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ABSTRACT

Experimental measurements of the garma-ray palse heigat distribu-
tiogs due to the products of fast-neutron-induced fission of U235 and
U23% are presented. The measurements were me "= at nine selected times
after filssion from 15 minutes to 3 days. Irradiation times and count-
ing intervals were chosen to minimize saturation eznd decay effects.

The experimental data were used to calculate 100 en=rgy bin dis-
tributions of the absolute mumber of photons/ fission-sec. bLy means of
absolute calibrations of the collimated NaI(Tl} detector. The number
of fissionsg in each sample was determined radioci.emically. Machine
computation was used extensively.




SUMMARY

Problem

Values of exposure rates from flgsion product sources have been
determined from gamma-ray spectra measured from very shortly sfier the
ingtant of fission to about 25 minutes post-fission. Prior to this
work no experimental information existed for later times. Values of
exposure rates have been calculated from fisslon yield and decay scheme
-nformation on the individual fission products at times from 30 minutes
post-fission to much later. A discrepancy of nearly a factor of two
exists between extrapolations of the two kinds of information. Because
of the importance of thils exposure rate information to fallout studies
and casualty prediction capabilities, it was desired to establish re-
liably the value of the exposure rate per deposited fission per unit
srea as 8 function of time.

The method chosen was to measure the gamma~§ay spectra of the
products of fast neutron fission of U235 and U23% at selected times
after fission. The post-fission times selected were 1/h, 1/2, 1, 2, 5,
10, 2k, 48, and 72 hours. Emphasis was put on the 1 hour time, as it
is widely used for normalization of fallout fields.

Findings

Gamma-ray spectra from the products of fast neutron fission of U235
and U23° have been measured. By calibration of the NaI(Tl) detector
with calibrated sources, radiochemical determination of the number of
fiszsions in each sample, and the use of sultable machine computatiom,
the energy bin distribution of the absolute number of photons/fission-sec
has been obtained.

This is fundamentally useful information, and it will be used to
calculaie exposure rates and normalization factors, which will t2
gubsequently reported.
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INTRODUCTION

The work described in this report was initiated to provide basic
experimental information on the gamma-ray spectra of the gross fission
products of uranium as a function of time after fission. Although this
information has a wide variety of uses, it was sought heie primarily to
resolve a discrepancy between the extrapolations of exposure rates per
deposited fission per unit area that had been calculated from experi-
mentel vs. computed gamma-ray spectra.

Any calculation of exposure from fallout requires a knowledge of
the exposure rate resulting from a known spectral distribution from
fission products on the ground. The spectral distribution changes in
intensity and@ energy distribution with time. To permit the comparison
of exposure raies measured under various conditions a normalization
factor is commonly used in fallout studies. This factor gives the ex-
posure rate, in rcentgens per hour per kiloton-equivalent of unfrac-
tionated fission products per square mile {R/hr-KT-mi2), at a point
three feet above a uniformly contaminated infinite smooth plane at a
given time after fission. The exposure rate for these conditions can
be calculated from experimental measurements of gamma-ray spectra, or
from computed gamma-ray spectra. A nrumber of calculations of both types
have been carried out, and these have been reviewed by Keith and Shelton.l

Only two sets of experimental data2’3 ol gammm-ray spectra have
been widely utilized. One? of these extends for approximately 25 minutes
after fission and the other3 for only 45 seconds. The gamme-ray spectra
which have been computﬁd from fission yield and decay scheme informa-
tion are usually given 9 for times of 30 minutes to very long times
after fission. The exposure rates calculated firom the computed spectra
are given for the same time interval. The method used in the calcula-
tions of computed spectra suffers from the uncertainties in the ylelds
and decay schemes of many of the important short-lived fission products.

Extrapolations to a common point of the logarithm of the normsli-
zation factor obtained from the two types of determination show poor
agreement when plotted against the logarithm of time after fission.
Furthermore, the computation of gamma-ray spectra cannot profitably be
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extended to earlier times because of increasing uncertainties in the
input data. Resolving the discrepancy required expanding the experi-
mental measurements of the gamma-ray spectra to provide overlap of
experimental and computed data.

In the planning of the experimental work, a number of factors were
considered. For one thing, the time of greatest interest from an opera-
tional viewpoint is usually considered to be one hour post-fission; many
computations relating to fallout studies involve quantities messured at
one hour post-fission. As mentioned above, it was necessary tc overlap
the times at which experimental and computed spectral information existed.
A further consideration was that the measurements be performed on un-
fractionated fission product mixtures that are similar to the detoration
products of nuclear weapons.

To accommodate these requirements, gamma-ray spectra were measured
at selected times from 15 minutes to 3 days after fission, inecluvding 1
hgur post-fission. Also, the products of fast-neutron fission of both
1237 and U230 vere used to simulate debris from fission and thermo-
nuclear weapons.

The gamma-ray spectra measured in this work are of considerable
interest in shielding work snd from a more fundamental point of view, in
the physics of fission.

EYPERIMENTAL

In the experimental portion of this work, the pulse-height distri-
butéons due to the gamma-rays of the fission products of both U235 and
U230 camples were measured with a calibrated detector at nine specified
times after irradlation with fast neutrons. Irradiations were carried
out in duplicate at separate times with samples not previously irradisted.

The main steps in the experimental procedure were: (1) assembly of
detector, shield, and pulse height analyzer, (2) calivration of the
detector, (3) preparation of the samples, (L) irradiation and counting
of the samples to obtain pulse height distributions, (5) readout of the
data in a form suitable for machine computation, and (6) radiochemical

#*
An extension of the present work to fractionated mixtures is in progress
at this Laboratory, under the sponsorship of the Office of Civil Defense.




determination of the number of fission events in each sample.

The calibration of the detector was an important and lengthy task,
but a description of it is not essential to an understanding of the
experiments. Consequently, it is described in Appendix A of this report.
The other steps in the experimental procedure mentioned above are des-
eribed below.

Detector, Shield and Pulse Height Analyzer Assembly

The detector of the pulse-height analysis system consists of a S5-in.
diameter by S5-in. long NaI(Tl) cylindrical crystal optically coupled to
the photocathode of an RCA type 8054 3-in. diameter photomultiplier tube.
The unit 1s & Matched Window Assembly from the Harshaw Chemical Company.
The plastic base of the phototube was removed and a voltage divider string
was included in & stainless steel cup for ease of connection to the
other equipment.

The lead shield for the detector has the shape of an ellipsoid with
external dimensions of 17 inches in diameter and 28 inches long. The
lead varies in thickness from 4 inches around the phototube base to 5
inciies at the sides, to a maximum of 9-5/16 inches on the source side
of the detector. A l/hk-inch steel shell encloses the lead.

The shield has a collimator coaxlal with the crystel, a cylindrical
hole 1/2 inch in dismeter and 8-3/8 inches long. A cylindrical poly-
ethylene block, 2-3/8 inches in diameter and 1-11/16 inches thick is
placed over the collimator in a recess in the lead shield. This plastic
block removes almost all of the beta-rays emitted by the fission product
samples without appreciably attenuating the gamma-rays.

The shield assembly 1s placed in a steel yoke fitted with a device
to permit the orientation of the collimator relative to the zenith. ALl
measurenencs were made with the collimator pointing straight up since
this gave the least backscattering of the gamma-rays emitted by the
samples.

Operating high voltage for the phototube 1s provided through an
external high voltage DC supply, model L12A, purchased from the John
Fluke Manufacturing Co., Inc. The output signal of the photomultiplier
tube is fed tov an external cathode follower preamplifier and thex into
a linear emplifier, Model 901A, Cosmic Radiation Lab. Inc, The amplified
pulses are then analyzed for height in a model CN-102hk 102k-channel Pulse
Height Analyzer System produced by Technical Measurements Corporation.

The analyzer system included a pulse height logic unit, Model 210B,
a magnetic tape recorder, and its associated buffer storage control,



Model 221, The logic wnit provided better linearity of response than
the more commonly used Model 210. The tape recorder provided temporary
data storage and fast readout of the analyzer. Each pulse-height dis-
tribution was identified by a tag~word generator which utilizes the first
eight channels of the ferrite core memory, and consequently no data are
recorded in these channels. This identification was carried through the
magnetic tape readout tc the card readout described in the section on
data output.

The entire detector, shield and pulse-height analyzer assembly was
mounted in a mobile labvoratory traliller which permitted the placement of
the system near the accelerator at which the irradiations were carried
out. This was necessary for the counting of the semples at relatively
short times after irradiation.

Sample Preparation

The samples for the spectral measurements were pieces of uranium
metal foil 0.038 mm thick and about 0.8 cm® in area, weighing epproxi-
mately 4O mg. each. Spectrographic analysis showed the material was
99.8% pure uranium. The U<3 utiilized had an abundance of 93.2% of the
mass 235 isotope, while the U239 consisted of more than 99.9% of the
mass 238 isotope. Packaging for irradiation and counting was designed
to prevent the escape of the volatile fission products from the samples.
Each foil piece was heat-sealed in polyvinyl alcohol film thick enough,
0.003 in., to stop all fission Ifragments within the plastic. The poly-
vinyl alcohol wrapping was trimmed down to the circular sealed area and
the entire packet was then hermetically sealed between two layers of
0.00k inch thick polyethylene film.

Irradiation and Counting of Samnles

The samples were irradiated at the 45-MeV electron linear accelera-
tor of the General Atomic Division of General Dynamics, Inc., at Ia
Jolla, California. This accelerator produces a high flux of fast neu-
trons over a small area by means of a water-cooled neutron converter.
During irradiation the samples were fastened to the neutron converter
in a central position. With this configuration, fluxes of up to 1012
neutrons/cmg-sec wer: obtained. The neutrons, which are produced by
the (7,n) and (7,pn) reactions in the converter after the accelerated
electrons are converted to gamma-rays, have a spectrum that is similar
to that of the neutrons Ergduced in the fission process.” A gadio-
chemical analysis for Np 3 , formed by {(n,7) reactions on ve3 , compared
to the number of fissions in the same sample shcwed that the thermal
neutron backgrouné was lesg than 0.001 of the fast neutron flux.

