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Dr. Max Carbon
SUBJECT: THE EFFECT OF IRRADIATION HISTORY ON CORE DECAY HEAT PRODUCTION

This report is provided in reply to your question: what would have been
the decay heat power avallable at m™I-2 for various power histories?

The differences between the decay heat production for the T™™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 smaller than the un-
certainties in the fraction of heat producing isotopes that might be boiled
out of very hot fuel. The fission-product and actinide decay power (in MW)
for the TMI-2 core at the time of the accident (96.6 effective full power
days) and for the end-of-cycle equilibrium core are displayed in Table I*.

A study of the T™I-2 core for various irradiation intervals shows that the
one-month irradiation results in the highest total decay power at all cool-
ing times (the time following reactor scram) less than 60 seconds. The
£ission-product contribution is responsible for the elevated heating rate

at this time. The decay heat power increases as irradiation time increases
for all other cooling times. Table II displays total decay power (normalized
to the total core power pricr to shutdown) following continuous irradiation
at full power.

All of the above calculations assume that a1l sources of decay heat remain
in the fuel. Approximately 8% of the initial decay heat is attributed to
noble gases (see Table III). The (total) fission-product heating listed
{n the tables has an uncertainty of about 2 to 5% depending on the cooling
time. There is no uncertainty for the actinide heating although it is
thought to be very small and insignificant.

The method of data generation is presented in a note at the bottom of

Table III. Table IV displays some characteristics of fission-product
{sotopes. Table V shows the total amount of curies in the TMI-2 core

at the time of the accident.
b
‘.é). < ;t iQ
dff? i

Stampelos
ACRS Fellow

Attachments: as stated (Table I thru V)
*The basfc information in the tables is from TMI-2 Decay Power: LASL Fission-

Product and Actinide Decay Power calculations for the President's Commission
on the Accident at Three Mile Island (LA-8041-MS, October 1979).

.
ical Staff

8003070 2LLO




TABLE I

COMPARISON OF CALCULATED DECAY POWER OF
T™MI-2 WITH END-OF-CYCLE EQUILIBRIUM CORE

ﬂ Total Core Decav Powver, MW £ CORE
TimeE AFTER \_, Cooling RATIC bl Ao
REACTER S RAM Time TMI-2 Bo Core ‘TMI'Z

1.0040 s 1.6842 1.6342 — — - 0.97

4.0040 s 1.4842 1.4542 4%

1.00+1 s 1.3042 1.2842 — — —~ 0.1

4.00+1 & 1.03+2 1.03+2

1.0042 s 8.60+1 g.7001 — - - — 1.0

4.0042 s 6.5241 6.7041 — — — 1.03

1.0043 s 5.28+1 5.4641 -

1.00+40 h 3.56+1 3.7%1— — — .05

2.00+0 h 2.8441 3.03+1

5.00+0 h 2.1441 2.3841— — — [. 1]

1.0041 h 1.74+1 1.99%1 — — — .14

2.00+1 h 1.39+1 1.65+1

5.00+1 h 8.93+0 1.1541 — — —1. 29

(4.7 0A75)-1.0042 b 6.59+0 8.90+0

2.0042 h 4.55+0 6.5740 — — —I. 4%l

5.0042 h 2.59+0 4.3140

1.0043 h 1.56+0 3.02+0

2.00+3 b 8.83-1 2.0340— — — 2.219

5.00+3 h 3.23-1 1.0240

1.0040 y 1.40-1 6.09-1

1.0044 h 1.15-1 5.36-1 — — — 4.6C

2.00+ h 4,35-2 2.54-1

5.0044 h 1.13-2 8.36-2 — — — 7.4

8pead as 1.00x100 seconds.

