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NEUTRON SPECTRUM MEASUREMENTS FOK
RADIATION PROTECTION PURPOSES

ABSTRACT

At LLL we have measured the energy
spectra of low-intensity neutron
sources used for calibrating personnel
neutron dose-rate meters and dosi-
meters, and for characterizing the
neutron fields to which personnel are
exposed. This report describes several
detector-analyzer systems that will
measure in the energy range 50 keV to
20 MeV st intensities from 1070 to
105 n/cmz-s. The systems include
NE213 and stilbene crganic scintilla-

tors as well as H 3He, and CH

4
Also described

»
proportional couniers.
are pulse-height apalysis and pulse-
shape discrimination systems. An
unfolding code, NUTSPEC, reduces the
pulse-height data to an absolute
differential neutron flux ¢(E) for

the above detectors. The code uses

a derivative unfolding method for the
scintillarion detectors, and for the
proportional counters it calculates

a response matrix and uses il
iterative unfolding method t¢ de-
termine ¢$(E). The unfolded :lux
distribution combined with puklished
conversion factors produces differ-
ential neutron dose-equivalent and
kerma rates. Spectral segments
obtained with different detectors from
several measurements merge into a
single differential flux spectrum

over the range 50 keV to 20 MeV,
together with the corresponding
differential kerma and neutron dose-
equivalent distributions. Also
teported are spectrum measurements

252Cf and 238

near PuBe sources with

various moderators.

INTRODUCTION

Biological tissue 1s damaged by
neutrons when secondary charged
particles are produced by interactions
in hydrogen or carbon nuclei. or when
gamma rays are produced following the
capture of a neutron. The extent and
nature of the effect is strongly

influenced by the tissue type and the
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linear energy transfer (LET) of tue
secondary charped particles produced.
To infer the biological effect of a
neutron exposrre, 1t is necessary to
determine the energy spectrum and
intensity of a neutron field as well
as the type and geometrical distribu-

tion of the tissue It is reasonable



to make general assumptions about tie
tissue type and geometry for estima-
tion of the effects due to personnel
exposures, but the energy spectrum
of the neutrouns is highly dependent
on the source type, shielding, and
the environment around the source.

Several approaches may be used to
estimate the biological effect of a
particular neutron field on tissue
exposed to it. The first is to
devise a dosimeter or dose-rate-meter
whose signal in a neutron field is
proportional to the effect that field
will have in tissue. Using general
assumptions regurding charged particle
production at various depths in manr
organs, the ICRP has proposed a guide -
iine for the neutron dose-energy
response for the whole body.

Several devices have been developed
whose output due tc neutron exposures
approximates the prescribed dose-
energy response. However, none of
these devices follows the ICRP dose-
energy response accurately at all
neutron encrgies.

A second app:roach involves the
direct measurement of the LET spectra
produced by secondary charged par-
ticles which result from neutron inter-
actions in a tissue-like medium.

This work is currently being pursued
at LLL and elsewvhere, but will not be
discussed here.

A third method of inferring

blological effect due to a neutron

-2

field is the direct measurement of
neutron energy spectra and intensi-
ties, followed by calculation of the
energy deposition in tissue or by
application of an appropriate dose-
response relationsaip as in Ref. 1.
The work reported here is directed
toward the last method. The Hazards
Control Department at LLL has con-
structed a calibration facility
including a low-scatter cell.2 There
are several neutron sources available
to simulate neutron fields of health
physics interest, including 238PuBe

and 252Cf with HZO’ DZO’ CH2 and
aluminum moderators up to 25 cm
thick. A neutron generator is also
available which produces 2.5- or
14-MeV neutrons. This [acility is
designed for calivrating neutron and
gamma-ray monitoring instruments and
dosimeters, Since most neutron moni-
toring devices have a response which
only approximates the guideline dose
response in tissue, it may be neces-
sary to determine the neutron energy
spectrum at the time of exposure.
Similarly, an Intrinsic Radiation
Facility has been constructed at LLL
to measure the dose rate and spectra
of radiation intrinsically emitted
by nuclear weapons and their component
parts. As a resul. of measurements
made there, it is possible to fore-
cast the radiation exposure to
military persomnel durlug handling

and storage of these weapons and the



effect of changes in weapon design,
shielding, storage configuration, or

proximity of living quarters.

We have measured neutron spectra
in both of the facilities described
above. These data are being used to
assess shielding effects and the
response of monitoring instruments,
and also for comparing neutron trans-~
port calculations and experimental
measurements. The measurements serve
both to confirm the calculations and
to determine the effects of complex
geometries not easily simulated in
a calculation. S5ome neutron energy
spectrum measurements have been
made in the field, and more are

anticipated., These measurements are

of interest as a means of verifying
shielding calculations and to cali-
brate the response of various dosi-
meters used in work areas. One field
measurement has already been reported3
using a modified version of the
laboratory spectrometer. A trans—
portable system with high neutron
sensitivity is now under constrcction,
The following sections describe
the equipment used for laberatory and
field measurements, and come of the
important considerations in chicosing
appropriate detectors. The imporuant
neutron interacticns in each detector
are briefly discussed, and finally
the data reduction methods used to
obtain neutron spectra are described

and their success is evaluated.

EQUIPMENT

Neutron spectra in the field or in
tiie facilities described earlier vary
greatly in intensity and energy dis-
tribution. The intensities of
interest range from 0.1 to lO5 n/cmzs,
and the energies range .rom taermal
(0.025 eV) to 20 MeV.

tion must be at least as good

Energy resolu-
as that
for

should

in the transport calculations
purposes of verification, and
be better if resonances or anti-

resonances in shielding materials are
important. These requirements are

difficult to meet and, as yet, there

is no single detector system which
covers the full energy and intensity
range of interest.

A number of established methods
are usea to measure spectra in vari-
ous regicns of the above energy

range including:

® Nuclear emulsions

e Threshold detectors using
activation foils ¢

® Moderated thermal or threshold
detectors

e Time of flight

e Proton recoil spectrometers



o 3He gas proportional counters

] He or Li semiconductor sand-
wich detectors.

{hile several of these methods are
used to complement une another at
LLL,4 only the proton recoil and 3He
gas proportional counter methods will
be discussed below. The latter
methods are restricted to a fairly
narrow useful energy range, but offer
the advaatages of -high sensitivity
and good energy resolution.

The system to be described con-
sists of séveral neutron detectors of
different sensitivity and energy
range. In combination, they may be
used to measure spectra in the range
10 keV to 20 MeV over the whole
intensity range described. There are
several NE213 liquid scintillation
detectors and a variety of 3He, CHA,
and “2’ proportional counters.
Spectral segments obtained with these
detectors are merged into a mosaic
displaying a continuous neutron
energy spectrum. Spectra in the
range 1-10 keV are not measured rou-
tinely since our calculations indi-
cate a small contribution to the
dose-equivalent in this range for
the fields of interest.

Table 1 contains a list of
detectors in the present inventory,
and it gives some performance param-
eters. Generally, the scintillation
detectors are used Lo measure the

high-energy portion of a spectrum

-4

and the proportional counters the
low-energy part. The scintillation
detectors have much higher sensitivity
in a given volume than the propor-
tional counters, and may be ovperated
at higher count rates. Thus, they are
capable of useful measurements over a
much wider range of intensities.
However, only tbke proportional count-
ers have been round useful at neutron
enzrgies below 0.5 JeV. Since the
physics principles, mode of operation,
and data reduction for the scintil-
‘ion detectors is fundamentally
*fferent from those of proportional
counters in rnis application, the
following discussions will consider
scintillation and proportional

counter measurements separately.

ORGANIC SCINTILLATION DETECTORS -
NE213 AND STILBENE

Organic scintillators have been
used for many years to measure fast
neutron energy spectra, and there are
several good reviews of this tech-
niques-.7 and many reported measure-
ments. 5718 Marerials used are
generally pure hydrocarbons with
maximum possible hydrogen content.
Neutrons interact primarily by elas-
tic scattering to produce recoil
protons and carbon nuclei. The lat-
ter produce a very small scintilla-
tion output because: (1) the recoil
energy is at most 28% of the neut“ron
energy, and (2) the light output of

these scintillators decreases rapidly
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Tzple 1. Detectors used for neutron spectrum measurements.
Useful
Energy neutron
Detector Energy resolution  intensity
No. Sc’ntillators (MeV) (%) (n/cmz-s)
101 5.08 x 11.4 cm diam NE213 0.5 - 20 7 0.1 - 103
103 7.6 x 3.8 cm diam NE213 0.5 - 20 7 0.5 - 10
105 5.08 x 5.08 cm diam NE213 0.5 - 20 7 0.5 - 10*
104 2.5 x 2.5 cm ciam NE213 0.5 - 20 7 5 - 10°
102 1.3 x 1.3 cm diam WE213 0.5 - 20 7 50 - 106
401 1.0 x 1.3 cm diam Stilbene 0.5 - 20 7 50 ~ 106
Proportional counters
201 20 x 3.8 cm diam 3 atm H, 0.01 - 0.8 5 30 - 3000
204 46 % 5.1 cm diam 1 atm HZ 0.02 - 1.0 5 5 - 500
206 91 x 15.2 cm diam 0.5 atm H2 0.02 - 1.0 1 -~ 100
208 91 x 15.2 cm diam 1 atm H, 0.05 - 1.5 5 0.5 - 50
207 91 x 15.2 cm diam 1 atm H2 +
1 atm Kr 0.1 - 2.0 0.5 - 50
604 91 » 15.2 cm diam 1 atm CH, 0.2 - 25
602 91 x 5.1 cm diam 2 atm CH4 +
4 atm Kr 0.5 - 10 0.5 - 50
301 46 x 5.1 cm diam 4 atm SHe +
3 atm Ar 0.2 - 3.0 6 5 -~ 500
303 46 % 4,1 cm diam 4 atm 3He +
3 atm Kr 0.2 - 6 5 - 500
302 15 x 2.5 cm diam 3 atm 3He 0.1 - 1.0 4 50 - 5000

as the specific lonization of the

charged particle increases, result—

ing in very small scintillation

output due to recoill carbon nuclei.

There are two important diffi-

culties in using these detectors.

5=

First, organic srintillators are
sensitive to gamma rays. Photons in
the energy range 100 keV-10 MeV in-—
teract in the scintillator primarily
by Compton scattering. Cumpton

electrons are produced which cause



fluorescence and contribute to the
output pulse-~helght spectrum. Fig-
ure 1 shows the light output from
NE213 liquid as a function of charged
particle energy. Two features are
important:

1. Compton electrons at ahout
1 MeV produce as much light as
a recoil proton at 3 ifeV.

Thus a significant portion of
the pulse-height spectrum may
be obscured by gamma-ray
interactions.

2. The fluorescent output of
organic scintillators is
dependent not only on the
energy depcsit=d by charged
particles, but on the specific
ionization of those particles.
Higher specific ionization
results in reduced fluores-
ceace. Thus, light output due

to recoil protons is not linear
with energy. To analyze recoil
protons over the energy range
0.5-20 MeV (dynamic energy
range 40:1), pulse height must
be analyzed over a dynamic

range 300:1.19

This imposes
stringent requirements on the
electrznics used for pulse-
height analysis.

Fortunately, rfome organic scintil~
lators such as NE213 and Stilbene
fluoresce via several de-excitation
modes with time constants ranging

from a few nanoseconds to a few hun-

e

dred nanoseconds.20 The relative
amplitude for each mode depends on
the specific ionization of the
charged particle, and thus the shape
of the light pulse in time depends
on whether the charged particle was
an ei-.ctron or a proton. Pulse-
shape descrimination (PSD) is used to
distinguish gamma ray and neutron
interactions in the scintillator.

The scintillation output is-viewed
by an RCA 8575 photorultiplier tube
whose base is conrected as shown in
Fig. 2.

base are important.

Several features of this
The linear
signai obtained from the 10th dynode
is used for pulse-aeight analysis.
Signals obtained nearer the anode
were found to be not linear wita
energy for larse-amplitude signals.
In addition, the signal at the 10th
dynode is linear only as long as the
photomultiplier tube is operate«d at
reasonibly low gain; i.e., up to
about 1600-1700 volts on the anode.
Finally, the importance c¢i the high-
capacitance bypass capacitors on the
last dynodes cannot be over empho-
sized since the large nonlinear sig-~
nal at the anode 1s readily coupled
to the 10th dynode through the vol-
tage divider resistors if the dynodes
are noi adequately bypassed to
ground.

Figure 3 shows a block diagram of
the pulse processing electronics

used. Two functicns are carried out
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Fig. L. Light output in NE213 and Stilbene. Lg is the light oufput due to
electrons, L, the light output due to protons, Ly the light output due to
alpha partici‘es, and Le the light output due to recoil carbon nuclei. Data
are taken from Refs. 7 and 19.
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Fig, 2. Clrcuit diagram of PM tube base.

Anode
Scntillation ¥ Timing filter amp Tunnel diode l Inverter I
detector 10th dynode Strabe Ortec 454 disc
—1 CI2160 } input 1diff = 20 nsg =2
i PSD Tint =5 ns
HV l Preampl
supply
200-ns detay
YY"
Linear amp Stop | Start
Tennelec
TC 205A ;:\:S
= 14
7=0.25us 437
SCA
Signal Gate
Gate Signal
MCA MCA
(pulse-height (risetime
analysis} analysis)

Fig. 3. Block diagram of scintillation spectrometer system.
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sinaltaneously. A signal derived
from the anode of the P tube is
analyzed for shape, and a gate sig-
nal is generated if the risetime is
consistent with that of a neutron
event. Another signal derived from
the 10th dynode of the RCA 3575 PM
tube is amplified and used for pulse-
height analysis.

The performance of the system
shown is limited at low energies by
its ability to distinguish neutron
and gavna-ray interactions. At pre—
sent the useful energy range is 0.5~
20 MeV since the pulse-shape diu-
crimination begine to fail for
pulses less than about 0.003 of full
scalce.  Similarly, the maximum neu-
tron intensity in witich a given
dzcector may be used is limited to
approximately 105 counts/s above which
the PSD system begins to fail. 1t
should also be noted that this count
rate limit includes both gamma and
neutron interactions so that a high
gamma-ray background further reduces
the maximum acceptable neutron
intensity.

Data acquisition with these
detectors requires: (1) establishing
suitable pulse-shape discrimination
to reject gamma-ray interactions and
12C(n,ot.) reactions; (2) establishing
an energy scale for the detector
linear signal; and (3) collection of
a pulse~height spectrum from the

linear signal available at the 10th

dvnode. The energy scale is deter-
nined by pulse-hcight analvsis of a
gamma-ray spectrum due to zzNa or
other simple pamma-ray source. Gamma
ravs interact in the scintillator to
produce a distribution of Compton
scattered electrons. The relation-
ship between the light output due to
protons and electrons at the same
energy is well known,19 and has been
shown in Fig. 1. Recoil proton
energies may be determined from the
pulse-height distribution due to
Compton scattered electrons as
follows: The most energetic Compton
scattered electrons due to the
1.275-MeV gamma ray emitted by 22Na
have energy 1.062 MeV. The 0.511-
MeV annihilation photons produce
Compton electrons up to 0,341 MeV.
These two end-point energies occur
as sharp edges in the 22Na pulse-
height spectrum shown in Fig. 4.
Since the light output produced by
energetic electrons is essentially
linear with energy as shown in Fig. 1,
the fluorescence output, or light
unit, is defined in terms of an
equivalent electron energy deposi-
tion and its value is based on the
data of Ref., 19.

One light unit = the light output

due to the depo-

sition of 1.19
MeV by an electron.

Thus, any simple gamma-ray source may

be used to establish the energy scale
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| 0.341-MeV e- 1.062-MeV e~ |
/. N
1 010 a4 T 1 L | 1 _ L T | A 1

100 200
Channel

Fig. 4. Pulse-height spectrum due to 22Na gamma rays in NE213, Location of
electron edges at 0.341 and 1.062 MeV are shown.

for the pulse-height distribution in GAS PROPORTIONAL COUNTERS — CH['
light units. Then the relationship AND HZ

displayed in Fig. 1 is used to infer Hydrogen and methane proportional
recoil proton energy corresponding to counters have been used by many to
any given pulse height. measure neutron spectra in the energy
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range of interest here. 21732

Good
reviews of this technique are given
in Refs. 26, 38 and 39.

recoils are produced in a hydrogenous

Proton

gas proportional counter, and these
are pulse-height analyzed to infer
the neutron spectrum using an unfold-
ing technique described in a later
section. The electronics configura-
tion used for this analysis is shown
in Fig. 5.

