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1.0 REQUIREMENTS

Program CROSSTIE is developed for Salem Generating Station Units 1 and 2. This report
provides the necessary verification and validation for the program in compliance with the
applicable Holtec QA requirements. The prime verification approach will be the
experimentation. The program will be verified against the site measurements obtained

during Salem 1R11 outage.
The principal objectives of this program are summarized in four points:

(i)  Predict the refueling cyc]e when the cross-tie operation is not possible with
120°F maximum operating temperature Iimit.

(i) Develop a predictive tool which enables PSE&G to adjust the system variable
to extend the cross-tie operation further into the fufute without upgrading the
system. ’

(iii) Provide the plant reactor encrmeermg a user friendly code to predict spent
fuel pool water temperatures and to manage the cross-tie operation- with

minimum input data requirements.

(iv) Provide the plant mechaiucal engineering group with the nécessary software
capability to quantify system changes wh:ch might be requlred in the future to.
deal with cross-tie operatlon

This computer program will have ﬂ}e following features:

Hoitee International
Proprietary Information




20 DESIGN

To meet the requirements described in Section 1.0, the following analytical components

need to be developed for the program:

a)
b)
c)
d)

t . 4

Decay heat calculations. ;
Heat loss calculations.
Heat exchanger performance.

Numerical algorithm for the non-linear dififegential equations.

Holtec Internationai
Proprietary Information
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2.6 Program Acceptance Criteria

Program CROSSTIE will be validated by comparing runs with experimental data.
Experimental data is to be collected from both Salem spent fuel pools and Unit 2 spent fuel
pool cooling system during the scheduled 1R11 outage. Calculated water temperatures from
program CROSSTIE will be compared to experimental data water temperatures over a
defined time -period. The acceptability of the program will be determined through
engineering judgement based on the percent deviation between the measurements and the
calculated results. ‘

‘Holtec Internationai
Pr0pr1etary Infomlatlon
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3.0 IMPILEMENTATION

The program CROSSTIE is developed using FORTRAN. The Salem specific heat
exchanger parameters and the spent fuel pool geometry are built into the program. The

program requires the following input data files:

UNIT1.DCY: Burnup and discharge data for the Unit 1 spent fuel inventory.
UNIT2.DCY: Burnup and discharge data for the Unit 2 spent fuel inventory.
RFILE: Name will be specified by the user. The file contains input

parameters for a specific outage.
Note: RFILE contains data for a specific outage and the fuel

inventory data inputted in files UNIT1.DCY AND
UNIT2.DCY should cover all prior discharges.

A sample of the input files is attached.

The program also requires the following inputs during the execution of the program:

RFILE Name

TAVC: Time after-reactor-shutdown to start crosstie, hrs.

TL: Pool water temperature limit fer suritchovet, °F .~

TIL: CCW.coolant temperature °F |

"TEND' -~ ‘Ending tune for mtegratlon, hrs - - L f‘~ TR

CROSSTIE wil generate the followmg output fﬂes v el

RESULT.TEM: Hard copy of input and_output resu]ts.

PLOT.DAT: Contammg time coordmates Umts 1 and 2 pool temperatures
T © for plottmo . :
UNIT1HTL: Decay heat results from Umt 1 spent fuel mventoxy
UNIT2H’IL Decay heat resu]ts from Umt 2 spent fuel mventory




INPUT FILE #1 & #2

BURNUP FOR THE FUEL IN THE SFP
SALEM UNIT 1 & 2

File Name: "Unitl.dcy"

"Unit2.dcy"

Cycle Discharge Batch No. of Wt. Assy | Exposure Power
No. Date No. FAS KgU MWD/MTU | MW(t)
Note: Batch - Group of assemblies having same burmup. It is numbered
sequantialy from 1 for each cycle.

Power - Reactor power in MW(t).

Discharge Date- Enter in the format of : MM,DD YY. Example 09,22,93




01,21,83
01,21,83

10,04,84
10,04,84
10,04,84

10,02,86
10,02,86

08,31,88
08,31,88
08,31,88
08,31,88

03,31,90
03,31,90
~03,31,90
03,31,90

11,09,91
11,09,91
1 09,91

03 16,93
03,16,93
7 03,16,93
7 03,16,93
- - -7 :03;16,93

1
1
2
2
2
3
3
4
4
4
4
5  03,31,90
5
5
5
5
6
6
6
7
7
7

7 03,1693
B 031693_. .

as"u- BB

09
52
07

W =

53
04

N

02
30
42
03

B W

09
08
12
01
45

U WD

33
28
08

WD b

08
.08
01

. 01.
08
39
704

461.0
461.0

461.0
461.0
461.0

461.0
461.0

461.0
461.0
461.0
461.0

461.0
461.0
461.0
461.0
461.0

461.0
461.0
461. 0

461 0

461.0

461 0
461.0

-461.0--~

4610

4610’

18400
19700

20700
23900
21600

33400
21600

32200
37000
37400
38500

36000
29700
41500
25300
36500

42400
36400

32300 .

. 34800
39600

-29300
43100 -

”39900 - T

36400
30400

3411
3411

3411
3411
3411

3411
3411

3411
3411
3411
3411

3411
3411
3411
3411
341

3411
3411
3411

3411
3411
3411
3411

3411

3411

3411
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INPUT FILE #3

SALEM UNITS 1&2 CROSS-TIE EVAILUATION

LINE 1:

LINE 2:
MTD(3):

LINE 3:

LINE 4:

Wt -

LINE 5:

T T N1
‘N2:
N3:

- TAO

TAOS:

k NO OF FAS IN THE BATCH 10F 'IHE DISCHARGE =~ ' * °

INPUT INSTRUCTION

DESCRIPTION OF YOUR JOB

REACTOR SHUTDOWN DATE. MTD(1)=MONTH,
MTD(2)=DAY, MTD(3) = YEAR.

