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CALCUTATION CF FISSION-SCURCE THERMAL-NEUTRON DISTRIBUTION
IN WATER BY THE TRANSFUSION METHOD

D. K. Trubey

Abstract

A calculational method which combines transport
theory and diffusion theory, called the "transfusion"
method, has been used to obtain the thermal-neutron
flux from a point isotropic fission source in water.

The transport theory code RENUPAK, which utilizes the
moments method, was used to calculate the energy-spatial
neutron distribution above 1 keV, and the multigroup
diffusion code MODRIC was used to continue the calcu-
lation down to thermal energies. The resulting thermal-
neutron fluxes agree very well with experimental results
for distances out to TO cm from the socurce, but the
calculated fluxes are as much as 40% higher for greater
distances.

Introduction

There 1s a continuing interest in the accurate calculation of low-
energy neutron distributions in reactor shields because of the large
contribution to the shield leakage of the secondary gamma rays produced
by these neutrons. With the development of large fast computers many
numerical techniques and machine programs have been developed for solv-
ing the neutron slowing~down problem in reactor shields, the programs
generally taking the form of either transport theory codes or multigroup
diffusion theory codes. The best transport codes in use are designed
to solve the problem by incorporating a physical model which is as exact
as possible and by using the best detailed cross sections available. The
accuracy of the neutron flux at high energy is likely to be satisfactory

and often can be achieved with a small amount of machine time. To be at



low energy, however, a neutron must have had its energy degraded through
many decades, which means that a calculation must account for many col-
lisions., Consequently, the results are less accurate and a large amount
of computer time is required.

In general, the diffusion codes are unsuitable for calculations at
high energy but with proper sources are likely to give good results at
low energy. For deep penetrations, however, even the diffusion codes are
not well suited for calculating low-energy fluxes, because neutrons ob-
served deep in a shield originally arrived there either unscattered or
after having suffered only a few small-angle scatterings. Thus they
arrived at high energies with a highly peaked angular distribution, which
is not in accord with the assumptions of diffusion theory. (An angular
distribution measured by Beissner and szl’estern,:L shown in Fig. 1, clearly
shows the peaked component and the multiply scattered, or "built-up"
component.) It is only at low energies that the neutron flux and the
cross sections are nearly isotropic and the diffusion theory becomes
applicable. It would appear, then, that with the proper combination of
the transport and diffusion methods a technique could be developed for
accurately predicting thermal-neutron flux distributions deep in a shield.
The "transfusion" method,2 which is described in this report, was developed
for the express purpose of combining the two neutron slowing-down methods.

The central assumption of the model is that, at some energy, neutrons
cross over from the transport part of the calculation to the diffusion
part. The crossover energy for shifting from transport theory to diffusion

theory was set in the vicinity of 1 keV. BEssentially all fission neutrons
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Fig. 1. Measured Fast-Neutron Angular Distribution Through Poly-
ethylene Slabs. (Reprinted from ANS Transactions 5, No. 2, p L0O3, 1962,
through the courtesy of the American Nuclear Society. )



are born above this energy, and in most shields essentially all absorption
is below this energy. Hence the slowing-down density at the crossover
energy is computed by means of the transport theory. Neutrons that slow
down past the crossover energy, below which the scattering cross sections
are essentially isotropic, are then used as source neutrons in the diffusion
calculation. Actually, since most of the transport is accomplished above
1 keV, the treatment below this energy can be crude unless there are severe
inhomogeneities in the shield.

There have been other calculational models used to separate the high-
and low-energy components in a neutron transport calculation. As early
as 1952 Blizard5 suggested using the Gaussian slowing down from the first
collision, thus predicting the thermal-neutron flux from the fast-neutron
current and the average Fermi age to thermal after removal. And in 1960
Avery et g;.u of the United Kingdom described a technique that they had
developed for predicting thermal-neutron fluxes in concrete and other
types of shields. They used removal theory for high-energy neutrons,
calculating the flux by means of an "uncollided" type of kernel charac-
terized by an energy-dependent removal cross section, and then applied a
multigroup slowing-down process. In later work by Butler5 their model
was extended to use an overlapping energy structure of the removal and
diffusion neutrons. This later model, as represented by the RASH E Code,
yields improved results. This technique has been called the "Spinney
method."

The transfusion method, however, does not resort to approximate models,

but requires a complete transport calculation which in many cases will be



feasible with present-day computing machinery. This is demonstrated below
by a transfusion calculation of the thermal-neutron flux distribution in
water due to a fission source, which was chosen because good experimental
data are available for comparison. The results are also compared with a

calculation by the diffusion method.

The Transfusion Method

Examples of transport theory computer codes that can be used for the
high-energy portion of the transfusion calculation are RENUPAK6 (moments
method), NTOBE' (numerical integration of the Boltzmann equation), and
Monte Carlo codes. For the example given here, RENUPAK was chosen. The
cross sections used with the code were supplied on punched cards by United
Nuclear Corporation, who originated the code. The hydrogen cross-section
values are shown in Appendix A, and the oxygen cross~section data can be
found in earlier publications.8 Inelastic scattering was treated as ab-
sorption.

First, the spatial moments were calculated for the case of a point
source in water, with the source spectrum assumed to be a Watt-type fission

9

spectrum with the parameters of Cranberg:

0.k53 oE/0-965 sinh yf 22987 .

Then moments were fitted to the expression

N(R,E) = 4kxR® ¢(R,E)

M
A, -1 -1
R E: EE e'R/i/Bi neutrons sec”® MeV 1 per source neutron/sec,
i=1

i
where R is the distance from the source, ¢(R,E) is the flux at R per unit

energy from the source, and A and B are fitting parameters. This fit is
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called the "exponential fit" and for the case considered gives a more satis-
factory spatial behavior of N(R,E) than the "Gaussian fit," which is also
avgilable in RENUPAK. The value of M was generally 3, but at some energies
it was 2. Values of A;, B;, and N(R,E) were recorded on magnetic tape and
a special codelo was written to read the tape for further processing of the
data.

The resulting values of N(R,E) for 26 space points and 101 energy
points are given in Appendix B. The energy grid is spaced at a uniform
lethargy step of 0.1, starting at approximately 18 MeV. The values of
N(R,E) are quite similar, though more detailed, to moments method results
published previously,ll as 1s apparent from the comparison of a few selected
points shown in Table 1. Plots of N(R,E) are presented in Figs. 2 through
4 as a function of energy for certain distances and in Fig. 5 as a function
of distance for certain energies. Although not pertinent to the trans-
fusion calculation as such, fast-neutron dose rates, which are readily ob-
tainable from the N(R,E) values and any response function, were computed
for several response functions (see Appendix C).

It is pointed out that the exponential fit used in the calculation
requires that N(R,E) approach zero as R approaches zero, which is not cor-
rect for the energy range where there are uncollided neutrons. Therefore
for this and other reasonsl2 the data close to the source cannot be re-
garded as accurate.

With the high-energy spatial distribution available, the neutrons
arriving at low energles at each space point could be computed. In this
calculation it was assumed that the energy distribution below E, (see Fig. 6)
could be computed with the model of isotropic scattering in the center of

mass. This should be a good model for water since it is accurate for hydrogen



Table 1.

by Earlier Moments Method Calculation

Comparison of Energy Spectra N(R,E) Calculated by RENUPAK and

Energy Spectra (neutrons sec™t MeV™1)

at R = 20 cm

at R = 120 cm

Energy Moments Moments

(MeV) Method™ RENUPAK Method™ RENUPAK

10.9 8.77 x 10°° 7.98 x 10°° 1.82 x 108 2,00 x 108
6.0 2.90 x 1073 2.55 x 103 1.68 x 1077 1.2 x 1077
2.7 1.62 x 1072 1.60 x 1072 2,16 x 1077 2.45 x 1077
1.1 3,1k x 1072 2.6 x 1072 2.99 x 107 2.96 x 1077
0.33 5.06 x 10 % 5.51 x 10 2 5.57 x 107 6.17 x 1077

fSee ref. 11.
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at all energies and accurate for oxygen at energies below about 0.25 MeV.
The angular distribution was assumed to be isotropic in the laboratory
system since no angular flux information is available from the RENUPAK
calculation.

The number of neutrons arriving at a space point R in the energy

group defined by Ei and Ei+ was obtained (for one nuclide) from the

1
relation
Eiq
Ec/?  4(R,E) 5 (E) dE
S.(R) = [ j f(E',E) aB' ,
+ N (l "a') E E'=F
E=E, i
where
ZS(E) = macroscopic scattering cross section (em™1),
o = (A-12)3/ (A +1)2 ,

A = atomic weight,

£(E',E)

1 for B! Z_aE

0 for EB' < «E.
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Integrating over E' gave

Ea jo
o/ ¢(E,R) Zg4(E)
8, (R) = f g, (E) dE,
(1 -a)E
EC
where
= - E <
gi(E) B g - B for o E,
= Ei+l - ok for Ei f oBE i Ei+l
=0 for ok > Ei+1 .

This single integration was performed numerically from E, to 18 MeV

15

by using 16-point Gaussian quadrature in a series of arbitrary energy
steps. The first step was from E, to Eq/x, where o was evaluated for
oxygen. Above this energy only hydrogen scattering makes a contribution.
An E. value of 0.001 MeV was used in one case, and, as a check on the re-
sults, a value of 0.0l MeV was used in a second case. In both cases the
group structure used was that reported by NestorlLL and shown in Table 2
(only groups 8-24 were used). Over the spatial range considered, the
thermal-neutron fluxes obtained for the two cases differed from about 1
to 5%.