There are a few important limita-
tions on the performance of these
detectors. First, the density of
hydrogen is a great deal lower than
in scintillators for practical gas
pressures, and so the neutron sensi-
tivity is much lower (see Table 1)
even for very large propnortional
counters. Second, the charge collec~
tion time in a proportional counter
is very long, i.e., on the order of
2-10 us.*©
cannot be operated at a high count

A proportional counter

rate (> 103 c¢/s) and preserve good
pulse-height resolution, As a result,
the dynamic range is useful neutron
intensity is narrow compared to the
scintillator. Third, the pulse-
height resolution is sensitive to the
charge~collection efficiency and
diameter of the anode wire in a pro-
portional counter. Attempts to
increase detector sensitivity by
increasing the gas pressure in the
detector generally result in:

(1) Reduced charge collection effi-
ciency due to increased partial
pressures of impurities in the gas

and increased charge trapping in the
primary gas; and (2) a requirement to
reduce the anode wire diameter to
maintain sufficient gas multiplica-
tion at practical anode voltages.
Tolerances on the uniformity of anode
wire diameter for very thin wires
become critical since small variations

in diameter cause large variations in

Linear amp

Tennelec MCA

Proportional
counter Preamp
HV
supply
Fig. 5.
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Block diagram of proportional counter spectrometer system.



gas multiplication and poor resolution.

Finally, the useful energy range
of a proportional counter is deter-
mined by the stopping power of the
gas fill and detector size. At the
upper bound, useful spectrum measure-
ments cannot be made then the energy
of a recoll proton is so large that
its range in the gas exceeds the
detector dimensions. At low energies,
the pulse-height spectrum is distorted
by photoelectron events in the
detector walls and gas. Typically,
the range of a photoelectron in the
gas is long compared to detector
dimensions so that energy deposition
depends only on stopping power of
the gas, its density, and the detector
dimensions.

Increasing the gas dimensions or
pressure, or introduction of a high-2
stopping gas will extend the useful
energy range to more energetic neu-
trons by allowing analysis of more
energetic protons, but this 1s done
at the expense of greater energy
deposition by photoelectrons gener-
ated in the detector wall. As a
result, interference due to gamma-
ray interactions obscures a greater
portion of the low-energy spectrum.

It is possitle to reduce gamma-
ray interference by rejecting long
risetime events (Refs, 26, 28-30, 32,
35-36, 39-43).
nique has not been incorporated into
The additional

However, this tech-

the present system.

-12-

complexity associated with this tech-
nique Joes not appear to be warranted
in the neutron fields investigated
thus far.

We have made some effort to optim-
ize detector dimensions and gas fill
for measurements in the energy range
1 keV to 3 MeV. Several proportional
counter envelopes have been con-
structed with an active length of
91 cm and inner diameter of 5.1 and
15.2 cm. Each has a spring-tensioned
0.051-mm-diameter anode wire and a
fill tube to allow replacement of the
gas. A gas handling system has been
constructed (see Fig. 6) which sup-
plies up to 6 atm of Hz, CH4, Ar,
Kr, or 3He with less than a few ppm
water vapor or oxygen. The impor-

tance of removing electro-negative

Fig. 6.
refill gas proportional counters.

Gas handling system used to



or polar impurities has been dis-

38,44 The arrangement

cussed before.
of gas filters and supplies is shown
in Fig. 7.

The proper gas fill and detector
geometry for a particular measure-
ment is chosen on the (asis of the
desired sensitivity, energy range,
and resolution. Energy resolution is
determined by the uniformity of the
multiplication process and efficiency
of charge collection. Since chargze
collection efficiency depends on the
relative concentration of charge-
trapping species and on the number of
charge mean-free-paths between anode
and cathode, this requirement dic-

tates the lowest possible gas pres-

high energies require higher gas
pressures. The rationale used to
balance these competing requirements
is as follows: Assuming a fixed
number of charge mean-free-paths

from anode to cathode, the sensitivity
of a cylindrical detector is directly
proportional to the product of its
length and diameter while that of a
spherical detector varies as the
diameter is squared. This is seen

as follows: Note that

A=t @
pressure
For a cylinder of diameter 2R and M
mean-free-paths over the anode-cathode

distance R,

sure, On the other hand, high
fy s M
sensitivity and good performance at R=M\ " T (2)
Proporiional Bleed
counter valve
Filters Gas bottle
® ® manifold
7/
5 (X
Regulator]
TC Pressure Ho0 6 atm
auge transducer relief
9 3atm alve Boule | Valve
relief Water
valve filter
Vacuum
pumes Oxygen
filter
Gas
bottles
Fig. 7. Schematic of gas handling system used to refill gas proportional
counters., '
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and since

sensitivity « PV , (3)
then
s~ YRl *)
R
" MRL . (5)

For a spherical detector of diameter
2R,

sensitivity ~ PV , (6)
M4 o3

v R 3 TR™ , (7)

~vur? (8)

It must be noted that the pressure
is reduced inversely as the radius in
the above calculations. Figure 38
shows a plot of detector sensitivity
versus detector radius where it is
assumed that the number of mean-free-
paths between anode and cathode
(represented by the product of pres—
sure and radius) is fixed. Inspection
of the figure shows that proportional
counters to bz used in environmental
neutron fields of 1 n/cmzs or less
must have diameters on the order of
15 cm or larger if the product P X R
Another

important consideration is the fact

is limited to 10 atm-cm,

that a cylindrical proportional
counter with L > 2R has greater
volume than a spherical detector of

the same diameter, and is more

14~

1
WETTTTTTT7T7 .
r Hy cylinder 3
[ L=100cm ]
H2 cylinder
~ 109 L=20cm _
£ F E
< C 3
c - -
K ]
s .
8 H, sphere |
I
7]
107! -
(o pccH I T T Y 0 O I I |
246 81012141618202224
R —cm
Fig. 8. Proportional counter
sensitivity assuming pressure %
radius = 10 atm-cm.
sensitive. However, the spherical

detector has an isotropic response
while the cylinder does not.

For a given gas fill and detector
diameter, the useful energy range is
bound at the top by the range of a
When the

range 1s on the order of the detector

recoil proton in the gas.

diameter, the response function
becomes complex and the data reduc-
tion is difficult. Figure 9 shows
proton range for several gasses

The plot is
45

rlotted against energy.
based on the data of Northcliffe

and Parker.46 We have observed, as
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Fig., 9. Proton range in various gas
mixtures as a function of energy.

others have25 that resolution begins
to worsen appreciably when the anode-
cathode distance exceeds 10-20 atm-cm,
Consequently, it is clear from the
figure that detectors filled primarily
with hydrogen are limited to measure-
ment of low-energy spectra, i.e.,
below about 1 MeV, Proportional
counters for use in the range 1-5 MeV
generally include either Kr, CH4, or
both as a stopplng gas.

Calibration of the pulse height—
energy scale is accomplished by either
of two mechanisms, The counter gas
f£il11 may contain small amounts of N2

or 3He which interact with thermal

-]5~

neutrons according to laﬂ(n,p)lac or
3He(n,p)T. The first reaction pro-
duces charged particles depositing
about 606 keV, and the second 764 keV.
These reactions will produce a peak
in the pulse-height spectrum whose
location establishes the recoil
proton energy scale. Alternatively,
the detector gas multiplication may
be determined as a function of anode
voltage. Then deposition of a known
amount of charge on the anode wire by
a test pulser will produce a peak in
the pulse-height spectrum whose loca-
tion, together with the detector gas
multiplication factor, is used to
establish the energy scale. Curves
of gas multiplication versus anode
voltage have been determined for
several detectors. The data were
obtained bty locating the edge of the
proton recoil distribution produced
by a monoenergetic neutron source and
comparing the pulse height to that
produced when a known charge was
placed on the anode wire. Figure 10
shows gas multiplication curves for

several detectors.

GAS PROPORTIONAL COUNTERS — 3He

3He gas proportional counters are
used in a fashion similar to that of

CH, and H, detectors. Good reviews

4 2
of their characteristics may be
found in Refs. 47 and 48. There are
two principle neutron interactions of

interest: (1) 3He(n,p) which has a
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Q = +0.764 MeV, and (2) elastic
scattering. As a result of the posi-
tive Q for the (n,p) reaction, these
pulse-height spectra exhibit a
0.764-MeV bilas. Neutrons deposit

E = En + 0.764 MeV. There is no bias
for the elastic scattering reaction
in which the maximum energy deposition
s 75% of the neutron energy. As a
result, elastic scattering reactions
interfere with the pulse-height spec-
trum due to (n,p) reactions only at

neutron energies greater than 067gg =

1.02 MeY. Above that energy, the
3He recoil distribution complicates
the unfolding process, as will be

described later.

Little interference due to gamma
rays occurs In these detectors
because of the 0.764-MeV bias men-
tioned earlier, and energy scale
calibration is accomplished simply
by locating the always promineni peak
due to thermal neutron capture.

The principle characteristics
which limit the use of these detectors
are:

® The low-energy performance is

limited since a portion of the
pulse-height spectrum produced
by very low-energy neutrons is
obscured by the rather broad
peak produced by thermal neu-
trons. For a resolution of 5%,
the thermal peak is 0.05 x 764 =

38 keV wide, and thus obscures

-17~

the lowest 50 keV or so of the
neutron spectrum.

The {n,p) cross section for
thermal neutrons is about 5%00
barns while that for fast neu-
trons is on the order of 1 barn.
Thus, a small intensity of
thermal neutrons may dominate
the detector count rate and
cause distortion of the pulse-
height spectrum due to pulse
pile-up.

At energies above 1.02 MeV, the

‘recoil distribution due tc

elastic scattering overlaps and
interferes with the (n,p) pulse-
heipht distribution. Analysis
of recoil events may be sup-
pressed by pilse-shape discri-

49’So'however, this

mination,
is accomplished at considerable
expense in sensitivity, and the
resulting lower efficiency is
extremely sensitive to small
changes in the pulse-shape
discriminator.

The (n,p) cross section falls
rapidly above 1 MeV and is
exceeded by elastic scattering
at about B0 keV.Sl

The upper bound on the useful
energy range is limited pri-
marily by the same proton range-
versus—~detector dimension con-
sideratlons as were encountered
in hydrogenous proportional

counters.



DATA REDUCTION TG OBTAIN DIFFEZRENTIAL NEUTRON
SPECTRUM, &(E)

Three detector types have been
described previously. In each case,
a pulse-height spectrum is obtained
and is related to the neutron spectrum
through the pulse~height energy
scale and the detector response

function. A computer program called

NUTSPEC52

has been developed which
unfolds the detector response func-
tions from the pulse-height spectrum
in order to obtain the neutron spec-
The essential features of the

code have been described before,sa-s4

trum.

but will be briefly summarized here.
In the following sections each detec-
tor type will be discussed first with
regard to the detector response to
monoenergetic neutrons, and then with
regard to the unfolding strategy used
to infer the neutron energy spectrum,

$(E).

ORGANIC SCINTILLATORS — NE213 AND
STILBENE

The principle neutron interaction
of interest in the organic scintil-
This is
illustrated schematically in Fig. 1l.

lator is elastic scattering.

55
It is readily shown™  ‘aat a neutron
at energy EO’ scattering elastica?ly

from a nucleus initially at rest,
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Fig. 11. Neutron-proton elastic
scattering.

will transfer energy AL to the target

nucleus given by

e =By (A5} @ - cost) (@)
(a+1)"

where A = -1ass of target

mass of neutron °’

€ = scattering angle measured
in the laboratory coordin-

ate system.

.In the case where the target is the

nucleus of a hydrogen atom in an
organic scintillator, A = -1 and the
energy transfer for (n,p) scattering

is

AE =

=

E0 (1 - cosf) . [¢14))



For neutron energies up to about 10
MeV, (n,p) elastic scattering is
spherically symmetric55 in the center-
of -mass coordinate system., A simple
geometric argument shows that the
probability distribution of P(cos8)

is constant in this case, i.e.,

P(cosb) = const (11)

so that the probability distribution
of recoil proton energies is constant

up to the maximum proton energy,

Ep = EO’ from Eq. (10}.
% 0<E <Ej
P(E)) = § 70 P . 12)
0 Ep > EO

This distribution is drawn in Fig. 12.
The value of the constant is known

since the area of the distribution

must be unity. Thus, monoenergetic

neutrons at energy L. will produce a

0

1E,

Eo

Differential probability of recoil

proton at energy E

Recoil proton energy

Fig., 12, Probability distribution of
recoil proton energies due to
elastic scattering by neutron at
energy E.
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recoil proton distribution in which
recoil proton energies are equally

probable in the range 0 < EP <E

Generalizing this result to the gase
where there is a continuous spectrum
of source neutrons whose intensity is
given by ¢(E0), the recoil proton

distribution is obtained by integrat-
ing the neutron scattering rate over
all source energies which could pro-

duce 2 recoil proton at energy E:

o ¢(EO)dEO
P(E) = nHVTL onp (EO) ~TO—— (13)
where V = detector volume (cm3),
T = duration of exposure (s),
n. = density of target protons
(4 atoms/cm3),

]

g n-p elastic scattering
np 2
cross section (em”),
and the reconil proton distribution
function 1/E0 has been included.

Differentiation of Eq. (13) gives

~VTn
dP(E) _ H
3 " TF Onp(E) 5(E) . (14)
Then solving for ¢(E),
___ dP(E} (15)

- ~E_ dP(E)
$(E) = VTnH UnP(E) dE

The neutron spectrum is related
directly to the first derivative of
the proton recoll distribution, P(E).
Parameters V and T are determined at

the time of measurement while ny



depends on whether Stilbene or NE213
is selected for the detector. The
(n,p) scattering cross section is

given by GammelJ6 as

7

o_ (k) = Toa
L7060 ¢ (=1.86 ¢ D%alst + 09110k £5)°

ap

(16)

4 . S
FL20RL ¢ (L6203 ¢ L1300

where E = neutron energy in eV,

onp differential scattering
cross section in barns.

dP(E}
dE
the experimental data.

The factor is obtained from
A proton
energy scale is established as
described earlier.

Referring back to Fig. 1, recall
that scintillation outpuc due to
receil protons is significantly
reduced by their high LET, and is
much sma.ler than that due to elec-
trons of the same energy. The reduc-
tion in scintillation output is most
severe for low-energy protons so that
light output for protons is highly

Verbinsk119

nonlinear. has studied
the response of NE213, and Swartz and
Owen7 have tabulated proton scintil=-
lation yileld iIn Stilbene. These data
were plotted in Fig. 1 and show the
scintillation output for electrons

as well as alpha particles and recoil
carbon nuclei for comparison. To

simplify the light-versus-energy

=20~

relation for computational purposes,
these data have been fitted with
B-spline Interpolation functions sub-
ject to the constraints that the
functional form be continuous arnd its
first and second derivatives are con-
tinuous. The functions LP(E) which
satisfy these constraints and fit the
data over the whole energy range
within #2% are given in Table 2A.
The function takes on different param-
eter values in each of several energy
ranges separated by "knots." Each
parameter set yields a function
which joins smoothly with tne func-
tion in the adjacent energy regions.
Lvaluation of Lp(E) at any proton
energy yields the scintillation out-
put in light units "L,U." as defined
earlier. Fuinctions used to obtain
the inverse, i.e., E(Lp), are given
in Table 2B.

A detection system with amplifica-
tion factor g (channels/light unit)

and bias X, (channel location cor-

respondingoto zero scintillation out-
put) will yield a pulse~height spec—
trum where i'le relationship between

channel number X and proton energy E

is

X(E) = Xo +g Lp(E) (17)

where X and g are determined by a

0
22Na or other gamma-ray calibration

as described earlier.



Table 2A, Piecewise polynomial representation of scintillator light output
due to protons.
L(E) = a +a (BE) + -2 (B2 + 3 (£ )% for E » E
P 0 1 0 21 0 31 0 = %0
E0 Emax a a 2 a
(MeV) 0 1 2 3
ME213 -3 - -1 -
0.100 1.09 6.7729x 10 6.4924 x 10 2.4964 x 10 -9.9712 x 10
1.092  3.17 1.7787x10°% 2.6356x 1071 1.5070x 1070 -6.1466 x 1072
3,170 40.0  9.5905x 1071 4.4402x 1071 2.2969x 1072 -1.0129x 107>
Stilbene -3 -2 -1 -1
0.200 1.146 9.3996x 10 9.4224 x 10 2.1801x10 - -1.1671x10
1.146  2.59 1.7967% 1071 2.4826x 1070 1.0757x 1070 -2.5032 % 1072
2.592  4.52 6.3824% 1070 3.7759x 1070 7.1395x 1072 -1.6803x 1072
4,519 15.0 1.4784x10°  4.8397x 1071 3.4014x 107 -3.5576 x 1072
. dP(E) . ST
To obtain ~ar c Ve note first ety - “_;;;\'T‘_"Jl:_(_m I? ;T;:;_)(xﬁl_x ) s “r. ] 1)
that h
where P(X) = 1se~height spectrum
PE) = P (18) () = pu ghe sp
of recoil protons
(counts/channel),
then 4P (X)
ax slope of the pulse-
height ,
dP(E) _ dP(0) [ax\ a%x eight spectrum
Sty GE) e S5 a9
dE LP(E) = light output given by

Substitution of X(E) from Eq. (17)

gives

2
d”L_(E)

+ PR —P— . (20)
E

drdk)
dE dx

N 2
L (E
d ())
13

The neutron spectrum ¢(E) is obtained

from Eqs. (15) and (20):

~21-

the piecewise poly-

nomials in Table 2A.

