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3.0 Structure/System/C t Applicabilis
Thig calculation is applicak.le to the Maine Yankee Spent Fuel Pool (SFP).

4.0 Problem Description

This calculation provides a portion of the response to Maine Yankee Service Request M-97-
27 (Reference 1). The first, second, and fourth TAG items in this service request asks the
follov.ing:

1. “Spent Fuel Pool Heat Load: Calculate the heat load in the SFP as a function
of time."”

X “Loss of Two Spent Fuel Pool Cooling Pumps - Time to Boil: Calculate the
time to boil in the spent fuel pool as a function of time and initial
temperature.”

4. “Operation with One Spent Fuel Pool Pump: Calculate the temperature in
the SFP as a function of time with one spent fuel pool pump in operation ”

This calculation provides the heat load in the spent fuel pool as a function of time. The
calculation also determines time to boil for a loss of two spent fuel pool cooling pumps.
The calculation is done as a function of time, initial spent fuel pool temperature and, as
requested by W. Henries, an additional parametric is added on initial level. As requested
by D. Boynton boil off rate as a function of heat load (time) and time to reach various
levels in the pool as a function of heat load (time) are also calculated. Operation with one
spent fuel pool cooling pump is assessed.

4.1 Background Data
Maine Yarkee is permanently shutdown and has permanently defueled the reactor. This

analysis was requested by Maine Yankee (Reference 1) to support the desired operation of
the spent fuel pool in the post-shutdown condition.
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4.2 Objectives

The objectives of this calculation are:

4.3 Intended Solution Method

This calculation was done using the POOL computer code to determine decay heat levels
in the SFP and QuatroPro spreadsheets and hand calculations to perform the other
calculations.

L To determine the heat load as a function of time in the SFP.

2. To determine time to boil for a loss of two SFP pumps as a function of time,

3. To determine boil off rate as a function of heat load (time) and time to reach

4. To determine if normal operation with one spent fuel pool cooling pump is

initial temperature, and initial level.

various levels in the pool as a function of heat load (time).

acceptable from a pool temperature standpoint.

4.4 Pertinent Literature Review

The following were reviewed before and/or during the analysis presented in this
calculation:

2.

MY Service Request M-97-27, “Post Shutdown Safety Analysis,” (Reference 1)
MYC 481, Revs. 0 thru 6, ‘Pool Computer Code,” (Reference 2) :

MYC 1755, Rev. 0, “End of Cycle 14 Allowable Fuel Removal Rate,” (Reference 3)

MYC-1562, Revs. 0, 1, 2, “Spent Fuel Pool Rerack Analysis,” (Reference 4)
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L8 Adcinin o At ts 2o Bty udeits Anatiod

The calculation of decay heat performed in the POOL code used Branch Technical Position
ASB 9-2 with an uncertainty factor of 0.1 for times greater than 107 seconds consistent with
the USNRC Standard Review Plan, Section 9.1.3, “Spent Fuel Pool Cooling and Cleanup
System.” This is a user option in the POOL code.

5.1 Dlii‘n l.up"“

Spent fuel pool heat exchanger design inputs were taken from MYC-1562 (Reference 4).
Table I from WE-100 Design Input Considerations was reviewed. It was found that none
of the considerations were applicable to this calculation. There are no relevant SER
conditions/restrictions for this calculation.

5.2 Assumptions

Any assumptions made are included in the calculation/analysis writeups.
5,3 Calculation/Analysi

531 POOL Code Runs to Determine Decay Heat Load in the SFP

The first calculation performed was heat load in the SFP as a function of time for the final
SFP assembly loading. This calculation was performed using the POOL computer code.
The POOL coude is documented in MYC-481 Revs. 0 - 6 (Reference 2). The method for
performing calculations with the POOL computer code is well documented in MYC-1253,
MYC-1463 (References 5 and 6, respectively), and other calculations. The POOL code’s
actual purpose was to calculate fuel unloading rate schedules for the refueling activity. In
order to determine the unloading rate, the code first calculates the existing decay heat load
in the SFP. This is the only portion of the calculations the POOL code performs that is
necessary for this calculation. Dutnmy information was left as input for the section of the
code that deals with the fuel to be off loaded into the SFP so that the code would run.
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Ar example input listing for one of the actual cases run for this calculation is included on
the next page. A description for each input card follows:

Card 1

Card 2

The title card indicates that this is a run to determine existing decay heat
load. The date the heat load is being calculated on is included in the title.

The first entry, Cycle number to be unloaded is 16. This value will place all
of the actual fuel at Maine Yankee in the SFP. Cycle 16 isn't really being

unloaded, but it doesn’t matter, since that portion of the calculation is not
being used.

The second, third, and fourth entry is the date unload is to start. This is
important because it is the date that the POOL code will use to calculate the
existing decay heat load. This date will be varied on each run to calculate
decay heat load versus time.

The fifth entry is the calculation option chosen. This entry is set at 6 to us
Branch Technical Position 9-2 ,"Residual Decay Energy for Light-Water
Reactors for Long-Term Cooling” (located in SRP Section 9.2.5). This entry
is consistent with the guidance provided by the NRC in SRP 9.1.3, “Spent
Fuel Pool Cooling and Cleanup System.”

The sixth entry burnup uncertainty multiplier for the old fuel is set at 1.00.

The seventh entry shutdown power uncertainty multiplier for the old fuel is
set at 1.00.

The values for the si<th and seventh entries are acceptable, since the actual
average power for t.e old fuel is over 2% less than the 2700 MW value input
in the eighth entry. v '

The eighth entry core average power (MW) for the old fuel is set at 2700.0.

The ninth entry length of coastdown period in days is set at 0.001 to mimic
a no-coast power profile. J
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Calculation of
10 30 1997

VBNV WN -

35

42
43
3
52
53
62
0
2700.0

.0
2700,

0.370
0.382
0.641
0.941
1.110
1.152

Input File to Calculate Heat Load on October 30, 1997

Existing SFP Heat Load DKB92 on Oct 30 1997 $

6
0.390623
0.389811
0.390623
0.391319
0.381933
0.373550

0.768 0.382465

0.504
1.117

2

..
=
NaRe

2R%83

, 58488332

58

0.390617
0.381933
0.381292
0.389966
0.372285
0.382035
0.373550
0.372285
0.373550
0.374061
0.373550
0.374061
0.390455
0.374061
0.381933
0.382465
0.381292
0.373550
0.390623
0.39139%
0.381292
0.372285
0.381292
0.381292
0.390623
0.373550
0.361722

1.00
.0

1.00
32800.
34761,
31691.

0.
0.
0.
35639.
28492.
0.
15453,
13075,
18615.
0.

18472,
36235,

35366.
15470.
35428.

0.
srr.
18521.

31964.
15409.
18339.
18466,
15073.
18464 .
32339.

31507.
i

NYC- - 2004 PAGE 7
NOV 10, 1997
Sample POOL Input File
plimc92.0ct30.97

1.00  2700.0 0.001 0.000 .04 .10
inoz.
39074.
37164.
12507.
16463,
14296,
45018.
34577.
14378.
30580.
28776.
33881,
7775,
13913,
33040.
17918.
48638,
17611,
47528,
30084 .
47693,
17352.
47288.
31960.
17006.
44003,
29650.
32479.
32592.
29896.
33162,
44607,
17454
43590,
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The tenth entry bias term on the spent fuel pool cooling limit is set at 0.000
(this entry doesn’t matter for this calculation). v

The eleventh entry uncertainty factor to equation #13 of the ANS79 standard
is set at .04 (this entry doesn’t matter for this calculation).

The twelveth entry Branch Technical Position 9-2 long term uncertainty
fraction for cooling times greater than 10’ seconds is set at .10 as
recommended in NRC SRP 9.1.3. ,

Card 3 Actinide correction factors is not used when option 6 is selected on Card 2.

Card 4 Thirty-four cards representing the 1/8 core for the fuel being discharged.
These cards are unimportant, since this portion of the calculation will be
disregarded.

Cards 5,6 These cards also Jeal with the fuel being discharged and are therefore
unimportant.

Euel Schedule Input Files

The PCOL code also requires two fuel schedule input files: fsxm042 and fsqm042. These
files were provided by the Reactor Physics Group in Reference 7. A modified version of
the fsxm042 file was created and named fsxm042.mod. The documentation for the
modified input is contained in Reference 3. This version is in the format that the POOL
code can read. It's the same as the original with the batch parameters removed. POOL
doesn’t need the batch parameters and will not execute if they are not deleted from the file.
The files fsqm042, and fsxm042.mod are listed on the pages that immediately follow. Also
listed are the pool file (driver file to run SCL POOL vode and the pool.proc file (the
procedure file to run the SCL POOL code).

Decay Heat Load vs Time Results

The decay heat load vs time results are presented in Table 5.3.1-1. The table includes the
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NOV 19, 1997
Physics Input File fsqn042 to Be Read by POOL Code
fuel Schedule Input File -
PALE 10F 2

0100010 A0 12 393.887

* .07 1.7 .98 378 ¥ 4 .« » 10611 . - . . 10611
0101010 816 56 358.295 * 2.407 * 1.346 .982 397 g . . - 11912 . . . . 11912
0102010 cO 2 395.219 * 2.9 * 2.271  .990 .261 § » . 6522 . . . ’ 0522
0103010 c12 1 368.196 * 2.957 * 1.93%4 .985 365 1 « = 10470 . . . . 10470
0104010 C16 1 358.808 * 2.957 * 1.945 .985 364 N 10359 . . . . 10359
0100011 AD 57 393.993* 2.023* .830 .97 456 T3 » & o 11059 4636 . - . 15695
©101011 816 24 358.201 * 2.410* 1.089 .977 450 T » = o 10846 5148 . . . 15994
0102011 €O 22 394.659 * 2.947 * 2.090 .987 317 T & &' o 6056 2509 . . . 8565
0103011 c12 35 367.985 * 2.950 * 1.7 .981 17 PR o« . 9289 4041 . . . 13330
0104011 €16 7 358.410 * 2.953 * 1.602 .979 .640 TR » » o 10359 4525 . . . 14884
0110011 RFO 2 395.455 ¢ 2.341* 1.735 .99 145 B = s 8 » 2769 . . . . 2769
0111011 RFO 2 305.323 ¢ 1.938* 1.511 .93 .210 R » = o0 4316 . . . . 4316
0112011 RF4 2 386.173 * 1.930 * 1,449 .992 261 SR 5058 . . » . 5058
0113011 RF5 1 380.050 * 2.006 * 1.642 .992 ) . S R 5150 . . g . 5150
0110030 RFO 12 395.213* 1.938* .79 .9 451 = U S 5387 10463 . . . 15850
0111030 RF4 53 386.436 * 1,935+ .76 977 L4546 U G B RS 5079 11144 - . - 16223
0200020 DO 69 389.669 * 1.950 * 715 .976 bbb R e S 18042 . - . . 18042
0201620 €16 1 354.183 ¢+ 2515 * 1.013 .93 494 BT 20434 . - . . 20434
0200030 E16 12 353.782 ¢ 2517+ 582 .962 .530 A NG S 18697 10726 . . . 29423
0201030 FO 28 389.028 * 2.887 * 1.026 .968 540 g 'F v:oal 12368 12041 . . . 24409
0202030 F8 12 372.158 * 2.884 * .810 .962 .554 g F & 17689 11153 . . . 28842
0203030 F12 16 363.271 *+ 2.884 * .787 .962 548 g3 ot % . 18124 11138 . ’ ¢ 29262
0200040 E16 61 353.710 ¢ 2517+ .S15  .961 .530 iE SR R 19758 9938 - . . 29696
0201040 FO 12 389.409 * 2.888 * 647 957 .585 23 & 5 = 11134 12226 9833 . " 13193
0200050 E16 1 351.636 * 2.506 * .623 .963 .528 4 WL 17697 10373 . . . 28070
0200060 E16 1 352.289 * 2.524 * .617 .963 .528 . SRR S 17697 11115 . . . 28812
0200070 E16 1 354.361 ¢ 2517+ 554 .91 .53 B A SN A 17697 12779 . . . 30476
0200080 E16 1 353.373 *+ 2.530 *+ .522 .960 .532 S U SR 20434 Y1431 . . . 31865
0200090 E£16 1 354.368 * 2.517 * 469 .958 533 g P e 20404 13415 . . . 33819
0200100 E16 1 353.516 * 2.518 * 466 .958 533 2W » + » 20434 13242 . . . 35676
0300050 GO 16 388.814 * 2.741 * 595 .958 576 S &P » = 11956 10726 9262 . 31945
0301050 G&1 « 3997 * 2,744 * 552 .957 .568 3 43 » - 13294 10953 8788 . . 33035
0302050 G&2 12 380.382 * 2.738 * 538 .956 .570 3 48 ¢+ » 13361 10492 9834 ’ . 33687
0303050 WO 40 387.765 * 3.036 * 770 .959 .586 P& § » 8959 11907 10601 » . 3661
0400060 10 L8 388.812 * 35.035* .75 .95¢9 .586 $ 5 8 » » 8887 11782 11243 . . 31912
0401060 14 r 378.882 * 3.032 * .633 .955 .585 &8 6 - 12623 11802 10780 . . 35405
0500070 4O o8 381.481* 3.003* .73 .98 S $ 9 F » » 9178 12752 10796 . . 32720
0501070 J4 A S72.852 * 3.008 * .520 .9%2 579 3 B F o o 13293 12998 11944 . . 38235
0502070 J8 20 363.991 * 3,003 * 619 .935 .566 29 F 59 13325 12926 8622 . . 34873
0600080 KO 48 380.831 * 3,002 * .631 .955 .582 S 7T 8 »» 9536 14039 11934 . . 35509
0601080 K& “ 371.499 * 3,006 * 531 952 578 B TR » - 13449 13845 11047 . . 38341
0602080 k8 20 363,157 * 3.002 * .603 .955 567 B & A 13658 13615 8412 . ’ 35685
0700090 LO 8 3IM.S64* 3288 651 .95 610 T B B o o 11253 13808 14623 . . 39684
0701090 L& 12 371.060 * 3.288 * 573 .948 .606 4 B aE s 164123 13473 121 . . Ahakd
0702090 L8 40  362.447 v 3.288 * 764 .955 .585 T B 9 » v 13769 12718 9317 . . 35804
0703090 L12 4 354.176 = 3.288 * 552 .98 .587 F'y 9 . 15236 139264 12828 . . 41988
0700110 LO 8 3.4 328 M2 .95 .606 7 8 9101 10315 7276 7831 5101 6013  3653¢
0800090 M8 3 362.029 * 3.303 * .90 .960 ST 3§ & & = 15703 16515 . . . 32218
0801100 M4 28 370.051 * 3.303* .68 .951 .601 899 » - 12935 14282 11935 . . 39152
0802100 M8 28 361.453 * 3.302* .616 .950 .59 B PEg v s 15406 16215 7922 . . 39543
0800110 M3 1 362.537 * 3.29* 411 962 593 8 998 » » 16373 16296 13376 . . L6045
0800120 M8 1 362.5644 * 3.300 * 408 .942 593 B 9 » » 16373 16296 144610 . . 47077
0800130 M8 1 361.651 * 3.304 * 487 945 .59 8 9% - - 15234 15699 13324 . . L4257
0800140 M8 1 361.722 * 3.299 * 476 945 594 B 9H = » 15234 15699 12273 . . 43206
0800150 M0 8 378.931 * 3.301 * .69 .952 607 g 2101 - 11899 16843 5772 2204 . 36718
0801150 M8 1 361.382 * 3.302 * .638 .95 592 8 9B » » 15234 15699 7204 . . 38137
0900100 N8 8 369.564 * 3,301 * 943 959 .582 SR 18420 13885 . . . 32305
0900110 KO 4 388.183 * 3.307* .602 .99 .627 211 » » 164878 13079 12225 . . 4O01E2
0901110 wé 26 378.365 * 3.303 * 550 .7 618 PN - o 14956 14026 12799 - - 41781
0902110 N8 36 370.192 * 3,302 * .603 .99 607 P + » 17880 14035 7806 ’ . 39721
1000120 PO 20 389.140 * 3.502% .78 .950 633 wMe - - 12756 15445 11393 . . 59592
1001120 Pé 20 379.850 * 3.501 * 559 .9 .629 nwNnNRe - - 15558 15360 14366 . . 45284
1002120 P8 16 370.907 * 3.500 * .621 .946 619 MWINR » - 16819 15453 10667 . . 2939
1000130 P8 8 I71.834 * 3.496 * 582 .945 619 WS - 16790 1575 6496 4951 . 3601
1000140 PO $ 0.t 35t M1 W 636 10 11 12 4 - 13718 15348 5626 4709 - 39401
1100120 04 & 380.873 * 3.696 * 1.131 957 .617 WA 2 = o 16172 18078 v . - 346250
1100130 Q0 28 390.712 % 3.690* .751 947 .650 MRy « - 14347 17011 10997 . . 42355
1101130 04 32 380.545 * 3.693 * .681 945 661 MY » - 17783 17139 9118 . . 44040
1102130 o8 8 IR.789* 3.5 .S 9% .632 VR » » 18150 17861 13230 . . 49241
1200140 RO 36 390.577 * 3.684 v .826 .99 647 nNEeEw - - 16223 15309 7680 . . 39212
1201140 Ré 12 382.465 * 3.6M2 * 581 .9¢ 642 nEWN > - 20215 14829 10984 . . 4LE028
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1202140 R8 20 374.061 * 3.681* .520 .93 632 213% - - 20098 15369 12456 . - L7923
1200150 R4 “ 381.497 * 3.681 * 782 948 641 I - - 20180 12661 7399 . 40240
1300140 SO - 390.455 * 3.702* 1,252 .90 613 131% - - - 15341 WM - . . 30052
1300150 SO 16 390.680 * 3,702 * 1.118 .957 624 3% 1% - - 14239 14992 3508 . . 32739
1301150 s4 28 381.292 * 3. 701+ .92 .952 .632 2% - - 16568 16618 5678 » . 38255
1302150 s8 20 372.285 * 3.702 * .769 .948 .632 W% - - 18404 14830 7301 . . %0535
1400150 70 8 391.319 * 3.918* 1.96% .9 539 819 » » » 12446 8776 . . . 21222
1401150 14 28 381.947 * 3.906 * 1.719 .966 573 1% 1 . o 15780 9058 . . . 24838
1402150 18 36 373.550 * 3.895 * 1.666 .965 .578 B3 = & o 16453 9190 - - . 25643
1500150 U0 8 390.342 * 3.742 * 2.956 .989 275 g * * & e 7340 . . . 7340
1501150 w24 32 389.643 * 3.739 * 2.™N .986 .333 B ¢ = & o 9340 . . . . v340
1502150 ULd 28 389.498 * 3,740 * 2.723 .985 354 3 & = @ 9905 . - . . G905




