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TMI-2 DECAY POWER: 
LASL FISSION-PRODUCT AND ACTINIDE DECAY POWER 

CALCULATIONS FOR THE PRESIDENT'S COMMISSION 
ON THE ACCIDENT AT THREE MILE ISLAND 

by 

T. R. England and W. B .  Wilson 

ABSTRACT 

Fission-product and actinide decay heating, gas content, 
curies, and detailed contributions of the most important nu
clide contributors were supplied in a series of letters fol
lowing requests from the Presidential Commission on the 
Accident at Three Mile Island. In addition, similar data as
suming different irradiation (power) histories were requested 
for purposes of comparison. This report consolidates the tab
ular and graphical data supplied and explains its basis. 

I. INTRODUCTION 

Requests for estimated data on decay heating and radioactivity at the 
Three Mile Island, Unit 2, (TMI-2) reactor following the incident on March 
28, 1979 were received from the Presidential Commission on the TMI Accident. 
Such data can now be very accurately calculated once the detailed power 
history and other parameters specific to the reactor are known. The re
quested data were supplied in a series of letters, including comparison 
data for other power histories and reactor types. 

This report consolidates the tabular and graphical data suppli�d to 
the Commission and describes the methods, codes, and libraries used. 

II. CONTENT OF REPORT 

The general content in.cludes results for specific requests on aggregate 
decay heating and curies of the following nuclide.groups. 
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• All fission products� 
·.All actinides. 
•All fission products plus actinides. 
•All noble gases (all isotopes of Kr and Xe). 
•All halogens (all isotopes of Br and I). 
eA specific set of nuclides consisting of all isotopes of the Br, I, 

Te, Ru, Cs, Ba, and Sr elements. 
In addition to these aggregate groups, the heating, content, curies, 

etc. , of the more important individual nuclides are listed in this report. 
.. In all cases the beta, alpha and gamma components of the decay heating. 

are also given. 
All data are supplied at 23 or more cooling times between 1 s and 

13 5 50 000 h ( ... 5. 7 y). Some survey data extend to 10 s (-3. 2 x 10 y), and 
the data for individual nuclides at the instant of reactor shutdown are also 
given. 

For comparison purposes, similar data are listed for: a) an equilib
rium fuel exposure at the full rated core power [2772 MW(t)] ; b) detailed 
nuclide data subsequent to a long (26 000 h), constant power period, c) ag
gregate data for a series of irradiation times and cooling intervals be-

13 tween 1 and 10 s, and d) comparisons of three generic light water reactors. 
AZ Z of the results spedfi c to· TMI-2 are based on a detai Z.ed pow er 

history described in Sec. VI. 

The main body of this report describes the TMI-2 power history, codes, • 
methods, and the data base used in generating all final results and includes 
tabular and graphical values for the various aggregate results. Appendices. 
include the detailed nuclide values of the largest contributors, noble gases, 
halogens, survey calculations for·three generic reactor types, and other 
related data. In particular: 
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Appendix A contains information on the new (1978) ANS 5. 1 Decay Power 
Standard. The standard was used where pertinent, as explained in a 
later section. Appendix A is therefore included for completeness and 
for the convenience of the reader. 

Appendix B contains listings of individual contributors at each cooling 
time to the beta, gamma, beta+ gamma (i. e. ,  total fission-product) 
heating and curies for all fission products that contribute >0. 5% to 
the total of any one of these four quantities. Densities are also 
listed. Values for TMI-2, and also for the same reactor· assuming it 
had operated at a constant power for 26 000 hours prior to shutdown, 
are listed at the instant of shutdown and at 23 cooling intervals. 



Appendix C contains listings of each significant noble gas and halogen 
for the same cases and cooling times in Appendix B. Except for general 
data preceeding and following each time step table, values are listed 
as fractions of all fission-product values (not fractional gas values). 
The individual radioactive gases are listed that contribute >0. 01% of 
the beta, gamma, or beta+ gamma contribution to the total gas values, 
but all values listed for aggregate gas summations include all gases. 
Here, the isotopes of Br and I are halogens and Kr and Xe are noble 
gases (>90 isotopes). Summary tables and graphs are included. 

Appendix D contains aggregate actinide and fission-product decay heating 
for 11 constant irradiation (power) times and for cooling times be-

13 5 tween 1 s and 10 s (-3. 2 x 10 y). These data apply to a TMI-2 type 
of reactor operated for the assumed irradiation periods. Heating values 
are given as fractions of total core power prior to shutdown. Detailed 
considerations of the temporal parameters of actinide _and fission-product 
decay power are also discussed. 

Appendix E includes graphical comparisons from a recent study of three 
generic types of light water reactors (LWR's), including both actinide 
and fission-product data for different irradiation periods for the most 
common reactor type · which is similar to TMI-2. 

III. DECAY SPECTRA 

With the assistance of R. J. LaBauve of LASL, twelve-group beta and 
gamma spectra from total, volatile and non-volatile fission products for 
use in NRC calculations of water radiolysis were calculated. These results 
were supplied to NRC, EPRI, and later to the Presidential Commission. 

All calculations were based on an assumed 88 day constant power oper
ation prior to shutdown, a simple history used before a more detailed know
ledge of the actual time dependence was known, but one that is sufficient 
for use in calculations of spectra. 
in a later section of this report. ) 

(An accurate power history is described 
These results are available1 but were 

not specifically requested by the Commission and are not included in this 
report. 

IV. COMMENT ON UNCERTAINTIES AND HEAT SOURCES 

The aggregate (total) fission-product heating listed in the main body 
of this report has a lcr uncertainty of only 2 to 5%, depending on the cool
ing time. For cooling times ;S 20 hours this uncertainty is well supported 
by recent benchmark experiments and summation calculations. In fact, this 

. 5 uncertainty is probably conservative for the cooling range of 1-10 s, 
important to a loss-of-coolant accident (LOCA). For longer coo�ing times 
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the small uncertainty still applies, but the heating rate is affected by 
neutron abso.rption in the fission products prior to shutdown; however, we 
believe we have accurately accounted for this effect specific to TMI-2. 

There is no estimated uncertainty for actinide heating. This is be
lieved to be very small at short cooling times, and is extremely unlikely 
to significantly affect the uncertainty in total (fission-product + actinide) 
heating for the cooling intervals specific to TMI-2 listed in this report. 
The TMI-2 power level prior to the incident would alter .the initial total 
fission-product heating in direct proportion to the ratio of the actual frac
tion of rated power to the .value (0. 9739) used in this report for the final 
20 days of operation. We have not included a power level uncertainty; as 
noted in a later section there is no reason to suspect the power level is 
significantly different from the value used in this report. (In this re
spect,. the reader should note that the equilibrium case included for com
parison was based on the full rated TMI-2 power; the fission-product heating 
from TMI-2 would be increased by -2.7% had the reactor been operating at full 
power for a few hours prior to the incident. ) 

Uncertainties in individual nuclides depend on the quality of their 
specific data� This can be large for very short-lived nuclides but should 
be small for long-lived nuclides. 

The heating data in this report asswnes aU nuclides are retained in 

the fuel and listed v alue s of decay energy rates in MW apply to the total 

core. Where there is a breach in cladding the esaape of volatile products ' 

will greatly decrease the heating rates. For example, between 1 s and 20 
hours the noble- gases and halogens together account for 22 to 28% of the 
total fission-product heating. Most of these products presumably escap� 
in the absence of cladding. In addition other volatile products and the 
subsequent progeny of all gases and volatile nuclides escape. 

All data in this report apply to products y ielde d in fission or to act� 

inides initially present in the fuel or generated by neutron absorption in 

the fuel. There are other sources of heat. For example, during the first 
few cooling seconds, delayed neutrons will continue to cause fission and 
this will increase the initial heat rate. After - 20 seconds the fission 

products should dominate the heating, but we have not actually estimated the 
specific heating from delayed neutron fission for TMI-2. The Zr-H20 re
action is exothermic, and coolant pumping also supplies heat. There are 
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minor heat sources from structural material and impurities. Except for the 
Zr-H20 reaction, which can occur in specific regions of the core, and the 
initial heating due to delayed neutrons, the heating rates in this report 
are the major heat sources during the first few hours of cooling and are 
the only significant heat sources once the coolant pumps are shutdown. 

It is probable that decay heat�ng can now be calculated as accurately 
as any reactor parameter, and more accurately than most parameters. This 
report benefits from intensive and extensive efforts begun in 1973 to 
improve and expand nuclide data in the Evaluated Nuclear Data Files ENDF/B
IV, supported by the U. S. Department of Energy (DOE), and from benchmark 
decay heat experiments at LASL, ORNL, IRT and UC(B), funded by the Nuclear 
Regulatory Commission (NRC) and the Electric Power Research Institute (EPRI). 
A concomitant effort to combine all data into a new ANS decay power standard 
was also initiated in 1975 and the result is also used in this report. Many 
people, including the authors, participated in these efforts. The specific 
use of these data are defined in more detail in the next section. 

V. CALCULATIONAL BASES 

A. CINDER and Auxiliary Codes and Libraries 

The CINDER-10 (an improved version of CINDER-72) and EPRI-CINDER3 fission
product and actinide buildup and depletion codes were used to generate most 
of the decay heating values and all related individual nuclide decay data 
in this report. These two codes are similar in basic types of output but 
differ in their range of applicability, in part, due to their nuclide data 
libraries. For completeness the essential differences are noted here, but 
the remainder of the text will simply refer to the CINDER Code except where 
a distinction is necessary. 

CINDER-10: This is the latest version of CINDER and it utilizes a 
complete library of fission products-825 nuclides. This version is 
used for all calculations of individual fission-product contributions, 
noble gases, halogens, etc. , and the results are applicable at all cool
ing times, including values at the instant of reactor shutdown. It 
could have been used for all fission product calculations in this re
port but its massive library is unnecessary at long cooling times. In 
addition, the extensive li�rary of actinide data has not been put into 
a format suitable for CINDER-10. 

EPRI-CINDER: This version contains a 47-nuclide actinide library and 
fission products suitable for long cooling times and absorption cal
culations. Those fission products having half-lives >4 hours and 
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those shorter lived nuclides in transient equilibrium with long lived 
parents are included. The library is suitable for fission-product decay 
heat calculations for cooling times > 20 hours. In addition, exposure
dependent, self-shielded cross sections are used in this version - impor
tant for long-lived reactors. CINDER-10 and EPRI-CINDER fission-product 
decay heating agree within -1% for decay times > 20 hours. This version 
was used. for all actinide calculations, and for some of the aggregate fis
sion-product decay heating for cooling times > 20 hours. The information 
on 8 andy heating at shorter times, all data on individual fission pro
ducts at all times and other aggregate groupings were calculated using 
CINDER-10. 

4-6 Libraries for both codes are derived from processed ENDF/B-IV data 
* 

.for the fission products, and from preliminary ENDF/B-V for the actinides 
. 7 except, _as noted below, for actinide data derived from EPRI-CELL. 

Actinide data for -3 nuclides (not included in ENDF/B-V) were obtained from 
other sources. The cross sections used are in four neutron energy groups. 

8 . 9 TOAFEW CODE : 154 multigroup cross sections, obtained using the NJOY 
processing code, are included in the TOAFEW library. This code col
lapses the multigroup cross sections to the four group values used in 1 
CINDER using a typical LWR spectrum. All fission-product cross section� 
and cross sections of those actinides not obtained from EPRI-CELL were 
obtained using TOAFEW. 

EPRI-CELL Code7: This proprietary code was used to obtain time-dependent 
234 235

u, 236
u, 238 239P 241P self-shielded cross sections for U, U, u, u, 

241 and Am. It was also used to obtain ratios of the first three energy 
group fluxes to the thermal flux. The values were based on existing 
EPRI-CELL calculations for a PWR fuel that is neutronically very similar 
to that of TMI-2. 

The validity of summation code calculations using ENDF/B-IV data is 
extensively discussed in Refs. 10 and 11; both reports contain extensive 
references to recent research on decay heat. 

Additional required input to CINDER is the TMI-2 power history and 
initial fuel content. The power history is discussed in Sec. VI. The initial 
content of fuel is based on the specifications ·in the TMI-2 FSAR (Final Safety 

* 133 133m Only the branching ratio of I to Xe deviates from the summary 
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data in Ref. 5 - from ENDF/B�IV. A more recent evaluation of this import
ant parameter indicates it should be - 3% and this change has been reported 

133 to provide good agreement with measured Xe content in the TMI-2 
coolant water. 



Analysis Report). 

12 B. ANS 5.1 Decay Power Standard 
An extensive effort to produce a new decay heat standard for light 

water reactors was initiated in 1975 and essentially completed in its tech
nical content 1978. At this time (August 1979) the standard has not yet 
been widely distributed; for completness the primary data is included in Appen
dix A. 

The new standard is based on a joint LASL and HEDL analysis that combines 
several recent benchmark experiments and calculations, as described in 
Refs. 10 and 11. Reference 13 also describes the new standard and its past 

5 history. In general for times <10 s the standard is a combination of 
235 ·calculations using the ENDF/B data in Ref. 4 and experiments for U and 

239 Pu. The results of all of the experiments afe of high quality, obtained 
since 1975 at LASL, ORNL, IRT, UC(B) and in France (F-A-R). For longer 

238 times, and at all times for U, the standard results entirely from CINDER-10 
code calculations using ENDF/B-IV data. The analysis combines all data into 
an equivalent pulse function which was chosen to be a linear sum of exponen
tials, 

23 
f(t) 

=I: 
MeV/Fiss-s (1) 

i=l 

This can be folded into any power history that can be, e.g., represented as 
a series of histograms. For example, for a si�gle fuel at a constant fis
sion rate for a time T seconds, the energy release rate at cooling time t 
seconds, normalized to the fission rate is 

MeV/Fiss (2) 

Similar expressions can be used for determining the uncertainties. 
In an operating reactor there is a mixture of fuels that vary with 

time and generally a variable power history. For this, Eq. 1 is, essentially, 
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multiplied by the fission rate for each fuel and integrated to produce the 
heating in the units of MeV/s; the latter units are readily converted to, 
e. g., MW. The �, A coefficients for each fuel are listed in Appendix A. 

Pulse functions do � account for neutron absorption. This is a 
function of each specific reactor design and its power history. For cool
ing times <104 s the 'absorption effect is small - typically, the heating in
crease is -1%, and is at most upwards of -6% (for long irradiation times at 

4 <10 s of cooling). For longer cooling times 'the effect can be very large. 
The new standard incorporates an empirical expression for absorption based 

4 on burnup for times t <10 s and an upper bound value based on CINDER-10 
calculations for longer times (the upper bound can also be used as an option 
at all times). The upper bound value is derived from two CINDER-10 calcu
lations with and without absorption for an unrealistically long irradiation 
time and high flux level. 

It is important to note �hat calculations for TMI-2 and other com

parison cases in this report do not use the upper bound absorption correc

tion, exaept. where indicated in the tables, and then only for times <20 hours. 

The absorption effect is impUdt in the CINDER-lO output at aU cooling 

times; some calculations using the stanaard do use the upper bound correc

tion in some oases, as specifically noted in the tables, and only for cool

ing times <20 hours where the correction is small . .  

For aggnegate fissionpproduct heating at times t <20 hours, the new 
standard should be superior to calculations using CINDER or any other sum- 1 

mation code. We have therefore used the standard for the aggregate heating: 
14 during this interval where possible. For this, a code, DKPOWR, in-

corporating the pulse functions is. used. Fission rates vs time from each 
fuel, as calculated by CINDER, are necessary input for the DKPOWR code. 

For accuracy at longer cooling times, and for all cooling times requiring 
individual nuclide contributions, �, 8,  and y heating components and special 

. sets of nuclides such as noble g�ses or actinides, it is necessary t.o use the 
results of CINDER calculations. Most of the results in this report are there
fore calculated using CINDER and the data libraries described previously, but 
the new standard is used where possible and where it would improve the accuracy 
of gross fission-product heating. 
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c. TMI-2 Reference Parameters 
The following miscellaneous parameters were obtained or derived from 

the FSAR of TMI-2. These are included for completness; only the derived 
initial fuel atoms from these data and rated thermal power are impprtant to 
this report. 

RATED POWER (MWt) = 2772. 
AVERAGE ENRICHMENT (Wt % of 235u) = 2.57. 
FUEL WEIGHT OF uo2 (lbs) = 204,820. 
TOTAL MASS OF U (Kg) = 8205�.2. 
FULL POWER DENSITY (KW/Kg) = 33.8. 
SPECIFIC RATED POWER (W/cm3) = 280.75. 
GROSS POWER RATING (MWe) = 961. 
NET DESIGN RATING (MWe) = 906. 
The neutron spectrum used in collapsing the 154 multigroup cross sec

tions to four groups for the fission products .is described in Refs. 3 and 8, 
which also lists the cross sections. Cross sections of the.actinides are 
not listed. The dominate actinides have exposure-dependent cross sections 
as described previously; the remainder were derived using the same spectrum 
as for the fission products. 

Another parameter required by CINDER is the average recoverable energy 
per fission. This value varies with fissioning nuclides from 202.64 MeV 

235 241 ( U) to 213.44 MeV ( Pu) for thermal reactor spectra. Values for several 
fissionable nuclides at thermal, fast and 14 MeV fission energies are listed 
in Table D-XII of Appendix D. For TMI-2, the average value used in CINDER 

-11 was 3.261181 x 10 joules, or 203.56 MeV. This parameter, along with 
actinide densities, specified TMI-2 power levels and the flux ratios derived 
from EPRI-CELL calculations determine the four-group neutron flux levels and 
hence the fuel depletion and fission rates in the core. (For reference the 
average ratio of the resonance region group flux to the thermal values is 
-1.48. This applies over the range of 0.625 - 5530 eV. The higher energy 
fluxes are not as significant as the thermal and resonance region values.) 
VI. TMI-2 POWER HISTORY 

The monthly Metropolitan Edison reports to the Nuclear Regulatory Com
mission (NRC) were used to obtain an accurate approximation to the detailed 
TMI-2 power history. For use in calculating decay heating an important 
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aspect of this history is the nearly constant power during the final 20 days 
prior to the incident on March 28, 1979; the gross electrical output shows 
a daily variation of no more than -1. 3% during this period. The thermal 
energy produced is -20.4% of the total. In addition, most (- 52.5%) of the 
total thermal energy [-6400231 MWh(t)] was produced between February 1 and 
March 28 with only a brief shutdown period on March 6. The earlier power 
history is highly variable. Precise levels cannot be determined from the 
limited detail of the monthly reports, but precision in the earlier time 
variation of the history is not needed·for accurate calculations; rather, 
it is important to reproduce the total thermal energy, particularly for 
actinide buildup calculations. While only the net electrical power is 
reported daily, the needed thermal energy is reported by month. For this 
report we have used the daily electrical power to proportion and preserve 
the accumulated monthly value. 

The resulting power history is described in Table I and Fig. 1. It 
is unlikely that any two people would infer precisely the same history from 
the monthly reports. For calculations in this repgrt, and probably for any 
other study, this history is certainly adequate. Based on the rated thermal 
power of 2772 MW, the effective full power days of operation for this 
history is 96. 2. (Some earlier LASL studies used 88 days, and the authors 
have seen some correspondence using -52 and -94 days. ) 

The fission rates by fuel type calculated with the CINDER code for this 
power history are listed in Table II; these are required for aggregate fis
sion-product heating calculations with the DKPOWR Code, using the ANS 5. 1 
pulse functions, as previously described. 