The resulting values of S; for either 23 or 25 groups at the space
points shown in Appendix B were interpolated to provide values at 226
space points between O and 160 cm. As a check, the distribution was in-
tegrated over space, which should have given g value of 1.0 since there

is essentially no absorption above 1 keV. The values obtained for the

two cases were 0.994 and 0.979. These were regarded as satisfactory, and
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Table 2., MODRIC Group Structure

Lethargy Energy

Group Width (ev)
1 0.916 4,0 x 10% - 1.0 x
2 0.693 2,0 x 10° -~ 4,0 x
3 0.693 1.0 x 10® - 2.0 x
N 1,204 3,0 x 10° - 1.0 x
5 1.099 1.0 x 10° - 3.0 x
6 1,204 3.0 x 10* - 1.0 x
7 1.099 1.0 x 10* - 3.0 x
8 1,204 3.0x 10% - 1.0 x
9 1.099 1.0 x 10% - 3.0 x
10 0.916 4,0 x 102 - 1.0 x
11 0.981 1.5 x 102 - 4,0 x
12 0.405 1.0 x 10° = 1,5 x
13 0.105 9.0 x 10* - 1,0 x
1k 0.118 8.0 x 10t - 9.0 x
15 0.208 6.5 x 10* - 8.0 x
16 0.262 5.0 x 10* - 6,5 x
17 0.105 L,5 x 10+ - 5.0 x
18 0.195 3.7 x 10* - L.,5 x
19 0.114 3.3 x 10* - 3.7 x
20 0.095 3.0 x 10* - 3.3 x
21 0.182 2.5 x 10* - 3.0 x
22 0.223 2,0 x 10+ - 2,5 x
23 0.163 1.7 x 10t - 2,0 x
2k 0.231 1.3 x 10F - 1.7 x
25 0.300 1.0 x 10* - 1.3 x
26 0.288 7.5 x 10° - 1.0 x
27 0.310 5.5 x 10° = 7.5 x
28 0.318 4.0 x 10° -~ 5.5 x
29 0470 2,5 x 10° - 4,0 x
30 0.580 14 x 10° - 2.5 x
31 0.560 8,0 x 1071~ 1.k x
32 0.288 6.0 x 1071 -8.0 x
33 1.5 1.4 x 1072 -6.0 x

2
:
5
:
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the interpolated values were therefore written on magnetic tape to provide
a source distribution for the low-energy portion of the transfusion cal-
culstion.

The low~energy portion of the calculation, that is, the calculation
for neutrons with energies less than 1 keV, was performed with the MODRIC

15

code, a one-dimensional multigroup diffusion code written for the IBM=-
T090. The cross sections used were those generated by Nestor.lu The re-
sulting thermal-neutron fluxes, labeled "transfusion," are compared in
Figs. 7 and 8 with fluxes obtained in a calculation performed entirely by
MODRIC (labeled "diffusion"). For the latter calculation the entire group
structure shown in Table 2 was used, and the source volume was assumed to
be a sphere with a 0.5-cm radius. The diffusion calculation agrees fairly
well with the transfusion calculation out to about 90 cm but falls below
it at greater distances. The transfusion results are compared in Fig. 9
with the arbltrarily normalized l-keV flux obtained from the RENUPAK cal-

culation. The shapes of the l-keV and thermal (transfusion) distributions

are very similar beyond about 60 cm.

Comparison of Calculated and Experimental Results

The experimental data used for checking this application of the trans-
fusion method were obtained16 at the ORNL Iid Tank Shielding Facility.
This facility, which has been described elsewhere,17 has a 28-in.-diam
(0.06-in. thick) uranium disk source with a strength of 1.62 x 10M*
fissions/sec (ref. 18). Thermal-neutron fluxes measured with various detec-
tors as a function of distance z in water from the source are given in
Table 3.

In order to compare these experimental data with the transfusion cal-

culation, they had to be normalized to a source strength of 1 neutron/sec
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Table 3. Thermal-Neutron Flux Data Obtained at Lid Tank Shielding Facility with

Detectors Placed at Various Distances from the Source

1/2-in. 3-1in. 12-1/2-in. .
a BF, Counter 3-in.
Gold Foils Fission Chamber A Fission Chamber A 3 Fission Chamber B
¢ (neutrons ¢ (neutrons ¢ (neutrons ¢ (neutrons % (neutrons
z (cm) cm Z sec”™) z (em) com Zsect1) z (em) em®sec”) z (em) cm @ sec1) =z (em) cm™2 sec”l)
5 1.30 x 10° 1 5.75 x 107 30 1.70 x 10°® 75 1.16 x 10° 30 1.72 x 10°
10 T.72 x 107 2 9.46 x 107 25 L,56 x 108 70 2.99 x 10° 31 1.b2 x 108
15 2.99 x 107 3 1.17 x 108 35 6.85 x 10° 85 3.90 x 107 35 6.61 x 10°
20 1.12 x 107 L 1.30 x 108 4o 2.83 x 105 90 2.06 x 107 ko 2.84 x 105
25 4,21 x 10° 5 1.32 x 10% L5 1.23 x 105 8o T.48 x 102 4s 1.34 x 10°
30 1.68 x 10° 6 1.26 x 108 50 5.5% x 10% 100 5.91 x 10% 50 5.49 x 10%
35 6.78 x 10° 7 1.16 x 108 55 2.54 x 10% 110 1.79 x 10* 55 2.54 x 10
Lo 2.85 x 10° 8 1.02 x 108 60 1.21 x 10% 120 5.56 x 10° 60 1.22 x 10%
45 1.25 x 10° 9 9.0l x 107 85 3.96 x 102 130 1.86 x 10°
50 5.64 x 10% 10 7.60 x 107 70 2.92 x 10° ko 6.23 x 1071
55 2.64 x 10% 1.5 T30 x 107 75 1.46 x 10° 150 2.20 x 1071
2 9.k7 x 107 80 7.65 x 10% 160 8.20 x 1072
2.5 1.08 x 108 95 1.0 x 102 165 5.17 x 1072
3.5 1.26 x 10° 90 2,06 x 102
4.5 1.33 x 10°
5.5 1.30 x 108
6.5 1.22 x 108
7.5 1.09 x 108
12 5.41 x 107
15 3.07 x 107
20 1.1 x 107
25 bh,19 x 10®
30 1.65 x 10°
35 6.57 x 10°
ko 2.89 x 10°
45 1.29 x 10°
50 5.55 x 10%
55 2.59 x 10%

a. Measurements made in January 1961.

6T
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and transformed to represent a point source rather than a disk source.

The normalization was performed by multiplying the experimental flux by

1.13 2.82 x 10712

= 2
(2.47 neutrons/fission)(1.62 x 10! fissions/sec) neutrons /sec

where the factor 1.13 was required to convert the measured flux units,
which are in terms of the density multiplied by 2200 m/sec, to "average
velocity" flux units. The transformation to a point source was effected

by using the relationship derived by Blizard:19

V=0 A% v
where
¢pt(z) = flux at a distance z due to a point source having a
strength of 1 neutron/sec,
¢p£(z) = flux at a distance z on the center line due to a disk

source of radius a having a strength of 1 neutron/sec
(called a smoothed measured kernel below),

Zy = z< + Va )

a radius of source plate.

The transformation was carried out on the computer at l-cm intervals
in the following way. The data were plotted, and interpolated values at
l-cm intervals were read into the computer. A program was written in
which was incorporated the assumption that the curve between points was

an exponential:
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The derivative was then

d ¢(z
dz

==-b o(z) .

The procedure of reading points from a curve led to somewhat erratic
values of b, but averaging over a 6-cm range yielded satisfactory values
of the derivative. The series was cut off when a term contributed less
than 1/2 of 1% to the sum. Since there were no experimental data beyond
165 cm, the remainder of the series was estimated from an expression de-
rived by Blizard19 and based on exponential extrapolation.

As a check on the accuracy of the point kernel obtained from the trans-
formation, ¢pt(z) was integrated over the source to obtain a kernel which
could be compared with the smoothed measured kernel. In general, the two
kernels agreed to within 2% at distances less than 150 cm, but they differed
by as much as 10% at greater distances. An iterative technique was then
used to improve the agreement. The ratio of the integrated kernel to the
point kernel was applied to the smoothed measured kernel to obtain a new
point kernel, which in turn was integrated over the source. The ratio of
the new integrated kernel to the new point kernel was then applied to the
smoothed measured kernel, and so forth. When the final point kernel ob-
tained in the iteration procedure was integrated over the source, the re-
sults agreed with the smoothed measured kernel to within 1% at distances
less than 150 cm and to within 3% at greater distances.

Values of the smoothed measured kernel and the point kernel are given
in Table 4, along with the ratio of the two kernels and the contribution
of the extrapolated data. The fluctuations in the ratio are due to the

numerical procedures.
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Table 4. Experimental Thermal-Neutron Flux Data Smoothed and Transformed

to a Point Source

Percent
¢pl(z) ¢pt(z) Remainder
(neutrons cm 2 (neutrons cm = s /o (Extrapolated

z (cm) source neutron ) source neutron T) pl/ "pt Data)
10 2,14 x 10°* 2.20 x 1073 0.097 0
15 8.50 x 10 > 6.38 x 10 4 0.13 0
20 3,19 x 10 > 1.97 x 10 4 0.16 0
25 1.20 x 10 ° 5.76 x 10 > 0.21 0
30 4,70 x 10 © 1.91 x 10 ° 0.25 0
35 1.91 x 10 © 6.37 x 10°© 0.30 0
Lo 8.0 x 10 7 2,22 x 10 © 0.36 0
45 3.60 x 10 7 9.00 x 10 7 0.k0 0
50 1.59 x 10 / 3,77 x 10 7 0.k2 0
55 7.40 x 1078 1.63 x 10 7 0.45 0
60 3.42 x 10 8 6.88 x 10 & 0.50 0
65 1.65 x 10 8 2,95 x 10 © 0.56 0
70 8.23 x 10 ° 1.39 x 10 8 0.59 0
75 4,12 x 10 ® 6.80 x 10 8 0.61 0
80 2.16 x 10 ®© 3,57 x 10 ® 0.60 0
85 1.11 x 10 © 1.76 x 10 ° 0.63 0
90 5.81 x 10 *° 8.80 x 10 ® 0.66 0
95 2.93 x 10 © 4,22 x 10°® 0.69 0
100 1.67 x 10 *© 2.47 x 10°%© 0.68 0
105 9.00 x 10 ** 1.26 x 1010 0.71 0
110 5,05 x 10 ** 7.05 x 10 *© 0.72 0
115 2.78 x 10 ** 3,80 x 10 0.73 0
120 1.57 x 10 ** 2,11 x 10 %2 0.74 0
125 8.90 x 10 12 1.16 x 10 *? 0.77 0
130 5,20 x 10 *2 6.78 x 10 12 0.77 0
135 3.00 x 10 12 3,80 x 10 12 0.79 10
140 1.76 x 10 12 2,20 x 10 %2 0.80 17
1h5 1.0k x 10712 1.26 x 10 2 0.83 27
150 6.20 x 10 13 7.68 x 10713 0.81 45
155 3.71 x 10 13 4.68 x 10723 0.79 67
160 2.31 x 10 3 2.71 x 10™*3 0.85 85
165 1.45 x 10718 1,76 x 10 3 0.82 100
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In Fig. 7 the two experimental kernels are compared with results from
the transfusion and diffusion calculations, and in Fig. 8 the point kernel
alone is compared with the calculations. The point kernel results are 10
to 15% lower than those reported previously,go but this i1s probably because
the geometric transformation procedure used in the earlier work was slightly
in error. In general, the transfusion results are in agreement with the
experimental results for distances out to 7O cm, but they rise about Loy
above the experimental results beyond 70 cm. Factors in the calculation
which might have contributed to this discrepancy are the following:

Cross Sections.--The cross sections most in doubt are the high-energy
cross sections for oxygen, and they may have significantly affected the
thermal-neutron flux at large distances since it 1s largely due to neutrons
that leave the source at high energies. One source of error in the cross
sections could be the treatment of inelastic scattering as absorption;
however, this 1s consistent with removal theory, which assumes that the
neutron is likely to disappear because the reaction is isotropic.

