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BEST ESTIMATE POST TEST PREDICTION

FOR LOFT NUCLEAR EXPERIMENT L3-6

1.0 Introduction

This document contains the Yankee Atomic Electric Company post test

prediction of the coupled system thermal-hydraulic response for the Loss of
Fluid Test (LOFT) System during Loss of Coolant Experiment (LOCE) L3-6.

The RELAP4/ Mod 3[1] and RELAPS/ Mod [2] computer codes were used to

calculate the thermal-hydraulic behavior in the LOFT system during LOCE L3-6.

The analytical models used to perform this prediction should be
recognized as "bes t es timate" predictive mechanisms.
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2.0 Model Description for RELAP4/ Mod 3

2.1 Calcula tional Overview

The code used for the post test analysis presented in this section of the
report is RELAP4/ Mod 3 version YAEC-05B.

Two update changes were made to the code; one to represent the behavior
of the LOFT steam flow control valve in the secondary side of the steam
generator, another to allow the use of different contraction coefficients for
subcooled and two phase critical flow.

A listing of the input description and update diagrams is given in
Appendix A.

2.2 Blowdown Model

The RELAP4/ Mod 3 LOFT system model used to calculate blowdown during LOCE
L3-6 is described in this section.

A schematic of the LOFT system is given in Figure 1.

The model used for LOCE L3-6 is a modification of the EG&G LOFT L3-1
model (Re ference 3). The following changes were made to the base nodalization -

(Reference 3) for this analysis:

1. The break location was moved from the broken loop cold leg to the intact
loop cold leg and the new break spool piece was modeled.

2. The accumulator was removed.

3. Primary coolant injection flows were added to properly account for the
system mass inventory.

6
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4. For modeling two-phase degradation behavior, data that describe the pump
two-phase head and torque characteristics are needed. The new LOFT head

and torque multipliers based on experimetnal data, presented by EG6G in
Reference 4 has been used.

5. A new volume (33) representing the pipe which connects the steam
generator secondary steam dome to the steam relief valve was added to the
nodalization of the steam generator secondary. Complete phase separation
was used in this volume.

6. Two junctions (45 and 43) instead of one were used to represent th e
feedwa ter inlet and the auxiliary feedwa ter inlet , respectively.

7. Six junctions were used to model the leak through the steam flow relief
valve; one before the valve cycled (junction 41) and a combination of 5
valves and 5 trips throughout the remainder of the transient.

8. High pressure injection system (HPSI) location was moved from the intact
cold leg into the downcomer.

9. Only one volume was used to represent the core. A bypass volume
representing 5% of the total core flow was added to the reactor vessel.

10. Phase separation was removed from all volumes except reactor vessel
v ol ume s , pressurizer and s team generator secondary.

11. The critical flow models specified for the junctions were the Henry
Fauske model for the subcooled region and Moody model for the two phase
region. Mul tipliers of 1.0 and 0.6 were applied for subcooled and
sa tura ted break flow, respectively.

7
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A briaf d2ccription of each control volume is given in Table 1. In
-

specifying the system initial conditions, i.e., pressure, temperature, flow

an d powe r , the actual initial conditions of the LOFT facility at the test
initiation were input to RELAP4 model within the bounds of measurement error
and heat balance consistency (5).

A list of measured versus RELAP4 initial conditions are given in Table 2.

3.0 Comparison of Experimental Results in the RELAP4/ Mode 3 Post Test
Calculations.

This section presents comparisons between the experimental data provided
by EG&G (Reference 6) and the post test predictions calcula ted by RELAP4.
Short term (0 to 200 sec) and long term (0 to 2400 sec) results are

presented. The selection of the parameters provided in this report was based
on the availability and quality of the data, the correspondence between
modeled volumes and physical locations of measurements, and the overall

importance of the parameter in assessing the capability of th RELAP4 code.

Some results are presented without comparison with expermiental data when
those data were unavailable.

Table 3 presents neasured versus predicted (RELAP4) sequence of events
for experiment L3-6.

3.1 Pressure

Comparison between calculated versus measured LOFT pressures are
presented in Figures 2 through 7 for short-term plots (0 - 200 sec) and in
Figures 19 through 24 for long term plots (0-2400 sec).

8
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Good cgreement io cchiaved batwetn the calcula ted pressure in the primary,

system and the measured one up to 945 seconds. After 945 seconds, RELAP4

under predicts the data. At 1300 seconds, RELAP 4 predicts a 30 psia
repressurization of the system. This is due to a change in break flow and
break quality. Following the repressurization, the pressure in the primary
system drops again until it reaches 330 psia at 2031.5 seconds.

In the secondary side of the steam generator, by carefully monitoring the
leak through the s team relief valve, good agreement is achieved until 945
seconds. At 945 seconds, the pressure in the secondary side of the steam
genera tor exceeds the primary sys tem pressure. In the LOFT experiment, th e
two systems become decoupled at this point while in the RELAP4 calculation,
the secondary pressure follows the primary pressure.

3.2 Differential Pressure

Differential pressures across core, pump, and steam generator intact loop
are presented in Figures 13 through 15 for short (0 - 200 see) and in Figures
29 through 31 for long term (0 - 2400 see) results.

3.3 Fluid Temperature

Temperatures in intact loop hot leg and temperatures in the steam
genera tor inlet and outlet plenums are presented in Figures 16 and 17.

The LOFT system reached saturation at the cold leg at 40 seconds while
RELAP4 predicted saturation in the cold leg at 90 seconds in the transient.
Af ter reaching sa turation, RELAP4 predicted the LOFT data well until 945
s e c ond s . The temperatures are underpredicted (Figures 37 and 38) af ter 945

seconds and seem to follow the pressure prediction response.

9
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3.4 Density

Densities in broken loop cold and hot legs and intact loop cold and hot
'

legs are presented in Figures 9 through 12 for short term (0 - 200 see) and in
Figures 25 through 28 for long term (0 - 2400 sec) response. Good agreement
with data is achieved.

3.5 Mass Flow Rate

The comparison between calculated versus measured break flow is presented
in Figure 39. The RELAP4 results are within the measurement error band.

3.6 Liquid Mass in the System

Four plots for liquid mass in the reactor vessel (Figure 33), liquid mass
in steam generator primary side (Figure 34), liquid mass in hot and cold leg,
intact loop (Figure 35), and liquid mass in broken loop (Figure 36) are
presen t ed . Since data on LOFT liquid mass inventory are not available, no
comparisons to the data have been made.

3.7 Liquid Levels

Level in the pressurizer is presented in Figure 18. RELAP4 calcula ted a

delay of 3 seconds in emptying the pressurizer. This may have been caused by
an initial lower level in the 10FT pressurizer as compared to the value used
in the RELAP4 calculations.

The level in the core is presented in Figure 32. Again, data are not

available but the LOFT instruments did not measure core uncovery. RELAP4

calculates uncovery of the core at 1300 seconds, recovery at 1500 seconds and
finally uncovers again at 1550 seconds.

;
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We are using Wilson bubble rise in the core. It seems that a homogeneous-

'model in the core may have been more appropriate for the case,where main
coolant pumps are still available. This assumption would not have shown core
uncovery, ins tead would show high voiding of the core.