The reader should note that during the final 20 days of operation', 
239 Pu accounts for - 10% of the core power (fission rate) and - 6. 6% over 

239 . the short life of TMI-2. For longer lifetimes the Pu fract�onal con-
tribution to core power continues to increase, as does that from 241Pu. 
The importance of this observation is apparent from Fig. A-3 in Appendix A: . 239 the heating from Pu fission products is significantly smaller than that 
from 235u at short cooling times important to LOCA. Therefore, other factors 
aside, the early decay heat rates would decrease for longer lived reactors. 
This will be apparent in the survey calculations for different irradiation times 
noted in Sec. VII and Appendix D of this report. 

10 
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. TABLE I 

CINDER HISTOGRAM CORE POWER HISTORY 
THREE MILE ISLAND, UNIT 2 

Start End /J.t Elapsed Ave. Power 
Period . TimeLdate TimeLdate {hl Time {hl Mw{th} 

1 0300/4-21-78 1700/4-23-78 62.0 62.0 611.6 
2 1700/4-23-78 2030/9-17-78 3531.5 3593.5 0.0 
3 2030/9-17-78 2400/9-30-78 315.5 3909.0 524.52 
4 0000/10-1�78 i400/10-5-78 110.0 4019.0 1109 .o 
5 ·1400/10-5-78 2400/10-12-.78 178.0 4197.0 0.0 

6 0000/10-13-78 0500/10-28-78 365.0 4562.0 1488.94 
7 0500/10-28-78 1400/11-1-78 105.0 4667.0 0.0 
8 1400/11-1-78 2400/11-3-78 58.0 4725.0 2397.8 
9• 0000/11-4-78 0230/11-5-78 26.5 4751.5 0.0 

10 0230/11-5-78 0530/11-7-78 51.0 4802.5 2034.1 

11 0530/11-7-78 1800/12;,_3-78 636.5 5439.0 0.0 
12 1800/12-3-78 0200/12-16-78 296.0 5735.0 2104.09 
13 0200/12-16-78 0700/12-22-78 149.0 5884.0 0.0 
14 0700/12.:.22-78 2400/12-31-78 233.0 6117.0 2467.3 

. 15 0000/1 ... 1-79 0800/1-14-79 320.0 6437.0 2281.8 

16 0800/1-14-79 1440/1-31-79 414.67 6851.67 0.0 
17 '1440/1-31-79 2400/1-31-79 9.33 6861.0 33.4 
18 0000/2-1-79 2400/2-28-79 672.0 7533.0 2462.14 
19 0000/3-1-79 1545/3-6-79 135.75 7668.75 2743.5 
2o 1545/3-6-79 0815/3-7-79 16.5 7685.25 0.0 

21 0815/3-7-79 2400/3-7-79 15.75 7701.0 1697.6 
22 . 0000/3-8-79 0400/3-28-79 484.0 8185.0 2699.704 
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TABLE II 
TMI-2 FISSION RATES 

(AVERAGE VALUES PER TIME INTERVAL)& 

TIME INTERVAL 
TIME STEP HOURS 23 5u 

1 62.0 1. 77+19b 

2 3 531. 5 · o 

3 31 5. 5  1. 51+19 
. 4 110.0 3.18+19 

5 178.0 0 
6 36 5.0 4.24+19 
7 10 5.0 0 
8 58.0 6. 76+19 
9 26. 5 0 

10 51.0 5. 72+19 
11 636. 5 0 
12 296.0 5.86+19 
1 3  149.0 0 
14 2 3 3.0 6.77+19 
1 5  320.0 6.19+19 
16 414.67 0 
1 7  9.33 8.94+17 
18 6 7 2 . 0  6.47+19 
19 13 5. 7 5  7 .07+19. 
20 16 5.0 0 
21 1 5. 7 5 4.35+19 
2 2  484.0 6.83+19 

�alues apply to the total core • 

bRead 1.7 7+19 as 1.7 7 X 1019, 

NOTE: A c cumulated fissions are 
23 5u • 6.1714 + 26 
238u - 4.1879 + 2 5  
239Pu • 4.6787 + 2 5  
24�u • 2 . 8248 + 23 

SUM • 7.06087 + 26 

FISSION/ a 
· 238u 239Pu 

1.14+18 2. 77+1 5 
0 0 

9.6 5+1 7 4.14+6 
1.98+18 1. 77+17 

0 0 
2.66+18 6.02+17 

0 0 
4.27+18 1. 55+18 

0 0 
3.67+18 1. 4 5+18 

0 0 
3. 78+18 2.06+18 

0 0 
4.43+18 3.38+18 
4.10+18 3.97+18 

0 0 
5.9 7+16 7.04+16 

4. 52+18 6.1 5+18 
5.0 5+18 8.29+18 

0 0 
3.12+18 5.36+18 
4.96+18 9.43+18 

24� TOTAL 

7 .81+8 1.884+19 
0 0 

4.16+11 1.608+19 
4 . 59+12 3.400+19 

0 0 
1.06+14. 4. 56+19 

0 0 
(1.1 5+14 7.347+19 

0 0 
5.04+14 6.2 36+19 

0 0 
1.44+1 5 6 . 44+19 

0 0 
4.48+1 5 7. 556+19 
9.38+1 5 7.003+19 

0 0 
1.88+14 1.024+18 
3.03+16 7. 540+19 
5.86+16 8.412+19 

0 0 
4.04+16 5.206+19 
9.28+16 8.274+19 
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VII. TMI-2 DECAY,POWER AND COMPARISONS 

In this section the tabular and graphical decay power data on aggregate 
results supplied to the Commission are listed, including comparison data 
for the equilibrium core and·graphical comparisons of a series of requested 
calculations for 11 irradiation times. 

The results for each important nuclide, noble gas and halogen, other 
information as previously described, and component tabular data for the 11 
irradiation times are included in appendices. 

All data for curies and decay heating in MW are average total core 
values. All TMI-2 results are based on the power history in Table I and 
Fig. 1. 
A. TMI-2 Heating and Curies 

TABLE III lists the decay power in MW from fission products and actinides, 
including the beta, gamma and alpha components ·(there is no 
significant alpha component from the fission products). 

Fi,&Ure 2 Total core decay power from actinides plus fission products 
is plotted. 

Figure 3 Total decay power from the actinides and fission products are 
compared. (Appendix E shows similar comparisons for three 
long lived generic reactors and Addendix D lists tabular 
values for TMI-2 if operated for eleven irradiation· times -
a graphical and tabular comparison of total values is included: 
further on in this section. 

TABLE IV This is similer to Table III for decay power except nobie gases. 
halogens and a special set of nuclides are also listed. The 
special group of nuclides, specifically requested by the Com
mission Staff, consists of all isotopes of Br, I, Te, Ru, Cs, 
Ba, and Sr. (Gaseous data are plotted in Appendix C.) 

TABLE V lists the total curies in all fission products, noble gases, 
halogens and the special set of nuclides noted above along 
with actinide curies and curies in the total core. 

B. Comparisons With Equilibrium Core 
The equilibrium core calculation traces the actinide and fission-product 

decay power in each of three species of reactor fuel following shutdown at 
the end of an equilibirum core period. The equilibrium core is assumed to 
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TABLE III 

CORE DECAY POWER -- THREE MILE ISLAND, UNIT 2 

Cooling 
Fission-Productb ·Decay Power, MW Actinide Decay Power, MW c Total Decal Power! MW 

Time Beta Gamma· Total Alpha Beta Gamma Total Alpha Beta 
1.00+0 -:a 8.21+1 7.88+1 1.61+2 3.54-4 � 1. 78+0 6.83+0 3.54-4 B. 71+1 
4.00+0 B .  7.05+1 7.05+1 1.41+2 3.54-4 5.04+0 1. 78+0 6.82+0 3.54-4 7.56+1 
l.OO+:J. B 6.05+1 6.29+1 1.23+2 3.54-4 5.04+0 1. 78+0 6.81+{) 3.54-4 6.55+1 
4.00+1 B 4.52+1 5.10+1 9.62+1 3.54-4 4.99+0 1. 77+0 6.76+0 3.54-4 5.02+1 
l.OO+i B 3.65+1 4.28+1 7.93+1 3.54-4 4.90+0 1. 76+0 6.66+0 3.54-4 4.14+1 

4.00+2 B 2.65+1 3.24+1 5.90+1 3.54-4 4.48+0 1.70+0 6.19+0 3.54-4 3.10+1 
1.00+3 a·. 2.09+1 2.65+1 4.74+1 3.54-.4 3.82+0 1.61+0 5.43+0 3.54-4 2.47+1 
1.00+0 h. 1. 40+1 1. 78+1 3.17+1 3.55-4 2.41+0 1.42+0 3.83+0 3.55-4 1.64+1 
2.00+0 h • 1.10+1 1.40+1 2.51+1 3.55-4 1.94+0 1.35+0 3.29+0 3.55-4 1.30+1 
5.00+0 h ,. 8.26+0 1.01+1 1.84+1 3.55-4 1. 78+0 1.29+0 3.07+0 3.55-4 1.00+1 

1.00+1 h 6.37+0 8.11+0 1.45+1 3.56-4 1.68+0 1. 21+0 2.89+0 3.56-4 8.05+0 
2,00+1 h 4.87+0 6.45+0 1.13+1 3.58-4 1.48+0 1.07+0 2.56+0 3.58-4 6.35+0 
5_.00+1 h. 2. 73+0 4.43+0 7.15+0 3.61-4 1.03+0 7.43-1 1.77+0 3.61-4 3.76+0 
1.00+2 h 2.13+0 3.50+0 5.63+0 3.64-4 5.60-1 4.04-1 9.65-1 3.64-4- 2.69+0 
2;'(l0+2 h 1.65+o 2.61+0 4.26+0 3.66-4 1.67-1 1.21-1 2.88-1 3.66-4 1.82+0 

5.00+2 h 1.08+0 1. 50+0 2.58+0 3.66-4 5.46-3 4.11-3 9.94-3 3.66-4 1.09+0 
1.00+3 h 7.07-1 8.54-1 1.56+0 3.64-4 1. 75-4 1.45-4 6.84-4 3.64-4 7.08-1 
2.00+3,h 4.28-1 4.55-1 8.83-1 3.61-4 6.92-6 2.01-6 3.69-4 3.61-4 4.28-1 
5.00+3 h 1.89-1 1.34-1 3.22-1 3.55-4 4.60-6 1.03-7 3.60-4 3.55-4 1.89-1 
1.06+0 y 1.06-1 3.33-2 1.40-1 3.52-4 4.52-6 1.17-7 3.57-4 3.52-4 1.06-1 

1.00+4 h 9.22-2 2.27-2 1.15-1 3.52-4 4.49-6 1.21-7 3.57-4 3.52-4 9.22-2 
2.00+4 h ). 73-2 5.85-3 4.32-2 3.56-4 4.29-6 1.60-7 3:6o-4 3.56-4 3.73-2 
5.00+4 h ·:7.66-3 3. 23-3 1.09-2 3.75-4 3.76-6 2.66-7 3.80-4 3. 75-4 7.66-3 

a . · ".·· 0 
Read · as·. 1. OOxlO seconds. 

b ,. 
. ,. 

Fission-product-total decay power values were calculated with the DKPOWR code for cooling 
times t �.20 h, using the fission pulse functions and upper-bound absorption correction 
Gmax of the recent ANS Standard 5.1, "Decay Heat Power in Light Water Reactors.'.' The beta 
and gamma components of fission-product decay power were obtained using beta and gamma decay 
power fractions calculated with CINDER-10 (for t � 20 h) and EPRI-CINDER (for t > 20 h). 
All' fission-product. decay power quantities for t > 20 h were calculated with EPRI-CINDER. 

c . 
Actinide alpha,·· beta, gamma, and tota

,
l decay power values are from tandem EPRI-CELL/EPRI-

CINDER calculations. 

·Gamma· Total 
8.06+1 1.68+2 
7.23+1 1.48+2 
6.47+1 1. 30+2 
5.27+1 1.03+2 
4.46+1 8.60+1 

3.41+1 6.52+1 
2.81+1 5.28+1 
1.92+1 3.56+1 
1.54+1 2.84+1 
1.14+1 2.14+1 

9.32+0 1. 74+1 
7.52+0 1. 39+1 
5.17+0 8.93-+o 
3.90+0 6.59+0 
2.73+0 4.55+0 ] 
1.50+0 2.59+0 
8.54-1 . 1.56+0 
4.55-1 8.83-1 
1.34-1 3.23-1 
3.33-2 1.40-1 

2.27-2 1.15-1 
5.85-3 4.35-2 
3.23-3 1.13-2 
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1-:" 
00 

COOLING NOBLE GAS' HALOGENS' 
TIME (Kr + Xe) (I + Br) 

l .OO + O s  1. 39 + lc 1.88 + 1 
4 .00 + 0 s L2 5  + 1 1. 70 + 1 

1.00 + 1 's 1.12 + 1 1.52 + 1 
4 .00 + 1 s --8 .49 + 0 1.20 + 1 
l .OO·+ 2 s 6 .59 + 0 9 .82 + 0 

4 .00 + 2 s 4 .11 + 0 8 .02 + 0 
1.00 + 3 s 2 .  78 + 0 7 .69 + 0 
1.00 + 0 h 1.7 1+ 0  

'6 .6 5  + 0 
2 .00 + 0 h 1. 30 + 0 5 .4 2 + 0 
5 .00 + 0 h 7 .8 5 - 1 3 .70 + 0 

1. 00 + 1 h 5 .0 1  - 1 2 .94 + 0 
2 .00 + 1 h 3 .32 - 1 2 .2 5  + 0 
5 .00 + 1 h 1. 7 5  - 1 1. 43 + 0 
1.00 + 2 h  1.18 - 1 8 .66 - 1 

2 .00 + 2 h 6 .8 5  - 2 3.89 - 1 

5. 00 + 2 h 1. 3 5  2 5 .66 - 2 
1.00 + 3 h. 1. 08 - 3 6 .40 - 3 

2 .00 + 3 h 1.55 - 4 1. 70 - 4 
5 .00 + 3 h 1.40 - 4 3 .83 - 9 
1.oo·+ o y 1. 3 6  - 4 1.38 - 10 

1.00 + 4 h 1.3 5  - 4 - 0 
2 .00 + 4 h 1. 2 5  - 4 - 0 
5 .00 + 4 h 1.00 - 4 - 0 

TABLE IV 

DECAY HEAT SOURCES IN TMI-2 
TOTAL CORE VALUES IN MW VS COOLING TIMEa 

LASL - 7 / 7 9  

NOBLE GAS 
+ SPECIALb ALL 

HALOGENS SET FISSION PRODUCTS 

3 .2 7  + 1 5 .53 + J. 1.6 1 + 2 
2 .9 5  + 1 5 .03 + 1 1.4 1 + 2 
2 .64 + 1 4 .55 + 1 1.2 3  + 2 
2 .0 5  + 1 3 .63 + 1 9 .6 2  + 1 

1.64 + 1 2 .99 + 1 7 .93 + 1 

1. 2 1  + 1 2 .32 + 1 5 .90 + 1 
1.0 5  + 1 1.9 7  + 1 4, 74 + 1 

8 .3 7  + 0 1.36 + 1 3 .17 + 1 
6 .  72 + 0 1.0 1 + 1 2 .5 1  + 1 
4 .48 + 0 6 .68 + 0 1.84 + 1 

3 .44 + 0 5 .23 + 0 1.4 5  + 1 
2 .59 + 0 4 .03 + 0 1.13 + 1 

1.60 + 0 2 .7 1  + 0 . 7 .15 + 0 
9 .8 5  - 1 1.88 + 0 5 .6 3  + 0 
4 .57 - 1 1.19 + 0 4 .2 6  + 0 

7 .0 1- 2 6 .0 1  - 1 2 .58 + 0 
7 .48 - 3 3 .48 - 1 1.56 + 0 
3 .2 5  - 4 1.6 6  - 1 8 .8 3  - 1 

1.40 - 4 3 .66 - 2 3 .2 2  - 1 
1. 36 - 4 1.4 8  - 2 1.40 - 1 

1.3 5- 4 1.29 - 2 1.15 - 1 
1. 2 5  - 4 7 .63 - 3 4 .32 - 2 

1.00 - 4 4 .74 - 3 1.09 - 2 

ACTINIDES 
+ 

ACTINIDES FISSION PRODUCTS 

6 .83 + 0 1.68 + 2 
6 .82 + 0 1.48 + 2 
6 .8 1  + 0 1.30 + 2 
6 .76 + 0 1.03 + 2 
6 .66 + 0 8 .60 + 1 

6 .19 + 0 6 .52 + 1 
5 .48 + a 5 .28 + 1 
3 .83 + 0 3 .56 + 1 
3 .29 + 0 2 .84 + 1 
3 .0 7  + 0 2 .14 + 1 

2 .89 + 0 1. 74 + 1 
2 .56 + 0 1.39 + 1 

1.7 7 + 0  8 .9 3  + 0 
9 .6 5  - 1 6 .59 + 0 
2 .88 - 1 4 .55 + 0 

9 .94 - 3 2 .59 + 0 
6 .84 - 4 1.56 + 0 
3 .69 - 4 8 .83 - 1 
3 .60 - 4 3 .2 3  - 1 
3 .57 - 4 1.40 - 1 

3 .57 - 4 1.15 - 1 
3 .60 - 4 4 .3 5  - 2 
3 .80 - 4 1.13 - 2 

�he last three columns were included in Table III provides the a, 8,· andy components for these three columns . 
Special set includes all halogens (Br and I) plus requested Te, Ru, Cs, Ba, and Sr nuclides . cRead 1. 39 + 1 as 1. 39 x 1o+l, etc . 

NOTE ON METHOD OF DATA GENERATION: 
1. Ac tinide heating computed w ith EPRI-CINDER code . 

2 .  Fission pr oduc t heating uses pulse funct ions from new ANS 5 .1 decay heat standard up to 20 hours,. inc luding 
corrections for absorpt ion using CINDER- 10 .  EPRI-CINDER used for longer times to get accurate effect of 
absorption on heating (CINDER-lO. and EPRI-CINDER agree within -1%). 

3 .  Noble gas, halogens and special set col�mns generated by C INDER- 10 .  
NOTE: See Appendix�C for graphical plots of gas frac tions�and detai�ed contr ibutions of each noble gas and halogen . 