Fission Spectrum.--The statistical uncertainty in the fission-spectrum
measurements on which Cranberg based his parameters is 30% or higher at 12
MeV and above, and this undoubtedly contributes to the discrepancy between
the transfusion calculation and the LTSF measurements. If the original
Watt formula21 for the spectrum had been used, however, there probably would
have been an even greater discrepancy since it predicts more neutrons at
high energies than are obtained with the formula as modified by Cranberg.

Fitting Flux to Moments.--An uncertainty inherent in the moments method
is the final step of constructing the flux from the moments. In the RENUPAK

code an arbitrary form for the flux is assumed as described above.
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Factors in the experiment which might have contributed to the dis-
crepancy between the experimental and calculated data are:

Source Plate Power.--The uncertainty in the value of the source plate
power (1.62 x 1011 fissions/sec) is estimated to be iS%,l8 but the diffi-
culties of the measurement lead the author to believe this figure may be
too small.

Transformation.--For the transformation to be valid the source plate
must have a uniform power across its surface and the medium must be infinite
and homogeneous. These conditions are probably sufficiently well met.

Detector Ccnsiderations.--The flux in the LTSF was measured with gold
foils and correction factors were applied to thelr counting rates to com-
pensate for effects such as flux depression. These factors introduce a
small uncertainty. Beyond 55 cm the data were generated using proportional
counters normalized to the foll data. There are some uncertainties regard-
ing center of detection in addition to the statistical uncertainty.

A further check on the results is obtained by examining the spacial
moments. The second moment of energy group 30 was computed yielding an
age to indium of 25.6 cm® which is consistent with the value of 25.5 cm?®
reported by Goldstein22 who used the moments method. The second moment of
the thermal-neutron flux was computed yielding a migration area of 33.6 cm?®,
This is consistent with an age from indium to thermal of 1.0 cm® and s dif-
fusion length of 2.7 cm. A different transport theory calculation, such as
Monte Carlo, would be more suitable for short distances than the technique
used here. The experimental data of the LTSF, of course, does not yield

good information close to the source because of leakage.



25

Conclusions
When all the sources of error are considered, it is not surprising to
observe a AO% difference between the calculation and the experiment at large
distances.
In future work inelastic scattering should be considered, the effect
of the assumed spectrum should be investigated, and Monte Carlo should per-

haps be used to do the transport phase of the calculation near the source.
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Appendix A

Hydrogen Total Cross Sections

E (MeV) o (barns) E (keV) o (barns) E (keV) o (barns)
18.02 0.536 T3k 5.03 29.9 16.96
16.30 0.592 665 5.31 27.1 17.20
.75 0.657 601 5.59 2k .5 17.45
13.35 0.723 544 5.87 22.2 17.59
12.08 0.792 Logp 6.18 20.1 17.91
10.93 0.865 Lis 6.53 18.2 18.12

9.888 0.942 403 6.87 16.4 18.30
8.okT 1.026 365 T.23 4.9 18.47
8.006 1.116 330 7.58 13.5 18.63
T.325 1.213 299 7.95 12.2 18.77
6.628 1.315 270 8.31 11.0 18.89
5.997 1.420 2lly 8.71 9.97 19.00
5427 1.530 221 9.11 9.02 19.09
I .,910 1.630 200 9.51 8.16 19.17
L. 443 1.760 181 9.91 7.38 19.25
4. o0 1.880 164 10.31 6.68 19.32
3.638 2.010 148 10.77 6.0 19.40
3.291 2.140 134 11.27 5.47 19.46
2.978 2.28 121 11.71 4 .ok 19.52
2.694 2.43 109.8 12.13 4 .48 19.58
2.438 2.58 99.4 12.58 4.05 19.65
2.206 2.73 89.9 13.05 3.67 19.71
1.996 2.88 81.4 13.5 3.32 19.77
1.806 3.06 3.6 13.9 3.00 19.83
1.634 3.2 66.6 1.3 2.72 19.87
1.479 3.2 60.3 .7 2.46 19.91
1.338 3.61 54,5 15.1 2.22 19.94
1.211 3.81 Lo 15.4 2.02 19.97
1.096 4,03 Ly 7 15.7 1.82 19.99
0.991 4,26 Lo.h 16.08 1.65 19.99
0.897 4,52 36.6 16.37 1.h9 19.99
0.812 Lort 33.1 16.68 0.03 19.99
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Appendix B

Differential Number Spectra for Point Fission Source in Water

N(R,E) = 4sRZ0(R,E)
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6.

- B.659E-07

3.737E-16
1.367E-35

u.SHiE’QS
1.230e-04
34123E~0Y

7T.154E~-04
’ou83E—Q3
2.889E-03

4. T62E-03
8.503E-03
1.299E-12

1.995E°32
2.834E-02
3.680£-02

4L.871E-02
5.225E-12
7T.056E-32

1« 0556~71
1.207E-01
1.356E-31

Io“j?E”gl
1.540E-31
1.611E-01

f.bth‘jl
2.230E-01
2.281E~01

2+.546E-TJ1
2.327E-11
1.963E~-01

2.8“8E-g'
3.5585'3'
3.539E-31

N(R,E),N/SEC-MEY

T.

7.838e-07
3.379E-06
‘0232E-DS

3.8955-05
1.]92E“Du
2.793E-04

6.389E-04
1.321€E-33
2.5T4E-D3

L,162E-03
7.516E~-03
1.138E-02

1.752E-02
2.479E-02
3.178E-02

4, 197E-02
4,339e-02
5.915E-02

9.J83E-02
1 .032E-01
t.165E-01

'OZZSE—D]
1 .305E-01
1.351E-D01

].357E—Ul
1 .865E-01
t.921E-01

2.16TE-01
1.960E-01
1.610E-01

203975‘0'
3.d15€E-01
3.,32LE-T1

R
8.

7.037e-07
3.032E-06
1. 102E-05

3-“?GE-DS
9.803E-05
2.48LE-04

50676E_Du
Io!?DE‘Gg
2.282E-03

3.6|9E‘83
6.606E-03
9.908E-03

1.530€E-02
2.157E-02
2.730E-D2

3.598E-02
3.583E~02
4.923E-02

7.762E-02
8.771E~-02
9.948E-02

'0839E'SI
1. 101E-01
‘OIZRE-U'

. 17E-O1
3.569E‘03
1.605E-01

1.827e-31
!.637E’G‘
1.3156-01

2.003e-01
2.530€e-01
2.555E-01

9.

6.300€-07
2.713E-06
9.831E~-06

3.087E-D05
8.715E~-05
2.208e-04

5.041E-0O4
| «035E-03
2.U24E-03

3.]“?E~U3
5080“E‘D3
8.628E‘g3

1.336E-02
t.877E-02
2.346E-02

3.085E-02
2.959E-02
4.U92E-D2

6.621E-02
T.446E-02
B.u91£-02

B8.819E-02
9.290E-02
9.425E-02

9.216E-02
,osiéE’Gl
10339E‘D!

1 .536E-01
!oijE”BB
1. 077E-DI

1 s664E-T1
2.1 14E-T1
Z.lu?E‘UI

ta.

5.642E-07
2.430E-06
8.T785E-06

2.751E-35
7.767E-05
{1.968E-04

4, 490E-Du
9.195E-04
1. 800E-03

2. T47E-G3
5.!1&5—33
7.538E-03

l.l?lE‘D2
1.638E-{2
2.023e-32

2.655E-02
2.455E-02
2.4106-372

5.655E-02
6.334E-02
70267E’32

7.5U8E-02
7.868E-02
7T.906E-32

T.641E-32
{1« 106E-O1
1. 118E-01

1.290€E-01
l.139E-01
B.861E-02

"386E_D’
1.765E~01
1.BO1E-0I



EsMEV

6.645E-01
6.013E-01
5.u441E-01

4.923E-01
L u55E-31
4.,031E-01

3.64LTE-DI
3.300E-01
2.986E-01

2.bu5E-J‘
2.212E-01

ZOHGZE_Q,
t.811E-31
{«639E-31

l.483E-01I
1« 342E-T1
1. 214E-01

1.098E-01
9.939E-732
8.994E-02

8.138E~-02
7.363E-02
6.663E-02

6eU29E-1]2
5.u455€~-52
4.936E-02

bohobE-12
3.657TE-22

3.309E-02
2.994E-02
2. T09€E-32

3l

DIFFERENTIAL NUMBER SPECTRA,

FISSION POINT SOURCE

EXPONENTIAL FLUX IN WATER

6.

3.522€E-31
3.623E-01
3.788E-31

3.812E-01
2.8L49E-T1
L,163E-01

4. 728E-D1
5.085E-0 1
5.3356-71

5.499E-01
5.671E-CI
5.938E-111

6.260E-101
6.623E-01
7T.021E=-31

7-421E-1
7.833E-11
8.325€-111

8.8596-3]
9. 430E-T1
1.004c 30

1.071E &0
l.148E 40
1.232€ 30

l.324E 30
1.423E CO
1.540E 10

1.668E 00
1.799E 019
1.951E 170

2.115E 53
2,297 (0
2.51€E 30

N{R,E) 4y N/SEC-MEV

[

3.029e-01
3.128E-01
2.283E-01

3.302E-01
2.423E-01
3.597E-01

L ,U99€E-01
4.663E-01

MQBZSE—Ui
4,991E-01
5.239E-01

5.536E-01
5.869E-01
64235E-31

6.601E-T1
6.978C-01
7.428E-01

(.916E-031

F611E-T1
1 .U32E OO
{.138& OO

1.1928 30
1.283€ 00
1 .390€E 30

1.507E OU
1.627E 030
1.766EC 35

1.916E OC
2.083E 00
2.270E 00

R
8.