11
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Table 1. RELAP4 Blowdown System Model Description

Control Volume Description

1 Nuclear Core
2 Core Bypass
3 Steam generator secondary s team dome
4&5 Upper Plenum

6&7 Intact loop hot leg

8 & 13 Steam generator inlet plenum and outlet plenum
9 & 12 Straight section of steam generator tubes

10 & 11 Curved sections of steam generator tubes
14 Steam genera tor outlet piping
15 Piping leading to the tee preceding the coolant pumps.
16 Piping from tee to primary coolant pumps
17 Primary coolant pumps

18 & 19 Intact loop cold leg

20 Upper annulus at the vessel inlet
21 Downc omer

22 Lower plenum
23 & 24 Broken loop cold leg
25,26,27 & 28 Broken loop hot leg
29 & 30 Reflood assist bypass piping

31 Pressurizer surge line
32 Pressurizer
33 Piping connecting the steam generator secondary steam

dome to the s team relie f valve
34 ECC injection line

35 Steam generator secondary downconer
36 Steam generator secondary shroud region
37 Con tainme nt '

!
i
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Table 2. Initial Conditions for LOCE L3-6

Input Value

Parameter Measured Vatue for RELAP 4

Primary Coolant System

Mass flow 3.8+0.05 3.8
6rate (x 10 lba/hr )

Hot leg pressure (psia) 215.67+20.3 2156.62
Cold leg temperature ( F) 544. 5 + 2. 0 544.5
Hot leg temperature ( F) 579.1+3.2 579.5
Primary coolant pump 1.55+0.25 1.55

injection flow (gpm)

Reactor Vessel

Power level (HW) 50+1 50

,

Steam Genera tor Secondary Side '

Water level (in) 8.7 1.2 8.71
Water temperature ( F) 517.4+1.4 507.0
Pressure (ps ia) 807.86+8.7 809.27
Mass Flow Rate (Ibm /sec) 61.3+0.2 61.3

Pressurizer

Pressure (psia) 2161.07 36.26 2155.111
Liquid level (in) 46.51 3 46.54

ECCS

Initiation pressure (psia) 1778.17+20.31 1778.7

14
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Table 3. Chronology of Events - Experimental
Data Versus Test Predictions

Sequence of Events for LOCE L3-6

TIME AFTER LOCE INITIATION

MEASURED PREDICTION
EVENT DATA DATA

(seconds)

Reactor scrammed -5.8+0.2 -5.8

LOCE initiated 0.0 0.0

HPSI "A" tripped on 3.6-0.2 2.2
Pressurizer emptied 20.2-0.2 23.9
Upper Plenum fluid satured 28.5 0.2 30.01
Intact loop hot leg voiding initiated 29.4 5.0 30.01
Intact loop cold leg voiding initiated 31.4+5.0 90.0
End of subcooled break flow 44 . 2+ 0. 2 90.0
Steam generator secondary auxiliary

feed pump started
73.410.2 73.4

Steam generator secondary steam

contrei valve opened 88.8+0.2 88.7
Steam generator secondary steam

control valve closed 99.6+0.2 101.2
Primary sys tem pressure became less

than secondary system pressure 930.0+30.0 940.0
Steam generator secondary

auxiliary feed pump shut down 1856.0+5.0 1856.0
Primary coolant pumps tripped off 2371.4 2031.5

15

-



STEAll CENumT0lt STEAM PORV
, .

|

CONTROLb] VALVE -h-
.

3i - 0 4 + s2.-

|

CONTROL '

h PRESSURIZER
VALVE

hf LEAK

@@@w
@ 4

h "

43 FEEDWATER h h hAUXILIARY

h 45 FEEDUATER& B j

i+ @ @ tO d) @ [k @ b
-

@@ @ [?] 9e '

-
1. sA

i
1 I I,

,

Q h C0dLANT TO PUMPS hS'
HPSI

BREAK b , S P S ION
TO 42 TANK (BST)

VOLUME 37 .

@ @
'

.

ED s
ff O i,2]

Figure 1

RELAP 4 LOFT Nodalization

_



_

l 1 -5 REl hP4 ' C ri'' F,'? ! ',9 N TO DRT4 w is e*t e s < a e- : < w .' '-o s e ve wg ,,, .g. '~ r- e - i- i- ~i- -
i- i- i- i- . -w-r -

,

.e,

.

n
o.. _

c4
~

>

-

c-

o- n
eo _

-> -

.. r > (
_

a
~.

-

c,
c

o
a

wo
_

e) r 4
.

-

s,
tal .

(s.o
-e o

co _ .

ci _

o-
' -w - LOFT L3-6

4
W
o o
" L3

~ RELAP 4~ <
e.

-

C1
C)

-

W D L'
L' o -

dM . _

p - .

Z '

-.

O
O "

r. ~
..

\
o

Im2 2 tu ,12 im udio tbDmmm,-#,a sinic ziac.
.

eg sea
ro muu 1 -

1

10F7 L36 ~

;-:b O 3 ,, :r, s ;. s . ., <<
, , , ss ;nq 7>se

T f rif '',[* 1 TI O

Figure 2,,

Intact Loop Hot Leg Pressure

(0 'r 200 sec)

- . - -



a a

.
|
,

e
S
n&

M <

es !
' '|'' '=g' 3, ,i, ''i-- i. ,,..

' ' v v v v v , '' - , , , ,,
ita

" Ik
,?- e

n. ed
as 4

.-
. . _

C
aa
'dy

a

M

d

== [

l'

,

9
i

1

C -

$. ,| 5F
*, --C

|<-< ,o .. ,
4

o
..
.,

g
p~

i_ ., .~
O- t. - - o i

'- k
.0- * )| $m-***

e , .-- . ucc - M 0 Q
C* M M- i

E G p.L ~. ~ '~ G b oT. ',
, .. -

-

cwoo- , , O 00 W N
yE , .. H NJ

$a.e W.|."
b,

*47 *

~

'E
' cQ

b. ; cc v i

e goi' -
C* ,

@ b
w W

.
, , r. gLs.,

<

Ct" < -

.
e

-

*

'- o , .

3, -

@L -

A*C <
,

A \. <

k ) |

3 1

# j: ,

1
-

,
. ..

I
m
.J

W

4

2

Wa

^!^ g.l. .)i ,j, g- * wn f = .1i .

'^^ a i 1

~gg 00r0 0020 0000 OOr, i G%i Octi 00'1 re ''

2E dd 191Gdl 38DSG38d BlZiBDSS38J

18

- _ _ _ - _ _ _ _ _ - _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ __



9

*
.
a
N /*. . . ,,. ....,. ....;........ . ....... . .. ... .. . . .. . . , g

>

"U -'

?- :: ':
e. - ~-eg . -

*s a nkr - 6-' , _

*s, -

.

1
4

h
-

) 3C
,-

..- 4
- i
t 4

i l
* A
i ic - / 5 2

s }q ;_.
C 's 1
O

{ l
i ,o e

H i
-

w
_ t a v

2 .n - r gw

O
- - O o
4 um,

g3 =
1 a ya4 eu

*M
E- 1, >-- ** O tr> !

c.,

c '! * e o-
1 k COL, r - i 13 , nump

r ;; * oc
O ~m

. ~
a ~4 v e |*

u
, ; 4$o-

v avgn ' w e
e .~ - = v

ua -

Cu _ - n.
a - Cw :x -

1 -

to, I '

m
- ,T,,

_ o
~

a
a . e

$ !~
s I

i
- _' e

te

.

N

-

_
. .a

s. a
a: -

..J
s n! :
.

E
C

. .,... .1. .. .1. .i. .i. . .1, c,
e,

. .. . .

0050 00r0 0020 0000 0061 0091 00ti 0001 000's

12 du (Sisd) 83WC3NMOG N1 383GC38a

I

19



.

s

.

E

E +
N

' ' 'l' 'I' i '
'''' ' ' i' ' 'l' '''l' 'I''' '' '

,

-

-

ng , -

2 -.

em
a *
* b. ony - ~.

s !
- a

es
.

-

-

-

-

-

- 1, _,
r.r

p - -
,

d
*

( -

i,
'

'

f
i ,

O
C -

g' , _. 0
e i - -

!(-
-a

o
: m<

O !

- M
O

e-
. '

-

U{ f
-

{ - r.

-,y
-

g,

Z'4 <p
-

6,-
*

O^

77 ;.
ouF '

=
,

- 4 e
-.

-
J - - an g3

y!
- ~ c
* W WC
" W4Od, _

., ,
*

.. 3 ON
L! h _, o" 00 b
E c.- . . - w so . .

-
Es.O: / : L' ccg. e g wv

?. k U M%'
L :, I E k U,

34, -

C E _
I,

_ o. E
-

,. , .
w k
ic : **

w
-

-

:' -

&
a

a e I - e: I

m i

4 :

D
Q )w

-
/

- >
r.

.a
-

n. -

o) '

_ t! :*
.

J
--

ili .l. . .11 * .1, it. .li _t,
, p* >> ca,

CCt2 0C02 CCC2 CCGI GCsi CCri 0021 C001 CCb

L2 d9 IBiGds G31 0103 dOCl N3PCb9 Ni 38DGG38d

20

l



__ _ ___. _ _ . -- __

.

