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Abstract 

An experimental system to measure time-dependent spectra of beta 

aid gnrarui rays from fission-product production by thermal neutron 

fission of JJ5U is described, and for each component (beta and gamma) 

the system has be^n tested with a pilot data-accumulation run. Data 

reduction techniques are described and test results given. Gamma-ray 

spectra are compared with calculations using ENDF/B-IV data files. Both 

beta- and gaaam-ray spectra were integrated to give total yields and total 

energy-release results for times after fission between 3 and 14400 sec. 

These preliminary integral data are compared with previous measurements 

and with Integral calculations using ENDF/B-IV data files. 
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INTRODUCTION 

In the event of a hypothetical loss-of-coolant-accident (LOCA) in a 

reactor the fissioning process would cease, and the major source of heat 

would be due to beta and gamma rays from the decay of the accumulated 

fission products. Other sources of heat, for example, activated struc-

tural nuclides and heavy actinides, depending on the details of the fuel 

rod fabrication, would contribute a few per cent.1 In 1973 an evaluation 

of then existing data was reported by Perry, Maienschein and Vondy;"^ they 

concluded that discrepancies among (and uncertainties assigned to) various 

data sets were such that a conservative (lo) uncertainty assigned to a 

value of the rate of energy release after a time _t following shutdown 

would be about 15%. The implicit recommendation was that the overall 

uncertainty could and ought to be reduced. 

The decay heat function can be obtained by two complementary methods. 

The first is based on integral measurements of the total beta and gamma 

power released; the second consists of cumulating the individual energies 

released by each and every one of the fission products. The second 

method, a large calculational problem, has the merit that once the method 

can satisfactorily reproduce integral measurements, it could be applied 

to more complex situations in a reactor, taking into account, for example, 

reactor power variations or the evolution of fissionable isotopes as a 

function of reactor operation. There are, at present, at least five 

active calculational efforts.3-7 A data base is required for all fission 

products which includes rates-of-production and energies and branching 

ratios of the decay products. Compilations of such data exist;8-12 

however, especially for short-lived fission products, the data are 

incomplete. 
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As a consequence, the need for additional information, particularly 

for t̂  less than 103 seconds, prompted several new measurements. There 

are lour currently under way in the United States: (1) " calorimetric 

measurement at Los Alamos Scientific Laboratory,13 (2) a second calori-

metric measurement at the University of California, Berkeley,1U (3) a 

total-absorption measurement at Intelcom Radiation Technology, San Diego,15 

and (4) the present measurements at ORNL, consisting of separate differen-

tial energy measurements as a function of £ for each component. The first 

three experiments mentioned will provide integral energy-release data for 

different irradiation and cooling times. The present experiment will 

provide, in addition, spectral distributions for computing high-energy 

gamma-ray leakage required by the other experiments. Furthermore, the 

spectral distributions will provide a more stringent test of the validity 

of the "microscopic" calculational approach. 

EXPERIMENTAL METHOD 

The basic concepts of this experiment have been presented in detail 

in a previous memorandum,16 and many details of the fabrication and testing 

of equipment have appeared in quarterly reports.17-20 The important 

design feasures are: (a) the uranium samples are small, nominally 1, 

5, or 10 ugm enriched to 93.5% in the 235U isotope; (b) the irradiation 

times are short, 2.4 and 100 sec having been studied to date; (c) energy 

release is determined separately for betas and gammas using scintillation 

detectors and recording pulse-height information for individual events 

and then obtaining the energy-release data inferred from the resulting 

pulse-height spectra; and (d) the number of fissions, n^ 108 per sample, 

is determined by measuring the yield of the 140•5—keV gamma ray due to 
9 9 M O decay. 
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In Che first phase of the experiment, detectors were designed, 

fabricated, and subjected to bench tests. F.lectronics were purchased 

when available commercially; designed and fabricated locally when not. 

Methods for sample preparation and sample movements to and from irradi-

ation positions were based upon an existing system,21 subsequently 

improved to allow automatic controls. Finally, a data-accumulation 

system was designed and implemented makirg use of an existing PDP-15 

computer. All of the separate components were tested, and then trans-

ferred to the site of the experiment at the Oak Ridge Research Reactor. 

An overview of the experimental system is shown schematically in 

Fig. 1. The experiment calls for measurements of both beta and gamma 

radiation, and Fig. 1 shows the positions of both detectors. However, 

only one can be used at a time. A different sample holder is needed for 

each detector; in addition, although the same set of electronics is used, 

the analog settings are different for each detector. 