UNIT WHICH IS GOING TO BE IN OUTAGE

SPENT FUEL POOL COOLING HEAT EXCHANGER COOLANT
(CCW) FLOW RATE, GPM (DESIGN=3000 GPM)

“SPENT FUEL POOL WATER FLOW RATE, GPM
(DESIGN=2280GPM; 1R11MEASUREMENT UNIT1=2400GPM,
UNIT2=2000 GPM):*

NET WATER VOLUME N THE SPENT FUEL POOL AND THE
TRANSFER POOL’ . * ;

-..';...-_.._.- --»—-.._.~-~.._.,__._-

"r' - :-I v

NO.OF FAS IN THE BATCH 2 OF THE DISCHARGE
NO OF FAS IN THE BATCH 3 OF THE DISCHARGE

- DECAY TIME BEFORE TRANSFER
" "FOR' THE 1st DISCHARGE HRS" -7, :
TOTAI. FUEL TRANSFER TIME FOR THE DISCHARGE HRS

LA -




e

LINE 6:

CF:
BP1:

BP2:
BP3:

LINE 7:

TDRY:

REACTOR RATED POWER, MW(t)
CAPACITY FACTOR OF THE LAST 4 MONTHS BEFORE THE

LATEST SHUTDOWN
AVERAGE BURNUP FOR THE ASSEMBLIES IN BATCH 1

AVERAGE BURNUP FOR THE ASSEMBLIES IN BATCH 2
AVERAGE BURNUP FOR THE ASSEMBLIES IN BATCH 3
ASSEMBLY AVERAGE URANIUM WEIGHT

AMBIENT AIR TEMPERATURE (DRY BULB) IN THE FUEL

HANDLING BUILDING, F
RELATIVE HUMIDITY IN THE FUEL HANDLING BUILDING,

FRACTION

et et e ms M @t e em et ewhn e ——— —— i ——.—

- 3-5
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EXAMPLE INPUT:

Salem cross-tie for Unit 1 outage, 10/2/93
10,02,93

1

2100, 2040, 59000

0,0,0,240.,60.
3411.,1.0,40300.,43200.,40000.,461.0
74., 0.33

3-6
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"a. . Unit 1 Spent Fue] Pool Temperature

40 EXPERIMENT

An experimental program to calibrate program CROSSTIE was jointly undertaken by
PSE&G and Holtec International. Data was collected at both Salem spent fuel pools and
Unit 2 spent fuel pool cooling system during the scheduled 1R11 outage in the timeframe
October-November, 1993. The test instruments were installed by the Research and Testing
Laboratory of PSE&G. The instrument calibration data is attached in Appendix B of this

Teport.

4.1 Test Setup

Measurements are connected to four data acquisition computers. The corresponding data
collected are named "DB1", "DB2", "DB3" and "DB4", respectlvely DB1 contams all the
measurement channels from the Unit 1 pool; DB2 contains all the measurement channels
from Unit 2 pool; DB3 contains measurement channels for the Unit 2 SFHX, and DB4
contains the measurement channels for both Unit 1 and Unit 2 spent fuel water flows. The
readings on the ambient air temperature and the relative hurnidity of the Fuel Handliag
Bulldmg are done manually The mstrument locatlons in the spent fuel pool and the
assoc1ated data achISlthIl channels are descnbed below and shown in Flgures 4 1to 44,

’l'he mstrument locatlons for the fuel pool cooling systems are shown in Flgure 4.5a.

e me mr e e e = - ——

g Vi

.'- Suctlon from pool (DBl CH 1 2)
. Dlscharge to pool (DBl CH 3 4)
. "Gnd locatlon cc-14 5 above fuel rack (DBL, CH 5 6)
- _* . Gnd locanon CC-14 2’ be]ow water surface (DBl CH 7 8) L :
. Grid locatlon A-35 5’ above fue] rack (DBl CH 9 ,10)

. Gnd locatlon A-35, 2’ below water surface (DBl CH 11 12)

.. .. Near emeﬁngmngnmmr_pmhe_(nuﬂ)mm,_cma) em e

4-1

. o, mema mee— =



Unit 2 Spent Fuel Pool Temperature

. Suction from pool (DB2, CH 1, 2)

. Discharge to pool (DB2, CH 3,4)

. Grid location D-36, 5’ above fuel rack (DB2, CH 5,6)

. Grid location D-36, 2’ below water surface (DB2, CH 7,8)

. Grid location DD-10, 5’ above fuel rack (DB2, CH 9,10)

. Grid location DD-10, 2’ below water surface (DB2, CH 11,12)
. Near existing station monitor probe (TIC-SSl) (DB2, CH 13)
. Air near water surface (DB2, CH 14)

Spent Fuel Temperature at Inlet of Unit 2 SFHX

. Used a surface style thermocouple with a range of 32-200°F near inlet to

e ey e e o e amme

A Umt 1 Spent Fué] Flow

SFHX. (DB3, CH 1)
Spent Fuel Temperature at Outlet of Unit 2 SFHX

. ‘ Temporanly removed local temperature indicator at instrument location TI-
653. Installed a thermocouple with a range of 32-200°F. (DB3, CH 7)

. : Insta]led a surface style thermocoup]e with a range of 32-200°F near outlet
from SFHX (DB3, CH 2) ) 3

—-_———— -'-...-‘- —_— ..-— B e T R e T T e e

Insta]]ed a Panametrlc System Flow Meter, or equlvalent, on 8" line 1-SF-50
(DB4 CH 1) ' ‘ ‘

Umt 2 Spent Fuel Flow

._ J ’ Instal]ed a Panametnc System Flow Meter, or equrvalent, on 8" line 2-SF-59

(DB4 CH 2)

.
‘..\

(Performed a zero ﬂow cah'bratron on the ﬂow meter)
: i

Component Coohng In]et Temperature to Unlt 2 SFHX




mm e e em e mt e m o s o e e m e A At 4 memma M e e e mn s e e ——— e i - ——— i ———— i — -

1) 21CCHX Outlet Temperature

. Installed a thermocouple with a range of 32-200°F, at location TA9286
along with existing instrumentation (DB3, CH 5)

2) 22CCHX Outlet Temperature

. Installeda thermocouple with a range of 32-200°F, at location TAS264,
along with existing instrumentation (DB3, CH 6)

3) Installed a surface style thermocouple with a range of 32-200° near inlet to
SFHX (DB3, CH 3) :

Component Cooling Outlet Temperature from Unit 2 SFHX

. Temporarily removed local temperature indicator at instrument location TI-
604. Installed a thermocouple with a range of 32-200°F.

. Installed a surface style thermocouple with a range of 32-200°F near outlet
from SFHX (DB3, CH4) | .

Component Cooling Flow throu gh SI’HX

. Installed a Differential Pressure Transmitter, 4-20 mA, in parallel with FE-
603 at outlet of Unit 2 SFI-]X (DB3, CH 9 10) '

' 'Serv1ce Water Temperature f

. Insta]led a thermocouple wrth a range of 32-200°F at location TT-14726
(DB3 CH 19 20) o ,

-— .y = R
- —— —-——————————-—‘-v,—_———-- ____‘.._.._q___..__ Rt e R i it

Umt 1 Fuel Handhn g Buildmg Temperature/Relatrve Humrdrty

Installed three Solomat temperature/relatrve humrdlty probes, or equivalent,
with a range ¢ of 32-200°F/10 90%, in the area around the Unit 1 Spent Fuel
Pool (manual readmg) - ! ' ‘

Unit 2 Fuel Handhng Burldmg Temperature/Relatrve Humrdlty

. Installed three Solomat temperature/relatrve humrdlty probes or equivalent,

o with’ a range of 32-200‘3F/10 90%, in the -area around the Umt 2 Spent Fuel
. Pool (manual readmg) ~ i
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42 Test Results