PREPARED BY M REVIEWED BY ﬂ_

Modified Physics Input File fsxm042.mod to Be Read by POOL Code

Fuel Schedule Input File

FIGURE

MYC- - 200% PAGE //
NOV 10, 1997

MAINE YANKEE FUEL SCHEMULE FOR END OF CYCLE 15
CYCLES 1 THROUGH 24 (REVISED 08/11/97)

DATES
CYCLE IN ot
1 11/08/72  06/29/74
1A 10/12/74  05/02/7%
2 06/29/75  04/09/T7
3 06/Y1/77  07/14/T8
“ 08/28/78 01/11/80
5 03/17/80 05/08/81
6 07/20/81 09/24/82
7 12/12/82 03/31/84
8 06/20/84 08/17/85
9 10/25/85 03/28/87
10 06/18/87 10/15/88
" 12/16/88  04/07/90
12 06/30/90 02/14/92
13 04/19/92  07/30/93
14 10/14/93  01/14/95
15 01/16/96  12/06/96
16 * 12/06/97 03/15/98
17 % 05/24/98 09/15/9%9
18 * 11/24/99 03/15/01
19 * 05724701  09/15/02
20 * 11724702  03/15/04
21 *  05/24/06  09/15/05
22 * 11/24/05 03/15/07
23 * 05/24/07 09/15/08
26 * 11/264/08 03/15/10

CYCLE PARAMETERS

CYCLE LENGTH

(MWD /MT)

DESIGN

ocoooococCcooo

* CYCLE LENGTH AND BATCH BURNUPS ARE ESTIMATED
** [NCLUDING DESIGN LOADIMGS, AS INDICATED BELOW

CYCLE LOADING (KGU) BASIS OF CYCLE LENGTH

AS-BUILT AND BATCH BURNUPS
81434 MEASURED
83084 MEASURED
81027 MEASURED
83130 MEASURED
81822 MEASURED
83006 MEASURED
82220 MEASURED
80905 MEASURED
80231 KEASURED
80120 MEASURED
81227 MEASURED
82389 MEASURED
83051 MEASURED
83028 MEASURED
82819 MEASURED
83062 MEASURED

0 ESTIMATED
0 ESTIMATED
0 ESTIMATED
0 ESTIMATED
0 ESTIMATED

This is dunm dato. . Tk is not uged 14 e caltalation, T wes
adiled so ot Whe Sormet protohes va-»& cal calations.

e 1] 41

Thy cest of the origiml FsxmodZ File 15 deleted. This 1s
01\\ %A{'a‘ ﬂ*‘C Ci oS lf\(u‘\’ '|"° m ng_ Cb,{e ;

pwd (]l 47

PAGE
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‘o dile 15 ran by ust Tygia
:Lh:bf?:::h‘“w TO TERMINATE EXECUTION’ (rh‘s "l 3 J ae a'

while YODl . TH5 roau ,;(r.’./on ufra

true

do
E;h.: ;i:;!! POOL USER INPUT FILE? (PLIMxxx) \¢' H +' WS‘ “l:n
\

[ "SINPTH = W& )
then
if
{ SINPT = “gtop" -o SINPT = “STOP* ]
then
echo 'TERMINATING POOL... PLEASE WAIT/
exit
fi
if
test -r SINPT
then
INT1=SINPT
break
else
echo ‘pool user input file not found’
fi
fi
done
while
true
do
echo ‘ENTER POOL UNIT 8 INPUT FILE? (FSQMxxx) \c'
read NPT
if
[ "SINPTH [= wu ]
then
if
{ SINPT = “gtop* -0 SINPT = “STOP™ ]
then
echo ‘TERNINATING POOL... PLEASE WAIT/
exit
fi
if
test -r SINPT
then
IN2=SINPT
break
else
echo "pool unit 8 input file not found’
4]
fi
done
while
true
do
echo 'ENTER POOL UNIT 9 INPUT FILE? (FSXMxxx) \c’
read INPT
if
[ "SINPTY |= W% )
then
if
[ SINPT = “gtop* -0 SINPT = “STOP™ ]
then
echo 'TERMINATING POOL... PLEASE WAIT’
exit
£i
if

test -r SINPT
then
IN3=SINPT
break
eise
echo ‘pool unit 9 input file not found’
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fi
fi
done
#
# FILE 6 = LIST OQUTPUT FILE
»
echo 'ENTER LIST OUTPUT FILE? <PCoé> \c'’

read OU1
if

test “SOUIM = we
then

OU1=PO0LE

fi
if
[ SOUY = “gtop¥ -o SOUY = “STOP™ )
then
echo "TERMINATING POOL... PLEASE WAIT’
exit
fi
I
# PLOT FILE
£
echo 'ENTER PLOT FILE? <CGMETA» \c’
read OU2
if
test "SOU2% = Mw
then
QU2=CGMETA
fi
if
[ SOU2 = “stop” -0 SOU2 = “"STOP™ )
then
echo 'TERMINATING POOL... PLEASE WAIT/
exit
fi
v
# EXECUTE POOL
L]

echo ‘dayfile name is: daypool.’'ss

#at now + 1 minute <<EOF

at now <<EOF

pool.proc =1 SINT -j SINZ -k SIN3 -0 SOU1 -p SOU2 2>daypool .$$
cat deypool .58 >>» $OUY

grep "TOTAL POMER IN™ SOU1 > SOU1.sum

EOF

MYC--2004 PAGE \\ B
NOV 19, 1997
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#! /bin/ksh

set -x

#

# + +

SCRIPT MAME : pool.prec YANKEE ATOMIC ELECTRIC COMPANY

SCRIPT VERSION : 1.00 EXECUTE pool.e
SCRIPY DATE i 09/30/91

---------------------------------------------------------- o PROCESS OPTIONS

1FL=0

JFL=0

KFL=D

OFL=0

PFL=0

EFL=1

while getopts i:j:k:o:p: OPTION
do

case SOPTION in
1) IN1=SOPTARG
1FL=1;;
J)  162=SOPTARG
JFL=1;;
k)  IN3=SOPTARG
KFL=1;;
0) OUI=SOPTARG
OFL=1;;
p) OU2=SOPTARG
PFL=1;;
\?) EFL=0;;
esac
done
if

{ SIFL ~eq 1 -a SJFL -eq 1 -8 SKFL -eq 1 -a SOFL -eq 1 -& SPFL eq 1 -8 SEFL “eq 1]

then
ERR=0
else
ERR=1
fi
¥
I creenesnaene P ——— sssssenssassnssansnerannne «+0 OPTION ERRORS

¥
if

[ SERR “ne 0 )
then

cat <<EOF

USAGE: pool.proc [-i file -] Yile -k file <o file -p file)
OPTION  DESCRIPTION 170

-1 POOL USER INPUT FILE i
| POOL UNIT 8 INPUT FILE I
-k POOL UNIT 9 INPUY FILE 1
-0 POOL OUTPUT FILE 0
“p POOL PLOT FILE c

exit 64

*

: ------------- cescossesssne svesssse sSessssesesncsssssasesese © FILE ENVIRONMENT
# SEY UP TARGET DIR TO GET INPUT AND DEPOSIT QUTPUT

*

TOIK="pucd*

MYC--2004 PAGE
NOV 19, 1997
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#
# SET UP TEMPORARY NMIR FOR EXECUTION ONLY
#

RUND=/ tmp/pool .58
mdir SRUND

cd SRUND

In -s STDIR/SINT POOLS
In -s STDIR/SINZ POOLE
in -s STOIR/SINS POOLY
In -s STOIR/SOUT BANNER
ln -s STDIR/S0U2 CGMETA

#emrmnnanaas T Ty 0 EXECUTE APPLICATION

L]

. /8CL/scladmin/sclproc
sclproc pool > BAHNER
pool

cat POOLE >> BANNER
STATUS=$?

T PP e PR TP PP PR PP o CLEAN UP

cd STRDIR
rm -r SRUND
exit SSTATUS

MYC-- 200§ PAGE
NOV 19, 1997
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input and output file names, date, time after shutdown, and decay heat load for each case
run. This table is a QuatroPro spreadsheet. Time after shutdown in days assumes
shutdown was December 6, 1996. Time after shutdown in days is then calculated based on
the unload date for each POOL code run, which as mentioned earlier is the date the POOL
code calculates the existing decay heat on. The total power (in MW) in the spent fuel pool
is also taken from each POOL code run. The spread sheet then calculates the power in
BTU/hr as follows:

Power in MW from column E is multiplied by the conversion from MW to BTU/hr.
An example from the sheet is shown below:

1.74773 MW x (3.412 x 10° BTU/hr )/1IMW = 5.96 x 10° BTU/hr

The results of decay heat load vs time are plotted in Figure 5.3.1-1. This plot is from the
data in the QuatroPro spreadsheet.



myC 2wy ,;ac /3

TABLE 5.3.1-1 Deay Heat Load vs Time »f i
t Quaterfeo Vission 6.0 (a1
foc Winglows wlt®
' Input File Output File Date Days After _ |Total Power |Total Power
| Name Name Shutdown in SFP (MW) |in SFP (BTU/hr)
plime92.0ct15.97 plomc92.0¢ct15.97 10/15/97 313 1.74773 _ J |5.96E+06 ¢
plime92.0ct30.97 omc92.0ct30.97 10/30/97 328 1.71064 7 |5.B4E+06
plimc82.nov29.97 lome92.nov29.97 11/29/97 358 164511 ¢ |561E+08 ¥
| plime92.dec29.97 lomc92.dec29.97 12/29/97 389 1.58915 v |5.42E+06
I plimc92.jan28.98  |plomc92.jan28.98  [01/28/98 418 15409 v |5.26E406 ¢
plimc92.1eb27.98 plomcg2 feb27.96 02/27/98 448 1.49892 J |5.11E+06
plimc92.mar29.98 lomc92.mar29.98 _ 03/29/98 478 1.46207 ¢ |4.99E+06 ¢
plimc92.apr28.98 plome92.apr28.98 04/28/98 508 1.42946  J |4.88E+06
plimc92.may28.98 2.may28.98  |05/28/98 533 1.40037 7/ [4.78E+08 ¥
ime92.jun27.98 omec92.jun27.98 06/27/98 568 1.37425 ¢ |4.69E+06
plime92.jul27.98 lomc92.jul27 .98 07/27/98 598 1.35065 ¢ |4.61E+06 ¥
plimc92.aug26.98 plomc92.aug26 98 08/26/98 628 1.32921 J  |4.54E+06
mc9z. 5.98 plomc92.sep25.98 09/25/98 658 1.309062 ¢ [447E+06 ¥
plimc92.0ct25.98 plomc92.0ct25.98 10/25/98 688 1.29166 ¢ |4.41E+06
mc92.nov24.98 | plome92 nov24.98 11/24/98 718 127513 ¢ |4.35E+06
plimc92 dec24.98 plomc92.dec24.98 12/24/98 748 1.25985 v [4.30E+08
plime92 jun22.99 plomc92.jun22.99 06/22/99 928 1.18815  / |4.05E+06 ¢
plime82.dec19.99 2.dec19.99 12/19/99 1108 1.13931 { |3.89E+06
plime82.jun16.00 me92.jun16.00 06/16/00 1288 1.10412 ¢ |3.77E+06 ¥
plimc92 dec13.00 __ |plomc92.dec13.00 12/13/00 1468 1.07743 Y [3.68E+06
plime92.dec13.01 plomc92.dec13.01 12/13/01 1833 103783 v _[3.54E+06 ¥
plime92.dec13.02 plomc82.dec13.02 12/13/02 2198 1.00773 v [3.44E+06
| plime92.dec13.07 mc92.dec13 .07 12/13/07 4024 0.89079 ¥ |3.04E+08
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5.3.2 Time to Boil for Loss of Two SEP P

The second calculation was performed to determine time to boil for a loss of two SFP
pumps as a function of time, initial temperature, and initial level. These calculations were
performed with a QuatroPro spreadsheet. The decay heat loads calculated in the POOL
code runs and converted to BTU/hr in the QuatroPro spreadsheet developed in 5.3.1 were
entered in the new spreadsheet. Initial temperature range studied was from 80°F to 154°F.
Pool water level was run at three points 23.5, 32.5, and 35.5 feet. The three levels are
approximately as follows:

23.5 ft - minimum level for a pipe break on the discharge side of the heat exchanger
32.5 ft - minimum level for a pipe break on the suction side of the heat exchanger
35.5 ft - nominal level

Thirty-two and a half feet was used in a previous calculation of time to boil in the SFP in
MYC-1562 (pages 85 - 87). A conservative mass of 2.48 x 10° Ib,, was calculated in MYC-
1562 for this level at 154°F. Masses at the other levels were determined in the spreadsheet
ac follows:

A water volume was calculated for the difference in level for example at the 23.5 ft
level:

Minimum pool dimensions from MYC-1562 are 41.4 ft by 36.89 ft and the
water volume for the difference in level is given by:

41.4 ft x 36.89 ft x (32.5 ft- 235 ft) = 13,7422 f

The mass for this volume was calculated using the specific volume of water at 32°F
to maximize the reduction in mass since minimum mass will allow for shorter time
to boil. The specific volume of water at 32°F is 0.01602 ft*/Ib,, . The mass at the 23.5
ft level was then calculated as:

248 x 10° Ib,, - ((41.4ft x 36.89 ft) x (32.5 ft - 23.5 ft))/0.01602 f*/1b,, =
1.62x10°1b,, p
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((SFP water mass) X (Tyging = Tinia )/ (SFP decay heat load)] x specific heat of water
with a SFP water mass of 1.62 x 10° Ib,, , an initial SFP temperature of 80°F, and an initial
heat load of 5.84 x 10° BTU/hr (the heat load is taken from the POOL code calculations for
October 30, 1997), time to boil is then:

[1.62 x 10° Ib,, x (212°F - 80°F)/5.84 x 10° BTU/hr] x 1BTU/Ib,,°F = 36.7 hr ,

Time to boil for a loss of two SFP pumps as a function of time, initial temperature, and
initial level results are provided in Table 5.3.2-1 and Figures 5.3.2-1 through 5.3.2-3.