Following the irradiation and measurements the samples are cooled 

for 45 to 80 hours and are then counted for the characteristic 140.5-keV 

gamma ray of 99MO decay using the Ge(Li) photon detector and the Pulse 

Height Analyzer shown in Fig. 1. 

The first data-taking runs were undertaken with the goal of uncover-

ing the important problem areas. For each component, gamma and beta, the 

first data-taking runs were scheduled as pilot runs, with a complete study 

of all aspects of the experiment from sample preparation through the 

final integrated energy release data. Major differences in planning 

between the pilot run and a full-scale run were the number of samples 

and the number of redundant overall system checks. 
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OffML-OWG 1-9«7JB 

Fig. 1. Schematic representation of experimental arrangement for 
fission-product decay-heat measurements. Samples of 23*U (or 239Pu) 
are placed in a rabbit and put in the Sample Sender. The Central 
Processor controls the movement of the rabbit to and from the 
Irradiation Position, then to the Sample Holder. After a specified 
cooling time, either photons or beta rays are counted, and the data 
are stored in the Central Processor. At the completion of data accu-
mulation the data are stored on magnetic tape for off-line reduction. 
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Even for the pilot runs a tremendous volume of raw data was generated. 

Several dozen tission samples were run for each component, with additional 

samples for backgrounds and non-fissile measurements; and, as each sample 

had up to 16,384 channels of data, approximately a million numbers com-

prised the raw data for each component. Eight computer routines were 

written and/or made operational in order to acquire, save and transfer, 

and reduce the data. Brief descriptions of the. routiner, are given in 

the Appendix to this report. 

The energy-release data resulting from these pilot runs should be 

indicative of data expected from the final runs. Improvements in the 

overall experimental system are expected to increase considerably the 

accuracy of final energy-release data. These interim results are reported 

at this time primarily to provide a lead time for preparation by other 

related progra&s which will use the final results. It should be stressed 

that the present data will be superceded in the near future, and their 

use should be confined to unpublished work. 

EXPERIMENTAL PROBLEM-AREA RESULTS 

A complete discussion of the gamma-ray data accumulation has been 

reported.22 Likely the major source of uncertainty in these data is in 

the determim»tion of n^, the number of fissions, which will be discussed 

below. Of the remaining possible sources of error, the response matrix 

used to unfold the data needs to be more thoroughly tested with several 

well-calibrated multi-gamma sources. In addition, the possibility of 

any significant spectrometer sensitivity to delayed neutrons needs to be 

investigated. 
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The beta-ray data accumulation experiment has also been reported.23 

For these data, in contrast to the gamma-ray data, there are still several 

very difficult problems. The thickness of material between sample and 

detector must be minimized, but still be thick enough to stop energetic 

fission fragments and sturdy enough to withstand the mechanical shocks 

associated with transport to and from the reactor. For the pilot run 

this thickness was ^ 55 mg/cm2, about ten times thicker than the desired 

minimum. To date, however, a satisfactory thinner sample holder has not 

been proven. The final thickness obtained vill determine also the details 

of the final response matrix. Additional experimental data are needed to 

test this response matrix, since, unlike the gamma-ray response matrix, 

the beta-ray response matrix depends almost entirely on calculation. 

Another major unknown is the possible loss of gaseous fission products 

by diffusion through the plastic sample holders. Essentially nothing is 

known about the rates of diffusion of Kr and Xe through polyethylene. 

These will need to be measured to a precision consistent with importance 

to this program. Diffusion of I and Br may also need to be measured; 

the first tests of this problem, however, indicated that for 55 mg/cm2 

thick sample holders there was no appreciable loss isotopes of I after 

48 hours. 

At present the determination of n^, the number of fissions in the 

sample is determined by two methods, (a) by measuring the 140.5-keV 

transition in 99Mo some 40 to 80 hours after irradiation using the GE(Li) 

system in Fig. 1, and (b) by measuring the neutron flux using a gold foil 

and computing nf from the known 23SU sample mass and a(n,f). The Gverall 

uncertainty is ̂  5"'. To reduce the overall uncertainty to 2%, however, 
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a better knowledge of the decay of 9 9 M O - 9 9 T C * may be required. In 

addition, other fission product gamma rays may be used. For example, 
132Te has a strong 228-keV gamma ray; if this were to be used, a better 

determination of the branching ratio2** would be required. 