The original plan for the test was to measure the pool temperatures, and other parameters,
when the Unit 1 SFHX was out of service and the Unit 2 SFHX was cycled between the
Unit 1 and Unit 2 pools, utilizing the cross-tie for the 1R11 outage. Heatup and cooldown
data could then be obtained for both pools. However, due to a high heat load with the Unit
1 core unload, the Unit 1 pool could not be isolated from cooling. Therefore, during the
cross-tie the Unit 1 SFHX was out of service, the Unit 1 pool was being cooled by Unit 2
SFHX via the cross-tie, and the Unit 2 pool was heating up. The Unit 2 pool was allowed
to heat up to 140° F, at which time the Unit 1 SFHX was returned to service, and normal
cooling restored to both pools. ;
The theory was developed based on the overall average bulk temperature, and the operation
was controlled based on the station monitor probe readmv Observanons were made on the
pool water temperature distribution durin g drfferent phases of the cross-tre, namely, steady

state cooling, heating up without cooling, and coolmg down when resuming coolmg

A close perusal of the po-ol temperature data shows that. (i) during the heating up the
maximum temperature difference between drfferent measurement pomts 1n spent fuel pool .

is less than I°F; (11) durmg the steady state coolmg, the temperature dlfferences between

different locatlons are less than 1°F L -

. 3 .
- ————— e - = M ot et Ay koo _,..-..,__‘_ e e e e g 2 T e e

d

After resummg forced coolmg, the Umt 2 pool temp erature cooled down sharply from 140°F

-— el ._-.-,.__.

to 80°F at about 2 5°F/hr As a result (1) the maxunum temperature dlfference between
‘the bulk water temperature and the statron probe ]S mcreased to about 5°F; (n) the
temperature ¢ drfference between water surface and the bottom Is less than 25°F The surface .

~temperature is hrgher smce coolant has hrgher den51ty and tends to "smk" 3

. -~ - o P . LT

s . N - yan - - -
4 N : e - -
- % - o e * L x: A -~ ~

R ————— .~ — A ———_ e ——— — ———— — W — ————— —— —— — — — —
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The SFP bulk temperatures were calculated individually by taking nodal averages of

temperature:
R
X T
T = i=1
n
where:
n = number of the measurement points
T; = temperature value at the measurement point i (i = 1,2,3...n except for the

discharge location)

Average pool surface/bottom/station temperature was calculated by

TS
T, = m
where:
m = number of local measurement pomts

T, = test value at surface/bottom/statlon locatlon 1,1 = 1 2 -

1

Hard copy of all raw test data and the processed bulk temperatures at surface, bottom and

.- statlon‘probe loeatrons are- attached-m Appendlx A.— BT -‘—-f Sl —* P

The bu]k temperatures for both Umts 1 and Umt 2 are plotted vs t1me after reactor
shutdown in Flgures 4 5 through 4,12. The fuel handlmg buildmg amb1ent air temperature
and relatlve humrdrty ratio durmg the cross-tle are also p]otted vs hme in Flgures 4 13 to .
416, o oL




)

vp
1
684

I
584

—~

F&4oke 4.5

UNIT 1 FUEL POOL WATER TEMPERATURE

/

T
TIME-AFTER REACTOR SHUTDOWN, HRS

T
484

|
<
N -
o -
- -—
T R - — - e - — — -— e e T - g OOkl P St i el o _— -
T S - - R -
(4 Lyl B '
E 2 i : - L :
zZ E |
= -3 S -
4 O , . i
e < 1. . - L ~
+ @ 1 T I T 7 T T T 11 IE S R
(O] ® - e
Y Y~ @
4 *INLVaECNEL 1004 ¥TINE e

410




l1-F

e e v e e — .

1 - ———

HOLTEC INTERNATIONAL

SALEM OUTAGE 1R1l, UNIT 1 POOL BULK WAT

ER/DISCHARGE FLOW TEMPERATURS
(During ‘Cross-Tie Initiation)
i

|
i |
|
- N : . ‘ .
120 ' /
; s
i ! Y
e ~ f
g ;
.E ' Z
< | ‘
1] i ULk
0. ] '
b : :
Lu‘ -
- _ ! /
. 100
ko
<, N
- . |
- DIscHARGE
89 lllllllll‘l,lllllll,lllllllllllllllllllIT

v . 498 ' 500 - B2 504 506
' : '} TIME AFTER REACTOR SHUTDOWN, HRS

FEULE 4, ¢,

b




HOL-TEC INTERNATIONAL

SALEM OUTAGE 1R11 UNIT 1 POOL WATER/UNIT 2 CCW INLET TEMPERATURES
(Dur Ing Cross |t. Le) '

</t

120

WATER TEMPERATURE, F

100

e

[

I 111

N
A
:

S PEPUPRS P MO N e v NN JER
. i~ X
o]
r

. B8O
- |
- l
o] {
: L L
3. A_nvm\rhvu_ oty = V.
| w V
- 1
- ‘ !
o] .
68 lllllllli‘lll ||||||l]||| ||||||||l||
504 | 524 544 564
i TIME AFTER REACTOR SHUTDOWN, HRS
|
{ Flaols 4.1




HOLTEC INTERNATIONAL

N I I I I

UNIT 2 POOL BULK WATER TEMPERATURE

lllllll[lll

R11,

1

- AT

|
!
|
!

SALEM OUTAGE 1

F LT T T T 1T ]

- .
.. - R - 1 -
c - a.. -

o

o«

‘ "1,35

e ppe——

LI L

3 ABNIVEEANEL SE1VM

LR

70

612 712

512
TIME AFTER REACTOR SHUTDOWN, HRS

T
2

4.8

Flgune

1

|
|
|
I
i
]
|
I

1

4

312

\V«'

~.w,-




fl-k

HOLTEC INTERNATIONAT,

SALEM OUTAGE 1H1l, UNIT 2 POOL BULK
(During Cross-Tie

|

WATER TEMPERATURE
Heating Up and After Cross-Tie Cooling Down)

- -

‘ :
Lo he i T e

- WATER" TEMPERATLRE, . F .
1 1-1 1

A

1 11}

130

v

| I .

/

/

| .

Py
—

-t
Q-

|
f
|
|
i
|
|
!
|
|
i.
|
|
{:
i

1111

\b :
@

K

- s

T
' 544

I
564

TIME AFTER REACTOR SHUTDONN. HRS
Flaure 4.9

624




Sl-f~

Sy

- ——— - i - x' -
! HOLTEC INTERNATIONAL
| : ; .
: SALEM OUTAGE -1R11, UNIT 2 POOL BULK WATER/CCW TEMPERATURES
! ) (Post Cross-Tié Cooling Down and Steady State)
i - |
| ! ;
! . |
]
| U P |
‘ 130 :
| - o
I -1 .
| x ~ !
i ' . |
i L. ’ :
; Coe A I
; s !
' g - i .
‘ ] |
i (,’.ml |
} JoR. Lo
| oo poel- 1.
[ [ - :
| 4
i -l =
i 2 -
. Z —
.- 50
- ' |
R ! oo eew
o] , Hﬂ—i‘*ﬂér*‘ﬁvw%m
A T T T T T T T T T T T T T T T T T T 1
. 576 o heze 676, 726
C ) TIME'AFTER REACTOR SHUTDOWN, HRS
b Flgure 4.0
, !
[ l
!




