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'!HE EFFECT OF IRRADIATION HISTORY CM CORE DECAY HEAT PRODUCTICNSUET.ECT:
.

W at would have beenThis report is provided in reply to your question:
the decay heat power available at TMI-2 for various power histories?

Se differences between the decay heat production for the 'mI-2 core at the
time of the accident and for the end-of-cycle equilibrium core for the first
hours and days are probably not significant and are snaller than the un-
certainties in the fraction of heat producing isotopes that might be boiled

The fission-product and actinide decay power (in MW)out of very hot fuel.
for the 'mI-2 core at the time of the accident (96.6 effective full power

-

days) and for the end-of-cycle equilibritan core are displayed in Table I*.

A study of the'mI-2 core for various irradiation intervals shows that the
one-month irradiation results in the highest total decay power at all cool-Weing times (the time following reactor scram) less than 60 seconds.
fission-product contribution is responsible for the elevated heating rate
at this time. We decay heat power increases as irradiation time increases
for all other cooling times. Table II displays total decay power (normalized
to the total mre power prict to shutdown) following continuous irradiation
at full power.

All of the above calculations asstsee that all sources of decay heat remain
in the fuel. Approximately 8% of the initial decay heat is attributed to

%e (total) fission-product heating listednoble gases (see Table III).
in the tables has an uncertainty of about 2 to 5% depending on the cooling
time. Were is no uncertainty for the actinide heating although it is
thought to be very small and insignificant.

Se method of data generation.is presented in a note at the bottom of
Table III. Table IV displays some diaracteristics of fission-product
isotopes. Table V shows the total amount of curies in the 'mI-2 core
at the time of the accident.

t r ns //

' b. O Lay *
John G. Stampelos ,

ACRS Fellow

Attachments: as stated (Table I thru V)
IASL Fission-c information in the tables is from 'MI-2 Decay Power:*2e be

Product and Actinide Decay Power calculations for the President's Commission
on the Accident at Wree Mile Island (IA-8041-MS, October 1979) .
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TABLE .1~*

.

COMPARISON OF CALCULATED DECAY POWER OF
THI-2 VITH END-OF-CYCLE EQUILIBRIUM CORE

.

O -

rot.1 core o.c. F..r. w s . mG
time anst & c 118

e
Rnc ;i,,7 . ame Tn1-2 Ea. car.ma uw,j

1.00+0 s* 1.68+2 1.63+2 - - C. 9 '7
1.45+24.00+0 s 1.48+2
1.28+2 - - - O.'II1.00+1 s 1.30+2

4.00&1 s 1.03+2 1.03+2
1.00+2 s 8.60+1 8.70+1 - - - / 0 I

4.00&2 s 6.52+1 6.70+1 ~~ I. O 3
1.00+3 s 5.28+1 5.46+1
1.00t0 h 3.56+1 3.73+1- - - I 0 S-
2.00&O h 2.84+1 3.03+1
5.00&O h 2.14+1 2.38+1 - /.l|

1.00&1 h 1.74+1 1.99+1 - -i . I M
2.00+1 h 1.39+1 1.65+1 .

5.0M1 h 8.93+0 1.15+1 '- I F- 1
(y,fr/ pus)-1.00&2 h 6.59+0 8.90+0

2.00+2 h 4.55+0 6.57+0 ~~ I. 'i 'I
l

5.00+2 h 2.59+0 4.31+0
.

1.00+3 h 1.56^O 3.02+0
2.00+3 h 8.83-1 2.03+0 ~~ ~ 2 U
5.00+3 h 3.23-1 1.02+0
1.00+0 y 1.40-1 6.09-1

1.00&4 h 1.15-1 5.36-1 - - 4.Icb
*

2.00&4 h 4.35-2 2.54-1 -

5.00+4 h 1.13-2 8.36-2 - - g, y O

' Read as 1.00x100 seconds.
*

TMZ-4 f SAR DATA-

_

bOTfD PowfR - 277% MWra (

- MEAMG MA/RichmfMT- 2.67 W t 7, e f R.E Y-

FUEL WE/GHT - 204) 220 lbs. of 00g
'

Tb7AL mas.s of L) gzorri.2 kg |
-

FULL P0WBR LtAlsITy- 33. t kW/My
3fE C/f/C. RnrSD power ~ 2tc.7S~ W|cm

3
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DECAY MEAT SOURCES IN TNI-2
TOTAL CORE TALUES IN Pti V8 COOLING T1les