The major requirement for the thermal-neutron flux determination is to 

measure it at regular intervals throughout the experiment. A series of 

well-calibrated gold foils will be required. Possibly an Al foil will 

be used to supplement the gold foil measurements, since the half-life is 

conveniently short, so the same foil can be reused. In addition to the 

thermal-flux measurements, the effect of epi-thermal neutron fission 

must also be investigated. 

INTERIM GAMMA-RAY ENERGY RELEASE RESULTS 

The yield and energy-release per fission results are collected in 

Table 1, taken from Ref. 22. There are several ways of preparing these 

data for comparison with other data and calculations; the one chosen is 

to compare _t x f(t) as is done in Perry, Maienschein, and Vondy.2 Here 

f(t) is defined as the energy release rate a time _t after a fission. To 

obtain the energy-release data in Table 1, f(t) is integrated twice: 

/

t + t -t' + T 

t » t 

where T is the irradiation period. As may be noted at a glance from 

Fig. 2, the function _t x f (_t) stays within a factor of two, or so, for 

£ between 1 and lO4 sec. Perusal of Fig. 2, however, shows discrepancies 

among the data sets25"27 of amounts discussed in Perry, Maienschein, and 

Vondy.2 (In Fig. 2 small corrections were applied to the present interim 



Table 1. Photon Yields and Energy Release From Fission Products 
Created by Thermal-Neutron Fission of 2 3 5U 

Irradiation Waiting Counting E fe 0.05 MeV 0.025 £ E 0.05 MeV 
Time Time (a) Time ^ 
(sec) (sec) (sec) Yield Energy Release Yield 

(photons/fission) (MeV/fission) (photons/fission) 

2.4 3 2 0.232 + 0.027 0.219 + 0.026 0.0134 + 0.0021 
2.4 5 2 0.175 + 0.014 0.164 + 0.013 0.0116 + 0.0015 
2.4 7 2 0.140 4 0.012 0.133 + 0.011 0.0094 + 0.0012 
2.4 9 5 0.259 + 0.024 0.242 + 0.023 0.0194 + 0.0027 
2.4 14 5 0.186 + 0.011 0.178 + 0.011 0.0132 + 0.0015 

2.4 19 10 0.269 + 0.015 0.260 + 0.015 0.0199 + 0.0023 
2.4 29 10 0.193 + 0.011 0.190 + 0.011 0.0147 + 0.0016 
2.4 39 20 0.274 + 0.014 0.278 + 0.016 0.0179 + 0.0020 
2.4 59 20 0.190 + 0.010 0.195 + 0.011 0.0117 + 0.0013 
2.4 79 20 0.144 + 0.008 0.149 + 0.008 0.0091 + 0.0011 
2.4 99 50 0.248 + 0.013 0.254 + 0.014 0.0125 £ 0.0015 
2.4 149 50 0.159 + 0.008 0.163 + 0.009 0.0084 ± 0.0010 
2.4 199 100 0.206 + 0.011 0.206 + 0.012 0.0117 ± 0.0013 
2.4 299 301 0.319 + 0.020 0.307 + 0.020 0.0195 ± 0.0024 

100.4 10 20 0.211 + 0.021 0.227 + 0.022 0.0112 + 0.0016 
100.4 30 20 0.149 + 0.012 0.161 + 0.013 0.0075 + 0.0010 
100.4 50 50 0.249 + 0.015 0.266 + 0.018 0.0112 + 0.0013 
100.4 100 50 0.162 + 0.009 0.169 + 0.010 0.0073 0.0008 
100.4 150 100 0.212 0.011 0.212 + 0.012 0.0093 + 0.0010 

100.4 250 100 0.145 + 0.008 0.138 + 0.008 0.0078 + 0.0009 
100.4 350 200 0.206 + 0.011 0.186 + 0.010 0.0105 + 0.0011 
100.4 550 200 0.150 + 0.008 0.129 + 0.007 0.0077 + 0.0009 
100.4 750 200 0.120 + 0.006 0.101 + 0.006 0.0061 + 0.0007 
100.4 950 500 0.224 + 0.012 0.185 + 0.010 0.0109 ± 0.0012 