In Table 1 are given the lengths of the various irradiations and



the counting times of the pulse-height distributions. Duplicate measure-
ments under the same conditlons were made on the products of fission of
both fissile nuclides. The durations of the shorter irradiations and
the corresponding counting intervals were chosen to provide good count-
ing statistics and yet to minimize gaturation effects during irradistion
and decay effects during counting. The lengths of the longer irradia-
tions were limited by transportation and scheduling requirements and by
the cost of accelerator time. It was found to be possible to obtain at
more than one time of interest after fission pulse-height distributions
from the semples irrsdiated for longer times.

TABLE 1

Irradiation and Counting Times

Length of Period of Count (after
Irradistion midpoint of irradiation)
(min) (min)
2 1416
Ly 28-32
7 56.5-63.5
15 112,5-127.5
Lo 285-315
570-630
120 1365 - 1515
2730 - 3030
4095 - k5hs5

"he time intervals given in Table 1L were measured relative to the
beginning of each irradiation with a stopwatch or electrie clock. The
pulse-height analyzer had an rppreciable and veriable dead time assocla-
ted with its operation. The :ctual amount of time available for
measurement during the counti .z intervals was obtained from a live timer
gated by the analyzer.

The samples were counted as follows. The samples were trimmed of
excess polyethylene and fastened flat on e thin polyethylene sheet
interposed between the sample and the absorber to prevent any contami.-
nation and stretched tightly over the polyethylene B-ray absorber.




The samples were positioned exactly in the center of the atsorber to
obtain reproducible gecwmetry.

Data Output

The pulse-height data was recorded in a ferrite core memory in the
analyzer. Thece data were rapidly transferred to magnetic tape for
storage. As the tape could not be read into a computer, the pulse-height
distribution data had to be put into a form suitable for processing by
the IBM-T04 at this Laboratory. The tape was read back into the memory
of a similay pulse-height analyzer which then resd out the data through
an IM-523 Gang Summary Punch on punched cards. |

Fission Determinations

Determination of the number of fission events produced in each
saggle was accomplished by post-counting radiochemical measurements of
Mo”7 in the sample and its associated polyvinyl alcohol wrapping. The
polyvinyl alcohol film contained fission fragments emitted from the
surface of the uranium sample. Previously determined calibration fac-

tors permitted conversion of the results of Mo99 analyses to the absolute
number of fissions in each sample with an estimated error of about + 5%.

DATA HANDLING AND RESULTS

The besic experimental informabion obtained in this work consisted
of the pulse-height distributions due tg the g%mga—rays emitted by the
products of fast neutron fission of U235 and U°3 These measurements
were made in duplicate at time intervals such that the midpoint was 1/L,
1/2, 1, 2, 5, 10, 24, 48 and 72 hours after the midpoint of an irradia-
tion. The irradiations were short compared to the elapsed time until
counting. )

Corrections were applied to the unprocessed data in preparation
for their normalization and subsequent unfolding into corresponding
gamma-ray spectra. A pulse-height distribution corresponding to the
ambient background was subtracted. VWhere it was appropriate (at times
of 2 hours or less after fissior), a blank corresponding to the radio-
activity induced in the plastic wrappings of the samples was subtracted.
This blank was dve almost entirely to the Cl} formeq bg (7,n) and (n,2n)
reactions on C12 in the plastic materials. In the ve3 samples these
nuclear reactions give rise to 6.7 da, U237, The gamma-rays from the

decay of U237 have low energies, and can be neglected at the shorter




times after figsion. However, they become important at about 1L day
after fission. This last correction wes made by calibrating the detec-
tor for a known amount of (237 and measuring radiochemically the amount
of U237 present in the U23° gamples counted at 24, 48 mnd 72 hours.

After the corrections were applied, all of the pulse-height distri-
butions were normalized on the basis of the radiochemically-determined
nunker of fissions produced in each sample.

The normslizetion of the pulse-height distributions to net counts
p.r channel per fission permitted the comparison of the duplicete results.
Figure 1 shows the corrected duplicate pulse-height distributions of the
fisgion products of U237 at 1 hour after fission. The generel agreement
of the two distributions is seen to ve excellent. This degree of agree-
ment was usual. However, the most divergent sets of duplicates differed
from one another by approximstely 104 overall., Fach set of duplicate
(in two cases, triplicate) pulse-height distributions wae then averaged
+o smooth these small differences.

Thz pulse-height distributions were unfolded into gamma-ray sweckra
by an iteration technique, which is described by Hubbell and Scofield
and Scofield.9 The unfolding is accomplished with the aid of an IBM-70k
computer. The essential features of the unfolding programs are glven
oy Smith and Scofield. However, their program was modified extensively
g0 that !t could wandle 1024 channels and 100 energy bins.

The pulege-height distributions from known amounts of individual
gamma~rays were unfolded as a check on the calibration snd technique.
The results of this check are shown in Table 2.

As a further demonstration of the technlque and to obtain insight
into the effects of interaction of gamma~-rays in the unfolding process,
the pulse-height distributions of two known mixtures of ganms-rays were
procegsed. The gawma-rays were present in equal abundances. The results
are given in Table 3.

In all cases the unfolded resulis showed the largest portion of
each of the gamma-rays in the correct erergy bin with smaller portions
in the immediately adjacent bins.

In Table 4 the mid-bin energies and width of each of the 100 energy
bins s2lected are ligted. The results of the unfoldings for the products
of U23Y fission are given in Tables 5 through 13 for 1/k, 1/2, 1, 2, 5,
10, 24, 48 and 72 hours after fission. The data for the products of
U238 sigpion are given in Tables 14 through 22 for the same times after
fisgion. The format is that of the computer readout (e.g. E-03 is read
1073),
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TABLE 2

Unf'olding of Known Amounts ¢f Individual Gamma-Rays

o]
Ly

e ———

e e e
——

Ganmiz - Ray
Energy (Mev) Radionuciide Calculated/Added
0.145 Celll 1.192
0.279 Hg203 0.946
0.325 crol 1.095
0.51h 5r85 1.013
0.662 cs 137 1.072
0.768 N2> 1,047
1.12 7nb5 1.123
1.38 Na2t 1.129
1.52 Kit2 0.958
2.75 Na2l 1.158

Average 1.073 + 0.082

TABLE 3

Unfolding of Known Mixtures of Equally Atundant Gamma-Rays

Mixture No.

1

Mixture No. 2

Gemma-Ray

Energy (MeV) Calculated/Added

Gamma-Ray
Energy (MeV) Czlculated/Added

0.279
0.325
1.38
1.52
2.75

1.104
1.072
1.10k

0.8%
1.148

Average 1.065 + 0.098

0.279 1.105
0.325 1.056
0.662 1.070
1.38 1.001
1.52 0.888
2.75 1.1%0

Average 1.058 + 0,088
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Table L

Energy and Width of Energy Bins

Bin Mid -bin Width Pin Mid-bin Width
No. Energy (MeV) (MeV) No. Energy (MeV) (MeV)
1 0.07 0.01 51 1.470 0.05
2 0.08 0.01 52 1.520 0.0%
3 0.09 0.0l 53 1.570 0.05
b 0.10 0.01 5l 1.620 0.05
5 0.11 0.0L 55 1.670 0.05
6 0.12 0.01 56 1.720 0.05
7 0.13 0.0l 57 1. 770 0.05
8 0.1h 0.01 58 1.820 0.05
9 0.15 0.01 59 1.870 0.05
10 0.16 0.01 60 1.925 0.06
11 0.17 0.0l 61 1.985 0.06
12 0.18 0.01 62 2,0l5 0.06
13 0.19 0.01 63 2.105 0.06
1l 0.20 0.01 64 2,165 0.06
15 0.215 0.02 65 2,225 0.06
16 0.235 0.02 66 2,285 0.06
17 0.255 0.02 67 2,345 0.06
18 0.275 0.02 68 2.405 0.06
19 0.295 0.02 69 2.L465 0.06
20 0.315 0.02 70 2.525 0.06
21 0.335 0.02 71, 2.585 0.06
22 0.355 0.02 T2 2,6L5 0.06
23 0.375 0.02 13 2.705 0.06
24 0.395 0.02 T4 2.770 0.07
25 0.420 0.03 15 2,840 0.07
26 0.450 0.03 76 2.910 0.07
27 0.480 0.03 1 2.980 0.07
28 0.510 0.03 78 3.050 0.07
29 0.540 0.03 19 3.120 0.07
30 0.570 0.03 80 3.190 0.07
31 0.600 0.03 81 3,265 0.08
32 0.630 0.03 82 3.345 0.08
33 0.665 0.04 83 3.h25 0.08
3h 0.705 0.04 84 2 815 0.08
35 0.745 0.04 85 3. 5 0.08
36 0.785 0.0k 86 3.665 0.08
37 0.825 0.0k 87 3.750 0.09
38 0.865 0.04 88 3.840 0.09
39 0.905 0.0 89 3.930 0.09
ko 0.945 0.0k 90 k.c20 0.09
by 0.985 0.0k 9L k115 0.10
h2 1.025 0.0h 9w 4,215 0.10
k3 1.070 0.05 93 4,315 0.10
ul 1.170 0.05 ol 4.h15 0.10
4s 1,170 0.05 95 L.515 0.10
u6 1.220 0,05 96 k.615 0.10
W7 1.270 0.0% 97 b,715 0.10
48 1.320 C.05 o8 4,820 0.11
ha 1.370 0.05 99 4,930 0.11
50 1.420 0.05 100 5.040 0.11
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PHOTONS/
FISSION-SEC

0ell17E~04
0e6068E=05
0a1169E=04
00426)1E=05
0s4381E=05
0s2036E=05
0e3234E=05
089105E=05
0e5964E=05
0e5686E=05
0e1185E=04
0el40T7E=04H
0e8255E~05
0+7082E=05
0s8669E~05
De1200E=04
002422E=04
0e8911E=05
043622E«04
062338E=04
0e1228E~04
0e1297E~04
0e6950E~05
088454E=05
04 2004E~04
0e2512E=04
031328E=04
0s3209E~04
0s1075E=04
0¢1809E«04
062405E=04
Oe1308E=04
001418E=0s
0s1801E~04
0e2052E«04
00 1969E~04
002364E=04
0e3671E=04
0e3734E=04
002711E~=04
0e1182E~04
0s2939E~04
0 1482E=04
0e1279E~04
0s1139E=04
0s1850E=04
0s2112E=04
0» 7712E=~05
00 1170E=04
Ov1755E«CH

TABLE 5
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ENERGY BIN

NQe.