-

a

= +-
.,- ...,... ....,. ..,. ....,. ... ,,. ... ,,,,. g... . . .

e

" n..
a ,..

g -

E,_ o
nr - '~ - 6
'

| *4
.

.

o
-

-

_
,.

.

; -

5
4
.

C -
i 1o

'

t c.

1-e a
' C [ Q

ec
eo

o
>- i.

u
O

., x
_

i

r ., , <. c.o O--o O U4a. d @ 1 0
).'-

-
" m* -

w- ,
* W c

-, .. 1 -
weo

rc - o .x o
60 0 N

T. ''

-
~ P' - w u

* " ' ' 'ato;
. a

-
- .c.4 v
- - o

,

c' :.
-

w.a

' :. - r e
k
nCu -

~ I, - m
q . m-

W w
< ux . . n.i .

i .

e. e.
.

<
,

mF
_ a ,

-.

O
o~ i

.

. .

g

_ _' ,
, CJ
.

-

, .a
-

n. -

o<
.a.

!||!5
: .

n .

t - I- .1. ,i, ,,, , ^ ^ ^

<
,

mu- ^'^ *'

0052 cort 002: 0C02 0061 CCdi cori cc'i c ' c 'i

'20 69 191SJ s G31.t0H dCG7 N3FCb9 Ni 38 DSS 38d

21

.
. . .

E I M I. m g g



_

. _

_
_

a _
_t.

_e
. 5

_A. 2- - .< . 4 - .-: . ,. < i _ .- 2
.. . . : _-

.

.

.or
o 5 . _

_ 3
_ . c L

.

_

s4 .

t- ? .
"a r

vt e G
_ rt I

t
0e* i

2
_t

.

_ 4 .

_
.

_

P

M ._

3 KE i 7

_
.

_

5
_

. 1

.

6
.

_
.

-
3 ~ .

^L .

G _A I T 3 ',
.

T F 1 !

A O -
L u _

D -

u
_e _

_m
O u. o _

- .

5

DT
3

e
e 2 r. _

. 1 oN.s

. O tO t. a _

Se r)
u ecI

I

R' .
T 7 nes

es
A. eG1r
Po 0 r 0F

Mv
I y

t 0 um0
ga2a

.

9 [

Ort . 's i e
FtjCs '

Sa
t F 0

4t n(Mt
IPo 1

Rs 8

5 r
_ e1

L -

iu. 7
- uE sR s

~ e
rS . P- .

3
3

_

0L
_ .

i

5
_

.

.

.

-

-

5
. 2

,

/
i(

;

3
i

0
,

t
s
e
v
o
t
e '

.. * .. .. - . , .. .' L5* EI[
.

2 -
6 . . > , * .. . -

o3. Oeo. o,o- noc-
.

c#R aej ocC ?n aU -. ) '.

'
-

w1 e 36c- wcog *a w&W7Lo LJww,6 z w e -)66WtC
.

u - 3 7 r.
-

-

-
-

U

i' | | |t|,,|| ,l r t:
.



_ _ _ - _ _ _ _ _ - - _ _ . .__

m

L 3-6 RELAP4 COMPARISON TO DATA'
'

twr oc o.t e,.x m tou m .- ,n. is .3.u. etm tw - -

.g. .g. .g. .g. .g. g. .g. .g. .g.-*
>

.

4

: -

-

o
~

.

g r- _

N ,

.'e -

"
-

mo LOFT L3-6 -

_

s e .

14.
N
m -

_J
-

:

_-OO it. IIl. a 1.! k t. A L . to. /,i _.1 . 6dai.. t e dIb d
1.L,)...k ul k b : 1..t . lg h1.d. ; gith, gj ?ghj j|

'

. ,,u m . - 9 [4 ,. . y w y,7 . , r .
.

1 t8''Mo
1

,n->cir.y.gny,.e og 7. y p ; g 4f,

o I
;

~O
u, _

n_ '
o ,

w a
4,# J

z
w -
yoa "' -

<

O' Nm
z EMP4-

~
-

na -

p PJ ~

w
c,
z
w
a

? -

- 3 :...

.i. .r. .mu . i . .. ..i. .uai.....u..i. ...i..
.i... ... .

to 20 40 <,0 10 100 120 840 14G 190 000
. .

TIMr r<,1r1 TI O

Figure 8

Density in Broken Loop Cold Leg
(0 i 200 sec)

- _ _ _ _ _ _ _ _ _ - ..___



- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _

L 3 -5 REl Fir 4 00Mofi'?! SON T O D R V f, .

PLDf 434 - -

E -*tt uw 3 t r.' '; ? ,* s * * . t o, . , 3 , 3

| ....,.r.in pgi g . g g
. , . . w r, rr, 7, rryn e, y- .,. .,. .,.

|
|

.

i

o
-

t.
a _

tM

O'
G

| _. -

l mM .

IAFT L3-6 ~, s-
k
s
m :>

p l' h | ||p' - ( ; / "
. Jp .,

a,s ,|(,.j,f
. I- , _. a.

- e , ,i . - i .
,

E I, | 'l
|| f| / ,(

.) g .. . %# . s - -

! [ | ,- ,| ff ! (, i' | fff '' # *,
c

o. e
C) -

$ 3 ~

7 RELAP 4
w .

L
c-
Q

3
u -

n" r>
_

b

7

5

2 ~
_

i- w.- -

m 1 m u u m t m u m a u , m . m t m u_m m . i... , .. .. ....... .. .........-
-

<C 21 t1 <. ''
i .- - i,., i s ei i r, - , .3 0 200T i tif ' 'a t ' t TI n

Figure 9

Density in Broken Loop Hot Leg
(0 f 200 sec)



.

.

L ..
.

e

........ .. ...... . . . ...
. . ., g. ... ,. . _ . , - . .,. .,.

~_
ng I_.- _a _ _

-6: *~
5

_ <

f '

g; - . - - - _
_ o.e

<{ & - - .

-

-

.

1

1 -
.,-s.

* 1 _ -
,.

I
- S _ <

U Nd r- ; _ k_y - ~& . . . . -' a ._
<

%c ~

a - w..-

n > ,.
A-c

O _

_-".,-:- :_

W __

o - :

s
_ 9 4

,

~ n ,
-

a a- oc- _-

z ,: ~ 3- o
o. 1:' 3 , a

- -_L*) , 4 y1 $-= ~
A _ oe. - z. nW'

-
-

-
yc

- "
. .o n o'

-* O tr)CL _ MN U,' s .' - *]8ta ;s .- 7ue --
a-
a : u~2 i ~ uu

5 -

ag
_

a - re i .g- w mu- -
- t o-

- .a vc= _ 1- _4 , . e
-

w - _- *i.u,
_-cc : xw; :- u- j -e '

W}_ _ - - Ei ,

n
.

4 o
a_s

-

_E- 1
.-- -

~

.G - ]
. :-2 -- -- ;

_ n ._...._
_.

. . ..4 _-__.+a. :
.

--gr.. -

.f~ -

- y...__
. .e.s

_ p'M . - :_-

i NV.n
:: .aa :-
.o

y
..... .i. ...i. . i m<.s t r. i . . i . . .i. ..i.

-. . . _ - .

. ....

OS DL 09 OL OF CE C2 04 3
. 9 b9 tE.1.4/91s 031 10H dCC1 lJ'OINI N1 A11GN1C1

25



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _

t '' 6 REIf"t i f:Mr f,i, r Sr.N Trj gr,'f, '
u,iss,et c. . a <- .- ,i .

.
-

et: ,.. . e.
- , , , , . .,. .,,,,cc,,,,,, n ,,3 ,,,,,,, ,v, - r,, r,,,-er,,,.,. .,. .,. .,,

.

.

9 ,o .
-

..

O'
G

-

r,, o .- -y w .

'< .

c3
a : EMP4

!) '' bl. 8.l. .) '

|-
i; 1,|', i '.{ ' rh f-[tt ply ( [

_'
.

e ..,

-

.

-
o . IDFT L3-6eo - _

t'p .