Mass at the 35.5 ft level was determined in the spreadsheet as follows:
The mass for this volume was calculated using the specific volume of water at 32°F.
The specific volume of water at 32°F is 0.01602 ft’/1b,, . The mass at the 35.5 ft level
was then calculated as:

2.48 x 10° b, - ((41.4ft x 36.89 ft) x (32.5 ft - 35.5 t))/0.01602 £’ /Ib,, =
2.77 x 10° 1b,, 5
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TABLE 5.3.2-1 Time to Boil vs Time, Initial Temperature, Level

auﬂm(f' for Windows version b0 ns w14 |41 »

Heat Load Initial Temperature Pool Water Water Mass Time to Boil Date Corresponding

(BTU/Mr) {Degrees F) Levei (ft) (lbm) (hrs) to Heat Load
5.84E406 ¢ 80 32.5 2.48E+06 ¢ 56.05 ¢ Oct 30 1997
5.84E+06 100 32.5 2.48E+06 47.56 Oct 30 1997
5.84E+06 120 325 2.48E+06 39.07 Oct 30 1997
5.84E+06 140 325 2.48E+06 30.58 Oct 30 1997
5.84E+06 154 32,5 2.48E+06 24.63¢ Oct 30 1997
5.84E+06 80 235 1.62E+06 ¢ 36.66 ¢ Oct 30 1997
5.84E+06 100 235 1.62E+06 31.11 Oct 30 1997
5.84E+06 120 235 1.62E+06 25.55 Oct 30 1997
5.84E+06 140 23.5 1.62E+06 20.00 Oct 30 1997
5.84E+06 154 23.5 1.62E4+06 16.11 ¢ Oct 30 1997
5.84E+06 80 35.5 2.77TE+06 62.52 Oct 30 1997
5.84E+06 100 35.5 2.77E+06 53.05 Oct 30 1997
5.84E+06 120 35.5 2.77E+06 43.57 Oct 30 1897
5.84E+06 140 355 2.77E+06 34.10 Oct 30 1997
5.84E+06 154 35.5 2.77E+06 27.47 Oct 30 1997
5.42E4+06/ 80 325 2.48E+06 / 60.40 ¥ Dec 29 1997
5.42E+06 100 32.5 2.48E+06 51.25 Dec 29 1997
5.42E+06 120 325 2.48E+06 42.10 Dec 29 1997
5.42E+06 140 325 2.48E+06 32.94 Dec 29 1997
5.42E+06 154 325 2.48E+06 26.54 Dec 29 1997
5.42E+06 80 23.5 1.626+067 39.50 Dec 29 1997
5.42E+06 100 235 1.62E+06 33.52 Dec 29 1997
5.42E+06 120 235 1.62E+06 27.53 ¢ Dec 29 1997
5.42E+06 140 23.5 1.62E+06 21.55 Dec 29 1997
5.42E+06 154 235 1.62E+06 17.36 Dec 29 1997
5.42E+06 80 35.5 2.77E+06 67.36 Dec 29 1997
5.42E+06 100 35.5 2.77¢4+06 57.16 Dec 29 1997
5.42E+06 120 35.5 2.77€+06 46.95 Dec 29 1997
5.42E+08 140 35.5 2.77E+06 36.74 Dec 29 1997
5.42E406 154 35.5 2.77E+06 29.60 Dec 29 1997
4.99E+06 ¢ 80 325 2.48E+06/ 65.60 Mar 29 1998
4,99E-08 100 32.5 2 ABE+06 55.66 Mar 29 1998
4.99E+06 120 32.5 2.48E+06 45.72 Mar 29 1998
4.99E+06 140 325 2.4BE+06 35.78 ¥ Mar 29 1998
4.99E+06 154 325 2.48E+06 28.83 Mar 29 1998 |
4.99E+06 80 235 16264087 4291 Mar 29 1998
4.99E+08 100 235 1.62E+06 36.41 Mar 29 1998
4.99E+06 120 235 1.62E+06 29.90 Mar 29 1998
4.99E+08 140 235 1.62E+06 23.40 Mar 29 1998
4.99E+08 154 235 1.62E+06 18.85¢ Mar 29 1998

4.99E+06 80 35.5 2.77E+06 7317 Mar 29 1998



TABLE 5.3.2-1 Time to Boii vs Time, Initial Temperature, Level

Bhusten fes b viinddows Vel5ion 6.0 s (14141

Heat Load
(BTU/hr)
4.99E+06
4.99E+06
4.99E+06
4.99E+06

4.69E+08¥
4.69E+06
4.69E+06
4.69E+06
4.69E+06

4.869E+06
4.69E+06
4.69E+06€
4.69E+06
4.69E+06

4.69E+06
4.69E+06
4.69E+06
4.69E+06
4.69E+06

4 47E+06 ¢
4.47E+06
4.47E+06
4.47E+06
4.47E+08

4.47E+06
4.47E+06
4 47E+06
4.47E+06
4.47E+06

4.47E+06
4 47E+08
4.47E+0C
4.47E+06
4.47E+06

4.30E+06 4
4.30E+06
4.30E+06
4.30E+06
4.30E+06

4.30E+06
4.30E+06
4.30E+06

(Degrees F)
100

120
140
154

80

100
120
140
154

80
100
120
140
154

80
100
120
140
154

80

100
120
140
154

80
100
120
140
154

80
100
120
140
154

80

100
120
140
154

80
100
120

Level (ft)
35.5
35.5
35.5
35.5

32.5
32.5
32.5
32.5
32.5

235
23.5
235
235
23.5

35.5
35.5
355
35.5
35.5

325
325
325
325
325

23.5
235
23.5
235
235

355
35.5
35.5
35.5
35.5

325
325
325
32.5
325

235
235
23.5

(1bm)

2.77E+06
2.77E+06
2.77E+06
2.77E+06

2.48E+086 /
2.48E+06
2.48E+06
2.48E+06
2.48E+06

1.62E+06 ¢
1.62E+06
1.62E+06
1.62E+06
1.62E+06

2.77E+06
2.77E+06
2.77E+06
2.77E+06
2.77E+06

2.48E+06 ¢
2.48E+06
2.48E+06
2.48E+06
2.48E+06

1.626+067
1.62E+06
1.62E+06
1.62E+06
1.62E+06

2.77E+06
2.77E+06
2.T7TE+06
2.77TE+06
2.77E+06

2.48E+06Y
2.48E+06
2.48E+06
2.48E+086
2.48E+06

1.62E+06 ¢
1.62E+06
1.62E+06

MY 2004 Vege 19

Initial Temperature Pool Water Water Mass Time to Boil

(hrs)
62.08
51.00
39.91
218

69.80
59.22 /
48.65
38.07
30.67

45.65
38.73
31.82
24.90v
20.06

77.85
66.05
54.26
42.46
34.21

73.23
62.14
51.04 v
39.95
32.18

47.90
40.64
33.38
26.13
21.05¢

81.68
69.30
56.93
44,55
35.89

76.13
64.60
53.06
41.53
33.45

49.79
4225
34.70

Date Corresponding
tc Heat Load

Mar 29 1998
Mar 29 1998
Mar 29 1998
Mar 29 1998

Jun 27 1998
Jun 27 1998
Jun 27 1998
Jun 27 1998
Jun 27 1998

Jun 27 1998
Jun 27 1998
Jun 27 1998
Jun 27 1998
Jun 27 1998

Jun 27 1998
Jun 27 1998
Jun 27 1998
Jun 27 1988
Jun 27 1998

Sep 25 1998
Sep 25 1998
Sep 25 1998
Sep 25 1998
Sep 25 1998

Sep 25 1998
Sep 25 1998
Sep 25 1998
Sep 25 1998
Sep 25 1998

Sep 25 1998
Sep 25 1998
Sep 25 1998
Sep 25 1998
Sep 25 1998

Dec 24 1998
Dec 24 1998
Dec 24 1998
Dec 24 1998
Dec 24 1998

Dec 24 1998
Dec 24 1998
Dec 24 1998




TABLE 5.3.2-1 Time to Boil vs Time, Initial Temperature, Level m)’é 200 ¥ Vﬂae 4

Rudkrofes e Windws Veesion (o 03 )AIT BR
Heat Load Initial Temperature Pool Water Water Mass Time to Boil Date Corresponding
(BTU/hr) (Degrees F) Level (ft) (ibm) (hrs) to Heat Load
4.30E+06 140 235 1.62E+06 27.16 Dec 24 1998
4.30E+06 154 235 1.62E+06 21.88 Dec 24 1998
4.30E+06 80 35.5 2.77E+06 84.91 Dec 24 1998
4.30E+06 100 35.5 2.77E+06 72.04 Dec 24 1998
4.30E+06 120 35.5 2.77E+06 59.18 Dec 24 1998
4.30E+06 140 355 2.77E+06 46.31 Dec 24 1998
4.30E+06 154 355 2.77E+06 37.31 Dec 24 1998
4.05E+067 80 32.5 2.48E+06 7 80.83 Jun 22 1999
4.05E+06 100 325 2.48E+06 68.58 Jun 22 1999
4.05E+06 120 32.5 2.48E+06 56.34 Jun 22 1999
4.05E+06 140 325 2.48E+06 44.09 Jun 22 1999
4.05E+06 154 32.5 2.48E+06 35.52 Jun 22 1999
4.05E+06 80 235 1.62E+06 ¢/ 52.87 Jun 22 1999
4.05E+06 100 235 1.62E+06 44.86 Jun 22 1999
4.05E+06 120 235 1.62E+06 36.85 Jun 22 1999
4.05E+06 140 235 1.62E+06 28.84 Jun 22 1999
4.05E+06 154 235 1.62E+06 23.23 Jun 22 1999
4.05E+06 80 355 2.77E+06 90.15 Jun 22 1999
4.05E+06 100 35.5 2.77E+06 76.49 Jun 22 1999
4.05E+06 120 35.5 2.77E+06 62.83 Jun 22 1999
4.05E+06 140 355 2.77E+06 49.17 Jun 22 1999
4.05E+06 154 355 2.77E+08 39.61 Jun 22 1999
3.89E+06 80 325 248E+06 ¢  B4.15 Dec 19 1999
3.89E+06 100 325 2.48E+06 71.40 Dec 19 1999
3.89E+06 120 325 2.48E+06 58.65 Dec 19 1999
3.89E+06 140 325 2.48E+06 45.90 Dec 19 1999
3.89E+06 154 325 2.48E+06 36.98 Dec 19 1999
3.89E+06 80 235 1.62E4+06 ¥ 55.04 Dec 19 1999
3.89E+06 100 235 1.62E+06 46.70 Dec 19 1999
3.89E+06 120 235 1.62E+06 38.36 Dec 19 1999
3.89E+06 140 235 1.62E+06 30.02 Dec 19 1999
3.89E+06 154 235 1.62E+06 24.18 Dec 19 1999
3.89E+06 80 355 2.77E+06 93.86 Dec 19 1999
3.89E+08 100 355 2.77E+06 79.64 Cec 19 1999
3.89E+06 120 35.5 2.77E+086 65.42 Dec 19 1999 '
3.89E+06 140 355 2.77E406 51.20 Dec 19 1999
3.89E+06 154 355 2.77E+06 41.24 Dec 19 1999
3.77€+06 ¥ 80 32.5 2486406/  86.83 Jun 16 2000
3.77E+06 100 325 2.48E+06 73.68 Jun 16 2000
3.77E+06 120 325 2.48E+06 60.52 Jun 16 2000
3.77E+06 140 325 2.4BE+06 47.36 Jun 16 2000

3.77E+06 154 32.5 2.48E+06 38.15 Jun 18 2000



TABLE 5.3.2-1 Time to Boil vs Time, Initial Temperature, Level

Quenfen b Wideon eesion po  1i4[a7 M

Heat Load
(BTU/hr)

3.77E+06
3.77E+06
3.77E+06
3.77E..06
3.'I7E4‘%

3.77E+06
3.77E+06
3.77E+06
3.77E+06
3.77E+06

3.68E+067
3.68E+06
3.68E+06
3.68E+06
3.68E+06

3.68E+06
3.68E+06
3.88E+06
3.68E+CS
3.68E+08

3.68E+06
3.68E+06
3.68E+06
3.68E+06
3.68E+06

3.54E+06/
3.54E+06
3.54E+06
3.54E+06
3.54E+06

3.54E+.6
3.54E+06
3.54E+06
3.54E+08
3.54E+06

3.54E+06
3.54E+06
3.54E+06
3.54E+06
3.54E+06

Initial Temperature Pool Water
(Degrees F)

80
100
120
140
154

80

100
120
140
154

80

100
120
140
154

80
100
120
140
154

80
100
120
140
154

80
100
120
140
154

80
100
120
140
154

80

100
120
140
154

80

Level (ft)

23.5
23.5
23.5
23.5
235

35.5
35.5
35.5
35.5
35.5

325
32.5
325
325
325

235
23.5
235
23.5
23.5

35.5
355
355
355
355

325
32.5
32.5
325
325

23.5
23.5
235
235
235

35.5
355
35.5
35.5
355

325

Water Mass Time to Boil

(lbm)

1.62E+06 ¢
1.62E+06
1.62E+06
1.62E+06
1.62E+06

2.77E+06
2.77TE+06
2.77E+06
2.77E+06
2.77TE+06

2.48E+06 ¢
2.48E+06
2.48E+086
2.4BE+06
2.48E+06

1.62E+06 ¢
1.62E+06
1.62E+06
1.62E+06
1.62E+06

2.77E+06
2.77TE+06
2.77E+06
2.T7E+06
2.77TE+06

2.48E+06 ¥
2.48E+06
2.48E+06
2.48E+06
2.48E+06

1.625+06 /
1.62E+06
1.62E+406
1.62E+06
1.62E+06

2.77TE+06
2.77E+08
2. 77TE+06
2.77E+06
2.T7E+06

2.48E+06 {

(hrs)

56.79¢
48.19
39.58
30.98
2495

96.85
82.17
67.50
52.83
42.55

88.96
75487
62.00
48.52
39.09

58.18
49.37
40.55¢
31.73
25.56

99.22
84.18
69.15
54.12
43.59

92.47
78.46
64.45
5C.47Y
40.63

60.48
51.32
42.15
32.99
26.587

103.14
87.51

71.88
56.26
45.32

95.16

/RYC-o0f Fage 29
o

Date Corresponding
to Heat Load

Jun 16 2000
Jun 16 2000
Jun 16 2000
Jun 16 2000
Jun 16 2000

Jun 16 2000
Jun 16 2000
Jun 16 2000
Jun 16 2000
Jun 16 2000

Dec 13 2000
Dec 13 2000
Dec 13 2000
Dec 13 2000
Dec 13 2000

Dec 13 2000
Dec 13 2000
Dec 13 2000
Dec 13 2000
Dec 13 2000

Dec 13 2000
Dec 13 2000
Dec 13 2000
Dec 13 2000
Dec 13 2000

Dec 13 2001
Dec 13 2001
Dec 13 2001
Dec 13 2001
Dec 13 2001

Dec 13 2001
Dec 13 2001
Dec 13 2001
Dec 13 2001
Dec 13 2001

Dec 13 2001
Dec 13 2001
Dec 13 2001
Dec 13 2001
Dec 13 2001

Dec 13 2002




TABLE 5.3.2-1 Time to Boil vs Time, Initial Ter(ng;erature. Level /h)’ [ -200% &’e 2/

Quarofo b windies vasive 6.0 ¥i[14fat of
Heat Load Initial Temperature Pool Water Water Mass Time to Boil Date Corresponding
(BTU/hr) (Degrees F) Level (ft) (lbm) (hrs) to Heat Load
3.44E+06 100 32.5 2.48E+06 80.74 Dec 13 2002
3.44E+06 120 325 2.48E+06 66.33 Dec 13 2002
3.44E+06 140 32.5 2.48E+06 51.91 7 Dec 13 2002
3.44E+06 154 325 2.4BE+06 41.81 Dec 13 2002
3.44E+08 80 235 1.62E4+06 ¢ 62.24 Dec 13 2002
3.44E+06 100 235 1.62E+06 52.81 Dec 13 2002
3.44E+06 120 23.5 1.62E+06 4338 v Dez 13 2002
3.44E+06 140 235 1.62E+06 33.95 Dec 13 2002
3.44E+06 154 235 1.62E+06 27.35 Dec 13 2002
3.44E+06 80 35.5 2.77E+06 106.14 Dec 13 2002
3.44E+06 100 35.5 2.77E+06 90.06 Dec 13 2002
3.44E+06 120 35.5 2.77E+06 73.97 Dec 13 2002
3.44E4+06 140 35.5 2.77E+06 57.89 Dec 13 2002
3.44E+06 154 35.5 2.77E+06 46.64 Dec 13 2002
3.04E+06 ¢ 80 325 2.48E+0€ ¥ 107.68¢ Dec 13 2007
3.04E+06 100 32.5 2.48E+06 91.37 Dec 13 2007
3.04E+06 120 32.5 2.48E+06 75.05 Dec 13 2007
3.04E+06 140 325 2.48E+06 58.74 Dec 13 2007
3.04E+06 154 325 2.48E+06 47.32 Dec 13 2007
3.04E+16 80 235 1.62E+06 ¥ 70.43 Dec 13 2007
3.04E+06 100 235 1.62E+06 59.76 v Dec 13 2007
3.04E+06 120 235 1.62E+06 49.09 Dec 13 2007
3.04E+06 140 235 1.62E+06 38.42 Dec 13 2007
3.04E4+06 154 23.5 1.62E+06 30.95 Dec 13 2007
3.04E+08 80 35.5 2.77E+06 120.10 Dec 13 2007
3.04E+06 100 35.5 2.77E+06 101.91 Dec 13 2007
3.04E+06 120 35.5 2.77€+06 83.71 Dec 13 2007
3.04E+06 140 35.5 2.77E+06 65.51 Dec 13 2007

3.04E+06 154 35:5 2.7TE+06 52.77 Dec 13 2007
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5.3.3 Boil Off Rate
A QuatroPro spreadsheet was also used to calculate boil off rate as a function of heat load
(time) and time to reach various levels in the pool as a function of heat load (time). The
boil off rate for a total loss of cooling is given by:

boil off rate = q/hg @ 212°F

for example from the spreadsheet on October 30, 1997 the decay heat level was 5.84
x 10°BTU/hr, this yields a boil off rate of

(5.84 x 10° BTU/hr)/970.3 BTU/Ib,, = 6.02 x 10’ b /hr ,
The spreadsheet calculates boil off rate in gpr.:
(6.02 x 10° Ib,,/hr) x (1 hr/60 min) x (0.0167 ft*/1b,,) x (7.481 gal/ft®) = 12.53 gpm
The spreadsheet calculates level drop due to boil off in inches per hour:
(12.53 gal/min) x (1 ft*/7.481 gal) x (60 min/hr) + (41.4 ft x 36.89 ft) x (12 in/ft)
=0.79 in/hr
The spreadsheet calculates level drop due to boil off in feet per day:
(12.53 gal/min) x (1 f£*/7.481 gal) x (60 min/hr) + (41.4 ft x 36.89 ft) x (24 hr/day)
= 1.58 ft/day

The results for these calculations are provided in Table 5.3.3-1. Figure 5.3.3-1 provides a
plot of boil off rate in gpm versus shutdown time in days.

The spreadsheet also calculates for a given boil off rate; time to boil off from several initial
levels to several final levels. All of these calculations are performed in the same fashion as
follows:
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For time to drop from 35.5 ft to 20 ft, the level change is calculated:
35.5 ft-20 ft = 15.5 ft

The level change is then divided by the leve! drop due to boil off in feet per day:
15.5 ft/(1.58 ft/day) = 9.81 days

This is the time to boil off from 35.5 feet to 20 feet for the heat load on October 30, 1997. All
of the other calculations are done in the same fashion. The results of these calculations are
presented in Table 5.3.3-2.
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5.3.4 Operation with One SFP Cooling Pump

The purpose of this calculation was to determine if spent fuel pocl cooling with one pump,
as a normal operating mode, was acceptable. Normal operation with one pump would be
considered acceptable if the pool water does not increase significantly in temperature when
going from two to one pump operation.