TA.tSU; V 
CURIES IN TMI-2 

TOTAL CORE VALUES VS COOLING TIMEa 
[CINDER CALCULATIONS (LASL)) 

7 / 7 9  

COOLING TIME ALL NOBLE GAS HALOGENS 
SEC HOURS FISSION PRODUCTS �Kr + Xe2 SPECIAL SE-rb �Br + I2 ACTINIDES 

1 2 . 78- 4c 1 . 19 + 10 1 . 1 4  + 9 4 . 4 2 + 9 1 . 1 1  + 9 2 . 61 + 9 
4 1 . 11 - 3 1 . 11 + 10 1 .  06 + 9 4 . 18 + 9 1 . 0 5  + 9 2 . 61 + 9 

1 . 0  + 1 2 . 78- 3 1 . 03 + 10 9.87 + 8 3 . 9 4  + 9 1 . 00 + 9 2 . 60 + 9 
4 . 0  + 1 1 . 11 - 2 8 . 80 + 9 8 . 23 + 8 3 . 44 + 9 8 . 49 + 8 2 . 58 + 9 
1 . 0  + 2 2 . 78 - 2 7 . 78 + 9 7 . 03 + 8 3 . 08 + 9 7 . 54 + 8 2 . 55 + 9 
4 . 0  + 2 1 . 11 - 1 6 . 40 +: 9 5. 34 + 8 2 . 61 + 9 6 . 63 + 8 2 . 38 + 9 
1 . 0+3 2 . 78 - 1 5. 52 + 9 4 . 33 + 8 2 . 28 + 9 6 . 39 + 8 2 . 11 + 9 
3 . 6  + 3 1 . 0  4 . 2 5  + 9 3 . 44 + 8 1 .  7 5  + 9 5. 77 + 8 1 . 52 + 9 
7 . 2  + 3 2 . 0  3 . 69 + 9 3 . 11 + 8 1 . 46 + 9 5. 0 3  + 8 1 . 32 + 9 
1 . 8 + 4  5. 0 3 . 06 + 9 2 . 68 + 8 1 . 1 5  + 9 3 . 87 + 8 1 . 24 + 9 
3 . 6  + 4 10 . 0  2 . 59 + 9 " 2 . 36 + 8 9 . 83 + 8 3 . 16 + 8 1 . 17 + 9 
7 . 2  + 4 2 0 . 0  2 . 13 + 9 2 . 00 + 8 8 . 2 5  + 8 2 . 42 + 8 1 . 03 + 9 
1 . 8 + 5 50 . 0  1 . 60 + 9 1 . 44 + 8 6 . 28 + 8 1 . 49 + 8 7 . 18 + 8 
3 . 6  + 5 100 . 0  1 .  26 + 9 1 . 08 + 8 4 . 94 + 8 9 . 27 + 8 3 . 91 + 8 
7 . 2  + 5 200 . 0  9 . 57 + 8 6 . 28 + 7 3 . 7 5  + 8 4 . 93 + 7 1 . 18 + 8 
1 . 8+6 500 . 0  6 . 07 + 8 1 . 24 + 7 2 . 39 + 8 1 . 21 + 7 4 . 37 + 6 
3 . 6  + 6 1000 . 0 3 . 9 5  + 8 9 . 66 + 5 1 . 50 + 8 1 . 83 + 6 3 . 22 + 5 
7 . 2  + 6 2000 . 0  2 . 30 + 8 1 . 07 + 5 7 . 86 + 7 4 . 99 + 4 1 . 54 + 5 
1 . 8+7 5000. 0 7 . 94 + 7 9 . 32 + 4 2 . 59 + 7 1 . 24 + 0 1 . 49 + 5 

3 . 1 536 + 7 8760 . 0 (1 yr) 3 . 55 + 7 9 . 06 + 4 1 . 4 5  + 7 1 . 92 - 1 1 . 4 7  + 5 
3 . 6  + 7 10000 . 0  2 . 98 + 7 8 . 9 8  + 4 1 . 29 + 7 1 . 92 - 1 1 . 46 + 5 
7 . 2  + 7 20000. 0 1 . 26 + 7 8 . 34 + 4 6 . 18 + 6 1 . 92 - 1 1 . 39 + 5 
1 . 8  + 8 50000 . 0  4 . 10 + 6 6 . 69 + 4 2 . 41 + 6 1 . 92 - 1 1 . 20+. 5 

aCINDER-10 calculations for fission products, EPRI-CINDER for actinides, 

b Special set includes all halogens (Br and I) plus requested Te, Ru, Cs, Ba, and Sr nuclides, 

�ead 2 . 78- 4 as 2 . 7 8  x lo -4, etc . 

NOTE: See Appendix C for graphical plots of gas fractions and detailed contributions of each 
noble gas and halogen . 

TOTAL 
ACTINIDES 

+ 
FP 

1 . 4 5  + 10 
1 .  36 + 10 
1 . 29 + 10 
1 . 14 + 10 
1 . 03 + 10 
8 . 78 + 9 
7 . 63 + 9 
5. 7 7  + 9 
5. 01 + 9 

4 . 30 + 9 
3 . 76 + 9 
3 . 16 + 9 
2 . 32 + 9 
1 . 6 5  + 9 
1 . 08 + 9 
6 . 11 + 8 
3 . 9 5  + 8 
2 . 30 + 8 
7.9 5 + 7 
3 . 56 + 7 
2.99 + 7 
1 . 27 + 7 
4 . 22 + 7 



consist of  equal fuel volumes of  2.96 Wt% 235u reload fuel irradiated 

for one , two , and three years . Specifically , the three regions consist of 

a) 1/3 of  the core irradiated for the las t 330 days prior to shutdown , 

b )  1/3 irradiated for 330 days , shutdown for 35 days , and then 

irradiation for the final 330 days , 

c) 1/3 of the core having two 330 day irradiation and 35 day shutdown 

periods prior to the final 330 day irradiation . 

The core was assumed to operate at the full thermal power of 2772 MW 
for the equilibrium calculations . The specific core power density was main

tained at 33. 8 KW/Kg (based on original loading) during the powered intervals . 

The equilibium-core discharge fuel thus has an exposure of  33.462 GWd/t . 

TABLE VI shows the actinide , fission product and total heating for each 

fuel cycle and the total core values . 

TABLE VII shows the comparisons to TMI-II with the total equilibium core . 

Figure 4 shows the graphical comparison of the total core data in Table 

VII . 

The reader may prefer to normalize the TMI-2 and equilibrium core 

values to their respective power levels of 2699.7 and 2722 MW. In this case 

the decay fraction of the power prior to shutdown for the equilibrium core 

is smaller than that of TMI-2 for the first 100 s of cooling ; the absolute. 

value without normalization is the smaller for the first 40 s . The primary 
239 reason for this behavior is smaller heating from Pu products than from 

235 
U, discussed in an earlier section and in Appendix A. 

C .  Decay Power Fractions vs Irradiation Time 

Appendix D contains detailed tabular data for fission-product and 

actinide heating for 11 constant irradiation (power) periods and cooling 
13 5 times between 1 and 10 s (�3.2 x 10 y) . All results are based on a full 

TMI-2 core power of 2772 MW, �and details are noted in the Appendix . 

Table V�II and Fig . 5 show a graphical c�mparison of  all total core 

heating cases normalized to the total core power prior to shutdown . I t  is 

interesting that the one-month irradiation shows an initial net value ex

ceeding all other cas es .  (It  also exceeds the initial TMI-2 fractional 

value . ) 

D. Comparisons o f  Generic Light Water Reactors 

Appendix E shows graphical comparisons for three types of  light water 

reactors . One is similar to 'l'MI-2  and is included with more than one 
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TABLE VI 

THREE MILE ISLAND UNIT 2 EQUILIBRIUM CORE 
ACTINIDE AND FISSION-PRODUCT DECAY POWER 

ONE-CYCLE FUEL TWO-CYCLE FUEL THREE-CYCLE FUEL TOTAL CORE FUEL 
Cooling Act . F . P .  Total Act .  F . P .  Total Ac t .  F . P .  Total Act .  F . P .  Total 

Time � ....Q!!iL ....Q!!iL ...QlliL ...QlliL __ili&_ _lli!iL _lli!iL ....Q!!Q_ _lli!iL ..J!:lliL ...QlliL 
1 . 00+0 sa 2 . 41+0b 5 . 34+lc 5 , 58+1 2 . 6 7+0b 5 . 13+1c 5 . 40+1 3 . 03+0b 5 . 01+lc 5 . 31+1 8 . 11+0 1 . 55+2 1 . 63+2 
4 . 00+0 s 2 . 41+0 4 . 70+1 4 . 94+1 2 . 67+0 4 . 5 2+1 4 .  79+1 · 3 . 03+0 4 . 42+1 4 . 72+1 8 . 11+0 1 . 36+2 1 . 45+2 
1 .  00+1 s 2 . 41+0 4 . 13+1 4 . 3 7+1 2 . 66+0 3 . 98+1 4 . 25+1 3 . 02+0 3 . 90+1 4 . 20+1 8 . 09+0 1 . 20+2 1 . 28+2 
4 . 00+1 s 2 . 39+0 3 . 25+1 3 . 49+1 2 . 64+0 3 . 15+1 3 . 41+1 3 . 00+0 3 . 09+1 3 . 39+1 8 . 03+0 9 . 49+1 1 . 03+2 
1 . 00+2 s 2 . 35+0 2 . 70+1 2 . 94+1 2 . 60+0 2 . 62+1 2 . 88+1 2 ; 96+0 2 . 58+1 2 . 88+1 7 . 91+0 7 . 90+1 8 . 70+1 

4 . 00+2 s 2 . 19+0 2 . 03+1 2 . 25+1 2 . 42+0 1 . 98+1 2 . 22+1 2 . 76+0 1 . 95+1 2 . 2 3+1 7 . 37+0 5 . 96+1 6 . 70+1 
1 . 00+3 s 1 . 92+0 1 . 64+1 1 , 83+1 2 . 14+0 1 . 60+1 1 . 81+1 2 . 44+0 1 . 58+1 1 . 82+1 6 . 50+0 4 . 82+1 5 . 46+1 
l . OO+O h 1 . 36+0 1 . 11+1 1 . 25+1 1 . 5 3+0 1 . 08+1 1 . 2 3+1 1 .  76+0 1 ; 07+1 1 . 25+1 4 . 65+0 3 . 26+1 3 . 73+1 
2 . 00+0 h 1 . 17+0 8 . 91+0 1 . 01+1 1 . 32+0 8 . 73+0 1 . 01+1 1 . 5 3+0 8 . 61+0 1 . 01+1 4 . 02+0 2 . 63+1 3 . 03+1 
5 , 00+0 h 1 . 10+0 6 . 74+0 7 . 84+0 1 . 2 3+0 6 . 65+0 7 . 88+0 1 . 43+0 6 . 60+0 8 . 03+0 3 . 76+0 2 . 00+1 2 . 38+1 

1 . 00+1 h 1 . 03+0 5 . 4 8+0 6 . 5 1+0 1 . 16+0 5 . 4 7+0 6 . 63+0 1 . 34+0 5 . 45+0 6 .  79+0 3 . 5 3+0 1 . 64+1 1 .  99+1 
2 . 00+1 h 9 . 13-1 4 . 45+0 5 . 36+0 1 . 03+0 4 . 48+0 5 , 51+0 1 . 19+0 4 . 48+0 5 . 6 7+0 3 . 13+0 1 . 34+1 1 . 65+1 
5 . 00+1 h 6 . 36-1 3 . 01+0 3 . 64+0 7 . 22-1 3 . 10+0 3 . 82+0 8 . 4 7-1 3 . 19+0 4 . 04+0 2 . 21+0 9 . 30+0 1 . 15+1 
1 . 00+2 h 3 . 49-1 2 . 46+0 2 . 81+0 4 . 05-1 2 . 56+0 2 . 96+0 4 . 90-1 2 . 64+0 3 . 13+0 1 . 24+0 7 . 66+0 8 . 90+0 
2 . 00+2 h 1 . 08-1 1 . 96+0 2 . 0 7+0 1 . 38-1 2 . 05+0 2 . 19+0 1 . 89-1 2 . 13+0 2 . 31+0 4 . 35-1 6 . 14+0 6 . 5 7+0 

5 . 00+2 h 6 . 53-3 1 . 32+0 1 . 33+0 2 . 32-2 1 . 4 1+0 1 . 44+0 5 . 6 7-2 1 . 4 8+0 1 . 54+0 8 . 64-2 4 . 22+0 4 . 31+0 
1 . 00+3 h 1 . 98-3 8 . 96-1 8 . 98-1 1 . 60-2 9 . 94-1 1 . 01+0 4 . 5 7-2 1 . 06+0 1 . 1 1+0 6 . 37-2 2 . 95+0 3 . 02+0 
2 . 00+3 h 1 . 53- 3  5 . 69-1 5 . 70-1 1 . 34-2 6 . 68_;1 6 . 82-1 3 . 87-2 7 . 38-1 7 . 7 7-1 5 . 36-2 1 . 98+0 2 . 03+0 
5 . 00+3 h 9 . 60-4 2 . 46-1 2 . 4 7-1 8 . 64-3 3 . 36-1 3 . 45-1 2 . 50-2 4 . 05-1 4 . 30-1 3 . 46-2 9 . 8 7-1 1 . 02+0 
l . OO+O y . 8 . 48-4 1 . 28-1 1 . 29-1 5 . 40-3 2 . 00-1 2 . 06-1 1 . 55-2 2 . 58'-1 2 . 74-1 2 . 17-2 5 . 86-1 6 . 09-1 

1 . 00+4 h 7 . 94-4 1 . 10-1 1 . 10-1 4 . 7 3-3 . 1 .  7 7-1 1 . 81-,1. 1 . 36-2 2 . 31-1 2 . 45-1 1 . 91-2 5 . 17-1 5 . 36-1 
2 . 00+4 h 6 . 34-4 4 . 63-2 4 . 69-2 2 . 5 3-3 8 . 25-2 8 . 51-2 6 . 97-3 1 . 15-1 1 . 22-1 1 . 01-2 2 . 44-1 2 . 54-1 
5 . 00+4 h 7 . 06-4 1 . 25:..2 1 . 32-2 2 . 36-3 2 . 5 0-2 2 .  7 3-2 5 . 82-3 3 . 7 3-2 4 . 31-2 8 . 89-3 7 . 48-2 8 . 36-2 

aRead as l . OOxlOO second s .  

b Ac tinide decay power values are from tandem EPRI-CELL/EPRI-CINDER calculations . 

cFission-product total decay power values were calculated with the DKPOWR code for cooling 
t imes t � 20 h ,  using the fission pulse functions and upper-bound absorption correct ion 
Gmax of the recent ANS Standard 5 . 1 ,  "Decay Heat Power in Light Water Reactors . "  The beta 
and gamma components of fiss ion-product decay power were obtained using beta and gamma decay 
power fractions calculated with CINDER-10 ( for t � 20 h) and EPRI-CINDER ( for t > 20 h) . 

· Al l  fission-product decay power quantities for t >  20 h were calculated with EPRI-CINDER. 
N ...... 
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TABLE VII 

COMPARI SON OF CALCULATED DECAY POWER OF 
TMI-2 WITH END-OF-C� CLE EQUILIBRIUM CORE 

Cooling 
Time 

1 . 00+0 s8 

4 . 00+0 s 
1 . 00+1 s 

4 . 00+1 s 
1 . 00+2 s 

4 . 00+2 s 

1 . 00+3 s 

l . OO+O h 
2 . 00+0 h 

5 . 00+0 h 

1 . 00+1 h 

2 . 00+1 h 
5 . 00+1 h 

1 . 00+2 h 
2 . 00+2 h 

5 . 00+2 h 

1 . 00+3 h 

2 . 00+3 h 

5 . 00+3 h 

l . OO+O y 

1 . 00+4 h 

2 . 00+4 h 

5 . 00+4 h 

Total · Core Deca� Power 1 MW 

TMI-2 

1 . 68+2 

1 . 4 8+2 
1 . 30+2 
1 . 03+2 

8 . 6 0+1· 

6 . 52+1 

5 . 28+1 

3 . 56+1 

2 . 84+1 

2 . 14+1 

1 .  74+1 

1 . 39+1 
8 . 93+0 

6 . 59+0 
4 . 55+0 

2 . 5 9+0 

1 . 56+0 

8 . 83-1 

3 . 2 3-1 

1 . 40-1 

1 . 15-1 

4 . 35- 2 

1 . 13�2 

Eq . Core 

1 . 63+2 

1 . 45+2 
1 . 28+2 

1 . 03+2 
8 . 70+1 

6 .  7 0+1 

5 . 46+1 
3 .  7 3+1 

3 . 03+1 

2 . 38+1 

1. 99+1 
1 . 65+1 

1 . 15+1 

8 .  9 0+0 
6 . 5 7+0 

4 . 31+0 

3 . 02+0 

2 � 03+0 

1 . 02+0 

6 . 09-1 

5 . 36-1 

2 . 54-1 

8 . 36-2 

8
Read as 1 . 00x100 seconds . 
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irradiation period.  This appendix , based on earlier data p repared for Ref .  15 

is included for general interes t and for the detailed plots of actinide 

content . However ,  the fission-product heating uses the upper bound correction 

for absorption in fission products given in the ANS 5 . 1 S tandard . As noted 

in a prior section , this correction is likely much too large at some cooling 
times . Therefore , results in this Appendix should only be intercompared 
except for the actinide heating . 

VIII . SUMMARY 

The previous section provides best es timates of  the total core decay 

power and curies for TMI-2 , and comparison decay powers for the equilibrium 

core and a survey of values for a wide range of irradiation and cooling times . 

The decay data used have been widely tested and the four group cross sec

tions and fluxes should closely match the values in TMI-2 . The very recent 

ANS 5 . 1 decay power standard has been used where possib le and where it is 

believed to be . more accurate than calculations using the EPRI-CINDER s� 

mation code . This is only possible for to tal fission- product heating , and 

for this it is less accurate than the summation calculations for times >20 

houxs of cooling . 

The a ,  S ,  and y components of heating , actinide heating , and all o ther 

values for specific nuclide groups necessarily resort to the summation code 

calculations . 

All values apply to the total core assuming all nuclides are retained 

in the fuel ; some of the heating for nuclide groups , particularly for the 

noble gases and halogens , indicate that there can b e  a very significant 

decrease in heating rates once the fuel cladding is breached , as apparently 

happened in part of the TMI-2 fuel . 

As is clear from comparisons with the equilibrium core case and the 

graphical data in Fig . 5 ,  the decay heating rates are larger during the 

first  few cooling seconds following relatively short irradiation times 

of fresh fuel than for long irradiation periods , a result of  the relatively 
2 39 

small Pu content in fresh fuel . 

Appendices B and C contain detailed nuclide results for the larger 

contributors to fission product heating components and curies and also the 

detailed content of noble gas es and halogens . Comparison results for a 
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N 0\ TABU Vlll 
S U M MA R Y  OF T M I - 2 F U E L  DECAY POWE R S U R V E Y CALCULATIONS 

F I S S I O N - P R O D U C T  A N D  A CT I N I DE D E C A Y  POWER 
FOLLOW I N G  CO N T I N U O U S  I R R A D I AT I ON S  A T  3 3 . 8  kw/k g . 