IAst - 7/79 g,

. NOBLE CAs ACT1WISEE
C00 LINO NOBLE CAS RAIACENS + $PECIALb ggg, 4

i T1NE (tr + Ie) (1 + sr) NAtocais SET FISSION PRODUCTS ACTINIDES FISSION FR000C15

1.00 + 0 e 1.39 + 18 1.88 + 1 3.27 + 1 5.53 + 1 1,61 + 2 6.83 + 0 1.68 + 2i

4.00 + 0 e 1.25 + 1 1.70 + 1 2.95 + 1 5.03 + 1 1.41 + 2 6.82 + 0 1.48 + 2
1.00 + 1 e 1.12 + 1 1.52 + 1 2.64 + 1 4.55 + 1 1.23 + 2 6.81 + 0 1.30 + 2
4.00 + 1 e 3.49 + 0 1.20 + 1 2.05 + 1 3.63 + 1 9.62 + 1 6.76 + 0 1.03 + 2
1.00 + 2 e 6.59 + 0 9.82 + 0 1.64 + 1 2.99 + 1 7.93 + 1 6.66 + 0 8.60 + 1

4.00 + 2 e 4.11 + 0 8.02 + 0 1.21 + 1 2.32 + 1 5.90 + 1 6.19 + 0 6.52 + 1
1.00 + 3 e 2.78 + 0 7.69 + 0 1.05 + 1 1.97 + 1 4.74 + 1 5.48 + 0 5.28 + 1
1.00 + 0 h 1,71 + 0 6.65 + 0 8.37 + 0 1.36 + 1 3.17 + 1 3.83 + 0 3.56 + 1
2.00 + 0 h 1.30 + 0 5.42 + 0 6.72 + 0 1.01 + 1 2.51 + 1 3.29 + 0 2.84 + 1
5.00 + 0 h 7.85 - 1 3.70 + 0 4.48 + 0 6.68 + 0 1.84 + 1 3.07 + 0 2.14 + 1

. 1.00 + 1 h 5.01 - 1 2.94 + 0 3.44 + 0 5.23 + 0 1.45 + 1 2.89 + 0 1.74 + 1' 2.00 + 1 h 3.32 - 1 2.25 + 0 2.59 + 0 4.03 + 0 1.13 + 1 2.56 + 0 1.39 + 1
- 5.00 + 1 h 1.75 - 1 1.43 + 0 1.60 + 0 2.71 + 0 7.15 + 0 1.77 + 0 8.93 + 0' 1.00 + 2 h 1.18 - 1 8.66 - 1 9.85 - 1 1.88 + 0 5.63 + 0 9.65 - 1 6.59 + 0

. 2.00 + 2 h 6.85 - 2 3.89 - 1 4.57 - 1 1.19 + 0 4.26 + 0 2.88 - 1 4.55 + 0

5.00 + 2 h. 1.35 - 2 5.66 - 2 7.01 - 2 6.01 - 1 2.58 + 0 9.94 - 3 2.59 + 0
4 1.00 + 2 h 1.08 - 3 6.40 - 3 7.48 - 3 748-1 1.56 + 0 6.84 - 4 1.56 + 0

2.00 + 3 h 1.55 - 4 1.70 - 4 3.25 - 4 1.66 - 1 8.83 - 1 3.69 - 4 8.83 - 1
5.00 + 3 h 1.40 - 4 3.83 - 9 1.40 - 4 3.66 - 2 3.22 - 1 3.60 - 4 3.23 - 1

,
1.00 + 0 y 1.36 - 4 1.38 - 10 1.36 - 4 1.48 - 2 1.40 - 1 3.57 - 4 1.40 - 1

'

1.00 + 4 h 1.35 - 4 -0 1.35 - 4 1,29 - 2 1.15 - 1 3.57 - 4 1.15 - 1
j 2.00 + 4 h 1.25 - 4 -0 1.25 - 4 7.63 - 3 4.32 - 2 3.60 - 4 4.35 - 2

5.00 + 4 h 1.00 - 4 -0 1.00 - 4 4.74 - 3 1.09 - 2 3.80 - 4 1.13 - 2

F rhe last three columns were included in Table III provides the e, 6 and y componente for these three columse.b
[ " Reed 1.39 + 1 as 1.39 x 10+gogene (8r and I) plus requested Te, Rue Co Se and Sr nuclideo.