The calculation was performed by first determining the heat exchanger conditions for the
present situation for two pumps running. Then the conditions for one pump operation
were determined. So that one and two pump operation can be compared under the present
conditions. The present conditions are the most limiting since decay heat load will
continue to decrease with time. Decay heat load for the present condition was taken from
Section 5.3.1 for October 30, 1997. The decay heat load at that point was calculated to be
5.84 x 10° BTU /h.

5.3.4.1 Calculation of Heat Exchanger Conditions for the Present Decay Heat Load with
Two Pumps Running

Heat exchanger conditions will be determined based on calculations performed in MYC-

1562 (Reference 4, page 56). As discussed above in Section 5.3.4, the heat load used herein

was the present heat load of 5.84 x 10° BTU/hr.

The overall heat transfer coefficient for this condition was assumed the same as Condition

1in MYC-1562, or 264. BTU/Ib+ft*°F (a reasonable assumption considering U only varies

slightly under the condition evaluated here).

The other inputs that are known (taken from MYC-1562) for this condition include:
Shell side inlet temperature which is fixed at 85°F

Primary Component Cocling (PCC) mass flow rate  4.237 x 10° Ib,,/hr
(850 gpm at 85°F, atmospheric pressure)

Spent Fuel Pool Cooling Pump flow rate 1500 gpm
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The values to be determined are shell side outlet temperature, and wbe side inlet and
outlet temperatures.

Calculation of Shell Side T
For the shell side of the tubes:
q=m C’ATC
solving for aT, yields:
aT, = = B
mc,
o 5.84x10°BTU/hr
© (4.237x10%b, /hr)(\BTU/lb,° F)
oT,= 138°F

T,, the shell inlet temperature is fixed at 85°F so:
T, =85°F + 13.8°F = 98.8°F /
On the tube side.

g=mc,T, :

- AT‘:.L
mc
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The mass flow rate for the spent fuel pool cooling pumps is not known, since the inlet
temperature is not known for this condition. However, the mass flow rate does not vary
greatly for the temperature range under consideration. To maximize the value of 4T and
thus the pool temperature for this condition the lower mass flow rate for conditions
calculated in MYC-1562, was used. From Condition 2 in MYC-1562 (Reference 4):

m =7.354x10’lb. /hr @154 F, atmospheric pressure

and solving for aT,,:
AT‘ = _j._
m c,
o 5.84x10°BTU/hr
" (1.354x10°lb Jhr)(\BTU/lb,-°F)
oT,=19°F
and

0T, =T,,~ T,
- Tm =Tu¢ATb
TM=TM+7.9‘F

Now we can use the LMTD form of the heat transfer equation to solve for the tube side
temperatures:
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q = U,AaT,
= AT. = q
UOAO
5.84X1065TU/}21." (Thz“BSOF) - (Tb"'7-9°F'98-8°F)
” i 0 ) 3 )
( 264.37'0)(2980&2) ln[(Th’ 85 F)/(Th’+7.9F 98.8°F) ]
hreft?°F
v
7.4% = $ 2.2
In((T, - 85 F)/(T, -90.9 Fl]
Iterating yields:
s
Tn, = 95.7°F
Ty, = 95.7°F + 7.9°F = 103.6°F ¢

Now summarizing for operation with two spent fuel pool cooling pumps and a heat load

of 5.84 x 10° BTU/hr:
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Shell Side (cooling water) Tube Side (pool water)

Inlet Qutlet Inlet Qutlet

©3°F (T.,) 98.8°F (T,,) 103.6°F (T,, ) 95.7°F (T,y )

5.84 x 10° BTU/hr heat transfex

5.3.4.2 Calculation of Heat Exchanger Conditions for the Present Decay Heat Load with
One Pump Running

This calculation is done in three steps:

L With U already calculated for two pump flow, calculate the individual heat
transfer coefficients, h, and h, for two pump flow.

2. Determine the effect on h in going from 2 pump flow to 1 pump flow and the
effect on the overall heat transfer coefficient as a resuit of the change in h,.

3. Calculate the new titbe side temperatures, T, and T, , that result from
reducing the flow from 2 pumps to 1 pump.

Step 1: Calculation of hyand h,

For flow inside the heat exchanger tubes the Nusselt number can be defined in the
conventional manner as:
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Nu = ———h‘di
k
k
= bl = NU—&:
Nu = i‘-.d_i
k
k
h, = -
= h, = Nu d;

To determine the flow regime for this situation the Reynolds number was determined from
mean fluid properties as follows:

Re = o
He
where: pr = mean fluid density
By = mean fluid viscosity
v = fluid velocity

The average fluid temperature is: :
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103.6°F + 95.7°F _ :
T : =99.7°F

The inside tube diameter d, is:

d, = 0.527 in x —=L&
12

= 0.0439 ft /

in
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AtT,, =99.7°F:
¢, = 1.0 BTU/1b; °F

2 X 1bft
343.1 0 lbisec/ft x 32.174

1b, sec?

M, =4.60 x 10™1b /ft'sec ¢

k = 0.3615BTU/hr-ft-°F /

r =4.57 (Prandtl Number) y

1 3
p = = 62.01b,/ft>

0.01613 £t3/1b,

=
~
"

The spent fuel pool cooling pump flow rate is 750 gpm/pump or a total of 1500 gpm for
two pumps. The flow velocity for this flow rate is:

gal 1£e? 1min 1 1
v = 1500 x x x »
min 7.481gal 60sec - (0.0439 ft)? 950 tubes
: 4

v =2.32ft/sec y

The Reynolds Number is then:
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(62.01b,/ft?) (2.32 ft/sec) (0.0439 ft)
4.60 x 107'1b,/ft-sec

Re =

Re = 1.37 x 10* /

For a Reynolds number of this magnitude the flow is turbulent and the heat transfer
coefficient can be calculated with the following empirical equation (frotn Principles of Heat
Transfer, Ref 8, p. 445) :

Nu = 0.023Re® -8 pr?-%
v
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Substituting for Nu we get:

h.d :
-—‘i—i =0,023Re? 8 py033

= h; = (0.023Re®®pr®?) -;‘—

i

15 BTU/hr ft'°F
0.0439ft

h = [0-023(1.37 x 1049 (4_57)0.33] 0.36
h, = 638.BTU/hr ft*°F |

Now that we've solved for h, and the overall heat transfer coefficient, U, we can calculate
h, using the overall heat transfer equation. From Holman (Reference 9, p. 388) the overall
heat transfer coefficient based on the outside area of the tubes is given by:

1
U, = B
v A 1 Aln(r, /r,))

Pl +

A, h, 2nkL

.
hi.
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Solving for h, :

g Aln(r,/r)) 1

R sty A

1 1 L A/ln(r /r;)

h, U, A, h 2nkL

h = 1

o 1 At Aln(r /r)
U, A, h 2nkL

All parameters in this equation are known including k which is the thermal conductivity
of stainless steel = 10. BTU/hreft?°F (Reference 10). As in the previous calculation, the
overall heat transfer coefficient for this condition was assumed the same as Condition 1 in
MYC-1562 (Reference 4), or 264. BTU/Ib,,+ft’ °F (a reasonable assumption considering U
only varies slightly under the condition evaluated here). Solving for h,:
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1
h, =
1 _ 2980 f¢t? 2 2980 f¢%1n(0. ezsm/o $27in)
264.BTU 2516 fr? _638.BTU 533 BTU 10 BTU
hrft3°p brft’ op R fe-® x950 tubes
1
.. hrft?°p hrftd*F hrft2°p Vv
3.79 10— - 1.86 X107 —————— - 4.26 X 10 ———w——
BTU BTU BTU
1
h =
© 2,0 /
1.80 x 102 2Eft " ¥
BTU

h, = 665. BTU/hr ££*°F
where: A, , andA and other values (except h , calculated earlier)#e taken from
MYC-1562, Reference 4

Now that h, and h, have been calculated for flow with two pumps, the calculation can
proceed to step 2.

Step 2: Determine the effect on h, and U in going from 2 pump flow to 1 pump flow.
Operation with 1 pump will conservatively half the flow velocity (actually the remaining

pump will provide additional flow). To determine the effect on h, of halving the flow
velocity we return to the h equation developed earlier:

h, = (0.023Re°"Pr°'”)?k
i
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and with:
pvd

Re

h can be written as:
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Thus if the velocity is halved:

h (v, = 0.5v) ( 0.5‘,)0.8

h (v) v
h(v,,, = 0.5v) = 0.574h,(v)
h (v, =0.5v) =0.574 x 638BTU/1b_ ft*°F
h (v, = 0.5v) = 366.BTU/hrft*°F

The effect on the overall heat transfer coefficient based on this reduction in h, is then:

1
L 2 2.0
2980 £¢- 1 v a8t & ot BERNY . 1
2516 £t?| 366 BTV _ B‘I'U? BTU 665

" hrfed®

“~

BTU
hrftd°F

U, = 194. BTU/hr£t*°F 4

The fraction that U, is reduced in going from 2 pump flow to 1 pump flow is:

Up (1 pump) _ 194.BTU/hrft*°F
U,(2 pump)  264.BTU/hrft®°F

U, (1 pump) = 0.73U, (2 pump) J
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Step 3: Calculate the new tube side temperatures T,, and T,,

Heat transfer on the tube side is given by:

geho,lr, - 1)

Assuming the same heat transfer and of 1 pump operation:

. In
mC, (Ty = Tn) pus t1ow = 5% Th, = Th) nase £10w

= 2(Ty = Tp) s trow ® (Tn, = Tn) nase c10w

Therefore, for heat load of 5.84 x 10° BTU/hr and operation with 1 spent fuel pool cooling

/
(T, - T,) =2(103.6°F - 95.7°F) = 15.8°F
- T, =0, +15.8°F,

Now reiterating the LMTD heat transfer equation:

p B ) »if ~ 7))
UA, IR ST -]

v/
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Substituting for T, gives:
g _ (To~T) - (T, +15.8°F-7T,)
UA, IS, ~ T HE, +15.8°7 - 7, )]
J 5.84 xloGBTU/hr : (Th, - BSOF) - (Th, » 15.8°F - 98.8°F)
v 194.BTU (2980 ££2) ln[Th: - 8% F)/(Th_.‘ + 15.8°F - 98.8°F) )
hrft°F
J 5 v/
-2.0°F
10.1°F = . .
ln[(Th’ - 85 F)/('I'h' - 83.0°F) ]
Iterating yields:
Tu, = 94.1°F 4
and:

Tb1 = 94.1°F + 15.8°F

= o
Tu, 109.9 F',
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Now summarizing for operation with one spent fuel pool cooling pump with heat load
equal to 5.84 x 10° BTU/hr:

Shell Side (cooling water) Tube Side (pool water)

Inlet y Cuatlet Inlet QOutlet
7/

v
85°F (T, ) 988°F(T,) | 109.9°F(Ty,) 94.1°F (T,, )

5.84 x 10 BTU/hr heat transfer

Thus operation with one spent fuel pool cooling pump versus two results in the pool
temperature on the inlet side increasing from 103.6 °F to 109.9 °F or an increase of 6.5 °F
for the conditions analyzed. This change in temperature is not significant. Operation with
one spent fuel cooling pump, as a normal mode of operation is acceptable from a pool
temperature standpoint.
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6.0 Results/Conclusions
6.1VS Objectives
The objectives of this calculation were:
1. To determine the heat load as a function of time in the SFP.
2. To determine time to boil for a loss of two SFP pumps as a function of time,
initial temperature, and initial level.
3 To determine boil off rate as a function of heat load (time) and time to reach
various levels in the pool as a function of heat load (time).
4.

To determine if normal operation with one spent fuel pool cooling pump is
acceptable from a pool temperature standpoint.

All the objectives of this calculation were met as follows:

1.

The heat load in the SFP as a function of time was determined. The results
are presented in Section 5.3.1.

The time to boil for a loss of two SFP pumps as a function of time, initial

temperature, and initial level was determined. The results are presented in
Section 5.3.2.

The boil off rate as a function of heat load (time) and time to reach various
levels in the pool as a function of heat load (time) were determined. The
results are presented in Section 5.3.3.

Normal operation with one spent fuel pool cooling pump was determined
to be acceptable from a pool temperature standpoint. The results are
presented in Section 5.3 4.
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8.0 Attachments
The a*tachments are as follows:
8.1  Results Transmittal Memo
8.2  Evaluation of Computer Code Use Form
83  Calculation/Analysis Review Form
84  NED WE-103 Review Checklist

8.5

NED Analysis Process Checklist
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MEMORANDUM

YANKEE ATOMIC - BOLTON

To P. L. Anderson PR Date December1,1997
Group # TAG MY 97-051
From M. W, Scott el W.0.# 5377

Subject ____SFP !hg[mal;mdmg_ljg(;ﬂgmangn T RS LM.S.#
File #

REFERENCES

1. Maine Yankee Service Request M-97-27, “Post-Shutdown Safety Analysis,” dated
September 4, 1997.

r & MYC-2004, “Speni Fuel Pool Thermal-Hydraulic Calculations,” dated November 1997,
The Transient Analysis Group has performed calculations that provide a portion of the response

to Maine Yankee Service Request M-97-27 (Reference 1). The first, second, and fourth TAG
items in this service request asked the following:

« “Spent Fuel Pool Heat Load: Calculate the heat load in the SFP as a
function of time."”

“Loss of Two Spent Fuel Pool Cooling Pumps - Time to Boil: Calculate
the time to boil in the spent fuel pool as a function of time and initial
temperature.”

“Operation with One Spent Fuel Pool Pump: Calculate the temperature
in the SFP as a function of time with one spent fuel pool pump in
operation.”

This memo provides the results of these calculations (Reference 2) as follows:

L. The heat load in the spent fuel pool as a function of time was calculated. The
results are presented in Table 1 and Figure 1.

Time to boil for a loss of two spent fuel pool cooling pumps was calculated. This
calcuiation was done as a function of time, initial spent fuel pool temperature and,
as requested by W. Henries, an additional parametric was added on initial level.
The results are presented in Table 2 and Figures 2, 3, and 4. As requested by D.
Boynton boil off rate as a function of heat load (time) and time to reach various




P. L. Anderson
December 1, 1997
Page 2

levels in the pool as a function of heat load (time) were also calculated. The
results are presented in Tables 3 and 4 and Figure 5

Operation with one spent fuel pool cooling pump was assessed. Normal operation
with one pump rather than two resulted in an increase of 6.3°F in the pool
temperature. This change in temperature is not significant. As a result normal
operation with one spent fuel pool cooling pump is acceptable from a pool
temperature standpoint.

SAFETY EVALUATION

This calculation is safety related. It provides information to be used in the Defueled Safety
Analysis Report.

__LL':AMDMM_

M. W. Scott, Senior Nuclear Engineer
Transient Analysis Group

Reviewed by: mﬁmg Dastmen.  pae: V21147
S. Palmher, Nuclear Engineer

Transient Analysis Group

Approved by: fj ﬁ‘ﬂ/"‘/ Date: /%,/77

P. A. Bergerop/ Manager
Transient Analysis Group

J. R. Chapman
W. E. Henries
R. P. Jordan (Maine Yankee)




TABLE 1 Decay Heat Load vs Time

my(-2wY P S5IB

Date Days After Total Power Total Power
Shutdown in SFP (MW) in SFP (BTUMr)
10/15/87 313 1.74773 5.96E +06
10/30/97 328 1.71064 5.84E+06
11/29/97 358 1.64511 5.61E+06
1 12/29/97 388 1.58915 5.42E+06
01/28/98 418 1.5409 5.26E+06
02/27/98 448 1.49892 5.11E+06
03/29/98 478 1.46207 4.99E+06
04/28/98 508 1.42946 4.88E+06
05/28/98 £38 1.40037 4.78E+06
06/27/98 568 1.37425 4.69E+06
07/27/98 598 1.35065 4.61E+06
08/26/98 628 1.32921 4.54E+06
09/25/98 658 1.30962 4.47E+06
10/25/98 688 1.29166 4.41E+06
11/24/98 718 1.27513 4.35C+06
12/24/98 748 1.25985 4.30E+06
106/22/99 928 1.18815 4.05E+06
12/19/99 1108 1.13831 3.89E+06
06/16/00 1268 1.10412 3.77E+06
12/13/00 1468 1.07743 3.68E+06
12/13/01 1833 1.03783 3.54E+06
112/13/02 2198 1.00773 3.44E+06
[12/13/07 4024 0.89079 3.04E+06
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TABLE 2 Time to Boil vs Time, Initial Temperature, Level

Heat Load Initial Temperature Pool Water Water Mass Time te Boil Date Corresponding