Total Decay Power F r a c t io n  o f  Oper a t i o n a l  Power 
Coo l i n g  ---------------- ------------------------------ I rr a d i a t i on P e r i o d L e n g th--------------------------------------------- - .  
T i me�lll 1 -11 1 0- s  1 00 - s  1 000-s 1 - hour 1 -da:t 1 - week 1 -nio . 1 -:te a r  2-:tear 3-;tear 
1 . 00+00 3 . 1 8 - 0 3 1 . 4 9 - 0 2  3 . 08-02 4 . 3 1 - 0 2  4 . 9 4 - 0 2  5 . '/ 8 -02 6 . 0 3 - 0 2 6 . 26 - 0 2  6 . 0 2 - 0 2  5 . tl5-02 5 .  '/ 1 - 0 2  
4 , 00+00 1 . 57 - 0 3  9 . 2 5 - 0 3  . 2 . 35-02 3 . 56 - 0 2  4 . 1 9 -02 5 . 0 3 - 0 2  5 . 2tl - 0 2  5 . 50 - 0 2  5 . 3 4 - 0 2  5 . 20-02 5 . 0 8 - 0 2  
1 . 00+ 0 1  7 . 2 0 - 0 4  5 . 1 9 -0 3  1 .  7 1 - 0 2  . 2 . 8 9 - 0 2  3 . 5 2 - 0 2  4 . 3 6-02 4 . 6 1 -0 2  4 . 8 3 - 0 2  11 . 7 2- 0 2  11 . 62-02 11 . 5 3 - 0 2  
4 . 00+ 0 1  1 . 7 6 - 0 11  1 .  5 8- 0 3  8 . 11 5-03 1 .  89-02 2 . 5 1 - 02 3 . 3 4 - 02 3 . 5 9 - 0 2  3 . "/ 9 - 0 2 ' 3 . 7 7 - 02 3 . '/ 1 -02 3 . 6 6 - 0 2  

1 . 00+02 6 . 4 8 - 0 5  6 . 1 5 - 0 4  4 . 1 9 -03 1 . 2 8 - 0 2  1 . 8 8 - 0 2  2 . 7 1 - 02 2 . 9 6 - 0 2  3 . 1 5- 0 2  3 . 1 7 -0 2  3 . 1 4- 0 2  ] . 1 0- 0 2  
4 . 00+02 1 . 2 3 - 0 5  1 . 2 1 - 04 1 . 09 - 0 3  6 . 29 - 0 3  1 . 1 4 - 0 2  1'. 9 3- 0 2  2 . 1 9 - 0 2  2 . 37 -0 2  2 . 11 3- 0 2  2 . 4 2- 0 2  2 . 4 0-02 
1 . 0 0+03 5 . 1 0- 06 5 . 0 8 - 0 5  4 . 8 7 - 0 4  3 . 5 5 - 0 3  7 . 4 0- 0 3  1 . 4 8 - 0 2  1 .  7 3 - 0 2  1 . 9 1 -0 2  1 . 9 8 - 0 2  1 . 98-02 1 . 97 - 0 2  
4 . 0 0+03 1 . 07 -0 6  1 . 0 6 - 0 5  1 . 0 5-04 9 .  1 0- 0 4  2 . 4 1 -0 3  8 . 0 1 -0 3  1 . 0 5-02 1 . 2 2-02 1 . 3 1 - 02 1 . 3 1 - 0 2  1 . 3 1 -02 

1 . 0 0+04 2 . 9 9 - 0 7  2 . 9 7 - 0 6  2 . 9 5 - 0 5  2 . 7 8- 0 4  8 . 6 6 - 0 4  4 . 84 - 0 3  7 . 2 5 - 0 3  8 . 4 9 - 0 3  9 . 9 6 - 0 3  1 . 0 0-02 1 . 0 1 -02 
4 , 00+04 5 . 1 0- 08 4 . 9 3 - 0 7  4 . 9 1 -06 4 , 8 4 - 0 5  1 . 6 8 - 0 4  1 . 9 6 - 0 3  3 . 6 0 - 0 3  5 . 6 3 - 0 3  6 . 3 8 - 0 3  '/ , 0!1-03 "/ . 2 1 -0 3  
1 . 00+05 1 . 66 - 0 8  1 . 4 9 - 0'7 1 . 4 1-06 1 . 4 6 - 0 5  5 . 2 0 - 0 5  8 . 6 8 - 0 4  2 . 4 3- 0 3  3 . 5 6 - 0 3  11 . !10 - 0 3  5 . o·r - o 3 5 . 3 2 - 0 3  
4 , 00+05 4 . 8 3- 09 3 . 1 4- 0 8  2 .  9'7 - 0 7  2 . 95-06 1 . 06 - 0 5  2 . 2'/ -0 4  9 .  '{ 4 - 0 4  1 . 8 3 - 0 3  2 . 9 4 -� 3 3 . 1 4 -03 3 . 3 1 - 0 3  

1 . 00+06 2 . 7 9 - 0 9  1 . 1 0 - 0 8  9 . 35-08 9.  1 8-0'/ 3 . 29 -0 6  '7 . 4 8 - 05 3 . 9 9 - 0 4  9 . 7 7 - 0 4  1 . 9 4 - 0 3  2 . 09 - 0 3  2 . 22-03 
4 . 00+06 2 . 0 3 - 09 3 . 4 2- 0 9  1 .  7 3 - 0 8  1 . 56-01 5 . 5 8 '- 0 7  1 .  3 2- 0 5  tl . 4 8- 0 5  2 . 8 2- 0 4  9 . 30-011 1 . 07 -0 3  1 . 1 9 -0 3  
1 .  00+ 0'7 1 . 9 2-09 2 . 36-09 6 . 6 8 -09 5 . 0 0 - 0 8  1 . 7 5- 0 7  4 . 1 3- 0 b  2 . 8 0 - 0 5  1 . 0 8 - 0 4  11 . 95 - 0 4  6 . 2 tl -OII '7 . 11 3- 0 4  
4 . 00+07 1 . 8 8 - 09 1 . 9 3 - 0 9  2 . 3 9 -09 '7 . 0 4 - 09 2 . 05 - 0 8  4 . 4 7 -07 3 . 0 9 - 0 6  1 .  2 8 - 0 5  1 . 1 5 - 0 4  1 . 9 5 - 0 4  2 . 6!1 - 0 4  

1 . 00+08 1 . 8 8 - 0 9  1 . 8 9 - 0 9  1 . 9 9 -09 3 . 0 5 - 0 9  6 . 1 2- 09 1 , Q 4 - 07 '7 . 1 2-07 3 . 0 3 - 0 6  3 . 4 3- 0 5  6 . 6 4 - 0 5 1 . 0 0 - 0 4  
4 , 00+08 1 . 8 8 - 0 9  1 . 8 8 - 0 9  1 . 9 1 - 09 2 . 2 1 -0 9  3 . 09-09 3 . 1 0- 0 8  2 . 0 5 -(l'/ 8 .  1 2 - 0·7 1 . 07 - 0 5  2 . 1 8-05 3 . 4 5 - 0 5  
1 . 00+09 1 . 8 8 - 0 9  1 . 8 8 - 0 9  1 . 90-09 1 . 8 4 - 0 9  2 . 6 5 - 09 2 . 0 5 - 0 8  1 .  32-0'/ 5 . 5 9 - 0 7  7 . 3 1 - 06 1 . ? 2 - 0 5  2 . 3 5 - 0 5  
4 . 00+09 1 . !!'7 -0 9  1 .  87 -09 1 .  8 8-09 1 . 9 1 - 09 2 . 0 0 - 0 9  4 . 8 1 - 09 2 . 2 4 - 0 8  9 . 1 2- 0 8  2 . 0'7 - 0 b  5 . 0 1 -0b '7 .  6 4 - 0 6  

1 . 0 0+ 1 0  1 . 87 -0 9  1 . 87 -09 1 . 8 8-09 1 .  8 9 - 0 9  1 . 9 2-09 3 . 0 3 - 0 9  9 . 9 1 - 09 3 . 7 6 - 08 1 . 1 5 -06 2 . 8 2-06 4 . 09 - 0 b  
4 , 0 0+ 1 0  1 . 8 7 - 0 9  1 . 8'7 -09 1 , 8 '7 -09 1 . 88-09 1 . 9 2-09 2 . 9 8-09 9 . 5 11 -09 3 . 5 1 -08  5 . 23-0'1 1 . 05-06 1 . 4 0-06 
1 . 0 0+ 1 1 1 . 8 6-09 1 . 1:1 6 - 0 9  1 . 86-'09 1 .  8'1 -09 1 . 9 1 - 09 2 . 9 1 - 09 9 . 1 2- 0 9  3 . 29 - 01:1 3 . 30- 0'/ 5 . 11 11 -01 u . Bo-o·r 
11 . 0 0+ 1 1 1 .  82-09 1 . 1:1 2-09 1 . 8 2-09 1 . 8 3- 0 9  1 . 1:1 5 - 0 9  2 . 62-09 7 . 3 1 -09 2 .  '1'7 - 0 8  1 .  99- 0'/ 2 . ' B -01 3 . 11 4 -0'( 

1 . 0 0+ 1 2  1 , '{ 4 � 0 9  1 .  7 11 - 0 9  1 , '/ 11-09 1 .  '{ 5 - 0 9  1 .  '/ 6-09 2 . 20-09 11 . 9 1 - 09 1 . 4 '{ - 0 8  9 . 6 3-01:1 1 . 21 -0'{ 1 .  3 8 - 0'/ 
4 . 0 0+ 1 2  1 . 4 0 - 0 9  1 . 4 0 -09 1 . 4 0- 09 1 . 4 0 - 0 9  1 . 4 0- 09 1 . 11 3- 0 9  1 . 6 0-09 2 . 2 3 - 09 '{ . 2 5-09 9 . 11 1 -0':l 1 . 0 8 -08 
1 . 0 0+ 1 3  9 . 4 0- 1 0  9 . 4 0 - 1 0  9 . 4 0- 1 0  9 . 4 0- 1 0  9 . 4 0- 1 0  9 . 11 0- 1 0  9 . 4 1 - 1 0  9 . 4 5 - 1 0  1 . 09 -09 1 . b 1 -U ':l 2 . 11 { -09 



constant power of 2 772 . 0  MW for 26 000 hours are included .  These data 

are necessarily based entirely on summation code results . 

All data in this report , with the exception of  the supporting information 

on the ANS 5 . 1  S tandard in Appendix A and the generic reactor comparisons 

in Appendix E were specifically requested by the Presidential Commission . 

All non-redundant data supplied to the Commission to date (August 16 , 19 79) 

that are based on an accurate power history , except for the decay spectra , 

are included . 
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APPENDIX A 

THE 19 7 8 ANS 5 .  1 DECAY POWER STANDARD FOR LIGHT WATER REACTORS : 
SUMMARY OF DATA USED IN THIS REPORT 

The new standard is represented by pulse functions as discussed in the main 

text o f  this report [Eqs . (1) and (2) ] .  The actual standard lists the parameters 

for the functions and uses these to generate . tabular heating rates vs cooling at 
1 3  9 10 s for the pulse and 1 and 10 s six points per time decade between 1 and 

2 35 
for the "infinite irradiation" for U ,  239 238 Pu and U .  The user has the op-

tion of using the functions , as in this report , or the tabular data as explained 

in the standard . 

The infinite irradiation case is ·  actually generated from Eq . ( 2) where each 

fuel is assumed to produce power at a constant fission rate without depletion . 

This is an artifice that permits , in principle , the same informational content 

in the tabular data as is contained . in the pulse functions . 

Neither the pulse functions nor the tabular data acconnt for the effect of  

neutron absorption by fission-products . This is  dependent on  the specific 

reactor and its power history .  As noted in the text , the net effect of neutron 
4 absorption for cooling times <10 s is small even following a long irradia-

tion time . The standard accounts for this with an empirical equation up to 
4 

10 s and an "upper bound" based on two CINDER-10 summation calculations for 

a very long irradiation period (4 years) at large. flux levels . The user has 

the option of using the upper bound at any cooling time and also of using 

The upper bound correction , documented summation calculations at any time . 

tabulated in Table A-I and plotted in Fig .  A-1 ,  

life o f  TMI-2 . I t  was used only for the first 4 

indicated in the tabular data. For longer times 

is inappropria.te for the short 
4 x 10 s ,  and only where so 

the direct CINDER results 

were used because these already include the absorption effect . 
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The pulse function parameters are listed in Table A-II . These are used in ' 

the DKPOWR code with fission rates from CINDER to produce aggregate heating rates 
. 4 

up to 4 x 10 s ,  except in the detailed CINDER-10 data in Appendices B and C .  
235 2 39 238 2 35 Fissioning nuclides other than U ,  Pu and U are as signed the U values 

when the standard is us ed . 

Variable mixtures of  fission rates , including uncertainties , can be treated 

as discussed in the standard . The DKPOWR Code des cribes this in more detail ,  in

cluding some clarification of  aspects that may be o f  interes t to users of the 

s tandard . 

One problem that confronts the user is the treatment of uncertainties when 

using the pulse functions . The DKPOWR Code incorporates an extremely accurate 

fit to the absolute lcr uncertainties , � f ,  in f of Eq . ( 1) . These give �f as a 

function identical in form to Eq . (1) but with different parameters,  

2 3  

�f = L: MeV/ fiss-s (A-1) 

i = 1 

The parameters (8 , y) are lis ted in Table A-III but are not included in the 

standard . The· standard provides tabular data and users must interpolate to get 

appropriate values of �f . 

The decay heating or pow�r in the units of MeV/ fiss represent the decay 

energy release rate in MeV/s at specified or listed cooling times normalized to 

the fission rate during power 

MeV/s MeV/fiss :::: Fiss/s (A-2) 

Such units are meaningful only for the case of  a cons tant fission . rate during 

the powered interval . The release rate in MeV/s can be ob tained us ing a sum of 

the integrals of _the product of each pulse function and the corresponding fis- . 
s ion rate of each fuel . In this report we have represented the variable power 

history of TMI-2 as a series of histograms , us ing the rates in Tab le II . The 

fission product decay power at any specific cooling time has been accumulated 

from the separate contributions of each histogram. The units of MeV/s can be . 

readily converted to MW using the relationship 1 MeV/s = 1 . 6020 7 x l0-19 MW. 
Figure A-2 shows the absolute comparison of  heating rates for a s ingle fis

sion pulse for each of the three fuels . The differences are emphasized in Fig .  
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2 39 238 2 35 A-3 which show the deviations o f  Pu and U from U for the infinite ir-
radiation cas e .  Figure A-4 shows the new standard for 

2 35u and its small un
certainty compared to the older standard and its uncertainty . 

TABLE A-I 

RATIO OF DECAY HEAT WITH ABSORPTION TO 
VALUES WITHOUT ABSORPTIONa 

T i me  After 6max ( t ) Time After 6max ( t ) Shutdown ( sec ) Shutdown ( sec ) 

1 . 0  1 . 020 1 . 5E+5 1 . 130 
1 . 5  1 . 020 2 . 0E+5 1 . 131 
2 . 0  1 . 020 4 . 0E+5 1 . 126 
4 . 0  1 . 02 1  6. 0E+5 1 . 124 
6 . 0  1 . 022 8. 0E+5 1 . 123 
8 . 0  1 . 022 l . OE+6 1 . 124 
l . OE+l 1 . 022 1 . 5E+6 1 . 125 
1 . 5E+l 1 . 022 2 . 0E+6 1 . 127 
2 . 0E+l 1 . 022 4 . 0E+6 1 . 134 
4 . 0E+1 1 . 022 6 . 0E+6 1 . 146 
6 . 0E+1 1 . 022 8. 0E+6 1 . 162 
8 . 0E+l 1 . 022 l . OE+7 1 . 181 
l . OE+2 1 . 023 1. 5E+7 1 . 233 
1 . 5E+2 1 . 024 2 . 0E+7 1 . 284 
2 . 0E+2 1 . 025 4 . 0E+7 1 . 444 
4 . 0E+2 1 . 028 6 . 0E+7 1 . 535 
6 . 0E+2 1 . 030 8. 0E+7 1 . 586 
8. 0E+2 1 . 032 l . OE+8 1 . 598 
l . OE+3 1 . 033 1 . 5E+8 1 . 498 
1 . 5E+3 1 . 037 2 . 0E+8 1 . 343 
2 . 0E+3 1 . 039 4 . 0E+8 1 . 065 
4 . 0E+3 1 . 048 6 . 0E+8 1 . 02 1  
6 ._0E+3 . 1 . 054 8. 0E+8 1 . 012 
8 . 0E+3 1 . 060 l . OE+9 1 . 007 
l . OE+4 1 . 064 

1 . 5E+4 1 . 074 

2 . 0E+4 1 . 081 

4 . 0E+4 1 . 098 

6 . 0E+4 1 . 11 1  

B . OE+4 1 . 1 19 

1 . 0E+5 1 . 124 

aRatio Based on : 235
u thermal fi ssion for 4 years . no depl eti on . 

typ i ca l  LWR spectrum. 
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TABLE A- II  
PARAMETERS 

FOR 
PULSE ANV FINITE IRRAVIATION VECAY-HEAT 

FUNCTIONS n it )  and F !t, T ) 

U-235 
Thermol 

. A q 
6.5057(-0 1 
5. 1 2'34(-0 1 
2.4 364[-0 1 
1 .JB 50E-O 1 

5.54 40[-02 
2.2 2 2 5£-02 
3.308UE-03 
9.30 1 5£-04 
8.094.3£-04 
1.9567£-04 

3.2 5.35[-05 
7.5595£-05 
2 . 5 2 .3 2[-05 
4.994 8[-07 
1 .853 1 E -0 7  

2.GGont:-oa 
2.23 9(1[-09 
8. 1 6 4 1 ( - 1 2  
8.7 797[- 1 1  
2 . 5 1 3 1 [ - 1 4  
3.2 1 76E- 1 6  
-4.5038[ - 1 7  
7 . 4 7 9 1(- 1 7  

2.2 1 38£+0 1 
5. 1 56 7[-0 1 
1 .9594[-0 1 
1.03 1 4(-0 1 
3.3656£-02 
1. 1 68 1 [-02 

3.5870[-03 
1 .3930E-03 

6.2530[-04 
UJ906E-04 
5.4 9BBE-05 
2.095HE-05 
1 .00 1 0£-05 

2.5438[-06 
6.6.36 1[-07 
1 . 2 290[-07 
2.72 1 3£-08 
4 . 3 7 1 4 [-09 
7.57P-Of.:- 1 0  
2.4786[ - 1 0  
2.2 334[ - 1 .3  
2.4600(- 1 4  
1 .5699(- 1 4  

( 5/ 78 ) 
U -236 

Fast 
a 

1 .23 1 1 £+00 
1. 1 486[+00 

7.070 1[-0 1 
2.5209[-0 1 
7. 1 870[-02 
2.829 1£-02 
6.8 332£-03 
1.2322£-03 

6.8409(-04 
1 .6975£-04 

2.4 1 02[-05 
6.6356£-06 
1 .0075[-06 

-4 .9894[-07 
1 .6352£-07 

2.3355[-08 
2.8094[-09 
3.62.3GE- 1 1  
6.4577[ - 1 1  
4.49G3f. - 1 4  
3.6654[- 16 
5.6 293£- 1 7  
7. 1602[- 1 7  

__ A _ _  

3.288 1 £+00 
9.3805[-0 1 
3.7073[-0 1 

· 1 . 1 1 1 8[-0 1 
3.6 1 43£ -02 
1 .3272[-02 
5.0 1 33£-03 
1 .3655(-03 
5.5 1 58[-04 
1 .787 3[-04 
4.9032£-05 
1.7058[-05 
7.046�[-06 
2.3 1 9 0[-06 
6.4 480[-07 
1.2649[-07 
2.5548[-08 
8.476 2£-09 
7.5 1 3 0[ - 10 
2.4 H HlE- 1 0  
2.2739[- 1 3  
9.0536[- 1 4  
5.6098£- 1 5 

Pu-Zl9 
Thermal 

a 
2.0830(-0 1 
3.8530£-0 1 
2.2 1 30[-0 1 
9.4600£-02 
3.53 1 0(-0 2  
2.2920£-02 
3.9460[-03 
1.3 1 70£-03 
7.0520£-04 
1.4320£-04 
1 . 7650£-05 
7.34 70£-06 
1.7470£-06 
5.48 1 0£-07 
1.67 1 0£-07 
2. 1 1 20[-08 
2.9960£ -09 
5. 1070£- 1 1 
5.7.300[- 1 1  
... 1 380£- 1 4  
1 .0380£- 15 
2.4 540£- 1 7  
7.5570£- 1 7  

A 
1.0020£+0 1 

6.4330[-0 1 
2. 1 860[-0 1 
1.0040[-0 1 

3.7280E-02 
1.4 . .350[-02 
4.5490[-03 
1.3280[-03 
5.3560E-0-4 
1 .7300[-04 

4.88 1 0[-05 
2.0060[.-05 
8.3 1 90[-06 
2 .3580£-06 
6.4500[-07 
1 .2780£-07 

2.4660[-08 
9.3780[-09 
7.4500[- 1 0  
2.4260£- 1 0  
2.2 1 00E- 1 3  
2.6400£- 1 4  
1.3800[- 1 4  
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TABLE A-III 