Two important problems remain
before a reliable estimate of ¢(E)
may be obtained. First, a suitable
means must be found to obtain the
slope of the pulse-height distribu-
tion without amplifying the statis-

tical noise present or distorting the
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Table 2B.

Piecewise polynomial represemtation of proton energy for given scintillation light output.

E(Lp) =a_ +

a

a a
2 2,.% .3
(LP-LO) + 57 (LP—LO) + 50 (Lp Ly~ *

a

4
(LP-LO) for Lp >L

ot 3 0
I"0 Lmax
(Light Units) ) 2 2 a. a,
NE213
0.006710  0.300 1.0238 x 1071  1.2433 x 100  -1.6697 x 10°  1.9023 « 10°  <9.7458 x 10°
0.3004 0.950 1.5637 x'10°  4.2897 x 100 -2.8616 x 100  1.8903 x 10°  ~4.9693 x 10°
0.9460 192 3.2500 x 10°  2.9227 x 107  -1.0137 « 10} 4.3826 x 100 <7.3901 « 10%
1.9148 3.70  5.2524 x 100 2.4706 x 10°  -2.3466 x 100 4.1566 x 10°  -3.2480 « 10°
3.689  24.8  8.4722 x 10°  1.8257 x 100  -8.5913 x 1072  1.3413 x 102  -1.0787 x 1073
Stilbene
0.009400  0.104 2.0000 x 1070  9.4015 x 10° -8.5642 x 101 7.7967 x 10° —
0.1043 0.320 8.1770 x 101 4.7348 x 10°  -1.1634 x 10°  4.4121 x 10 —
0.3129 1.0 1.6294 x 100 3.3173 x 100 -2.4322 x 10°  2.6991 x 10° .
1.0430 2.82 3.5783 x 10 2.2609 x 100  -4.6155 x 1071 1.9055 x 107} ——
2.816 10.0 7.0383 x 10° 1.7621 x 10 -1.2367 x 107%  2.4282 x 107 -




data. Secound, pulse-height spectra
mast be compensated for distortions
due to: (1) recoil protons which do
not deposit all of their c¢nerygy in
the sensitive volume of the detector;
(2) neutrons which scatter more than
once in the detector, producing two
or more recoil proton events which
are not resclved in time by the detec—
tion system; and (3) secondary
reactions such as Inelastic scatter-
ing or (n,u1) reactions in carbon.

A suitable digital filter has been

P

designed”” which finds the slope of

the pulse-height data. 1f a parabola
is least~squares fitted to 2N+1 data
points, its slope at the midpoint may
be obtained by a simple digital
filter. The digital filter computes
the slope of the pulse-height parabola

as follows:

N

ary &
(d_X) - >: Yy Ppeg = Py 2D

k =1
where P = counts in the (k+i)th

(k+1)
bin of the pulse-height distribution.

W, =Gy i, (23)
1
Cy =~ » (24)
2 5 el
2=1

are the welght functions.
Expanding the width, N, of this
filter has the effect of smoothing

out statistical noise, but does so at
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the expense of resolution loss in the

data. Une must be cautious since
Juhnson57 has (ound that sharp edges
in the data will produce peaks in
the unfolded spectrum whose centroids
are shifted toward higher energies.
Some distortiony in the pulse-
height data may be partially compen—
sated, Loss of proton counts due to
multiple scattering of one neutron
in a thick detector may be treated
by calculating the self attenuation
of the detector.7 The detector
cfficiency is effectively reduced by

the factor f,

f(aL) = =—— , (25)

where L = detector thickness (cm),

=n 0., +n 2
a wH % (26)
and
Ny o, = atom densities of hydrogen
and carbon,
OH’ oc = total cross sections of

hydrogen and carbon.

In the work reported here, the car-
bon cross section is obtained by
linear interpolation of the data
given in Table 3.

Generally, multipie scattering
produces two or more coincident pro-
ton events whose scintillation output
is summed by the detection system.
Thus a distortion occurs, tending to

increase the apparent rate of more



Table 3. C(n,n) elastic scattering cross se«ction.
E o (barns) E g (barns})
0.0 4.85 6.2 1.1
0.5 3.4 6.3 2.7
1.0 2.7 6.5 1.0
2.7 1.6 7.15 0.75
2.95 3.1 7.7 2.3
3.03 1.0 8.4 1.1
3.5 2.5 10.0 1.2
4.15 1.8 11.0 1.4
4,25 2.1 20.0 1.6
5.32 1.1 40.0 1.1
energetic protons. Countering this Range = 0.02178 (E - 0.119)1.815

effect is the loss of energetic pro-
tons which escape the detector active
volume before depositing all of their
energy. A semi-empirical formula due
to Broek and Anderson58 has been used
with considerable success in those
cases where the multiple scatter and
escape corrections are not large.

The correction is given below:

faun G e ks,

R
S(E) =1 - 078 (€1 4 0.077 ~5- 0(0.068E)

@27
where
Rmax = range of protons (cm),
L = detector thickness,
R = detector radius,
V = detector volume,

and the range is ohbtained using the

empirical formula”

24~

(28)
where p = density (g/ij)'

Incorporating these corrections into
the expression for ¢(E), Eq. (21),

gives:

2 2,
L ocbk ooy [t 4%, (k)
ooty [ O o] 29

Tris expression is evaluated by the
code NUTSPEC when reducing NE213 or
Stilbene pulse-height data. All
cross-section data are maintained in
a parameter library internal to the
code. Detector dimensions, elemental
composition and density are also
maintained within the parameter 1lib-
rary and are filed under the appropri-
ate ID number for a particular detec-
tor. Reference 52 contains an

operating manual for the code.



Generally, it is necessary to
divide the energy range 0.5-20 MeV
into two segments to maintain an
approximately uniform resolution.
This is because the bin width or
energy width per pulse-haight channel
varies by nearly a decade over the
0.5~ to 20-MeV range due to the
highly nonlinear relation between
proton energy and scintillation

output.

UNCERTAINTY ESTIMATION ~— SCINTILLATORS

Three sources of uncertainty are
considered in the estimation of 8¢(E),
the uncertainty in spectral inten-

(1} energy calibra-

sity., They are:

tion errors, (2) statistical errors
in pulse-height intensity, and (3)
statistical errors in determination
of the slope of the pulse-height dis-
tribution, These errors are assumed
to be independent and are added in

quadrature. Then

Stk - \!vm" ({) . (-ww)2 (‘v] - (“r" w)z ('f‘['»)l (20)

where
8¢ ~ 9(E)
E-E ° S
2
s 5 (B
8P n . TVo_ fS 2 ’ (32)
H np dE
2 fa_@®Y
S _ _-Eg" B ., (33

and assuming Poisson statistics,

(sr0)? = peor
(57" x)? = g W

SE = estimated calibration

uncertainty.

The analysis described above has
been used to obtain neutron spectra
from pulse-height data in a variety
of detector systems and a variety of
neutron fields. Three phenomena are
not included in the foregoing calcu-
lation: (1) anisotropy in the n-p
scattering, (2) inelastic reactions
in carbon, and (3} elastic scattering
in carbon.

Anisotropy in the n-p scattering
cross section caunes less than 107
variation in the differential cross

section at 14 and 22.5 MeV.59 This

has been neglected iIn the ana'ysis
above, although an empirical expres-
sion due to Gammel could be incor-
porated. Neutrons which scatter
inelastically in carbon are neglected
here, and caution must be exercised
in the interpretation of reduced
spectra. Similarly, (n,a) and (n,p)
reactions are neglected since their
cross sections are less than one-
tenth that due to (n,p) scattering
at energies up to 20 MeV and have

energy thresholds at 6.2 and 13.6

=25



MeV, Nevertheless, cautlon must be
exercised in the interpretation of
reduced neutron spectra where the
predominant intensity consists of
neutrons above 10 MeV. These reac-
tions and their thresholds are listed
in Table 4.

A crude attempt is made to remove
the effects of neutrons scattered
elastically in carbon. Figure 1
shows that the scintillation output
due to a recoil 12C nucleus is
negligible, However, in a thick
detector a neutron which loses up to
28% of its energy scattering elas-
tically in carbon may then produce a
proton recoil before leaving the
detector. The reduced data then

show a continuous distribution of

.12
Neutron reactions in ~C.

Table 4.

Neutron energy
Reaction threshold (MeV)
(n,n'y) 4.8
(n,0) 6.2
(n,gBe) 6.2
(n,na) 8.0
(n,p) 13.6
(n,d) 14.8

~26-

neutrons ranging in energy from EO to

0.72 EO where EO

This is seen clearly in Fig. 13

is the source energy.

where detectors of varilous thick-
nesses have been exposed to 2.5- and
14~MeV neutrons and the data have
been reduced. Note that the relative
intensity of the scattered neutrons
increases as the ratio of detector
thickness to neutron mean-free-path
increases.

In the approach used here, the
neutron energy distribution obtained
from Eq. (29) is taken as a first
approximation to that which would
exist in the absence of carbon elastic
scattering., Partlal compensation for
the spectral distortion due to un-
detected elastic scattering in carbon
is accomplished by calculating the
energy spectrum of carbon-scattered
neutrons and subtracting that from
the solution to Eq. (29). This is

carried out as follows:

O(E) = ¢4(E) - ¢ (B) (36)

¢0 = solution to Eq. (29),

spectral intensity of neu-

<
]

trons elastically scattered

by 120 nuclei in the detector.
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Fig. 13. Unfolded neutron spectra obtained with several different NE213

detectors exposed to 2.5- and 14-MeV neutrons. (a) 401 at 2.5 MeV,
(R=0,75cm L=1,0cm); (b) 102 at 2.5 MeV, (R = 0.65 cm, L = 1.3 cm);
(c) 104 at 2.5 MeV, (R = 1,27 cm, L = 2,54 cm); (d) 103 at 2.5 MeV,
(R=19ecem L=7,6cm); (e) 105 at 2,5 MeV, (R = 2,54 em, L = 5.08 cm);
and (f) 101 at 2.5 MeV, (R= 5.7 cmy, L = 5.1 cm).
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An estimate of ¢C(E) is made by
calculating the scattering rate due
to the best current estimate of the
neutron spectrum, ¢0, i.e.,

(€A1
LN E " Lo
ERe] / [ENCOR “_— W, LRGN ENUAT

37

_(a1Y
& =\ar1)

where
nc,cc = 1zc atom density and
elastic scattering cross
section,
L. =ng_ + n,.0, = total cross

T cc H'H
section,

KC(E',D)dE = probability that a neu-
tron scattering elas-

tically in 1
E' will have final
energy € such that

E<e<EHE.

The probability distribution Kc is

ZC at energy

obtained from the angular distribu-
tion of elastically scattered neu-
trons in the laboratory and the
kinematics given in Eq. (9),
0 for E<q E'

C
P(Cosd) ' '
e E'<E<
(l—uc)E' for e <E<E

0 for E>E'

' )=
KC(E LE)

(38)

where P(cos8) = angular distribution

in the laboratory and

E'

8=cos [ —A-!iL 1 ———)] . (40)

The angular distribution, P(cos®) was
represented in the form of Legendre
polynomials obtained from the LLL
ENDF/B neutron cross-section library
(1973) due to Howerton.6o

Figure 14 shows neutron spectra

which have been compensated using

1 1 i 1 I I 1
(a) ol ® {1* |
2 120 — ! |
=
= #
oé { |
%] —
\,I; 60 — 60 { .
L]
o wii oo
R=3 { { i .‘- 1|
o i L 0 Wﬁ { il —
] ] { i o
1.0 2.0 3.0 1.0 O 3.0
Neutron energy — MeV
Fig, 14. Unfolded neutron spectrum showing the effect of compensation for
2c (n,n) elastic scattering; (a) without compensation, (b) with
compensation,

=20~



Eqs. (36) and (37). It is clear
from the figures that subtraction of
neutron intensity due to single
scattering in carbon results in
incomplete compensation. A complete
removal of the effects of detector
size can only be obtained by a
response function unfolding method.
However, the simple derivative
unfolding method has been used satis-
factorily to reduce data taken near
various monoenergetic sources. Re-
sults shown in Figs. 13 and 14 are
typical. In addition, the integral
of these spectra is in good agreement
with the total intensity indicated by

a calibrated long counter.

GAS PROPORTIONAL COUNTERS —
CH4 AND HZ

Reduction of proportional counter
pulse-height data is substantially
more complex than was the case with
organic scintillators. Like the
scintillator, the H2 and CH4 gas
proportional counters are proton
recoll devices, However, at normal
gas pressures of a few atmospheres,
the range of recoll protons is com-
parable with the detector dimensions
at energies of only about [ MeV. As
a result, many recoil protons deposit
significant amounts of energy outside
the detector sensitive volume, and
the pulse-height distribution is

distorted.

Several approaches have been used
in the past to obtain neutron spectra
from proportional counter pulse-

Some have used deri-
26,35 v

height spectra.
vative unfolding methods ith
appropriate corrections to the pulse-
height data before differentiation,
while others use a response matrix
unfolding approach.24’23’39’62’63
The work described below employs a
combination of these two techniques
to reduce pulse-height spectra as
efficiently as possible.

The data reduction problem for gas
proportional counters is defined as

follows:

where
P(X) = experimental-pulse height
distribution,
X = energy deposited within
detector-sensitive volume
(MeV),
n,, = hydrogen atom density
within sensitive volume
(en™ %,
V = sensitive volume (cma),
T = duration of exposure (s),
Emax = an energy at which the
proton range is a low mul-
tiple of the detector
radius,
g = n,p elastic scattering

cross section (cm2),
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= neutron spectrum at ener-
¢low P
gies below E , which is
max
to be determined,
¢hi = neutron spectrum at energies

above Emax' which has
already been determined
independently,

R(E,X)dX = probability that a neutron
scattering in hydrogen at
energy E will produce a
recoil proton which depos-
its energy € within the
sensitive volume such that
x < g < x + dx.

Reduction of pulse-height data is

carried out in the following sequence:

1. Calculate the detector response
matrix, Rhi’ for interactions at

energies above E .
max

2. Evaluate the second term in Eg.
(41); i.e., the high-energy

pulse-height response:

Phi(X)=nHVTf R, ; (EsX)0(E)o, ; (E)IE .
E (42)

max

3. Subtract the high~energy response
from the experimental pulse-height
data to obtain the low-energy

residual:

Prow &) =P =P (X) . (43)

4, Calculate the detector response

matrix, R , for interactions

low
at energies below E .
max

-31-

5. Make an initial estimate of the
neutron spectrum, ¢low(E)’ using
a derivative unfolding method

based on Eg. (15).

6. Unfold the low-energy neutron

spectrum, ¢1°w(E), from the
residual:
E
NPT [ max )iy .
IJ"H(.\.)-HH»T>.{ Bl (0700 el (44)

using an iterative unfolding proced-
ure to be described below. Details
of these calculations are described

in the following sections.

High~Energy Response

The pulse-height response of
several hydrogen proportional counters
tn energetic meutrons has been deter-
minéd empirically. It is asznmed
here that recoil protons yield a
pulse whose amplitude is proportional
to the energy deposited within the
detector sensitive volume. Figures
15(a) and 15(b) show pulse-height
spectra cbtained when 1 hydrogen
proportional counter (3atm H2, R =
1.9cm, L = 20cm) was irradiated with
2,5- and 14-MeV neutrons. A response

of the form

-l

UON + 4 X + a0y
B OAENX) = a (k) o - 3
hi a

! (45)

where
X

energy deposited within sen-
sitive volume (MeV), and
E = neutron source energy.

fits the data reasonably well.
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Fig. 15. Pulse-aeight distribution, measured with hydrogen proportional

counters, due to 14-MeV neutrons (a) and (b); and 2.5-MeV neutrons (c)

and (d).

Clearly, the parameters 25s 215 3y
and a, are functions of the detector
construction, the source energy, and
the angular distribution of the neu-
trons incident on the detector.
Table 5 contalns parameter values at
2.5 and 14 MeV for two detectors
irradiated by a point source which
illuminated the detector normal to
its axis. Unfortunately, the emergy
dependence of the parameters is not
well established by only two data
points. Nevertheless, in the absence

of measured or calculated responses

~32-

at other energies, spectra have been
unfolded where the parameters were
obtained by linear interpolation
between the 2.5- and 14-MeV data
points. This procedure could readily
lead to serious errots in the esti=~
mation of the pulse-height response
to neutrons at energles intermediate
between 2.5 and 14 MeV., However, this
approach has been used in a variety

of measurements with two different
proportional counters to remove

events from the pulse-height spectra

due to energetic neutrons. The



Table 5.

Proportional counter response té high-energy neutrons.