100.4 1450 500 0.161 + 0.008 0.132 + 0.007 0.0081 + 0.0009 
100.4 1950 500 0.123 + 0.006 0.100 ± 0.006 0.0061 + 0.0007 
100.4 2450 11950 0.757 + 0.046 0.636 + 0.041 0.0373 + 0.0044 

(a) Time interval between the end of the irradiation and the beginning of the counting interval. 
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Fig. 2. Photon energy emission rate for thermal-neutron fission of 235U. 
The open squares are the data of Peelle, et al., (Ref. 25), open circles 
represent data of Fisher and Engle (Ref. 26), and the open triangles 
are data of Bunney and Sam (Ref. 27). The calculation was 
carried out by R. Schenter (Hanford) using the RIBD code (Ref. 3) 
and the ENDF/B-IV data file.31 
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results to account for the finite irradiation and counting times. Most 
of these were < 3%; however, the entry for t_^ 9 x 103 sec required ̂  20% 
reduction to approximate t_ x f(£) because of the long counting-time 
interval.) The present interim results are definitely lower than all 
prior measurements for t̂  > 10 sec. One important unexpected result is the 
discrepancy between the present interim data and the calculation for £ 
> 103 sec. 

As mentioned in the Introduction, differential gamma-ray spectra 
can be calculated from known fission product data. Such calculations 
have been carried out using the ORIGEN code5 for comparison with the 
present interim data; several of these are presented in Figs. 3-14. 
As expected the data are larger than calculation for short waiting times 
because much of the decay energy for shorter-lived nuclides is given in 
the ENDF/B file upon which the calculation was based as average energy 
release. The calculations do a better job of reproducing the data for 
long er It is interesting, though, that even with the relatively poor 
resolution of the present data, study of the comparisons presented in 
Figs. 3 - 1 4 should be very helpful in improving the basic data file. 

INTERIM BETA-RAY ENERGY RELEASE RESULTS 

The yield and energy-release per fission results are collected in 
Table 2. These data include estimates for beta rays not observed for E„ P 
< 0.25 MeV. For the energy-release data, these estimates ranged from 
< 1% for shortest cooling times to 12% for the last entry in the table. 
For the yield data these estimates ranged from 5 to 15%, with increased 
uncertainties for the last six entries. The overall uncertainties are 
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O R N L - D W G 7 6 - 4 6 2 0 

0 1 2 3 4 5 6 7 8 
PHOTON ENERGY (MeV) 

Fig. 3. Comparison of present gamma-ray spectra (crosses) from 
thermal-neutron fission of 235U with calculated spectra (solid line) 
using ORIGEN. The irradiation time was 100 sec. The cooling time 
and counting interval is given in the legend. 
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ORNL-DUC 76-3263 

8.00 

ENERGY f?£V) 

Fig. 4 Comparison of present gamma-ray spectra (crosses) from 
thermal-neutron fission of 23SU with calculated spectra (solid line) 
using 0R1GEN. The irradiation time was 100 sec. The cooling time 
and counting interval is given in the legend. 
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ENERGY (MEVJ 

Fig. 5. Comparison of present gamma-ray spectra (crosses) from 
thermal-neutron fission of 235U with calculated spectra (solid line) 
using ORIGEN. The irradiation time was 100 sec. The cooling time 
and counting interval is given in the legend. 
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ENERGY (MEV) 
Fig. 6. Comparison of present gamma-ray spectra (crosses) from 
thermal-neutron fission of 2 3 5U with calculated spectra (solid line) 
using ORIGEN. The irradiation time was 100 sec. The cooling time 
and counting interval is given in the legend. 
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Fig. 7. Comparison of present gamma-ray spectra (crosses) from 
thermal-neutron fission of 23SU with calculated spectra (solid line) 
using OKIGEN. The irradiation time wax 100 sec. The cooling time 
and counting interval is given in the legend. 
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ENERGY IMEV) 

Fig, 8. Comparison of present gamma-ray spectra (crosses) from 
thermal-neutron fission of 235U with calculated spectra (solid Zine) 
using ORIGEN. The irradiation time was 100 sec. The cooling time 
and counting interval is given in the legend. 
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O R N L - D W G 7 6 - 1 6 1 8 

PHOTON ENERGY (MeV) 
Fig. 9. Comparison of present gamma-ray spectra (crosses) from 
thermal-neutron fission of 2 3 5U with calculated spectra (solid line) 
using ORIGEN. The irradiation time was 100 sec. The cooling time 
and counting interval is given in the legend. 
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ENERGY (MEV) 