PARAMETERS 
FOR 
!::.f 

THE PuLSE FUNCTION UNCERTAINTY* 

235u 238u 239Pu 

� :y 13 :y 13 :y 
1 . 1306+0 2 . 3079+0 2 . 6985-1 5 . 6768-1 1 . 9530+0 2 . 1278+0 
1 . 4680+0 2 . 55 78+0 4 . 6317-1 2 . 1447+0 1 . 2000-4 2 . 0370+2 
3 . 4 480-1 2 . 4554+0 3 . 3342-2 2 . 6939-1 3 . 0310-1 2 . 1127+0 
8 . 5 155-3 2 . 4783+0 5 . 2368-2 1 . 2343-1 2 . 0617-2 2 . 1132+0 
3 . 2872-2 3 . 7832-1 1 . 6377-2 3 . 7050-2 2 . 0761-2 2 . 5175-1 
8 . 2958-3 1 . 2756-1 3 . 3312-3 1 . 3551-2 4 . 8726-3 6 . 8314-2 
1 . 5202-3 3 . 5541-2 3 . 4399-4 3 . 8277-3 1 . 4982-4 3 . 3741-3 
2 . 8260-4 1 . 0309-2 2 . 9573-5 1 . 1444-3 1 . 1519-3 1 . 4929-2 
9 . 5539-5 6 . 3926-3 4 . 5202-5 6 . 9141-4 4 . 9044-5 7 . 0130-4 
4 . 1938-5 1 . 3593-3 1 . 2485-5 1 . 9674-4 2 . 85 94-6 1 . 1230-4 
8 . 2175-6 2 . 8126-4 1 . 4719-6 5 . 9641-5 4 . 2090-6 1 .  7173-4 
7 . 9662-7 5 . 7595-5 4 . 3067-7 1 .  7524-5 4 . 8789-7 2 . 4989-5 
6 . 0345-8 8 . 5336-6 2 . 8213-8 3 . 7664-6 1 . 406 7-7 1 . 0014-5 
6 . 9231-9 2 . 2085-6 6 . 0028-9 1 . 9651-6 2 . 9496-8 2 . 4173-6 
3 . 7062-9 6 . 6361-7 6 . 3270-9 6 . 8983-7 8 . 3735-9 6 . 4468-7 
5 . 3216-10 1 . 2290-7 8 . 9103-10 1 . 3242-7 1 . 0591-9 1 . 2806-7 
4 . 4796-11 2 . 7213-8 1 . 1371-10 2 . 3771-8 1 . 5014-10 2 . 4668-8 
1 . 6328-13 4 . 3714-9 1 . 4076--12 9 . 1546-9 2 . 5438-12 9 . 4104-9 
1 .  7559-12 7 . 5780-10 3 . 2341-12 7 . 5130-10 2 . 8675-12 7 . 4481-10 
5 . 0262-16 2 . 4786-10 2 . 2547-15 2 . 4188-10 2 . 07 31-15 2 . 4337-10 
6 .  4352-18 2 . 2384-13 1 . 8325-17 2 .  2768-13 5 . 4574-17 " 2 . 2119-13 
9 . 0076-19 2 . 4600-14 2 . 8240-18 9 . 0019-14 1 . 2296-18 2 . 6741-14 
1 . 4958-18 1 . 5699-14 3 . 5 792-18 5 . 46.71-15 3 . 7807-18 1 . 3870-14 

* 
These accurately reproduce the lcr values in !::.f of the ANS 5 . 1  Standard 
when used in Eq . (A-1) , but these parameters are not listed in the 
standard . 
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APPENDIX B 

TMI-2 
CURIES , ATOMS , AND DECAY POWERS 

OF 
MAJOR FISSION-PRODUCT CONTRIBUTORS 

AND 
COMPARISON RESULTS FOLLOWING AN EXTENDED POWER PERIOD 

For the TMI-2 power history and a 26 000 hour irradiation at constant , 

full power of TMI-2 , the CINDER-10 results for collective and individual 

nuclide contributions at each of 24 cooling times are summarized in this 

Appendix . At each cooling time (the same times as in the main text plus the 

ins tant of shutdown) any nuclide contributing more than 0 . 5% to the values 

of the total summations over all fission products of curies , beta , gamma , or 

beta + gamma energies is listed . 

· All data are calculated using the ENDF/B-IV data base in CINDER-10 and 

actinide cross sections from EPRI-CELL as described in the main text . There

fore, the total decay heating f�om fission products will differ by a small 

amount from the aggregate values in the main text because of the use there 

of the ANS 5 . 1  Standard for times � 20 hours . For cooling times up to a few 

minutes , the standard is believed to be more accurate than calculations , but 

as the cooling time increases it is increasingly probable that these summa

tion calculations are more accurate because of the accurate accounting for 

neutron absorption specific to TMI-2 .  The absorption effect is discussed in 

the text , and in Appendices A ,  D ,  and E .  

Each table of time step data is headed by information for the aggregate 

sums over all fission products and other data as labeled . The first quantity 

listed is the time step number , time step 22 representing values at the end 

of the last time at power before the March 28 incident . The second quantity 

is the cooling time in seconds ; this is 0 .  at time step 22 . The total elapsed 

t ime over all time steps follows the cooling time . 

All other quant ities heading each table are values applicable to the 

total core . The accumulated fission and total fission products in sum are 
-24 reduced by the factor 10 , a common practice in reactor design . The beta , 

gamma and total (beta + gamma) decay power is specified in MW and in MeV/ fiss , 

the latter unit being 
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MeV/s MeV/fiss = fiss/s  

�here MeV/s is  the decay power rate in MeV per second at the specified cool

ing time and fiss/s is the fission rate during the last time step at power ; 
19 

in this case the rate is 8 . 2 7 x 10 for TMI-2 (for the second set of tables the 

rate is 8 . 59 x 1019 
fiss/s) . 

The tabular data for each nuclide consists of  the following quantities . 

COL QUANTITY 

1 Numerical ID where the first two digits = the atomic number Z, 
the next three digits = mass number A ,  the sixth digit spe
cifies the isomeric state (0 = ground , 1 = first isomeric , 
etc) , and the final digit is 0 in all cases . 

2 

3-6 

7-9 

10 

11 

12-14 

Chemical symbol corresponding to the atomic number . 

Lists percentages for beta , gamma and beta + gamma decay 
energy of the total , and the percent of curies of  the total , 
where total refers to all fission products . 

Lists the decay power in MeV/fission , as discussed above . 
Lists curies ( total core) . 

Lis ts the "density" where , in this case , density refers to 
the total .atoms of the nuclide in the core multiplied by the 

-24. 
factor 10 • 

Lists the decay power in MW for beta, gamma and beta + gamma . 

As the cooling time increases the number of nuclides meeting the 

? 0 . 5%-of-total criteria ·for inclusion in these tables decreases , particularly 

for TMI-2 . That is , a few nuclides dominate the total decay at long times . 

The second set of tables is identical in form to the first set but is 

based on a constant power of 2 7 72 MW for 26 000 hours (- 2 . 9 7  years) . This 

case is comparable to 1/ 3 of the equilibrium core fuel following three cycles . 

I t  differs in the following respects : 

• All fuel is assumed' to produce power constantly for 26  000 hours . 

• Each fissionable nuclide is assumed to produce the same energy per 
fission . 

• Fuel cross sections are based on EPRI-CELL at mid-life ; that is , 
these cross sections are self-shielded at the mid-life value but 
are not time dependent . 
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The differences are not important for the intended use of these tables , 

namely , to provide a general comparison of nuclide data for highly irradiated 

fuel . The number of time steps at power was maintained at 22 and the decay 

( cooling) times are the same as used for TMI-2 so that time step numbers 

correspond to the same cooling times as in the first set of tables . 

The PeadeP should note that the calculati ons foP the second set of 

. tables uses a poweP level of 2772  MW. Had TMI- 2 been at fuU poweP duPi ng 

i ts last powePed i� tePV al the fi ssi on pPO duct decay enePg y �ould be incPeased 

by - 2 . 7% foP each nuclide duPing the fiPst day OP moPe followi ng the M aPch 

2 8 i noiden t. 

It is interesting to note that the number of nuclides making considerable 

(�0 . 5%)  contributions to total fiss ion-product decay power far exceed the cor

responding number important to total actinide decay power , as shown in Fig . B-1. 
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APPENDIX C 

TMI-2 
NOBLE GAS AND HALOGENS 

AND 
COMPARISON RESULTS FOLLOWING A LONG IRRADIATION 

These 58 tables are based on the same CINDER-10 calculations in Appendix 

B ,  the first 29 being for the TMI-2 power history and the remainder fo r 

26 000 hours at a constant , full power level o f  2 772 MW. Comments preceding 

the tables in Appendix B also apply here and are not repeated . Graphical 

summaries of  the aggregate gas fractions are shown in Figs . C-1 and C-2 for 

TMI-2 .  

The tables list data for each noble gas and halogen isotope (isotopes 

of Kr and Xe for noble gases and of Br and I for halogens) . There are >90 

isotopes for these four elements . The tables lis t  density, auri es and beta, 

gamma., and .:to.tai. de.c.a.y YJOWVL6 a.6 6Jr.a.ct.i..QJ'1.,6 o_fi .:the .:to.t.ai. 6)...6.6-ton p!r..oduc...:t 
ens enib le for the corres pondi ng quantity . Each noble gas and halogen is 

lis ted that exceeds 0 . 01% of the curies , beta , gamma or beta + gamma decay 

power of the aggregate noble gases + halogen value . Therefore , only the 

radioactive isotopes of any significance appear in the tables . 

Where quantities are labeled total gas , all gas , etc . , the reference 

is to noble gas + halogens . 

Heading and following each table are values for the total core for all 

fission products , all gases , etc .  Quantities labeled total without further 

identification refer to all fission products ; the product of these and the 

corresponding fractional values in the detailed nuclide tab les provide the 

actual nuclide value for the total core . 

Each table is followed by summations over all noble gases , all halogens , 

noble gas plus halogens , etc . , some information being redundant with data 

preceeding each table . - Here , the first three lines are summations of the 

quantity labeling each tabular column , and the las t four are· total fractions 

o f  all the fission products . Thus at the instant of shutdown, the total gas 

accounts for -2 . 6  of the 11 . 9  MeV/fiss total decay power or -21� of the 
total . Since only radioactive nuclides produce decay energy , the dens ity 

and fractional density of  these are listed . Thus at the ins tant of shutdown ,' 

<1% of the fission products are gases but thes e account for -21% of the total 

fission product decay power . The fractional values of all noble gases and 
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the net fractional density of  the noble gases that are radioactive are listed 

in the last two lines following each . table . 

Five tables of summary output from CINDER-10 follow the detailed gas tables 

for the TMI-2 and 26 000-hour power his tories (Tables C-XXV through C-XXIX for 

TMI-2 and Tables C-LIV through C-LVIII for the 26 000-hour irradiation) . 
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, . 0 '5 4 4 3 E +O O  5 . 7 4 0 5 1 E + O O  
., . 0 � 9 3 1 E + O O  5 . 7 1 9 1 4 E + O O  
., . 0 2 3 5 9 E +O O  5 . 6 9 9 2 6 E + O O  
., . O t O O O E + O O  5 . 6 B 0 6 5 E + O O  
'5 . 9 � 7 3 1 E + O O  5 . 6 6 3 1 1 E + O O  
'5 . 9 A '5 3 6 E +OO 5 . 6 4 6 4 9 E + O O  
'5 . 9 7 4 0 � E +O O  5 . 6 3 0 6 8 E + O O  
5 . 9 , 3 Z O E + O O  5 . 6 1 5 5 '3 E + O O  
'i . Q t; ? B 2 E + O O  

·
5 . 6 0 1 1 4 E + O O  

'5 . 9 4 2 8 3 E +OO 5 . 5 B 7 3 2 E + OO 
5 . 9 3 3 2 0 E +O O  5 . 5 7 4 0 7 E + O O  
5 . 9 � 3 9 1 E + O O  5 . 5 6 1 4 0 E +O O  
'i . 9 t 4 9 7 E + OO 5 o 5 4 9 30 E + O O  
5 . 4 3 3 Z 8 E +O O  5 . 1 B 1 4 B E + O O  
4 . 8 , 3 8 1 E + O O  4 . 7 3 2 0 8 E +O �  
4 . !' � 5 6 9 E +o o  4 . 3 2 94 B E + O O  
J . , 0 � 0 6 E +O O  3 . 5 78 8 4 E + O O  
2 . � 7 7 5 4 E + O O  3 . 0 3 6 7 3 E + O O  
1 o 9 1 0 2 5 E +O O  Z . 3 4 76 5 E +O O  
l o 5 0 0 2 B E +OO 1 . 9 , 0 4 6 E + O O  
t . 0 0 '! 7 4 E + OO 1 . 3 6 2 5 6 E +OO 
'! . 2 ?0 1 9 E -0 1  1 . 0 7 8 4 4 E + O O  
'> . 4 ,0 7 3 E -0 1  8 . 1 Z 0 7 1 E -O l  
5 . � � 7 Z 8 E - O l  6 . 8 1 5 2 1 E -O l  
4 . '! 1 1 0 1 E -0 1 5 . 7 4 8 4 0 E - 0 1  
1 . ? t 7 9 4 E - O l  4 . 5 3 2 7 9 E -O l  
2 • ., Q 9 6 3 E - 0 1  3 . 7 1 9 2 Z E -0 1  
2 . 2 74 6 3 € - 0 1  Z . 9 1 1 9 8 E -O l  
t . 7 5 9 2 B E - O l  1 . 8 8 9 3 0 E -O l  
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t . 0 9 , 9 4 E -O l  7 . 7 3 9 9 0 E - 0 2  
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4 . 4 70 0 3 E - 0 2  1 . 6 5 4 '! 3 E - O �  
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1 . 2 3 6 7 5 E + 0 1  
1 . 2 3 0 1 2 E +O l  
1 . 2 2 0 7 1 E + O l  
1 . 2 1 Z 4 4 E +O l  
1 . 2 0 5 1 8 E +0 1  
1 . 1 9 B B O E + 0 1  
1 . 1 9 3 1 5 E + 0 1  
1 . H 8 1 1 E + O l  
1 . 1 B 3 5 9 E + O l  
1 . 1 79 4 9 E + 0 1  
l o 1 7 5 7 4 E + 0 1  
1 . 1 12 2 9 E + 0 1  
1 . 1 69 0 6 E +0 1  
1 . 1 � 6 0 4 E + O l  
1 . 1 6 3 1 9 E +0 1  
1 . 1 6 0 4 7 E + 0 1  
1 . 1 5 7 8 B E + 0 1  
1 . 1 5 5 4 0 E +O l  
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l . 0 6 1 4 8 E + O l  
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5 .  7 1 4 2 7 E + OO 
4 . 2 5 7 9 0 E + O O  
3 . 4 ,0 7 4 E + O O  
2 o 3 7 1 3 0 E + O O  
1 . 9 0 5 4 6 E +O O  
1 . 4 ' H l 4 E + O O  
1 . 2 ') 1 2 5 E +O O  
9 . 9 5 H 1 E - 0 1  
7 . 7 5 0 7 3 E - 0 1  
6 . 4 1 8 ti 5 E - O l  
5 . 1 '3 6 6 1 E - 0 1  
3 . 6 4 9 5 B E �O l 
Z . 6 4 H 9 E - O l  
1 . 8 67 8 3 E - O l  
l . 0 5 0 3 4 E- O l  
6 . 8 2 7 5 4 E - 0 2  
6 . 1 2 4 6 6 E - O Z  
3 . l l ') O B E - 0 2  
l . 0 44 3 2 E - O Z  
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4 5  l o 8 0 00 E + 0 8  
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1 . 5 7 1 71' -� 1  
1 . 5 6 q H -O l 
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1 . 5 t 6 6 ., - ') 1  
1 . 5 6 5 7 t - O l  
1 . 5 � 5 0 E - " 1  
1 . 5 6 4 3 1; - 1) 1  
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1 . 5 6 3 0 � - · n  
1 . 5 6 2 4 F -0 1  
1 .  5 6 1 7 E -' H 
1 .  5 6 1 0 E - 1 H  
1 . 5 6 0 3 ., - '1 1  
1 .  5 5 q o c - r n 
1 . 5 5 8 Q F - "1 1  
1 . 5 5 '3 1 1= - I H  
1 . '5 5 7 4 E - 1 H  
1 .  5 5 o 7 c: -r n  
1 .  5 5 6 0 � -· H  
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1 . 5 5 53 !' - 0 1  
1 . 5 5 5 3 1:: - 1) 1  

1 . 5 5 5 3 E -1)1 
1 .  5 5 5 3 E -'l 1  
1 . 5 5 5 3 10 - 0 1  
1 .  5 5 5 3 10 -'l't 
1 .  5 5 5 3 E -1 H 
1 . 5 5 5 3 �=' - 11 1  
1 .  5 5 5 3 1=-0 1 
1 . 5 5 5 2 E -'J l 
l o 5 'i 5 2 �='-1J l 
1 .  5 5 5 1 E - 0 1  

1 .  5 5 5 1) �' -') l  
t . 5 5 4 8 E -n 
1 . 5 5 4 4 1= - ''1 
1 . 5 5 4 0 F -0 1  
1 .  5 5 4 0 �=' - Ci l  

1 .  5 5 lt Z E - ' H  
1 .  5 5 4 3 �=' -' n 
1 . 5 5 4 2 F. -!) 1  
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Q . 7 l � E -� 3  1 . q 6 6 E -0 1 
� . ' O l �='-0 3 t . 9 � 1 E - n l  
� . 4 0 1'\ F - 0 3  1 . 7 '3 0 E - O l  
7 . 1'1 A 7 E - 0 3  1 . � � 3 E - 1) 1  
6 . � 3 � F - 0 3  l o 7 4 , E -O l  
6 . 6 6 � E - 0 3  1 . 7 ' 1 E - � 1  

6 . � 4 7 F - O �  1 . 7 0 � �' - 0 1  

6 . 4 6 1 E-0 3 1 . 6 Q l E - O l  

6 . � o '3 F - 0 3  l o 6 7 � F. - 0 1  
6 . 3 5 ') 1' - 0 3  1 . 6 6 ? !' -0 1  

6 . 3 1 4 E -0 3 1 . 6 4 � E - 0 1  
6 . � A 6 F. - 'J 3  1 . � 3 � E -O l  
6 . � 6 � F - 0 3  t . 6 � 4 E -O l  

6 . 2 � 1J E - O �  1 . � 1 2 � - 0 1  

6 o 2 3 � E- 0 3  1 o 6 0 0 E - � 1  

� . � J O f -0 3 l . 'i A q E - � 1  

� . � � 4 F - 0 3  1 . � 7 7 E - 'J 1  

6 . � � 0 E - O �  1 . 5 � � E - I) l  
� . � 1 � E - O �  1 . � 5 5 E -O l  

� . , t � F. - O J  t . � 4 � E - 0 1  
6 . � 1 � E - O �  1 . � 3 � E - D 1  
� . � l q E - 0 �  l o 5 4 0 ., - 0 1  
� . ? 1 � E - 0 )  l . � � J E -0 1  

� . 2 l � E - 0 1  1 . � 7 q � -0 1  

� . ? 1 � � - � �  l . 'i � q E -� 1  

6 o ? l q �' -O � 1 . 5 � 4 E - 0 1  
� . � l q � - � 3  1 . 6 � 'J E - 0 1  

� . 2 1 � �-0 J 1 . � � 4 E -O l  

� . � l � E - 0 3  t . � 1 J E -n1 

� . 2 1 3 E- 0 3  1 . � 1 3 E -O l 

� . , � � E - 0 3  l o 7 4 � F. -0 1 

� . 1 0 5 � - 0 3  1 . 7 0 ry E - O l  

� . 1 7 5 E - O J  1 . � Q O E -0 1 
� . l ? l E - I) J  1 . 3 5 1 E -0 1  
6 . 0 5 7 E - 0 3  l . l l q E - 0 1 

'i . Q 'i � F - � 3  7 . 7 � 4 E _ , ,  
5 o A 3 Q E - O J 2 . 4 1 � E -O ?  