Z :
-

-

z -

-
-

>o
~

p fa
-

- -

c '

7
s'd

L1
,

()
~

_

:

' .u u . . Lt u u ..u _L .. u . t . . a .. . . . u _a ._ Lu , i . i .. i , . . . . . o I . u i . . ui L t u u t ..th u o u...t.........
i

if 1 17 . i. '

.i 4. i.., isc yr,

T ! !11' *"L'1 TI P>

Figure 11

Density in Intact Loop Cold Leg
(0 - 200 sec)

- _ ._- . _ , . - - . . _ --- . - - . . _ . - . . ., . .. . . . . . - - - . - - . - . -. _ _ _ _ _ - . - . - _ _ _ _ _ _ _ _ _ _ - _ _



__

--

t3-S REl.AP4 COMPAR! SON TO DATR *
ten ts.. o

.t s,.a 2 ttw si,,,vn- ..n,. .o .in.

g .,. .g. .g. . , . .,. . .g. .g. .,. .,.,

cn
,

.

-
-

:
.

E
-

-

,
.

.

cr
T

-

o .- --

ra c
h
w .

*N
a) :
a
w .

a

$ ^ p. in,
,, , p v]n[ .? ?r,.", RELAP 4

,c)
:, - ..i-

9.
,.

.

,

.

.% ,\ .* . -

.
d

t-

$
~ ".r .

,

~k

I".'' # .'L (g,

cs
a

I*
e IDPr L3-6 -

>o -
-

>= rs
-

Q
z
m *

a
,

,
-

-

.....i. t m iam m u u m u utu a m , m ..ui m iu m i...u u u.1. .......i... .....i..
.......

M 7 ') 17 c. - a' 1 :' ", t 7 't t t -) tAS 1gg ygej

TfME ''1! I T| 0_,

Figure 12
Density at Steam Generator Exit Intact Loop

(0 f 200 sec)

_ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ __ _



9

e

9

e%
N
9
S

O - c.m O
' ' |' g, 'l' , I. .g. ,I, 'g-

. ~v i

.

=

h _p,
=*

*,
'

#p t
esS aa C t',

Is
"

- ~

4

4

4
,

:

L' h
_ m J ,

. .

aA -

:
' .

> -

W r
e - *

., _

On
c m?d AT %7a gO - ,3

/- -
w

O ''

*w- -

eH Q :~a-% e
% o-

-==r % _ y
-

u24 -WA 'y Um
*

O* _ .,_ K n<U
0 ;, _ ,w - - ~< m g~ g g~p- - = g~ r: #

-- @ 4
(f * ~ ~- _ ,

~ h.mge ''*
*
p m~eLf , W_ ,_ .- _ o w&

2e.

-~-%-e-- ~% ,
%

- . ~ A 4 of.O
h

- y- -- .a v
ou,

e,
4 $

9 p3 . w_ r
.o ~ 2' W

C: M' - % u~

-_ _ .

-

g.
=

_mb L _ o" g
e u~~ G

ls.1 - W
ma[f.' ~ *

WE m on-- (
h-e

_ _ _ _
' OW

_ _ _ ~~
_

,
,

-- - -g,3
~ -.- ~~ , (4

4 . ~~ . g

~ . .

.E'"" :
-

.. n___ _-
i

N
Mh .

W a 4

>=
- - n .._

0
f - *

=e "g

-A m .

e._, W

-

--- ~ -
. . . _. ~ ~, . . _ _

W
-

e

%- .Om

u

- E

rs
%e>

.

--- .

_

"h6

M-
3 w ~. M

*

+ p=.up *

g "
fa %

h

4123. ^ 1^ ''' ' ,
^ ^ ' '; .s.- - -

'' F5 diCL gg S'8 I5 gg g,, ,
-

Ll de tyjgg; ggyng 9998'O UDGS3 ' d 31 G
.

-

.

I

28



.

.

L1-6 REL AP4 COMrARISDN TO DATR tei,ts s.*t rievt st*L-ta s i c.' *?3 M d' *$. ettpos t og

e3 'I' I' g- 3- ,. .g. .,. ,,
.

'

.

t>
-

-

.

c'
~

CL

"e ~

e

[ ' '
I s,

||||
-

~' "

'

.' 7'*

;g' l' I g e e{ : '' -

:

f.
..jl _

I~

RELAP 4
ze. ,

l . [!k .j ,
~

5 ,r s
n. , %p ,m

_

" l![,!! ! (
~SA .

Io ;g.

5' hi (q
.;-

b$<a -

.I fi f j.j i
->- . , q y.

N ;[s

E j' ||I h ,! b ! J

e

| t! -

,

. .t I- i

illd
_

i-

,
LOFT L3-6

, { :t ;Jj|Ik,g
U

.

,
'

t

e -
'g .

.' | | ,!

'.t "!- ' f| 7 eti,*a3

|' i ,f i'

f i d!,1, | | i -
,,,,i, ,',,,,g g g .,lj,.,,| ,t,, , ,,

f- l- . l. .....t. ,,i,,,
- -

, ,,,,, ,,

':3 1 t's s r.a s ,c 200
' ' -

TIME f '3 [ f. ) TI O
Figure 14

Differential Pressure Across Steam Generator
(0 p 200 sec)

_



l | .

.

-

.

.

a- ,
s
:
r 3-

0- _- k '

7 - . | -

2
- - - : - - : - *- ;: -

.

!
.

.ese
es _

.

s
.

ie 6 g .

- .
t

3 Ca i

L e 3-eo
i

t -

T .
F

.O .
L .

.

.
;.

i

. c
. i

, .

.

.

.

.
;

R 4 1 4 l
eT 1

sG P .

sA
L g .

eD
E . V

O R 1 r
T . a t

o
i * .

. cN . i

Di . f) as
e
RS :, .

I, I

R. .
T s).

5 sc
As

.

) 1 oe
rs-

M- . c'; L. ecP- f

rA0i

O ,. ,g- . S u 0
i ge2

C s. - . f

ir
-

. F uy
t

4- .
f s

t i
r s0r- . I

- e(.

Rs
i T r

PL . 1

1
E . l.

R
. i
. a

.

. t
6 . n

- . e.
r3

i .
1 "s.

e
L f

- f
i

.

. D

.

.

i
1 -i

4

.

V .

.

.

.

i
.

11

'.
,

.

_.
_a .

,.
.e

.t _. 'T. * . 7 . .~ 7. > . - >' . .

J J 4 0P, - 0er " aoe p- "r_ om ow< <
. c1 2 6c- M"OGw> eoworwe oaoeer oawyC O

, ,
*

t s

wo
,iIi!

l



- _

,

,

L 3-6 REL AP4 COMPARISDN TO DATA ' '

m.ose.tes sa e- s a~. wo~ns ~ .~ , : aum av
sj | . ,,. .,. .,. ... ..

... ..,. .,. .. .*
.
a .

I

- .

o :
-

-

-

4

4

4

e -

o
.-%

_

\.
.

a ''

..

ii.

-

or
''' N

-

-

n 1
<

0 \=
c. o _ = -

O L' ( -

i ca '' *.w
-. s

M
. e

.*
.

LJ - 8
-

6

e '. '

O || -

1 -O' -|, w FT L3-6,

= 'h.
,

- ,

[-3 -
r.

.(r , ''e,.n-'r7Ppw,/,yr6#r.'d.- te -
,

,

" { eg.....
x

-->~ " ' '

' '' ^ .\ 4:p. . ,, , ,,.; ..,p,y,,_,,,,, ,,.4 ,. g,Ag.
. .w

\

i. - _

.o s .-

,, -

RELAP 4 .

p J.i. i_u_u a , t . . d us_u221.L...... . li....u_i_l.....i...i.
. ... .

..

; .) r e
. . . . . uj . . . . 2 u . i . . . . . . .i..

e, i, i:. , c, . ., . . y.
TINE 5L ' 1 11 :

,

Figure 16
Temperature in Intact Loop Hot Leg

(0f200sec)
._, . _ . _ _ - _ _ _ _ ._ _ __ _ _ _ _ _ _ _ -- -



l3 S RE!4 4 COMohR!59N TO 047A u. . . . , -

.tetex
s na . i,c-, s .,u- q . . .. , e,' ,,

... .,. .. . .,. ,,. .. .,. .,. .,.