Fig. 10. Comparison of present gamma-ray spectra (crosses) from 
thermal-neutron fission of 2 3 5U with calculated spectra (solid line) 
using 0R1GEN. The irradiation time was 100 sec. The cooling time 
and counting interval is given in the legend. 
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Fig. 11. Comparison of present gamma-ray spectra (crosses) from 
thermal-neutron fission of 2 3 5U with calculated spectra (solid line) 
using ORIGEN. The irradiation time was 100 sec. The cooling time 
and counting interval is given in the legend. 
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0 1.00 2-00 3.00 4.00 5.00 6.00 7.00 8.00 

ENERGY (MEV) 

Fig. 12. Comparison of present gamma-ray spectra (crosses) from 
thermal-neutron fission of 2 3 5U with calculated spectra (solid line) 
using ORIGEN. The irradiation time was 100 sec. The cooling time 
and counting interval is given in the legend. 
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ORNL-DUC 76-3263 
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ENERGY (MEV) 

Fig. 13. Comparison of present gamma-ray spectra (crosses) from 
thermal-neutron fission of 2 3 5U with calculated spectra (solid line) 
using ORIGEN. The irradiation time was 100 sec. The cooling time 
and counting interval is given in the legend. 
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Fig. 14. Comparison of present gamma-ray spectra (crosses) from 
thermal-neutron fission of 235U with calculated spectra (solid line) 
using ORIGEN. The irradiation time was 100 sec. The cooling time 
and counting interval is given in the legend. 
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Table 2. Beta Yields and Energy Release Frcm Fission 
Created by Thermal-Neutron Fission of 235U (Preliminary) 

Irradiation Cooling Counting . . , 
Time Time Time Y i e l d E n e r g y Release^ 
(sec) (sec) (sec) (betas/fission) (MeV/fission) 

2.4 3 1 0.099 + 0.015 0.144 + 0.021 
2.4 4 1 0.084 + 0.013 0.120 + 0.018 
2.4 5 2 0.133 + 0.017 0,197 + 0.025 
2.4 7 2 0.104 + 0.012 0.150 + 0.018 
2.4 9 5 0.188 + 0.020 0.267 + 0.029 

2.4 14 5 0.136 + 0.016 0.183 ± 0.021 
2.4 19 10 0.188 + 0.020 0.237 ± 0.025 
2.4 29 10 0.135 + 0.015 0.159 ± 0.017 
2.4 39 20 0.194 + 0.021 0.216 ± 0.022 
2.4 59 20 0.133 + 0.015 0.145 ± 0.015 

2.4 79 20 0.102 + 0.011 0.108 ± 0.011 
2.4 99 50 0.172 + 0.019 0.185 ± 0.019 
2.4 149 50 0.112 + 0.013 0.119 ± 0.013 
2.4 199 100 0.154 + 0.017 0.153 ± 0.017 

100.4 10 10 0.089 ± 0.013 0.118 ± 0.017 
100.4 20 10 0.074 ± 0.012 0.089 ± 0.013 
100.4 30 20 0.115 ± 0.017 0.130 ± 0.018 
100.4 50 50 0.189 ± 0.021 0.203 ± 0.023 
100.4 100 50 0.121 ± 0.014 0.125 ± 0.014 

100.4 150 100 0.157 0.017 0.155 ± 0.017 
100.4 250 100 0.102 + 0.012 0.100 ± 0.011 
100.4 350 200 0.143 + 0.016 0.137 ± 0.015 
100.4 550 200 0.110 + 0.012 0.099 ± 0.011 
100.4 750 200 0.086 ± 0.011 0.077 ± 0.009 

100.4 950 500 0.150 ± 0.019 0.142 ± 0.017 
100.4 . 1450 500 0.109 ± 0.013 0.097 ± 0.012 
100.4 1950 500 0.082 ± 0.011 0.069 ± 0.009 
100.4 2450 500 0.062 ± 0.009 0.052 ± 0.007 
100.4 2950 500 0.051 ± 0.007 0.041 ± 0.006 
100.4 3450 10950 0.380 ± 0.062 0.288 ± 0.043 

(a) Including estimates for ER < 0.25 MeV. 
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larger than for the; gamma-ray data primarily because the beta-ray raw 
data were less consistent. However, the larger uncertainties associated 
with the beta-ray response matrix as well as uncertainties in estimates 
for Eg < 0.25 MeV also contribute to the larger errors. 