U=

i
!
!
;
A
N

( STEADY STATE)!
g

|
SALEM OUTAGE 1R11,

i
HOLTEC INTERNATIONAL

UNIT 2 POOL BULK WATER/CCW TEMPERATURES

i
|
|
%
]
i
z . , }
! . 90 .
i _ |l
; 7] i
! -] ol
! _ K
i i
1 ~ |
| : ;;
| .85~ ! ooL.
| L7 /"P
i - | 'lm,m'w
| TN o MW&WM
’ [K _ N
I -
| =
¢ -
N %{‘ -
§ 3. B0
] =S ecw I
; Eﬁ“ N l"ll . [ I
i ‘- ~ Aol il A
; =% ] g ' ‘LHLJL‘r'W —ﬁ,,JAL4~AJMrf“hW‘“*
l b '
| - SR INR '
B 75 "I ” i |
, =
| -
i _
T T T lf; ﬁl LINLINE B L TTT T T TTTT1T
312: ’ - 332 _ - 362 372 392 412
: | TIME AFTER REACTOR SHUTDOWN, HRS
| ok Flaore 4.
| f
i I
. !

C’A5C:\

T




744

w
4 _
[0
_m |
M mll »
& N
(1l
& MM [ »
i
— 149)
h%
O M - T
m = — .
> - =
R TY] ¥ 0O
- — N
< |7m
= 7 o
> ; o
3 3 - r ¥
m N . O
. 9 0
') N I~ < m
@] ' Lid
n N [~ i ¥ 2
o - — - Wm
2 = o
5 -, e
—0 L}
2 | — 8
0 -— T
| -— — — .
) = . - :
e e B !IWl--I.--l_i-} = — e e
4 i} - N .
¥ wke —2- - -
] O << >
E o<k . -
A _.w.S : N
| e |
o °7 -
Lt <
F  Lgw -
- =
0 =<u. R
I, e .- <
T T 1T T N mw_
@ L. <
g X g
oo d .m.w__.:.%mm,n_r_m._. J31VYM




' t
! .
f i
. v
“ ' f
tro
N o
f v
[
B '
Il
P
¢ o %
‘ i
i
. B
t
. .
“ . I
. '
I
. ¢
.
»
]
" .
B
1

T T THOMIDITY TIN®

"

o

. ' Lo e N L R
Py -t ! s 1, , " -
3 : :': * Lo o 1. ¢ '\ ' i ' ) )
. .' R Co , ‘ ' 4}} , o ) :
R L. St . .“-x ‘, ‘ , 'i:»' )'L L. . ,
N T I , -
LT HOLTEC INTERNATIONAL
,‘ a ’; ) K
A ":'.:SALEM UNIT' 1 FUtL HANDLING BUILDING :RELATIVE HUMIDITY RATIO
80 . T \
. @:8.8 -1~ i A ! R :3;|
s, Wl . LI ' o ot . -
‘- ",.i:r".;:"“'-“ . R _! . ' .
R R . ,
e Y ST R PR :
. I | __ '
. R B P fe S . . P 'I i N
70:00-: A -
. . K g i
N ! - P . . . B ' . i
~ B " - R s Lot a ,._. - T C .
£ e . . = K
ey - '.‘:"::' . 4 ot .
. ;’ ;"‘ ’_‘) N ! l-t‘ ' ‘ ' .Jl 1l ¢ ¢ .
“ e . L ) , ,
. [ H; \:",. . . '.‘,._ :" ' ' . :
60.09", . ST . .
oo ) n -.’; ¢ ‘_" £ e f e i’ T : ! A 4: '
! "”‘"‘: K . : f 'M‘A,'« E ’
. . b3 .:‘ E '
I : K e . ‘ll R .:'
. - \x o .
. A i R i , ., .
5@- @@: N ‘ ' . L o "| ’ * |- . )
L - , P .t . '
- . ' ' ' ol i
t Tl ’ g s
40009 e |
¢ =1 P L , o .
ol i
! ~— 'l ' ) ’w" ' ' .1
v.r e ot '. I "." t . ) v, .
e B ' - o M R
3@ Qe‘w' |||||||||||||l|l|‘llll||‘|||,|||l||||||l|l|l|l||lllllllllllllllll|||l|l]l|ll||l|||
. w000 1@ Qo 2@ ‘00" 30.00: 40.00 50.00 60.00 70.00 80.00
0=22=g5s T ST AR S Al
183 OO ; e :

’ . o B FIGURE 4.13




~ TEMPERATURE

-
-
o
-
-
-
" X T e .
EARCS LA ok - -
o . Ty 7 L - ¢ B '
N L T .
. . VoY R . e ., Lo s 1
. ' - e o, \ 4 u
' . L - ! Kl o
e ,
- . . . “ .
_-‘.._..M P A
-. 5 * e
1 Sty -t
av L.
Lot . - I - T
B . e “ ' oy
¥
. - s I -
3 ' : AL : 21y v
g A i .
:
. I3 N
‘ - i . s !
. PO il s ’ i .
R~ I oo Pt
n ‘l [ . -
' e . - - 2
‘ '@@
65. .lllllllllllllllllllll
'@\ @@ S 1@ 8@ 2@ @
B N y et . \‘
, .
S Tqgi00 .
f . ' + +
I FaN B
f - I et \ * ' -l
..
] . TR .
| . AT . L . .,

" HOLTEC 'INTERNA

TIONAL

SALEM UNIT"1 FUEL- HANDLING BUILDING" AMBIENT AIR TEMPERATURE

APV TTTTTTITTTIT I

6'

3@ Bo 40.

PO 50.00 69.

. TIMES
FIGURE 4.14

Lo 70.00

80.00




IN

HOMIDITY

. L
.
ot
'
L
LI
tos
)
LN
o
' '
.
!
.
.
.
f
' .
1 . ‘
.
v e
v
.
.
“a
L)
, P
s f N
1 ]
'

¢ St
-
-—
-
-4
-
¢ -
—
-
|
[
-
-
.
t
. -

s s
~ . ' '
'

1

. "HOLTEC" INTERN.ATIONAL

SALEM" UNIT" 2 ‘FU

.
. .
K 1 .
B
f
i )
L)
. - .
N g ,
+ * - ‘
Y .
. A A
. M
h .
. s .
r v ’
f . .
) i -
¢ o . ’
. . . '
t
. . -
i '
. f
<, . L
< w B ‘ .
< N '
L e ’ .o
.
Al . he
’ & N .
i 0 1 »
A . LI
‘ .
’ . N
. v s
. v ’
- s ,
* » * =
v . oo . .
PR . O
. ] .- " i I
. f
[ e
‘ a0 ! e - M : <
. . .
. v
z ,"’ s

T

.

