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1. SCOPE

1.1 This document specifies the values for the decay heat pieer froa fission
products and the heavy elements, U-239 and Np-239, following the shutdown of
Gene-al Elactric Boiling water Reactors (BwR/2-6) containing L-23S, U-238 und
Pu. The decay heat power values for the fission procducts and heavy elements
are presented in analytical and tabular form.

1.2 The decay heat power values in this document shall be applied after July 1,
1978 to all future anaiyses (including revisions) deoendert on decay heat but shail
Aot be backfitted . Based on BWR licensing comnitments, plant ecuioment limita-
tions and the ongoing revision to the Proposed ANS Standacd 10ct /3 revision) the
secey heat power values are specified for applications as follows:

a. For BWR/2-6 analyses gcvermed by 1OCFRSO, Appendix K the decay heat power
valdcs derived fron the Proposed ANS Standard shal)l be used as evaluated in
sections 3.2 and 4.1 of th's document.

b. For B4R/6 analyses not govermedby 10CFRSQ, Appendix K the uecay heat power

uat me Adawi ad Sanm sbam Panmasrmd ANEC CThomdds wd el ha rmd ap senVianad da
3 stk wah iibagys-epepipated e W amitme. W Wil W Wwewm ew wimiBmeww (0

;nd 4.2 o; this document.

Sections 3.2

c. For BWR/2-5 analyses not governedby 10CFRSO, Appendix K the decay heat power
values dorived from the May-Witt curve shall be used as evaluated in sections 3.1
and 4.3 of this docunent.

1.3 The identical decay heat power vaiues shall be applied for all reactor
conditions and events, namely; normal, upset, emergency, end faulted.

1.4 The decay heat power values in this document are based on the shutdown of
thermal reactors fueled with Uranfum (U-235 and U-238 mixtures). An infinite
{rradiation period at maximum reacior power and 2 recoverable fission energy of
200 MeV/fission are assumed prior to shutdown. Neutron capture effects by the
fission products are not considered. These assumptions result in conservative
decay neat power u‘uts for BHUZ-S plants containing fissile Fu and coeriting at
average neuytron flux levels <5x10'3 neutrons/cme/fec. and an average fuel {rradia-
tion «<20,000 hours.

. fission
1.5 This locument does not specify dre-shutdown enerdy, delayea reutron
energy. censible heat release ‘rom the fuel or any spatial distrisution.

v
.
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2. APPLICABLE DOTUMENTS
2.1 GE Documents

a. 6.J. Scatena and G.L. Upham, "Powcr Generation in a BWR Following Norma!l
Shutdown or Lass-of-Coolant Accioent Conditicas™, NEDO-10625, April 1973,

b. “Generel Electric Company Aralytical Mode® for Loss-of-Coc’ant Analysis in
Accordance with 10CFRSO, Apoendix K,* NEDO-20966, January 1976.

2.2. Codes and Standards
a. Cooe of Federal Regulations, 10CFRS0, Appendix K.

b. Proposed ANS Standard - “Decay Energy Release Rates Follow’ng Shutdown of
Uranium-Fueled Thermal Rea:tors”, October 1971 (revised October 1973).

3. DECAY HEAT POWER CALCULATIONS
3.1 May-ditt Curve (Ref. 2.1.a)

For an infinite irradfation period at maximim eictor power the fraction of
operating power emitted by radicactive decay heat as calculated by:

:. ;_ (tg) = M (tg) + HE (tg)
Q

where M (ts) » fraction of operating power due to decay of U-235 fission
products.

NE (:$) « fraction of operating power due to heavy element decay.

P° = maximum power level during reactor cperation.

L, - time in secands since operstion (cocl down time).

For the approximate fraction of operating poer due to decay of U-23% fission
products:

b. M(t)=Ar, -

where the following table gives the values A and a, along with the
appropriate time intervals.
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a.

CONSTANTS "R FPRACTION OF OPERATING POWER

Applicable time

interval, sec. A a

177! e <20t .0603 0.0639
10* < ¢ < 1.5 x 10° 0766 0.1507
1.5 x10° <t « 1x 106 ,1301 0.2834

™ae fraction of power for hes/y slement decay iss

¢c. HE (t. - P(U-139) (t.) +« Pl 0239) (t..)