Comparison with prior results28"30 and calculation for the function 
J: x f(.t) is shown in Fig. 15. (Small corrections for finite irradiation 
and counting times, as mentioned above for Fig. 2, were similarly applied 
to the present beta-ray results shown in Fig. 15.) The present interim 
results are in good agreement with two earlier measurements,28'29 but 
disagree with the latest published results of Tsoulfanidis, et al.30 Of 
real concern is the lack of agreement with the calculation using the 
ENDF/B-IV data file. The file is being improved31 in preparation for 
release as ENDF/B-V. 

At present, differential beta-ray spectra (similar to Figs. 3 - 1 4 
for the gamma-ray results) cannot be calculated. The primary coding 
requirement needed is a method of computing the beta-ray spectrum given 
the parent isotope, log (ft) value, end-point energy, and intensity. 
One possible assumption which may be valid for the waiting times J: of 
the present experiment would be to assume that all beta decays observed 
are allowed. Then using tabulated values of the Fermi functions (of the 
atomic number) the spectrum for each beta-ray decay can be computed. 
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Tig. 15. Beta energy emission rate for thermal-neutron fission of 
Z33U. The open triangles are data of McNair, et al. (Ref. 28), the 
open squares of MacMahon, et al. (Ref. 29), and the open circles of 
Tsoulfanidis, et al. (Ref. 30). The calculation was carried out by 
R. Schenter (Hanford) using the RIBD code (Ref. 3). 
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Appendix. Brief Resume of Computer Codes 

The following eight routines represent the current status of pro-

gramming for data accumulation through data reduction. The subheadings 

indicate Function of the Program: NAME (computer). 

A. Data Acquisition: ORCODE (PDP-15) 

Use a PDP-15 with 24K memory. Two parameters of data (a pulse-

shape-discrimination system is used to provide a "Tag" bit in addi-

tion to the pulse-height output from the linear amplifier) are input 

to the computer a single word having a maximum of 12 meaningful bits. 

At present 10 are used. The program sorts the data according to 

"Tagged" or "Untagged", with the former including the alpha spectrum 

used as a gain-shift monitor, and the latter containing the data of 

interest. Two 512-channel spectra are stored in memory. The initial 

channel shifts by 1024 locations at the expiration of each predeter-

mined counting time interval. Data for 18 time intervals can be 

stored in memory. Scaler information is also kept in memory. 

At the end of each run, the data are dumped on DECTAPE in standard 

PDP-15 format. One DECTAPE holds 6 full-length runs. 

B. Transfer of Data from DECTAPE to PDP-10 Disk Storage: FILEX (PDP-10) 

The routine FILEX is a general purpose routine written by DEC, 

and has the options of reading PDP-15 binary format and writing PDP-10 

binary format on disk. Data transfer is effected as soon as practical 

so that the DECTAPES may be reused. 
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Transfer of Data from Binary to ASCII: GETT22 (PDP-10) 

The program GETT22 prepares an ASCII file from the PDP-10 binary. 

These long files containing all stored information concerning a run 

are printed out, and the printed information is scanned for anything 

suspicious. Information is also obtained which is used to determine 

dead-time corrections to the data. 

Addition of Data from Several Equivalent Runs: URANUM and URANM2 
(PDP-10) 

For each time interval, all of the data—foreground and back-

ground—must be corrected for dead time and relative numbers of 

fissions, and then summed to obtain a single 512-channel pulse-

height spectrum and associated statistical uncertainties. Gain 

shifts of < 1% are not corrected for. If some spectra need to be 

gain shifted, the code URANM2 has this option at a sacrifice in 

running time. 

Binning Pulse-Height Data: ANLYZ (PDP-10) 

For each time interval and gain setting, this routine accepts 

Energy-vs-Channel calibration points, and for the energy bins 

(specified for either the gamma-ray or the beta-ray unfolding) 

prepares a suitable file for unfolding. 

Combining Binned Data of Different Gains: DATMIX (PDP-10) 

In both preliminary experiments data were obtained at two 

different gain settings, with the "High" gain settings providing 

data to lower gamma- or beta-ray energies than "Low" gain settings. 

At this point, this very short routine combines the two binned-pulse-

height data sets for each time interval. 
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Unfolding: FERD (360/91) 

The binned data, the Response Matrix for the given detector, 

and the Window functions, along with appropriate Job Control Card 

Images, are transferred to the IBM 360/91 computer for unfolding. 