JEL HANDLING BUILDING RELATIVE HUMIDITY RATIO

i@-."'.23

i

PEETTTITTT llllllllrlllllll

- 40.00 50.00 " 60.00 70.
CTIME

[TTTTITTTTT]
Ve 80.00

‘-~'FIGURE 4.15.




»
1
L.
o
v
S .
R
N i
'
'
‘
Ta

) .- A
U ' . [ o .
. )
« Y .t [ .
N > 4. . .
LA i ' -
. . ooy b -
’ ' [
f o]
v s " .
fe R , A
, -
v -
" . .
Yo . . '
’ . . o ’ .
Lotat o Lo . .
N P o . ;. .o

/SALEM “UNIT"27FU

.

.~ HOLTEC INTERNATIONAL - = | |

EL’HANDLING BUILDING:

AMBIENT AIR TEMPERATURE

et

4,

LA
(534
5

k3 u
-y Ve &, r
oy, .
. whe ',
- ety ~
. ‘o

£

i ug,” .
P

030,00 4

ST W e [ERTE IR PRI ' . ‘
Haid, fvn b e v o, T G 4 et G SN J i '
|:,l;|I,l|-=||||l|",ls||~||.l-| 'llllll‘lllll.ll. ‘lllllllllllllllllIlllllllllllllllllllllll

-00 . 50.00 60.00 70.00 80.00
SRS TIME
“FIGURE" 4.16 <

e Pee AN

LS




HOLTEC PROPRIETARY INFORMATION

5-1




HOLTEC PROPRIETARY INFORMATION

5-2




HOLTEC PROPRIETARY INFORMATION



HOLTEC PROPRIETARY INFORMATION




SALEM UNIT 1 SPENT FUEL POOL
SPENT FUEL INVENTORY BURNUP DATA ( pRoviDep BY PSE4G6T)

CYCLE DISCHARGE BATCH #FAs U-kg MWD /MTU R-POWER

DATE MW(t)

1 04,03,79 1 28 461.0 17000 3338

1 04,03,79 2 04 461.0 17500 3338

1 04,03,79 3 06 461.0 12000 3338

2 09,19,80 1 36 461.0 24100 3338

2 09,19,80 2 28 461.0 26100 3338

3 01,01,82 1 32 461.0 34100 3338

3 01,01,82 2 24 461.0 32400 3338

4 10,15,82 1 33 461.0 36200 3338

4 10,15,82 1 01 461.0 23600 3338

5 02,20,84 1 01 461.0 26800 3338

5 02,20,84 2 39 461.0 32500 3338

5 02,20,84 3 28 461.0 26700 3338

5 02,20,84 4 03  461.0 26600 3338

5 02,20,84 5 01 461.0 17200 3338

5 02,20,84 6 01 461.0 12200 3338

6 03,21,86 1 09 461.0 30300 3338

6 03,21,86 2 04 461.0 34500 -3338

6 03,21,86 3 01 461.0 41900 3338

6 03,21,86 4 25 461.0 33500 3338

6 " 03,21,86 5 28 461.0 .31100 -3338

6 03,21,86 6 02 461.0 - 36900 . 3333

7 10,02,87 1 01 461.0 43600( t3411

7 10,02,87 2 08 461:0 " 36400 T 3411

7 10,02,87 3 08 461, o -40500 '_ 3411

= = = == S1T=A0; -02 87 "= =S4 = T=41 461,07 36600~ .1411.; E

7 10,02,87 5 - 11 2461 o 36900 3411

8 03,23,89 1 08 »461 o 39800 3411

8 '03,23,89 2 04 461.0 - - 37900 13411

8 03,23,89 3 01 461.0 40600 3411

8 '03,23,89 4 ‘04 461.0° -"34900 ‘3411

8 03,23,89 .5 147 - 461.0 -~ 35000: “3411:.

8 °03,23,89 6 08 - ~461:0 - 37800 3411 i

8 03;23,89‘ 7 02 451 o 16300 . 35{1 T

9 .02,09,91 i 07 461.0u . 3150031; 73411

9 02,09,91 20 .- .01 46170, '1, 31800 -, 3411 =

9 02,09,91 3 ‘04 ~ 461.0 37000 . 53411

9 02,09,91 4 29 ° 461.0. - 42700 - 3411

9 02,09,91 5 41 ' 461.0 - 33500~ ° 3411

9 "02,09,91 6 01 461.0 39300 3411

9 02,09,91 7 02 '461.0 19500 3411

§-5



10
10
10
10
10
10
1o
10
10
10
10
10
1o
10
10
10
10

04,03,92
04,03,92
04,03,92
04,03,92
04,03,92
04,03,92
04,03,92
04,03,92
04,03,92
04,03,92
04,03,92
04,03,92
04,03,92
04,03,92
04,03,92
04,03,92
04,03,92

WoONOTUT WM R

o8
07
04
02
o8
15
25
01
08
08
01
01
01
01
01
01
01

461.0
461.0
461.0
461.0
461.0
461.0
461.0
461.0
461.0
461.0
461.0
461.0
461.0
461.0
461.0
461.0
461.0

26600
33200
36600
41100
39500
40100
39300
25700
38600
48100
43700
31500
48700
49400
43600
42200
48200

3411
3411
3411
3411
3411
3411
3411
3411
3411
3411
3411
3411
3411
3411
3411
3411
3411




CYCLE

VICIVTVTLT BB BRDE WW NN e

- OV OV OV

SALEM UNIT

NN

2 SPENT FUEL POOL _
SPENT FUEL INVENTORY BURNUP DATA ( PROViDED BY PSECH)

03,16;93 . 7

DISCHARGE BATCH #FAs U-kg MWD /MTU R-POWER
DATE MW(t)
01,21,83 1 56 461.0 18400 3411
01,21,83 2 12  461.0 19700 3411
10,04,84 1 09 461.0 20700 3411
10,04,84 2 52  461.0 23900 3411
10,04,84 3 07 461.0 21600 3411 .
10,02,86 1 53  461.0 33400 3411
10,02,86 2 04 461.0 21600 3411
08,31,88 1 02 461.0 32200 3411
08,31,88 2 30 461.0 37000 3411
08,31,88 3 42  461.0 37400 3411
08,31,88 4 03 461.0 38500 3411
03,31,90 1 09 461.0 36000 3411
03,31,90 2 08 461.0 29700 3411
03,31,90 3 12  461.0 41500 3211
03,31,90 4 01 461.0 25300 3411
03,31,90 5 45 461.0 36500 3411
11,09,91 1 33 461.0 42400 3411
11,09,91 -2 28  461.0 36400 3411
11,09,91 3 08  461.0 32300 3411
03,16,93 1 08 461.0 - 34800 3411
03,16,93 2 08  461.0 39600 - 3411
03,16,93 3 01 461.0 - 29300 3411 -
03,16,93 4 01 461.0 43100 3411
. 03,16,93 5 08  461.0 139900 3411 .
—~03716;93 "~ % ~~""39461:0" 36400 " 3411
04 461.0 46800 3411