$
h ,

~p
'

.h
'

cn

\ (\,
53 ! ,i -

2 \ (
5 '.I

Nt! g
-

b.) ,|| ~

$ !!
-

'h q I9 : , t
Itm-

= t> 4.
~ e

$; .,
_

's L .

-

, /, }I |
- ke

'
_

l % i ! - | I) J
, |

.

h
~

'

j . . _
-]

{ ,/ RELAP 4
h , ..t. ,,t., . i. .r, ,r. ...,u g u u,,,,, ,,,,,,,i,

p ,, , , , ,,,, ,, ,,

bC .3 l '1 f.", 10 t ,^ 'f I .' .1 t l ') t r ,- g .7,- ygg
'-

TIME ! '.i t r i TI '

Figure 17
Temperature at Inlet and Outlet

Plenums in Steam Genetator, Intact Loop

(0j200sec)
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _



. __ . ..

e

.

.

.

.r
= +- .. - .

,; ,,... .......,. ,,. ..,... ,,. , ,,,
.. ..

,

te

"

9. a- g.
.

- .. n
_

.
- -

' .
er - a o

f- 8"

|

.

1 '
.

1

- i r
e-._

s -

6

ij .

. . ,

-, .
> -x - ' a,

C ; "C*
.

io -

to 3
" '

!
-

:
o,

z .,, wo u
a. qo e
at i dm
* - * , , , 3 *- 40 k Uw. . s- -. ae

* aa.I .. * - em
L t. ,- wso-

1 -Q

_ <
e* a. vuo

o ,t _, w th0 A N
,

ua -
a -

A c..l.
-

. m

.. ov :, t w sv
-

.

c :,_ * r o
c o- -

I, >-

ee- a-

w ,- -

e -

.

e
e, i

m
.a -n

-

t
- e

< - a
<
L

5 -

a! :
_

e-

I' d

J
-

.

.

a -

-

_
--

,

_

a
.

_.1

.

-

O
<

r -.i.. . ...i.. .i. .. , .i. 1. .. . ,.. e
pg

00 ' CS'E 00 t 0s 2 cc : Os i cc. os.c ;; (,
26. lW (ijl 812ignGG38d N1 '13A31

,

33

_ _ -



_ _ _ _

.

1

.

.

N
O
g. .,. .... .,. .,. ,,. ..,. ,,.

. ...

.og .

-

: :e. .
-

. o

. .

. . .cnr -

., -

c..

.

.

,- :,

a .

E : ;;
- eI _

a ra
.

.

.

.

.

. e
T Oa - m .

e.
* a .

a :o C -
,

S : . ;o
. c.

w .

.a- . o
c .2 - ..

w t., I

-

enp4 . '* ,
-

-

a :;- - A t
.

-

.e. oc
.

ig- 8
- .
- @C

-

o .a .eua -

o.,
.-

- u 4

L '' [- - r-
,, ''' EMNn :. a oc oc. ,

0 t - 6a w :x: . i
: Ny -'
.

Rm
..

mCr 4 - wv; ,

a : r 5c. < is -
Qd -

$! . -

ed 49 W M
o u ,_. aw - Me - a ,

- H
.w .
,

-

t^
- s'e

3

. r*w

.

.

.

,

J0t-
3 .-
.
.

.

.

.

-

-
3

.e
. W .1

-

.

t '
.
>

-

.,.
e ,__1,_ r_,,, - ,y, - .

, ,j, ,g,
,

,, , a

c",r r etcr esti cess cui ,03i est cer 049
6 d9 (91GJJ 3Nnt';38e 031 10H dCG1 1'J01N1

34

.. .



-
.

_ p
=

4

o

O

O
63' ' '|' 'I' '|''' '|- .g. ,,. ,i, ~

' ' #, ,
,

.

.. 4

. -
I M 89 =

dk >

~_ = a
.a. r .-

- fd
- 4
.

a

e

b

.

,
-

I _' o
. FJ
.

<

4

4

I
, g

Kcr -

r -
_

T -

O ."

o s<

ee- e o
M $3

2 /, "

07 : O
v3 :'

. Q
- G

e e-J
= .-. k

M* - -
> De=

mug-
"

o r. o
& ., -

b
-

, ,: _ N W m7
- a wE bj ~ * G%C

*
w

o~- .s * a u o
3 k atU"

g,
" "

0C W N
7 H N

y .3
, L b W *|e

1 -- t u
c- 3C.

C8 _ # w eV
_, . . m

Nm . n.
.

.
.

LD
a - 1

.

4

4

4

N

1
.

4

SL

.
'

e

e

I

~

.

" O

#
. r4

-

x 'l :
:
o
$

-

' m _ ., r r r = : .mt,- - - ;1.---- , ,,, ,,,. <

es z coc: csti cesi ce,21 :ci e st. ces ed
20 as (91';a; asnss38a b3718nssasa

- ,35



_ _ .

.

O

O

('
'3

'l' .g. ' l' .y. 'i' .,. "8-
- Ce

'

, . P

r, g
.

-

e
Ps 9

*

-6
-

*
. .. ..

?; a *

e ^J
=.=ti

.

t -

-w
O 4

r j .
4
~

t
T 7

I e
-

:c -
.

/>
~

I
C N "

-

sy *-

b -

,-
@

.

-

g ~

C' -
o2 ]

, Q
G

*
e, .

| ' hm
j~ uu-

i; 4 . @G |
***

L T - ' . - ' N # 2 I

y o )r :. . ' ''
4

l'.n % .' ~ 5 $g40w. T g
- - w-~

t < -

4 0.t.
w

.J
[M 1 w

c & m - u
yo~-

J k ~, ~ mwi
. t 3 Ifj*

w ~ h
C a.-

.-
,

@
A

i ...

a .;M

t --
"

-

f i
I

b ,,t
.

f .

+)
4

.
- 4

n

h .

n

- 4

r.4

a
, d

.

.. ' s
[

-

'' ^ i* .n. ,'A A I, . ; .- a,"- - 1 ,,"'

esn - 0. , 05;l C t?"' ' C%:n e- ,''
054 Cc- ng-- -

~~' '~., ,

'6 US I91Cd, 8 J g g 3..-#'~Na 3BDSq3ya

36

- _ _ _ _ _ _ - - _ _



,

.

.

-

0
0
5._< . ..- . .~ . ~ .~ . T .;,

g 2
-

a

a
g

o g

si 3

g

u g-

r
g G

,u S
o. i 2
t

|

2g

g

g

g

, g

c,
.
g

g

0
0

i
.,

|

2

g

0
g

g

g

g

g

g

6 g

-
3

g G
g i L

g 5

r
| 7

g 1

A T 3

F g

D O g

L 3

3 gO g

") eT g

G, L
i

g

"
N g 1 d
Oc g O l

o
S..

g

Cg I

! .
-

a T )

Rn" g

G 1 2 os

pcg

2 oe
h t

'

g

S LP- s 4
g

2 C. e 0M,- ' t

g

rn0O, P 3
1

S ue4C-i A g f gk2L 3 i o, ' E 3 EFr, R a
1 B4

a

0 i
t

0P- e

0 n(
R. . i 0 iT

l
g 1

eE a

rR
a

s
a

u
S

g

s3

e- rA

G P1
i

|

7
5

L
a

a

a

a

a

a

a

a

A 5
i

! G
a *>
a

1 a

a

a

a

a

a G
. Si

|

2a

h e

a

2

M a

,. a

a

_ e
s_ ,. : . T __

_

, - .

,, ,.6 - : - :-
_

,$V ocor oo - o0- a0- o - .U,,- o o'L $[E
, J ' J

sr (

mN (.G _ a v n. - ow oJou GooJ Zd z w Ta's a w c r_
) - . )L r

_
_

_
_
_

_

wa



_. r

.

.. .

. .
.

.

n
L3. ... .. ..

... .. ...
.

.,. g. .. .

~
. r. :.

. .

. L.
.-

, , -r. r -

C< *

_

r.

.

: .
.

,, ,

- .

:. -

,.
c_
t..

, .

' - .,c
|

-

> - .
_c -

a -

' -

y \

.o
.

n.- .a
-

oc-

,, o
z ..

-

t - '

r3 e4

es u
a. 3 _ O o
- ' . - x

V_ ,, . :" a. n
O U6 en o oLT :: - N ,a in.