2.667E-01
2.808E~-01

3.067E-GH

3.506E-01
3.796E-01
L.017e-01

Y 171E-01
L4,325e-01
4.550E-01

S5.847E-01

5.776E-0i
6.113E-01
6.518E-01

6.955E~-01
T.4248E-01
7.922E-01

Bou756~-01
9.106c-01
9.794E-01

1.354E D3O
1.136€ QC
1.232€ 00

1.337€ 00
P.uy5E 08
1.570E 30

t.705€E 30
1.855€ 0O
2.023e 00

9.

2.1 T4E-DI
2.258E-01
2.384E-01

2.397E-01
1.708E~-01
2.597E-01

2.975e-C1
3.230e-01
3.429€E-01

30?”E-O]
3.912E-01

L, {49E-{1
u.736E‘Dl

4.99TE-O1
5.295E-01
5.652E~01

6.039E-01
6.893E-01

7.381E-D1
7.939E~-0t
B.547E-01

?.210E-01
?.930E-01
1.u78E 00

f.171E 0O
i.266E N0
1.377€E 00

1.u497€ 00
1.630E 00
1.779€E 00

10.

1.830E-C1t
lOQGSE—Dl
2.016E-01

2.325E-01
1.429E~-01
2.190E-01

2.514E-U1
2.735E-01
2.9V 1E-01

3.039E-01
3. 164E-CI
3.340E-G1

3.548E-01
3.780€-01

u.55DE-Bl
h,B62E-Ti

5.2d0e~-01
5.562E-01
5.947E-J!

6.373E~-01
6.861E-1
7.393E-01

8.602E-01
9.346E-01

1.016E 00
1. 1308 30
1.197€ 040

1.301 OO
1.418E 0O
1.549E GO



EyMEV

2.451E-02
2.218E-02
2.007e-02

1.816E-02
| s 643E-02
1 .487E-02

1 «3u5E-02
1«21 7TE-32
1. 101E-02

9.965E-03
9.017E-03
8.159E~03

7.382E-03
6.680E-D3
6.044E-03

5.469E-33
L.ou9E-D3
b.478E-03

L.U52E-03
3.666E-03
3.317E-03

3.001€E-03
2. T16E-03
2.457E-013

2.224E-03
2.U12E-03
1.820€-03

‘obh?E‘Dg
1 49DE-D3

1.220€E-03
1«104E-03
?.991E-0Uu
9.040E-O4
8. 180E-04

35

DIFFERENTIAL NUMBER SPECTRA,

6.

2.723E
2.982E
3.236E

3.532E
3.862E
4,226E

b.626E
5.071E
5.564E

6. 109E |

6. TILE
7.383E

B8.120F !
B.934E !
Q2.826FE ¢

1.082E
1. 191E
1.311E

1.443E
1.588E
1.7T49E

1.925E
2. 120E
2.337E

2.576E
2.840E
3.133E

3.459E
3.819E
L.217E

4.656E
5.141E
5.676E
6.267E
6.919E

FISSION

EXPONENTIAL FLUX IN WATER

a0
a9
a0

01

o}
al

a1
a1
Ot

a1
n
A

o
ol
of

a1
1
01
R
a1

7.

2.4T4E
2.T11E
2.945E

3.217E
3.521E
3.855E

U4.224E
4 .634E
5.088E

5.591E
6. 1LOE
6.T6TE

7.44TE
8.200€E
9.025E

9.942E
1.095E
1.207E

1.329E
| sU6KE
f.612E

t.776E
1.958E
2.159E

2.381E
2.627TE
2.899E

3.203E
3.538E
3.909E

L.319E
L.7TIE
5.2TI1E
5.823E
6.U32E

N{RsE) 4y N/SEC-MEV

ac
00
0o

go
04
00

30
00
0o

0o
00

0o
0o
00

0o
01
01

01
at
01

Ot
01
01

g1
01
01

01
01
01

01
Ot
01
ai
0i

R
8.

2.206E
2.420EF
2.631E

2.876E
3.1503E
3.452E

3.785E
4.155E
4L.565E

5.020€
5.525E
6.085E

6.7CIE
7.383E
8.131E

8.963E
9.880E
1.089E

1.200E
1.323E
1.458E

1.607E
1.772E
l.955E

2.158E
2.382E
2.631¢E

2.908E
3.214E
3.553E

3.927E
L.341E
L, 798E
5.303E
5.862E

0o
0o
0o

ag
Qa0
0o

ao
0o
a0

oo
0o
00

0o
00
g0

gD
00
01

o
ai
01

ai
01
01

01
01
01

a1
a1
o

Oi
a1
01
o1
01

9.

l«QUIE
2.131E
2.318E

2.536E
2.T79E
3.0u8E

3.3ULE
3.674E
4.0u40E

4. Uy5E
4,895E
5.39L4E

5.F4UE
6.553E
1.222€E

7.966E
8.786E
F.691E

1.068E
1.178E
1 .300E

1 .433E
1.581E
I « TLOE

1 .928E
2.129E
2.352E

2.602E
2.877¢€
3.182E

3.519E
3.891€E
4.303E
4L.759E
5.262E

POINT SOURCE

00
04a
Do

0o
a0
0o

0o
00
0a

00
0ga
00

00
0o
0o

0o
00
oo

01
01
g1

01
a1
01

01
01
D1

01
Ot
01

ot
01
01
(B
01

10.

1.691E
1.858E
2.023E

2.214E
2.428E
2+.66U4E

2.925E
3.215E
3.537E

3.89U4E
4.291E
4.T731E

5.247E
S.755E
6.345E

7.002E
7.728E
8.528E

9.40UTE
1.038E
1+ 145E

1. 26LE
1.395E
1.541E

1. 703E
1.88IE
2.080E

2.301E
2.54L6E
2.817TE

3.117E
3449
3.815E
4,221E
4.670E

ag
ao

go
ag
0o

a0
GO
0o

ad
J0
0o

ao
oG
ey

ag
00
aa

0o
at
01

o1
aJi1
a1

a1
01
Ui

a1
01

G1

o1
b1
01
Gl
0l



EsMEV

| .802E 01
1.630E 01
{.475E OI

l«335E 31
1.208E 01
1.d93E D1

9.888t 0O
8.947E 00
8.096E 00

7.325E 3G
6.628E 130
5.997E 00

S.427E 0O
4,915 S0
4.443E U

4,520€ 00
3.638c 03
3.291E 20

2.978E 00
2.695E 00
2.u438E Od

2.206E Ou
1.996€E 34
1 .806E 30

1.635E 35
1.479E OC
| «338E 0J

t.2V1E 14
1.U96E 35U
9.9 14E-T]

8.97GE-DI
Ba 1iTE-0I
Te343E~-T1
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DIFFERENTIAL NUMBER SPECTRA,

FISSION POINT SOURCE

EXPONENTIAL FLUX IN WATER

15.

3.450€e~07
1. 4900E-36
5.342E-36

1.657TE-D5
4,699E-05
1« 195E-0k

2.T23E-04
5. 4FUE~-TY4
loDB?E‘qB

1.520E-33
2.934E-33
4.168E-383

6.538E-03
8.993E-13
1.053E-32

1.365E-032
1.094E-32
!aSjQE‘jZ

2.738BE-T12
3.036E-02
3.574E-C2

3.634E-32
3.733E-32
3.620€E-12

3.369E-02
b,951E-02
U.913E’32

5.716E~12
4.981E-32
3.836E-712

5.953E-02
7.572E-92
T.769E-32

N{RsE)sN/SEC-MEV

20.

2.326E-07
,.gng—Gé
3.581E~-06

10‘5'5-95
3.131E-05
7.984E-05

’.8|5E—Gu
3.618E-0u
7.208E-04

9.379e-04
1.852E-03
2.552€-03

4.J14E-03
5«434E-03
6.132E-03

7T.776£-03
50831E—Uj
T766E-03

1.452E-02
1.603E-02
1 .908E-02

1.924E-02
l.954E-02
1 .866E-02

l.717e-02
2.471E-02
2.435E-02

20837E‘DZ
2.455E-02
109]35-62

2.897£-02
2.640€E-02
5.7DIE-82

R
2.

1. 144E-07
4.929e-07
1.722E-06

5.168E-06
I.UGZE‘DS
3-7’9E-DS

8.40C8E-05
1.639E-04
3.287E-04

3.753E-04
7.6u45E-04
9.961E-04

1.561E-33
2.049E-03
2.144E£-03

2.627E-03
1.849E-03
2.343E-03

4.323e-03
4.707€E-03
5.573E-03

5.546E-03
5.5556£-03
5.248E-03

4,824E-33
6.724E-33
6.61L4E-03

7.497E-03
6.6C5E-03
5.283E-03

7.748E-03
9.619E—GS
9.653E-03

ug.

5.5065-08
2.354E-07
8.843E-07

2.350E-116
6.586E-36
1.669E-05

3.752E-05
7.155€E-05
.44 E-OL

lsu4uB8E-Oh
3.006E-04
3.7THIE-Ou

5.759E-04
7.342E-04
7.220€E-04

B8.513E-04
5.810E-0u
7.046E-04

3.26EE-D3
1 .3u48€-03
1.57T1E-03

1.543E-03
1.529E-03
1.439€-03

1e327E-23
108‘9E-§3
1.789€E-03

2.010e-03
1«7T4E-D3
| «430E-03

2.086E-03
2.586E-03
2.587€e-03

50.