51
52
53
54
55
56
57
58
55
60
61
62
63
64
65
66
67
68
69
70
71
72
13
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
a7
98
99

100

TOTAL

GAMMA RAY SPECTRUM OF URANIUM~235 FISSION PRODUCTS
AT 15 MINUTES AFTER FISSION

PHOTONS/
FISSION~SEC

0e9833E=05
0e¢6198E~05
045045E~05
0e5722E=05
0e7218E=05
0s7471E=05
066741E~05
0043 71E%05
0e4419E=05
00 4552E-05
Ce7633E=05
0e69T74E=~05
0s4093E=05
0eT438E~D5
0e8494E=05
0e3500E=05
042435E=05
0942357E~05
042380E~05
0¢3637E=D5
0s4967E=05
0e4036E~058
0026T1E~05
Oel656E=05
0e3077E=0%
0e7178E=06
04685BE~06
0+8314E~06
008552E=06
098357E=06
0e8752E=06
0s8354E=06
Oe71486E=06
0s8331E=~06
028758BE=06
046102E=N6
044429E~06
0e4211E~-06
0s4571E=06
0e4T737E=06
Oel L 66E=06
0s3320E~06
0e2778E=06
002496E~06
0e2224E=06
082216E=06
0e2322E«06
0a2422E=06
0e2574E=06
0s32},7E=06

0+9083E~03
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AT 30 MINUTES

PHOTONS/
FISSION-SEC

025999E=05
0a3175E=05
0e5710E=0%
0e2261E-05
0s1920E~05
041048E=05
0¢3007E=05
0s5213E=05
063541E=C5
023406E=05
0s6111E~05
0e7207E=05
0s4735E~05
044093E~05
0¢3524E=05
0¢5347€E=05
0e1088E~04
045090E=05
0e2434E=V4
0el448E~04
0s5914E~05
048977E=05
0e3191E~05
065314E=05
0¢8993E~05
0e1621E=04
0+6098E~05
0¢1701E=04
0.8823E~05
04s6653E=05
Ce8185E=05
049983E=05
049404E~05
045020£=0%
0sl>66E=04
0e9727E~05
049595E=05
042010E=04
002114E~04
001534E~04
0e5412E=05
0e1599E=04
098424E«~05
0455B0E~05
006054E=~05
0e8233E=05
0el038E=04
0e3505E=05
0e5168E=05
0s1431E~04

TABLE 6

GAMMA RAY SPECTRUM OF URANIUM-235 FISSION PRODUCYS
AFTER FISSION

ENERGY BIN
NOe

51
52
53
54
55
56
57
58
59
60
51
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
19
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

TOTAL

PHOTINS/

FISSION~SEC

0e7531E=05
0s3191E=05
0s3150E=05
0e2663E=05
0e2668E~08
0:3459E~05
003422E=05%
Oe 2640E=05
082293E=05
042384E~0%
0e3646E~05
043733E=~05
002027E=0%
0e3215E=058
0e5121E~08
0s2324E~05
0s1302E~C5
0s1370E=05
08 1434E=05
0e1859E=05
0e2731E~05
00 2386E=05
0a1239E=05
005694E~06
0s3947E-06
063382E~06
Oe3448E~06
0sAB53E~06
043683E=08
043250E~06
002934E=06
0e2504E=06
0e2334E=06
0s2724E~06
002852E=06
0¢2151E~04
021513E=06
001392E~06
03 542E~06
0s1566E=06
0e1369E=06
081093E=06
0e9293E~07
048682E=07
0e8275E=07
008469E=07
0e8924E=07
009332E~07
0e¢10319E=06
001309E~06

0.4830F-03



TABLE 7

GAMMA RAY SPECTRUM OF URANIUM=235 FISSION PRODUCTS
AT 1 HOUR AFTER FISSION

ENERGY BIN PHOTONS/ ENERGY BIN PHOTONS/
NO« FISSION-SEC NO» FISSION-SEC
1 0e2211E=05 51 0s4130E~05
2 001180E~05 52 0e1319E~Q5
3 002264E~=05 53 Oe¢l113E=~05
% 0¢6T90E=06 54 0e9455€~06
5 0»6184E°06 55 0¢91185E~06
6 De3512E~06 56. Cs 108B9E~05
7 001463E~05 57 0e1199E~05
8 003239E=«05 58 Gell66E=05
9 001857E=05 59 0s1091E=058
10 0s1460E~08 60 069079E=06
11 022339E-05 61 0e21004E=05
12 0e2773E~05 62 0¢1130E=05
13 0e1579E~05 63 0e6802E~06
14 0el456E=05 64 0e1144E=05
15 Oe1243E=05 65 0¢2119E~05
16 0e1690£~05 66 069387E~06
17 0s2957€=05 67 0e86T71E~0D6
18 0e¢2283E~05 68 0s9551E~06
19 0¢9301E=05 69 048055E=06
20 0e5156E~05 70 0e7788E=~05
21 042001E=25 71 0¢1053E=05
22 0s1790E~05 72 0¢9600E=06
23 0s1196E=~05 73 0s5114E~08
24 0¢2638E~05 T4 042128E=06
25 093323E=05 75 Oe1481E=06

26 0¢7692E=03 76 0e1451E=06
27 09 2860E~05 17 08 1590E=06
28 0e4169E=05 78 0o l844E~06
29 044835E"05 79 041386E~06
30 042025E~05 80 0¢1091E~-06
31 0a1748E~05 81 0s9384E~07
32 0e5388E=05 82 OeP655E-07
33 004482E=05 83 00 7540E=07
34 001305E~05 84 0eT069E~0T
35 0a07501E=05 8% 0e6550E~07
36 004096E=05 86 0e5542E~07
27 Ov4875E=05 87 0e4601E~07
38 O0s1193E~04 88 044635E~07
39 048802E=05 89 044953E~07
40 094717E~05 g0 0e4496E~07
41 0e2373E~05 91 0e3741E=~07
42 045806E=05 92 0e3209E~07
43 0e2781E~05 93 0¢3089E~07
44 042585E~05 94 0e3134E=07
45 042088E=05 95 043062E~07
46 002134E~05 96 09¢3118E~07
47 0s2554E=05 97 0e3315E~07
48 04 1000E™05 S8 003524E=07
49 0e2706E=05 99 0¢3877E=07
50 0s8691E~02 100 00 4964E~0T

TOTAL 001949E~03
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TABLE 8

GAMMA RAY SPECTRUM OF URANIUM=-235 FISSION PRODUCTS
AT 2 HOURS AFTER FISSION

ENERGY BIN PHOTONS/ ENERGY BIN PHOTONS /

NO.+ F1SSION-SEC NO. FISSION-SEC

1 0s T4H4E=06 51 0e871T76E~06
2 043831E=06 52 0s4290E=06
3 06 7148E=06 53 0s3570E=06
4 0e1767E=06 54 0s2797E=06
L 0e1500E~06 55 042978E=~06
6 0e1478E~06 56 043833E=06
7 0e6166E=06 57 Oy 4484E=06
8 0s1188E~05 58 085292E=06
9 0s8264E~06 59 044803E~06
10 006607E~06 60 04 2874E=06
11 0e5867E=06 61 0e2620E=06
12 0a5753E=06 62 0s3019E=06
13 00 4758E=06 63 062267E=06
14 00 4688E=06 66 0e4013E=06
15 043939E~06 65 0e5094E=06
16 08 7427E=06 86 002160E~06
17 0e8192E=06 67 0e3179E~06
18 006251Em06 68 0e6701E~06
19 00 1669E=05 69 0e3885E=06
20 0s1060E=05 70 0s2912E=06
21 0s4594E=06 71 0¢3458E=06
22 042085E=06 72 0e2487E~06
23 04 3805E~08 73 0s1202E=08
24 0s1313E~05 74 046001E~07
25 0+9874E=06 75 0s5354E=07
26 0s2149E~05 76 0e6027E=07
27 0¢7560E=06 77 046726E=07
28 09 1064E=~05 78 0e6120E=07
29 0e1971E=05 79 Os4164E=07
30 046687E~06 80 0e3028E=07
31 0e5053E~06 83 0s2701E=0T
32 002716E~05 82 0e2546E=07
33 041853E=05 83 002232E~07
34 0¢5191E~06 84 0s1933E=07
35 0e3452E~05 85 0a1714E=07
36 0s1210E~05 86 0e1540E=07
37 042662E=05 87 0s12352E=07
28 0e6217E=05 88 001304E=07
39 002558E=05 89 081266E~07
40 0e1126E~08 90 0e1115E=07
41 0s8930E=06 91 009852E=08
42 001475605 92 009213E=08
43 0e95T4E=06 93 0¢9108E=08
by 0s1325E=05 94 049177E~08
45 0s5762E=06 95 049177E=08
46 Oe4542E~06 96 0s9683E=08
47 0e5071E=04 97 001060E~07
48 0e2769E=06 98 081138E=07
49 042024E%05 99 0s1260E~07
50 0e2183E=05 100 De1631E=07

TOTAL 0+66808~-04

1h




ENERGY BIN

NO+«

DI bt b Pt pd fd Pud b b b b
OVOXNXIPVIVNFRFROUDNIOWS>WVN -

NN NN
VOO P WM

O W W W
N O

[CRURTY
o=

w
-~

SR W
PO OO D

PHOTONS/
FISSION~SEC

06 2098E=06
0¢1972E=06
0¢3232E~06
0 7822E=07
0e6725E=07
00 6489E=07
0e2418E~06
0e4409E=06
04 264TE~06
0el1146E=06
0¢1150E=06
0:Z21T7E~06&
0s1509E=06
0¢1028E=06
042308E=06
0.8559E=06
043526E~06
042277E=06
043852E=~06
0s 1765E~06
0el1281F=06
0e T063E=CT
0:9087E=07
0s3288E=06
042689E=04
002393E=06
0s1582E~06
04¢5808E=06
0s1461E=05
0e2243E=06
O 4830E=0T
04 1024E=05
0s1432E~05
0:31109E=06
Ds1636E“05
0s4564E=06
006254E>06
041393E=05
0s7280E=06
0sB033E=06
0e2083E~06
0s5385E=06
013426E=06
015493E~06
042821E~06
0s1420E~06
043833E~CH
045844E=07
001034E=05
Csl144E=05

vttt ——p——— -

TABLE 9

15

ENERGY BIN

NO.