“

a

O(E) e

R'hi(E’x) =

e
0

al(E)x + a

_
© alx + azx + a

E3 + aa(E)xa

3
X
3 dx

2

Detector No. 201

cm)

Detector No. 208

(1 atm H,, R = 7.6 cm, L = 91 cm)

(3 atm H2, R=1.9cm, L =25 2
2.5 MeV (radial) 14 MeV (radial) 2.5 MeV (radial) 14 MeV (radial)
a, 1.0 1.0 1.0 1.0
a -6.48 -6.05 . -3.75 -6.35
a, 7.55 2.005 1.502 4.63
a, ~5.11 ~0.246 -1.585 ~2.034
unfolded results obtained in these process to compare the calculated

measurements are not in good agree-
ment with calculated spectra in
every case, However, the estimation
of Phi(x) generally merges with the
experimental pulse-height spectrum
at itz high-energy end. The measured
and calculated pulse-height intensi-
Emax
2 in every case, and generally fall
within £25%,

Since the shape of the pulse-

height spectra at 2.5 and 14 MeV are

ties at agree within a factor of

very similar, it is assumed here
that the relative pulse-height dis-
tribution is estimated with greater
accuracy than the absolute pulse-
height distribution,
a test is made during the unfolding

Consequently,

_33-

pulse-height intensity at Ema to

the measured intensity. The :al-
culated pulse-height distribution,
Phi(x), is then renormalized by the
ratio of these intensities so that
Phi(x) merges with P(X) at the high
end in every case. Figure 16 shows
a typical pulse-height spectrunm
together with Phi(x) after renorma-

lization.

Low-Energy Response

A low-energy neutron spectrum,
¢l°w(E), is obtained by an iterative
matrix unfolding method following
removal of the pulse-height response

tc energetic neutrons, as described
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Fig., 16. Experimental pulse-height 2pectrum in hydrogen proportional counter
due to PuBe source and calculated response to neutrons above Epax.
before. The unfolding problem has

been reduced to

L‘I!\LIS
Pl = nHYT_[ 8o (BTN (BN (46)
where
Rlow(E,X)dx = probability that a

recoil proton pro-
duced by neutron of
energy E will deposit
energy € (x<e<x+tdx)
within the detector

sensitive volume.

In an ideal, wall-less detector
the response function would be sim-

ple; 1i.e.,

~34-

Rlow (E,X) = %-. (47)
However, there are several important
distortions to this simple response
function. They are:
® Recoil protons which leave the
sensitive volume with signifi-
cant energy.

Recoil protuns which deposit
significant amounts of energy
before entering the sensitive
volume, such as in end regions
of the detector.

Recoll protons suffering both

1 and 2 above.



o Events depositing energy in a
region of the detector where
the gas amplification is low or
the charge collection is poor;
i.e., the pulse-height syectrum
may not be identical to the

lonization spectrum.

All of the detectors used in this
work are long cylinders; i.e.,

% > 10. Consequently, the gas ampli-
fication and charge collection are
reasonably uniform, and the "end
volumes” are very small compared to
In all of the

discussicis which follow, the ioniza-

the sensitive volume.

tion distribution and the pulse-height
distribution will be considered
identical. Only recoil protons which
deposit significant amounts of energy
in the walls are considered in cal-
culating the detector response func-
tion. The analytical functions due
to Snidow and Warren64 are used to
calcujate the detector response, dis-
torted by "wall events." A "gaussian"
filter is then used to smooth the
response. Detector pulse-height
response functions are calculated at
Each

energy deposition spectrum constitutes
P

up to 64 neutron energies.

cne column of the detector response
matrix. Figure 17 shows a typical
pulse-height spectrum extending to
about 1 MeV and Fig, 18 shows the
response wnatrix calculated to unfold

the data. The elements of the response

35—
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Fig, 17, Pulse-height distribution

due to hydrogen proportional counter
(201) exposed to PuBe neutron
source. Full scale corresponds to

1 MeV deposition.

matrix Rji are defined by (48) below:

M
t I
> 0, VT Rji ij o 0 Ari (48)

P, =
I
where
Pj = number of events counted
in bin j of the pulse-
height spectrum, Plow(x)’
M = number of columns in R',
n, = number of hydrogen atoms in

detector sensitive volume
(e,
V = detector volume (cm3),
T = duration of measurement
(sec),
AX. = energy width of pulse-
height bin j (Mev),
0. = n,p elastic scattering
cross section at energy

E, (cmz),



Log counts/channel

Energy deposited — MeV

Fig. 18.
counter 201,
proportional counter.

¢. = neutron differential inten-
sity at output bin i
(n/cmz-sec—MeV),
AEi = energy width of output bin
i (Mev),
and RgiAXj = probability that a re=-
coil proton produced by
a neutron with energy
Ei will deposit energy
€ within detector sen-
sitive volume such that

X, [ <e<K..
i~1 =73

The detector response matrix, R', may
be factored further Into an ideal
response matrix and a distortion
matrix where the pulse~ii:ight distri-
bution due to monoenergetic recoil
protons is calculated. As mentioned
earlier in Eq. (12), the ideal re-

sponse to monoenergetic neutrons at

~36~

(a) Proton ionization response matrix, D, for hydrogen proportional
(b} Ionization response produced by neutrons in a hydrogen

energy E in the absence of wall

events is:

R'. =4 1t L (49)
0 for Xj > Ei
The matrix R}i then contains the dis-
tribution of recoil protons due to
monoenergetic neutrons. Define the
distortion matrix, D, to be the
matrix containing the pulse-height

distributions due monoenergetic

protons.

If Dji AXj = probability that a
recoil proton of energy
Ei will deposit energy
€ in the detector sen-~
sitive volume such that

X, .<e<X,,
j-1i

]



Unfolding

then
»
R!, = &+ D., . (50)
ji Ei K jk
Clearly, the ideal response is

obtained in the special case where
the distortion matrix, D, is just
the unit matrix. Generally, the
detector response to monoenergetic
protons, D, is not a unit matrix at
energies of interest here, and it is
calculated according to the analytical
relations given by Snidow and Warren.
For the purposes of that calculation,
the ratio of recoil proton range to
the detector length and diameter are
calculated. The proton range is
approximated by polynomials fitted to
the range-versus-energy data con-
tained in Ref. 45. Table 6 contains

the polynomial coefficients which are

Following removal of events from
the pulse-height spectrum due to neu-
trons at energies above Emax and the
calculation of the low-energy response
matrix R' defined above, th: low-
energy neutron spectrum is unfolded
from Eq. (47) according to the
algorithm described below. For ease

of calculation, a detector response

matrix R is defined as follows:
R, = n TVAX AE o . Rl
ji H 3 i 1 31
o VT AX. o, AE. 1
__H j i isp
Ey = L

(51)

Then, from Eq. (47), the unfolding
problem is that of finding the solu-

tioa vector p to the matrix equation,

P=R1Y4 52
used. = == G2
Table 6. Proton range in gasses.
_ .2 3
R(E) = a, + alE + a,.g + a3E
where E = proton energy (MeV)
R = range \mg/cmz)

Gas a5 a; a, a3
Hydrogen 0.0947 ~0.0325 0.602 -0.00691
Helium 0,179 0.586 1.25 -0.0128
Methane
argon -2.79 x 107° 3.09 1.83 -0.0256
Krypton -0.0197 5.16 2,24 -0.0312
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given the response matriz R and input
vector P, In principal, this prob-
Tem has a unique solution which may
be obtained by the inversion of the
response matriz; f.e.,

pe e (53)
However, R normally contains minor
systematic errors and 1s frequently
in rondiLioncd.b) in addition, P
contains stochastic noise and sys—
tematic errors due to the removal of
Py (X). The result s frequently
nonphysical and nolsy solution vec-
tors, ,;‘.(;5,60

It is claimed, a priorl, that the
sulution vector ¢ cannot have any
negative components; i.e., neutron
intengities are non-negative. The
approach taken hiere is to starl with
a reasonably good first estimate of
the low-encergy neutron spectrum, and
to refine that estimate iteratively
until a convergence criterion is
satisfied. A first estimate of the
low-energy neutron spectrum is ob-

tained using a derivative unfolding

method,
dp (X)
_ -E low
by (B} = nVo(E)  dX 4)
dp (X)
where —-lgﬁ——~ is obtained using a

parabolic digital filter described

earlier.

A trial pulse-heigint spectrun
corresponding to the first estimate
spectrum is then caleulated using
the response matriz R as follows:

po=

0T 8% 53)

Figure 19 shows a typical calculated
pulse-hefght spectrum P, compared
to the experimental data, I .
low
A convergence parameter /2 is then
calculated to determine the adequacy
of ‘he current estimate, QO’
L2
) - >
s (g0 -0 )"
‘ M P (K ) )
i=1 low
The next estimate of } is obtained by

a multiplicative procedure,

@D =1 %y () | 7
h| 0 ]

5
WEZT T 1
104

103

Counts/channel

-
[=}
N

] | | | 1
10 20 30 40 50 60

Channel

_.
2

Fig. 19, Experimental pulse-height
spectrum compared to that calculated
by refolding initial ‘estimate of
neutron spectrum.
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followed by calculation of Pooand its
!

corresponding convergence parameter,

7 ?

,."]'. If the value of x_l. is less than
3}

the value which meets Lhe convergence

criteria, then the iterative proced-

Counts/channe!

ure is stopped and !, is reported as
N
. 9
the solution vectar. In the event (7

fails to decrease on four successive .

iterations, the unfolding is stopped

Residual
0

and the most recent ;‘ is reported
with an crror indication. 0 10 20 30 40 50 60

The procedure described above nas Channel

67-
been used hefore to unfold pamma- Py

200 {"(b). o -~

ey, " ‘

ray cnergy distributions. Unce of its

principle advantages is that, since
P and R are non-negative, the solu-
tion vector :N will also he non-
negative as Tbng as the initial

100 — . -1

.
.

estimate @0 is. Sccondly, with a

suitable initial estimate, the pro-

& (E) — n/cm?2/s/MeV

i

i
cedure converges very rapidly, H | ‘ ‘.
PO ISV B |

0.20 0.40 0.60
Neutron energy — MeV

Starting with an initial estimate

which gave the PO shown in Fig. 19,

the unfolding p;EEedure produced a

2

x“ of 2.3 in only seven iterations. Fig. 20. (a) Refolded pulse-height

spectrum calculated from estimated

The final PN is
superimposEE on

data.

shown in Fig. 20

the experimental

spectrum ¢(E) compared to experi-
mental pulse-height spectrum.
(b) Unfolded neutron spectrum

obtained with a hydrogen propor-
tional counter exposed to PuBe

Error Estimates neutron source,

Estimates of the uncertainty in
spectral intensity are not easily
obtalned when an iterative procedure No serious effort is made here to

such as that above 1s used. No error estimate the true uncertainty, but

matrix is avallable as in the case of some assessment of 1ts lower bound

a least-squares fitting procedure or may be made on the basis of the

a true response matrix inversion. residuals between Plow(x) and PN.

-39-



The output vector, @N, is accom-
panied by a convergEEce vector 6¢N
defined by

(64

(a¢ ) Pl ow j) - (PN)j . (¢N)j
N/J. Plow (xj)

.

(58)

This vector is not intended to reflect
uncertainties in the response matrix,

R, or stochastic errors in the pulse~

height data, but instead provides

some measure of the agreement between

P and P

e -
Low n over the spectrum

Tests of the Hethod

Several measurements have been made
where hydrogenous proportisnal count-
ers have been exposed to nearly mono-
energetic neutrons produced by the
7Li(p,n) reaction. Source energy
dispersion was about 12 keV. Data at
various energies between 23 keV and
1.0 MeV were obtained and uniuvlded
according to the procedure above.

The pulse-height data and unfolded
spectra are shown in Fig. 21, It was
not necessary to remove events due

to energetic neutrons from these
data.

getic sources will be discussed later

Spectra obtained near ener-

where the subtraction of Phi(x) is
important. All of the spectra shown
in Fig. 21 show good erergy resolu-

tion (except at 23 keV where the

12-keV source dispersion is impor-
tant) and are relatively free of
spurious oscillations. Integration
of each spectrum indicates an inten-
sity in good agreement with that
measured by a calibrated long

counter.

GAS PROPORTIONAL COUNTERS — 3He

Conceptually, pulse-height data
obtained using 3He proportional
counters is unfolded in exactly the
same way as using the hydrogenous
proportional counters; i.e., by
calculating the response matrix,
making an initial estimate of the
neutron spectrum, ¢0, and solving
Eq. (52).

ends there.

Howevef:_the similaricy
The principle reaction

He (n,p)T reac-

An initial

of interest is the
tion with Q = 0.764 MeV.
estimate of the neutron flux is made
assuming there are no other competing
reactions and that all proton and

triton energy is deposited within the

detector sensitive volume. Then,
P(E + 0.764)
¢, (E) = (59)
0 nHeVT cnp(E)
where

P(E) = pulse-height distribution
(counts/MeV) at energy
deposition E,

3He(n,p) reaction cross

cnp(E)
section.

=40=
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Fig. 21. Response to monoenergetic neutrons in the energy range 0.025-1.0 MeV,
Plots show pulse-helght spectra and corresponding unfolded neutron spectra at
neutron energies: 25 keV - (a) pulse~height data, (b) unfolded spectrum;

54 keV - (c) pulse-height data, (d) unfolded spectrum; 100 keV - (e) pulse-
height data, (f) unfolded spectrum.
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Fig. 21. Continued. 250 keV - (g) pulse-height data, (h) unfolded spectrum;

567 keV - (1) pulse-height data,

Unfolding the dctual neutron spectrum

is complicated by several distortions:

e Many (n,p) reactions produce

protons or tritons which
deposit some of their energy
outgide the detector active
volume.

Elastic scattering in 3He by
neutrons at energies above 1.02
MeV produce recoils which

interfere with the low~energy

=42-

(j) unfolded spectrum.

portion of the pulse-height
spectrum.

. 3He(n,d) reactions whose
threshold 1s 4.36 MeV.

. 3He(n,pn) reactions whose
threshold is 7.37 MeV.

An excellent review of these
interferences and some of the efforts
to deal with them is given by
Batchelor and :Morrison['B and by
Bair.47



Response Matrix 1.

The calculation of the response
matrix to be described here is simpler
than some of those used previ-
ously; and seems to be
adequate in most cases. Basically,
the pulse-height response to mono-
energetic neutrons is decomposed into
three components. These are illus-
trated on the pulse-height spectrum

shown in Fig. 22. The three com-

47,48,71,72 2.

Peak due to 3He(n,P) where

charged particles deposit all

of their energy in the sensi-

tive volume.

Recoil distribution due to

3He(n,n') elastic scattering.

Continuum due to charged par-

ticles which deposit signifi-

cant energy outside the sen-

sitive volume.

The three individual components

ponents are: are calculated, added together, then
5
10 e T l
Thermal
/neutrun
peak

104._

— 3 0 =]
& 3 , e
2 } He {n,n’) recoil distribution
Q N
g
3 10%|- -
o
1 -
0= (n, p) peak
10° A | ) | 1 | | i
10 30 50 70 20 110

Channel

130

Fig, 22, Pulse-height distribution in 3te detector due to 2.3-MeV neutrons.
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smoothed with a gaussian filter to
provide a pulse~height response func-
tion at each neutron energy; i.e.,
for each column of the response

Each of the three components
73

matrix.
has been empirically parameterized
using experimental pulse-helght spectra
obtained near monoenergetic sources.
The sources were produced by 7Li(p,n)
and T(p,n) reactions on a van de Graaf
accelerator, and were monitored using

a calibrated long counter.61 Param-
etric descriptions of each component

are given below:
R(E,x) = Rpeak(E,X) + R (Ex)

+ R (E,x) . (60)

cont
A peak corresponding to full energy
deposition in the sensitive volume by
a 3He(n,p) reaction is represented by
a delta function at the proper
energy,

Rpeak(E,x)dx= nHVT cnp(E) e (E) dx (61)

where
0, = atom density of 3He (cm-a),
cnp = 3He(n,p) differential cross
section (cmz),
€ = the probability that an

(n,p) reaction at energy E
will result in full energy
deposition within the sen-
sitive volume of the

detector,

The efficiency function, €, for
two 3He proportional counters has
been measured, and the data are shown
in Fig. 23.
function of the form

—e, (E4Q) e, (E+Q)°

For each detector, a

e(E) = €8 (62)
has been fitted to the data. The
fits are shown for comparison.
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Fig., 23. 3He (n,p) reaction peak
efficiency.
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The energy distribution of recoil
3He nucle. produced by elastlc scat-
tering is determined by the scattered
neutron angular distribution. Al-
though an adequate description of
that distribution exists,7l’72 an
empirical method is used here where
the recoll distribution is represented
by two straight lines, as shown in
Fig. 24.

determine the slope of the distribu-

The parameters HH and HL
tion over the top portion. Parameters
CL and CH determine the rate of fall
to zero, and are also used to com-
pensate for the fact that a 3He

recoil produces less collected charge
in the counter than does an (n,p)
reaction depositing the same energy.

