sh an ed s ome craling frce t..e attu .lator flu le t etu en 700 ar;d %0 t il'

three cal c ul a * ir ns ch oned th e s:-re trends as the :3ta car 13 u n,

translent witb some difference", later in the transient 12 to nu311ier,

feedwater ternination.

Freak russ flow rate of th e t w o T R AC and cne RELnP4/F R7 ceiculaticn
are sh ewn in Ficure 22 3l0ng wi th th e t'rr ak mass flow rate fCr it tiscal(

Tes t 5-SP- 2. [xh c alcul a tiGn shewed an initial flew bPtneen 1000 rs
400 k c/s wh ich c uick ly e creased to at'cu t 500 k g/s in- 1.c T ' ' :

calculaticns indicated the Icop seal was s v.r p t out at '70 t: 6D : The

t' r e n L f l nw t e c : no two ; h ase after the i rs:p wal w es sv.r et %t St '49 "

the PEL AP4/ POD 7 calcul a t ion. With the cecrease i r. ' ci t i ? v sscrie+ ' witn

' t am r ea ch ing th e t'r( ?i , the c alcula ted t reak r a! E tlN r3te: e ail,

calcul3tions decreased. The Semiscale test dat a sh enec s ir il ar tre ;r

U r t' r e ak flow de c r e as ed as th e s y s t eT pretsure ream ( saturat ", i.r :

rema ined near ly c c os t an t until thc loop seal w2 swept cut st cout c0u s.

During the RE L AP4 POD 7 c al c ula t ion the break mass 'lov. i n c r e as e:: after
*

/

in it ia tico of the acc urul a tor flow dLe to the hcnegeneous mixing of
subcDaled lia u id w ith the steam in the cold leg. *

Red cladding temperat ures in each calculation remainec near tne
saturation t emperature early in the transient a th enr in Figurr 23- The

trends of the experirental data ccmpare weli with the TR AE cnd r EL A,4 F0D7/

0
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