51
52
53
54
55
56
57
58
59
50
61
62
63
64
65
66
67
68
69
70
71
72
73
74
7%
76
17
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

TCTAL

GAMMA RAY SPECTRUM OF URANIUM=~235 FISSION PRODUCTS
AT 5 HOURS AFTER FISSION

PHOTONS /

FISSION~SEC

0a7823E=07
041377E=06
0e1524E=06
0e8378E~07
041119E%06
0e1515E=06
0e16850E=06
002480E=06
0e2436E=06
029791E~07
0e8746E™07
0410)9E~06
0eB8998E~=07
0s1161E=06
0s1310E~06
O0s5845E~07
008945E=07
043501E=06
0¢2370E=06
048280E=~07
0e6548E=07
0e5297E~07
0s3217E~07
0s1859E=07
Qe1545E~07
08 1724E=07
001878E=07
0s1780E=07
0el241E=07
Oe R4 68E=08
0e T074E~=08
0s6240E~08
0+ 5434E=08
0s4933E~08
Qs 4692€=08
Oe4328E=08
0s3682E~08
0e2248E=08
0e2958E=08
062737E~08
0e2693E=08
0e2661E=08
0e2592E=08
0e 2559E=08
0e2610E~08
0e2875E=08
0s3288E=08
Oe3688E=03
0s4188E™08
0:5357E=08

0s2414F~04




TABLE 10

GAMMA RAY SPECTRUM OF URANIUM-235 FISSION PRODUCTS
AT 10 HOURS AFTER FISSION

ENERGY BIN PHOTONS/ ENERGY BIN PHOTONS/

NO FISSION~SEC NQe FISSION~SEC
1 0s1092E=06 51 0e4620E=07
2 Qela25E~06 52 0e4015E~07
3 0s1778E~06 53 0s2823E~07
4 002634E~07 54 0¢3102E=07
L 0s2861E=07 55 006089E=07
6 0s6667E~07 56 De6862E=07
7 0s2228E=06 57 0e6545E=07
8 0s1508E=06 58 0e8139E=07
9 043146E=07 59 0e5788E=07
10 0e2045E=07 80 0e2561E=07
11 0e4248E~07 61 002068E~C7
12 0s8530E~07 62 0e2274E~07
13 0e4282E~07 63 0a2179E=07
14 0e3757E=07 64 042699E=07
15 0s2152E~06 65 0¢2524E~07
16 048636E=06 66 002152E~07
1?7 0s1365E~76 67 0a4098E~07
18 041661E=06 68 087271 E~07
19 081726E=06 69 043382E~07
20 00 4632E=07 70 0el122E=07
21 006459E=07 71 0¢5750E=08
22 0e6209E~07 72 0+ 5853E~08
23 002536E~07 73 0e5158E~08
24 0e¢3650E~07 74 0s4147E~08
25 0eB8773E~07 75 0e3787E~08
26 049399E=07 76 043530E=08
27 04 3005E=07 77 002915E~08
28 0¢5730E=06 78 0s2330E=C8
29 0e8675E=06 79 001916E~08
30 0e3607E~07 80 Del644E~08
31 0 5838E~08 a1 0o 2467E~08
a2 065351E=06 82 0e1271E~08
33 00 7897E=06 83 0e1139E~08
34 0s1097E~06 84 0eL0O76E=08
a8 0s1052E=0% 85 0¢1012E~08
36 0e1487E=06 g6 0a9568E=09
37 0+ 2044E=06 87 0e8956E=09
38 Qs 1233E=06 88 0aBS03E=09
39 0e2131E=06 8% 0¢84 34E~D9
40 04 1995E=06 90 0e8356E~09
41 049192E=07 91 0s8441E=09
42 042901E~06 92 028532E~09
43 0e1026E~06 93 0s8839E=09
4h 002380E~06 94 009199E~09
45 048232E~07 95 009764209
LA 0s1007E~06 96 0eil101E~08
47 090 2094E~06 97 0e1281E~08
48 0e 4706E~07 98 001449E~08
49 0e3429E=06 99 0e168%E=08
50 062669E=06 100 0¢2080E=08

TOTAL 0.1068FE~0N4
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ENERGY BIN
NO,

12

PHOTONS/
FISSTON=-SEC

003751E~07
0+8377E=07
CaB8239E=07
0el144E~C7
0es3030E~07
0s1221E~06
048859E=07
041336E~07
0s7216E=08
0s1557E~07
0s1221E~07
0s1965E=07
042C93E~07
002490E~07
0¢2355E=06
0e45T78E~08
0+3758E~0T
0s1206E=08
0e5970E=07
0e2115E=07
065148E~07
0¢3382E~07
047120€~08
0e8118E=~08
0¢2068E~07
0¢2393E~07
061468E=07
023407E=06
043356E=06
045354E~08
0e1250E~08
042550E=06
0e4727E=06
02827E=07
0s5489E~06
049908E=07
043829E=07
0a4142E=07
043491E=07
003845E=07
0e3222E=07
0¢9549E=07
0e¢3168BE~O07
045613E=07
043591E=07
0s1889E=CT
0¢6538E~CT
0e1871E=07
0s1860E=07
043288E-07

TABLE 11

17

ENERGY BIN
NO.

51
52
53
54
55
56
57
58
5%
60
61
62
63
64
85
66
67
58
69
70
T
72
73
T4
75
76
1
78
79
80
81
82
&3
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
$9
160

TOTAL

GAMMA RAY SPECTRUM OF URANIUM=2135 FISSION PRODUCTS
AT 1 DAY AFTER FISSION

PHOTONS/

FI1SSION~-SEC

0o L712E~07
0s8185E=08
0e9643E~08
0¢1517E~07
Oe1734E=07
0e1629E~07
0e1321E~07
041029E-07
0e7547E~08
005823E~08
Ds4631E~08
0e3450E=08
002649E=08
0e2346E~08
0e2247E=08
0s1996E~08
0¢1884E=08
0s1905E~08
Ce1630E=~08
Qel205E=08
0+9031E~09
0e7409E~09
0y 6361E=C?
¢ BL&LE=Q9
0652 10E=09
044871E-09
044475E=09
044103E~09
0s3846E=09
0e3656E-09
003526E~09
0e¢3400E=09
043297E=09%
0e3253E~09
0s3147E™09
043147E~09
0e¢3161E~Q9
0e3214E-09
043270E~09
0¢3302E*09
0¢3368E709
063459E~09
0e¢3560E~09
Ge3694E~09
0038B6E~09
044290E~09
0e4899E~09
0e5517E~09
Qeb262E~09
Qs 7510E=0%

0+4516E-05




ENERGY BIN
NO.

@Y W

LYWL W LWL L3L NI AR PO N D NN IO B 2 3= b pubd fed b Db Sod pob Jod

49

0
o

PHCTONS/
FISSION=SEX

0¢5475E07
054477E=07
045884E=Q7
0¢5754E+08
0e3666E~08
0.,9133E~07
04724B8E~07
0s1086E=08
04 4906E~09
041019E~0T7
048983E-08
0e5241E~08
04 7497E=038
042826E=07
0e1078E=06
0s1092E~06
0s1136E=07
0s6161E=~07
003127E=07
0+9983E=08
0s3C57E=07
043056E~07
0+2881E~08
Oe1584E~08
045317E~08
0,1426E=07
0+8191E=08
Oel531E=C6
049464LE=07
042195E=09
0s2075E~09
048333E~07
0e2368E=06
047385E=08
042064E~06
048476E=07
047538E=08
041953E=07
049689E~08
0e1456E=07
041324E=07
0e1433E=07
Ca7665E=08
0412T4E~07
041089E=07
0+s5125€E~08
0e95TBE=08
046939E=08
Qs 7757E=08
0e7739E~08

TABLE 12

AT 2 DAYS AFTER FISSION

18

ENERGY BIN

NO»

51
52
53
54
35
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
7
78
79
80
81
82
€3
84
65
86
87
88
8¢9
90
91
92
93
94
95
96
97
98
99
100

TOTAL

GAMMA RAY SPECTRUM OF URANIUM=~235 FISSION PRODUCTS

PHOTONS/
F1SS10ON=-SEC

0e2098E~08
0e1561E=08
049998E~08
002020E=07
043943E~08
0e1305E~08
Oe1174E~0C8
001224E=08
0+1326E=08
0e1516E=08
0s1349E~08
0+1010E=08
0s 7490E=09
0e5786E~09
Qe 5027E=09
De4390E~09
0e3895E~09
0e3718E=09
0e3653E~09
043396E~09
0e2764E=09
De2150E~09
0e1786E™09
0s 1556E~09
0e1471E~09
0a1356E=09
0s1285E~09
Ce1225E=09
043175E=09
0el1151E~C9
Oe1134E=09
0a1092E=09
0e¢1061E=09
0¢1068E=09
0s1054E=09
0s1054E=09
041075E~09
041114E~09
0s1158E=09
041198E=09
001219E=09
001246E=09
0e1293E=09
0s1343E~09
0s1416E~09
0s1552E=09
0ol 748E=09
0e¢19L1E=09
04¢2158E=09
0e2541E=09

0.1887E-05



ENERGY BIN
NG«

[
QWO P WP

[y
N »=

I )
(3

= $s 1
o~

NN RN N R R e
~NOTPrWUNSOW

w NN
Qv

W
SR

WRpwwww
gotwmiLw

Pl el D
WmMPONKRO

W b e
QOV®~O

PHOTONS/
FISSION~-SEC

0e4971E"07
0e3193E~07
Oe4729E=07
0e40106E~08
0e1759E~08
Q47027E"07
0e6153E=07
0:4909E *09
0s1761E~09
0s7130E=08
0aB47TE=08
Ce3514E~08
044039E=08
0«2718E=07
027876E~07
0e2347E=07
Ce5879E=08
0437T73E~07
0a2170E=07
0:47224E~08
0s2250E~07
0+3159E~07
0el653E~08
Ce7731E=09
003622E=08
0e¢1103E~07
0o 1388E=07
0s8343E~07
064062E=07
Qe 7456E=10
041960E=09
De3636E-07
0el502E~06
065992E~08
0¢1028E=08
0e7641E~07
0s4123E~08
0el1204E~07
0e5598E~08
0s1306E~07
0¢8089E~08
0s2828E=08
0s2709E=08
0e6978E=08
0e6313E=08
Ve 2544E=08
0238662E=08
003827E=08
0e55697E~08
0+5683E~08