(BTU/Mr) (Degrees F) Level (ft) (lbm) (hrs) 15 Heat Load
5.84E+06 80 325 2.48E+06 56.05 Oct 30 1997
5.84E4+06 100 32.5 2.48E+06 47.56 Oct 30 1997
5.84E+06 120 32.5 2.48E+06 39.07 Oct 30 1997
5.84E+06 140 325 2.48E+06 30.58 Oct 30 1997
5.84E+06 154 325 2.48E+06 24.63 Oct 30 1997
5.84E+06 80 23.5 1.62E4+06 36.66 Oct 30 1997
5.84E+06 100 23,5 1.62E+06 31.11 Oct 30 1997
5.84E+06 120 235 1.62E+06 25.55 Oct 30 1997
5.84E+06 140 235 1.62E+06 20.00 Oct 30 1997
5.84E+06 154 235 1.62E406 16.11 Oct 30 1997
5.84E+06 80 35.5 2.77E+06 62.52 Oct 30 1997
5.84E+06 100 35.5 2.77E+06 53.05 Oct 30 1997
5.84E+06 120 355 2.77E+06 43,57 Oct 30 1997
5.84E+06 140 35.5 2.77E+06 34.10 Oct 30 1997
5.84E+06 154 35.5 2.77E+06 27.47 Oct 30 1997
5.42E406 80 32.5 2.48E+06 60.40 Dec 29 1997
5.42E+06 100 32.5 2.48E+06 51.25 Dec 29 1997
5.42E4+06 120 32.5 2.48E+06 42.10 Dec 29 1997
5.42E+06 140 32.5 2.48E+06 32.94 Dec 29 1997
5.42E+06 154 32,5 2.48E+06 26.54 Dec 29 1997
5.42E+06 80 235 1.62E+06 39.50 Dec 29 1997
5.42E406 100 235 1.62E+06 33.52 Dec 29 1997
5.42E406 120 235 1.62E+06 27.53 Dec 29 1997
5.42E+06 140 235 1.62E+06 21.55 Dec 29 1997
5.42E+06 154 235 1.62E+06 17.36 Dec 29 1997
5.42E+06 80 35.5 2.77E+06 67.36 Dec 29 1997
5.42E+06 100 35.5 2.77E+06 57.16 Dec 29 1997
5.42E+06 120 355 2.77E+06 46.95 Dec 29 1997
5.42E+06 140 355 2.77E+06 36.74 Dec 29 1997
5.42E+06 154 355 2.77E+06 29.60 Dec 29 1997
4.99E+06 80 225 2.48E+08 65.60 Mar 29 1998
4.99C+06 100 32.5 2.48E+06 55.66 Mar 29 1998
4.99E+08 120 325 2.48E+06 45.72 Mar 29 1998
4.99E+06 140 a2.5 2.48E406 35.78 Mar 29 1998
‘ 4.99E+06 154 325 2.48E+06 26.83 Mar 29 1998 '
} 4.99E+06 80 ' 235 1.62E+06 42.91 Mar 29 1998
i 4.99E+06 100 235 1.62E+06 36.41 Mar 29 1998
| 4.99E+08 120 235 1.62E+06 29.90 Mar 29 1998
4.99E+06 140 235 1.62E406 23.40 Mar 29 1998
4.99E+06 154 235 1.62E4+06 18.85 Mar 29 1998

4.99E+06 80 355 2.77E+06 73.147 Mar 29 1998
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TABLE 2 Time to Boil vs Time, Initial Temperature, Level

Heat Load initial Temperature Pool Water Water Mass Time to Boil Date Corresponding

(BTU/hr) (Degrees F) Level (ft) (Ibm) (hrs) to Heat Load
4.99E+06 100 35.5 2.77E+06 62.08 Mar 29 1998
4.99E+06 120 355 2.77E+06 51.00 Mar 29 1998
4.99E+06 140 35.5 2.77E+06 39.91 Mar 29 1998
4.99E+086 154 35.5 2.77E+06 32.18 Mar 29 1998
4.69E+06 80 32.5 2.48E+06 69.80 Jun 27 1998
4.69E+06 100 32.5 2.48E+06 59.22 Jun 27 1998
4.69E+06 120 32.5 2.48E+06 48.65 Jun 27 1998
4.69E+06 140 325 2.4BE+06 38.07 Jun 27 1998
4.69E+06 154 32.5 2.48E+06 30.67 Jun 27 1998
4.69E+06 80 23.5 1.62E+06 45.65 Jun 27 1998
4.69E+06 100 23.5 1.62E+06 38.73 Jun 27 1998
4.69E+06 120 23.5 1.62E+06 31.82 Jun 27 1998
4.69E+06 140 23.5 1.62E+06 24.90 Jun 27 1998
4.69E+06 154 23.5 1.62E+06 20.06 Jun 27 1998
4.69E+06 80 355 2.77E+086 77.85 Jun 27 1998
4.69E+06 100 35.5 2.77E406 66.05 Jun 27 1998
4.69E+06 120 35.5 2.77E+06 54.26 Jun 27 1998
4.69E+06 140 35.5 2.77E+06 42.46 Jun 27 1998
4.69E+06 154 35.8 2.77TE+06 34.21 Jun 27 1998
4.47E+08 80 325 2.48E+06 73.23 Sep 25 1998
4.47E+06 100 32.5 2.48E+06 62.14 Sep 25 1998
4.47E+06 120 325 2.48E+06 51.04 Sep 25 1998
4.47E+06 140 32.8 2.48E+06 30.95 Sep 25 1998
4.47E+06 154 325 2.48E+06 32.18 Sep 25 1998
4.47E+06 80 235 1.62E+06 47.90 Sep 25 1998
4 47E+06 100 23.5 1.62E+06 40.64 Sep 25 1998
4.47E+08 120 235 1.62E+06 33.38 Sep 25 1998
4. 47E+08 140 235 1.82E+06 26.13 Sep 25 1998
4.47E+08 154 23.5 1.62E+06 21.05 Sep 25 1998
4.47E4+06 80 5.5 2.77TE+06 81.68 Sep 25 1998
4.47E+06 100 355 2.77E+06 69.30 Sep 25 1998
4 47E+08 120 35.5 2.77E+06 56.93 Sep 25 1998
4.47E+06 140 35.5 2.77E+06 44.55 Sep 25 1998
4.47E+06 154 35.5 2.7TTE+06 35.89 Sep 25 1998
4.30E+06 80 32.5 2.48E+06 76.13 Dec 24 1998 '
4.30E+06 100 32.5 2.48E+06 64.60 Dec 24 1998
4.30E+06 120 325 2.48E+06 53.06 Dec 24 1998
4.30E+06 140 32.5 2.48E+06 41.53 Dec 24 1998
4.30E+06 154 325 2.4BE+06 33.45 Dec 24 1998
4.30E+06 80 235 1.62E+06 48.79 Dec 24 1998
4.30E+06 100 23.5 1.62E+06 42.25 Dec 24 1998

4.30E+06 120 235 1.62E+06 34.70 Dec 24 1998
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TABLE 2 Time to Boil vs Time, Initial Temperature, Level

Heat Load Initial Temperature Pool Water Water Mass Time to Boil Date Corresponding
(BTU/hr) (Degrees F) Level (ft) (lbm) (hrs) to Heat L.oad
4.30E+06 140 23.5 1.62E+06 27.16 Dec 24 1998
4.30E+06 154 23.5 1.62E+06 21.88 Dec 24 1998

4.30E+06 80 35.5 2.77E+06 84.91 Dec 24 1998
4.30E+06 100 35.5 2.77TE+06 72.04 Dec 24 1998
4.30E+06 120 35.5 2.TTE+06 59.18 Dec 24 1998
4.30E+06 140 35.5 2.77E+06 46.31 Dec 24 1998
4.30E+06 154 35.5 2.77TE+06 37.31 Dec 24 1998

4.05E+06 80 325 2.48E+06 80.83 Jun 22 1999
4.05E+06 100 32.5 2.48E+0€ 68.58 Jun 22 1999
4.05E+06 120 325 2.48E+08 56.34 Jun 22 1999
4.05E+06 140 325 2.48E+06 44.09 Jun 22 1989
4.05E+06 154 32.5 2.48E+06 35.52 Jun 22 1999

4.05E+06 80 23.5 1.62E+06 52.87 Jun 22 1999
4.05E+06 100 1.62E+06 44.86 Jun 22 1999
4.05E+06 120 1.62E+06 36.85 Jun 22 1999
4.05E+06 140 X 1.62E+06 28.84 Jun 22 1999
4.05E+06 154 ' 1.62E+06 23.23 Jun 22 1999

4.05E+06 80 ‘ 2.77E+06 90.15 Jun 22 1999
4.05E+06 100 v 2.77TE+06 76.49 Jun 22 1899
4.05E+06 120 . 2.T7TE+06 62.83 Jun 22 1099
4.05E+06 140 . 2.77TE+06 49.17 Jun 22 1999
4.05E+06 154 . 2.7TE+06 38.61 Jun 22 1999

3.89E+06 80 2.48E+06 84.15 Dec 18 1999
3.89E+06 100 2.48E+06 71.40 Dec 19 1999
3.89E+06 120 2.48E+06 58.65 Dec 19 1989
3.89E+06 140 2.48E+06 45.90 Dec 19 1989
3.89E+06 154 2.48E+06 36.98 Dec 19 1999

3.89E+06 80 X 1.62E+06 55.04 Dec 19 1999
3.89E+06 100 e 1.62E+06 46.70 Dec 19 1989
3.89E+06 120 X 1.62E+06 38.36 Dec 19 1989
3.89E+06 140 . 1.62E+06 30.02 Dec 19 1999
3.89E+06 154 X 1.62E+06 24.18 Dec 19 1999

3.89E+06 80 . 2.77E+06 93.86 Dec 19 1989
3.89E+06 100 2.TTE+06 - 79.64 Dec 19 1989
3.89E+06 120 2.T7TE+06 65.42 Dec 19 1999
3.89E+06 140 ' 2.77E+06 51.20 Dec 19 1999
3.89E+06 154 : 2.7TE+06 41.24 Dec 19 1999

3.77E+06 80 2.48E+06 86.83 Jun 16 2000
3.77E+06 100 2.48E+06 73.68 Jun 16 2000
3.77TE+06 120 : 2.48E+06 60.52 Jun 16 2000
3.77E+06 140 2.48E+06 47.36 Jun 16 2000
3.77E+06 154 2.48E+06 38.15 Jun 16 2000
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TABLE 2 Time to Boil vs Time, Initial Temperature, Level

Heat Load Initial Temperature Pool Water Water Mass Time to Boil Date Corresponding

(BTU/hr) (Degrees F) Level (ft) (lbm) (hrs) to Heat Load
3.77E+06 80 23.5 1.62E+06 56.79 Jun 16 2000
3.77E+06 100 235 1.62E+06 48.19 Jun 16 2000
3.77E+06 120 235 1.62E+06 39.58 Jun 16 2000
3.77E+06 140 235 1.62E+06 30.98 Jun 16 2000
3.77E+06 154 23.5 1.62E+06 24.95 Jun 16 2000
3.77E+06 80 35.5 2.77E+086 96.85 Jun 16 2000
3.77E+06 100 35.5 2 77E+06 82.17 Jun 16 2000
3.77E4+06 120 355 2.77E+06 67.50 Jun 16 2000
3.77E+06 140 355 2.77E+06 52.83 Jun 16 2000
3.77E+06 154 35.5 2.77E+06 42.55 Jun 16 2000
3.68E+06 80 325 2.4BE+06 88.96 Dec 13 2000
3.68E+06 100 32,5 2.48E+06 75.48 Dec 13 2000
. 3.68E+06 120 32,5 2.48E+06 62.00 Dec 13 2000
3.6BE+06 140 325 2.48E+06 48.52 Dec 13 2000
3.68E+06 154 32,5 2.48E+086 39.09 Dec 13 2000
3.68E+06 80 235 1.62E+06 58.18 Dec 13 2000
3.68E+06 100 23.5 1.62E+06 49.37 Dec 13 2000
3.68E+06 120 23.5 1.62E+06 40.55 Dec 13 2000
3.68E+06 140 235 1.62E+06 31.73 Dec 13 2000
3.68E+06 154 23.5 1.62E+06 25.56 Dec 13 2000
3.68E406 80 35.5 2.77E+06 99.22 Dec 13 2000
3.68E+06 100 35.5 2.77E+086 84.18 Dec 13 2000
3.68E+06 120 35.5 2.77E+06 69.15 Dec 13 2000
3.66E+06 140 35.5 2.T7E+06 54.12 Dec 13 2000
3.68E+06 154 35.5 2.7TE+0DS 43.59 Dec 13 2000
3.54E+06 80 32.5 2.48E+06 92.47 Dec 13 2001
3.54E+06 100 32.5 2.48E+06 78.46 Dec 13 2001
3.54E+06 120 325 2.48E+06 64.45 Dec 13 2001
3.54E+06 140 32.5 2.48E+06 50.44 Dec 13 2001
3.54E+06 154 325 2.48E+06 40.63 Dec 13 2001
3.54E+06 80 23.5 1.62E+06 60.48 Dec 13 2001
3.54E+06 100 23.5 1.62E+06 51.32 Dec 13 2001
3.54E+06 120 235 1.62E+06 42.15 Dec 13 2001
3.54E+06 140 235 1.62E+06 32.99 Dec 13 2001
3.54E+06 154 23.5 1.62E+06 26.58 Dec 13 2001 '
3.54E+06 80 35.5 2.77E+06 103.14 Dec 13 2001
3.54E+06 100 35.5 2.77E+06 87.51 Dec 13 2001
3.54E+06 120 35.5 2.77E+08 71.88 Dec 13 2001
3.54E+06 140 355 2.77TE+06 56.26 Dec 13 2001
3.54E+06 154 35.5 2.77E+06 45.32 Dec 13 2001
3.44E+06 80 325 <.48E+06 95.16 Dec 13 2002




TABLE 2 Time to Boil vs Time, Initial Temperature, Level

Heat Load Initial Temperature Pool Water

(BTU/nr)
3.44E+06
3.44E+06
3.44E+06
3.44E+06

3.44E+06
3.44E+06
3.44E+06
3.44E+06
3.44E+06

3.44E+06
3.44E+08
3.44E+06
3.44E+06
3.44E+06

3.04E+06
3.04E+06
3.04E+06
3.04E+06
3.04E+06

3.04E+06
3.04E+06
3.04E+06
3.04E+06
3.04E+06

3.04E+06
3.04E+06
3.04E+06
3.04E+06
3.04E+06

(Degrees F)
100

120
140
154

80

100
120
140
154

80
100
120
140
154

80

100
120
140
154

80
100
120
140
154

80
100
120
140
154

Level (ft)
32.5
32.5
32.5
325

235
23.5
23.5
23.5
23.5

35.5
35.5
35.5
35.5
35.5

325
32.5
325
325
32.5

23.5
23.5
23.5
23.5
23.5

35.5
35.5
355
35.5
35.5

(Ibm)
2.48E+06
2.48E+06
2.48E+06
2.48E+06

1.62E+06
1.62E+06
1.62E+06
1.62E+06
1.62E+06

2.77E+06
2.77E+06
2.7TE+06
2.77E+06
2.77E+06

2.48E+06
2.48E+06
2.48E+06
2.48E+06
2.48E+06

1.62E+06
1.62E+06
1.62E+06
1.62E+06
1.62E+06

2.77E+06
2.77E+06
2.77E+08
2.77E+06
2.T7TE+06

Water Mass Time to Boil

(hrs)
80.74
66.33
51.91
41.81

62.24
52.81
43.38
33.95
27.35

106.14
90.06
73.97
57.89
46.64

107.68
91.37
75.05
58.74
47.32

70.43
§9.76
49.09
38.42
30.95

120.10
101.91
83.71
65.51
52.77
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Date Corresponding
to Heat Load

Dec 13 2002
Dec 13 2002
Dec 13 2002
Dec 13 2002

Dec 13 2002
Dec 13 2002
Dec 13 2002
Dec 13 2002
Dec 13 2002

Dec 13 2002
Dec 13 2002
Dec 13 2002
Dec 13 2002
Dec 13 2002

Dec 13 2007
Dec 13 2007
Dec 13 2007
Dec 13 2007
Dec 13 2007

Dec 13 2007
Dec 13 2007
Dec 13 2007
Dec 13 2007
Dec 13 2007

Dec 13 2007
Dec 13 2007
Dec 13 2007
Dec 13 2007
Dec 13 2007
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P.sS3

EVALUATION OF COMPUTER CODE USE

29
CALCULATION NO. MNC - 3004 REVISION NO. 0)
List the computer codes used, and complete the following:
Approved Appropri-
| per WE-108} ateness 0utstand1ng
Verified? SPRs?

o™
-—

No No Yes

1 Refer to Section 4.1.4.4, Bullet 3, of this procedure.
2 Refer to Section 4.1.4.4, Bullet 2, of this procedure.

3 Refer to WE-108, Section 4.4.

SPRs. state below why it is appropriate.

.Code Namelacr1pt File Appropriateness

| Vecsion 640

If a computer code was not verified per WE-108, or if there are outstanding

FORM WE-103-2
Revision 3

WE-103-24
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CALCULATION/ANALYSIS REVIEW FORM P;{

CALCULATION NO. MyC - g004 REVISION NO. 0
COMMENTS RESOLUTION
- : n M Added Statepot
: it WA

— ! fAded stateaent

\.
< on
’ - \ -8) - Cocceghed documentntlon
t 2, G-\ evdmes, doesn't waden | ko (acd 2
5 \ \
’ wok \\.
- lPa ® - Yok Adtnached Eebereriy 7
oONn
s X

5.5\ - Rddd m"!f’i# pw| drve
NS Aad VAL ATy

(Ceowwnond \Ona Soc examored.

- i\§ iles From
Rl “ HHed wn
Identify method(s) of review:

& Calculation/analysis review
O Alternative calculational method
C Qualification testing

Resolution By: " Z‘h?
reparer/Date

Comments Continued on Page: QﬁA

Concurrence with Resolution \ (AL (9T

Reviewer/Date

WE-103-25 FORM WE-103-3
Revision 4




CALCULATION NO.

MyQ - 2004

CALCULATION/ANALYSIS REVIEW FORM

REVISION NO. _O

COMMENTS

RESOLUTION

=== ===

_Yun PeoL, code, spec\tie wedificomons | fdded nstes
_mw&wm
| on_fooes 4- 11 doa's soken Reference 7
| Secron 5.3.0 - Quodivo Prd soreod - dune s ext.
\ \ W
O |
\3 . \ h e S ik
|daus afier snutdown®. ) dowy qcd in the bext. Tt was actusiln
e Sume nuwoex of daus Ostwmwa | 12/6[406 ¥
12 [\2 14,
A TN DO - - v - &“s & Y“ZS gaii&’
9 g o n‘ 1) N A A A S‘C t_‘{'}'o
m . ()Y [} e - WV a !!!!g’ l&zA
.‘ A Ve . - PG < \‘q

“uih g >

Cp = 10 _Kor all cases. It apes!