The recoil response function then

takes the form,

R oo (F,X)dx = nNT o (E) S(E,x)dX

(63)

3 -3

where n, = atom density of “He (cm ~)
g, = 3He(n,n) elastic scatter-

s 2
ing cross section (cm™)

Counts/channel

Chanrel!

3

Fig. 24, Simple representation of “He

(n,n) recoil distribution.

5=

and

(64)

The parameters are given as a func—

tion of neutron energy by

CH = CO (1-a)E , (65)
G 2
o+ CE 4+ S, (66)
“y 1 2 3
HH
q = hl + th N (67)
h
0 (68)

o
ki
N
o
=
e
+
|
O| aQ
-3 nl
S—’

Table 7 gives the parameter values
used for two 3He gas proportional

counters. Note that the constant h

is the area of the recoil distribu—0
tion due to a single scattering event.

The continuum distribution obtained
in many pulse~height spectra due to
monoenergetic neutrons is observed to
be nearly exponential up to the point
where the continuum joins the gaussian
peak at its low-energy side. Figure
25 shows the form of the response
assumed here for the continuum due to
(n,p) events which deposit signifi-
cant energy outside the detector

active volume. For X < C

1}



Table 7. 3He response function parameters.

Detector No. 301 Detector No. 303
(4 atm 3He, 3 atm Ar) (4 atm 3He, 3 atm Kr)
Parameter . (R =2,5 cm, L =46 cm) (R=2.5cm, L =46 cm)
€0 0.95 0.93
€ 0.356 0.203
€, 0.0448 0.072
C0 0.91 0.95
¢, 0.6 0.75
<, 0.159 0.02
C, -0.0212 0
h0 0.3 0.3
h, 0.2 0.3
h2 0 0
Gl -0.357 -0.357
62 -0.774 -0.774
63 0.04 0.04
64 -0.015 -0.010
65 0 -0.002
66 0 0
67 0 0
68 0 0
69 0 0
610 =-1.43 ~1.43
611 -0.613 -0.613
612 0 0
613 -0.05 -0.05
614 0.0075 0.0075
615 0 0

=46=
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Fig, 25. Simple representation of 3He

pulse~height distribution before
smoothing, showing: (a) delta
function representation of (m,p)
reaction peak; (b) continuum due to
incomplete charge cgllection; and
{(c) continuum plus “He (n,n) recoil

distribution.
R R e
e (xddx = VT 5 dx e ! 270 L
ol H 1 (69)
where
£, = 8, +6,E+6,E (10)
1 1 2 3
2
= < .
r, =8, +8 E+§.E for x < ;. (1)
. 2
L 67+68E+59E (72)

Parameter values for 51 - 69 are also
included in Table 7.
depositions x > Cl, the continuum is
o with

For energy

assumed to fall toward :

greater slope, so that for x > Cl,

r4+r5x
R oont (E,X)dx = nHVT Onpdx e

73)

where

2

r, =6 0 + 511E + 5125 (74)

4 1

=8, t 6 E+ 8 E . (79)

Full-width at half-maximum (FWHM)
of the gaussian reaction peak has
been measured as a function of energy
for two detectors. The data are
plotted in Fig. 26. A straight line
passing through these data is used to
infer the resolution width of the
detector response as a function of
neutron energy. A gaussian filter of
the same width 1s used to smooth the
response function calculated irom the
three components described above. A
smoothed pulse-height response func-
tion is calculated for each column of
the detector response matrix. Figure
27 displays a response matrix cal-

culated for neutrons up to 2.3 MeV.

Unfoldin

An initial estimate of the neutron
(59).
Following this and the calculation of

spectrum is made from Eg.

the response matrix, a neutron spec-
trum is unfolded from the pulse-
height data using the same procedure
as for hydrogenous proportional

counters.
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Fig, 27, Response matrix for “He

proportional counter,

Tests of the Method

A varilety of pulse-height spectra
have been obtained near neutron
sources using 7Li(p,n) and T(p,n)
reactions. These have been unfolded
as described above, Figure 28 shows
some typical experimental data and
the corresponding neutron spectra.

It is clear that most of the inter-
ferences described earlier have been
properly accommodated by the response
matrix in spite of several simplifi~
cations. However, at uneutron energies
of 2 MeV and greater, the recoil
distribution is not properly repre-
sented by the response matrix, and
there remains a small peak in the
low=energy spectrum due to the sys-

tematic errors in the response matrix.

RESULTS

DISPLAY FORMAT

Neutron spectral data are obtained
from experimental pulse-height data
using organic scintillators, hydro-
genous gas proportional counters,

and 3He gas proportional counters.

Each detector is useful in a rather
narrow portion of the energy range
of interest. Spectral segments are
obtained using the LLL unfolding code
NUTSPEC.52
NUTSPEC appears in both graphic and
The tabular output

The spectral output from

tabulated form.

48~



Counts/channe!

10%

102 L—

107t

108

ol

102

10!~

100 —

105

103 | e

102

10 F

' (e)

100

Fig. 28.

(a) pulse-height spectrum, 268-keV source;
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3He proportional counter exposed to monoenergetic neutrons:

(b) unfolded energy spectrum,

(c) pulse-height spectrum, 567-keV source;

and (f) unfolded energy spectrum, 1,2-MeV source.
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(d) unfolded
(e) pulse-~height spectrum, 1.2-MeV source;
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gives spectral intensity, ¢ (E),
(neutrons/cm24s—nev) as well as the
In addition, the
spectral intensity is multipliéd by

uncertainty, 8¢ (E).

a neutron dose-eguivalent conversion
factor74 at energy E to obtain the
neutron differential dose-equivalent
rate, D(E), (mR/hr-MeV) and by a
suitable conversion factor;75 to
obtain differential neutron kerma

rate, K(E), (erg/g-s—HeV).' Finally,

| | ]
16 | th) ]
>
()
g
R
~N
£
g 8 =
j=4
|
m}
< . )
o el 1. { ]
: 1.0 2.0 3.0
Neutron energy — MeV
Fig. 28. Continued. (g) pulse~

helght spectrum, 2.03-MeV source,
(h) .unfolded energy spectrum, 2.03-
MeV source, and (i) refold pulse-
height spectrum compared to experi-
mental data, 2.03-MeV source.

integrals of ¢, D, and K are given

as. functions of energy; i.e.,
E) = E')E' .
I¢( ) '(v. $(E")dE (76)

Graphical data are also given showing
the experimental pulse-height data,
the refolded pulse-height spectrum
compared to the experimental data,

the unfolded neutron spectrum ¢(E),
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and differential dose-equivalent
rate D(E).

using several detectors are merged

Spectral segments obtained

together into a mosaic using an LLL

o
code called RESULTS. »2

LABORATORY MEASUREMENTS

A series of measurements has
recently been completed in the LLL

’7’[‘

low-scatter facility.” Neutroa

spectra at 1 and 2 m from sources of

ZSZCf and 238

PuBe were made following
the procedures described earlier.
Each source was exposed bare, and
enclosed by various spherical moder-
ators of HZG’ CHZ’ DZO’ or Al. The
results of these measurements are
tabulated in Appendix A and plotted
in Flgs. 29-32.

Differential neutron energy spectra
are given in Figs. 29 and 30 for
252Cf and 238PuBe soufcas, respec—
tively. The Integral of these
spectra, from Eq. (76), are plotted
in Figs. 31 and 32.

ments may be used to assess the

These measure-

limits on the present methods of
All of the

spectra exhibit a depression or gap

spectral determinatiom.

in the 0.5 to 0.3-MeV region which
is an instrumental effect. It is
caused by the absence of overlap
between the useful energy ranges of
the Hz proportional counter and the
NE213 detectors.

counter used in these measurements

The proportional

is a low-pressure (1 atm) detector

where wall events predominate ahove
about 0.7 MeV. Scintillation meas-
urements were limited by the very
high count rates where PSD was effec-
tive only for recoil protons at ener-
gies greater than about 0.8-0.9 MeV.
Aside from the gap in these meas-
uremeats, the measured spectra for

252Cf an 238

unmoderated d PuBe sources

are in good agreement with the work

76,77

of others, Fission temperature

inferred from a Maxwellian fit to
the bare 252Cf data in the range
2-10 MeV yields a temperature of
1.40 MeV which is in good agreement
with Guenther, 95_21,78 who measured

1.42 Mev.

FIELD MEASUREMENTS

Only one measurement has been
made outside the laboratory to
date.79 It was carried out using
two large detectors and with the
laboratory pulse-processing electron-
ics system. A neutron spectrum was
measured over a period of about 16
hours in a neutron field whose total
intensity was about 5 n/cmz—s (which
produced a dose-equivalent rate of
about 0.5 mR/hr).
gained from that measurement indi~

The experience

cates that spectral data may be
obtained at neutron intensities as
low as 0.1 n/cmz—s with some sacri-
fice in statistical accuracy if it

is possible to accumulate data over

-51~
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Fig. 29. Continued. (g) 20-cm aluminum,

(h) 2-cm polyethylene, (i) 5-cm

polyethylene, and (j) 10-cm polyethylene.

24-4B hours. Data with good statistics
may be obtained during this time period
at intensities of 1 n/cm =B
Spectrometer temperature stability
and cosmic-ray background limit the
measurement of neutron spectra at low
intensities, Stability is important
since system drift due to temperature
or other variations limit the period

=53~

during which good data may be accumu-
lated. Interference due to energetic
cosmic-ray protons also become impor-
tant as neutron intensities decrezse.
At the present time, a field spec-
trometer is being built which will
monitor a built-in Y ray source to
stabilize the system for measurements

using organic scintillators.
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CONCLUSIONS
Spectrometer systems for both of theoretical calculations., Hydrogen
laboratory and field measurements gas proportional counters have been
have been constructed and evaluated. used routinely for low-energy
Simple unfolding methods have been measurements, while NE213 liquid
investigated and found to be effi- scintillation detectors have been
clent, and quite adequate for used for measurements above 1 MeV.

dosimetry, shielding, and verification These systems have been found

«-55=
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adequate for the intensity range
107t
range nominally 0.05 to 20 MeV,

The most significant problem

to 106 n/cmz-s and an energy

remaining is that of closing the
spectral gap due to the failure of
the proportional counter and scintil-
lator responses to overlap. 1In
principle, the 3He proportional
counters should bridge this gap
readily. Response functions for

several such detectors have been

-57-

determined in the range 0.2-4 MeV.
However, the large count rate due to
thermal neutrons in the filelds of
interest have caused serious distor-
tions in the response functions due
to pulse pile-up in the detector

and processing system. As a result,
an echo of the thermal peak appears
in the pulse-height spectra.

Unfolded results have been unreliable
in many cases of interest. These

detectors may yect prove usefrl 1if an
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effective thermal neutron shield may
be designed for them,

Alternatively, the useful energy
range of hydrogen and methane gas
proportional counters may be ex-
tended to higher energies by intro-
ducing a atopping gas or increasing
the £ill pressure, This work is now
in progress. As yet, electronegative

impurities introduced during the fill

~-5%=

process limit the formance of
high stopping power detectors.
Measurements made thus far have
provided enough information about
the neutron spectra of interest that
shielding and dosimetric conclusions
may be drawn. The gap in the measured
spectra, although it often occurs in a
region of high intensity, 1is narrow

and an estimate of the spectral shape



may be based on transport calcula-
tions without introducing large errors.
Thus, the methods described here may
be implemented to provide a simple

and efficient means of neutron

spectroscopic measurements. Imple-

mentation on a mini-computer or
micro-computer 1s straightforward,
and the quality and completeness of
the result has been found adequate
for the purposes described in the

Introduction.
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APPENDIX A — TABULAR RESULTS FOR NEUTRON SPECTRUM
MEASUREMENTS NEAR VARIOUS MODERATOR-SOURCE
CONFIGURATIONS

Data are given in two forms for each configuration. First, spectral
results are given whers absolute intensitiles are normalized to a source

Second, these tabular results are integrated over the
The first table

strength of 1 n/s.
30 energy groups used by MORSE-L to give 30 group results.
for each configuration includes the absolute differential intensity (n/cm s-

MeV) and its uncertainty (one-sigma), The table also includes differential

neutron dose-equivalent rate (mR/hr-MeV) and differential Kerma rate (erg/
g-s-MeV). Finally, the table shows the integrals s;¢(E')dE' and s:D(E')dE’.
The second table for each configuration gives, for each group:

e The differential flux ¢(E}, averaged over the group.

] \The group flux, i.e., ¢(E) integrated over the group.
The differential flux per unit lethargy ¢$(U) = E ¢(E)}, averaged over

-\

each group.
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1
CF-252 BARE AT R=2M (FOR 1.0 N/SEC)