� . � , Q C - O J  4 0 5 A � E - 0 3  

5 . q l 2 E -O J 1 . � 7 4 � -0 3 

� . � 1 � E - � 3  z . � 7 � E - 0 3  
5 . 7 7 q E - 0 3 3 . Q Q � E - 0 3  

7 . �� 0 F - ') 3  4 . 3 0 � E -0 3  

� . 7, q �-0 3 7 0 6 2 2 C- I) J  
5 . 5 � 1 � - o �  1 . 4 7 4 E - 'J �  

B E T A  

1 . 9 7 2 9 E - 0 1 
l . Q 2 3 0 E-0 1 
l . B 8 3 4 E- 0 1  
l o 8 5 0 7 E - 0 1  
1 .  8 2 2 7 E- O l  
1 . 7 97 8 E -0 1 
1 o 7 7 5 3 E-O l 
1 . 7 5 4 5 E - 0 1  
l o 7 3 5 0 E -0 1 
l o  7 1 6 6 E- 0 1  
l o 6 9 8 8 E- O l  
1 . 6 8 1 8 E- O l 
1 . 66 5 1 E - O l  
1 .  6 4 Q O  E -0 1  
l o 6 3 3 1  E -0 1 
l . 6 1 7 5 E - O l  
1 .  6 0 2  3 E - 0 1  
1 .  5 8 7 3 E - 0 1  
l o  5 72 6  E - 0 1 
l o  5 5 6 1 E -0 1  
l o 5 4 4 0 E - O l  
l o 5 30 3 E - O l  
l o 5 6 4 0 E -0 1  
1 . 5 8 1 6 E - 0 1  
1 .  5 9 0 7 E-0 1 
l o 5 5 � 1 E-0 1 
1 o 4 6 3 B E - 0 1  
l o 3 1 6 3 E - 0 1  
l o 3 0 7 3 E - Q l  
1 . 4 q 8 8 E - 0 1  
1 . 5 0 7 4 E - 0 1  
1 o 4 2 5 0 E- 0 1  
1 .  4 4 6 2 1: -0 1  
l o 4 0 2 0 E - 0 1 
1 . 0 Q 5 1 E - 0 1 
7 . q 5 1 4 E - 0 2  
4 . 6 Q 8 5 E-0 2 
1 o l 7 6 0 E - 0 2  
2 .  2 9 l l E-0 3 
Q . 5 1 3 1 E-0 4 
l o 3 4 6 7 E - 0 3 
l . S Q OQ E-0 3 
z . o B o 1 E - o 3  
4 . 1 7Q B E - 0 3  
1 . 2 5 7 4 E- 0 2  

G A M M A  TOTAL 
? o 4 4 2 B E -0 1  Z o 2 0 2 3 E -O l  
Z . 3 Q 7 7 E - 0 1  2 o l 5 4 B E - 0 1  
Z o 3 6 4 6 E - 0 1  Z . l 1 8 4 E -O l  
Z . 3 3 8 4 E - O l  Z o 0 8 8 8 E - O l  

Z o 3 1 6 6 E -0 1 2 o 0 6 3 7 E -O l  
2 o 2 9 7 9 E -O l  2 . 0 4 1 7 E - 0 1  
z . z e t 3 E -Ol z . o z z o E -o 1  
2 o 2 66 Z E -0 1  2 o 0 0 38 E -O l  
2 . Z 5 2 1 E -0 1  1 . 9 8 6 8 E -O l  
2 . Z 3 B B E -O l  1 . 9 7 0 7 E -0 1  
Z . 2 2 6 1 E - O l  l o 9 5 5 3 E -O l  
2 o 2 1 3 7 E -O l  l o 9 4 0 4 E -O l  
Z . 2 0 1 7 E -O l  1 . 9 2 5 9 E -O l  
2 . 1 8 9 Q E -O l  1 o 9 1 1 7 E -O l 
Z o l 78 3 E -O l  l o 8 9 7 8 E -O l  
2 . 1 6 6 9 E -O l  1 . 8 8 4 1 E -O l  
2 . 1 5 5 6 E - O l  · l o 8 70 6 E -O l  
2 . 1 4 4 4 E -0 1  1 . 8 5 7 4 E -0 1 
2 . 1 3 3 4 E -0 1  l o 8 4 4 3 E -O l  
2 . 1 2 2 � E -O l  l o 8 3 1 5 E - O i  
Z o l 1 1 8 E -0 1  l o 8 1 Q O E -0 1  
2 . 1 0 1 3 E -O l  1 . 8 0 6 7 E -O l  
Z . 1 5 2 4 E - O l  l o 8 5 1 Z E -O l  
2 . 1 Q B O E -0 1  t . 8 8 6 9 E -0 1 
2 . 2 3 5 2 E -0 1  1 . 9 1 5 3 E -0 1 
2 . 2 8 9 ? E -O l  1 . 9 3 4 5 E -0 1  
Z . 3 3 8 1 E - O l  l o 9 2 8 4 E -O l  
2 . 5 3 0 '3 E -0 1  1 . 9 8 5 Q E -0 1 
2 . 7 6 4 6 E -0 1  Z o 1 3 Z 8 E -0 1  
3 . 2 5 5 B E -0 1  2 o 5 0 8 4 E -0 1  
3 . 3 5 9 1 E -O l  2 o 5 5 5 4 E -0 1  
3 . 1 1 0 6 E -O l  2 o 3 6 3 7E -0 1  
2 . 9 1 6 5 E - O l  Z o 2 76 2 E-O l 
Z . 6 5 2 3 E - 0 1 2 . 1 Z 3 6 E -O l  
2 o l 7 1 2 E -O l l o 72 4 4 E - 0 1  
1 . 6 5 5 7 E -O l  1 o 2 9 3 B E -O l  
9 . � 8 1 0 E - 0 2  7 . 4 9 5 Q E -O Z  
Z . 1 6 2 3 E -0 2  1 o 6 8 6 7 E -O Z  
3 . 4 7 � 4 E -0 3 Z o 8 4 9 6 E -0 3 
1 . 5 9 4 4 E - 0 4  6 . 2 2 76 E -04 
Z . 5 9 � 4 E -0 5  9 . Z 9 3 3 E -0 4  
4 . 5 2 5 3 E - 0 5  l o 3 9 0 6 E -0 3  
5 � 0 1 4 Q E -0 5  l o 5 3 6 0E -0 3  

7 . 4 z q e E - 0 5  Z . B l O l E -0 3  
1 . 2 5 � 0 E -0 4  6 . 7 0 8 8 E -0 3  
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1 O o  1 o 5 0 4 2 � - 0 1  � . P 5 � F - 0 3  9 . � 7 7 � - � �  9 . 6 8 2 2 E - 0 2  9 . 2 8 5 8 E - 0 2  9 . 4 8 8 7 E -0 2  
2 O .  l o 5 0 4 2 E - n t  4 . 0 � � C - O J  9 o 4 7 4C - O' 9 o 4 2 7 6 E - 0 2  8 o 9 9 � J E -0 2 9 . 2 1 B O E -0 2  
3 O .  1 . 5 0 3 5 E -0 1  3 . 0 9 2 � - 0 3  9 . 1 Q O c -O '  9 . 2 2 5 3 E- 0 2 8 o 7 7 4 4 E -0 2  9 . 0 0 5 2 E - O Z  
4 D o  l o 5 0 2 6 C - 0 1  ' • � , l E - 0 3  8 o 9 9 1 E - O �  9 . 0 5 6 1 E - 0 2  8 . 5 9 1 2 E -0 2  8 . 8 3 0 2 E -0 2  
5 O o  1 o 5 0 1 7 E - 0 1 2 . 2 9 � E - 0 3  � . � 2 3 E - 0 2  B o 9 l 4 1 E- 0 2  8 . 4 3 5 7 E -0 2  8 . 6 8 0 6 E -O Z  
6 O .  1 . 5 0 0 7 E -0 1  Z . O q 9 E - 0 3  ' · � q o E -0 2  B . 7 8 6 3 E - 0 2  8 . 2 9 9 4 E -0 2  8 . 5 4 8 3 E -O Z  
7 O .  1 . 4 9 9 �E -O l  1 . 03 4 � -0 3  � . � � � c -o z  B . 6 7 0 4 E - 0 2  B . l 77 1 E -0 2  B . 4 2 9 9 E - 0 2  
8 O .  1 . 4 9 � 6 E - 0 1  1 . q 1 4 E - 0 3  8 . 4 4 1 � - 0 2  B . 5 6 3 2 E - 0 2  8 . 0 6 4 9 E -0 2  B . 3 2 0 4 E -0 2  
9 O .  l o 4 9 7 5 C - O l  1 . 7 1 q F - O J � . 3 J � C - 0 2  8 . 4 � 2 7 E - 0 2  7 . 9 5 9 9 E -0 2  B . 2 1 7 8 E -0 2  
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1 1  O .  1 . 4 9 5 3 E - O l  1 . 5 � Q F- 0 3  8 . 1 4 2 � - n z  B o 2 7 5 7 E - 0 2  7 . 7 6 5 4 E -0 2  8 . 0 2 7 5 E -0 2  
1 2  o �  1 o 4 9 4 2 E - O l  1 . � 1 0 E- 0 3  8 . 1 5 ! E - ? !  8 . 1 8 7 3 E - 0 2  7 . 6 7 3 3 E -0 2  7 . 9 3 7 4 E -O Z  
1 3  O .  1 . 4 9 3 0 F -0 1  1 . 4 5 q E - O J  7 . 9 �4 F -O � B . 1 0 1 4 E - 0 2  7 . 5 8 3 7 E �0 2  7 . 8 4 9 9 E -0 2  
1 4  O .  l o 4 9 1 9 E -O l  1 . 4 1 3 C - Q 3  7 . q 7 Q E -n 2  8 . 0 1 7 6 E - 0 2 7 o 4 9 6 0 E -0 2  7 . 7 6 4 3 E -0 2  
1 5  0 .  1 . 4 9 0 7 E - O l  1 . 3 7 1 E - O �  7 . 7 9 7 E -0 2 7 . 9 3 5 5 E - 0 2  7 o 4 0 9 � E - 0 2  7 . 6 8 0 3 E -0 2  
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1 8  O .  1 o 4 6 7 3 E -O l l . ' � Q E - 0 3  7 . � 6 1 E -O �  7 . 6 9 8 0 E- 0 2  7 . 1 5 8 6 E -0 2  7 . 4 3 6 5 E -0 2  
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2 1  O .  1 . 4 6 4 0 � -0 1 1 . 1 � � E - ' 1  7 o 3 4 1 C -Q? 7 . 4 7 3 7 E - 0 2  6 . 9 1 � 5 E - 0 2  7 . Z 0 4 9 E -O Z  
2 2  O .  1 . 4 6 3 0 E -O l  1 . 1 6 � c - o 1  7 . 2 70 E - O �  7 . 4 0 2 3 E - O Z  6 . t 4 1 4 E - 0 2  7 . 1 3 0 6 E -0 2  
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APPENDIX D 

TMI-2 FUEL DECAY POWER . SURVEY 

In order to demons trate the variation of decay power with irradiation 

and cooling times , a series of calculations have been performed to trace 
13 

decay power of  2 . 96% enriched fuel over the cooling period 1 s � t < 10 s 

following irradiation for periods in the range 1 s $ T $ 3 years at a power 

dens ity of 33 . 8 kW/kg . The fuel specifications and power density are equiv

alent to those used in TMI-2 equilibrium core calculations des cribed in Sec . 

VII B .  of  the text . The resul ts of  these calculations are given in Tables 

D-I through D-XI , which list actinide , fission-product and total decay power 

at 2 7  cooling times for each of the eleven irradiation cases . The total 

decay power values were summarized in Table VIII and Fig .  5 of the text . All 

decay power values are normalized to core power prior to shutdown . As in 

previous calculations , the EPRI-CINDER code was used to calculate actinide 

decay power values at all cooling times us ing exposure-dependent actinide 

cross sections and group flux ratios calculated with EPRI-CELL . The fission

product decay power values at cooling times t � 105 
s were also calculated 

with this code . 

Because of the absence of  short-lived nuclides in the EPRI-CINDER fis

sion-product library ' decay power from u·ssion products at short cooling 

times may be accurately calculated only with CINDER-10 or DKPOWR , which 

employs the pulse functions of  ANS 5 . 1  STANDARD . The nuclide fission history 

of  each EPRI-CINDER calculation was used in a companion DKPOWR calculation 
4 

o f  fission-product decay power at cooling times t $ 4 x 10 s .  As previously 

des cribed ,  the result of neutron absorption by fission-product nuclides 

during irradiation is a net increase in fission-product decay power . This 

increase is small at short cooling times for all realistic fuel irradiation 

histories ; the effect is negligable if irradiation and cooling times are both 

brief . ANS 5 . 1  S tandard offers an upper-bound absorption correction G , 
max 

des cribed in Appendix A ,  which may be used to account for the absorption 

effect in the absence of a specific ,  documented treatment . In the range of  
4 

cooling times 1 s < t $ 4 x 10 s ,  G monotonically increases fission-max 4 product decay power by 2% at t = 1 s to 9 . 8% at t = 4 x 10 s .  Fission-

product decay power values from DKPOWR tabulated here for irradiation times 

T � 1 week neglect the absorption effect ; values tabulated for T � 1 month 
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4 
include the G absorption correction for cooling times t � 4 x 10 s .  The max 
absorption effect is , of  course ,  included in all fission-product decay power . 5 
values from EPRI-C!NDER for cooling times t ? 10 s .  

Examination of  the data of Tables D-I through D-XI , as well as the 

summary data of  Table VIII and Fig .  5 of the text , lead to several observa

tions . 

Total decay power �iminishes rapidly following brief irradiation periods 

due to the absence of  a substantial inventory of  long-lived fission-product 

and actinide nuclides produced in the fuel . Conversely , total decay power 

decreases more slowly with cooling time for longer irradiations because of 

the buildup of long-lived nuclides . The fractional contribution of actinide 

nuclides to the total decay power immediately following shutdown increases 

with irradiation time . For shorter irradiation times this may be viewed in 

terms of - the rapid saturation of some short-lived fission products relative 
2 39u d 

2 39N to an p ,  which strongly dominate actinide decay power during the 

first few days of cooling . Actinide decay power following very long irradia

tions contributes a greater fraction of the total decay power due to a num

ber of  factors . Fiss ion-products are produced at a rate proportional to the 

fission rate ; actinide nuclides are produced at a rate approximately pro

portional to the 'flux level , though diminished by actinide cross-section 

self-shielding as inventories increase . During these constant-power cal

culations the flux level increases due to depletion and reduced macros copic 

fission cross section . The fission rate , however , slowly decreases due to 
2 39 241 the growing fission contributions of Pu and Pu , which yield slightly 

larger amounts of recoverable energy per fission (Q) • Q v aZues for a vari

ety of fissionabZe nucZ ides and incident neutro n energies, incZuding ·the 

appropriate LWR vaZue s used in EPRI-CINDER, are U sted in TabZe D-XII, Als o ,  
239 . the fission products of Pu following extended irradiation yield �ons ider-

ably lower decay power at small cooling times , as des cribed in Appendix A .  

Of the 1 1  irradiation cases calculated ,  the 1-month irradiation results 

in the highes t total decay power at cooling times t � 60 s .  I t  is interes t

ing to note from the tabulated data that actinide decay power at any cooling 

time increases with irradiation time (or exposure) . It is the fiss ion

product contribution to decay power that is respons ible for the elevated 

heating rate at these cooling times . The des cription of nuclide fission 

rates as functions of irradiation time T could be used with the functional 
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heating rates F ( t , T) , defined by Eq . (2)  and Appendix A ,  to determine the 

irradiation time T for which the fission-product decay power is a maximum. 

Such an exercise has not been conducted here . 

Total decay power at very long cooling times is dominated by actinide 

nuclides in all cases . The general relationship between actinide and fission

product contributions to decay power is examined for several LWR sys tems in 

Appendix E .  

TABLE D-I 

TMI-2 FUEL DECAY POWER SURVEY 

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING 
SUSTAINED PO��R AT 3 3 , 8  kW/kg FOR 1 SECOND 

Fraction of 0Eerationa1 Power 

Cooling Fission 
Time(& Act if!.�d-�. P roducts. To tal 

1 . 00+0 6 . 365-07 3 . 176-03 3 . 1 7 7-03 
4 . 00+0 6 . 356-07 1 . 569-03 1 . 5 7 0-03 
1 . 00+1 6 . 337-07 7 , 195-04 7 . 201-04 
4 . 00+1 6 . 245-07 1. 7 50-04 1 .  7 5 6-04 

1 . 00+2 6 . 065-07 6 . 4 15-05 6 . 476-05 
4 . 00+2 5 . 242-07 1 . 17 6-05 . 1 . 22 8-05 
1 . 00+3 3 . 9 18-07 4 .  7 l l-06 5 . 103-06 
4 . 00+3 9 . 412-08 9 . 7 16-07 1 . 066-06 

1 . 00+4 1 . 0 36-08 2 . 887-07 2 . 9 91-07 
4 . 00+4 5 . 3 5 7-09 4 . 56 3-08 5 . 099-08 
1 . 00+5 4 .  7 14-09 1 . 188-08 1 . 660-08 
4 . 00+5 2 . 898-09 1 . 928-09 4 . 826-09 

1 . 00+6 2 . 009-09 7 . 831-10 2 . 7 92-09 
4 . 00+6 1 . 8 76-09 1 .  545-10 · 2 . 030-09 
1 . 00+7 1 .  87 6-09 4 . 807-11 1 . 924-09 
4 . 00+7 1 . 8 7 6-09 5 . 149-12 1 . 881-09 

1 . 00+8 1 .  8 7 6-09 1 . 166-12 1 . 8 7 7 -09 
4 . 00+8 1 . 876-09 3 . 2 38-13 1 . 876-09 
1 . 00+9 1 . 8 75-09 2 . 025-13 1 . 8 7 6-09 
4 . 00+9 1 . 8 75-09 2 . 076-i4 1 . 875-09 

1 . 00+10 1 . 8 74-09 2 . 347-16 1 . 8 74-09 
4 . 00+10 1 .  870-09 1 . 97 3-18 1 . 870-09 
1 . 00+11 1 .  862-09 1 . 943-18 1 . 862-09 
4 . 00+11 1 . 820-09 1 . 840-18 1 . 820-09 

1 . 00+12 1 .  7 40-09 1 . 652-18 1 .  7 4 0-09 
4 . 00+12 1 . 399-09 1 . 009-18 1 . 399-09 .. 
1 . 00+13 9 . 400-10 4 . 9 18-19 9 . 400-10 
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TABLE D-II 

TMI-2 FUEL DECAY POWER SURVEY 

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING 
SUSTAINED POWER AT 33 . 8  kW/kg FOR 10 SECONDS 

Fraction of 0Eerational Power 

Cooling Fiss ion 
Time�s2 Actinides Products Total 

1 . 00+0 6 . 334-06 1 . 493-02 1 . 493-02 
4 . 00+0 6 . 325-06 9 . 239-03 9 . 245-03 
1 . 00+1 6 . 306-06 5 . 187-:03 5 . 193-03 
4 . 00+1 6 . 215-06 1 . 576-03 1 . 583-03 

1 . 00+2 6 . 035-06 6 . 090-04 6 . 150-04 
4 . 00+2 5 . 213..,.06 1 . 162-04 1 . 214-04 
1 . 00+3 3 . 892-06 4 . 690-05 5 . 079-05 
4 . 00+3 9 . 224-07 9 . 702-06 1 . 062-05 

1 . 00+4 8 . 657-08 2 . 885-06 2 . 972-06 
4 . 00+4 3 . 66 9-08 4 . 563-07 4 . 930-07 
1 . 00+5 3 . 02 6-08 1 . 188-07 ' 1 . 491-07 
4 . 00+5 1 . 210-08 1 . 928-08 3 . 137-08 

1 . 00+6 3 . 209-09 7 . 831-09 1 . 104-08 
4 . 00+6 1 . 876-09 1 . 545-09 3 . 421-09 
1 . 00+7 1 . 876-09 4 . 807-10 2 . 356-09 
4 . 00+7 1 . 876-09 5 . 149-11 1 .  927-09 . 