ATy in_the thicd dec'oal place .
v & 4

Identify method(s) of review:

0O OQualification testing

ﬂ Calculation/analysis review
0 Alternative calculational method

Yo ore cignt. but the diffeence

Resolution By: N Zkfa7

Comments Continued on Page:

Concurrence with Resolution Wm_&\_l%\“n
Reviewer/Date

WE-103-25

Preparer/Date

sk

FORM WE-103-3
Revision 4




CALCULATION/ANALYSIS REVIEW FORM

p-5¢8B

CALCULATION NO. MWC -~ 3004 REVISION NO. io]
EPMHENTS RESOLUTION
volume ax 3Z°F 1S von- consexvarive for | A4S 2 eSult o 15€ 4on - Lgus erratisg P

\enels > 32.% &,

V‘luht IS D.ZO/o éﬂd an b{ ﬂg/ﬁl

- The o\ th_g f?a/ﬂ[ 4re congistent wilh
A, 1% Daae ?gnkgc negd s
L on X-scoda of "daje " voknex Hhon
_rime 0%ven shutdoum .
| Section 5.3.4 - The \nfucecaXion Vit foned_anl temps bor
-\S \ ./hnrr g‘l'v’ [‘!FC(’ A\v‘(l been
- \

Mk‘by}

On 0 ) o : 264, B _M_ML&ZLAM for scounl
18 feAMAMS Cantidunung (Eong iy MYE
MU andas Was Condit Oas €K : al;o feon_other fsnd finf pot
\ . PO g o My & b \n _dqymﬁd__ﬂz[M{fCVﬂ/d@
| Ovdex -y \ And e Y Lﬂof//&aﬁ_j?aiﬂty‘
a0, -2 ~ o AL '//ﬂq.\/l
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|
% .
Lty oW\
[ e

Identify method(s) of review:

K Calculation/analysis review

O Alternative calculational method
1 Qualification testing
Resolution By: |
Preparer/Date
Comments Continued on Page: NIA
Concurrence with Resolution
Reviewer/Date

WE-103-25

FORM WE-103-3
Revision 4
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NED Procedure No. 3
Rev. 0 Date 8/22/96

Page 3 of 5 fa’t 57
MNL- 3004 Ren 0 -

NED WE-103 REVIEW CHECKLIST
Reviewer Compliance Reviewer
Name Name
(please print) | Suronne Folumer (please print) | STE/HEN /67E‘A s0/
| Organization YAEC Organization YKQ
[ signatwre | atoanons. Qaduman P /%?‘l—-) ﬁ:—b
| YERTS lowe | 12/:/27
Compliance

Ensure the title page is appropriately filled out.

Correct number of pages. ¥/
QA Record filled out. ¢
IMS number filled out. ¥4
Record number filled out (13.C09.001 included if microfiche
or hard copy of computer runs are attached to the
calculation). ¢
Descriptive title. v
« Plant, cycle number and calculation number included. "N/A" v
l can be used for plant and cycle number.
® S'- natures and dates are included, and are in correct
¢...onological order. Print the name and individuals'
organization (if other than YAEC) below the signature. The
title page reviewer and approver dates do not pre-date any
date in the calculation except for changes containing that
individual's initials and date.
® All WE-108 computer codes and other keywords not in the
title which can be used to retrieve the calculation are listed @
in the keyword field. M S Pi te

Ensure the Form WE-103-2 is included and properly completed when a __M__ _Sé-_"&_
computer code is used.

Ensure Form WE-103-3 is included, and has signatures/dates from both
the preparer and the reviewer and that all comments have been
addressed. If no comments, use the following statement: “Reviewed in

accordance with WE-103 with no comments”. R 57 ode ate
Ensure review of the calculation can be done without recourse to
the originator. ¢ NA__
R ”~
s Ensure computer codes are used in accordance with WE-103 @
: Steps 4.1.4.4 through 4.1.4.6. ﬁ AN G-k.. S

: Not \'G* l”‘ﬂ.‘ . Slhde 1hiey Form NED 3.1
| Fihe mt yetawailable  Slete e I0LE; Rev. 1 (effective 9/1/96)

.
.




NED Procedure No. 3

Rev. 0 Date 8/22/96
Page 4 of 5

HED-WE-103 REVIEW CHECKLIST

(continued)

Regquirement

Ensure the calculation includes a title page, objective, method, inputs,
assumptions, calculations, results, conclusions and references.

Ensure the inputs are referenced to formal documents, e.g., WE-103.
The reference can not be a YAEC report unless formal QA records are
checked and also referenced.

Ensure design input internal and exteral correspondence is prepared
and reviewed, and is, therefore, a QA record. If there is only one
signature on the correspondence, verify that it is a QA record.

Ensure that if design specifications were used as input to the calculation,
the performance characteristics are verified in writing by the provider of
the component/product or by cognizant YAEC/plant personnel.

Ensure that input and modeling uncertainties are explicitly addressed
in the cziculation.

Ensure that the applicable input consiceratans from WE-100, Table 1
have been incorporated and are explicitly addressed within the
calculation.

Ensure individuals responsible for each portion of the calculation are
identifiad when multiple preparers and/cr reviewers are utilized. Page
initialing is optional, even in the cases where initial boxes are provided

on the pages.

Ensure eact: page has a page number and the calculation number and
revision number if applicable. Dates on each page are optional.

Ensure that every page of every attachment (or Appendix) contains its
attachment (or Appendix) number.

Ensure a conclusion is stated in a supplemental Revision.

Ensure corrections are addressed in one of the following approaches:

° Retyped and identified by a vertical line with revision
number, if applicable, in the right margin; OR

- Lined out, initialed and dated by preparer; OR

. Photocopy of original to eliminate any previous correction
tape, whiteout, or erasures.

Ensure enhancements and clouding are initialed and dated.

5%

Compliance

Reviewer  Reviewer

M Shk

N/A

N/A

N/A

}z&,&g&
e

R Shte

__?& lefe

Form NED 3.1
Rev. 1 (effective 9/1/96)

e

ONe - 20049 o o;'



NED Procedure No. 3
Rev. 0 Date 8/22/9a

Page 5 of 5 M‘ S-q

-WE-1 H TMML- 3004 gaw o
(continued)
Compliance

Confirm legibility meets WE-103, Attachment A. Specific pages can be
exempt if they are: (1) documents received from another organizaticn
who is the original QA custodian, or (2) supplemental pages included for
information orily. In these two cases, make sure a memo was issued to
RMS per WE-002 Section 3.4.3. »
N

Review of 10CFR50.46 reporting requirements has been documented for
analyses which assess conformance with 10CFR50.46.

T

Ensure computer codes are validated for the computing environment.

Ensure script files are included in the calculation or referenced to
another calculation. Also, ensure the pre~=rer identifies how the
code/script was run.

Ensure applicabie outstanding Engineer ficiency Reports (EDRs)
have been reviewed for influence on the ¢ ation and note review in

R
R

calculation. 0
R

Ensure relevant SER conditions/limitations have been reviewed for their
effect on this calculation and the review is noted in the calculation.

SHete
N/A
N/A
N/A
N/A

SHete

Form NED 3.1

L___————i (effective 9/1/96)
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MNC - 2604 Raw O

NED Procedure No. 6 ?la(. 6l
Rev. 2 Date _5/7/97 -

Page 7 of 9 /,)

Table 1
NED ANALYSIS PROCESS CHECKLIST

_Preparer Reviewer 1
. Name
mw"l“' W Sto fr (please print) | Swrowne. Polumer
Organization YRE L Organization YAEC.
Signature \’W Signature A 9 NOAS QO.SJY\D—-
12/1/97 W (2 (A1

Ensure that the method described in the MOM, if applicatle, and
the base calculation, if one exists, has been followed

If not, ensure lead engineer/manager is consulted and
document variation in calculation

Ensure that other applicable NED Procedures are implemented

\ﬁ/}

Ensure inputs/assumptions are obtained from appropriate sources

Ensure any change to an input/assumption is consistent with
operating practice at the plant

Preparer
e
Yoy
o
Yy
e
Ensure that the safety analysis conforms to applicable requirements _YIMQ_
ome
m
Yma
S
my
b

Ensure that intermediate results that would require a change to | Kew 2
plant operating practice are dispositioned and documented

Ensure, if reporting preliminary results, that the standard | Reo. 2
memorandum clearty states the results are preliminary and

provides the status of the final analysis

Ensure that issues found when performing an analysis are | Cev.a-

dispositioned and documented

Ensure a standard memorandum is writien describing the analysis
performed and containing the following elements:

- Any documents affected by the analysis are
updated

- Recommend updates be incorporated in the
affected documents and include an action taken \
feedback block ;

PEEE EERRERF R



(continued)

Requirement

- If the memorandum recommends updates to
affected documents, copy the NED Administrative
Assistant

- Provide a list of personnel for distribution at YNSD
and the sponsor

B Notify project and sponsor licensing groups of any
known NRC reporting requirements

- Include a safety evaluation, if a plant cperating
practice is known to be affected

Ensure that this checklist has been filled out and is attached to both
the memorandum, placed in department chronological files, and the
calculation. [NOTE: The checklist does not need to be attached to
distributed copies of the memorandum.]

MWSYARE (\NDEPTPROCWS NED

NG - 2004

NED Procedure No. 6 P‘Oe v
Rev. 2 Date _5/7/97

Page 8 of S
Preparer

Rev |
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T 0.14
éhal transfer = Jisothermal ('f;) (8%3) ‘(

8-5. Forced convection in transition flow

The mechanisms of heat transfer and fluid flow in the transition
region (5;,, between 2100 and 10,000) vary considerably from system to
system(_In this region the flow may be unstable, and fluctuations in pres-
sure drop and heat transfer have been observed. JThere exists a large un-
certainty in the basic heat-transfer and flow-friction performance, and
consequently the designer is advised to design equipment, if possible, to

operate outside this region. For the purpose of estimating the Nusselt
numBer in the transition region, the curves of Fig. 8-15 may be used, but
the actual performance may deviate considerably from that predicted on
the basis of these curves.

8-6. Closure

To aid in the rapid selection of an appropriate relation to obtain the
heat-transfer coefficient for flow in a duct, some of the most commonly
f

Table 8-1. Summary of usefui equations for forced convection heat transfer inside tubes and ducts.
Eq. No.

in Text

System Equation

Long Ducts, Liquids and 1 '
Gases, Laminar Flow W., - l“(lto’l'l QH/L? (u.lu‘P' 8.28*
(Rep < 2,100, Pr > 0.7)

Short Ducts, Liquids and KRG RegPrDy 1
Gases Laminar Flow Yoy ® m In 16 ]

8-27*

100 < RepPrDy/L < 1500 e 7" ) (¥}
(Pr > 0.7) Pr (M..'poIL)

Long Ducts, Turbulent

Flow, Liquid Metals e
Constant Heat Fiux Yoy
(Pr < O.1)

Long Ducts, Turbulent
Flow Liguid Metals,
le.:uw." Temper- Nip, = 40+ 0.025 (Rep, Pr)** 8-25¢
ature(Pr < 0.1) .

Long Ducts, Liquids and
Gases in Turbulent Flow Nio, = 0023 Rep, 08 pe0-33 8-20°
(Rep » 6,000, Pr > G.7)

Shont Ducts, Liquids and
Gases in Turbulent Flow Nup, = 0023(1 + (Du/L)*") Rep,,
(2 < L/Dy < 20,.Pr >07)

Liguid Metals,
Laminar Flow

= 50 + 0.025(Rep, Pr)*™ 8-24*

08,03 8.23¢

Sec Reference 26,

*All physical propertics should be evaluaied at the mean film temperature. (T, + Ty)/2.

8-6. CLOSURE 445
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MEMORANDUM Biradh &4
YANKEE ATOMIC - BOLTON F.uc
To P.L. Anderson/J. T. McCumber Date September 19, 1997
From _G. M. Solan Group # RP-MY-97-33
S.R.# Reload Task 0401
Subject Maine Yankee Fuel Cycle Information W.O.# 5366
IiMs# MYK.LLI
r f- 1 F FUELSC8.MEM

Fuel cycle information for Maine Yankee operation through the End-of-Cycle 15 is provided in
Attachment A. The information is updated from Reference 1 to reflect the early shutdown of Cycle 15
as the last operating cycle. This memorandum fulfills the reload task indicated above and is for transmittal
to R. P. Jordan and D. B. Boynton at Maine Yankee.

DISCUSSION

‘The fuel schedule in Figure A of Attachment A is contained in the file fsxm042. The batch information
lines from Figure A are contained in the file fsgm042. These files are available to the Fuel Management
Department for economics evaluations.

These fuel schedule files have also been requested by the Transient Analysis Group for spent fuel pool

-~ heat load calculations which may be safety-related. The recent cycle sub-batch burnups from Cycles 14
‘ and 15 have been checked to assure that they match the cycie burnups from the final plant INCA burnup
blocks (95-14-58 for Cycle 14 and 96-15-41 for Cycle 15). These bumups are the significant inputs to

the heat load calculations and the fuel schedule files are therefore considered acceptable for use in such
calculations. If this data is incorporated in safety-related WE-103 calculations, this memorandum and

the relevant parts of Attachment A should be included as an attachment to the calculations for

documentation as a QA record.
,ﬁ?ﬁ Ao q/14/a7
M.

T lan, Principal Engineer Date
eactor Physics Group

)l K T 9oy
Reviewed by:  P. A. Thefiault, Senior Engineer Date
Reactor ics Group

Approved by:
Reactor Physi¢s’Group ¢
e J. R. Chapman R. M. Grube R.T. Yee P. S. Littlefield

P. A. Bergeron R. P. Barna E. E. Pilat J. DiStefano

M. W. Scott F. X. Quinn 1. E. Rivera J. Hamawi
o K. E. StJohn J. M. Buchheit J. A. Mayer S. Van Volkinburg

)

-~ REFERENCE

1. YAEC Memorandum RP-MY-96-24, "Maine Yankee Fuel Cycle Information for Cycles 15 and
16," G. M. Solan/M. C. Beganski to P. L. Anderson/W. J. Metevia, May 30, 1996

T ———————
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Attachment A :

MAINE YANKEE FUEL CYCLE INFORMATION FOR END-OF-CYCLE 15

Summary

Fuel cycle information for Maine Yankee operation through the end-of-Cycle 15 is provided in this
attachment. The information is updated from Reference 1 to refiect the early shutdown of Cycle 15 as
the last ooerating cycle. The fuel cycle information is contained in the following tables and figures:

Table Description
11 Operating History Summary
12 Core Loading History Summary
1.3 Thermal Generation History Comparison
14 Cycle Burnup History Summary
1.5 Thermal Generation in Effective Full Power Years
2.1 Fuel Assembly Types by Cycle £
22 Fuel Assembly Types by Cycle and Total {_)
2.3 Fuel Assembly Types by Cycle - Sub-Batch Detail ‘
24 Design and As-Built Enrichments and Loadings by Assembly Type
25 Type UX and V Enrichment and Uranium Loadings
26.1 Number of Assemblies, Spent Fuel Pool Storage Capacity and Requirements
282 Discharged Assemblies on Site with Storage Restricted to Region | Only
31 Cycles 1-15 Fuel Cycle Information
3.2 Cycles 1415 Discharge Burnup History vs. Industry Average
Figure Description
1.1 Cycles 1-15 Length of Outages, Full Power Operation and Coastdowns in Days
12 Cycles 1-15 Length of Full Power Operation and Coastdown in EFPDs
1.3 Cycles 1-15 Thermal Capacity Factor, Excluding and Including Prior Outage
14 Cycles 1-15 Fresh Fuel and Core Average Enrichment
1.5 Cycles 1-15 Average and Maximum Discharged Assembly Burnups
16 Cycles 1-15 Discharged Assembly Average Bumups vs. U.S. Industry Average
for PWRs

P an

A Fuel Schedule for EOC 15 (FSXM042) (\)
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Operating, Core Loading and Thermal Generation Histories

The operating history of Maine Yankee Cycles 1 through 15 is contained in Table 1.1, providing dates
of startup and shutdown, licensed and operated power levels and cycie burnups. The core loading history
is presented in Table 1.2. The core loadings are based on the assembly design weights from the fuel
vendor, the as-modeled weights used in the current physics methods analysis, or the as-built assembly
weights. Two as-built core loa©  * are provided in the table. One uses the individual assembiy as-built
data, while the other uses the average as-builts of all fabricated assemblies of that sub-batch.

The gross thermal generation history is contained in Table 1.3, comparing the gross thermal generation
from the monthly statistical reports to the gross thermal generation used in the incore analysis, which
determines the incremental and final assembly bumups for the cycle. Cycle burnups are shown in Table
1.4, illustrating the differeices resulting from the use of different cources of gross thermal generation and
core loadings. The gross thermal energy generation from the monthly statistical reports is converted to
effective full-power years (EFPYs) in Table 1.5.

Fuel Assembly Types

The number of fuel assembly types by cycle through Cycle 15 is provided in Table 2.1. The number of
fuel assembly types by cycle is provided in Table 2.2, including the cumulative number of irradiated
assembiies »v cvcle. The number of fuel assembly types by cycie with sub-batch details is provided in
Table 2.3. © .“rmation includes assembly types, fuel vendors (Combustion Engineering (CE), Exxon
Nuclear Com, any (ENC) and Westinghouse (W)), fuel designs, as-modeled assembly average
enrichments and weights, and number of assemblies by cycle.