TmI-2 FSAR DATA

RATED POwER — 2772 MWy

AVERAGE EwRICHmENT — 2.67 Wt 9, of u%*%
FUEL WE/GHT — 20% 8§20 Mhs. of O,

TYTAL mASS oF U — 82057.2 Ky

FuL. PowER DENS/TY — 33.8 Kw/k,
SPECIFIC RATED POWER— 280.75 “Yem3
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DECAY HEAT SOURCES IN TMI-2
TOTAL CORE VALUES IN MW VS COOLING TINE®

TABLE I
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-1 decey heat standard up to 20 hours, including

EPRI-CYNDER uced for longer "imes to get accurste effect of

absorption on heating (CINDER-10 and EPRI-CINDER agree withian ~1X).
Noble gas, halogens and special set columne genarated by CINDER-1IO.

See Appendix C for graphical plots of gss fructions and detailed contributiona of each noble gas snd haloges.
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ON METHOD OF DATA GENERATION:
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Flssion product heating uses pulse functions from new ANS §

Actinide hesting computed with EPRI-CINDER code.
corrections for absorption ueing CINDER-10.
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Characteristics of Short-Half-Life Fission-Product
important isotopes Characteristics of importent Long-Helf Lite Figston-Product lsotopes
Activity in Kilocurics . . . L
et Megawsit of Activity in Kilocunes
Thermal Power per Megawatt of
' Thermal Power
1 Day after Boiling Point Health Physics
otope Hall-Life Shutdown Shutdown rC) Volatitity Properies After P Boil
B8 23 ) 0 59 Highty volatile.  External whole -body ' 1¥rofl 3Yrof Point T Health Physics
.4 Nm . 0 59 Mighly volatile  radiation. moderate hotope  Hali-Life lrradiation Irradiation  (°C) Volatility Properties
K1} im ] 0 59 Highly volatile  health hazard
-87 56 15 ¢ bl Hightly volatile Kr-85 104y 012 062 -153 P Shght bealth
Ki-8)m 14m 3 1] -1%3 Gascous External radiation, hazsrd
-85m aah s 02 ~153 Gaseous shght health
-:: 7::. ;s 0 -153 Gascous hazerd Se-89 S4d » 19 1366  Moderstely Internal hazard to
- 3 01 -1%) Gaseous volatile bone and lung
-9 Im n 0 -153 Gascous -
y— . 8 - - S 9% 28y 12 60 1366 M::“o:b
N 8d 2 23 183 Highly volatile  External radistion. - .
- 2% L] 0 183 Highly volatile  internal wradistion Ru-106 10y S 0 4080  Hignly Internal hazsrd
N3] Nk 54 2 183 Highly volatile  of thyrond. high : volatile 10 kidney
<134 SIm 63 0 18 Highly volatile radiotonionty : end GI
-138 67h 1) . 188 Highly volatile onides, trect
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Xe-13im 124 03 03 ~108 Gaseous  External radiation, o B
13w 234 1 0 -108 Gaseous shight health 1 1 11 53 Highly Internal
R s34 s o 108 Gaseous hazerd e " hazerd
A¥m  156m 16 0 ~108 Gaseous volatile 10 whole
138 926 2 . ~108 Gaseous . body
- 19m L) o -108 Gascous -~
D8 Vm 53 o - 108 Geseoss Te-144 2924 b so 370 Skightly Internal hazard
19 e 61 0 -108 Caseous volatile 10 bone, liver,
Te-il?m 1054 03 035  Relessed from ouidizing vraniem Fxternal radistion. and lung
-1 24h 19 05 Released from oxidizing uranium maoderate health Ba-140 1284
A29m M4 23 23 Relessed from ovidizing wranivm  harard » 9 1640  Moderately Internal hazard
129 Nm 9s 0 Relessed lrom oxidizing ursnivm volstile 1o bone and
A3im 0K 39 22 Released lrom onidizing ursiem lung
- ¥m 26 0 Ichm‘lnnuuixm;um Mh-‘tcr
-1 7h » n Released from onidiring ursmum 1-132 deughter From Beattie, 1961,
A1¥Im 6m sS4 0 Released from oxidizing uranium External radistien,
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