2.583E-0U8
1.095€E-07
3.659E-07

t.OutE-D6
2.890€E-36
1.303€E-06

1.633E-35
S.DuéE—US
6. 163E-05

5.482E~-{05
e LULE-TL
'o3qu"Dh

2.057E-0Uk
2.550E~-04
2.381E-Ul

2. T13E-34
1.823E-0U4
Z-EQZE“QN

2.685E-04
3.881E-0kL
4.4 39E-S4

b,313E-Cu
4, 2uBE~(Y
3.992E-0u

3.697E-04
5.003E~3J4
L,927E-0b

5.499E-Ck
4.860E-04
3.9L45E~-34

5.733E-04
7.105E-04
7.132E-04



E,MEV

6.645E-{11
6.Ul3E—al
S.QNIE‘Dl

4.923E-01
4.u55E-31
b.U31E-DI

3.647E-01
SISDGE—Gl
2.986E‘§'

2.702E-31
2.445E-01
2.212E-3

2.002E-01
l«811E-31
1.639E-01

1. 483E-01
1« 342E~-01
1« 214E=-D1

| .O98BE-TI
9.939€E~-02
B8.99u4E~02

8.138E-32
7.363E-02
6.663E~-02

6.U29E-02
5.455E-32
4.936E-02

u.hbéE—DZ
4.041E-02
3.657E-02

3.309E-02
2.994€E-02
2.789E-02

37

DIFFERENTIAL NUMBER SPECTRA,

FISSION POINT SOURCE

EXPONENTIAL FLUX IN WATER

15,

7T.937E~132
B.280E-32
8.785E~-32

8.839E-12
6o 134E-02
F.L461E-02

1 O089E-J1
V. 188BE-11
1.270E-1

le332E-31
’0392E-ﬁl
el 7HE-D]

‘QSYDE_al
l.678E-T1
|« T96E-T

1.91UE-
2:D36£‘Si
2. 181E-01

2.338E-01
2.507E-21
2.686E-01

2.885E-31
3. 113E-01
3.361E-01

3.632E-01
3.928€-01
4. 27TE-DI

L 659E-01
5.053e-01
5.5315*@’

6.005E-31
6.556e-01
T.176E-01

N{RsE)}yN/SEC-MEV

20.

3.755E-02
3.900E-02
b.118E-02

U.|23E-QZ
2.931E-32
Loy26E~-32

5.d72E-02
5.509&E-032
5.862E-02

60’2’E‘92
6.579E‘82
6'739E-82

7.!65E—02
{.641E-02
B8.165E-02

B8.691E-02
9.229E-02
9.87T6E-02

1 .J58E-01
t.133E-01
IQZ!SE-B‘

1.332E-01
’OaD3E-D'
1.5156-01

1 .636E-01
1. 768E-01
|« 92UE-01

2.095E-01
2.272E‘G‘
2.477E-D1

2.6985’8‘
2.945E-01
3.223E-01

R
33.

9.685E-03
?.992E-03
j.Ouv7E-02

i .a49%2g-02
7-6888-03

1.287E-{02
1.388E-02
l.ué3E—82

1.515E-02
1.568E-02
3.6H7E‘82

1.7T41E-02
‘-8“7E_82
1.963E-02

2.083E-02
2-‘99E_02
2.343E-02

2.498E-02
2.665E-02
2.842E-02

3.038E-02
3.263E-D2
3.508E-02

3.775e-02
k.UbSE-QZ
u‘uGBE_DZ

4.782E-D2
5.168E-02
5.615E-02

6.096E-02
6.633E-02
7.235E-02

Lg.

2.59CE-03
2067DE—D3
2.798E-C3

2.805E-03
2006”5“&3
3.037e-03

3.456E-03
3.727E-83
3.927-D03

uonSE-D3
4.,207E-03
u.ui?E—G3

u‘bbaE-D3
4.949€E-03
5.259E-03

5.568E-03
5.885E‘03
6.,265E-003

6.676E-03
7."6E—D3
7.583E-03

8.693E-03
9.337E-03

‘.GO“E—DZ
loGBBE-UZ
1.170E-02

IoZbBE'UZ
1.368-02
‘QMBSE-BZ

1.610E-02
1 .7T49E-02
'.906E-02

50.

7.108E-C4
7.331E-04
7.690E-0b

1.720E-{04
5.67]E—Gu
8.383E-04

9. 550E-04
1.332E-33
’0089E“U3

1.130E-03
1.1 71E-03
1.232E-U3

1.30LE-O3
‘.385E-Q3
t4THE-03

1.563E-03
1.654E-U3
‘.76“E_G3

1.882E-03
2.309E-03
2. 144E-0U3

2.293E-53
2.464E-03
2.650€E-03

2.852E-03
3.072E-03
3.332e-03

3.615E-03
3.906E-03
4.244E-O3

4. 6UTE-U3
5.011E-03
5.465E-03



EsMEV

2.451E-02
2.218E-02
2.007e-02

1.816E-32
1.643E-02
1.487e-02

l«3U5E-T32
1.217E-32
1., 101E-02

909655"03
9.017E-03
8.1596-03

7.382E-33
6.680€E-03
6.Dqu‘D3

5. 469E-0G3
4.949E-03
“o“?BE’DS

N.USZE‘D3
3.666E~-33
3.317e-03

3.001€E-03
2.7165-33
2.457E-03

2.22“5_83
2.012€E-33
’.828E-83

l.bh?E—U3
1. 490E-33
I.3M9E-D3

1.220E~-03
| « 104E-D03
9.991E-0O4
?.040E-O4
8. 180E-04

38

DIFFERENTIAL NUMBER SPECTRA,

FISSION POINT SOURCE

EXPONENTIAL FLUX IN WATER

15,

7.85|E°D'
8.6“5E‘ﬂ:
9.426E-0)

1.034g 00
1. 136E OO0
1.249E 00

1.374E 0D
1.513c 30
1.668BE 40

1.839E 00
2.031E 30
2.244E 00

2.479E 0O
2.740E Q0
3.027€ 00

3.347€ J0
3.700€E 00
4.091E OO

4L.521E 44
4.999E OO
5.526E 00

6. 109E 10
6.757€ 30
T.476E 10

8.276E 00
9.161E 00
{.015E 1y

1. 125E 01
l.2u7E OI
1.382E 31

1.532E 01
1.698E 01
1.882E 01
2.086E 01
2.312E 31

N(RyE)N/SEC-MEV

20.

3.526E-01
3.882e-01
4.233E-01

u.6u3E‘Qi
5.131-01
5.608E-01

69’7DE-DI
6.796E—Gl
7.493E-01

8.267E‘01
9.‘3DE-D‘
1.309€& 0OU

l.115€E OU
1.233 0C
1.362€ 40

| .507E OO
1.667TE OC
1.844E OO

2.039E 00
2.255c 40
2.495E 00

2.759€E 00
3.053c GO
3.380€ 00

3.7TudE OO
L.1u8g 00
4 .596E 0O

5.099€ 00
5.656€ 0C
6.275E 00

6.961E 00
7T.722e 0O
8.567E 0O
9.503€E 0O
1 O54E Ot

R
30.

7.890E-02
8.658E~-02
9.“'3E~02

I-BZQE-Ul
1.128E-01
l0236E‘0|

1.356E-01
1.489E-01
1. 637E-01

'08D‘E-Dl
1.984E-0O1
2-'86E-D|

2.410E-0}
2.657£-01
Z-QZQE—D!

3.232E-01
3.566E-01
3.936E-01

u-su‘E_Q'
4.T791E-01I
5.288E-01

5.B36E-01
6.u45E-01
7.!2’E-D’

7.872E-01
8. 702E-01
9.626E-01

1.066E 0O
1.180€E QGO0
1.307E OO

1.448E 00
1.603E 0OC
1.776E 0O
1.967E OC
2.179€ 00

L0.

2.075E-02
2.273E-02
2.468E-02

2.695E-02
2.947E-02
3.226€E-02

3.533E-02
3.873E-02
4.250E-02

b b6TE-02
5013'5‘02
5.643E-02

6.206E-02
6.830€E-02
T.512E-02

8.27‘E-02
9.106E-D2
|.BD3E—Q]

1.103E-01
1 .215E-01
‘c33?E“gi

'.u73E°D!
1.622€E-01
1.787E-D1

1.971E-01
2.173E-01
2.397E-01

2.647E-01
2.922E-01
3.227E-01

3.563E-01
3.935E-01
L4.345E-01
4.798€E-01
5.299€E-0C1

50.

5.957E-03
6.53“E-83
7.100E-03

7.760E-03
8.49LE~U3
9.305E-03

1.020E-02
1« 1 19E-02
1.229E-02

1.351E-02
lou86E-32
1.636E-02

1.800E~02
1.983E-02
2.182E-02

2.404E-02
2.648E-02
2.917e-02

3.211E~-02
3.537€-02
3.895E-02

4.290E-02
4.726E-02
5.209%9€E-02

5.7Th4E-02
6.333E-02
6.985E-02

T.T11E-02
8.513E~02
?.397E~-02

1.037€-01
1. 145€E-01
1.263E~Ul
1.394E~-01J
1.539E-U1



E,MEV

1.802€E Ol
1.630E T1
1.475E T

l«335E Ji
1.208E 01
1.093E 21

9.888E OO
B.947E OO
8.096E 00

7.325E DU
6.628E 04
5.997€ 40

5.427E 03U
L.910E OO
4ouy3e 10

4.020€ 00
3.638E 0J
3.291E DD

2.978E 0G
2.695E 00
2.438E 00

2.206E 30
1.996E 30
1.806€ 04

1.635E 34U
1.479E 00
1.338E 30

l.2V1E OO
1.G96E 00
?.914LE-T1I

8.97GE-D‘
811 7E-01
Te344E-J1

39

DIFFERENTIAL NUMBER SPECTRA,

FISSICN POINT SOURCE

EXPONENTIAL FLUX IN WATER

60.

1.199E-08
5.039E-38
b .64TE-DT

4,560E-07
1.256E-36
3. 164E-36

7.046E-T6
1.286E-05
2.611E-15

2,08B4E-35
hQ3ISE-SS
4.8u45E-05

7.288E-15
B.8U2E-05
7.937TE-U5

8.769E-05
5.890E-05
6.79CE-0S

'.!22&‘3&
e 16TE-TUY
1.3309E-04

| .26U4E~-{y
1.239E-0u
1. 1 70E-O4

1.090E-0y
;nhSQE—Qu
}«B40E-ON

1. 158E-04

1.675E-0y
2.075e-0u
2.072E-0Cu

NIRyEYyN/SEC-MEV

70.