Additional enrichment and loading information by sub-batch is provided in Table 2.4. Assembly
enrichment zoning was introduced in Type T fuel for Cycle 14. Axial blankets were introduced in the
Type U fuel for Cysle 15. The assembly design enrichments for the low enrichment regions, the high
enrichment regions and the blanket regions are specified for each sub-batch. The average assembly
design and as-built U-235 enrichments are indicated for each sub-batch. The assembly average design,
as-modeled and as-built uranium loadings are also provided for each sub-batch.

Cycle 15 was the first cycle for insertion of Westinghouse fuel, designated Type U. Cycle 15's earty
shutdown required a redesign of Cycle 16 without reinsertion of the failed Type U fuel. Theredesigr;ed
Cycle 16 fresh fuel consisted of 8 Type UX assemblies from Siemens Power Corporation (SPC, formerly
Exxon Nuclear Company) and 84 Type V assemblies from Combustion Engineering (CE). The fresh Type
UX assemblies are currently at the plant in the new fuel vault and the fresh Type V assemblies remain
at CE. The redesigned Cycle 16 and the fresh fuel types were described in Reference 2. Table 2.5
provides the design and as-built enrichments and loadings for these fuel types.
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Spent Fuel Pool Storage

A summary of the number of fabricated and irradiated assemblies and the spent fuel pool storage
requirements are provided in Table 2.6.1. There have been 1530 assemblies fabricated for Maine
Yankee, with the detailed assembly information contained in a library file which was provided to the plant
in Reference 3. Of these assemblies, 1434 have been irradiated. Of these irradiated assemblies, 144
require storage in Region ! of the spent fuel pool based on criticality criteria, as detailed in Table 2.6.2,
taken from Reference 4. The unirradiated assemblies are comprised of 4 spare assemblies no longer
on-site (Types A, B, C and D), 8 Type UX assemblies currently in the new fuel vault and 84 Type V
assemblies currently at Combustion Engineering.

The spent fuel pool capacity after reracking is 2019 locations when all the new racks are inserted. There
are a total of 228 assembly locations in Region | and 1791 assembly locations in Region Ii.

Fuel Schedule

An updated fuel schedule for Cycles 1 through 15 is provided in Figure A. The fuel schedule in Figure
A is contained in the file fsxm042. The batch lines from Figure A are contained in the file fsqm042.
These files are available to the Fue! Management Department for economics and the Transient Analysis
Group for spent fue! pool evaluat'ons. Table 3.1 provides a summary of fuel schedule information.

The fuel schedules inciude cycle information for days of outage, days of total operation, days of
coastdown, rated power levels, cycle exposures to end-of-full-power-life (EOFPL) and end-of-cycle (EOC),
and capacity factors. The core loadings, sub-batch loadings and enrichments in the fuel schedule are
based on individual assembly as-built loadings and enrichments by cycle. The cycle burmnups in the fuel
schedules are based on an individual assembly sub-batch average weighting of the assembly bumups.

The fuel schedule contains the following major changes since the last fuel schedule provided in
Reference 1:

0 Cycle 15 actual startup and shutdown on 1/16/96 and 12/6/96, with as-built loadings and
enrichments for Type U fuel, 2 measured cycle bumup of 7859 MWd/Mt and measured
sub-batch average burnups.

o Elimination of cycle projections beyond Cydle 15.

O

®
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As a result of these major changes, the sub-batch numbering and designations have changed as follows:

Sub-Batch

0800090

0900100

1100120

1300140

1300150

1301150

1302150

1400150 -
1402150

1500150 -
1502150

Change

The number of Type M-8 assemblies, discharged after Cycles 8 and 9 with no planned
reinsertions, has been increased from 2 to 3 assemblies. Assembly M860 had been
planned for Cycle 16. Two of these assemblies were not reinserted foo mechanical
reasons. Assembly M839 was damaged during the Cycle 9-10 refueling and Assembly
M850 had metallic debris in its lower grid.

The 8 Type N-8 assemblies discharged after Cycles § and 10 have no planned reinsertion
(Assemblies N836, N838, N839, N842, N845, N859, N862, N872).

The 4 Type Q-4 assemblies discharged after Cycles 11 and 12 have no planned
reinsertion (Assemblies Q442, Q457, Q459, Q463).

The 4 Type S-0 assemblies discharged aiter Cycles 13 and 14 have no planned
reinsertion (Assemblies S008, S009, 8011, S012).

The 16 Type S-0 assemblies discharged after Cycles 13, 14 and 15 have no planned
reinsertion.

The 28 Type S-4 assemblies discharged after Cycles 13, 14 and 15 have no planned
reinsertion and are condensed into a single sub-batch.

The 20 Type S-8 assembly sub-batch is renumbered due to the above changes.

The Type T-0, T-4 and T-8 assemblies are condensed into single sub-batches v/hich are
renumbered for no planned reinsartion.

The Type U-0, U-24 and U-48 assemblies are condensed into single sub-batches which
are renumbered for no planned reinsertion.

Core Performance and Fuel Management Trends

Core performance and fuel management trends from Cycles 1 through 15 are shown in Figures 1.1
through 1.6. The lengths of outages, full-power operation and coastdown in days are shown in Figure
KB mm«mwwmmmmmmn-powam(ewos)mm
in Figure 1.2. Recent cycles are in the range of 400 EFPDs, which is effecu <ly 18-month operating
cycles. wmm,m«wmmmmmmwm.mmmﬂwe

- -—
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1.3. The trends towards higher assembly enrichments and higher discharged assembly burnups in recent O
cycles are shown in Figures 1.4 and 1.5, respectively.

A comparison of the average discharge burnup at Maine Yankee to the industry average is shown in
Figure 1.6, based on the data in Table 3.2. Since Cycle 5, Maine Yankee's average discharge burnup
has been consistently above the U. S. PWR industry average. For fully completed cycles since 1987,
Maine Yankee's discharged burnups have averaged greater than 10% above the industry average.

References

1. YAEC Memorandum RP-MY-96-24, "Maine Yankee Fuel Cycle Information for Cycles 15 and 16"
G. M. SolarvM. C. Beganski to P. L. AndersorvW. J. Metavia, May 30, 1996

2. YAEC Memurandum RP-MY-97-13, "Maine Yankee Cycle 16 Redesign Depletion, Power, Bumup,
Census and Kinetics Data - Case R," M. C. Beganski/G. M. Solan to S. Paimer/<. E. St.John/P.
S. Littlefield, May 16, 1997

3. YAEC Memorandum RP-MY-97-32, "Maine Yankee Assembly Library File," G. M. Solan to P. L.
Anderson/J. T. McCumber, September 12, 1997 'j

4. YAEC Memorandum RP-MY-87-25, "Maine Yankee Cycle 15-16 Spent Fuel Pool and New Fuel

Storage Vault Criticality Evaluation,” G. M. Solan to P. L. Anderson/J. T. McCumber, June 13,
1997



1)

3)
4)
6)

Date of power escalation with initial phasing onto power grid

Power restrictions due to leaking fuel and rodded operation for moderator temperature
coefficient control. Primary system pressure decrease to 1800-2000 psia for leaking tuel.
Licensed power increase on 6/20/78 from 2440 MWY/2100 psia to 2630 MWV2250 psia
operation during Cycle 3 :
Power restriction due to secondary plant limitations

Licensed power increase on 7/10/88 fror 2630 to 2700 MWt operation during Cycle 11
Licensed power restricted to 2440 MWt due to small-break LOCA and containment analysis
issues. Operation terminated near mid-cycle due to cable separation and fuel failure

-
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TABLE 1.1 [ A L &l

Maine Yankee Operating History Summary ‘

Dates — — ~— Core Power Level —

Maximum Cycle
Licensed Operated Bumup
Cycle Statup™  Shutdown (MW (%) MWd/Mt
1 11/8/72 6/29/74 2440 50-80¥ 10,367
1A 10/12/74 5/2/75 2440 80@ 4,492
2 6/29/75 a19077 2440 100 17,365
3 6/11/77 7114178 2630@ 93 11,105
4 8/28/78 1/11/80 2630 g7¢@ 10,500
5 3/17/80 5/8/81 2630 g7 10,799
6 7/20/81 9/24/82 2630 97@ 11,585
7 12/12/82 3/31/84 2630 100 12,483
8 6/20/84 8/17/85 2630 100 12,504
9 10/25/85 3/28/87 2630 100 14,424
10 6/18/87 10/15/88 2630 100 12,675
1 12/16/88 47190 2700 g7-98® 13,786
12 6/30/90 2/14/92 2700 100 15,364
13 4/19/92 7/30/93 2700 100 13,668
14 10/14/93 1/14/95 2700 100 13,075

15 1/16/96 12/6/96 24409 100 7,859



1)
2)
3)

with

Assembly
Design

Weights'")
Cycle (kg U)
1 81,544
1A 83,113
2 80,885
3 83,065
4 81,843
5 83,034
6 82,248
7 81,013
8 80,528
9 80,467
10 81,450
1 82,354
12 82,910
13 82,863
14 82,627
15 82,801
16* 82,601

TABLE 1.2

Maine Yankee
Core Loading History Summary

with
Assembly
As-Modeled
Weights?

(kg U)

31,549
83,119
80,953
83,118
81,908
83,076
82,264
80,872
80,257
80,221
81,362
82,554
83,135
83,075
82,700
83,044
82,648

with
Assembly
As-Built
\Veights®

(kg U)

81,434
83,084
81,027
83,130
81,822
83,006
82,220
80,905
80,231
80,120
81,227
82,389
83,051
83,028
82,819
83,062
82,887

V-2 00

At 5y P73

with
Sub-Batch
As-Built
Weights®

(ka U)

81,434
83,086
81,027
83,128
81,817
83,008
82,222
80,805
80,232
80,119
81,231
82,385
83,050
83,024
82,813
83,064
82,861

with assembly design weights from the fuel vendor, prior to fabrication
with assembly as-modeled weights from the cumrent physics methods analyses
with assembly as-built weights for each individual assembly in the core

with assembly as-built weights for each sub-batch, taken as the average of all assembly as-

built weights fabricated in the sub-batch

Cycle 16 never loaded into the core

O
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Maine Yankee
Thermal Generation History Comparison

Cycle

TABLE 1.3

Gross Thermal Energy Generation

Incore
Analysis

(MWi-hours)

20,262,525

3,957,090
33 768,971
22,155,743
20,617,175
21,512,949
22,860,352
24,238,404
24,076,381
27,734,848
24,710,464
27,258,678
30,623,741
27,234,376
25,987,464
15,667,857

Monthly
Reports
(MWt-hours)

20,262,525

8,938,891
33,768,963
22,079,033
20,635,170
21,494,940
22,860,355
24,238,449
24,076,380
27,734,847
24,759,471
27,258,678
30,624,238
27,231,970
25,980,181
15,667,061

Diff.
(%)
0.00

-0.20
0.00
-0.35
0.09
-0.08

0.00
0.00
0.00
0.00
0.20
0.00
0.00
<0.01
-0.03
-0.01

Nyc-tesd
fHed iy

Cumulative

Gross Thermal Energy Generation

Incore
Analysis

(MWt-hours)

20,262,525

29,219,615

62,988,586

85,144,329
105,761,504
127,274,453
150,134,805
174,373,209
198,449,590
226,184,438
250,894,902
278,153,580
308,777,321
336,011,697
361,999,161
377,667,018

Monthly
Reports
(MWt-hours)

20,262,525

29,201,416

62,970,379

85,049,412
105,684,582
127,179,522
150,038,877
174,278,326
198,354,706
226,089,553
250,849,024
278,107,702
308,731,940
335,963.910
361,944,091
377,611,152

Diff.
(%)
0.00

-0.06

-0.03

0.11

-0.07

0.07

.06

0.05
-0.05

0.04
0.02
0.02
0.01
-0.01
0.02
-0.01

P
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Maine Yankee O
Cycle Bumup History Summary

Information

Cycle Energy:  Incore Analysis Monthly Reports

Core Loading: Sub-Batch Individual - - -
Average Assembly
As-Builts As-Builts
Sub-Batch Bumups: - - - Iincore Analysis -
Sub-Batch Loadings: - B - Individual -
Assembly
As-Builts
Cycle Cycle Cycle
Bumup Bumup Difference Bumup Difference
Cycle (MWd/Mt) (MWd/Mt) (%) (MWd/Mt) (%) ‘,-)
1 10,367 10,367 0.00 10,336 0.30 i
1A 4,492 4,483 -0.20 4,509 0.38
2 17,365 17,365 0.00 17,396 0.18
3 11,1056 11,067 0.34 11,076 0.26
“ 10,500 10,508 0.08 10,495 -0.05
5 10,799 10,790 -0.08 10,795 -0.04
6 11,685 11,585 0.00 11,582 <0.03
7 12,483 12,483 0.00 12,465 0.14
8 12,504 12,504 0.00 12,455 -0.39
2} 14,424 14,424 0.00 14,361 -0.44
10 12,675 12,701 0.21 12,647 0.22
1 13,786 13,786 0.00 13,798 0.09
12 15,364 15,364 0.00 15,423 0.38
13 13,668 13,666 -0.01 13,668 0.00
14 13,075 13,071 0.03 13,075 0.00

7,859 7,859 0.00 7,859 0.00 ()

-
(4]
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TABLE 1.5

Maine Yankee
Thermal Generation In Effective Full Poveer Years

Gross Thermal Energy Generation Effective Full-Power Years

from Monthly Statistical Reports

at 2630 MWt at 2700 MWt
Cycle Cumulative Cycle Total Cycle Total
Cycle  (MWthours) (MWthours) (EFPY)  (EFPY)  (EFPY) (EFPY)
1 20,262,525 20,262,525 0.879 0.879 0.856 0.856 i
1A 8,938,891 29,201,416 0.388 1.267 0.378 1.234
2 33,768,963 62,970,379 1.465 2.731 1.427 2.661
3 22,079,033 85,049,412 0.958 3.689 0.933 3.583
4 20,635,170 105,684,582 0.895 4.584 0.872 4.465
5 21,494,940 127,179,522 0.922 5516 0.908 5.373 |
6 22,860,355 150,039,877 0.992 6.508 0.966 6.339
7 24,238,449 174,278,326 1.0561 7.559 1.024 7.363
8 24,076,380 198,354,706 1.044 8.604 1.017 8.381
9 27,734,847 226,089,553 1.203 9.807 1.172 9.562
10 24,759,471 250,849,024 1.074 10.881 1.046 10.589 |
1 27,258,678 278,107,702 1.182 12.083 1.162 11.750 \
12 30,624,238 308,731,940 1.328 13.391 1.294 13.044
13 27,231,970 335,963,810 1.18% 14.572 1.151 14.195
14 25,080,181 361,944,091 1.127 15.699 1.098 15.292
18 15,667,061 377,611,152 0.680 16.379 0.662 16.954
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TABLE 2.2

MAINE YANKEE
FUEL ASSEMBLY TYPES BY CYCLE AND TOTAL

Fuel Average
Vendor Initial Number of Assemblies Assemblies in Core by Cycle
Assembly and Enrchment

Type Design (wio U-235) by Type Total® 11A 23 4 5 6 7 8 9101112131415

A CE-1 2.01 69 69 TR RPN PN ST S A S

B CE-1 2.40 80 149 B R T A e

Cc CE-1 2.95 643 217 68 64 R v A L A L U i

RF CE-RF 1.93 69 486 R e St SR S R P G

RF CE-RF 2.01 1 287 R e L S T L R T R e

RF CE-RF 233 2 289 LR R G T T S S S .

D CE-2 1.85 69 358 e S e i, o e e

E CE-2 2.52 80 433 s »3NEBH 1 3 1 1 %30 » ¢ nin -

F CE-2 2.90 68 506 Y 7 R S S Ol T S N e e T

G CE-2 2.73 2 88 oo sEEAEE s e e A e

H CE-2 3.03 4 578 s &5 »dBEED » + 5 wmis a8 - B .

H CE-2 3.03 72 65 ¢ ' 2w aFJRIRTR 5 o % s 2 A a2 »e

J ENC 3.00 o . R R B @ g SRS TR R S SEE R

K ENC 3.00 72 794 5 5 B % BT & 5 5 s s w'»
» L ENC 330 72 866 R SErrPRERGE T § § f IF N RRe

M ENC 330 72 938 d vk s »BERE LTI LSS

N CE-2 3.30 72 1010 FOE D i i e R e R B . T SRS

P B2 B 72 1082 PR R e :  F Wy o

Q CE-2 3.70 7 we N&Y - - ---- - - - - -T2T268 - -

R CE-2 3.70 72 1226 W - - - - - - - - - - - -T727268 4

S CE-2 3.70 68 1204 'W PR e e e e e (|

T CE-2 3.90 72 1366 : RE ol i Gnhy Al R o e e W R Ty D

U W 3.74 ea«.u—,/nj...............ea

ut
W‘A ‘nmrb
* Total spent fusi pool kocations: 2019 WS% (o {M
Mv w ‘|41 \¢|\\m
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Assembly Fuel
Type and Vendor
Number of and
Poison Rods  Design

A0 CE-
B-16 CE-1
co CE-
C12 CE-1
C-16 CE1
RF-0 CE-RF
RF-4 CE-RF
RF-0 CE-RF
RF-5 CE-RF
D0 CE-2
E-16 CE-2
F0 CE-2
F8 CE-2
F12 CE-2
GO CE-2
G4 CE-2
"0 CE-2
0 CE-2
-4 CE-2
J0 ENC
J4 ENC
J-8 ENC
K0 ENC
K4 ENC
K-8 ENC

Assembly

TABLE 2.3

MAINE YANKEE
FUEL ASSEMBLY TYPES BY CYCLE - SUB-BATCH DETAIll

Assembly
As-Modeled As-Modeled Number
Endchment  Weights
(wio U-235) (kg U)

2.03
2.40
295
295
2.95

1.85
1.95
233
2.01

1.85
252
2.90

2.74
2.74
3.03

3.03
3.03

3.00
3.00
3.00

3.00
3.00

394.82
358.93
394.82
367.90
358.93

394.82
385.85

383.60

389.03
353.66
389.03
371.34

389.03
380.19
389.03

389.03
380.19

381.07
a4
363.78

381.07
372.41
363.75

of
Assemblies

>0 888

Bad B8.8 28 833

Assemblies in Core by Cycle

1A 2 3 ¢4

-n &3
'
88
.