1 . 00+8 1 . 876-09 1 . 166-11 1 . 887-09 
4 . 00+8 1 . 876-09 3 . 238-12 1 .  879-09 
1 . 00+9 1 . 876-09 2 . 025-12 1 . 878-09 
4 . 00+9 1 . 875-09 2 . 076-13 1 . 875-09 

1 . 00+10 1 . 874-09 2 . 347-15 1 . 874-09 
4 . 00+10 1 . 870-09 1 .  973":"17 1 . 870-09 
1 . 00+11 1 . 862-09 1. 943-17 1 . 862-09 
4 . 00+11 1 . 820-09 1 . 840-17 1 . 820-09 

1 . 00+12 1 . 740-09 1 . 652-17 1 .  740-09 
4 . 00+12 1 . 399-09 1 . 009-17 1 . 399-09 
1 . 00+13 9 . 400-10 4 . 918-18 9 . 400-10 
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TABLE D-Ill 

TMI-2 FUEL DECAY POWER SURVEY 

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING 
SUSTAINED POWER AT 33 . 8  kW/kg FOR 100 SECONDS 

Fraction of 0Eerational Power 

Cooling Fission 
Time�s� Actinides Products Total 

1 . 00+0 6 . 195-05 3 . 074-02 3 . 080-02 
4 . 00+0 6 . 186-05 2 . 342-02 2 . 348-02 
1 . 00+1 6 . 168-05 1 .  708-02 1 . 714-02 
4 . 00+1 6 . 078-05 8 . 386-03 8 . 447-03 

1 . 00+2 5 . 903-05 4 . 130-03 4 . 189-03 
4 . 00+2 5 . 099-05 1 . 044-03 1 . 095-03 
1 . 00+3 3 . 807-05 4 . 493-04 4 . 87 3-04 
4 . 00+3 9 . 015-06 9 . 560-05 1 . 046-04 

1 . 00+4 8 . 388-07 2 . 868-05 2 . 952-05 
4 . 00+4 3 . 500-07 4 . 556-06 4 . 906,;.,06 
1 . 00+5 2 . 85 7-07 1 . 188-06 1 . 47 3-06 
4 . 00+5 1 . 041-07 1 . 927-07 2 . 968-07 

1 . 00+6 1 . 520-08 7 . 831-08 9 . 351-08 
4 . 00+6 1 . 881-09 1 . 545-08 1 .  733-08 
1 . 00+7 1 . 87 7-09 4 . 806-09 6 . 683-09 
4 . 00+7 1 . 87 7-09 5 . 149-10 2 . 392-09 

1 . 00+8 1 . 87 7-09 1 . 166-10 1 .  994-09 
4 . 00+8 1 . 87 7-09 3 . 238-11 1 . 909-09 
1 . 00+9 1 .  877-09 2 . 025-11 1 . 897-09 
4 . 00+9 1 . 876-09 2 . 076-12 1 . 878-09 

1 . 00+10 1 . 876-09 2 . 347-14 1 . 876-09 
4 . 00+10 1 .  871-09 1 .  973-16 1 . 871-09 
1 . 00+11 1 . 863-09 1 .  943-16 1 . 863-09 
4 . 00+11 1 . 821-09 1 .  840-16 1 .  821-09 

1 . 00+12 1 .  741-09 1 . 652-16 1 .  741-09 
4 . 00+12 1 . 399-09 1 . 009-16 1 . 399-09 
1 . 00+13 9 . 401-10 4 . 918-17 9 . 401...,10 
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TABLE D-IV 

TMI-2 FUEL DECAY POWER SURVEY 

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING 
SUSTAINED POWER AT 33 . 8  kW/kg FOR 1000 SECONDS 

Fraction of 0Eerational Power 

Cooling Fission 
Time�s� Actinides Products Total 

1 . 00+0 5 . 023-04 4 . 258-02 4 . 308-02 
4 . 00+0 5 . 016-04 3 . 509-02 3 . 559-02 
1 . 00·1-1 5 . 001-04 2 . 841-02 2 . 891-02 
4 . 00+1 4 . 928-04 1 . 838-02 1 . 887-02 

1 � 00+2 4 . 786-04 1 . 235-02 1 . 283-02 
4 . 00+2 4 . 135-04 5 . 877-03 6 . 290-03 
1 . 00+3 3 . 089-04 3 . 242-03 3 . 551-03 
4 . 00+3 7 . 371-05 8 . 361-04 9 . 098-04 

1 . 00+4 7 . 505-06 2 . 710-04 2 . 785-04 
4 . 00+4 3 . 4 78-06 4 . 490-05 4 . 838-05 
1 . 00+5 2 . 835-06 1 . 181-05 1 . 464-05 
4 . 00+5 1 . 022-06 1 .  925-06 2 . 948-06 

1 . 00+6 1 . 349-07 7 . 82 7-07 9 . 177-07 
4 . 00+6 1 . 932-09 1 . 545-07 1 . 564-07 
1 . 00+7 1 . 889-09 4 . 806-08 4 . 995-08 
4 . 00+7 1 . 889-09 5 . 149-09 7. 038-09 

1 . 00+8 1 . 889-09 1 . 166-09 3 . 055-09 
4 . 00+8 1 . 889-09 3 . 238-10 2 . 213-09 
1 . 00+9 1 . 889-09 2 . 025-10 1 . 840-09 
4 . 00+9 1 . 888-09 2 . 07 6-11 1 . 909-09 

1 . 00+10 1 . 887-09 2 . 347-13 1 . 888-09 
4 . 00+10 1 . 883-09 1 .  973-15 1 . 883-09 
1 . 00+11 1 . 874-09 1 . 943-15 1 . 874-09 
4 . 00+11 1 . 829-09 1 . 839-15 1 . 829-09 

1 . 00+12 1 . 745-09 1 . 652-15 1 . 745-09 
4 . 00+12 1 . 40Q-09 1 . 009-15 1 . 400-09 
1 . 00+13 9 . 401-10 4 . 915-16 9 . 401-10 
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TABLE D-V 

TMI-2 FUEL DECAY POWER SURVEY 

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING 
SUSTAINED POWER AT 33 . 8  kW/kg FOR 1 HOUR 

Fraction of 0Eerational Power 

Cooling Fission 
Time{s� Actinides Products Total 

1_. 0 0+0 1 . 078-03 4 . 836-02 4 . 944-02 
4 . 00+0 1 . 077-03 4 . 086-02 4 . 193-02 
1 . 00+1 1 . 074-03 3 . 416-02 3 . 524-02 
4 . 00+1 1 . 059-03 2 . 402-02 2 .-508-02 

1 . 00+2 1 . 028-03 1 .  7 7 9-02 1 .  882-02 
4 . 00+2 8 . 892-04 1 . 050-02 1 . 138-02 
1 . 00+3 6 . 65 7.:..04 6 . 734-03 7 . 400-03 
4 . 00+3 1 . 632-04 2 . 246-03 2 . 409-03 

1 . 00+4 2 . 161-05 8 . 440-04 8 . 656-04 
4 . 0(}+-4 1 . 246-05 1 . 552-04 1 . 67 7-04 
1 . 00+5 1 . 016-05 4 . 182-05 5 . 198-05 
4 . 00+5 3 . 660-06 6 . 907-06 1 . 05 7-05 

1 . 00+6 4 . 788-07 2 . 814-06 3 . 293-06 
4 . 00+6 2 . 07 7-09 5 . 558-07 5 . 579-07 
1 . 00+7 1 .  924-09 1 . 730-07 1 .  749-07 
4 . 00+7 1 . 923-09 1 . 854-08 2 . 046-08 

1 . 00+8 1 .  923-09 4 . 199-09 6 . 122-09 
4 . 00+8 1 .  923-09 1 . 166-09 3 . 089-09 
1 . 00+9 1 .  92 3-09 7 . 289-10 2 . 652-09 
4 . 00+9 1 . 923-09 7 . 474-11 1 . 997-09 

1 . 00+10 1 . 922-09 8 . 451-13 1 . 9 22-09 
4 . 00+10 1 .  916-09 7 . 096-15 1. 916-09 
1 . 00+11 1 . 905-09 6 . 989-15 1 . 905-09 
4 . 00+11 L 853-09 6 . 617-15 1 . 853-09 

1 . 00+12 1 .  759-09 5 . 942-15 1 . 7 59-09 
4 . 00+12 1 . 400-09 3 . 626-15 1 . 400-09 
1 . 00+13 9 . 401-10 1 .  765-15 9 . 401-10 

' 
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TABLE D-VI 

TMI-2 FUEL DECAY POWER SURVEY 

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING 
SUSTAINED POWER AT 33 . 8  kW/kg FOR 1 DAY 

Fraction of 0Eerational Power 

Cooling Fission 
Time�s� Actinides Products Total 

1 . 00+0 1 . 582-03 5 . 622-02 5 . 780-02 
4 . 00+0 1 . 580-03 4 . 872-02 5 . 030-02 
1 . 00+1 1 . 5 77-03 4 . 202-02 4 . 360-02 
4 . 00+1 1 . 558-03 3 . 186-02 3 . 341-02 

1 . 00+2 1 . 5 21-03 2 . 55 7-02 2 . 709-02 
4 . 00+2 1 . 353-03 1 .  79 7-02 1 .  932-02 
1 . 00+3 1 . 083-03 1 . 369-02 1 . 477-02 
4 . 00+3 4 . 744-04 7 . 534-03 8 . 008-03 

1 . 00+4 2 . 981-04 4 . 546-03 4 . 844-03 
4 . 00+4 2 . 606-04 1 . 698-03 1 . 958-03 
1 . 00+5 2 . 124-04 6 . 550-04 8 . 675-04 
4 . 00+5 7 . 653-05 1 . 504-04 2 . 269-04 

1 . 00+6 9 . 988-06 6 . 47 7-05 7 . 476-05 
4 . 00+6 6 . 534-09 1 . 315-05 1 . 315-05 
1 . 00+7 3 . 026-09 4 . 129-06 4 . 132-06 
4 . 00+7 3 . 023-09 4 . 439-07 4 . 469-07 

1 . 00+8 3 . 023-:09 1 . 006-07 1 . 037-07 
4 . 00+8 3 . 023-09 2 . 796-08 3 . 099-08 
1 . 00+9 3 . 022-09 1 .  748-08 2 . 051-08 
4 . 00+9 3 . 019-09 1 .  793-09 4 . 811-09 

1 . 00+10 3 . 011-09 2 . 026-11 3 . 032-09 
4 . 00+10 2 . 976-09 1 . 626-13 2 . 9 77-09 
1 . 00+11 2 . 909-09 1 . 600-13 2 . 909-09 
4 . 00+11 2 . 616-09 1 .  511-13 2 . 616-09 

1 . 00+12 2 . 200-09 1. 350-13 2 . 200-09 
4 . 00+12 1 . 429-09 7 . 962-14 1 . 429-09 
1 . 00+13 9 . 402-10 3 . 538-14 9 . 402-10 
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TABLE D-VII 

TMI-2 FUEL DECAY POWER SURVEY 

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING 
SUSTAINED POWER AT . 33 . 8 kW/kg FOR 1 WEEK 

Fraction of 02erational Power 
Cooling Fission 
T ime �s2 Actinides Products Total 

1 . 00+0 2 . 265-03 5 . 804-02 6 . 031-02 
4 . 00+0 2 . 264-03 5 . 055-02 5 . 2 82-02 
1 . 00+1 2 . 260-03 4 . 386-02 4 . 612-02 
4 . 00+1 2 . 241-03 3 . 370-02 3 . 594-02 

1 . 00+2 2 . 205-03 2 . 742-02 2 . 962-02 
4 . 00+2 2 . 040-03 1 . 982-02 2 . 186-02 
1 . 00+3 1 .  773-03 1 . 553-02 1 . 730-02 
4 . 00+3 1 . 169-03 9 . 330-03 1 . 050-02 

1 . 00+4 9 . 816-04 6 . 266-03 7 . 248-03 
4 . 00+4 8 .  778-04 2 . 721-03 3 . 5 99-03 
1 . 00+5 7 . 157-04 1 .  718-03 2 . 434-03 
4 . 00+5 2 . 581-04 7 . 156-04 9 . 737-04 

1 . 00+6 3 . 385-05 3 . 653-04 3 . 992-04 
4 . 00+6 2 . 826-08 8 . 472-05 8 . 475-05 
1 . 00+7 9 . 861-09 2 . 804-05 2 . 805-05 
4 . 00+7 9 . 848-09 3 . 076-06 3 . 085-06 

1 . 00+8 9 . 848-09 7 . 020-07 7 . 119-07 
4 . 00+8 9 . 849-09 1 . 956-07 2 . 054-07 
1 . 00+9 9 . 847-09 1 . 223-07 1 . 321-07 
4 . 00+9 9 . 823-09 1 . 254-08 2 . 236-08 

1 . 00+10 9 .  773�09 1 . 414-10 9 . 915-09 
4 . 00+10 9 . 544-09 1 • 104-12 9 . 545-09 
1 . 00+11 9 . 116-09 . 1 . 086-12 9 . l17-09 
4 . 00+11 7 . 312-09 1 . 023-12 7 . 313-09 

1 . 00+12 4 . 905-09 9 . 101-13 4 . 906-09 
4 . 00+12 1 . 603.:.09 5 . 215-13 1 . 603-09 . 
1 . 00+13 9 . 411-10 2 . 123-13 9 . 413-10 
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TABLE D-VII I 

TMI-2 FUEL DECAY POWER SURVEY 

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING 
SUSTAINED POWER AT 33 . 8  kW/kg FOR 1 MONTH 

Fraction of 02erational Power 

Cooling Fission 
Time�s� Actinides Products Total 

1 . 00+0 2 . 421-03 6 . 016-02 6 . 258-02 
4 . 00+0 2 . 419-03 5 . 261-02 5 . 503-02 
1 . 00+1 2 . 415-03 4 . 587-02 4 . 82 9-02 
4 . 00+1 2 . 397-03 3 . 553-02 3 . 793-02 

1 . 00+2 2 . 360-03 2 . 916-02 3 . 152-02 
4 . 00+2 2 . 194-03 2 . 151-02 2 . 370-02 
1 . 00+3 1 . 926-03 1 .  7 18-02 1 . 911-02 
4 . 00+3 1 .  317-03 L 093-02 1 . 225-02 

1 . 00+4 1 . 126-03 7 . 364-03 8 . 490-03 
4 . 00+4 1 . 008-03 4 . 621-03 5 . 630-03 
1 . 00+5 8 . 224-04 2 . 742-03 3 . 564-03 
4 . 00+5 2 . 973-04 1 . 531-03 1 . 828-03 

1 . 00+6 3 . 955-05 9 . 379-04 9 . 774-04 
4 . 00+6 7 . 861-08 2 . 824-05 2 . 825-04 
1 . 00+7 3 . 674-08 1 . 080-04 1 . 080-04 
4 . 00+7 3 .  677-08 1 .  276-05 1 . 280-05 

1 . 00+8 3 . 690-:08 2 . 990-06 3 . 027-06 
4 . 00+8 3 .  7 38-08 8 . 348-07 8 .  722-07 
1 . 00+9 3 . 783-08 5 . 215-07 5 . 593-07 
4 . 00+9 3 . 773-08 5 . 346..:'08 9 . 120-08 

1 . 00+10 3 . 704-08 6 . 001-10 3 . 764-08 
4 . 00+10 3 . 510-08 4 . 856-12 3 . 510-08 
1 . 00+11 3 . 284-08 4 .  781-12 3 . 285-08 
4 . 00+11 2 . 472-08 4 . 503-12 2 . 47 3-08 

1 . 00+12 1 . 471-08 4 . 000-12 1 . 472-08 
4 . 00+12 2 . 228-09 2 . 275-12 2 . 230-09 
1 . 00+13 9 . 445-10 9 . 045-13 9 . 454-10 



TABLE D-IX 

TMI-2 FUEL DECAY POWER SURVEY 

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING 
SUSTAINED POWER AT 33 . 8  kW/kg FOR 1 YEAR 

Fraction of Operational Power 

Cooling Fiss ion 
Time{s� Actinides Products Total 

1 . 00+0 2 . 660-03 5 . 758-02 - 6 . 024-02 
4 . 00+0 2 . 658-03 5 . 070-02 S . 336-02 
1 . 00+1 2 . 654-03 4 . 45 7-02 4 . 723-02 
4 . 00+1 2 . 634-03 3 . 509-02 3 .  7 72-02 

1 . 00+2 2 . 594-03 2 . 915-02 3 . 174-02 
4 . 00+2 2 . 413-03 2 . 191-02 2 . 432-02 
1 . 00+3 2 . 122-03 1 .  771-02 1 . 983-02 
4 . 00+3 1 . 460-03 1 . 162-02 1 . 308-02 

1 . 00+4 1 . 252-03 8 . 712-03 9 . 964-03 
4 . 00+4 1 . 122-03 5 . 254-03 6 . 37 6-03 
1 . 00+5 9 . 171-04 3 . 886-03 4 . 803-03 
4 .  00+5 3 . 382-04 2 . 604-03 2 . 942-03 

1 . 00+6 5 . 113-05 1 .  8 87-03 1 .  938-03 
4 . 00+6 2 . 708-06 9 . 274-04 9 . 301-04 
1 . 00+7 2 . 046-06 4 . 926-04 4 . 946-04 
4 . 00+7 1 . 019-06 1 . 135-04 1 . 145-04 

1 . 00+8 8 . 070-07 3 . 351-05 3 . 431-05 
4 . 00+8 1 . 127-06 9 . 540-06 1 . 067-05 
1 . 00+9 · 1 . 452-06 5 . 854-06 7 . 306-06 
4 . 00+9 1 . 468-06 5 . 999-07 2 . 068-06 

1 . 00+10 1 . 14 7-06 6 . 6 70-09  1 . 153-06 
4 . 00+10 5 . 232-07 7 . 644-11 5 . 233-07 
1 . 00+11 3 . 299-07 7 . 545-11 3 . 300-07 
4 . 00+11 1 .  986-07 7 . 095-11 1 .  987-07 

1 . 00+12 9 . 629-08 6 . 279-11 9 . 635-08 
4 . 00+12 7 . 210-09 3 . 484-11 7 . 245-09 
1 . 00+13 1 . 077-09 1 .  272-11 1 . 089-09 
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TABLE D-X 

TMI-2 FUEL DECAY POWER SURVEY 

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING 
SUSTAINED POWER AT 33 . 8  kW/kg FOR 2 YEARS 

Fraction of 0Eerational Power 

Cooling Fission 
Time�s2 Actinides Products Total 

1 . 00+0 3 . 006-03 5 . 548-02 5 .  848-02 
4 . 00+0 3 . 003-03 4 . 895-02 5 . 196-02 
1 . 00+1 2 . 999-03 4 . 316-02 4 . 616-02 
4 . 00+1 2 . 976-03 3 . 414-02 3 . 711-02 