Special set includes all ha e

,etc.,

=$e NOTE ON METHOD OF DATA CENERATION:>

I 1. Actinide heating computed with IFRI-CINDER code.
2. Fission product heating uses pulse functione from new ANS 5.1 decay best etendard up to 20 hours, imelodies

corrections for absorption using CINDER-10. EPRI-CINDER uced for longer times to get accurate effect of
absorption on heating (CINDER-10 and EPRI-CINDER agree within -11).

3. Noble gas, halogens and special set columns generated by CINDER-10.
BUTE: See Appendiz C for graphical plote of goe fractione and detailed contributissa of each noble see and helegen.

.
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- TABLE ZT .
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*

Cherectoristice of important Lene-hen-Life Floolenfredisse losesses
Dierectoristice of importent ShortMLik Flesiost-Product leolopes*

Activity in Kiincuries
Aesswey in Kilocuries per Messenet of

% 8' ,f Thermal Power
,

Heelsh Phy*s After After BombagI Day sher m.m Pains

I Yr d S Yr d N at M%
|

lasseps Half-UIs Sheidoen Sheidown CCI veleeifisy Pros'"h"

Br-83 2.36 3 0 59 Highly vedesea. Entereal :.hbady Iso 8CPe Half-lJfe irradiation frredeerion (C)
Vaa.nasy y,apertie,

84 32 m 6 0 59 Hishly entende radietion. modernee

Kr-85 10.4 y 0.12 0.62 -153 Geseoise SEgin heelsh

-85 3m 8 0 59 Hishly =ntende heahh hazar4
besord

-87 56 s 15 0 59 Highty valaide

Ka-83m Ild e 3 0 -853 Gawnes Enternet redission,
' ' * St-89 54 d 39 39 1366 Moderstely Internelheresdie

volatile bone andlung
s s rd

-88 2.8 h 23 01 -153 Gawnes 90 28 y 1.2 6.0 1366 Moderately7m I

-89 3m 38 0 -153 Gasenes ,ogag;g,

Internel beseed'
'

-90 33s 38 0 - 153 Gawoes
Hi hly

I 138 84 25 23 ISS Highly vola:Es Esternet radiosinn. Re-106 1.0 y 5 le 4080 8

-l32' 2.3 h 38 0 ISS Highly velatile internalirredieeien . volatile to kidseey
' IN

133 21 h 54 25 185 H shly wdande of thyrned,high **.

134 52 en 63 0 ISS Hishly volande sodiosonicity ReOsand

-135 6.76 55 4.4 IRS Highly ,c stilea RuOe'i

334 86 s 53 0 ISS Hiahly *Jatile j
Hi My laternst henerd

Xs-131m 12 d 0.3 0.3 -108 Caseous Esternet rediatina. Cs-137 33 y 1.1 5.3 670 S

-133ee 2.3 d 1 0.7 -108 Gawoes siishc hesteh
4,g g

133 5.3 d 54 47 -808 Gewoes herard body'

-135m 15 6 m 16 0 -los Gaseous -

in --i h--d
c -844 282 d 3+ = >= ssear,

i' .l35 9.2 h 25 4 -108 Gasenes
volatile to bene. Ever,

:'!: l , '." ;' : :|:' 8::: N"8'
339 41: 68 0 -108 Caseous

Reiresed from onidisins eraniem Faseruel redlesion. 3 140 12.8 d 53 53 16d6 Moderessly Internal haaned

Te-127m 105 4 0.5 0.3 moderate heelsh g
- 327 94h 2.9 0.5 Releswd from osidia;ce eranium

| 129m 34 4 2.3 2.3 Releawd from osidirics arenium herord
long

329 72 m 9.5 0 Reteased from oxidizing eremum
Released from otidizine era 6.ium -

33tm 30 h 3.9 2.2
Released from onidizing evenium Heelsh hesord fy' Focui Beattle.1961.

-131 25 m 26 0 I-8 32 doeshee

-132 77 h 38 31 Released from cuidizing ersnam

-133m 63 m 54 0 Released from onidising scenium Enternal radiosire.
snodersee heelsh

333 2m $4 0 Released from osidizina utenium;
herard

-134 44 as 63 0 Reteseed froen onidizing eveniens

335 2m 55 0 Released freen ontdising stoneum

Thirty 44ght hilocortes of I-832 per meegenen of shermet power are generesed is she veerter by decer et
Te-132. Analyses that fosos aims somsider the I 132 formed oetende the resesor by decoy of Te 132 seteased3cogee Nucwna nueA8

*;~:,"':::e.*n'r' MacnA .serary sy
o
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CURIES IN TM1-2
i terAL COSI val #ts VS COW.ING TDge

(CINDER CALCULATIONS (LASL))i .