TABLE 13

AT 3 DAYS AFTER FISSION

19

ENERGY BIN
NOe

51
52
53
54
55
56
57
58
89
60
61
62
63
64
65
66
67
68
69
70
2t
T2
73
T4
75
76
77
78
79
60
81
82
a3
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

TOTAL

GAMMA RAY SPECTRUM OF URANIUM=235 FISSION PRODUCTS

PHOTONS/
FISSION=~SEC

0e9704E~09
0e6062E%09
0¢9802E~08
0s2700E~07
041959E~08
043840E~09
0e3948E~09
0e5332E=09
0e6654E~09
0+ 7914E~09
0e7435E=09
0e5830E=09
Os4313E~09
043163E«09
Oe2T746E=D9
002509E~09
0¢2359E~09
0e2307E~09
0s2349E~09
002456E~09
002138E~09
0 1490E=09
00 1095E=09
0+9491E~1C
0e9444E~10
048870E=10
0¢8482E=10
0e8288E~10
0s7907E=10
OsT46TE™LO
0s7376E=L0
0e7214E=10
0s6996E~10
0e7000E=10
0+703LE~10
0s7164E~10
0s7256E~20
B07459E~10
0e7757E=-10
0s8031E=10
0¢8327E=10
0a8424E=10
0e¢8559E~10
Qs8763E~10
0a9255E=10
0¢1012E~09
0e1117E~09
021215E=09
0s1356E=09
0s1587E"09

0e1206E~05




TABLE 14

GAMMA RAY SPECTRUM OF URANIUM=238 FISSION PRODUCTS
AT 15 MINUTES AFTER FISSION

ENERGY BIN PHOTONS/ ENERGY BIN PHOTONS/

NO e« FISSION-SEC NO« FISSION~SEC
i 0s1973E~04 51 0eB8678E=0S
2 0s5825E=05 52 0¢5851E=05
3 Qe 16T5E=04 53 0e6373E=05
& 0s5232E<05% 54 0s6366E~05
8 0v6026E=0H 55 0s6046E~05
6 091931605 58 0s7591E~05
7 0461 94E>05 57 0oT7707E=05%
8 0¢5087E~05 58 0e5113E=05
9 005694E=05 59 0s3853E=05
10 0¢6T20E=05 60 Oe4371E=05
11 001215E=04 61 0¢7875E%05
12 0e1358E=04 62 CeB8235E=05
13 0s6751E=05 63 - 044540E~05
14 0¢1084E=0S b4 0s5252E=05
18 0s TH4BE=0S 65 0e6792E=05
16 0s1286E=04 66 De4181E~05
17 002381E=04 67 092536E~05
18 047626505 68 06¢2049E~05
19 0s4530E=04 69 0¢2015E=05
20 Ce2382E%04 70 De2761LE=05
23 $e1388E%04 71 0e40T70E=05
22 Col734E=24 72 023751E~05
23 0¢557Y8E~0B 13 042206E=05
24 048160E™05 T4 001228E~05
25 0e2379E"C4 __ 1 061066E=05
26 042184E~04 78 0eB06TE=06
27 0cl893E~04 17 0e6952E~06
26 266255E"04 18 Ce7959E=06
29 Ood%&TE=05 7% 048370E=06
30 001861E~04H 80 O 7447E~06
33 Cel935E~04 81 0e7057E=06
32 0s1332E~04 82 0¢6515E=06
33 001435E=04 63 08 5582E=06
34 OslT4BE=C4 84 0e6011E~06
35 041985E04 85 0064T79E=06
36 Ve207BE"O4 8& 005269E~06
37 042050E=04 ‘ 87 003830E=06
38 063091FE=04 88 003220E=06
39 0a3028E=04 89 003246E~06
40 00269053=04 90 08329TE~06
41 0s1513E=04 91 043067 E~06
42 082259E=04 92 042581E™06
A3 001340E=04 93 0¢2188E=06
hé 081293E=04 o4 0s1991E=06
45 001171E=04 95 0e1B39E=06
46 001540E>04 94 04 1860E=06
47 0s1597E~04 97 0% 1984E~06
43 069849E=05 98 0e2101E~06
49 0e1009E~04 99 0s2307E~06
50 0013823E~04 100 002925E~06

TOTAL 009690E~03
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TABLE 15

GAMMA RAY SPECTRUM OF URANIUM=-238 F1SSION PRODUCTS
AT 30 MINUTES AFTER FISSION

ENERGY BIN PHOTONS/ ENERGY BIN PHOTONS/
NO. FISSION~SEC NO. FISSION-SEC
51 0e6553E~05 021E«04
52 043108E=03 2 O s
53 0e3131E=05 3 OeB42TE=(
54 0e2600E=05 A 0»16TOE=CS
55 052652E=05 5 043264E=05
56 003102E~05 é 0e1154E%05
57 003109E=05 7 0s2727E*05
58 0e2515E=05 8 0e5846E=05
59 0#1990E=0Q5 9 042927E~05
60 0+2030E~05 10 Ce2858E=05
61 0s3310E~05 11 0e6221E=05
62 003982E=05 i2 04 7045E=05
63 0e1926E=05 13 043R30E~0%
64 0e2460E~05 14 0e5239E~05
65 004028E~05 is 093292E=05%
66 0e2041E~05 16 005422E=05
67 0e1088E%05 17 0s1012E=04
68 061103E=05 18 0as4829E~05
69 001146E=05 19 042862E=04
70 041370E~05 20 Os1273E~04
71 0s1814E=05 21 0¢68THE~05
72 0s1856E=05 22 0eB8155E~05
73 0e1182E~05 23 002980E~05
T4 0e45713E=~06 24 003924E~05
75 0s3765E=06 2% 001083E=04
76 0s3035E%06 26 Oel425E~04
17 002936E~06 27 Ce6597TE~05
78 043223E%06 28 0423006E~04
79 003363E~06 29 0e7977E=05
80 043083E=06 a0 0+6810E~0%
81 042550E=06 31 0s7271E=05
82 022127E=06 32 048080E~0%
83 001930E=06 33 Qe 7T758E~CS
84 082045E=06 34 Qe4B7BE=0S
as 002265E~06 35 001206E=04
R 041899E~06 36 0¢8983E=05
87 00 1345E=06 kX4 04 T956E*05
88 0e1180E~06 28 Qel636E~04
89 0 1194E~08 39 04 1700E*04
90 041212E~06 40 0s135336E=04
91 0sl122E=06 41 0s8201E~0%
92 049228E=07 42 0s1221E™04
93 OeB122E~07 43 0s6135E=05
2% 0e7568:=07 44 Qeb5CLE~OS
95 Qs 7257E¥07 45 Qe5594E405
96 06¢7382E=07 46 0e61068E™05
97 Ce78L4F»0T &7 Ve BODBE=OS
98 008334E=07 48 0a397228=0%
99 06925)E=07 49 Ceh019E=05

100 Del1197E=0C 50 Collenk=04
TOTAL  0eh623E=03
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ENERGY BIN
NO.

[
OO ~IAE PN -

o o ps
B N) e

PHOTONS/

FI1SSION~SEC

043B806E=05
0el1184E=)5
0+ 2250E=05
08924%E=06
0eT967E~06
Os3838E=056
081674E«05
0e327T4E=05
0a1439E=05
081576E=05
0e2284E=05
0e238TE=(Q5
DelT4T7E=05
042118E=05
0s1250E~05
0e1180E~05
0+3248E=05
0e2335E=05
0s1053E=04
De4317E~05
0a2230E=05
0¢2187E=05
0e1055E=05
001904E=05
0s3621E=05
0s 7908E~05
022534E~05
0e7656E~05
0e4515E~=05
0s2085E~05
0e1B890E~05
004694E=05
0s3598E~05
0e1422E=05
0e6T26E~05
0a3761E~0%
083877E=05
001135E~04
Qe T245E=05
0s4426E=~05
002311E~05
0eb727E=05
0s2175E=05
0e2390E~05
Q002083E=05
Del561E~05
08 2089E=05
0¢9826E=<06
0s1893E=05
0e7207E~05

TABLE 16

ENERGY BIN
NO+»

51
52
53
54
55
86
57
58
59
60
&1
62
63
54
85
66
67
68
69
70
71
72
73
74
75
16
77
78
79
80
81
82
83
84
85
88
a7
88
89
90
9l
92
93
94
95
96
97
98
99
100

TOTAL

GAMMA RAY SPECTRUM OF URANIUM=238 FISSION PRODUCTS
AT 1 HOUR AFTER FISSION

PHOTONS/
FISSION-SEC

0e4128E=05
0e1190E=05
Oall46E=05
049330E~06
CeB8890E=06
0¢1110E=05
001143E=05
0¢1007E=05
008619E~06
0a7721E=06
0e9430E=0S
velOO5E=~CS
045622E=06
0e8773E~06
0s1689E-05
0sB8367E=06
065364E~06
Ceb637E-06
0¢5895E>06
0s59458=06
Ce7T798E=0S
0s7483E~06
0e%383E=06
0s2006E=06
0e1362E~06
0es1263E-06
0el1367E~06
0s1385E~06
0e1193E~06
049981E=07
0e8891E~07
0e7695E~07
Ceb395E=~07
065985E~07
0e5773E~07
005112E=07
0s4316E=07
044051E=07
0¢4060E~07
043749E~07
0e3271E~07
002919E"07
0e2771E=07
0e2747E=07
002698E=07
042777E=07
0s42988E=~07
0¢3224E=07
043584E=07
0 4597E=07