5.2 Program Verification

Input from Measurement:

Verification Case 1 - Unit 2 Steady State Before Cross-Tie

CCW inlet temperature, °F: 77

CCW flow rate, gpm: 2100

SFP flow, gpm: 2040

Time after reactor shutdown, hr.: 336-408 (about 15-17 days after reactor
"~ shutdown)

Ambient air temperature, °F: 74

Relative humidity ratio, %: 33

Venfrcanon Case 2 - Umt 2 Steady State After Cross-Tie

CCW inlet temperature 73.2
CCW flow rafe, gpm: ~ 3050
SFP flow, gpm: - 2040
“Time.after shutdown, hr.: 624-744
Ambient air temperature, °F: 5.5
Relatxve humrdlty ratro %: 50

Venﬁcatron Case 3 - Unit 2 Peol Heating Up During 1R11 Cross-Tie

Before HX 1solat10n

CCW mlet temperature “F: T

ccwW ﬂow rate;” gpm . .- 2100
- SFP. ﬂow rate ‘gpm: - e 2040
i TARS' {o start exchang_r rsolatlon hrs:: 496 :
ety ‘Temperature Timit, oF: T ST STTM03 T T T T
' : .- Ambient 3ir temperature °F ‘ 75 5 :
Relatxve humrdrty ratlo, % L 60

Venﬁcatron Case 4 Umt 2 Pool Coo]mg Down After 1R11 Cross-Tre

. CCW m]et temperature, ?F. ; ,,fl 73
CCWﬂowr.a.tp, &P :ﬂ e 3050 .
- SEP flow rate,” Fa s BRI 12040 . .

~ TARS to ré-initiate exchanger hrs ".580.27- ' "
- Initial temperature {OF: = - =—5'140 3 L [
Amblent temperature, °F Y -

Relatrve humrdxty ratro, %. e 60

S — —j—T;ms;;—ié,me}éﬁefR%aorﬁhutdown
. _5-8



Verification Case 5 - Unit 1 Pool Cooled by Unit 2 Exchanger During 1R11 Qutage

CCW inlet temperature, °F: 71.5
CCW flow rate, gpm: 2100
SFP flow rate, gpm: 2460
TARS to start cooling, hrs.: 505
Initial bulk water temperature, °F: 123.6
TARS to end, hrs.: 514.6

Average burnup of 61 assemblies, MWD/MTU 41,300
Average burnup of 64 assemblies, MWD/MTU 27,760
Average burnup of 68 assemblies, MWD/MTU 15,240

Capacity factor: 0.9
Ambient air temperature, °F: 68.5
Relative humidity, %: 55

Verification Case 6 - Unit 1 Pool Cooled by Unit 2 Exchanger During 1R11 Outage

'Re]atrvehumldlty,% - .- .55

CCW inlet temperature, °F: \ 70
CCW flow rate, gpm: 3050
SFP flow rate, gpm: 2460
TARS to start cooling, hrs.: 515.13
Initial bulk water temperature, °F: 118.9
TARS to end, hrs.: 579.7

Average burnup of 61 assemblies, MWD/MTU 41,300
Average burnup of 64 assemblies, MWD/MTU 27,760
Average burnup of 68 assembhes, MWD/MTU 15, 240 o

Capacity factor: =~ . - 0.9 -.
Ambient air temperature, °F: - CL - 615 .

-ty - -

—_—

For each venﬁcatron case the calculated temperature 1s p]otted wrth the measurement (see

F1gures 5.1to 5 6). Itis shown that the maxlmum mean error in all cases is less than 1.0%

of the measured values whlch is wel] wrthm the expenmental error

Hard copy of all cases of ‘rusn_s; are ’a_tfaehe_d. o

- . LT . - I, [
A ’ B ot PN

59
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INPUT DATA FILES FOR ALL VERIFICATION CASES

CASE1.DAT

PROGRAM CROSSTIE VERIFICATION CASE 1
10,02,93

1

2100, 2040, 60000

0,0,0,240.,60.
3411.,1.0,0.,0.,0.,461.0

74., 0.33

CASE2.DAT

PROGRAM CROSSTIE VERIFICATION CASE 2
10,02,93

1 " -

3050, 2040, 60000
0,0,0,240.,60.
3411.,1.0,0.,0.,0.,461.0
75.5, 0.50

CASEa.DAT

" PROGRAM CROSSTIE VERIFICATION CASE 3
10, 02,93 ,
1

2100, 2040, 60000

0,0,0,240.,60.

3411 ,1. 0, 0.,0.,0.,461 0 e
75.5, 0. 60 - i ;. T

CASE4 DAT o L ;_ft lﬂij.f_ﬁ

PROGRAM CROSSTIE VERIFICATION CASE 4
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CASES5.DAT

PROGRAM CROSSTIE VERIFICATION CASE 5
10,02,93

1

2100, 2460, 59000

61,64,68,240.,60.
3411.,0.9,41300.,27760.,15240.,461.0
68.5, 0.55

CASE6.DAT

PROGRAM CROSSTIE VERIFICATION CASE 6
10,02,93

1

3050, 2460, 59000

61,64,68,240.,60.
3411.,0.9,41300.,27760.,15240.,461.0
67.5, 0.55




b

Pl

OUTPUT FILES FOR ALL VERIFICATION CASES

FILE: CASEl.TEM

*****HOLTEC INTERNATIONAL***%*%

**kkk%k*COMPUTER CODE CROSSTIE##%*#%%%k%x¥%%

SRevision: 1.0 %
SDate: 17 Dec 1993 23:30:18 $

$Logfile:  C:/RACKHEAT/CONTROL/CROSSTIE.FOV $

THIS PROGRAM WAS VERIFIED BY THE TEST
PERFORMED DURING SALEM 1R11 OUTAGE, OCTOBER 1993

DESCRIPTION OF YOUR JOB
PROGRAM CROSSTIE VERIFICATION CASE 1

REACTOR SHUTDOWN DATE:
10 2 93

OUTAGE UNIT, TIME TO START CROSS-TIE (HR), AND TEMP
1 412.00 140.30

CCW FLOW(GPM) ,SFP FLOW(GPM),CCW TEMP(F),& NET WATER

2100.00 2040.00 77.00 60000.00
N1,N2,N3,Tao(HR) ,TaoS (HR)