Fcr the fraction .oi operating power due to U=239 decay:
4. P(U=239) (. ) = ,003S8 -{t
_..;——— 5 L ] L |
) 2040

L B & ., w AAs
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and initially the U=239 costributes ,25% of the oparacing power leval,

for the fractionm of cperaticg pover dua to Np~239 dacay:

t
. P(Np=239) (r ) = .0024 -1 8
r, v ' 'x'aaa)

where 290,000 {s the sean life or reciprocal of the decay coustamt for Np-239,

and iaitially the sp=239 comtributes ,24% of the operating pover level.

Proposed ANS Standard (Raference 2.2.b).

for an infinite irradiation perior &t maximum reactor power the fractiom of

operacing power emitted by radicsctive decay heat shall be calculated by:

B

P
o
Where K (t‘) =« multiplier defired in sections 4.1 and 4.2

P (t’) - K (:.) “ (t‘)- . HE (t.l

b ‘.t‘) = fraction of operating power Jdue o decay of U=23% fission products.

e &
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« fracCion of operatirg jue to heavy “lement decay

4
= naxingn pOwer ieve 3 ing . operation

time in ceconds since operation (COCI QOWM time).
he Proposed ANS Stardard allows using equation 3.1.b to calculate the
approximate fraction of operating power Jjue to celay of U«235 £ission
product ; this document the tabulated decay heat power

. . Y -
Jsod as reproduced n ijadile : o

-

heavy element aecay 1s:

19

sarameter from reference

HeV
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TARLE 3.1
PROTOEAD ARS STANDARD (Revised 1973)

PISSION PRODOCT DECAY YEAT POWER FRACTIONS
IFFINITE REACTOR OFERATING TIME

FIS3ICM PRODOTY FESE00R FEROCY

SRS 9% PCAES FRACTION CIOLING TIMR POWE™. "RACTION
t,  ouds #{ ts) t,, seconds Mz
1x10™" 0.0675 6 x 10" 0.00566
1 g 10° 0.052% b 0.00505
: 0.0590 1 x 10° 0.00A7S
5 0.0552 2 0.00400
6 c.0833 s 2.06339
s 0.0512 6 0.00310
Lz 16 7.0500 . 0.00282
- 0.0450 1 = 10° 0.00267
. 0.0396 2 0.00218
6 0.0365 . 0.00166
a 0.0346 6 0.00143
1z 10° 0.0331 8 0.00130
2 0.0275 1x 10 0.00117
6 0.0225 2 0.00089
6 0.0211 s 0.00068
8 0.0196 5 0.00062
1 x10° 2.0195 8 0.00057
: 0.0187 1 x 10° 0.000550
s 0.0128 2 0.000485
6 0.0112 s 0.000415
. 0.010% 6 0.000360
1 =z 10° 0.0098% . 0.000203
: 0.00795 \ = 10° 0.000267

- 0.00625

—— — . AW  Pw
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4.0 REQUIREMENTS

4.1 10CFRSO, A dix ¥ Analysis. For L0CFRSO Aprendix K snalysis the Proposed
MS Standa scribed In §ct§m 4.7 shall be used with a 1.2 multiplier times
the fission product power valuss ‘o the total cool down period for all BWR/2-6
plants. The resultant decay reat ~ower values for the first 1000 seconds of cool
dwn are tabulated in Table 4-1. Interpolation in Table 41 sha') “e done on a

.0g - log or lTinear basis.
4.2 BWR/6 Analvses (excont ICFRSQ, Appendix X)

For BWR/6 analyses not ocver~sd by 10CFRSO Appendix K, the Proposed ANS Stancs~
cescribed in Section 3.2 stni1 be used with 2 1.2 myulitiplier times the fission
product power values for ‘he first 1000 seconds of ~ooling time and a 1.1 multi-
plier thereafter for coo'i.g times <107 seconds. The resul tant decay heat power
values are tabulated in Tazble 4-1. Interpoiation in Table 4-1 shall be done on
a log - log or linear ra;is.

1.3 BWR/2-5 Analyses (exce.t 12CFRSO, Appendix K}

For BWR/2-5 analyses [except late B¥R 4/Ss) not govermed by 10CFRSO, Appendix K,
the May-Wits curve described in Section 3.1 shall be used for cooling times
£13104 seconds. “he result;nt decay heat power values are tabulated in Tabled-2.
Tor cooling tire. »1x10%i0Y seconds the decay heat power values specified in
Section 4 2 sha.] be used. For late BNR 4/3s analyses, specifically Limerick 1,2,
Nine Mile Po‘n: 2, Shoreham, Susquehanna 1,2, Zimmer, Bailly, and LaSalie 1.2,
the decay haet power values specified in Section 4.2 shall be used. Internola-
tion 1n Tab'e 4-2 shall be done on a Tou - log or linear basis.
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BYR/6 NNALYSES APvLIcarioms(!)
FISSION PRODUCT and HEAVY ELEMENT
DECAY HEAT POWER VALUES