7/19 W8al.'

; ACT151888
/ +

Balm
NOBLE CAS

I 58C BOURS FIS81ou Proc 0 CTS (Kr + Xel SP8CIALSEN (8r + 1)_ SCTIRTOM FF
COOLIES TDS ALL

8 1.19 + 10 1.14 + 9 4.42 + 9 1.11 + 9 2.61 + 8 1.45 + 19

J 4 1.11 - 3 1.11 + 10 ' 1.06 t 9 4.18 + 9 1.05 + 9 2.61 + 9 1.36 + 1e
'

.

.* 1 2.75 - 4

1.0 + 1 2.78 - 3 1.03 + 10 9.87 + 8 3.94 + 9 1.00 + 9 2.60 + 9 1.29 + 18

j 4.0 + 1 1.11 - 2 8.80 + 9 8.23 + 8 3.44 + 9 8.49 + 8 2.58 + 9 1 14 + 18

1.0 + 2 2.78 - 2 7.78 + 9 7.03 + 8 3.04 + 9 7.54 + 8 2.55 + 9 1.03 + 10

4.0 + 2 1.11 - 1 - 6.40 +.9 5.34 + 8 2.61 + 9 6.63 + 8 2.38 e 9 8.78 + 9

1.0 + 3 2.78 - 1 5.52 + 9 4.33 + 8 2.28 + 9 6.39 + 5 2.11 + 9 7.63 + 9

3.6 + 3 1.0 4.25 + 9 3.44 + 8 1.75 + 9 5.77 + 8 1.52 + 9 5.77 + 9,
'

7.2 + 3 2.0 3.69 + 9 3.11 + 8 1.46 + 9 5.03 + 8 1.32 + 9 5.01 + 9'

j 1.8 + 4 5.0 3.06 + 9 2.68 + 8 1.15 + 9 3.87 + 8 1.24 + 9 4.30 + 9'

3.6 + 4 10.0 2.59 + 9 2.36 + 8 9.83 + 8 3,16 + 8 1.17 + 9 3.76 + 9

7.2 + 4 20.0 2.13 + 9 2.00 + 8 8.25 + 8 2.42 + 8 1.03 + 9 3.16 + 9,

;

j 1.8 + 5 50.0 1.60 + 9 1.44 + 8 6.28 + 6 1.49 + 8 7.18 + 8 2.32 + 9>

!
3.6 + 5 100.0 1.26 + 9 1.08 + 8 4.94 + 8 9.27 + 4 3.91 + 8 1.65 + 9*

'

7.2 + 5 200.0 9.57 + 8 6.28 + 7 3.75 + 8 4.93 + 7 1.18 + 8 1.08 + 9

1. 8 + 6 500.0 6.07 + 8 1.24 + 7 2.39 + 8 1.21 + 7 4.37 + 6 6.11 + 8

3.6 + 6 1000.0 3.95 + 8 9.66 + 5 1.50 + 8 1.83 + 6 3.22 + 5 3.95 + 8<
'

,

7.2 + 6 2000.0 2.30 +'s 1.07 + 3 7.86 + 7 4.99 + 4 1.54 + 3 2.30 + 8
.

1.8 + 7 5000.0 7.94 + 7 9.32 + 4 2.59 + 7 1.24 + 0 1.49 + 3 7.95 + 7

3.1536 + 7 8760.0 (1 yt) 3.55 + 7 9.06 + 4 1.4 5 + 7 1.92 - 1 1.47 + 3 3.56 + 7 -
<

3.6 + 7 10000.0 2.98 + 7 8.98 + 4 1.29 + 7 1.92 - 1 1.46 + 3 2.99 + 7'

, , 7.2 + 7 20000.0 1.26 + 7 8.34 + 4 6.18 + 6 1.92 - 1 1.39 + S 1.27 + 7
I

<

1.8 + 8 50000.0 4.10 + 6 6.69 + 4 2.41 + 6 1.92 - 1 1.20 + 5 4.22 + 7
! *
' " *

I.1
* CINDER-10 calculottene for fission puedeste. EPRI-CIN8ER for actinides.

3

Special set includes all halosene (Br sad 1) plus requested To. Ru. Co. 8s. sad 8r snelides.
.

q.

I " Read 2.78 - 4 es 2.78 x 10-4. ste. I
.

See Appendia C for Stephical plete of See fractices and detailed esatributisme of esak
Iji J

,

l

| k" i
NOTE:

sobte See end haloSea.' '
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