Et*
~

~.

a. :..
,s

G CO--

u o ,crw ax
.. * OC O Nj

.

I t k. 80 1
-w

...
c: v
ca - .c Ce_ **e *

w - _----

, oe w
5 =

me if a
4 o

, = . h
.. %

F
-

-

+ - /r

t
-

5 -

I a
d

J
- _-s

,

R

_
I?.> .

. ,:

,
\.

>

t* w. >- L. -

.T. . .i. .i. .i. , i
-

0;T; 0 '.c z est i co' i esci 0;;i est cc- eQ i

.....

W uS 1919d) 931 10H dG07 f.3P0b9 Ni 3@rM 3bd

u
_ _ __ _ . _ _ _ _ _ ___ , ..__ _



__ .

L3-6 ret F4 COMD6RISON T O D A T fs 1
.t ,, , , 2 to o s s,

!
, , ,.. : , , , ., m . . - .e.- -

O re.im(J w .,. . , . . ,. ,. - y. - g- - g- - y- g-

i

-

o
o. ,

_

-
_

.,

-

c_
(I

o
o

QO
-

O -

Nc_ D
- >

w

w '
ro |.
0 04
o -

o LOFT L3-6
k-
a
co .

$N -\
0 E N ,.

-

z_
T
ao..wo
O '- -

r .

$.

.

w
cr o -

;o
O" -

O
w
x RELAP 4
C

o
O

-

o -

P("C*4

cs ,a a a a 1. a i Ii an m) tua a a aaa Ia Ia m L.LA bd &.1 L.A.Al ^ ' ' ' ' t*

a

D) rso ,Gr s. i c 0 ", 1250 '5G? I 750 ?300 2.'53 25GO

a a a a a
*''' ' l^*''' ' *

T i t1E r M f,1 TI O

Figure 24

Pressure in Steam Generator Dome
(0 1, 2400 sec)

_ -__---._m- - - - _ _ _ _ _ _ _ - - - - - - - - - - - - - - - -- -w- - ----a w --s w - +y- - - - - -eer--v--- --m- w-wwwr----W ------W-e-v----p-----w-' e= r-we--w-+ w-- ----T*-w=-s*-w-rs---m - - --- - -+_ -



-
_

'

-

, .

_

'

_
_

_

_'
" -

% _

_- ~, : - ; ._' . : 2 - '-- ,

-

-', -
_

| - _

' ,.
-

5',
- _%

' -

',
8

. i 2
. '-

i

.

h4
"
4 .

f
.

"
l

P .

'n
i

T

P _

_

A ,

_V
R
D

O g
T e

, L
N. C d2

0- l
os ,, I

CI
1 e )
9, , I

5 oe
Pe

p
2 os'p, ,

i L
M c, e 0.'

O, ' rn0
ue4C, gk2

[ i o,
-

4
t Frf'

B.
'l

P. 0T
A. n('

i
t

E y
R t

i
sS ( n-

- e
3 4 D3

3 L P
[ r A

Lp
E

w R

lg

I >

w.

.

/'
.t

wIl
!|ggE1<

, I ' sml

,

,

')
1

,

a
} _a

v
e ,

_

.s : ~ , ~ ,? ,>T. ,~_- - ._-
. , * 1

'

3~ '

Ov or- (# o. 7
n '' .17 ,1

'
1 r~

rC ot "t W os- O.o" o c) >- 7w<oYU =- n~ L LJ rr (

-
.
-

*O



r

.

.

.

c,
O
g..,. . .,. ... . . .. .. .,.. . .. .. ..

og -

._ :
0.7 . o

r. . -
~>at -

. c.s
,

.

7 :
a .

E : o
t'

- _ e.
. *

.

.

.

.

.

- .
,

- ';
C - _

_
-

s-
-

_

C : w
.oO -

.a-

O u
H I', O

- _ a m

Za . - - n. -
O'

'
';

ou
O- _ : ej$-

n- >-
,, coQ" - .

n- e
u .o oc. .

e a 3 * 47L. - _ r. ong

-
N bE E' - *

. , 'O
i; A IO _

Q coO *- ____= x-

i **wwm, '

, _Ec .3
T _- xe,,

C '* - 3 Md _

"* -

. . .

"
- # 2 3

a r.

f. W :

2
2

--- r -#
.'.N[f-. _ - - g.

,,,

,

.r'- -' i,
- .- j '

.iigin 3 :
__ m .

- *f _ 2

t "MP.c ~

5 Y
_

%. .r. .i.. .t. .. .t. .l3' " . . .i. .-..

CL 09 OG Ot CE 02 01 0 ;U

S2 85J (E23/81) 931 10H dCC7 N39Cb9 N1 111CN7C

41



__ _ _ _

,

L 3 -S REl A"4 COMrhRIS9N TO DATA=te ro
c: t u ai n -ret. :: n .22 t e, , , 3 , , .

.c e . i a,.,. .,. g. .,. ,y. .t..v.
, . .,. .,. .,. . -

f

n
'

_

|

5 -

:
:_

CS ~
D

_

S i
- ,

1

00
-

i
.

S #
-

,

S ,

_

$ 1

E2 ~ y|E 4
un d
fi ~,

, | f{
* ,

!

RELAP 4
' I,,I j lz '

|

,,

? ~
#} '

IDFT L3-6 :I
! |: - ~i

,

t N1 M ** J' /...... ..
'

...... ......_ ..

|cC T5G ir/> 1

-

'n 225G 2SGG jTIME f 5t r.1 Ti 0

Figure 27

Density in Intact Loop Hot Leg
(0 - 2400 sec)

..



_ _ _ _ _ _ _ - - _.

| . .

L3-S RELAP4 COMPARISON TO DATA tort ts_. on
McTen st *Pr. '9 t /D.' '?7. ? ? . M ',* . ettm*e ser

i o ... .,. .,. .. .. .,. .,. .,...

t -

|

|

|
-

.

, .

ao
l r-e ,

'
~

| o- :<r
-

-

ev, n
~

-

s u- .

L._
N
as
-n -

-

-

:
on .f.;

- -

w '' I
,

a
. \a. '

.jo
b J L t

" o i

o -
[

-
u

RELAP 4
,

o
-

i
-

a ,

.

W
o _

tr o - -

"'
:

,
|s

-
-

t ,
z , ,

i w
. .

[ r", I4FT L3-6
I|

~

- -

7 -
|o .

,

; .
<

l''' l p '-

o_ T ,li -

.

: I

g:r-.
.t. ..u m t...,_, m mt..... m a m m ,,,3 ..i... .

m. .. .

(C 7 5 '., "0 s c ,; e ,' ', U i r. , .' 3 c, nc, ,,, , .

T l t1E ' 51~ f.1 TT i:
Figure 28

Density in Intact Loop Cold Leg ;

(n - %nn ..c)
q

_ _ - __



i iII 1

.

.

O
G- . :- . - . < ' .

~ _;. - . 2
5

.
.

3e
..i .

s. .

i

- e . Gi

I S.. .e
t

n 2
-

2
.

_

' .
,

. " .

:

" :.
I ,|

r.
a

. '.

.

_ .

.

,
_
.

u
GA I

P.V 6 4
R - .

3 P .

D L .A .
LT .O F; 4 E .

T R .

S
I W . s

s

N.
. G o

O ,..
ls r

u. ' D
c

G. A
I

R L
. l re

o )er . I r'

tA. 9 u o
' * s a.3

0 ,.
i N.

1
2 r', I

( esi-r- e ne n
. 1 [ r n

.
. S r e

C
. f g

Pu G n.-
n . .

i nl

4e r

*- . - . EF a a-iM et tn'
!

r
i

.

'/ I n iAn
I

h. | i r
!

p .

S. T el rE . 1 e
R f . f

L f.

i6 ,

-

.
D.

L
I

|. y! im G,
'

7 , .

| . .d
), f' . 7'|

f $ .

i
,

.w fl
.

.f
. e 5I

|
\

'

,I t /,

' .

, .
.

[

'e
I J G

, 5
|

# a

2.

-

.

I .
.

.

m
'

n
'

.

.t
, .

. .f , . - . - ,
tg'

.