0.1868E-03



TABLE 17

GAMMA RAY SPECTRUM OF URANIUM=-238 FISSION PRODUCTS
AT 2 HOURS AFTER FISSiON

ENERGY BIN PHOTONS/ ENERGY BIN PHOTONS/

NOs FISSION-SEC NO. FISSION~-SEC

1 041167E=05 51 0¢1082E=05

2 006635E=06 52 093753E~06

3 001634E=05 53 043262E~06

4 0044 64E=06 54 Co3222E~0¢

8 Ce3420E=06 5% 0e3178E~06

L.} 0s1610E~06 56 083699E~06

7 0¢6428BE™06 57 0243935=06
8 0e¢1153E~05 58 0e4T703E=06

9 Qs 797BE~06 59 0e37TLE~06
10 0s6526E~06 80 0s2432E=06
11 0e584TE"06 61 012192E~06
12 006208E=06 62 0424 31E~06
12 0¢64T75E~06 63 0s1929E~06
14 0e9922E=~06 64 0s3051E~06
15 Ce4321E«06 65 004897E~06
16 0e45211E=06 66 0e2253E=06
17 009042E-06 67 0e2185E~06
18 0s7718E=06 68 004209E~06
19 001686E=05 69 0s3316E~06
20 0s1102E=0S 70 0s2385E=06
21 0e5023E=06 71 002591E=06
22 002653E~06 72 0e2178E=08
23 003250E=06 73 0e1223E~06
24 009946E=06 14 025897E=07
2% 0s1190E=05 75 064562E~07
26 0e2316E~05 16 0s4988E=07
27 Ge90THE=D6 17 0e5806E%07
28 0s1390E=05 78 0¢5631E~07
29 0s2903E~05 79 0e4015E~07
30 0s7419E=06 80 002934E~07
31 006296E~06 81 0e2490E=0T7
32 062392E=05 82 002289E~07
33 Qe 1777E=05% 83 0e2028E~07
34 0+5575E"06 84 0s1769E~07
] C»3288E=05 85 0s1582E=07
36 001176E™05 86 0s1455E=07
37 002352E~0% 87 0el271E=07
38 0a7228E=05 88 0e1196E=07
39 0¢2700E=05% 89 0s1153E=07
40 0s1188E=~05 90 0es1041E~07
41 098028E~06 91 089527TE~08
42 0e1616E=~05 92 0s8899E~08
43 0#1009E=05 93 0e8613E=08
44 0e1349E=05 94 0e8694E~08
45 0e6206E~CS 95 028838E~08
4% 0038H6E~06 96 0e9374E=08
47 0s558T7E=DS o7 0+1022E=07
48 002842E~06 98 0e1102E=07
49 0el1278E~05 99 Cei233E~07
50 002999E=05 100 081594E=07

TOTAL 0:6894E-=04
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TABLE 18

GAMMA RAY SPECTRUM OF URANIUM=-238 FISSION PRODUCTS
AT 5 HOURS AFTER FISSION

ENERGY BIN PHOTONS/ ENERGY BIN PHOTONS/
NO. FI1SSION-SEC NO. FI1S$SION-SEC
1 0e3818E=06 51 0e1656E=06
2 005337E~06 52 001263E=06
3 041839E~08 53 0¢1269E~06
4 0s5713E~06 54 0s8T04E=07
5 0¢3169E=06 55 001347E~06
6 008175E=07 56 0¢1B19E~06
7 041539E=06 57 0s1687E=06
& 042773E~06 58 0e224BE~08
9 0¢3216E~06 59 042193E=06
10 041918E=06 60 0+1083E~06
11 OuT441E=07 61 0e6904E=07
12 0e1463E~06 &2 008965E=07
13 0e4183E=06 63 067946E=07
14 0e7322E=06 64 00 T949E=OT
15 04 2494E=06 65 0a9802E=~07
16 046964E=05 86 0e5635E~07
17 085226E=06 67 0e5517E~07
18 062675E=06 68 001870E=06
19 002970E=06 69 0 2379E=06
20 043089E~06 70 0v8845E=07
21 001498E=06 71 0¢5520E=07
22 036575607 72 004461E=07
23 045835E=07 73 0¢2900E=07
24 043018E~06 74 0¢1933E~07
25 043136E~06 75 0¢1716E-07
26 04 2349E=06 76 041711E~07
27 042033E=06 77 0s1684E=0T
28 Ce4535E=06 78 0s1759E~07
29 Ge1428E=05 79 0e1397E=07
30 043593E=08 80 048717E=08
31 0¢1009E~06 81 006809E=08
32 006062E=06 82 04 6499E=08
33 061634E=05 83 0s5876E=08
34 0e1788E~06 84 0¢5423E=08
35 0s156TE=05 85 0¢3028E~08
36 045136E=06 86 0¢4708E=08
37 0+3661E=06 87 0s4283E~08
38 0s1798E=05 88 003818E~08
39 008699E=06 89 043527E=08
4y 0¢5361E=06 90 0¢3366E=08
41 0s2188E™06 91 003348E~08
42 0441 84E=06 92 0¢3289E=08
43 04 4070E~06 93 04%397E=08
44 04 5790E~06 94 0e¢3358E=08
45 004063E%06 95 0¢3391E~08
46 046918E=07 96 0s3711E=08
47 0s5022E=06 97 0e4220E=08
40 041271E~06 98 0e¢4646E=08
49 044913E=L6 99 0¢5302E=08
50 001288E=05 100 0s6757E~08

TOTAL 0e2761E-04
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TABLE 19

GAMMA RAY SPECTRUM OF URANIUM=238 F1SSION PRODUCTS
AT 10 HOURS AFTER FISSION

ENERGY BIN PHOTONS/ ENERGY BIN PHOTONS/
NO e FISSION~SEC NO« FI55ION-5EC
1 0s13T4E=-06 51 0e5950E-07
2 001G62E=05 52 004508E"07
3 0al524E~05 53 043363E~07
&4 002103E~06 54 002866E=07
5 041911E=06 55 Qe5577E=07
é 0e5885E=D7 56 Ds8945E~07
7 0el446E~08 atl 0eT7692E~UT
8 0e1404E=06 58 0e7086c=07
9 Oe7846E~07 59 0a5145E=C7
10 0¢1394E=07 60 0e2807E=07
11 Qe 7325E=08 61 0e2112E~07
12 0¢1089E=08 62 0s1981E~07
13 0¢5050E~06 63 0u1515E~07
14 04¢3987E=06 64 Osi613E=07
5 0e2002E~06 65 0s2038E=07
16 048458E~06 66 0s1550E«07
17 042403E=06 67 0e1832E>07
18 0s1861E=08 68 Os4338E=07
19 001697E=06 69 0e3945E~07
20 0e1136E~06 70 0e1368E~07
21 0e8225E=07 71 0e5967E=08
22 044977E=07 72 0444T72E=08
23 0s44TTE~OT 73 Qe 4421E~08
24 043775E=07 T4 0s4008E~08
25 0s5911E«07 rs 0e3594E=08
26 0s1179E=06 76 0e3453E~08
27 043466E=07 17 0¢3078E~08
28 004979E=06 78 0e2842E=08
29 0s9097E=06 79 0e2122E=08
30 00 4438E=07 80 0s1904E~08
32 0e6283E~08 81 0s1840E=08
32 004240E=06 82 0s1723E=08
33 0¢9609E=06 83 0¢1579E~08
34 0e8255E~07 84 0¢148TE=08
3% 0e1017E=05 85 Ce1379E~08
36 0el727E=~06 g& 0+1377E~08
37 001515E=06 87 0e1364E=08
38 031398E~06 88 0e1392E~08
39 0e1541E=06 89 Os 1 440E~08
40 0e1773E=06 90 0e1414E=08
41 048229E=07 91 0s1411E~08
42 0e2507E=06 92 Cals422E=08
43 0el145E=06 93 0e14T73E~08
44 0424 59E=06 94 041501E=08
4% 0e1491E™05 95 0¢1541E~08
46 0¢3714E~07 96 0s1691E~08
47 052933E=06 97 0s1915E~08
48 0e5224E~07 98 042099E~08
49 0s41907E=06 99 0+2361E=08
50 0e3391E=06 100 0s2878E~08

TOTAL 0e1399E~04

e5




ENERGY BIN
NO.«

OVONOPWRPWN >

PHOTONS/
FIS510N-SEC

Cetub89E~0T
0e3078E=06
002498E~06
0s4130E=07
0s4506E=07
0e4524E~07
0s1375E~06
0es1690E~07
046285E=~08
0e¢1271E=~07
04 1406E=09
Os4116E=10
Qo 4244E=08
0e8920E~07
0s1110E=06
004421E=06
0e¢1221E~06
0e616TE=07
028921E~07
0e1738E=07
0s4367E~07
0»3813E=07
0a7492E~08
Ce4494E~08
0s1564E=07
0:1854E~07
003342E~08
042401E=06&
063285E~06
0s3695E=08
0s1376E~08
0s1289E=06
O¢45B80E=06
0e1304E~07
0e4225E=06
0a1158E=CS
0e1334E=07
043458E=07
0e2498E=07
0+2837E~07
042383E=07
0s6551E~07
002684E~07
0s4758E=07
043281E=07
0e1253E=07
066234E=07
0¢1768E=07
0s1284E=07
Ve25B3E~07

TARLE 20

AT 1 DAY AFTER FISSION

26

ENERGY BIN
NOe

51
52
53
54
55
56
57
59
59
&0
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
18
79
80
81
82
83
84
L]
86
a7
88
8¢9
90
91
g2
93
94
$5
96
97
98
9
100

TOTAL

GAMMA RAY SPECTRUM OF URANIUM=~238 FI1SSION PRODUCTS

PHOTONS/
FISSION=~SEC

0e1607E=07
006982E~08
0e6833E~08
0s1097E~07
0s1528E~07
041551E~07
001254E=07
069194E=08
0+5803E=08
0e43178E=08
0+3220E~08
Ce2440E~08
0+1943E~08
041734E~08
0s1586E=08
0s1377E=08
041257E~08
041225E~08
0e1028E~08
04¢7510E~09
0e5673E~09
004732E=09
044094E~09
0e3566E=09
0e3434E~09
003222E=09
042972E~09
002724E=09
042561E~09
002454E=09
0+2398E~09
042310E=09
002226E~09
042206E=09
042175E~09
042190E=09
042222E=09
042282E~09
0e2343E~09
022408E=09
0¢2488E=09
082541E~09
0e2612E~09
0+2705E~09
042841E=09
0+3115€6~09
0+2496E-09
0e3379E~09
0e4367E~09
0e5259E=09