0 (¢] 0 240.00 60.00
RP(MW), CF, BP1l(MWD/MTU), BP2, BP3, UW(Kg)
3411.0 1.0 .00 .00 .00 461.00
FH BUILDING AMBIENT TEMP(F), RELATIVE HUMIDITY (%)

74.00 .33
THE ENDING TIME(HR) = ..
412.00

Heat Exchanger Temperature effectiveness p= .4489

LIMIT(F)

VOLUME (ft*3)

UNIT 1 UNIT 2

(POOL) (HT-TO-HX) (HT-LOSS) (POOL) (HT-TO-HX) (HT-LOSS)
TIME T1 01 Qls1 HX1 T2 02 Qls2  HX2
(HR) (F) (BTU/HR) (BTU/HR) (F) (BTU/HR) (BTU/HR)

.00 81.7 .2196E+07 .83E+05 1 83.2 .2912E+07 «96E+05 1
411.50 81.7 .2196E+07 .83E+05 1 83.2 .2912E+07 +.96E+05 0
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FITL.E: CASE2.TEM
*%***HOLTEC INTERNATIONAL*%%*x%
**k%xk****COMPUTER CODE CROSSTIE**%*%%k%
$Revision: 1.0 §$
Shate: 17 Dec 1993 23:30:18 $§
S$Logfile: C: /RACKHEAT/CONTROL/CROSSTIE.FOV $

THIS PROGRAM WAS VERIFIED BY THE TEST
PERFORMED DURING SALEM 1R11 OUTAGE, OCTOBER 1993

DESCRIPTION OF YOUR JOB
PROGRAM CROSSTIE VERIFICATION CASE 2

REACTOR SHUTDOWN DATE:
10 2 93
OUTAGE UNIT, TIME TO START CROSS-TIE (HR), AND TEMP LIMIT(F)
1 744.00 140.30
CCW FLOW(GPM) , SFP FLOW(GPM) ,CCW TEMP(F),& NET WATER VOLUME (ft~3)

3050.00 2040.00 73.20 60000.00
N1,N2,N3,Tao (HR) ,TaoS (HR)

0 0 0 240.00 60.00
RP(MW), CF, BP1(MWD/MTU), BP2, BP3, UW(Kg)
3411.0 1.0 .00 .00 .00 461.00
FH BUILDING AMBIENT TEMP(F), RELATIVE HUMIDITY (%)

75.50 .50
THE ENDING TIME (HR)
744.00

Heat Exchanger Temperature effectiveness p= .3473

UNIT 1 UNIT 2
(POOL) (HT-TO-HX) (HT-LOSS) (POOL) (HT-TO-HX) (HT-LOSS)
TIME T1 Q1 Qls1 HX1 T2 02 Qls2 HX2
(HR) (F) (BTU/HR) (BTU/HR) (F) (BTU/HR)  (BTU/HR)

.00 77.4 .2219E+07 . 29E+05 1 78.7 .2860E+07 .39E+05 1
743.50 77.4 J.2219E+07 . 29E+05 1 78.7 .2860E+07 .39E+05 0
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FILE: CASE3.TEM

*%%%*HOLTEC INTERNATIONATL**%%#

%% %%%***COMPUTER CODE CROSSTIE*%#%%#%#%%

$Revision: 1.0 $§
$Date: 17 Dec 1993 23:30:18 §
SLogfile: C:/RACKHEAT/CONTROL/CROSSTIE.FOV S

THIS PROGRAM WAS VERIFIED BY THE TEST
PERFORMED DURING SALEM 1R11 OUTAGE, OCTOBER 1993

DESCRIPTION OF YOUR JOB
PROGRAM CROSSTIE VERIFICATION CASE 3

REACTOR SHUTDOWN DATE:
10 2 93
OUTAGE UNIT, TIME TO START CROSS-TIE (HR), AND TEMP  LIMIT(F)
1 496.00 140.30
CCW FLOW(GPM) ,SFP FLOW(GFM) ,CCW TEMP(F),& NET WATER VOLUME (ft*3)

2100.00 2040.00 77.00 60000.00
N1,N2,N3,Tao(HR) ,TaoS(HR)
0 0 0 240.00 60.00
RP(MW), CF, BP1(MWD/MTU), BP2, BP3, UW(Kg)
3411.0 1.0 .00 .00 .00 461.00
FH BUILDING AMBIENT TEMP(F), RELATIVE HUMIDITY (%)
75.50 .60 .
THE ENDING TIME (HR)
600.00

. Heat_ Exchanger Temperature effectiveness p=-.4489 - - - - ——— -~ -~

UNIT 1 UNIT 2
(POOL) (HT-TO-HX) (HT-LOSS) (POOL) (HT-TO-HX) (HT-LOSS)
TIME T1 Q1 Qls1 HX1 T2 02 Qls2 HX2
(HR) (F)  (BTU/HR)  (BTU/HR) (F)  (BTU/HR)  (BTU/HR)
.00 81.8 .2215E+07 .57E+05 1 83.2 .2911E+07  .68E+05 1
495.50 81.8 .2215E+07 .57E+05 1 83.2 .2911E+07 .68E+05 0
580.31  81.8 .2215E+07 .57E+05 O 140.3 .1720E+07  .13E+07 1
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FILE: CASE4.TEM

*%%%*HOLTEC INTERNATIONAL**#*%%
**% %%k % *COMPUTER CODE CROSSTIE**%*%%xk%
S$Revision: 1.0 $
$Date: 17 Dec 1993 23:30:18 §

SLogfile: C: /RACKHEAT/CONTROL/CROSSTIE.FOV $

THIS PROGRAM WAS VERIFIED BY THE TEST
PERFORMED DURING SALEM 1R11 OUTAGE, OCTOBER 1993

DESCRIPTION OF YOUR JOB
PROGRAM CROSSTIE VERIFICATION CASE 4

REACTOR SHUTDOWN DATE:

io0 2 93
OUTAGE UNIT, TIME TO START CROSS-TIE (HR), AND TEMP LIMIT(F)
1 490.30 140.30
CCW FLOW(GPM),SFP FLOW(GPM),CCW TEMP(F),& NET WATER VOLUME (ft*3)
3050.00 2040.00 73.00 60000.00
N1,N2,N3,Tao (HR) ,TaoS (HR)
0 0 o 240.00 60.00
RP(MW), CF, BP1(MWD/MTU), BP2, BP3, UW(Kg)
3411.0 1.0 .00 .00 .00 461.00
FH BUILDING AMBIENT TEMP(F), RELATIVE HUMIDITY (%)
75.00 .60
THE ENDING TIME (HR)
624.00