_ -
r
.

oe 9 o= O" 0 O g 5 O *h
'

, - 2c n" a ce 7wo r67 $ox.r 3,wI4 mL _ -
t " aa

aA
||



__

.

e

k
O, , ,g, , g, , . g, ,g, ,g, ,,, ,g, [

, , ,

P. t. .

.-
*

Ps 9

.'
a

*
-

J.a -

Ve _

r
s

=*

.

. a

W -.

W
r

a

g e

&

F
-

$
-

4
C a

2 @O I
- e

6- A m
- m

4' d
< 0

'.*

< -

k" A u
* = 9 4c,; l _ C'g. q

*
G-a

* w k G u* - * *
n3 m G,

Q" * an
,

W a a mm
d, m G*

k ^ ** ~ G >e- -

3
y O

E' ~ u
o *- 4- i kA wa

ON
* a 6 uw* " ..

g .en u 8au m en* . Wy U GQ
,

p-- 4 Il CMwb'.
i

J 4 G
Js "

C.. *** k
===

- H G

W -

H. - - %
* %d

O' - - .a
e

-- _. $
-

,

. , W h- ) '

,
*

,
~ H 4

e i- a
i F j

-

|'pt. - a

J.' -
4

-
.,

C 2a
-

)d - "'

'- er:1-

Tf
- %=f .

._. #_ 1
3

., i
, - .

u
'

2 m a a fi 1 ei a |2 .1m a I. .Ia ,i1,,,, ,, ,j . ,g[
C#e 00; 0;' ' 0; CLI 00: c '. t 0"-

a '

I ob ! Ol'3d 1 13CC2A 3013b30 CCOU39 0C3% * 3 ilC

.

45
,

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



- _ - _ _ _ -

'
-

|

-

.

<<
O
g.,. ,,. .,. ,,. .i. , ,- ...

..

Et
.

.- :

.? -
,,-1 eo- -

_ .s'
" . r.

.

.

u' : .'
G

d
.

-
.,

*

- f -- U. .
c..

1,
J

4

-

h 4*C
F 4 *
C T * j eo n a, 4 aa u , a

$ $
~

QM
- 3x _

$

- -
2*

'-)o- w
@- I

G UG~

e: ~; .*cg ao- 6.
c .. - 4 3oa ,s - y.

eoEl yeoa-~ ro; g&Na s.
ya I -

.A 8

6*
, m_ wn 'l - m ; y o

G i.'
_ ;-- "

."- .3 *1* _ _- ^
.

_ u u
.. e

4T ' *W
.

*
"

]e *

9 $ | cm -
,,

a ~-{ .A

. -

-- , , -

)>v
' fp.5_g-~

'ide- ;

I- g;- h' *
.-

- 1 .-- eg, . _ --

_r_-_- ,

m -

d .I_
a

"
3

5 1 _ ~

E f 1
-

& -

>>1- 1. .i. .i. .i. .i. ,,, 3
1s>> -

C5 05 0* CE C' 't ; et- r., ;* '

Ll d6 (SjCd1 SdWnd CG083S JUDG0382 JjjC
.

4

|46 i



F

e

4

O
'l' '

' l' ''
' 3- ' - 1 g- , , g. ,,. , ,

ca.

=

9
-

O
e

. 4 * Ow e.
*

A . ea
- re

p *

.

4

k
- C

m - e
>

=

_0 _
.

a
.

e n
m

_;
*

G
-

~

> :.

o - oW -
. O

g. - Ve
Q *n =

G
0 ?, * w

Q
C.. ", O^-

w- - e ~ .o gr ,: - o, a ,,
e. .. . a m
I- P

e4 W b'

,<- . - WQp
> ~3F* - w y
0N.MgEey *

._y | . : A '
-

.m Oe. .
' .

Q 3w~ . -

t yC) - 0
_.a ,

-
.

> -
3

-

L
G -

-* ~

b
_ a

@
L( - r~

-

n

4

,. (*
- 6?

V
.

M

M

%

9
. %J

.

D,
. q.,

f6e
h

*
.
We

&
^ ^ - I- -|2 * .l. .]. , j , ,j, ,g,
b L 5 5 , t ,e I 9

~

I lW IAJ) 13 A 31 3801 X ] W

47



.

rg ! ri"4
.

I 0F ' .I 3 ,6 ME%URED VRI dEG ~ '

w . . ..o . . ,, . . . r v c 3. ,. 2. ,c ai :a .c . m,,
<>

- , - ,- . . . . .. .... ,. . ,. .,. . i, ,
,,, ,-,

,

.

*
o
o _

,
_

. .

.

.

o
~

o
o

= .y

1 e
_

r
1

-

.

>.
x

n .

.o o
7 *a.

_ ..

1
_

\

ed .

1 > -

I Z
,

.

,

o o .

a3 - -

e. -

t t

C3
-

.3.

c3 o .!

.

'$. -a.

\ .~a
- O
I w) .
J tJ O -

s? - -

, ed
~

i

.

'y _ h
_

..

RELAP 4 -

o
|= Ia I-a |mg* asaaagLa a a a a a a a a a a a a a a a a a aa a Ia s uaaal- Ia

$ !; ?u , s ", .sa i c"n , *.' w t .3", * 75G ;' .W. 22S3 253",

a a a a a m (i Ia a a a a a a a aa a a a a a a a a a a

I

T i tif fM'I;

i

Figure 33
:| Liquid Mass in Reactor Vessel

(0 - 2400 sec)
,

,-m, . <.~.-..-,--,-,e_-,-e.. ,---r--<-~-ww



. - - __. ._- -- . -. . _ __ ___ -_.- -.

.

.

-

RELRP4 L OF T L 3 -6,;y,E AS,URED VALUESM * 'o Plates ytogg 392343 jry.aspg ge sp- gg,, pg,
.o. - i . i. - i . .

. .. i. . . . . . . . .,. . . w .

..4

, , , , , gg
f -

-

.

'

O
a _ 4. e
FJ _-

,

>

> 4

>

r .-

2 ol >

ow -
i>q

-

-

rJ .g
o
6-
z
ts2
>ozo

O
_ -

ca -
|

o
o ,

a ,

r
-

o
'

O
O C3

< '
s 3- -

j @ C3 **

-

,i

'

e ooo
6- re

_

w- --

e.
id ,,

z
ta
o

o
ta
g OS -

.AJ
' P, RELAP 4i s

, o
i

_ ,

. o,
_

;

.a ..k .,.
.i.-. . . .....u..i.. . . ... .,. , , . ,,.<C 2% 7, :55 s cy; s ; ,0 s ,Or; , ;.,3 2.y , ,p a yg

, , , , , , , , , , , , -'
,

, ,

T i rif, f $[.I I

Figure 34
Liquid Mass in Steam Generator,

Primary Side
. (0 - 2400 see)',

w

e N wewv*- wwe wa sur vuurvw w ww- "'Cv'+W-ww-'1.-*-rT1-'v *'N+-' w w w'e' v'w D'-"1 w=* ''-"'-"-'P W -V+=-w-' -V'' " - ' W*-T--%V7-+vw".wu'vw--W-'r-v#"v''*m*wTw-7me s't-Y'WW-N'W ew--1 %+-"m'w-w'W-m--w'v'www-'ww- w'' C w--
"



-
____ ,

.

.

.

.

e
- o.

-
i- ..i. ... . ..I, ''''g' ,g. ,,,

..
a

.N

k .
~ .

.
& -

. oy -

r
a

fd
.

.
, .

.

.

-

S- -

a.; _
ri

!

- 4

to , ow _ <

'.3 K.

2 < -

T
>

.
O ac

3w - e
MA - 0
D~ 5-

(1) '* m

Cd 0w- .
- n

" u 5 uE ,: a

m, e. '
_ o w, e5 8gt. s. n

ua
-

a - c. - ge-

khUO* % w 4

.E. e .U ""{ $ E
- .

s& |@ sd e 8, -

.s e*oh' _
,o a wo

d 1 U E
.- 5w

C
- '5 1L

..v 1-

d i

W - I .ao j
w - .e%

-

.

.

.

.

.

~ c
e-

P.

.