«-689 - -
- 8012 61
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TABLE 2.3
(CONTINUED)
MAINE YANKEE

My¢-2.¢
VPR S

FUEL ASSEMBLY TYPES BY CYCLE - SUB-BATCH DETAIL

Assembly Fuel Assembly Assembly
Type and Vendor As-Modeled As-Modeled Number
Number of and Enrichment  Weights of
Poison Rods Design  (wio U-235) (kg U) Assemblies 1 1A

L0 ENC 3.30 37921 16 b

L4 ENC 3.30 370.59 12 1

8 ENC 3.30 361.97 40 IS

L-12 ENC 3.30 353.35 4 i3

MO ENC 3.30 27921 8 %

M4 ENC 3.30 370.59 28 Kaph

M-8 ENC 3.30 361.97 36 e

N0 CE-2 3.30 389.03 4 e

N4 CE2 3.30 380.19 24 i

N-8 cE2 3.30 37135 44 .
P CE-2 3.50 389.03 28 > o
w P4 CE2 3.50 380.19 20 & b
P8 CE2 350 371.35 24 gt

Q0 CE-2 370 391.14 28 gt

Q4 CE-2 3.70 38225 8 e

Qe CE2 370 373.36 8 i

RO CE2 3.70 391.14 36 fe

R4 CE-2 370 38225 16 R

RS CE2 370 373.36 20 ‘s

$0 CE-2 3.70 380.85 20 o
S CE-2 3.70 380.99 o8 i

| s8 CE-2 370 372.13 20 s
} 10 ce-2 3.1 389.85 8 b
T4 CE2 391 380.99 28 §ir

148 CE-2 3.90 372.13 38 oy

U0 w 374 391.00 8 Pl

U-24 w 374 391.00 ) At

Uy U w 374 391.00 28 i

Assemblies in Core by Cycle
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TABLE 2.5

Maine Yankee
Type UX and V Enrichment and Uranium Loadings
Fresh Fuel Fabricated for Cycle 16

Type Type Type Type

Parameter Ux-0 V-0 Y4 V-8
Fuel Vendor SPC CE CE CE
Number of Assemblies 8 36 4 44
Number of Rods in Assembly
2.40 wio U-235 fuel" 176 0 0 0
3.50 w/o U-235 fuel® 0 72 72 72
4.20 wio U-235 fuel® 0 104 100 96
31.4 mg B-10 per inch shims® 0 0 4 8
Total 176 176 176 176
Number of Rods in Batches
2.40 wio U-235 fuel 1408 0 0 0
3.50 wio U-235 fuel 0 2592 288 3168
4.20 wio U-235 fuel 0 3744 400 4224
31.4 mg B-10 per inch shims 0 0 16 352
Total 1408 6336 704 7744
Assembly Average
Enrichment (w/o U-235)
Design 2.400 3.914 3.907 3.900
As-Built 2.416 3.928 3.929 3.919
Assembly Average Uranium
Loading &kg uU)
Design®® 380.406 389488 380.636 371.784

As-Built 380.2866 391.0953 382.2826 373.6973

1) Uniform fuel rod enrichments in 136.7 inch active fuel height for Type UX
2) Uniform fuel rod enrichments in 136.25 inch active fuel height for Type V

4) Design uranium loading of 2.1614 kg U per rod for Type UX
Design uranium loading of 2.213 kg U per rod for Type V

MyC- 209
MLAX« o

92

1408

16182

3) Uniform shim loading in central 122.7 inches of active fuel height for Type V

i Cehae

/



TABLE 2.6.1

Maine Yankee
Number of Assembilies,
Spent Fuel Pool Storage Capacity and Requirements
Total Number of
Assemblies Fabricated

Number of Type A, Serial Number AOO3 (not on-site)
Unirradiated Assemblies Type B, Serial Number B068 (not on-site)
Type C, Serial Number C210 (not on-site)
Type D, Serial Number EF004B (not on-site)
Type UX (currently in new fuel vault)
Type V (currently at Combustion Engineering)

Total Number of
Assemblies Irradiated

Storage Requirnments
* for Criticality Required in Region |
Type C
Type RF
Type T
Type U
Total Region |
Total Number of Region |
Storage Locations Region Il

Total

-l00
o

1530

gm_n_;.a.s

1434

SBnd

144

228
1791

2019

gl



Discharged Assemblies on Site with Storage Restricted to Region | Only

Type C

(46)
(24) 1N (§)]
c101 c202 c301
c102 €203
c103 c208
c104 c209
c105 c213
c106 c216
clo8 c217
c109 c218
c110 c219
cim c221
c12 ca22
€113 c223
c114 c2z24
c11s c23e
c11é 2
c117 c232
ci1g c233
c11e 234
c120 €235
ci21 €236
c122 c237
123
c124
€125

Type RF
(2)

(2)

EF0041
EFO043

TABLE 2.6.2

Maine Yankee

Type T
(28)
(8) (16) (&
W01 T409  TEsS
1002 TN 1849
T003 1612 T870
T004 T4l T8
1005 T41S
1006  T419
1007 1420
1008  T421
T422
1424
1426
1427
T428
1429
1431
T432

hC- 1oy
Aads £

7.85

Type U
(68)
(8) (32) (28)
uo1 uo? Ut
uoz2 utl0 ue2
uo3 umt (V)
uos U12  uké
uos Uil U4S
uoé Ute Usé
uo7 uis w7
uosg ulé  UL8
U17 U4y
uig  Uso
U9 ust
U220 us2
U2t us3
L2 Usé
u23  Uss
U226 Usé
us  Us7
uz26 uss
U227 Uus9
U228  Us0
U9  ust
uso  ue2
us ué3
us2  use
usl  u6s
us4s  Uss
uss  uer
usé  ues
us7?
u3s
use
U4

O
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TABLE 3.2 O

Maine Yankee Cycles 1-15
Discharge Burmnup History vs. industry Average

Discharge Average Bumup

(MWd/Mt) Maine
Yankee
Industry Discharge
Year of Average* Maine Difference after
Discharge for PWRs Yankee o . Cycle
1974 18,900 11,475 -38.3 1
1975 18,100 13,564 -25.1 1A
1976 22,200 - - -
1977 25,100 18,073 -28.0 2
1978 26,400 21,665 -17.9 3
1979 27,000 - - -
1980 30,700 30,319 -1.2 4
1981 30,800 31,971 3.5 5
1982 32,300 23,003 2.2 6
1983 31,600 . . . :)
1984 32,100 33,566 46 7
1985 33,200 35,662 7.4 8
1986 33,800 - - -
1987 34,400 37,506 9.0 9
1988 35,400 38,386 8.4 10
1989 36,800 - - -
1990 36,000 40,161 116 11
1991 37,400 - - -
1992 38,700 42,078 8.7 12
1993 38,900 43,899 12.9 13
1994 40,800 - - -
1995 - 41,912 - 14
1996 - - - -
1997 - 24,209 - 15 '
” Mwmmsmnwm1.wmmmmmu.am1w.
Energy Information Administration, U. S. Department of Energy, February 1996, Table 5.
1974-1979 industry average data from AMl Discharged Assembiies - PWR i
1980-1994 industry mmmmmm-M(mmmm ("\)
Cydes 1 and 2 of each reactor)
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Figure 1.3
Maine Yankee Fuel Information for Cycles 1-15

Thermal Capacity Factor, Excluding and Including Prior Outage
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ENRICHMENT (U-235)
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FIGURE A
MAINE YANKEE FUEL SCHEDULE FOR EOC 15 (FSXMO42)
CYCLES 1 THROUGH 15 (REVISED 08/11/97)

CYCLE PARAMETERS

997

PAGE oF 3

DAYS POVER CYCLE LENGTH CAPACITY FACTOR
DATES PRIOR CYCLE COAST- CYCLE LOADING (KGU) LEVEL MWD/NT TO EFPOs TO 10 10
YCLE IN ot OUTAGE TOTAL DOWN AS-MODELED AS-BUILT (MWL) EOFPL EOC EOFPL EOC EOFPL EOC
B 11/08/72  06/29/T4 0 598 0 81549 81434 2640 . 10336 - 345 . 577
1A 10/12/76  05/02/7S 105 202 0 83119 83084 2440 - 4509 - 154 - 762
2 06/29/T5  0L/O9/TT 0 . - 80953 81026 2640 16300 17396 S41 578 89 889
3 06/11/TT  O7/14/T8 & 398 35 83118 83130 2640 10500 11076 358 377 986 .98
4 08/28/78 01/11/80 s 501 o gig08 81822 2560 9800 10495 313 335 685 669
5 03/17/80  05/08/81 " G 83076 83006 2560 10500 10795 34¢ 350 837 .839
6  O7/20/81 09/26/82 7343 35 82264 82220 2560 10700 11582 34k 32 869  .863
7 12/12/82  03/31/84 ™ 4TS 35 80872 80905 2630 11600 12665 357 383 811 807
8 06/20/84 08/17/85 81 43 S8 80257 80231 2630 11000 12455 336 380 921 899
9 10/25/85 03/28/87 o 519 66 80221 80120 2630 12700 14361 387 438 856 B4k
10 06/18/87 10/15/88 82 485 62 81362 81227 2630 11400 12647 352 391 832 806
1 12/16/88  04/07/90 g &, » 82554 82389 2630 13250 13798 415 432 918 906
12 06/30/90 02/14/92 8% 5% 57 83135 83051 2700 13900 15423 428 476 797 798
13 04/19/92  07/30/93 TR S 83075 83028 2700 12200 13668 375 420 904  .900
1% 10/14/93  01/14/95 76 45T 0 g2700 82819 2700 . 3075 - 401 . 877
15 01/16/96 12/06/96 367 325 0 83044 83062 2640 . 7859 - 268 . .825
J
BATCH FUEL NO. OF WT./ASSY ENRICHMENT (X) RATIO 7O U-IKITIAL === CYCLES ===  ======= ceee BURNUPS  (MWD/MT) ==s=sssensen
NO. TYPE ASSYS KU I OUT  U-OUT FISS-PUCX) 1 2 3 & S 1 2 3 4 5 TOTAL
nooowm 12 393.887 * 2.027 * 1.117 .98 378 IR 10611 . . - 10611
1101010 816 56  358.295 * 2.407 * 1.346 .982 397 T e 11912 . . . 11912
1102010 €0 2 395.219 % 2.8 * 2.271 .99 261 § o o o o 52 . . . 6522
103010 €12 1 368.196 * 2.957 * 1.934 .985 365 .o o o @ 10470 . . - 10470
1104010 €16 1 358.808 * 2.957 * 1.945 .985 364 o vis » 10359 . . - 10359
3100011 AO 57 393993 * 2,025+ 830 .977 PR T R 11059 4636 . - 15695
1101011 816 26 358,201 * 2.410 * 1.089 .977 450 1A = = 10846 5148 . . 1599
3102011 €0 22 394.659 * 2.947 * 2.090 .987 i e e 6056 2509 . . 8565
3103011 €12 35 367.985 ¢ 2.950 * 1.716 .981 T § R 9289 4041 . - 1333
104011 €16 7 358.410 * 2.953 * 1.602 979 M0 T e - - 10359 4525 . - 16884
3110011 RFO 2 395.455 % 2.341* 1.735 .99 RO T S 2769 . . . 2769
21111011 RFO 2 395.323 % 1.938* 1.511 993 F Sk B 4316 - . . 4316
2112011 RFé 2 386173 % 1.930 * 1.449 992 M WM e - e e 5058 . . . 5058
0113011 RFS 1 380.050 * 2.006 * 1.462 .92 ETIEE W N S 5150 - . . 5150
9110030 RFO 12 395.273 % 1.938* .79 .97 T T T 5387 10463 . - 15850
2111030 RFé S3 386,436 * 1935 776 .97 AN WY 5079 11144 . - 23
3200020 DO 6 389.669% 1.950* .75 .97 TR IR A IR 18042 - e 1o w8
0201020 €16 1 35,183 * 2.515* 1.013 973 R aie e 20434 - - - 20434
3200030 €16 12 3SI.7m2v 2517 582 .98 U S R 18697 10726 . - 29628
3201030 FO 28 389.028 * 2.887 * 1.026 .968 A RN s 12368 12041 - - 20400
0202030 F8 12 372.158 * 2.884* .810 .962 O 17689 11153 . - 28842
16 363.271 % 2.88 % 787 .962 e 18126 11138 . - 29262
2300040 €16 61 35370 % 2517 % .STS .96t F N o R 19758 9938 . - 29606
J040 FO 12 300.409 * 2,888 % 647 .m TR B O R 1136 2226 9833 . - 33193
u200050 E16 1 351.636 * 2.506 * 623 528 285 - - - 17697 10373 . - 28070

]




ATCH FUEL NO. OF
NO. TYPE  ASSYS

----------------

00090 E16
00100 E16
00050 GO
01050 G4
02050 G42
03050 WO
00060 10
01060 14
00070 JO
01070 Jé
02070 48
0080 KO
©1080 Ké
02080 KB
60090 LO
01090 Lé
02090 L8
03090 L12
00110 L0
100090 M8
101100 Me
102100 W8
00110 K8
100120 K8
00130 N8
300140 M8
100150 MG
301150 w8
200100 M8
200110 w0
201110 w4
202110 w8
00126 PO
1120 P
02120 P8
00130 P8
J00140 PO
100120 @6
100130 @0
101130 o
102130 o8
200140 RO
201140 R4
202140 =8
200150 Ré
500140 SO
300150 s0

2‘;3&:-“-.-..

..8:!.!8...:88&!.._.‘-‘-Rﬁuogsaoz.ts.t

-
o

WT./ASSY
KU
352.289 *
354.361 *
353.373 *
354.368 *
353.516 *
388.816 *
397 *
380.382 *
387.765 *
388.812 *
378.e82 *~
381.481 ¢
Irz2.es2 *
363.991 *
380.831 *
371499 *
363.157 *
379.564 *
371.060 *
362,647 *
354,176 *
379.415 *
362.029 *
370.051 *
361,453 *
362.537 *
362.544
361.651 *
381722
378.931 ¢
361.382 *
369.566
388,183
378.365 *
370.192 *
389.140 *
379.050 *
s70.907 *
371.854 *
389.811 ¢
380.873 *
0.nz -
380.548 *
n.re
390.577 *
382,465 *
376.061 *
381497
390,455 +
390.680 *

ENRICHMENT (X)

IN
2.526 *
.7 *
2.530 *
2,917 *
2.518 *
2.761 *
2.764 *
2.738 *
3.036 *
3.035 *
3.032
3.003 *
3.003 *+
3.003 »
3.002 *
3.00¢ *
3.002 *
3.288 *
3.288 *
3.288 *
3.288 *
5.288 *
3.303 *
3.3 *+
3.302 +
3.29 "
3.300 *
3.30. *
3.299 *
3.301 *
3.302
3.301 *
3.307 *
3303
3.302 +
3.5 *
3.501 *
3.500 +
3.496 *
3.502 *
3.606
3.690 *
3.608 *
3.695 *
J.684 *
3.682 *
3.681 *
3.68 ¢
3.m2 *
3.702 *

ot

.....

.520
619

S50

S8
S0
e
1.252
1.118

949
96

957

FIGURE A
MAINE YANKEE FUEL SCHEDULE FOR EOC 15 (FSXM042)
CYCLES 1 THROUGH 15 (REVISED 08/11/97)
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RATIO TO U-INITIAL ==+~ CYCLES ---
U-0uT  FISS-PU(X)

3

16373
15234
15234
11899
15234
18420
14878
14956
17880
12754
15558
16819
16790
1378
16172
14347
rres
18150
16223
20215

20180
15341
14239

17014
17139
17861
15309
14829
15369
12661
wm
14992

10601
11243
10780
10796
119464

11934
11047
8412
16623
%21
9317
12828
e

11935

™2
13376
146410
13324
12273

ST

12225
12799

11393
14366
10667

6496

10997
9118
13230
7680
10984
12456

31912 %
35405 £
2 .
38235 é
34873

35509 §_
38341 £
35685 *
39684

“ne §

L7923

¢



FIGURE A PAGE 3 OF 3
MAINE YAMKEE FUEL SCHEDULE FOR EOC 15 (FSXMOL2)
CYCLES 1 THROUGH 15 (REVISED 0a/11/97)

NO. OF WT./ASSY ENRICHMENT (X) RATIO TO U-INITIAL ==-- CYCLES --
ASSYS U-OUT FISS-PU(X) 1 2 3 4

01150 381.292 . X . .632 13 14 15
02150 372.285 . J8 . .632 13 14 15
00150 391.319 . 1.96% . 5 %15 -
01150 381,967 . 1.9 . 573 % 15
02150 78 373.550 5.895 1.666 . 578 1% 15
00150 U0 390.342 3.742 2.95 . 275 " -
01150 U2é 380.643 * 3739 % 2. . .333 "0 -
02150 usd 389.498 * 3.740 * 2.7 . . D

*  AS-BUILT KGU AND ENRICHMENT
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