FERD is an updated version of an unfolding routine originally writ-

ten by R. Burrus.32 Unfolding the 176-energy-bin gamma-ray data 

requires ^ 1 min of /91 time; for the beta-ray data, ^ 20 sec is 

required to unfold the 90-energy-bin data. In addition to the 

unfolded data, the total number and integrated energy values are 

also computed. The data are returned to the PDP-10 for final 

processing. 

Absolute Normalization: HEAT (PDP-10) 

This routine reads in the number-of-fissions, the unfolded data, 

and if available, a comparable theoretical data set obtained from 

ORIGEN. Output consists of plot files and printed values of the 

integral data. 

There are several other utility routines which are either required 

for or otherwise useful for the data reduction and analysis but are not 

in the direct flow of data accumulation to plotted and printed output. 

Preparation of Response Matrix; RESPON (360/91) 

For both gamma rays and beta rays the response matrix is calcu-

lated using empirically determined functions for peak-to-total, 

backscattering, etc. The response matrix need not be square. That 

for the gamma-ray detector is square, 176 x 176, but that for the 

preliminary beta-ray data is not, being 90 x 100. 
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J. Preparation of the Window Functions: WINDOW (360/91) 

The window functions are Gaussian distributions representing 

the "ideal" detector response. Two additional functions are computed 

which are interpreted by FERD to give the total number and total 

energy values. 

K. Theoretical Data from ENDF/B-T": ORIGEN (360/91) 

Given the input on the experimental configuration (irradiation, 

waiting, count times) this general purpose code5 prepares a file of 

either (a) integrated energies for either gamma or beta heating, or 

(b) a file of discrete gamma-ray energies and intensities from the 

^ 180 isotopes in the file having this type of information. In this 

case the percentage of total gamma energy which has been prepared is 

also printed out. 

L. Binning the Theoretical Data: VCOMPR (360-91) 

This program sorts out the gamma-ray information from use (b) 

of ORIGEN, prints out this information (including the isotopic 

symbol identifier), and bins the yields into energy bins comparable 

to the data. The output file resembles a data file except for lack 

of error information. 

M. Plot Raw Data: UTILIT (PDP-10) 

Thi-. outine follows GETT22. Data from one or two files can be 

read in and plotted on an oscilloscope for detailed study. Using 

light-pen manipulation these spectra may be added, subtracted, gain-

shifted, multiplied or divided by a constant, and integrated. This 
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routine is used for an initial look at selected portions of the data 

prior to step D to ensure that either no gain-shifting is required, 

or if it is, to determine how much. 

S. Plot Fermi-Kurie Plots: ALFEKM (PDP-10) 

This partially completed routine uses the unfolded output for a 

beta-ray spectrum to calculate the parameters for a Fermi plot. At 

present only the beta-rays emanating from 2®A1 can be done, and the 

plotting package is not yet complete. 



33 

REFERENCES 

1. S. R. Gunst, D. E. Conway, and J. C. Connor, Nucl. Sci. Eng. 56. 
241 (1975). 

2. A. M. Perry, F. C. tfaiei:schein, and D. R. Vondy, "Fission Product 
Afterhead - A Review of Experiments Pertinent to the Thermal-Neutron 
Fission of 23SU," ORNL-TM-4197 (October 1973). 

3. D. R. Marr, "A User's Manual for Computer Code RIBD-II, A Fission 
Product Inventory Code," HEDL-TME-75-26 (January 1975). 

4. T. R. England, R. Wilczynski, and N. L. Whittemore, "CINDER-7: An 
Interim Report for Users," LA-5885-MS (April 1975). 

5. M. J. Bell, "ORIGEN - The ORNL Isotope Generation and Depletion Code," 
ORNL-4628 (May 1973). 

6. C. Devillers, B. Nimal, C. Fiche, J. P. Noel, J. Blachot, and R. de 
Tourreil, "Sensitivity of the Afterheat from 235U and 239Pu Thermal 
Fission to Errors in Fission Product Nuclear Data," Nuclear Cross 
Sections and Technology, ed. R. A. Schrack and C. D. Bowman, NBS 
Special Publication 425, p. 29 (1975), CONF-750303. 