1 . 00+2 2 . 933-03 2 . 844-02 3 . 137-02 
4 . 00+2 2 .  7 32-03 2 . 146-02 2 . 419-02 
1 . 00+3 2 . 409-03 1. 736-02 1 . 976-02 
4 . 00+3 1 . 675-03 1 . 139-02 1 . 307-02 

1 . 00+4 1 . 442-03 8 . 586-03 1 .  003-02 
4 . 00+4 1 . 293-03 5 . 786-03 7 . 079-03 
1 . 00+5 1 . 061-03 4 . 012-03 5 . 073-03 
4 . 00+5 4 . 074-04 2 . 731-03 3 . 138-03 

1 . 00+6 8 . 149-05 2 . 006-03 2 . 087-03 
4 . 00+6 2 . 128-05 1 . 049-03 1 . 070-03 
1 . 00+7 1 . 627-05 6 . 118-04 6 . 281-04 
4 . 00+7 5 . 800-06 1 . 889-04 1 . 946-04 

1 . 00+8 3 . 036-06 6 .335-05 6 . 638-05 
4 . 00+8 3 . 612-06 1. 822-05 2 . 184-05 
1 . 00+9 · 4 . 257-06 1 . 096-05 1 . 521-05 
4 . 00+9 3 . 885-06 1 . 120-06 5 . 005-06 

1 . 00+10 2 . 811-06 . 1 . 255-08 2 . 824�06 
4 . 00+10 1 . 048-06 1 .  7 31-10 1 . 048-06 
1 . 00+11 5 . 436-07 1 . 709-10 5 . 438-07 
4 . 00+11 2 . 930-07 1 . 606-10 2 . 932-07 

1 . 00+12 1 . 272-07 1 . 419-10 1 .  274-07 
4 . 00+12 9 . 330-09 7 . 793-11 9 . 408-09 
1 . 00+13 1 . 587-09 2 . 735-11 1 . 614-09 
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TABLE D-XI 

TMI-2 FUEL DECAY POWER SURVEY 

DECAY POWER FRACTION OF OPERATIONAL POWER FOLLOWING 
SUSTAINED POWER AT 33 . 8  kW/kg FOR 3 YEARS 

Fraction of 0Eerational Power 

Cooling Fission 
Time {s} Actinides Products Total 

1. 00+0 3 . 384-03 5 . 370-02 5 . 708-02 
4 . 00+0 3 . 382-03 4 . 744-02 5 . 082-02 
1 . 00+1 3 . 37 7-03 4 . 189-02 4 . 5 27-02 
4 . 00+1 3 . 352-03 3 . 323-02 3 . 658-02 

1 . 00+2 3 . 304-03 2 . 7 73-02 3 . 103-02 
4 . 00+2 3 . 082-03 2 . 096-02 2 . 404-02 
1 . 00+3 2 . 726-03 1 . 696-02 1 . 968-02 
4 . 00+3 1 . 916-03 1 . 113-02 1 . 305-0Z 

.1 . 00+4 1 . 658-03 8 . 413-03 1 . 007-02 
4 . 00+4 1 .  487-03 5 .  726-03 7 . 213-03 
1 . 00+5 1 . 2 25-03 4 . 093-03 5 . 318-03 
4 . 00+5 4 . 948-04 2 . 817-03 3 . 311-03 

1 . 00+6 1 .  301-04 2 . 088-03 2 . 218-03 
4 . 00+6 5 .  713-05 1 . 133-03 1 . 190-03 
1 . 00+7 4 . 425-05 6 . 989-04 7 . 431-04 
4 . 00+7 1 . 62 7-05 2 . 514-04 2 . 677-04 

1 . 00+8 8 . 482-06 9 . 156-05 1 . 000-04 
4 . 00+8 8 . 223-06 2 . 623-05 3 . 445-05 
1 . 00+9 8 . 039-06 1 . 550-05 2 . 354-05 
4 . 00+9 6 . 058-06 1 . 583-06 7 . 641-06 

1 . 00+10 4 . 071-06 1 .  788-08 4 . 089-06 
4 . 00+10 1 .  404-06 2 . 800-10 1 . 404-06 
1 . 00+11 6 . 794-07 2 . 764-10 6 . 797-07 
4 . 00+11 3 . 436-07 2 . 59 7-10 3 . 438-07 

1 . 00+12 1 . 3 78-07 2 . 293-10 1 .  381-07 
4 . 00+12 1 .  067-08 1 .  25 1-10 1 . 079-08 
•1 . 00+13 2 . 427-09 4 . 286-11 2 . 470-09 
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Nuclide 

232Th 
Fast 

14 MeV 
233Pa 

Fast 
233u 
Thermal 

Fast 
14 MeV 
234u 

Fast 
235u 
Thermal 

Fast 
14 MeV 
236u 

Fast 
238u 

Fast 
14 MeV 
237Np 

Fast 
238Pu 
Thermal 
239Pu 

· Thermal 
Fast 

14 MeV 
240Pu 

Fast 
241Pu 
Thermal 

Fast 
242Pu 

Fast 
241Am 
Thermal 
242m Am 
Thermal 
243Am 

Fast 
243Cm 
Thermal 
244Cm 
Thermal 

TABLE D-XII 
CALCULATION OF RECOVERABLE ENERGY PER FISSION, Q 

Q
'

tot
a 

196 . 05 :!: 0 . 20 

196 . 76 ± 1 . 2 8  

198 . 15 :!: 0 . 12 

1 9 7 . 88 :!: 0 . 83 

202 . 69 :!: 0 . 06 

201: . 9 3  :!: 0 . 2 3  

206 . 13 ± 0 . 26 

202 . 34 ± 0 . 86 

204 . 72 :!: 0 . 28 

207 . 20 :!: 0 . 1 3  

205. 80 ± 0 . 24 

210 . 97 :!: 0 . 22 

209 . 60 ± 1. 40 

209 . 64 ± 0 . 28 

E a 
v 

10. 94 :!: 0 . 11 

9 . 41 ± 1 . 10 

6 . 84 ± 0 . 07 

8 . 15 ± 1 . 10 

8 . 62 :!: 0 . 09 

9 . 87 ± 1 . 10 

1 1 . 04 ± 0 . 11 

8 . 36 :!: 1 . 10 

7 . 28 ± 1 . 10 

7 . 10 ± 0 . 07 

8 . 64 ± 1 . 10 

8 . 80 ± 0 . 09 

10 . 34 ± 1 . 10 

7 . 5 5 ± 1 . 10 

2 1 2 . 31 t 1 . o6b 10. 02 t o . 6ob 

209 . 98 ± 1 . 64 8 . 81 ± 1 . 10 

2 1 2 . 44 ± l . 06b 8 . 47 :!: 0 . 5 1b 

2 1 1 . 6 7  ± 0 . 54 8 . 50 ± 1 . 10 

+ E a 
inc 

3 . 35 :!: 0 . 10 
14 . 00 :!: 0 . 20 

3 . 00 ± 0 . 30 

0 . 03 ± 0. 01 
0 . 50 ± 0 . 10 

14 . 00 ± 0 . 20 

2 . 36 ± 0 . 10 

0 . 0 3 ± 0 . 0 1  
0 . 50 :!: 0 . 10 

1 4 . 00 :!: 0 . 20 

2 . 37 ± 0 . 10 

3 . 10 :!: 0 . 10 
14 . 00 ± 0 . 20 

2 . 3 7 :!: 0 . 10 

0 . 03 ± 0 . 01 

0 . 0 3  ± 0 . 01 
0 . 50 :!: 0 . 10 

14 .00 :!: 0 . 20 

2 . 39 :!: 0 . 10 

0 . 03 :!: 0 . 01 
0 . 50 ± 0 . 10 

2 . 32 :!: 0 . 10 

0 . 0 3  :!: 0 . 01 

0 . 03 :!: 0 . 01 

3 . 00 :!: 0 . 50 

0 . 03 :!: 0 . 01 

0 . 0 3  ± 0 . 01 

188 . 46 :!: 0 . 25 
1 99 . 11 ± 0 . 30 

190 . 35 :!: 1 .  7 1  

191 . 34 ± 0 . 14 
19 1 . 81 ± 0 . 17 
205 . 31 ± 0 . 24 

192 . 09 :!: 1 . 38 

194 . 10 ± 0 . 11 
194 . 5 7  ± 0 . 15 
208 . 0 7  ± 0 . 2 3  

194 . 4 3  ± 1 . 13 

1 9 8 . 19 ± 0 . 30 
209 . 09 :!: 0 . 35 

191 . 61 ± 1 .  40 

197 . 4 7  :!: 1 . 14 

200 . 1 3  :!: 0 . 15 
200 . 6 0  ± 0 . 18 
214 . 10 ± 0 . 25 

199 . 55 ± 1 . 13 

202 . 20 ± 0 . 24 
202 . 67 ± 0 . 26 

201 . 58 :!: 1 .  78 

202 . 1 2  :!: 1 . 14 

202 . 32 :!: 1 .  22 

204 . 1 7  :!: 2 . 04 

204 . 00 :!: 1 . 18 

203 . 20 :!: 1 . 2 3 

+ E c 

2 . 420 :!: 0 . 121 8 . 52 :!: 0 . 85 
3 . 922 ± 0 . 196 1 7 . 64 :!: 1 . 49 

2 . 650 ± o . l3 2c 9 . 92 :!: 0 . 95 

2 . 495 :!: 0 . 125 
2 . 515 :!: 0 . 125 
4 . 2 70 ± 0 . 21 4  

8 . 9 8  :!: 0 . 89 
9 . 10 :!: 0 . 89 

1 9 . 75 :!: 1 . 6 4  

2 . 665 ± 0 . 133 1 0 . 0 1  ± 0 . 95 

2 . 42 2  ± 0 . 121 
2 . 4 7 2  :!: 0 . 124 
4 . 37 7 :!: 0 . 219 

8 . 54 :!: 0 . 85 
8 . 84 ± 0 . 88 

20 . 40 ± 1 .  68 

2 . 781 :!: 0 . 139 10. 7 1 :!: 1 . 00 

2 . 790 :!: 0 . 140 10. 7 7 :!: 1 . 01 
4 . 424 :!: 0 . 221 20 . 68 :!: 1 . 70 

3 . 046 :!: 0 . 152 12 . 32 :!: 1 . 12 

2 . 895 :!: 0 . 145  1 1 . 4 1  ± 1 . 05 

2 . 880 :!: 0 . 144 
2 . 93 7  :!: 0 . 14 7 
4 . 899 :!: 0 . 245 

1 1 . 3 1  :!: 1 . 05 
11 . 66 :!: 1 . 07 
23 . 5 7  :!: 1 . 91 

2 . 93 7  :!: 0 . 147 1 1 . 66 :!: 1 . 07 

2 . 868 :!: 0 . 143 1 1 . 24 :!: 1 . 04 
2 . 945 :!: 0 . 147 11 . 71 :!: 1 . 07 

3 . 309 ± 0 . 165 1 3 . 92 :!: 1 . 2 3 

2 . 910 :!: 0 . 146 1 1 . 50 ± 1 . 06 

3 . 090 :!: 0 . 155 1 2 . 59 :!: 1 . 14 

3 . 831 :!: 0 . 192 1 7 . 08 :!: 1 . 45 

3 . 430 :!: 0 . 172 1 4 . 65 :!: 1 . 28 

3 . 460 :!: 0 . 173 14 . 83 ± 1 . 2 9  

Q 

196 . 98 :!: 0 . 89 
2 16 . 75 :!: 1 . 52 

200 . 27 ± 1 . 96 

200 . 32 ± 0 . 90 
200. 91 :!: 0 . 91 
225 . 06 :!: 1 . 66 

202 . 10 :!: 1 . 68 

202 . 64 :!: 0 . 86 
203 . 41 ± 0 . 89 
228 . 4 7 :!: 1 . 70 

205 . 14 :!: 1 .  51 

208 . 96 :!: 1 . 05 
229 . 77 ± 1. 74 

203 . 9 3  ± 1 .  79  

208 . 88 :!: 1 . 55 

211 . 44 :!: 1 .  06 
212 . 26 :!: 1 . 09 
2 3 7 . 6 7  :!: 1 . 93 

211 . 21 :!: 1 .  5 6  

2 13 . 44 :!: 1 . 07 
214 • 38 :!: 1 .  10 

215 . 50 :!: 2 . 16 

213 . 62 :!: 1 . 56 

214 . 91 :!: 1 . 67 

221 . 25 :!: 2 . 50 

2 18 . 6 5 :!: 1 . 74 

218 . 03 :!: 1. 78 

a =  R. Sher and C .  Beck, private communication , b = ENDF/B-V , c = ENDF/B-IV 



APPENDIX E 

ACTINIDE DECAY POWER IN LWR SYSTEMS 

Fo ll.owing the development and · approval o f  the new ANS 5 . 1  S tandard for 

decay power , a series of  calculations were performed to investigate the 

temporal magnitude of actinide decay power . The standard , des cribed in the 

text and in Appendix A ,  incorporated the results of experiments and summation 
2 35 238 calculations into useful pulse functions for U/ U fuels . However ,  the 

standard provides lit tle information on actinide decay power , limiting dis-
239 2 39 cussion to U and Np . The graphical results o f  these calculations , 

presented in part in Ref .  15 of the text , are included here to demonstrate 

the importance of actinide decay power in general and individual nuclides 

in particular . 

The fuel cases examined , des cribed in · Table E-I , consis t of  4 LWR 

systems . As in previous calculations , the EPRI-CINDER code was used in 

calculating temporal fission histories , flux levels , and actinide decay 

power values using exposure-dependent , self-shielded actinide cross-sections 

calculated with EPRI-CELL . The nuclide fission his tories 

example , are shown in Fig . E-1 . The EPRI-CINDER code was 

vide fission-product decay power values for cooling times 

Fission-product decay power values at cooling times t S 4 

for case lA ,  
also used to 

t ?: 105 
s .  

4 x 10 s were 

for 

pro-

ob-

tained with DKPOWR us ing the nuclide fission his tory from EPRI-CINDER and 

the G absorption correction . The fission-product decay power for case max 
lA , using the nuclide fission history of Fig .  E-1 ,  is shown in Fig .  E-2 . 

5 9 
In the cooling-time range 10 s � t � 10 s within which both solutions of  

fission-product decay power are valid,  the . absorption effect accurately in

cluded in the EPRI-CINDER calculation is seen to be considerably less than 

the G correction to the fission-product decay power calculated with DKPOWR, max . 
us ing the standard . 

The actinide 
208 elides from T� to 

nuclide library of EPRI-CINDER includes all 
246 Cm important to a variety of  actinide 

actinide nu-

Those nuclides important to decay 
244. 

2 35 2 38 power in U/ U fuel , 

calculations . 
2 34 ranging from U 

Cm, are shown in Fig . E-3 .  to Because of 
2 38 

the high density of  U ,  mos t  

- o f the higher-mass actinide production stems 
2 38 from U radiative capture . 

The temporal fractional contribution of each actinide nuclide for case lA 
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is shown in Fig .  E-4 , and the aggregate fission-product and actinide decay 

power values are compared in Fig .  E-5 . The fractional contribution of  

actinides to  decay power in this case is shown in Fig . ·E-6 . 

Early calculations performed to es timate TMI-2 decay power assumed an 

88-day constant-power history .  Actinide-nuclides important to decay power 

following this brief power history are fewer in number ,  as shown in Fig .  E- 7 .  

Actinide and fission-product contributions t o  total dec:ay power , compared in 

Fig . E-8 ,  decay more rapidly following the first day o f  cooling . The slight 

increase in actinide decay power at cooling times t > 107 s is due to the 
241 241 . 

buildup o f  · Am via !'u decay .  The case 1 actinide fraction of total 

decay power following four .irradiation his tories are compared in Fig .  E-9 . 

Actinide nuclides important to BWR fuel decay power are examined in 

Fig .  E-10 . In these calculations , self-shielded actinide cross sections 

were obtained with EPRI-CELL assuming 40% void in the coolant water . Com

plexities o f  BWR design, including void fraction variation with height from 

0% to - 70% , inhibit the modeling of total core properties using core-averaged 

parameters . 

id f ' f 1 d f h h f 2 35u/ The actin e ract1on o tota ecay power or t e t ree cases o 
2 38u fuel following 34 Gwd/t  exposure are compared in Fig . E-11 . With re

ference to Fig .  E-9 , the temporal actinide fraction o f  total decay power 

appears to be more strongly related to exposure than initial enrichment , 

sugges ting a functional approximation to account for actinide decay power 

equivalent to G o f  the standard accounting for fission-product neutron ab-
. 2 35 . 2 38 sorption . The envelope of actinide fract1ons of  all U/ U fuel cases 

is used to form an "actinide correction factor" and compared to the similar 

G o f  the standard in Fig .  E-12 . max Here the importance of  actinide decay 

power during early cooling times important to LOCA is clearly much more 

significant than the effect of neutron absorption in fission products . 
. 2 32 233  The nuclides important to  actin1de decay power in Th/ U fuel range 

. 208 2 32 2 38 from TR. and other U decay products to Pu , as shown in Fig .  E-13 .  The 

temporal contributions of each of these nuclides to actinide decay power are 

shown in Fig. E-14 for the case 4 fuel . Fission-product decay power was cal-
4 235 culated as before with DKPOWR for t < 4 x 10 s using the U pulse function 

to represent 233u .  This substitution is not specifically sanctioned by the 

standard and is used here simply to form an approximate basis for the comparison 

with actinide decay power shown in Fig .  E-15 . The increase in actinide decay 
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7 232 at cooling times t > 10 s is due to the transient buildup and decay of U 
following shutdown . The temporal fractional contribution of  actinide nuclides 
in this 232Th/233u system is shown in Fig . E-16 .  

It is  shown in the figures below that , at  any cooling time , very few nu-
2 35 238  elides are responsible for actinide decay power in U/ U fuel . This has 

been emphasized in the comparison with the number of significant fission
product decay power contributors in Fig . B-1 of Appendix B .  

TA BLE E- 1 

SUMMARY OF FUEL . CASES STUD I ED 

1. PWR, 2.56 % U235/U238, 273W/cc 

2. 

3. 

4. 

A. 34 GWD/MT ( 1082 days) 

B. 15 G WD/MT (477 days) 

C. 2.765 G WD/MT (88 days) 

D. 0. 1 GWD/MT (3. 18 days) 

PWR, 3. 1% U235/U238, 273W/cc 
34 G WD/MT ( 1082 days) 

BWR, 2.95% U235/U238, 158 W/cc 
40% Vo id 
34 GWD/MT ( 1909 days) 

PWR, 2.95% U233/TH232, 328W/cc· 
C. E. System 80 · · 

34 GWD/MT (835 days) 
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102�----------------------------

--- ANS 5. 1 Standard 
without. absorption 

· - ---------- ANS 5. 1 Standard 
w ith .absorpt.ion(GIId} 

·• · ·  EPR I-ci NDER 

M M  

· 1  0 -8-+r,__�"T'n'Br-TTI"ff.....-rTT_.-n._..,"TTMr.,.,_r-Tn'lllr"Tnl__,.._.-y-� 
10° 10� 

Coo lin1 Thne, s 
. . 

Fig. E-2. 
Fiss ion�product decay power, case lA. 

PWR, 2.56� U235/U238 fuel. 34 GWD/YT, 1082 daya. 
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Fig. E-4. 
Nuclide contributors to actinide decay �wer. cue lA, PWR, 2.56X U235/U238 fuel. 34 GWD/MT, 1082 days. 
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