:
R*

* o
8 - t.c

G
.

t
w
t '-
00ht

. .. . . ,i. ,,,
^ ^,^ ^'' '''' -

-

'

0060 coy, nCC, ,on,s i 00 8 006 CCt
6 w *

S WM A801N3ANI GGSW 010011 G310703 ONS 104

|
,

50

L- -
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



__ _ _ _ - _ - _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ - - - - - - -

, -

|
,a

.

.

' 1

l
,

'
,.

t
1

O
O,

.,. ..
.i. 3

.. .,. ,,, _g.

:
m,,
- -

. -

L. ~ o.

-
"

_ < .o
A. _ r2

ra
3

,
.y -

.

- : S
_ a

r.
.

.

,

) .=
1

L7 -

N
,

Iw - , e
; _ ..

J - -

G
>

,

-

? i

Q . <

w -
(' o.

e, _
',:

--) ~ - -
g.

co . , - a

C. : c
w- - en

eu",
r_ v : o,e "ot - - 33 m
w-g _ r. . o
*1 - - ,co

u *" gm- - w o
_y : r oc

'[ .. -
-

m I:-
F e - - e

zow-
~

-

t ,'.e -
o

~
m

- . Y 'g
-

n - ..er
L A
C

- o
ow _

r-- ;

-

.

- e
_ a

.s
M

.

. 3

.
o -

*: -
1

. - o ,

., -

n
_

r'.
-;
.

a-
-o

f ~.i. .i. .J. .r. .i. .i. .i. .i.
DC?L 0000 CCr2 0C00 0061 002: 006 00F i

52 WM A801N3ANI GGSu 010017 dG01 N39Cb9

51



. .

L3-6 RELAP4 COMPARISON TO DATR weu.easer.. w t on r u m s. ii..i. o. =ure ior
-

o
its

, .,. ... .,. ,.7 . . ..
... ... .,. ...

. . .

.

t

|

I

o,
.

@ k
t'6

_

!{
'.

e .

,
_ :o

g ai
_

-

L :
-

, , , -

.oo
U [4

_

.'"

"
.

.-- .

o
-

r LOFT L3-6*
" n. o ~

c3 o RELAP 4 -

O ''
_.

.-

O
a .

.- o

.z e
_

'
_

z

I
o
no _

,
_ . _*.--

o _
_

.

-t:na.

o ,........s.........s... .....i......... ..... ...i........,i......... . ......,i......... ......
*

Z 250 ,S: 75G 1c00 I?50 1500 175G 20 % r25G 2500
TIME ' St.r 1 TI O

Figure 37
Temperature in Intact Loop Hot Leg

(0 - 2400 sec)
.



_ . _ _ _ _ ._. _

| ,],. , (,f h9,N TO DGTG=t . v e ,i ,,,n,, , ,
, , , ,

- .t. s i c,c2 -'-c i- i- i- ,. . q , ,, . .,. ,,, . ,, , ,

,

I

<s L
f
,, _

c' >

w. . i

. . .

/ - k.: ,p
e ,

'

w=._ .... . . .

'' ~

LOFT L3-6
D .

._ , -

z, .-

7- %
wO -

J 'a
g ''.

*- RELAP 4w
a

C*
,n_
c3 o.,

u, .

w a
7 % r
d s
>-
te.J () .

-.s v
-z*

. . i

'] ,

o
'o

=c, .: - in :
~c

_
L

~

Mr' /t'
~'

o
t -

a
b

o, -

, -

l88t PL

o ' m mu t u . t- d l- ful- .. l - 1.
-

Et 2% - 1. -
.,. sa - , , irsa i r. 3 . i 15U 2.rv, 22SG TSGG

tit 1[ ' - [ I, 3 i[ fv

Figure 38
Temperature at Inlet and

Outlet Plenums in Steam Generator
(0 - 2400 see)

__



._

.

.

O.,'i' i- .,. ,,. ,i,
- ,.

o.. .,.
. te

K r. .

.

-

:a
. . . _ . a
r, .a ,

,. *J
. ca
.

.

.',- .

.

- F :-
4 L..

3 <.

L41
.

.

? ~ Y kJ*a e-
J 4-a ,

.

O
-

:-
-

.
_

~

z,
- N

e.o- aaa- j
, ^

c- q _, u> -

cI d R$%
na-

4 '::
- '

t r-
_

*r - ="8ol
_

- --

-

u,ou- . b- EU NgS GTT% } '- .my[
r. i' " = z r- "e'-

.:.- m otmw.
- ,.c' -e_

4 b, --

w cp- y-L'
*
77 *

y. .

2 -

4e, -

_ ja
aCa

. $
. ? ;S 'A

a m 4
r a 1

E 4 1
&

- s
t,

'

S - ')
-

3
,

- 1
J ()

.,

- r4

4
: -

t _ <

_ . , - _ , _ _ . _ - _ _ _ _ 7- )b-- -)'
". ._ .J _ . ,

'- - -C' '> E ct s, O ., si ,; , 9
-

'
.

EE MP t')lg/yglJ 31Sb M013 MS3b9
'

.

.

1

54
,

_ _ _ . _ _



r

a

e

5.0 APPENDIX A

|

|

55

__



r i !
* a

.

cc CuMt
] 010 Lb7227

'of CULT.31e
7 3 ,OADT,VAvPUS

cc CuMLj .

DIO LS7226.

cu COML.175.

LENGTH ( J I:(5*m a x Jt,Nt 3) NLFL T +R * M A x,tur.*NL IN T. .

cc FLUS.

, ulu UHLS ~"

,

01 FLOS.339. .

IF(I.NE.49) GU TU 85
uADTu a o.uS.

C.i

C IN THt Ft1LLualNG CANOS [HE LOGIC in THIP THE SPtLIAL STEANu

u C VALvt IS IMPLEMtHitD
C. n

,

IF(TRIPf5,XXXX)) GO TH 999n

(su Ill NH6-

999 IF(DADT.IT.O.O.ANu.P(h).bE.930.) navi =o.O, n '

IF(P(nj.LE.92u.u) DADT = -DAUTO.

AP(PLK).GE.1030.OJ DADT 30ADTO-

IF(P(M).LE.1020.0.AND.DADT.GT.u.0) DAUT a 0.0j .

VAVPOS VAVPOSt0ADT*DT !..

APtVAVPUS.LI.u.uJ vANPus 0.9.

IF ( V AVPs es.GT. I .U ) V * VPils : 1 . ')a .,

Boo VALCUF = .366455* vAvviis**3 .24oo43.wavpiis**2+.151757* vAvPoS-.

* 00041633n

1F(VAVPOS.LT.O.1) VALCOF : 00o43*vAvPOS+.UltS73 .

IF(VAvPOS.LT.0.plo) VALC0F : 7293g*V4VPOS,,

Ar L V Ab Ds )S . L t . u . u l V ALLisF : 0.0.

IF(P(k).GE.400.) *P(I) = val.CoF*P(w)p .

IF (P ( n ) .t T.4 09. ) dP(I) z 1.tuo*valroF*Si1PT(P(A)**2-(20:1.)**p).

.i L5UUALI) : ZLNG
~'

FSUhh(I) = -UNEEX7g .

~GO TO 270.

55 bUhl1 Nut.

01 HJa!.237p .

3 ,DADT,VAVPOS.

=4 AnJu.e57.

0ADTzu.0p *
.

VAVPOS=0.646934.

. e4 Luta.31
3 ,0ADT,vavPUSp .,

c0 CuML.175.

. bENb l N ( J ) 3 t s *WA AJ UN+ 3 J * NLP L I t d * M A x,JUN 4 NL IN Im
,

p '- ., . _

.
.

.
. .

. *b PLU3
p. cl0ENT NCH,

01 FLOS.434.

. AAJ B 1.0 -
. n.

' '

08 FLOS.440 I ,w. ,. ' : ., , . 'D
# *

. '
.

, s
,

AA1 a at' '
.i

_ _

u au rLua.4ui,FLOS.442
,, w1HPIN = -AAt*AJeLEAK(H,PLL,1,UER,TC Hi>x , t T PL T,

alHMAX = AAl*AJ8LEantH,PLx,T,utR,gtHisk,TTdkTi u
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le 03008n 80 100 50 0 e.ncl 0.00004 43.0() "
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