__Heat Exchanger Temperature effectiveness -p=-.3473-- T s s

UNIT 1 UNIT 2
(POOL) (HT-TO-HX) (HT-LOSS) (POOL) (HT-TO-HX) (HT-LOSS)
TIME T1 Q1 Qlsl  HX1 T2 02 Qls2 HX2
(HR) (F) (BTU/HR) (BTU/HR) (F) (BTU/HR)  (BTU/HR)
.00 77.3 .2245E+07 .27E+05 1 78.6 .2945E+07 .37E+05 1
490.00 77.3 .2245E+07 .27E+05 1 78.6 .2945E+07 .37E+05 0O
580.58 77.3 .2245E+07 .27E+05 O 140.3 .1716E+07 .13E+07 1
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FILE: CASES.TEM
*%%%**HOLTEC INTERNATIONAL*#**%%

*%*%%%**COMPUTER CODE CROSSTIE***%*%%%

SRevision: 1.0 $

SDhate: 17 Dec 1993 23:30:18 S

$Logfile:  C:/RACKHEAT/CONTROL/CROSSTIE.FOV §

THIS PROGRAM WAS VERIFIED BY THE TEST
PERFORMED DURING SALEM 1R11 OUTAGE, OCTOBER 1993

DESCRIPTION OF YOUR JOB
PROGRAM CROSSTIE VERIFICATION CASE 5

REACTOR SHUTDOWN DATE:

10 2 93
OUTAGE UNIT, TIME TO START CROSS-TIE (HR), AND TEMP LIMIT(F)
1 448.50 123.50
CCW FLOW(GPM),SFP FLOW(GPM) ,CCW TEMP(F),& NET WATER VOLUME (ft*3)
2100.00 2460.00 77.50 59000.00
N1,N2,N3,Tao(HR) ,TaoS (HR)
61 64 68 240.00 60.00
RP(MW) , CF, BP1(MWD/MTU), BP2, BP3, UW(Kg)
3411.0 .9 41300.00 27760.00 15240.00 461.00
FH BUILDING AMBIENT TEMP(F), RELATIVE HUMIDITY (%)
68.50 .55
THE ENDING TIME (HR)
520.00

- .. -Heat_Exchanger Temperature -effectiveness -p= -.4824-- - - — -

UNIT 1 UNIT 2

(POOL) (HT-TO-HX) (HT-LOSS) (POOL) (HT-TO-HX) (HT-LOSS)
TIME 71 Q1 Qls1 HX1 T2 02 Qls2 HX2

(HR) (F) (BTU/HR) (BTU/HR) (F)  (BTU/HR) (BTU/HR)
.00 81.8 .2173E+07 .10E+06 1 83.2 .2881E+07 .11E+06 1
240.00 81.8 .2173E+07 .10E+06 1 83.3 .2881E+07 .11E+06 1
240.50 81.9 .2358E+07 .10E+06 1 83.3 .2881E+07 .11E+06 1
317.46 120.4 .2148E+08 .67E+06 1 83.3 .2881E+07 .11E+06 1
317.59 120.4 .2148E+08 .67E+06 1 83.3 .2881E+07 .11E+06 1
317.72 120.4 .2148E+08 .67E+06 1 83.3 .2881E+07 .11E+06 1
448.39 115.5 .1892E+08 .56E+06 1 83.3 .2881E+07 .11E+06 0
502.95 113.8 .1808E+08 .53E+06 0 123.5 .2244E+07 .75E+06 1
504.98 123.7 .1781E+08 .76E+06 1 113.5 .2476E+07 .52E+06 O
519.91 114.4 .1781E+08 ,54E+06 0 123.5 .2244E+07 .75E+06 1
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FILE: CASE6.TEM
*% %% *HOLTEC INTERNATIONAL**%*%%

** k%% %**%*COMPUTER CODE CROSSTIEH#*%%%%%%

SRevision: 1.0 S
$Date: 17 Dec 1993 23:30:18 $
SLogfile: C: /RACKHEAT/CONTROL/CROSSTIE.FOV §

THIS PROGRAM WAS VERIFIED BY THE TEST
PERFORMED DURING SAL.EM 1R11 OUTAGE, OCTOBER 1993

DESCRIPTION OF YOUR JOB
PROGRAM CROSSTIE VERIFICATION CASE 6

REACTOR SHUTDOWN DATE:
10 2 93

OUTAGE UNIT, TIME TO START CROSS-TIE (HR), AND TEMP LIMIT(F)
1 454.50 118.90
CCW FLOW(GPM) ,SFP FLOW(GPM),CCW TEMP(F),& NET WATER VOLUME (ft-~3)
3050.00 2460.00 70.00 55000.00
N1l,N2,N3,Tao(HR) ,TaoS (HR)
61 64 68 240.00 60.00
RP (MW), CF, BP1(MWD/MTU), BP2, BP3, UW(Kqg)
3411.0 .9 41300.00 27760.00 15240.00 461.00
FH BUILDING AMBIENT TEMP(F), RELATIVE HUMIDITY (%)
67.50 .55
THE ENDING TIME (HR)
600.00
Heat Exchanger Temperature effectiveness p= .3773
UNIT 1 UNIT 2
_ ___ .. __(POOL) (HT-TO-HX) (HT-LOSS) ___ (POOL) (HT-TO-HX)_ (HT-LOSS)._.
TIME T1 Q1 Qlsi HX1 T2 Q2 Qls2 HX2
(HR) (F) (BTU/HR) (BTU/HR) (F) (BTU/HR) (BTU/HR)
.00 73.9 .2225E+07 «50E+05 1 75.2 .2935E+07 .58E+05 1
240.00 73.9 .2225E+07 «50E+05 1 75.2 .2935E+07 .58E+05 1
240.50 73.9 .2410E+07 «50E+05 1 75.2 .2935E+07 .58E+05 1
315.50 108.3 .2177E+08 .43E+06 1 75.2 .2935E+07 .58E+05 1
316.00 108.3 .2176E+08 .43E+06 1 75.2 .2935E+4+07 «58E+05 1
316.50 108.3 .2175E+408 -43E+06 1 75.2 .2935E+07 .58E+05 1
454.00 103.6 .1903E+08 «36E+06 1 75.2 .2935E+07 .58E+05 0
511.87 102.0 .1814E+08 «33E+06 0 118.9 .2349E+07 «64E+06 1
515.19 118.9 .1l777E-+08 » 64E+06 1 100.5 .2683E+07 .31E+06 0
540.88 101.6 .1772E+08 .32E+06 0 118.92 .23439E+07 «64E+06 1
544.37 118.9 .1735E+08 -.64E+06 1 %9.8 .2693E+07 .30E+06 0
570.99 100.8 ,1732E+08 » 31E+06 0 118.8 .2349E+07 «64E+06 1
574.72 118.8 .1694E+08 . 64E+06 1 98.9 .2705E+07 .29E+06 0
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