5.549E-09
2.313E—98
7.388E-08

1 o292E-07
5.436E-07
1.367E-036

3.332E-06
5.420E-06
'chBE_QS

8.039E-36
1.632E-05
. 764E-05

2.599E-05
3.067E-05
2.689E-05

2.925E-05
1.990E-05
2.275E-05

3-628E—Bs
3.739E-05
L, 124E-35

3.970E-05
3.897E-05
3.699E-05

3.468E-05
u.é!DE’GS
4.563E-05

5.053€E-05
4.488E-05
3.689E-05

531 1E-05
6.572E-05
6.550€e-05

R
80,

2.568E~-09
1.0592E-38
3.313E-08

SOTGhE-DB
2.352e-07
5.898E~-07

1.303E-06
2.286E-06
4.656E-06

3.155E-36
6.226E-06
6.526E-06

9.40CE~-06
i .088E-05
9.426E-06

1.013E-035
7.029E-U6
8.035E-06

1 .246E-D5
1.277€-05
I .390€E-035

1.339£-05
i.318E-05
1.258E-05

1. 186E-05
1.570E-05
1.558E-05

1.722€E-05
1.533E-05
1.266E-05

1.815E-05
2.244E~-05
2.233E-05

90.

1,.,189E-09
L,.851E-09
i 486E-08

3.803E-08
lcg,7E-87
ZQSQiE_D?

5-597E“D7
9.6u0E-DO7
1.963E-06

1 .257E-06
2.401E-06
2.457E-D6

3.457TE-06
3.936E-06
3.403€-06

3.635E-06
2.5756-06
2.951E-06

4. 485E-06
4, 947E-06

L 77TIE-06
4,709E-06
u.SlBE-Db

4.,27T6E-06
5.6L45E-06
5.613e-06

6.280E'Db
5.531E-06
4,.580E-06

6.548E-06
8.090E-D6
8.043E-06

1300.

5.503E~-13
2.221E-39
6.656E-9

1.661E-U8
4,389E-08
1.393E-37

2.399€-07
4.063E-07
8.259E-07

5.068E-07
9.353E-47
9.397E-0OY

1.292E-36
1.U51E-06
1.259E=-06"

i.3h35—06'
9.666E-37
1«1 HIE-06

1.667E-{6
107336-36
1.825E-36

1.762E-36
1. TL3IE-06
1.677TE-06

1e591E-06
2.098e-06
2.089E-06

2.386E—Gb
2.059€E~-06
1. TUBE-(6

2.438E-06
3.011E-06.
2.992E-06



E,MEV

6. 6U5E-T1
6.U13E-01
5.“&!5‘31

4,923E-01
4,u455E-31
L U3IE-TI

3.64TE-T1
3.3DDE-G‘
2.986E-01

2.702E-31
2. 445E-01
2.2‘2E°D‘

2.002e-01
1.811E-O1
1+ 639E-01

i« 483E~-01
1.342E-D1
l«214E-DI

I.UQBE-QI
?.939€E-02
8.994E-D2

8.‘38E_82
7.363E-02
6.,663E-02

6.U29€E-02
5.455E-02
h.936E-92

u.u665-82
4,0481E-02
3.657E-02

3.309€~02
2.994E~-02
2.T709€E-32

Lo

DIFFERENTIAL NUMBER SPECTRA,

FISSION POINT SOURCE

EXPONENTIAL FLUX IN WATER

60.

2.072E-04
2.,37E°8u
2.242E-04

2.253E-04
l.657E-0h
2.450E-34

2.793E-04
3.019E~"4
SOIQGE—Ou

3.312E-04
3.436E-04
3.6‘8E-Bu

3.,83uE-04
4.076E-0u4
4.342E~-04

4. 609E-Tk
4.884E-4
5.212E-34

5.568E-04
5.950E-1h
6.356E-04

6.806E-04
7.321E-74
7.883E-04

B.495E-04
9.161E-0b
9.947E-OY

|.083E‘D3
1.169E-03
1.272E-03

1.383E-013
1«506E-0D3
1.645E-03

N{R,E}yN/SEC-MEV

70.

6.543E~05
6.7““E~U5
7-37’E-55

T.106E-D5
5.248£~-05
71.736E-05

8.812E-05
9.519E-05
1.005€e-04

1 Ou3E-DOy
I.UBIE-DQ
1.138E-04

l-ZDbE'Dh
i.28lE°Uu
1 «365E-04

I.UHQE‘DN
1 «535E-04
1 .638E-Ck

1 s TU9E-Duy
1 .869E-04
| .99T7E-O4

2.138E-0u
2.300E~-O4
2.47TTE-OU4

2.6708‘0“
2.880E-04
3.127e-04

3.399E-04
3.678E~-Du
4.002e-04

4.352E-0u
U.?uZE—Uh
5.181E-Dk

R
80.

2.228E-05
2.294E-05
2.403E-05

2.415E-05
1.792E-05
2.629€-05

2.992E-05
3.228E-05
3.403E-05

3.525€E-05
3.65‘E-05
3.8328e-05

4.061E-05
4.311E-05
L.587E-05

L.864E-05
50‘“8E°US
5.488£-05

5.857E-05
6.253E-05
6.674E-05

7.141£-05
7.675e-05
8.258E-05

8.894E-05
9.586E-05
1.040E-04

1. 130E-04
1.222E-04
1.328E-04

1.uu3E-0u
1572E-04
1. T16E-0L

9C.

BOD‘ME-Gb
8.248E~06
8.631E~-06

B.672E-06
6.462E-06
9. 44LE-D6

1 O7T4E-B5
1.157E-05
1.218E-05

1.260E-US
1.303E-05
1.368E-05

1.uubE-05
1.533E-05
1.629€E-05

1. 726E-05
1 .825€E-05
’.9&3E‘DS

ZOBY.E_DS
2.209E-85
2.355E~-05

2.51TE-D5
2.702E*95
Z.QUNE‘DS

3.12L4E-05
3.363E-05
3.645E-05

3.953€E-05
4.270E-05
4.638E-05

5.034E-05
5.475€-05
5.970€-05

100.

2.979E-06
3.0656-36
3.206E-06

3.221E-36
2.&06E—86
2.508E-Q06

3.987E-06
4.293E-06
4.514E-06

4.665E-06
4.822E-06
5.058E-06

5.3“2E“06
5.660E-06
6.309E-J6

6.360E-06
6. 72DE-06
7.'50E‘Db

T.615E~-106
8.'!35—86
8.6U3E-06

9.231E-06
9.901E-36
1.063E-05

l. 143E-U5
1.229€E-05
1.330E-05

el tE~-O5
1.555E-05
’0688E—DS

1.830E-05
1.988E-05
2.165E-05



EsMEV

2.451E-02
2.218€-02
2.007E-02

1.816E-32
1. 6U3E-32
l.487E~-32

5-345E—DZ
1.217E-352
1.I01E-O2

9.965E*D3
9.017E-D3
8. 159E~-33

7.382E-33
6.68CE-03
6.044E-03

5.469E-G3
4,949E-{13
4L.478E-D3

4,.052€-03
3.666E-03
3.317E-03

3.00i1E-03
2.7T16E-13
2.U457E-33

2.224E-03
2.U12E-03
1.820E-03

3-6“7E-S3
. 490E-D3
1« 349E-03

1.220E-03
1.104E-03
9.991E-TU
?.LUOE-DY
8. 18CE-Ou

b1

DIFFERENTIAL NUMBER SPECTRA,

FISSION POINT SOURCE

EXPONENTIAL FLUX IN WATER

60,

1. 795E-03
1.972E-03
2. 146E-03

2.349E-033
2.575E-03
2.825E-03

3.1d1E-03
3. 448E-03
3.749E-33

L.127-03
4,548E-03
5.014E-33

5.528E-113
6.098E-33
6.T23E-23

8.188E-03
9.035E-103

9.965e-03
! . 1J0E-02
1.213E-32

1.338E~-02
L U77E-02
1.631E-02

1« 8BU2E-J2
1.990E-02
2.20E-02

2.433E-132
2.621E-02
2.976E-C2

3.290E-12
3.638E-02
h,022E-72
L.ULEE-T2
4,915E-32

N{R,E) 4 N/SEC-MEV

70.

5.658E-04
6.218E-04
6.7T70E-O4

7.414E-0OU
B.133E-04
8.929E-04

9.8095“3“
| .079E-03
!.]88E-83

| .309E-03
14U YyE-O3
t.593E-03

1.759€-03
].9&2E‘G3
2.144E-(13

2.368E-03
2.617E-03
2.892E-03

3.194E-03
3.529€-03
2.900E-03

u.3DQE‘D3
4.,764E-03
5.2?8E'O3

5.83]E—03
6453603
7.145E-03

7.918£-03
8.775E-03
9.725€E-033

I .078E-02
1.19u4E-02
i«323E-02
F.466E-02
I «625E-02

R
83.

1.873E-0Ou
2.057E~04
2.238E~04

2.450E~-04
2.687TE~DL
2.948E~0u

3.237E-0O4
3.559E~04
3.917E~04

4,.315E~-04
4.758C~04
5.2u49E~-0O4

5.793E~04
6.396E~-04
7.060E-OUu

7.8C0E-Du
8&6’9&‘0“
9.525E-04

1.052E-03
l.163E-03
1.285E-03

1.421E-03
1.572E-03
1.739€-03

1.926E-03
2.133E-03
2.363E-03

2-621E—G3
2.9C8E-03
3.226E-03

3.580E-03
3.973E-03
4,.L03E-03
4.892E-03
5.430E-03

90.

6.509€E-05
7.139E—DS
71.760E-05

8.483E-05
9.290€E-05
1 .O1BE-O4

1. 1T7TE-DU
|« 226E-04
lo3u8E—Bu

| 483E-0U4
1.633E-D4
1. 799E-0u4

1 .983E-04
2.187TE-T4
2. 41 1E-O4

2.66DE—DM
2.936E-04
3.2h3E*DU

3.576E-04
3.9u48E-04
4 .360E~-0u4

4 . BISE-DUL
5.520&“8”
5.882E-04

6.508E-04
7.202e-0u
7.975E-0u

B.8UpE~-DOU
908D3E‘Ou
]oSB?E-G3

1 .206E-03
t.338£-03
1 . 485E~-13
| .64BE-D3
1.829€E-03

180.