7. A. Tobias, J. Nucl. Energy 27, 725 (1973). 

8. C. W. Reich, R. G. Helmer and M. H. Putnam, "Radioactive-Nuclide 
Decay Data for ENDF/B," USAEC Report ANCR-1157 (August 1974). 

9. C. W. Reich and R. G. Helmer, "Radioactive-Nuclide Decay Data in 
Science and Technology," Nuclear Cross Sections and Technology, ed. 
R. A. Schrack and C. D. Bowman, NBS Special Publication 425, p. 29 
(1975), CONF-750303. 

10. A. Tobias, "An Ordered Table of Gamma Radiation Emitted by Fission 
Products," RD/B/M-2356 (June 1972). 

11. T. R. England and R. E. Schenter, "ENDF/B-IV Fission-Product Files: 
Summary of Major Nuclide Data," LA-6116-MS (1975). 

12. "Nuclear Decay Data For Selected Radionuclides," ed. M. J. Martin, 
ORNL-5114 (January 1976). 



34 

13. J. Yarnell and P. Bendt. Funded by USNRC. 

14. V, Schrock and L. Grossman. Funded by Electric Power Research 
Institute (EPRI). 

15. V. Rogers and L. Friesenhahn. Funded by EPRI. 

16. J. K. Dickens, R. W. Peelle, and F. C. Maienschein, "Experiment for 
Accurate Measurements of Fission Product Energy Release for Short 
Times After Thermal-Neutron Fission of 235U and 239Pu," ORNL-TM-4676 
(May 1975). 

17. Quarterly Progress Report on Reactor Safety Programs Sponsored 
by the Division of Reactor Safety Research for July-September 
1974, ORNL-TM-4729, vol. I, pp. 54-57 (1974). 

18. Quarterly Progress Report on Reactor Safety Programs Sponsored 
by the NRC Division of Reactor Safety Research for October-
December 1974, ORNL-TM-4805, vol. I, pp. 81-83 (1975). 

19. Quarterly Progress Report on Reactor Safety Programs Sponsored 
by the NRC Division of Reactor Safety Research for January-March 
1975, 0RNL-TM-4914, vol. I, pp. 55-56 (1975). 

20. Quarterly Progress Report on Reactor Safety Programs Sponsored 
by the NRC Division of Reactor Safety Research for April-June 
1975, ORNL-TM-5021, vol. I, pp. 62-64 (1975). 

21. G. A. Cristy and J. D. Rylander, "Pneumatic Tube System - ORR," 
private communication (March. 1961), 

22. J. K. Dickens, T. A. Love, J. W. McConnell, J. F. Emery and R. W. 
Peelle, "Fission Product Beta and Gamma Energy Release Quarterly 
Progress Report for July-September 1975," ORNL-TM-5156 (1975). 

23. J. K. Dickens, T. A. Love, J. W. McConnell, J. F. Emery, and R. W. 
Peelle, "Fission Product Beta and Gamma Energy Release Quarterly 
Progress Report for October-December 1975," ORNL-TM-5272, (in press). 

24. R. G. Helmer and R. C. Greenwood, Nucl. Technology 25, 258 (1975). 



35 

25. R. W. Peelle, F. C. Maienschein, W. Zobel and T. A. Love, "The 
Spectra of Gamma Rays Associated with Thermal-Neutron Fission of 
235U," in "Pile Neutron Research in Physics," IAEA, Vienna (1962). 
The spectra reported in this reference were integrated, and adding 
estimates for data below the low-energy cutoff, the total integrated 
values for yield and energy release are tabulated in Ref. 2. 

26. P. C. Fisher and L. B. Engle, Phys. Rev. 134, B796 (1964). 

27. L. R. Bunney and D. Sam, Nucl. Sci. Eng. 39., 81 (1970). 
« 

28. A. McNair, F. J. Bannister, R. C. G. Keith and H. W. Wilson, J. Nucl. 
Energy 23, 73 (1969). 

29. T. D. MacMahon, R. Wellum, and H. W. Wilson, J. Had. Energy 24, 
493 (1970). 

30. N. Tsoulfanidis, B. W. Wehring and M. E. Wyman, Nucl. Sci. Eng. 43, 
42 (1971). 

31. R. Schenter (HEDL), private communication (October 1975). 

32. W. R. Burrus, "Utilization of priori Information by Means of 
Mathematical Programming in the Statistical Interpretation of 
Measured Distributions," ORNL-3743 (1965). 