0et4067€~05



ENERGY BiN
NO o

PHOTONS/
FISSION~SEC

0e3300E=07
001433E=06
0e1666E=06
0s3496Em08
Dc1616E=07
00417TE~07
0s1085E~06
0e3787E~08
031793E-08
0e5233E=08
0s7934E=1]
0e2389E=10
0e1039E=07
0s6413E=07
0e8427E~07
041213E=06
002315E=07
0e5430E=~07
043933E=07
061295507
002741E=07
003006E=07
0¢3463E=08
0s8085E=09
0e3515E=08
Da1054E~07
De4255E=08
04+1312E~06
0+1012E=06
041297E=09
002044E=09
045103E=07
042297€E=06
Ce6729E=08
0s1705E~D6
0e8510E~07
NDe3150E~08
041377E=07
0e¢8875E~08
0s3203E=07
0s1201E~07
049594E=08
045979E~08
049050E~08
0e8031E=08
0¢3714E=08
0+8527E~08
0¢6878E~08
046521E=08
047198E=08

TABLE 21

27

ENERGY BIN

NOe«

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
65
69
70
71
72
73
T4
75
76
17
78
79
80
8l
82
83
84
85
86
87
88
89
90
91
92
93
94
95
26
97
98
99
100

TOTAL

GAMMA RAY SPECTRUM OF URANIUM=-238 FISSION PROGUCTS
AT 2 DAYS AFTER FISSION

PHOTONS/

FISSION-SEC

0s2350E~08
0s1577E~08
0s7484E«08
0el1653E~07
0s4179E~08
021387E=08
Ds1198E=08
0el213E~08
0+1198E=08
041285E~08
001125E=~08
06¢8607E=09
026516E=09
0e5191E=09
0¢4384E™09
0s3778E=09
083262E™~09
Qe2957E~09
0e2820E™~09
002629E=09
042174E=09
0e¢1719E~09
0a1425E=09
0s1242E=09
0el1203E=09
0s1140E=09
041096E~09
0e¢1051E=09
0s1007E=09
0:9756E=10
0s9678E™10
Ce9553E=10
0e9298E~10
049469E~10
0e9488E=10
0e9681E~10
0¢9947€E=10
0+1033E=09
0e1075E=09
0e1123E~09
0e1166E=09
0e1181E=09
0s1202E=09
00 1234E~09
Ds1287E~=0°
Dels0iF=nn
0a1551E~00
001686E~07
0¢1848E=09
0e2145E=0¢

Cel953F=05




ENZRGY BIN
NOe«

[ RN g
DW= OCO YOV WN -

N = o b oo i?
O O @~ B

NN
N =

23

WNNNN DN
[o RV M. XN o RV

w
A

VML PSR FPRFLLIULWVLLYLWW
QUOURNOCOVMPLUNHOVOINOVIDWVN

PHOTONS/
FISSION~SEC

O+7417E=-08
042380E=06
041374E~06
0+3568E~16
0+¢1471E~16
042812E=-07
049060E~O7
0¢3334E~-09
06660E~09
Ce2579E-D8
0+¢9481E~10
0e2663E~08
0:5332E~07
041261E~07

D¢7095E~07
042866E~07

0.8284E~08
043853E~07

. De2129€E~07

0¢1233E~07
042026E-07
042656E~07
042613E~08
0¢3277E~09
0+2082E~08
0+8483E=~08
0¢1233E~07
0«7763E-07
063934E~07
045347E=10
0ol345E-09
02917E-07
0s1354E-06
Us, 47E=0B
0e8516E~0T
046488E~07
042565E+08
048121E-08
005269E~08
0+1098E-07
046990E=08
041972E~08
0el517€E-08
044929E~08
044519E~08
041632E~08
0.2789E=-08
0432066E=08
0e¢5139E~08
064437E~08

TABLE 22

28

ENERGY BIN

NOe.

51
b2
53
54
55
56
57
58
59
60
61
62
63
b4
65
66
&7
68
69
70
71
72
73
14
75
76
17
78
¢
80
8l
92
83
84
85
86
87
88
39
90
91
92
93
94
95
g6
97
98
99
100

TOTAL

GAMMA RAY SPECTRUM OF URANIUM-238 FISSION PRODUCTS
AT 3 DAYS AFTER FISSION

PHOTONS/

FISSION-SEC

0+8966E=09
06¢7583E~09
0+8579E=08
0e2129E-07
002053E-08
0e3677E~09
042988E=09
063475E=09
0o tkhS9E=09
046389E=09
0e4289E=09
0+3178E~09
042488E=09
001701£=09
0e1451E=09
0e1401E=09
061445E~09
041567E=09
06 1759E=09
0+1918E-09
0¢1618E=09
0s1194E=09
049712E~10
048567E~10
048363E~10
0¢7930E-10
Ce7717E~10
047386E~10
046909E~10
0+6487E=10
046283E~10
046081E~10
045879E~10
005792E-16
045703E=10
045703E~10
045774E=10
045906E=10
046037E~10
0,6192E~10
0.6251E~10
046203E=10
0416293E~10
0064B0E=10
0s6777E~10
047389E~10
048191€=10
0418844E=10
0419565E=10
041103E~09

0+1371F-05



Figure 2 shows a comparison of the sgectral deng:l_ty from the
products of the fast neutron fission of U 35 and UR3%, It can be seen
that the differences are generally small. They may be ascribed to
differences in the yields of individual products in the two fission
processes.

Figure 3 compares the gpectral density obtained at 15 minutes after
fast neutron fission of U235 in this work with that obtained at 16.67
minutes after slovw neutron fission »f ue3? by Maienschein et 31,2 The
resolution of the present work has been reduced to fit the scale by com-
bination of some of the energy bins. The general agreement in shape and
magnitude is very gocd. The reason for the relatively high results at
the uighest en:xgies in the present work is not known.

The present work was compared with the latest calculated spectrza.5
at 1, 2,5, 24, 48 and 72 hours post-fission for both types of fission.
Table 23 gives the ratics of the experimental to calculated number of
photons per fission per second for toth types of fission studied in this
woerk.

TABLE 23

(omparison rf Experimental and Calculated Photon Emission Rates
1

s

Time After 5
Fission Experimzntal Calculated Experimental
(nr) Photons/fission-sec  Photons/fission-sec  Taloulsted
U?3% (Fest Fiosion)
1 1.95 x 10:1; 1.36 x 10:!; 143
2 6.68 x 10_g 5.7h x 10 ¢ 1.16
5 2.kl x 10 ¢ 1.85 x 10_z 1.30
2k k.52 x 10 ¢ 3.87 x 10 ¢ 1.17
48 1.89 x 10 ¢ 1.83 x 10 ¢ 1.03
72 1.2L 2 10 1.18 x 10 1.02
y238 (Fast Fission)
1 1.07 x 10:1,; 1.38 x 10:15 2.35
2 6.89 x 10_¢ 5.95 x 10 2 1.16
5 2,76 x 10_z 1.84 x 10 = 1.50
2 .07 x 10_¢ 3.7k x 10 ¢ 1.09
48 1.95 x 10_¢ L4 x 20 ¢ 1.12
72 1.37 x 10 1.12 x 10 L.22
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The agreement, as shown, is resscnably good. However, it is
actually somewhat poorer; tne photons below 0.:65 MeV were not included
in the experimental results and the calculated results do include them.
Moderate differences also can be noticed in the spectral distributions
obtained by the two methods. For =wyample, at 1L hour after U235 fission the
experimental results show significantly more photons in the energy ranges
of O to 0.3 MeV and 3 to 5 MeV. The specific remsons for these spectral
differences are nct known but might be ascribed, in part, to unknown
decay schemes and to experimental errors.

The gamma-ray spechtra determined in this work will be used to
calculate the exposure rate per deposited ilssion per unit area for
each spectrum. 5Such calculations will permit further comparison of the
experimental data with calculated results.
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APPENDIX A -

CALIBRATION OF THE PULSE-HEIGHT ANALYZER

The pulse-height analysis system was calibrated with standardized
gamna-ray sources. These sources were standsrdized by h-y beta~ray
counting, alpha-ray counting with a known geometry, or gamma-ray measure~
ments in counters whose efficilencies for the respective radionuclides
had previously been determined by host beta-ray counting or from standard
sources. The efficiency of the system for the 4.08 MeV gamma-ray of
ca*9 was estimated by an extrapolation of efficiencies of lover energy
gamma-rays. The gamma-ray sources and the corresponding methods of
stendardization are given in Table A.l. TIdeally, monoenergetic gamma-
ray sources ere used for the calibration at convenient intervals of

TABLE A.l

Redionuclides Used for the Calibration
of the Spectrometer

Energy Method of
Radionuclide Half-life (MeV) Calibration
2k1

Am 458 y 0.060 alpha counting

170 129 4 0.08k4 h-x bets counting

Celll 32.5 4 0.145 k-x beta counting

Hg?03 ks~ a 0.279 calibrated gamma

counter

cr2k 27.8 4 0.325 weoowoon

5103 6 a 0.5 v

osk37 30.h y 0.662 woowoow

Nb95 35.3 d 0.768 " " 1

R,86 18.7 a 1.084 b-x beta counting

705 2h6.4 4 1.12 calibrated gamma

Lo counter j

K oly 12,37 h 1.52 " " "

Na ls h 2.7-5 " 1 1

Calt9 8.8 m .08 efficiency estimated

by extrapolation of
above data

N



ganma-ray energy. In practice, some of the available sources have more
than one gamma-ray. In these cases the part of the pulse height distri-
bution that could be ascribed unambiguously to one gamma-ray was used,

and the remainder was removed from the response with the aid of the
response function of cthe nearest monocenergetic gamma-ray. In this menner,
the contribution of their lower energy amma-rays to the response were
removed from the distributicns from Na2%, Zn65 ana Cal*9.