2.357TE-05
2.582E-05
2.803E-05

3.060E-05
3.347E-U5
3.663E~05

u.a'lE‘ﬁS
4,398E-05
4.828E-05

5.302E-05
5.829E-05
6.413E~-U5

7.056E-05
7.768E~-05
8.548E~-35

9.4§6E-05
!oDj?E—Gu
1. 143E-0Y

}.259E-04
1.387€E~-G4
1.528E-0u

1.685E-04
1.858E-4u
2.050E-04

2.26L4E-4
2.5U0E-0u
2.762E-Uk

2.056E-04
3.382E~04
3.T44E~JN

boILUS5E-(k
L.591E-04
5.085E~-0u
5.635E-04
6.246E-04



EyMEV

1.802E 31
1.630E 01
le475E 01

1«335E DOI
1.208E 01
1.093E 31

9.888E
B.947TE
B.U096E

ou
0g
ad

7.325E
6.628E
5.997E

ad
04g

0o

5.427E 3G
4,910€ 33
b.uh3e 09

4.020E
3.638E
3.291E

a0

Wil

38

2.978E
2.695E
2.438E

ao
a4

Bu

2.206E
1 .996E
1. 806E

alt
ag
a0

l.635E
l<U479E
1.338E

30
34
aa

1.211E 35
1.U96E 30
e FIUE-TI

B8.970E-J1I
B8.117E-31
T«344E-01

Lo

DIFFERENTIAL NUMBER SPECTRA,

FISSION POINT SOURCE

EXPONENTIAL FLUX IN WATER

110.

2.544E-10
’.D’SE—SQ
2.978E-19

7.246E-09
1.890E-18
4,687TE-08

1.025E-07
1« 709E-37
3.465E-07

2.059E-37
3-67“E—37
3.639E~-37

4.896E-T7
5.435E-37
b, 7Tu2E-07

SODM'E—EY
3.682E-27
N.ZHQE‘ﬂ7

6.356E-07
b.Uu36E-T7
6.,868BE-37

6.635E-07
6.569E-37
6.334E-037

6.019E~-37
T.925€e~-47
7.895E-07

8.7"E‘37
7T.7833E-07
6. 465E-0T

?.221E-37
le 1 39E~36
1.1315“36

N(R,E)4N/SEC-MEV

120.

P 1TUE-1D
h-bng"B
| «330E-39

3.155€E-09
8.120E-039
2.J3J4E-08

4 .369€-08
7.1 TUE-08
1 .450E-37

B.396E-08
1 .452E-07
.42 1E-07

!oB?hE‘E?
2.360E-07
‘-806E—Q7

| .41 3E-07
1'627E-DY

2.u405e-07
2.453E~-07
2.609E-07

2.520€E-07
2.496E-07
2.408E-07

2.29 1E-Q7
3.312E-07
3.002E-07

3.310E-07
2.958E-0O7
2.459E-07

3.506E-07
L.331E-07
4.301E-07

R
133,

5.403E-11
2.106E-1C
5.921E-10

1.370E-09
3.477€E-09
8.537E-09

1.855€E~-038
3.002E-08
6.042E-08

3.430E-08
5.761E-08
5'58ME°B8

7.229E-08
7.867E-08
6.928E-08

7.344E-08
5.435E-08
6.249E-08

9.200E-08
9.372E-08
9.943E-08

9.598e-08
?.4992E-08
9.168E-08

8.726E~-08
l.146E-07
1. 142E-07

1.258E-07
1.125E-07
9.357£-08

1.334e-07
1.648E-07
e 637E~-07

140.

2.480E-11
9551E~11
2.629E-10

5.933e-10
1 4BUE-09
3.625€E-09

7.849€E-09
1.252E-08
2.510€E-08

l.401E-08
2.291E-08
2.201€E-08

ZOBG!E-BS
3.02CE-08
2.666E-08

2.819€-08
2.09CE-08
2.397€E-08

3.517e-08
3.578E—08
3.788E-08

3.611E-08
3.”84E‘58

3.318E-08
4.351E-08
4.337e-08

u.]?SE-ﬂB
L.267E-08
3.552€E-08

5-56“5‘88
6.258E-018
6.216E-08

150.

lo‘SSE-ll
ho319E-11
1« 164E~-1D

2.562E-10
60316E’10
1.534E-09

2.310e-39
5.207€E-09
1.J339E~-08

507'8E‘G9
9.1 16E-09
8.685£~-39

1.088E-48
le163E-08
1.026E-08

loDBZE—a8
B.02uE-U9
9.173E-09

1.342E~-08
1.363E-08
louuDE‘QS

1.386E-08
1.369E-08
1.321E-U8

1.258E-C8
’obu?E-G8
1. 64L2E~-08

1.806E-08
t.614E-(J8
1.344E-08

1.91TE~-UB
2.369€E-08
2.353E-08



EyMEV

6.645E-01
6.013E-01
S5.441E-01

QOQZSE-G*
M.QSSE°D1
4.031E-01

3.647E-01
3.300€e-01
2.986E-01

2.702E-01

24445E-T1

2.212E-01

2.002E-01
1.811E-01
l«639E-01

| «483E~11
le342E-31
1. 214E-T1

1 «098E-01
9.939e-02
B.994E-T2

8. 138E-02
T.363E-02
6.663E-02

6.029E-02
5.455E-02
4.936E-02

4o4b66E-D02
4. O41E-02
3.657E-02

3-389E'82
2.994E-D2
2.TU9E-32

!

4
4
\

2 ¥3
o

DIFFERENTIAL NUMBER SPECTRA,

FISSION POINT SOURCE

EXPONENTIAL FLUX IN WATER

110.

1« 126E-06
1. 158E~-06
1.211E-U6

1.217TE-06
9.098E-07
1-326E-86

1.5Q7E—86
1.622E-016
1. 7T05€E-06

1.7T61E-06
1.820€e-036
1.909€E-06

2.016E-36
2.135E-16
2.266E-06

2.397E-36
2.532E-116
2.693E-36

2.868BE-36
3.054E-36
3.252E-86

3.472E-036
3.722E-06
3.995E-D06

L, 291E-16
4,613E-06
L,992E-116

Souﬁsg—ﬂb
5.829E-6
6,320E-06

6.B4TE-16
T.U34E-36
8.889E—36

N{R,E)N/SEC-MEV

120.

u.28'5”07
houguE’DY
L ,606E-07

4.630E-07
3.460E-07
5.046E-07

5.735E-07
6.175E-07
6.493E-07

6.709e-07
6.934E~-07
1.273E-07

7.681E-07
8.137E-007
8.638E-07

9.'”0E‘U7
9.655£-07
1.d27E-06

1 O94E-06
1.165E-06
I-ZQDE-Qb

1 .324E-06
1.423€E-36
1.524E-06

1 .760E-06
1.90u4E-D06

2.061E-06
2.223E-06
2.410E-06

2.6|DE—D6
2.833E-06
3.383E-06

R
130.

1.629E-07
1.677E-07
{.754E-07

{.763-07
103,?E‘07
1.923E-07

20’86E‘D7
2.355e-07
2.478E-07

2-562E'B7
2.649E-07
2.780E-07

2.937e-07
3.'!3E‘G7
3.306E-07

3.500e-07
3.698e-07
3.936E-07

. 193E-07
uou67E'U7
L.759E£-07

5.083e-07
5-“52E’D7
5-8538‘0?

6.290E-07
6. T64E-O7
7.322E-07

7.930e-07
8.554E-07
9.277€-07

l-DGSE-Db
1.092e-06
1.188E-06

1u4g.

6.189E°08
6.371E-08
6.668E-08

6.705E-08
5.002E-08
7.3!55—38

8,322E-08
BQQYIE-DB
9.“&5E‘D8

9.773e-08
l.O11E-O7
1 .L562E-07

IO]Q’E‘S7
1.266E-07

1.341E-07
l.510E-07

1 .609E-07
‘.7!6E~07
} « B29E-O7

1 .955E-07
2.098e-07
2.254E-37

20”2“5‘07
2.608E-07
2.825E-07

3.362€E-07
3.306E-07
3.587TE-D7

3.890€e-07
4, 227E-07
4.604E-O7

150.

2.344E-08
2.414E-08
2.528E-08

2.543E-08
1.89LE-(18
2.776E-08

SO.SQE-UB
3.408E-08
3.592E-08

3.720e-08
3.852E-08
U.DRQE—DB

4.284e-08
4.547E-08
4,837e~-08

5.‘28E°08
S5.426E-08
5.783E-08

6.170e-08
6.584E-08
7.024E-08

7.512E-08
8.070E-08
8.678E-08

9.33%9e-U8
1.306E-37
1.091E-07

i.183E‘07
1.27BE-7
1.389e~047

1.507e~-07
1.640E-D07
1.788E-07



E4MEV

2.451€E-02
2.218E-02
2.007€E-02

1.816E-32
le 6U3E-32
i.u87E—DZ

|o3u5E_82
1.217E-02
'.lDiE-D2

9.965€E-03
.Ul TE-O3
8. 159E-03

7T.382E-33
6-688E—G3
b UULE-DT3

5.469E-03
u.quE’BS
L.u78E~-03

L.US52E-03
3.666E-03
3.317E-03

3.001E-33
2. T16E-T13
2.457E-33

2.224E-03
2.012E-33
1.820E-303

1.647E-T]13
‘.RQUE-SS
1.349E-33

1.220E-03
1. 1J4E-03
9.991€-0u4
9.0L0E-O4
8. 18B0E-34

L

DIFFERENTIAL NUMBER SPECTRA,

FISSION POINT SOURCE

EXPONENTIAL FLUX IN WATER

118.

8.801E-06
9.632E-06
'CD“SE‘DS

IQIHBE—BS
1« 245E-35
1.361E-035

1.489-05
'.63'5-85
1.738E-35

e ?61E-05
2+ 154E-35
2.366E-115

2.599E-75
2.857E-135
3.138E-C5

3.451E-TU5
3.795E-05
4. 173e-05

4 .587E-05
5.0u84E-35
5.5“75—35

6. 1 SOE-T35
6.T11E-U5
7.388E~-05

8.136E-05
B.962E-05
9.877€-05

1.090E-JU4
’QZSZE_BM
le327€-84

L.u64E-DY4
l.617E-0U
l.785E-04
1.972E-0u
2.1 79E-0k

N(R+E)sN/SEC-MEV

120.