TIME AND DATE ©F DATA REPORTING 10:26:57U 10/18/77
COMPILATIOGN DATE OF THIS CODE VERSION 10/18/77U0 09.13.04 .
ENERGY PHI DEL-PHI DOSE KERMA [NTEGRAL INT -DOSE FILE-ID
(MEV) {NEUT/CM2-SEC-MEV) (MR/HR-MEV) (ERG/GM-SEC-MEV) (NEUT/CM2-SEC) (MR/HR) -
.79%E-0 386E-0 6.931E-0 3.689E-0 .079E- . 260E~06 3.595E-07 7060C0!
.941E-0 90E-0 3.549E-0 4.143E-0 .197E- . 240E~08 3.590E-07 7060C0
.083E-0 S99E-0 3. 768E - 0% 4.64%E-0 .827E- .218E~06 3.584E-07 7060C0
. 225E-0 709E-0 3.998E-0 .186E-0 . 464E - .194E~C3 3.577E-07 7060C0
367E-0 815E-0 4, 285E-0 .753E-0 . 605E- .169E~05 .569E-07 7066C0
SOSE-0 .907E-0 4.503E-0 .318E-0 . 742E- - 143E~05 .BS0E-07 7060C0O
.6S51E-0 . 983E-0! 4.631E-0 .861E-0 . B69E- .115E~06 .5S51E-07 7060C0
793E-0 .037E-0 4.897E-0 .365E-0 .983E- .087E-06 .S41E-07 7060C0!
93ISE-O -074E-0 4.738E-0 7.832E-0 . 08B4E- . O58E~06 . 530E-07 7068C0!
077E-O . 096E-0 4.745E-0 . 270E-0E JA75E- .028E~06 .519E-07 7060C0
J219E-C .107E-0 4. 725E~0 ,888E-O . 258E- . 998E-0 .S07E-07 7068C0!
361E-0 .112E-0 4.690E-0 .099E-0 .337E- . 968E~-0 .494E-07 7060C0!
.503E-C .113E-0l 4,653E-0. .S10E-0O .413E- .938E-0 .481E-07 068CO!
64SE-0 .112E-0 4.618E-0 .932E-0 .491E- . 9C8E-0 .467E-07 7060CO0:
788E-0 .111E-0 4,.581E-0 . 037E~07 .B71E- . 878E~0 .452E-07 7060C0
930E-0 . 112E~0 4.845E-0 .0B4E-07 .B55E~- . 848E-~-0 .437E-07 Q60C0O
4.072E-0 +116E-0 4,518E-0 . 135E-07 . 747E- .818E~0 .422E-07 060C0O
214E-0 . 122E-01 4.503E-0 .189E-07 . 845E- . 788E-0 .405E-07 7060C0!
4,356E-0 . 133E-0 4,%01E-0 .249E-07 .982E~- .788E-0 . 388BE-07 7068C0
498E-0 . 146E-0 4.308E-0 .313E-07 .0B7E- . 727E-0 .8370E-07 7060C0!
4,640E-0 61E-0! 4.517E-0 .381E-07 .188E~ .697E-0 .350E-07 7060C0!
782E-0 74E-0 4. 525E-0! .451E-07 .311E- . 666E-0 .330E-07 7060C0!
4,924E-0 84E-0! 4,525E-0 .B23E-07 . 435E~ .635E-0 .309E-07 7060C0!
OS6E-O 89E-0 4,512E-0i .B73E-07 VB21E- . 604E-0 .287E-07 7050C0:
208E-0 - 187E-0 4,487E-0 . S95E-07 .S59E- .%73E-0 . 265E-07 7060C0:!
«3S0E-O . 178E-0l 4.448E-0 .609E-07 ,S582E - .B42E~0 .242E-07 7060C0
492E-0 . IS5E-0I 4,387E-0! .617E-07 .SB89E- 1E-0 .219E-07 70606C0!
634E-0 . 124E-0 4. 296E-0 .616E-07 .877E- 481E-0 .196E-07 7060C0:!
776E-0 .082E-0 4.181E-0 .807E-07 .848E- 451E-0Ol 73E-07 7060C0
.918E-0 .031E-0 4. 046E-0 .S91E-07 .S01E- 422E-0 S1E-07 206000
.Q60E-0 . 974E~Q! 3.802E-0 .568E-07 . 442E- 3E-0 2BE-07 7060C0
.202E-Q .913E-0 3.753E-0 .541E-07 .37SE- .366E-0 . -07 7060C0!
.344E-0 . 850E-0 3. E0BE-0 .512E-07 . 300E - 339E-0 .0B4E-07  7060CO
.4B6E-Q - 783E-0 3. 470E-0O .478E-07 .219E~ IE-Q .Q63E-07 7060C0!
.628E-0 . 714E-0€ 3.323E-0 LA41E-07 L 129E- 38E - 0 {042E-07  70E0C0!
.770E-0 1.640E-0 3. 165E-0 . 399E-07 . 029E- 55E -0 \022E-07  7060CO!
.912E-0 1.8561E-0 2.998E-0 (381E-07 .917E- A2E - O J003E-07  7060C0!
7.084E-0 1.477E-0 2.825€-0 .296E-07 . 792E- 20E - O \9B4E-07  7060CO
7.196E-0 1.388BE-0! 2,838E-0. .235E-07 . 653E- 00E-0 . 966E-07 7060C0!
7.338E-0 1.293E-0 2.445E-0 L 167E-07 . S00E - 81E-0 \949E-07  7060CO
7.4B0E-0 1.195E~0! 2.244E-0 Q95E-07 . 339E- 63E-0 . 933E-07 7060C0
7 .622E-0Q 1.096E-0 2.187E-0 .018E-07 . 168E~ . 147E-0 .918E-07 7060C0
9. 0S3E-0 4.716E-0 3.534E-0 5,059E-08 . 048E- . 035E-0 .BO9E-07 7120CO1L:
299E-0 5.406E-07 3.783E-0 5.94%E-08 . 226E- . 022E-0 .795E-07 7120CO1L:
S60E -0 6.600E-07 4.396E-0 7.527E-08 S41E- .001E-0! .771E-07 7120C01L:
886E-0 6.717E-07 4.538E-0 7.844E-08 9E - . 985E-0Q .753E-07 7120CO1L:
024E+00 7.723E-07 5.021E-0 SE-08 859E - . 960E-0 .724E-07 7120C01L:
D47E+00 7.295E-07 4. 833E-0 686E-08 760E- .943E£-0 .708E-07 7120CO1L:
« QBOE+00 7.801E-07 5.143E-0 BE-08 890E-~ ,918E-0 .673E-07 7120C01L!
. 102E+0Q0 7.7%6E-07 $.143E-0 33E-08 884E - .901E-0 .653E-07 7120C01L:
. 133E+00 8.041E-07 5.363E-0 34E-08 960E - .876E-0 .623E-07 7120C01L
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1
cF-2%52 BARE AT R=2M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 0:26: 57U 10718777
COMPILATION DATE OF TH4IS CODE VERSION 1o/18/770 09 13.
30 BROUP OUTPUT
GROUF® ENERBY DI FFERENTIAL FLUX INTEGRAL FLUX FLUX PER UNIT LETHARGY
UP-BOUND-MEV N/CM2-SEC-MEV N/CM2-SEC N/CM2-SEC
30 4.000000E-07 0. 0. 0.
29 3.180090E~06 0. 0. 0.
28 2.5200D0E -0 0. 0. 0.
27 2.000000E-~04 0. 0. 0.
26 1.590000E-03 0. 0. 0.
a5 1.261000E-02 0. 0. 0.
24 1.000000E-Q1 0. 0. Q.
23 2.236000E-01 1.44431%E-06 1.785173E-07 2.336901E-07
22 S.C000CQ0E-O1t 2.077042E-06 5. 740945E-07 7.514739E-07
21 5.946000E-01 2.139102E-06 2. 0; 91E-07 1.170731E-06
20 7.071000E-0% 1.762964E-06 1. 4E-07 1.147425E-06
19 8.409000E-01 1.072603E-06 1.4 43E-07 8.301950E-07
18 1.00000QE+Q0 €. 0S8365E-07 9.6 SOE-Q8 5.%576422E-07
17 1.257400E+00 7.989679E-07 2.0 A3E-07 9.017951E-07
16 1.%81100E+Q0 8.504070E~07 2.752767E-07 1.206940E-06
15 1.988200E+00 7.532273E-07 3.¢ BOE-07 1.344247E-06
14 2.500000E+00 6. 135%516E-07 3.140157E-07 1.376 -06
13 2.973000E+00 5.191143E-07 2.45541185-97 1.4205% -Q€
12 3.535500E+00 3.472483E-07 1.9%3272E-07 1. 130 -06
11 4.204300E+00 2.2 92E-07 1.480760E~-07 8, 5658 -07
10 5.000000E+00 1.397546E-07 1.111748E-07 6,43185 -07
9 5.764800E+00 8. -08 6,.607412E-08 4.650070E-07
8 6.646500E+00 5. 133255E-0Q8 4.52r991E-08 3.188519E-07
7 7.66310DE+00 2. 4 -08 3.044203E-08 2.142501E-07
[ 8.835200E+00 1.556615E-08 1.824508E-08 1.284075E-07
S 1.018600E+01 7.189890E-09 9,712103€E~09 6.838017E-08
$  1:3%aj00e.01 13787938188 2:5522958 83 9 83335785
E * B - 2.7 70E~ 1.909311
2 1.561200E+01 0. 0. 2 os 0.
1 1.80000CE+0O1 o. 0. 0.
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1
CF-252 25 CM Hz20 AT R=2M (FOR 1.0 N/SEC)

TIME AN| ATE COF DATA REPORTIN 128! GSU 10/18/77
COMP U?!gN DATE OF THIS CODE VERS[BN 10718777V 09 13.0
NE| DEL -PH! DOSE KERMA | NTEGRAL. INT-DOSE FILE-ID
EHEs? (NEUT/CMZ'SEC'HEV) {MR/HR~MEV) (ERG/GM-SEC-MEV) (NEUT/CM2-SEC) (MR/HR)
.8S7E-01 4.598E~ OB 2.298E-09 .171E-09 .4B63E~ . 280E-07 . SB81E-0i 7060C
.752E-01 4. 449E-0 038E-09 . 167E-09 .425E- .27SE-07 . 579E-0€ 7060C
.848E-01 4.393E- oa L 023E-09 . 188E-09 433E - 271E-07 .S78E-0 7060C
~SA1E-Q A.QOIE'OO .QQRE-09 .221E-08 .528E- 267E-Q7 7 7E- Q! 70600
.Q3B8E-0 4. 431E .010E-09 .269E-09 .637E- 263E-07 76E-0 7060C
130E-0 4.3511E 08 .Q31E-09 .329E-09 .781E- . 258E-07 75E-0 7060C
223E-0 4,608E-08 . DB3E-09 .398E-09 .947E- 254E-07 74E-0 060C
+320E-0 4,702E-08 .092E-09 . 469E-09 4.114E- 250E~07 72E-0 066C
.415E-0 4.777E-08 .09EE-09 .S37E-09 4,271E- . 24SE-07 71E-0: 060C
.5Q9E-0 4.827E-08 .09%E-Q9 .599E-09 4.407E- .241E-07 69E-0 0C
.B04E-0 4,.8%0E-08 .091E-09 . 654E-09 4.524E- 36E-07 8E -0 7066C
.B99E-0 4,.8%1E-08 .OBQE-09 .704E-09 4,.623E- . 232E-07 6E - O 7060C
. 793E-0 4.837E-08 . D8SE~ 749E-09 4.708E- 227E-07 4E - O 7060C
. 888E-O 4.810E-08 . OS6E-09 .791E-08 4.783E- 222E-07 3E-0 7060C
.983E-0 4,77%E-08 .Q41E-09 .830E-09 4.851E- 18E-Q07 1E-0O 7060C
.077E-0 4,733E-08 . Q23E-09 .868E-09 4.911€E- 13E~07 9E - O 7060C
.172E-0 4,686E-08 . 00SE-09 .904E-09 4.967E- 09E-07 8E -0 7060C
.267E-0 4.838E-08 .885E-10 . 940E- .021E- 04E -~07 6E -0 7060C
.3A61E-0Q 4.5S68E-08 .G9BE-10 .976E-09 .07SE- QQE-07 4E-0 7060C
4S6E-0 4,540E-08 .534E-10 .014E-09 . 130E- 6E-07 2E -0 7060C
.S581E-0 4.494E-98 .372E-10 .0S3E-09 .189E- 1E-07 QE -0 7060C
.B45SE-0 4.4%1E-08 .229E-10 .093E-09 . 249E- 7E-07 48E-0 7060C
.740E-0 4.411E-08 .092E-10 . 136E-09 .314E- 3E-07 46E ~0 7060C
3.833E-0 4. 374E- .963E-10 . 180E-09 .3 - 9E-07 44E-0 7060C
3.930E-0 4.339E-08 .839E-10 . 227E-09 . 45 - 75E-Q7 42E-0 06CC
4.024E-0 4,305E-08 .723E-10 .275E-09 .5 - 71E-07 40E -0 7060C
4,118E-0 4.274E-08 .806E~10 326E-09 .608E- 7E-07 8E-0 7060C
4.214E-0 4,244E-08 .S02E-10 78E-09 .689E- 3E-07 SE - O 7060C
4.308E-0 4.216E-08 .398E-10 432E-09 .772E~ 9E - 07 3E-Q 7060C
4,403E-0 4.187E-08 .301E-10 4B7E-09 .897E~ . 155E-07 1E-0O 7060C
4,.498E-Q 4.1%8E-08 .203E-10 S43E-0 .942E- .151E-07 8E-0 7060C
4,.892E-C 4,127E-08 . 106E-10 598E-09 . 024E - . 147E-07 . 526E-0. 7068C
4.887E-0 4.095E-08 .002E-10 65%5E-09 . 105E- .143E-07 . S24E-0 7060C
4.782E-0 4,0%9E-08 .8B5E-10 710E-09 . 183E- . 139E-07 .S21E-0 7060C
4.876E-0 4.021E-08 7.769E-10 763E-09 .2%57E- . 135E-0Q7 8E -0 7060C
4.971E-0 . 982E-08 7.64%5E-10 18E-Q9 . 328E~ . 1E-07 6E-0 7060C1
.OBBE-O . 940E-08 7.528E-10 32E -09 .33BE- . 128E-07 JE-O 7060C
. 160E-Q ,897E-08 7.4035E-10 28E -09 .317E- .124E-07 OE -0 7060C
.285E-0 8%2E-08 7.288E-10 22E-09 .293E- . 120E-07 O0BE-0 7060C
.350E-Q 80BE-08 7.165E-10 15E-08 6.264E~ .117E-07 O5E-0 7060C
.445E-Q 787E-08 7.048E-10 OSE -09 6.232E- .113E-07 02E-0 7066C
.S35E-0 704E-08 6.925E-10 92E-09 6.192E~ .110E-07 . SO0E -0l 7060C
.BA4E-O 9 - 6.7B3E-10 - . 146E- . 106E-07 . 497E-0 7080C
.729E-Q SB9E-08 6.639E-10 757E-09 .092E~ .103E~-07 . 494E -0 7060C
«823E-0 . 525E-08 £.485E-10 734E-09 . Q30E~ .099E-07 . 492E-0 7060C
.918E-0 4%9E-08 6.330E-10 708E-09 .962E- .096E-07 .489E-0 7060C
.D13E-0 .390E-08 6.3171E-10 80E-09 .888E- .Q93E~07 .487E-0 7060C
.107E-0 18E-08 6.014E-10 48E -09 . 808E~ .090E-07 .484E-0 70606C
.202E-0Q 246E-08 $.853E-10 15E-09 . 726E- .QB6E~0Q2? . 482E- 0 7060C
.297E-Q .174E-08 $.690E-10 82E-09 .642E~ .083E-07 . 478E-0 70600
.391E-0 . 10SE-08 $.809E-10 SSOE-09 . S62E~ .08QE-07 .477E-0i 7080C




-‘[z-

.ABGE-01 3.041E-08 S.958E-10 521E 09 S5.439E- .Q77E-07
.981E-01} 2,982E-08 6.138E-10 496E-09 S.424E- .Q75E-07
.673E-01 .928E-08 6.378E-10 .474E-09 5.367E- \072E-07
. 770E-01 .877E-08 6.678E-10 4E -09 5.314E~ 069E-07
86SE-01 . 826E-08 7.133E-10 .433E-09 S.259E- .066E-07
960E-01 .7869E-08 7.697E-10 .407E-09 S.193E- .064E-07
OS4E-0) .712E-08 3. 112E~10 380E-09 5. 125E- .061E-07
69E-01 .203E-08 . 702E-0 +391E-09 4.942E- .009E-07
S40E-01 .608E-08 . 83BE-O 8E-09 6.029E~ .000E-07
782E-01 .820E-08 .974E-0 . 255E-09 6.649E~ .937E-0
O14E+00 . 780E-08 .9BIE-O . @89E -09 6.8682E- .837E-0l
037E+00 .908E-08 .0S7E-0 SSE -09 7.009E- .771E-O
071E+DO . 794E-08 .020E-0 . 342E-09 6.762E- 674E-O
093E+D0 . 762E-08 .017E-0 .318E-09 6.702E- .613E-0
4E+DO . S43E-08 . 966E-0 74E -09 6. 194E- S31E-0
6E+D0 .871E-08 .138E-0 .490E-09 7.017E- 444E -0
OE+00 . 930E-06 122E-0: . 586E-09 7.192E- 346E-Q
2E+D0 . 150E-08 .240E-Q 3.872E-09 7.752E~ 9. 279E-0!
3E+DO .S90E-08 OE - 0! 4.438E-09 . 865E~ 174E-0
74E+00 .341E-08 .373E-0 4.156E-09 . 282E~ 067E- 0
04E+00 .447E-08 2E - 0! 4.313E-09 .B76E- .96%E-0
qE+G0 .438E-08 4S1E -0 4.326E-09 . 583E- 62E-0
3E+00 .348E-08 422E- 0 4,236E-09 .387E- . 763E-0i
3E+00 .331E-08 .339E-0 4.239E-09 . 374E- 663E-0
421E+00 .470E-08 28E -0 4,439E-09 . 7S0E~ .568E-0O
450E+00 .335E-08 371E-0 4.291E-09 +440E- .469E-0
487E+00 -330E-08 39SE-0! 4.315E-09 < 464E- 4GE -0
SE+00 .340E-08 407E -0 4.352E~09 Si18E- . 253E-0i
42E +00 . 1956E-08 .3S3E-0 4.185E-09 17SE- 4E -0
69E+00 .105E-08 7E-0O! 4, 088E-09 .970E - .079E-0O
04E+00 -193E-08 ,297E-0! 4.232E-09 . 228E- 969E -0
OE+00 .281E-08 S2E -0 4.369E-09 .480E- 7.885E-0
SE+00 80E-08 ,358E-O 4.398E-09 -513E- . 770E-0i
8E+00 3.328E-098 E -0 4.478£-09 .B53E- . 694E -0
SE+00 .333E-08 . 406E -0 4,513E-09 703E- 7.604E-0
750E+00 . 198E-08 .273E-0 4.358E-09 . 383E- 7.490E-0
783E+00 94E-08 320E-0 4.518E-09 670E- 7.383E-0
OBE+00 -324E-08 . 344E -0 4,580E-09 . 773E- 7.300E-0
41E+00 . 194E-08 289E -0 4.430E-09 .463E- 7.193E-0
6E+00 .153E-08 281E-0 4.394E-09 379E-~ 7.113E-0
8E+00 .951E-08 . 12%E-0 4.130E-09 . 873E~ 7.016E-O
OE+00 .974E-08 .139E-0 4.1962-09 7.963E~ .921E-0
2E+00 -86BE-08 .101E-0 4.071E-09 7.709E- 827E-0
GE+00 .854E-0Q8 100E -0 4.070E-09 7. 692E- . 759E-0
017E+00 .779E-08 079E-0! 3.975E-09 7. S20E- 671E-0
049E+00 .O0GE-Q8 .186E-0 4.300E-09 8. 167E- .579E-0Q
.079E+00 .9%54E-08 0SBE-0O 4.227E-09 8. 0S8E- .489E-0
79E+00 .21SE-08 .0S9E-0 4,601E-09 8.771E~ 89E -0
. 110E+00 .856E-08 0S4E-0: 4.088E-09 7 . 822E- . 395E-0
.141E+00 .832E-08 O381E-O 4.055E-09 7.790E- 07E -0
163E+00 .867E-08 .034E-0 4, 10SE-09 7.907E- .24%E-0
193E+920 . 749E-08 974E -0 3.938E-09 7.613E- .160E-0O
201E+00 164E-08 OB64E - 0! 4,%533E-09 8.770E- .137E-0
223E+00 .743E-08 Q6EE-~0! 3.931E-09 7.627E- .072E-0i
3E+00 .915E-08 . 100E-0O 4.178E-09 8.135E- .987E-0
283E+00 908E-08 .058E-0 4. 189E-09 8.147E~ B899E -0
312E+Q0 950E-08 .026E-Q 4.230E-09 8.296E- 1SE-O
348E+00 44E - .020E-D 4.080E-09 8.037E-1 710E -0
.377E+00 .878E-08 .037E-0 4.130E-09 8.165E-1 .B627E-0
. 406E+00 .839E-08 -082E-0 4.073E-09 8.083E-1 .544E-0
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-ZL-

