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RESIDUAL DECAY ENERGY FOR LIGHT-WATER
REACTORS FOR LONG-TERH COOLING .

A BACKGROUND

The Auxiliary Systens Branch has developed acceptable assusptions and formula-
tions that may be used to calculate the residual decay energy release rate for
Tight-water-cooled reactors for long-term cooling of the reactor facility.

Experinenta] data (Refs. 1 and 2) on total beta and gamna energy releases for
Tong half-Tife (> 60 seconds) fission products fron thernal neutron fission of
U-235 have been considered reliable for decay tines of 103 to 107 seconds.
Over this decay tine, even with the exclusion of short-lived fission prodicts,
the decay heat rate can be predicted to within 10K of experinental data

(Refs. 3, 7, and 8).

The short-1ived fission products contribute appreciably to the decay eneray

for decay tines less than 109 seconds. Although consistent experinental data
are not as nuserous (Refs. 4 and 5) and the results of various calculations
differ, the effect of all uncertainties can be treated in the zero to 10° second
‘tine range by a suitably conservative multiplying factor.

8. BRANCH TECHNICAL POSITION
1. Fission Product Decay

for finite reactor aperating tine (t,) the fraction of aperating pover,
B (s .2, o be used for the fission product decay power at a time t,
after shutdom say be calculated a5 follows:
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where:

B = fractton of operating pover

t, = cumlative reactor operating tine, seconds

t, = tine after shutdown, seconds

K = uncertainty factor; 0.2 for 0 < t, < 10° and 0.1 for 10° < t, < 107
Ay 3y = fit confricients having the foTloving values:
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1 0.5980 1772 % 10°
2 1.6500 5.7 x 10
3 3.2000 6.743 x 10-2
4 3.8700 6.214 x 10-2
s 2.3300 2,739 x 104
6 1.2900 4.810 x 20-5
7 0.4620 5.304 x 10-6
i 0.3280 5.716 x 10-7
s 0.1700 1,036 x 10-7

1 0.0865 2,959 x 10-6

n 0.1140 7.585 x 10-30

The expressions for finite reactor operation may be used to calculate the
decay energy fron a cosplex operating history; however, in accident analysis
a suttably conservative history should be used. For example, end-of-first-
cycle calculations should assume continuous operation at full power for a
full-cycle tise period, and end-of-equilbriun-cycle calculations should
assuse appropriate fractions of the core to have operated continuously

for muitiple-cycle times.

An operating history of 16,000 hours is considered to be representative
of many end-of-first or equilibriue cycle conditions and is, therefore,
acceptable. 1In calculating the fission produce decay energy, a 20% uncer-
tainty factor (K) should be added for any cooling time less than 10° seconds,
and a factor of 10% should be added for cooling tines greater than 103

but Tess than 107 seconds.

2. Heauy Element Decay Heat
The decay heat generation due to the heavy elements U-239 and N,-239 may.
be calculated according to the following expressions (Ref. 6):
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where:

BB - fraction of oprating pover due to U-z38
P (N -239)
57259 fraction of aparaing pover du to Hy-238
3 cumsiative reactor operating tiee, seconds
. ine after shudow, deconds
c conyersion ratto, atoms of Pu-238 produced pe sion of
[ty
%25 = effective neutron absorption cross section of U-235
Of25 effective neutron fission cross section of U-235

o,
The product of the terns C ;"—"i can be conservatively specified as 0.7.
The nuclear parameters for energy production by the heavy elenents U-233
and N,-239 are relatively well known. Therefore, the heavy element decay
heat can be calculated with a conservatively estinated product tern of

f
© - 528wt sy ny tver ey corrctin factr.

Figures 1, 2, and 3 give the residual decay heat release in terms of
fractions of 'full reactor operating power based on a reasonably realis-
tic reactor operating tise of 16,000 hours.
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