22A5792
Rev. 1 SH. NO. 8

COOLING FISSION PRODUCT HEAVY ZLDWENT DECAY HEAT
TIMN POWER VALUES (2) POMER VALORS POWER VALUES
tg (sac) Fitg) Mty HE(ty) P/Po (tg)
0 .0810 00292 .08
110"t .0810 00292 0879
1x10° .07%0 - 00292 0779
2 .0708 00292 0737
4 L0662 onzee ,0692
6 . 0640 00292 L0669
8 L0614 . 00291 0644
1x10* .0600 00291 .0629
2 0540 00281 0569
4 ,0745 00289 uoud
. ,0438 00288 0467
8 L0418 ,00296 0444
viaad ek 20 Sane
2 L9320 ,00278 0358
4 0282 00265 .0309
6 0253 00254 L0279
8 0238 00243 L0260
1x10° 0222 00234 0245
1.001 0204 00234 0227
2 0173 00198 0182
4 L0141 00162 0187
4 0123 00127 0138
] 0116 00142 010
wx10? .0106 0013 .0120
3 .0087% 00132 010
4 .00688 coled 00812
. ,00623 00116 L0079
8 , 00556 00109 .00€64
1x10° 00523 ,00101 00624
2 00440 00072 00512
- .00373 00037 .oodne
6 00341 00018 .00360
8 001310 00009 .00320

— A S s
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PWR/6 AMALYSES APPLICATIONS
PISSION PRODUCT and HEAVY ELEMENT Rev.l  SH. NO. §
DECAY HEAT POWER VALUES

COOLING FISSION PRODUCT HEAVY ELZMENT DECAY KEAT
TINE powEs viLUrs' (2) POWER VALUES POWER VALUES
tg(nec) Kity) Mity) HF (ty) P/Po (ty)
x12® 00294 00008 00298

2 00237 . .00237

4 .00183 - ,00183

s .00187 - .00187

8 00143 - ,00143
=10’ 00129 - .00129

2 . 000979 . 000979

4 .000746 - L0G0748
6 . 000682 . . 900682

N .000637 » . 000627
1a0® . 000605 - .00060S

2 . 000534 - . 0005234
[ .00045? - . 000457
8 .00039¢ - 000248
3 0333 . 509333
1x10° .000294 . 000294

(1) For 1OCFRSO, fppendix K analysis see Section 41

(2} Includes multipliers per Section 4.2.

(3) Theses values are not to be

sed to c.lculate finite {rradiation values.
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wa/2-5 ANALYSES APPLICATIONS (1) Rev. 1 SH. ND. 10
FISSI0K PRODUCT and HEAVY ELENTNY

DECAY MEAT POWMER VALUES

COCLING FISSION PRODUCT WAVY ELEENT DECAY NEAT
o POWER VALUES POMER VALIZS POWER VALUZS
tg(sec) M (tg) HE (tg) P/Po (tg)
° 3 .0743 ,00490 .0792
1x10 . 0699 ,00490 0748
1x10° .0603 .004%0 L0652

2 L0877 00490 0626

‘ ,08%2 .00490 ,0601

6 L0838 ,00489 L0887

8 .0828 ,00489 0877
wiot 0505 ,00489 L0554

2 0446 ,00488 0495

4 0393 00485 0442

6 .0366 .0048) G414

8 0347 00480 .039%
1210° 0473 00478 ,0381

é AW v er L3335

4 0038 .0044% 0283

6 0212 100426 0258

8 L0166 .0040¢ 0237
1x10° 0184 00292 0223

2 0151 ,00332 0184

i L0124 00272 0151

5 oMM 00248 .0135

g 0102 00238 ,0126
0t 00987 00234 0119

(1) For exceptions, cooling times >10‘ and (OCFRS0, Appendix K anslysis see
Sections 4.3 and 4.1,




RAI Number: 950.23

Question:

Provide the test plan and the final hardware configuration for the PANTHERS
facility.

GE Response:

The Test Plan and Procedures document for the PANTHERS-PCC test is enclosed.
The hardware configuration will be contained in the document “PANTHERS-PCC
TEST FACILITY DESCRIPTION™ which is scheduled to be issued on November 15,
1998 Similar documentation for the PANTHERS-IC test is not scheduled to be
available until mid-1994.