. 424E+00 .063E-O 2. 093E-09 4.397E-0 741E-15 S.491E-08 7.987E-0 7130COSHS
435E+00 .B64E-0 .957E-09 4.112E-0 186E-1%8 5. 459E -0 7.941E-0 7
483E+D0 .934E~-0O 896E-09 4.214E-0 418E-15 S$.877E-0 7.824E-0 7

.491E+00 E-O 822E-08 4.239E-0 497E-15 5. 295E-0 7.706E-0! 7

.801E+00 28E -0 776E-09 4.353E-0 844E-15 4.966E-0 7.233E-0 718

. +00 764E-0 626E-09 BOE-0 244E - 4.506E-0 6,571E-0O! 7

. 920E+00 2. 514E~Q 467E-09 .62%5E-0 656E - 4.084E-0 S.962E-0 7

. 132E400 93E-0 .116E-08 . 736E-0 S.929E- 3.616E-0 5.288E-0! 7

3.281E+00 I32E - O 3.865E-10 .361E-0 5. 217E~ 336E-0 4.883E-0 7

.S03E+Q0 28E-0 190E-10 . 925E-0! 4,365E- 023E-0 4.428E-0! 7

.G52E+00 78E-D! . 145E-10 . 710E-0O SS4E- B23E-0! 4q,139E -0 7

. 872E+00 010E-O .299E-10 .470E-0! . 487E- .594E-0 . 805E-0! 7

4.019E+00 404E-0 .S03E-10 .370E-0 8E - . 4S0E-0 .597E-0 ?
4.215E+00 . JGAE-D! . 786E-10 . 337E-0! 307E~ . 268E-0 .331E~0O 4
4.379E+00 .105E~-0O 720E-10 .331E-0 358E- .118E-0: .113E-0 ?
4.577E+00 .437E-0 3E-10 . 235E-0! 193E- . 945E- 0 . 898E-0! 7
4.774E+00 .B14E-O Q76E-10 . 146E-0 C34E~ . 785E-0 .624E -0 7
4.921E+00 7.944E-0O 095E-10 . 167E-0 145E- .669E-0 .454E-0 7

- 115E+00 7.691E-0 4.948E-10 -131E-0 085E - .517E-0 .231E-0! 7

.307E+00 .554E~0O 4,836E-10 .110E-0 . 044E~ .371E-0 .016E-0 7

. 488E+00 6.898E-0! 4.404E-10 $.846E-10 10E~ . 242E-0 .826E-0 7

. 8635E+00 S5.955E-0 875E-10 -754E-10 418E - .149E-0Q . 690E~-0O Y4

. 825E+00 5.507E-0 640E-10 8.096E-10 246E - .D40E-0Q .529E-0 7

-003E+00 4.958E-0 J82E-10 . 289E-10 031E- 9, 46BE- 0! . 393E-O! 7
200E+00 4.428E-0! «11SE-10 SO9E-10 «822E~ 8.544E-0 .257E~-0 M

« 3BAE+Q0 .943E-0O S06E-10 .797E-10 30E- .774E-0! .143E-0 7
S87E+00 .801E-0Q 702E-10 294E-10 495E - 7.083E-0 . 042E-0! 7

. TA9E+ .521E-0 638E-10 176E-10 468E - 6. 435E-0 3.467E~-10 7
929E+00 .403E-O S62E-10 002E-10 424E - S$.812E-0 3.551E-10 7

. 109E+00 -975E-0 .399E-10 4,373E-10 251E- 5.238E-0O 7.707E-10 7

7.287E+00 .33BE-0O 167E-10 436E-10 868E~ 4.765%5E-0 7.012E-10 7
7.484E+00 .304E-0O 942E-10 387E-10 767E- 4.3%54E-0 6.408E~10 7
7, 639E+00 ~+ 2.529E-0 026E-10 18E-10 +077E- . 932E-0! $.786E-10 7
7.814E+00 .244E-0 S02E-10 «299E-10 ). 592E - .S14E-0! 5.172E-10 7
7.98BE+00 . 765E-0 «701E-10 95E-10 6E- . 165E-0! 4.660E-10 7

. 203E+00 -465E-0O SS1E-10 S3E-10 J18E- 818E-0O 4.14%E-10 7
361E+00 .558E-0O SS0E-10 91E-10 747E- .S79€E-0 3.798E-10 7
S39E+00 426E-0 493E-10 9EE-10 J199E- .313E-0 3.408E-10 7
710E+00 324E-0 430E-10 46E-10 . 779E- .078E-O 3.062E-10 7

. 925E+00 23E - 0! ,334E-10 04E-10 4.488E~ . 826E-0! 2.691E-10 7

. 092E+00 9.462E-10 303E-10 +391E-10 4.168E- . 662E-0O:! 2,449E-10 7?7

. 299E+00 2E-10 107E-10 .320E-10 3.972E- . S08E-0 2,223E-10 7
467E+00 9.067E-10 OB6E-19 +333E-10 4.029E- . 320E -O! 1.8947€-10 7
632E+00 7.963E-10 03SE-10 .171E-10 SS3E - . 179E-0! 1.741E-10 7
796E+00 7.249E-10 010E-10 .Q66E-10 247E- .0SSE-O! 1.557E-10 7
O0DE+01 S5.261E-10 359E-11 7.733E-11 367E~ .270E-10 1.370E-10 7
O16E+01 5.302E-10 203E-11 7.799E-11 390E- .425E-10 1.245E-10 7
037E+01 4,%548E-10 885E-11 6.697E-11 OSSE - .391E-10 1.093E-10 7
O53E+01 4.961E-10 859E-11 7.311E-11 24%E- 6.630E-10 9.811E-11 7
073E+01 4,%517E-10 3.450E-1) 6.663E-11 048E- 5.683E-10 8.414E-11 7
089E+01 4.121E-10 7.295E-11 6.082E-11 872E- 4,992E-10 7.8394E-~11 7

. 108E+01 4,576E-10 7.081E-11 6.761E-11 2.083E- 4.166E-10 6.174E-11 7
124E+01 4.165E-10 S81E-11 6.157E-11 899E - .466E-10 $.141E-11 7

.144E+01 2,919E-10 342E-11 4.319E-11 333E- .758E-10 4.093E-11 7

63E+01 1.738E-10 08B4E-11 2.574E-11 .957E- .316E-10 3.438E-11 7
17SE+01 1.088E-10 687E~11 1.583E-11 4.896E-17 .091E-10 3.10%E-11 7
198E+01 1.975E-10 371E-11 2.930E-11 9.074E-17 .802E-10 2.677E-11 7
218E+01 3.748E-10 401E-10 5.566E-11 1.726E-16 .230E-10 1.827E~-11 2

SE+ 1.265E-09 9.099E-10 1.880E-10 5.834E-16 0. 0. 7




-EL-

1
CF-252 23 cM H20 AT R=2M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 0:28:36U 10/18/77
COMPILATION DATE OF THIS CODE VERSION 10/18/77U os 13.04
30 GROUP OUTPUT
GROUPS ENERGY DIFFERENTIAL FLUX INTEGRAL FLUX FLUX PER UNIT LETHARGY
UP-BOUND~MEV N/CM2-SEC-MEV N/CM2-SEC N/CM2-SEC
30 4.000000E-07 0. 0. 0.
29 A 0. 0. 0.
28 0. 0. 0.
27 o 0. 0. O.
26 .59000C 0. 0. 0.
25 .261000E-02 0. 0. 0.
24 .O00Q0JE~01 0. 0. 0.
23 . 236000E-01 4.535209E-08 5.605519E-0 7.337969E-0
22 . 000COOE-01 4. -08 1.234228E -0 1.615570E-0
21 . 946000E-01 3.7268252E~08 3. 7E-0 2.040473E-0
20 .071000€-01 3.046967E-08 3.427838E-0 1.883118E-0
19 8. 409000E-01 0. 0. 0.
18 : 00000 . 454223E-08 3.904668E-0 2. -0
17 . 922125E-08 7.521551E-0 3.298203E-0
16 342344E-08 1.081917E-0 4.743621E-0
18 166617E-08 1.2 OE ~0 5.651303E-0
14 z 899476E-08 1.4 2E -0 6.506714E-0
13 F . 778004E-08 1.3 6E - 0! 7. 008E - 0!
12 E 732578E-08 9.745752E-0 5. 42E -0
11 4. .049425E-08 7.020651E-0 4.061273E-0
10 5 39318E-09 6.713477E-0 3. -0
9 5 968434E-09 S, 329505E-0 3.750722E-0
8 3 4.465524E-09 3.937253E-0 2.771148E-0
7 7. 2.879514E-09 2.927314E-0 2.060235E-0
© B. ,661591E-09 1.947550E- 0 1.370671E-0
5 . 3622E-10 1.094637E-09 7.707031E-09
4 .941908E-10 6, 14543%5E-10 4.322499E-0
g 0.0141195-09 1.821357E-09 l1)..%3211:5(:5-0
. o. .
1 0. 0. 0.



_|7L_

1
CF-252 S CM D20 AT R=2M (FCR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 10:30:18U 10/18/77
COMPILATION DATE OF THIS CODE VERSION 10/18/77U 09.13.04
ENERGY PH1 DEL -PHI DOSE KERMA I NTEGRAL INT-DISE FILE-ID
(MEV) {NEUT/CM2-SEC-MEV) (MR/HR-MEV) (ERG/GM-SEC-MEV) (NEUT/CM2-SEC) (MR/HR)
.S62E-0 2.057E-06 1.029E-07 .087E-0 .517E- 2.010E-0Q€ -107€~07
.704E-0 .968E-Q6 4.596E-0 .Q87E- 0O . 499E-~ .9B1E-Q 100E~07
.848E-0 . 935E-06 4.407E-08 .223E-0 521E-~ .953E-0 . 092E~-07
.9B8E-0 .919E-Q6 4.418E-08 413E-0 S8E-13 .926E-0 085E~07
.130E-0 9E-06 4,564E -0 . BS6E-0: .809E- .899E-0 Q77E~07
.273E-0 .913E-06 4.5S0E-0! 891E-0 . 656E- 71E-0 .069E~07
.415E-0 .887E-06 4.418E-0 .073E-D 7E- .844E-0 . 0B0E~07
.S57E-0 .841E-06 4.226E-0: Q0E- 9E - 18E-0O .052E-07
.899E-0 .779E-06 4.046E-0: .248E-0 SE - «792E-0 . Q43E~0Q7
.841E-0 08E-06 « 852E-0 . 2B65E~0 .B80E- .767E~-0 .034E-07
.983E-0 .634E-06 -643E-0 262E-0 QE- .744E-0 . 025E~-07
. 128E-0 .SEDE-06 +A42E- . 248E-0 7E =13 .721E-0 .016E~07
.267E-0 .489E-06 . 2%57€-0 32E-0 +B13E-13 .699E-0 07E~07
.409E-0 42%5E-06 3.091E-0 228E-0 3E - 13 .679E-0 . 998E~07
.551E-0 .368E-06 + S43E-0 .240E-0 S77E-1% .B59E-0 .990E~-07 7070C0
.693E-0 .315E-06 13E~0: 274E-0 7E- 40E -0 .981E-07 7070C0:
.835E-0 .271E-06 «701E-0 5, 338E-0 . S65E~ .B21E-0 .972E~07 7070CD
.977E-0 .234E-06 - 60SE-0 5. 429E~0 . S69E- 04E-0! .963E~-07 7070C0.
4.119E-0 . 205E-D6 - 525E-0 5, SS8E-0 1E- .S86E-0O +953E-07 7070CO0:
4.261E-0 . 183E-06 . 483E-0 5. 726E-0 .603E- 69E-0 .944E~07 2073C0
4.403E-0 . 168E-06 -419E-0 6.93%E-0 33E- S3E -0 . 934E-07 7070CO:
4.545£-0 . 158E-06 . 389E-0. . 185E-0. .672E- 536E-0 . 924E-07 7070C0
4.687E-0 . 153E-06 3I68E-0 7.477E-0 . 720E- .520E-0 .914E-07 7070C08S
4.829E-0 .151E-06 . 356E-0: 7. 798E -0 .773E- .S03E-0 . 903E~07 7070CD:
4.971E-0 . 152E-06 «-349E-0 1S52E-0 . 1E- .487E-0 .892E~07 7070C0.
.113E-0 . 152E-06 -342E-0 319E-0 . 860E- .471E-0 .880E~07 7070C0
.255E-0 . 151E-06 .331E-0 .434E-0 .8B1E- .454E-0Q 68E~-07 7070C0
97E -0 .147E-06 . 314E-0 S21E-0 . 895E-~ .438E-0 .856E-07 7070GCO!
.S39E-0 38E-06 . 288E-0 . 8B0E-0 .903E- .422E-0 . 844E-07 7070C0
.681E-0 . 124E-06 +2B0E-0: . B94E -0 .901E- 406E-0 . 832E-07 7070C0
.823E-0 3E-06 < 198E-0 .S5S2E-0 . 886E- 90E -0 . 820E-07 7070C0
.96SE-0 074E-06 -131E-0 +450E-0 . 858E - .374E-0 .807E-0Q7 7070C0
.107E-0 .03BE-06 .0F"E-Oi .281E-0: .816E- S9E -0 .796E-07 7070C0:
«249E-0 .943E-0 .95iE-O .04BE-0. . 760E- . 34%5E-0 .784E-07 7070C0
.391E~C 3. 443E-07 +837E-01 « 754E -0 .691E- 31E-0 . ?73E-07 7070C0
+S33E-D .881E-07 .716E-0 7.406E-0 -611E- 18E-0 .762E-07 7070C0
.675E-0 .307E-07 -891E-0. 7.019E-0. .523E- O6E -0 . 752E-07 7070C0
.818E-0 .6875-07 . S07E-0. .597E-0 .427E - 95E -0l . 742E-07 7070CO
.960E-0 7.081E-07 . 493E-0 .156E-0 . 328E- 84E -0 .733E-07 7073C0
.102E-0 6.472E-07 . 431E-0i .708E-0 . 228E- 74E-0 .725E-07 7070C0
7.244E-0 .875E-07 -310E-0 . 255E-0: . 128E- .266E-0 .717E-07 7070C0
7.386E-0 .3C3E-07 . 142E-0: 4.812E-08 .0O30E-13 . 258E-0Q .710E-07 7070C0
7.528E-0 4,762E-07 .071E-0Q 4.384E-0 .353E-14 .251E°-0 . 703E-07 7070C0
7.670E-0 4.238E-07 . 028E-0 3,976E-0 .460E-14 .244E-0 . 697E~07 7070C(
.03SE-Q 4,299E-07 4.875E-0 4.604E-0 .541E-14 .186E-0 .639E-07 7120C04L:
.286E-0 2.980E- ~ 4.777E-0 3.272E-Q .748E-14 77E-0! 628E-07 7120C0
.8532E-0 3.871E-0. -176E-0 4.358E-0 .944E-14 .168E-0 619E-07 7120C0
.894E-0 4,9%52E-07 « 742E-0 5.781E-0 -178E-13 S2E-0 .B601E-07 71200C04L:
.Q13E+00 4,925E-07 . ©289E-0; 5.826E-0 .184E-13 .141E-0 7E-07 7120CO.
. 04BE+00 4,538E-07 - 10BE-O S.428E - Q& -100E-13 .124E-0 S68E-07 7120C0
.070E+00 4.446E-07 . @97E-0 S5.317E-08 .O76E-13 .114E-0 SS6E-07 7120C0