The gamma-ray callbration sources were usually prepared from
alliquots of commercially available solutions. Each aliquot was deposited
on 0.004 inch thick polyethylene. The solution was confined to a circle
with a diameter of 3/8 inch by placing the polyethylene film in a mold.
The liquld was eveporated slowly under an infrared lamp. After drying,
an 1ldentical thickness of polyethylene film was placed over the deposit,
and the two plastic sheets were heat-senled in the same manner as the
wranium samples used to obtain the pulse~height distribution measure-
ments. There was one exception to this method of calibration source
preparation. The Cnh9 activity wg produced by thermal neuwtron irradia-
tion of CaCO, enriched in the C isotope. Conseguently, the source
prepared frof this irradiated material was not evaporated but prepared
by the sealing of a few milligrams of the CaCO powder &n polyethylene,
The self-absorption of the high energy gamma- rays of Ca*? vas negligible.
All of the other sources were sgo prepared as to minimlze the mass of
material in and arocund the source.

The measured pulse helght distributions of the calibration standards
were used to construct a matrix expressing the response of the collimated
5" x 5" NaI{Tl) detector and its asscciated pulse height analysis system
to axially incident monoenergetic gamma-rays. Thils response matrix was
arbitrarily chosen to have an energy-pulse height grid with a non-uniform
energy bin width. The width of each energy bin was selected to be approxi-
mately one half the resolution of the detector at the midpoint energy of
the bin. This gave a grid covering an energy range of 0.065 to approxi-
mately 5.0 MeV having 100 energy bins. Consequently, after unfolding,
the pulse height distributions which have 1024 channels are converted to
gemma-ray spectra with 100 energy bins. The esgsential steps in the 8
construction of the response matrix are given by Hubbell and Scofield.

36



Physics/Chemistry

INITIAL DISTRIBUTION

Copies
NAVY

Commander, Naval Ship System= Command (SHIPS 2021)
Commander, Naval Ship Systems Command (SHIPS 03541)
Commander, Naval Ordnance Systems Command (ORD RRRE-5)
Chief of Naval Operations (Op-75)

Director, Naval Research Laboratory

Ct.ief of Naval Research (Code 420)

Chief . f Naval Research (Code L419)

Chief of Naval Research (Code 109)

€0, Office of Naval Research, Branch Office, London
0iC, Naval Civil Engineering Corps Officers School
Supt., Naval Postgraduate School, Monterey

W B e b 1

ARMY

Chief of Research and Development (Atomic Office)

Commander, Nuclear Defense Laboratory

CO, Army Electronic Research and Development Laboratory

CG, Army Materiel Command (AMCRD-DE-NE)

Commandant, Chemical Center and School

€O, Engineer Research and Development Laboratory

Subcommittee on Fallout of Committee on Civil Defense,
NAS-NRC (Heft, LRL, Livermore)

Office of Civil Defense (Dir. for Research) (Greene)

USACDC Institute of Nuclear Studies

HW W e

AIR FORCE

Assistant Chief of Staff, Intelligence (AFNIE)
Director, USAF Project RAND

Director, Air University Librery, Maxwell AFB

CG, Air Force Weapons Laboratory, Kirtland AFB (WLRB)

R

OTHER DOD ACTIVITIES

1 Director, Defense Atomic Support Agency
1 Commander, TC/DASA, Sandia Base (TCDV) \

37

s e Wy —— - S b e

e e = g o s e

- W o em t aammT L WS tmmtr B m s s Gl ™ Yow w e e’ e e = om v WY ‘...'Ann“y—..



UNCLASSIFIED

Security Classification

DOCUMENT CONTROL DATA - R&D

(Sacurity claasitication of title, bady of abstract and Indoxing annotation must be entored when the overall raport la classilivd)

1. ORIGINATIN G ACTIVITY (Corporate author)} 28. REPORT SECURITY C LASSIFICA TION
U. 5. Naval Radiological Defense Laboratory UNCLASSTIFIED
San Francisco, California 94135 26 Grour

3. REPORART TITLE 8

GAMMA-RAY SPECTRA OF THE PRODUCTS OF FAST NEUTRON FISSION OF U235 AND U23 AT
SELECTED TIMES AFTER FISSION

n

. DESCRIPTIVE NOTES (Typa of report and inclusive dates)

o

AUTHOR(S) (Laat name, fitat namo, initial)

Bunney, Leland R.
Sam, Daniel

6. REPORT DATE 7a. TOTAL NO. OF PAGES 75. NO, OF REPRS
r
25 November 1966 46 10
8a. CONTRACT OR GRANT NO, 9a. ORIGINATOR'S REPORT NUMEER(S)

b prosecy No. DASA NWER Program A-7, USNRDL'TR-1076

Subtask 10.062

c. 9b. OTHER REPORT NO(S) (Any othar numboers that may be avalgned
thia roport)

d.

_TU AVAILABILITY/LIMITATION NOTICES

Distribution of this document is unlimited.

11. SUPPL EMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Defense Atomic Support Agency
Washington, D.C. 203C1

13 APSTRACT
Experimental measurements of the gamma-ray pulseeggigh@‘dgggributions
due to the products of fast-neutron-induced fission of U~ and U°”" are presen-
ted. The measursments were made at nine selected times after fission from 15
minuter to 3 days., Irradiation times and counting intervals were chosen to min-
imize saturation snd decay effects,

The experimental date were used to calculate 100 energy bin distributions
of the sbsolute number of photons/fission-sec. by means of absolute calibrations
of the collimated NaI(Tl) detector. The number of fissions in each semple was
determined radiochemically. Machine computation wes used extensively.

~.

F ORM
DD S, 1473 UNGLASSIFIED.

s s e e

Security Classification

- - . I ——— - - - — ——

’~ EE— - f e e——

- e JE o b A L RS T R R L s P

e wbamanid



QD 'r‘l’:::‘r.a ]

PRI A T

e

T L I

TR

_UNCLASSIFIED
Secucity Classification

[ XY LINK A LINK B LINK C
KEY WORCS ROLE wT ROLE wT ROLE
Fission products
Garma-ray spectra
Exposure rates
Dose rates
Scintillation spectrometry

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the »eniractnr, vubcontractor, grantee, Department of De-

{rnse artivity or nther organization (corporate author) issving
the reprrr.

Y. REPORT SECURITY CLASSIFICATION: Enter the over-
te eurity clussilication of the report. Indicate whether
*» meted Data” is included. Marking is to be in accord
“ithoappronnate security regulations.

PP Autematic downgrading is specified in DoD Di-
C oy, 1) aad Armed Forces Industrial Manual. Enter
sun pamber Alse, when applicable, show that optional
‘e hove been used for Group 3 and Group 4 as author-
ERI N
[ ]

'nter the complete report citle in ali

tiee an all cases should be unclassified.
» o itle cannot be selected without classifica-

st el aficatinn in all capitals in parenthesis

v (aliavamy the title.

et S PSPTIVE NOYEES. . I appropriate, enter the type of

S s . Lo tonim, progress, summary, annual, or finsl.

et b e D lntes when a specific reporting period is

Coveaedy

ALY Fnter the name(s) of author(s) as shywn on
vt rep erts Foapter Last name, first name, midddle initinl,
H oo Uy, <hatwe rank and branch of service. The name of
1 prye el o othor 39 an absolute minimum requitement.

f, n' PORT DATY: Enter the daote of the report as day,
moth, yeoar, or moath, years 1f mote than one date appeats
an the report, uke dnte of publication,

o, PDTAL NUMIIFR OF PAGES: The total pags count

whould foplow wamal pagination procedures, i.e., ester the
rugheor of payes contaming information,

7h, NUMBER OF REFFRENCES Enter the totul number of
tafrarne e in the report,
Ry CONTRAUT OR GRANT NUMBER: If approprinate, enter

the wpplie ol Lo nan Dor ap the cop'ract or grant under which
dhoy pepnet wrac swritten,

B P, B BdD PROJECT NUMBER: Enter the appropriate
mitnory i pertment ideesltic ation, such as project number,
wabpragect aumber, syctem pumbers, task number, ste.
ORIGINATOI?E REFPORT NUMBER(S):  Enter the offis
eral oyt muniber By which the document will be identjlied
sored @ eettentlodd iy the urigagating activity, This number must
Beo tgnpepae Bov thies reprert,

ar O 1 REDORT NTIMBER(S):: 10 the report has been

. 1wy athies report aombers (either by the onginator

s bothe comnner), al o enter ihts number(s),

10, AUVAILARLUT Y/ LIMITATION NOTICES: Enter any lim-
Mats « an Loather s spapation of the report, othey than those

™

imposed by security classification, using standard statements
such as:

(1) **Qualified requenters may obtain copies »f this
repert from DDC.?’

(2) ‘“Foreign announcement and dissemination of :his
report by DD is not authorized.*”

(3} *‘U S. Government agencies may obtsin copies of
this report directly from DDC, Other quallfied DDC
users shal! requast through

.ID

(4) “U. 8 miiary agcnc-i.es may obtain copies of this
report directly from DDC, Other quelified users
skall request through

'!D

(5) *““All distribution of thls report is controlied Qual-

ified DDC users shall reque 3t through

‘l

If the report has been furnisted to the Office of Technical
Services, Department of Commerce, for sale to the public, indl-
cate this fact and enter the price, if known.

1. SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the denartmental project office or laboratory spensoring (pay-
ing for) the resenrch and development. Include aridresa.

13. ABSTRACT: Enter an abstract glving s brief snd fact il

summary of the document indicative of the report, even thouzh
it may nlso appear elzewhere in the body of the technical re-

port.  If additional spa~e is required, a continustion sheet shall’

be attached.

It is highly deairable that the abstract of classified report -
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, reprerented as (T'5). ($), (C), or (U)

There is no limitation on the length of the abstract, How-
ever, the suggested lensth is from 150 to 225 wosds,

14. KEY WORDS: Key words are technically meaningful terme
or shott phrases that characterize a repnrt and maoy be uscd as
index entries for catnloging the report. Key words must be

selected so that no security classification ia required. Identi-

fiers, such as equipment modai desiynation, trade name, milifary

proiect eode name, peogruphic location, may be used ag key
words but will be followed by an indication of techniral con-
text. The azsipnment of links, rales, and weights in optional.

R v e s

s
" -

P i e Tl

M4

473 (BACK)

- . o b i

- ——-

= i i b . st * Wl St S 4 i ——— S s, ot o i gt

UNCLASSIFIED

Sccurity Classification