3.353E-036
3.669E-06
3.979€-06

4 ,339E~-06
u0738E“86
5.178e~06

5.662E-06
60'98E-Ob
6.791E-06

7.444E-06
8.‘68E~Ub
8.966E-06

5.841E-06
1.381E-05
1.186E-05

1.333€E-035
l.u3{E-05
lcS?iE’U5

1.725E-05
l0893E_GS
2.079€E-05

2.282E-05
2.506E-05
2.753E-05

3.025E-35
3.323E-05
3.653E-05

qu,QE“DS
L4 ,420€E-05
L4 ,862E-05

5.348E-05
5.883E-05
6.471E-05
7«119E-35
7.832E-C5

R
130.

’0293E-86
1. 415E-06
1.535E-06

1.6TUE-06
loBZQE-Ob
1.999E-06

2.186E-06
2.393E-06
2.623E-06

2.875E-06
3.155E-36
3.463E-06

3088‘6-06
u.|7UE‘06
L.580E-06

SQG2QE—86
5.522E-06
6.062E~D6

6.650E-06
7.297E-06
8.005e-06

8.780E-06
9.632E-06
1. 057E-05

l-'éDE'a5
1.272e-05
1 .396E-05

1.533E-05
1.682E-05
’;8“6E‘DS

2.024%E-05
2.220E-05
2.433E-05
2.666E-05
2.923€e-05

140.

5.014E-07
5.492e-07
5.961E-07

6.507E-07
7.113e-07
7.782E-07

8.5]7E°D?
9.332E-07
1.023E-06

l.123E-06
1.233E-06
1 .354E-06

1.488E-06
1.6356-06
1 .795E-06

1 .973E-06
2-'6?&"06
2.380E-06

2.613E-06
2.868e-06
3.148E-06

3.QSUE—06
3.790E-06
4.159E-06

4.564E-06
5.006E-06
5.491E-06

6.525&‘06
6.607E-06
7T.241E-06

T.931E-06
8.681E-06
PuFUE-D6
1.J38€E-05
l«133E-05

150.

1. QU9E-O7
2.137E-07
2.322E-37

2.538E-37
2.777E~-07
3.3&2E~D7

3.333E-37
3.65TE-07
4. JI5E-07

L.yt iE-O7
4,854E-07
5.336E-07

5.869E-07
6.458E-37
T.102E-07

7.8'6E°D?
8.599E-07
9.u460E-07

I.UQUE—ﬁﬁ
1. 143E-(J6
!oZS?E‘Dé

t.381E-06
1«517E-D6
1. 66TE-06

1.832E-36
ZQDIZE-Sb
2.210E-06

2.427E-06
2.665E-06
2.923E-06

3.233E-36
3.507E-06
3.835E-36
4.190E-06
4.571E~-06



E,MEV

| «802E 31
1.630€E 31
l«475E O

1.335€ 31
1.208€ 01
1.093E 31

9.888€ 00U
8.9u47€ 30
8.096€ 00

7.325€ 30
6.628E 03
5.997€ 40

5.427€ 00
4.91C0e OUJ
4.443E 00

4.020€E DO
3.638g OO
3.291€ 00U

2.978€ 00
2.695E 34
2.438E Gy

2.206€ 04
1.996E 00
1.806E 030

1.635€E GJ
1.479E 00
1.338€ 00

t.211E GO
1.8096€ 00
9.914E-T1

8.970€-01
8. 117E-31
T.3u4E-TO1

DIFFERENTIAL NUMBER SPECTRA,

FISSION POINT SOURCE

EXPONENTTAL FLUX IN WATER

R
1603,

5.182E~12
1.9UTE-11
5.139E-11

1 133E-10
2.679E-13
6. U6BE-1D

1.391E-09
2.158E-09
4.285E-19

2.329E-39
3.627E-09
3.427E-09

4,229E-39
4.4T79E-19
3.953€E-19

4. 150E-09
3.073E-09
3.500E-09

5.105e-09
5.178E-19
5.458E-19

5.247E-39
5.176E-09
4.989E-09

4.753E-09
6.214E-9
6. 193E-39

6.857E~C9
6.081E~19
5.069E-039

8.939E~-09
8.881E-19

N{RsE)}yN/SEC-MEV

EsMEV

6.6L45E-01
6.013E-01
5. 441 E-01

4,.455E-1]1

3.647E-01
3.300E-01
2.986E-01

2.702E-31
2.445€-01
2.212E-01

2.002€E~-31
1. 639E-01

i.k83E-Dl
lo3u2E’D’
1o 214E-01

IOGQBE‘Gl
9.939e-02
B8.994E-32

8.138E-32
7.363E-02
6.663E-02

6.U29E-32
5.455E~02
4.936E-02

L.hb6E-T2
4. OW1E-D2
3.657E-12

3.309€e-02
2.994E-02
2.709E-22

R

160.

9.1 1LE-T9
P.549E-059

?.610E-39
T.146E-09
1. 050E-38

1. 195E-08
1.291E-18
le362E-08

l.412E-D8
s 463E-18
1.5392E-08

1. 630E-08
1.732E-08
1.844E-0]8

2.072e-08
2.210E-0U8

2.360E-18
2.521E-08
2.692E-18

2.882E-{18
3.099e-08
3.335e-08

3.593e-0U8
3.874E-08
4.25€E-08

4,939E~-38
5.372E~08

5.838E-08
6.358e-08



L6

DIFFERENTIAL NUMBER SPECTRA, FISSION POINT SOURCE
EXPONENTIAL FLUX IN WATER

N(RyE) 4 N/SEC-MEV

R R
E.MEV 160, E.MEV 160.
2.451E-32 7.575E-08 3.,001E-03 5.580E-07
2.218E-02 B8.319e-08 2.7T16E-03 6.V47E-07
2.007e-02 9.050€e-08 2.457E-03 6.,773E-07
1.816E-02 9.904E-08 2.224E-03 T.461E-07
1.643E-32 1.086E-007 2.012E-33 8.,21Te-07
1.487E-02 1.191E-07 1.820E-03 9.04BE-07
1« 3U5€E-02 1.347E-T7 | «BUTE-03 9.966E-0T
1.217E-02 1,436E-07 1.490E-03 1.,097€E-06
1.101E-02 1.579E-D7 1.349E-03 1.206E-06
9.965€E-03 1.738BE-07 1.220E-33 1.326E-06
8.159€-03 2.110E-037 9.991E-04 1.595E-36
7.3826-03 2.3256-07 AP o e
6.680E-03 2.564E-07 . ' ) ’

6. UUBE-33 2.825E-37
5.469E-03 3,.115E-07
4.949E-03 3.435E-07
y,478e-03 3.787E-07
y.0526-03 4.1 72E-07
3,666E-03 4.598e-07
3,3176E-03 5.066E-07
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Appendix C

Fast-Neutron Dose-Rate Calculation

The computer code which reads the RENUPAK tape also computes the

integral

D(R) =j N(R,E) F(E) 4aE

for any response function F(E). The integral was actually performed over

lethargy u using Simpson's rule. BSince dE = E du,

D(R) = z N(R,E;) F(E,) B, W, bu,
i

where Wi is the welght given by Simpson's rule and Au is the lethargy spac-
ing (0.1).

The proper response function to use in computing the dose rate is open
to question. The simplest procedure is to assume isotropic scattering in
the center of mass and compute energy deposition from elastic collisions.
Values of the response function for this procedure given by Hendersonl for
absorbed dose in tissue and also for biological dose (which included an
arbitrary biological effect function) were used to compute two sets of dose-
rate values shown in Table C-1 and Fig. C-1.

Table C-1 also shows dose-rate values obtained from multicollision flux-
to-dose conversion factors (resulting from taking into account many processes)

generated by Snyder and NEufeld,d as well as dose-rate values obtained by

1g. 7. Henderson, Conversion of Neutron or Gamma-Ray Flux to Absorbed
Dose Rate, XDC-59-8-179 (Aug. 1k, 1959).

2H. Goldstein, Fundamental Aspects of Reactor Shielding, pp 19 and 30
Addison-Wesley, Reading, Mass., 1959.




Table C-1.

L8

Fast-Neutron Dose Rates (Multiplied by L4xR®)

Due to Point Fission Source in Water

Absorbed Tissue Dose Rate
[em® (rads/nr)/(neutron/sec)]

Biological Dose Rate
[em® (rems/nr)/(neutron/sec)]

(Sm) Henderson Snyder NDA Henderson Snyder

5 8.88x10°%  1.32x10°° 7.63x10° 5 1.08x10 4
10 L,okx10"®  6.00x10° % 3.78x10°° 3.45x10°° 4,90x10"°
15 1.90x10° ¢ 2.86x10°© 1.60x10°° 2.27x10°°
20 9.91x1077  1.k7x107® 8.27x10°7  8.26x10 © 1.17x10°°
30 2.98x1077  L4.36x1077 2.55x10° 7  2.43x10°° 3,41%1076
4o 9.08x10°®  1.32x10 7 T.27x10°7 1.01x10° 6
50 2.82x1078  4,07x1078 2.21x10 7 3.07x10°7
60 9.13x10°°  1.32x10 2 8.73x10° 2 7T7.08x10® 9.77x10 8
T0 3.12x10°9 L4 ,hox107° 2.39x10 © 3.30x10 ©
80 1.12x107°  1.61x10 ° 8.51x10°° 1.17x10°8
90 4,16x10°%° 5,98x1071° 3,56x10°*° 3.15x10°° 4.33x107°
100 1.59x10°° 2.28x10"*° 1.20x10°° 1.64x107°
110 6.13x10"* 8.82x1071% L .62x107%0 6.34x10720
120 2.39x10 1 3.4hx107*t 1.99x107*t  1.80x1071° 2.46x10710
130 9.38x10" 2 1.35x10 1 7.02x10" 9.62x10" 1%
140 3.68x10 2 5,30x107 12 2.74x10711 3.76x10 11
150 1.h5x1072 2,08x10712 1.07x10" %1 1.h7x1074
160 5.67x10 13  8,17x10 %3 4,19x107%2 5.74x10" 12
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previous moments method calculations5 (divided by 0.93 to convert reps to
rads). It should be noted that the previous calculation included only
neutrons above 0.33 MeV. The contribution between 0.001 and 0.33 MeV adds

approximately 5 to 10% to the dose-rate value.
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