—gL—

. 104E+QD 4.082E-07 6.503E-0. 4.915E-0 9.920E-14 . . 100E-06 .S38E-07
« 124E+00 3.189E-07 6.509E -0 3.854E-0 7.767E-14 . 092E-06 .530E-07
- 1S8E+0Q0 4.641E-07 7.107E-0 5.643E-0 1.134E-13 . 0BOE-06 .514E-07
. 190E+00 3.957E-07 7.282E-0 4. 843E-0 9.712E-14 .065E-06 .497E-07
.221E+00 $.066E-07 . 333E -0 .237E-0 1.248E-13 .051E-06 479E-07
.253E+00 4.691E-07 . 339E -0 .811E-0 . 160E~- .036E-06 .460E-07
.273E+00 5.125E-07 . 579E -0 73E-0 .270E- . 026E-06 448E-07
. 303E+00 4.458E-07 + S47E -0 76E-0 .109E- .011E-06 .430E-07
«3JIIE+Q0 4.240E-07 .640E-0 34E-0 0S8E- . 984E-07 414E-07
. 353E+Q0 5.401E-07 110E-0 34E-0 .353E- .839E-07 395E-07
-392E+00 S5.007E-07 . 136E-0 .371E-0 .25BE-13 .688E-07 . 376E-07
421E+00 4.202E-07 . O87E-0i .376E-Q .060E-13 .SSSE-07 .359E-07
. AASE + 3.523E-07 .0BBE-0 4.%531E-0 8.914E-14 .447E-07 . 345E~-07
. 486E+00 6.049E-07 899E-0 7.837E-0 .537E-13 .270E-07 .323E-07
.S14E+00 4.281£-07 613E-0 $.576E-0 .092E-13 . 125E-07 .304E-07
. S41E+00 3.721E-07 .613E-0 4.871E-0 9.517E-14 .017E-07 .290E-07
. S68E+00 $.263E-07 .107E-0 . 927E-0 3S1E- . 896E-07 .274E-07
.S95SE+00 4,255E~07 7 2E-08 -629E-0 .095E-13 . 767E-07 .257E-07
.830E+00 4.822E-07 . 439E-0 .422E-0 246E- .608E-07 .236E-07
.B56E+00 4,74%5E-97 4E - 0! . 351E-0i . 230E~ 484E~07 -218E-07
.581E+00 3.969E~07 . 385E -0 .339E-0 .032E- .375E-07 .204E-07
. 7215E+ 4.480E-07 . 606E-0 .063E-0 . 170E- 232E-07 .18SE-07
. 741E+00 3.824E-07 . S60E-0! . 203E -0 .001E~ 124E-07 -170E-07
«774E+Q0 4.182E-07 .738E-0 . 726E-0 - 1COE- 991E-07 .152E-07
-799E+00 $.041E-07 .048E-0O . 93S5E-0 .329E~ 7.876E-07 -137E-07
.832E+00 3.950E-07 . 87SE-0 .470E-0 .046E- 7.728E-07 .116E-Q7
.857E+00 4.483E-07 . O6SE-0i .236E-0 . 190E~- 7.622E-07 .101E-07
. 890E+00 4,522E~-07 «179E-0! 1E-0 . 208E~- 7.474E-07 .0B1E-07
-922E+00 .494E-07 «OS1E-Oi 2E-0 9.348E-14 7.346E-07 .063E-07
.946E+00 B12E-07 4.78%5E-0 .111E-0 3. 690E-14 7.260E-07 .0S1E-07
. 978E+00 .507E-07 4,840E-0 4,994E-0 Ja445E-14 7.146E-07 .034E-07
.009E+00 .917E-07 .001E-0i 5.602E -0 OS9E- 7.031E-07 018E-07
. 040E+00 4.290E-07 .176E-0 6. 150E -0 - 167E~ +904E-07 999E -0
. 064E+00 .991E~07 . 149E-0i 5.711E-0 ‘ 7E- 805E-07 856E-0
.079E+00 7E-07 . 034E~0 5.634E-0 -. 074E - 745E-07 .771E-0
. 095E+00 .242E-07 L1975 -0 4.640E -0 8.862E-14 .688E-07 .B689E-0
. 128E+00 .656E-07 .319E-0 5.235E-0 4E - S84E-07 1E-0
. 1S6E+00 .960E~07 . 38BE-0 $.671E-0 .091E- .466E-07 3.372E-0
. 186E+00 4.083E-07 . 452E-0 5.851E-0 S0E~ 345E-07 3. 199E -0
.216E+00 4.07%5E-07 .261E-0 5.839E-0 132E- .223E-07 3, 024E -0
. 238E+00 .993E-07 4.321E-0 4, 290E -0 3. 338E-14 . 145E-07 912E-0
.260E+00 .904E-07 4. 442E -0 5. 596E -0 .091E-13 .069E-07 803E-0
. 268E+00 .141E-07 4.476E-0 4, 502E -0 3.782E-14 .041E-07 763E-0
.297E+00 .405E~07 4, 435E-0 4.882E-0i ), 557E-14 .946E-07 .627E-0
. 326E+00 .484E-07 8E-0 4, 398E -0 3.819E-14 . B46E-07 .484E-0
. 35SE+00 .046E~07 4. 565E-0i 4,370E-0! 3.615E-14 732E-07 348E-0
-384E+00 .433E-07 . 636E -0 4.926E-0. .746E-14 658E-07 .213E-0
. 413E+00 +.394E-07 4.611E-0 4.872E-0 74E-14 S59E-07 071E-0O
.424E+00 .668E-07 .819E-0 5.266E-0 .047E-13 . 520E-07 01SE-0
. 449E+00 .B8BE-07 B27E-0 $.153E-0 8E-13 429E-07 885E -0
.477E+00 .3138-07 771E-Q 4. 759E-0. S22E-14 333E-07 7.746E-0!
.601E+00 .408E-07 46E-0 4,897E-0 .948E-14 4.918E-07 7.148E -0
. 760E+00 .344E-07 116E-0 4.816E-0. 75E-14 80E-07 6.37SE-0!
.919E+00 .863E-07 875E-0 4.128E-0 .718E-14 88BE-07 5.664E-0!
. 132E+00 .366E-07 S90E-0 3.419E-0 .410E-14 329e-07 4.861E-0!
.291E+00 .738E-07 342E-0 2.516E-0 $.560E-14 003E~-07 4.389E-0!
. 503E+00 737E-07 342E-0 2.518E-0 S.710E-14 634E-07 .B58E-0
. 662E+00 .400E-07 202E-0 2.033E-0. 4.699E-14 3B85E-07 . 493E-0
.872E+00 . 156E-07 .116E-0 1.682E-0 3.988E-14 117E-07 .103E~-0
4.019E+00 .022E-07 ,067E-0 1.489E-0 3.596E-14 .957E-07 .870E-0
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1
CF-252 S CM D20 AT R=2M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPGRTING 19:30:180 10/18/77
COMPILATION DATE OF THIS CODE VERSION 10/18/77U 09.
30 GROUP OUTPUT
GROUP® ENERGY DIFFERENTIAL FLUX INTEGRAL FLUX FLUX PER UNIT LETHARGY
UP-BOUND-MEV N/CM2-SEC-MEV N/CM2-S N/CM2-
0 0. 0 0.
29 0. 0. 0.
8 0. 0. 0.
7 0. 3. 0.
26 a. 0 0.
5 0. 0. 0.
24 0. : g. 0.
33 1.996974E-06 . 468259E-07 3.291103E-07
2 1.427906E-06 {946732E-07 5.166164E-07
1 1:133140E-06 1071951E-07 6.201677E-07
0 8.887871E-07 1 998854E-08 $.7684671E-07
9 4.770486E-07 82910E-08 3.692356E-07
& 4.12473BE-07 562458E - 08 3.796615E-07
7 4.4 -07 35092E-07 4.977385E-07
6 4.650801E-07 . 505464E-07 6. 600649E-07
s 4.225243E-07 097E-07 7.540%580E-07
4 3.621970E-07 724E-07 8.128062E-07
3 3.216463E-07 387E-07 8.801850E-07
2 2.054678E-07 756E-07 6.686436E-07
1 1.212270E-07 086E - 08 4.691485E-07
0 8.586713E-08 30730E - 08 3.951820E-07
F 4.849159E-08 637E-08 2.610012E-07
8 3.425745E-08 479E -08 2.125697€-0
7 1.891386E-08 783E-~08 T.353249E-07
6 1.006701E-08 954F - 08 8.304428E-08
5 4. -09 737E-09 4.329956E-
4 1.889530E-09 z 777E-09 2.071964E-08
3 7:071375€-09 1:2700198-06 8. 940340E-08
1 0. 0. 0.




-8L=

1
CF-252 10 CM D20 AT Ra2M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPGRTING 19:32: 05y 10/18/77
COMPILATION DATE OF THIS CODE VERSION 107187770 09.13.

ENERGY PH] DEL-PHI DOSE KERMA INTEGRAL DOSE FILE-iD
(MEV) (NEUT/CM2-SEC-MEV) (MR7HR-MEV) (ERG/GM-SEG-MEV) (NEUT/CM2-SEC) RS

.684E-0 1.265E-06 326E-0 3.229€-0 .B48E-14 .077E-06 179E-07  7100C02S
L759E-0 66E -06 |EB7E-08 3,064E-0 {989E-14 . 085E-06 1158607 F198%0se
.854E-0 . 102E-06 538E-08 983E -08 1682E-14 . 054E-06 1736-07  7100C0
9A9E-0 . 08SE-06 401E-0 950E - O |520E-14 44E - 06 1170E-07  7100C0

. DA4E-D 1 030E-06 325E-0 956E - Q! {469E-14 34E - 06 7E-07  7100C0

139E-0 .016E-06 . 307E-0 .002E-0 (S32E-14 025E-06 4E-D7  7100CO

. 234E-0  008E- 06 25E -0 \067E-D .650E-14 015E-06 1E-Q7  7100C0
L329E-0 . 995E-07 .667E-Q 1132E-0 .763E-14 . 005E-06 .158E-07  7100CO

. 424E-Q . 858E-07 . 443E-Q J181E-0 (831E-14 . 960E-07 55E-07  7100C0:
\819E-0 51E-07 . 305E-0 3 206E-0 \831E-14 .867E-07 J152E-07  7108CC
.B14E-0 .38SE-07 98E -0 3.211E-0 1774E-14 | 777E-07 49E-07  7100C0

L 709E-0 73E-07 .072E-0 3.196E-0 \666E-14 {689E-07 L146E-07 710050
.804E-0 . 742E-07 .927E-0 3.171E-0 (S30E-14 .604E-07 43E-07  7100CO:

1 899E-0 . 39BE-07 . 839E-0 3.137E-Q {372E-14 | 823E-07 40E-07  710DCO!
L994E-0 3, 048E-07 \748E-0 3.095E-0 J196E-14 . 445E-07 37E-07  7100C0

. 0B9E-0 7.704E-07 1657E-0 3.051E-0 ID15E-14 1370E-07 34E-07 710060
L184E-0 7.373E-07 . 570E-0 1007E-0 1837E-14 {298E-07 2E-07 710630

1 280E-0 7.048E-07 .489E-0 (961E-0 7.656E-14 |228E-07 9E-07  7100CO
.375E-0 . 7S0E-07 I 4186E-D 1920E-0 7.490E-14 1164E-07 6E-07  7100C0
3.470E-0 . 474E-07 .349E-Q .8B4E-0 7.339E-14 1101E-07 3E-07  7100C0
3. S55E-0 \221E-07 BBE -0 . 853E -0 7.205E-14 1041E-07 0E-07  7100C0

. B60E-Q 992E-07 . 232E-0 .830E-0 7.089E-14 . 983E-07 J118E-07  7100C0

. 7SSE-0 . 785E-07 82E-0 .814E-0 "993E-14 {927E-07 '115E-07  71Q0C0
3.850E-0 603E-07 .138E-0 . 80BE-0 {918E-14 . 872E-07 J112E-07 710060
1945E-0 . 443E-07 . 033E-0 .807E-0 (867E-14 . 820E-07 J110E-07  7100C0
4.040E-0 . 305E-07 . 0B4E-0 \817E-0 38E-14 | 769E-07 1107E-07  7100C0
4. 135E-0 187E-07 1036E-0 .837E-0 1831E-14 . 719E-07 J104E-07  7100CO
4. 230E-0 . 089E-07 O11E-0 . 866E-08 47E-14 . 670E-07 1102E-07  7100C0
4.32%€-0 . 00SE-07 .810E-0 . 904E-08 \8B4E-14 | 622E-07 {099E-07  7100C0
4.420E-0 4.,943E-07 . 73%E-0Q 981E- 0 6.940E-14 !875E-07 J096E-07  7100CO
4,515E-0 4.889E-07 . 586E-09 . 00BE-0 7.013E-14 . 528E-07 {093E-07  7100602S
4.610E-0 4.843E-07 . 462E-0 . 06BE-0 7.098E-14 .482E-07 {D90E-07 71086025
4.705E-0 4.806E-07 352E-0 3.133E-0 7.195E-14 . 43BE-07 {087E-07  7:30C02S
4.800E-0 4.772E-07 . 242E-0 3.204E-0 7.299E-14 1391E-07 {084E-07 71326025
4.896E-0 4.741E-07 A44E-Q 3.278E - OF 7.410E-14 .345E-07 [081E-07  7106C0
4.991E-0 4.710E-07 .047E-0 3. 353E - OF 7.520E-14 1300E-07 .078E-07  7100CG

. 0B86E-0 4.677E-07 ,950E-0 3.368E-0 7.535E-14 . 256E-07 {07SE-07  7100CO
1181E-0 4.640E-07 846E-0 \374E-0 7.534E-14 '211E-07 \072E-07  7100C0
.276E-0 4.599E-07 729E-0 .376E-0 7.525E-14 . 168E-07 {0ESE-07  7100C0
.371E-0 4.550E-07 {599E-0 1372E-0 7.503E-14 1124E-07 L065E-07  7100CQ
.466E-0 4, 494E-07 . 456E-0 3.363E-0 7.468E-14 .0B1E-07 J062E-07  7100C0
\561E-0 4.431E-07 G4E -0 3.347E-0 7.419E-14 3. 039E-07 (0S9E-07  7100CQ
.656E-0 4.359E-07 J119E-0 3.328E-0 7.356E-14 7. 997E-07 J0S6E-07  7100CO
(751E-0 4.282E-07 931E-Q 3.297E-0 7.282E-14 7.956E-07 {053E-07  7100C0
846E-0 4.200E-07 7.723E-0 3,265E-0 7.197E-14 7.916E-07 (050E-07  71Q0CO
.941E-0 4.114E-07 7.815E-0 29E -0 7.104E-14 7.876E-07 \046E-07  7108C0:
.036E-0 4.028E-07 7.314E-0 1192E-0 7.010E-14 7.837E-07 \043E-07  7100C0
‘131E-0 . 945E-07 7.243E-0 S5E -0 6.918E-14 7.800E-07 !040E-07  7100CG

. 226E-0 . 866E-07 7.334E-0 22E -0, 6.832E-14 7.762E-07 {087E-07  7100CQ
1321E-0 1797E-07 7.451E-0 3.096E-0 6.762E-14 7.726E-07 034E-07  7100CQ
G.416E-0 1 740E-07 \S83E-0! 3.078E-0 6.711E-14 7.690E-07 032E-07  7100C0
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6.686E-14 7.655E-07 1.029E-07
6.689E- 14 7.820E-07 1.026E-07
6.723E-14 7.585E-07 1.023E-07
6.785E-14 7.550E-07 1.020E-07
6.871E-14 7.515E-07 .017E-07
6.992E-14 7.480E-07 .014E-07
72.119E-14 7.444E-07 .011E-07
3.709E-14 6. 880E-07 3. 57 4E - 0¢
4.290E-14 815E-07 ) . 502E -OF
4.808E-14 768E-07 9.448E-0
4.980E-14 94E-07 .362E-0
4.961E-14 46E-07 . 30SE -0
4.624E-14 79E-07 .225E-0
4.664E-14 37E-07 .175E-0
4.105E-14 481E-07 . 107E-0.
4.7B0E-14 423E-07 .037E-0.
.320E-14 S3E-07 .951E-0
.B72E-14 304E-07 .891E-0
.969E-14 .231E-07 .802E-0
.065E-14 . 156E-07 - 70BE-0.
.994E-14 . 083E-07 .B817E-0
3- .169E-14 .010E-07 . 526E -0
.675E-14 . 935E-07 . 432E-0
.307E-14 B5BE-0 .333E-0
.631E-14 . 786E-07 -241E-0
.639E-14 .710E-07 .144E-0
.682E-14 .8612E-07 .018E-0
.B13E-14 .539E-Q7 -923E-0
.610E-14 .469E-07 7.832E-C
.316E-14 .401E-07 7.742E-0
.768E-14 .312E-07 7.625E-0
.541E-14 . 245E-07 7.536E-0
.A72E-14 . 157E-07 7.418E-0
.385E-14 5.100E-07 7.342E-0
.137E-14 5. 036E-07 7.254E-0
.113E-14 4.9%4E-07 7.143E-
.332E-14 4.87%E-07 7.036E -0
.385E-14 4.815E-07 6.953E-0
.408E-14 4. 73%E-07 6.843E-0
.435E-14 4.675E-07 . 7%59E-0,
.103E-14 4.600E-07 . 653E -0
.244E-14 4.526E-07 . B49E -0
.467E-14 4.450E-07 . 442E -0
-191E-14 4. 3E-07 . 362E-0i
.129E-14 4.323€E-07 -261E-0.
.943E-14 4.2 -07 . 159E -0
L 922E-14 4.1 -07 .065E-0
.763E-14 4.1 -07 . 06SE -0.
.852E-14 4.1 -07 . 963E-0.
.917E-14 4.048E-07 .BBBE-0.
.988BE-14 4.001E-07 . BOOE -0
-141E-14 3.935E-07 .706E-0
. 795E-14 3. -07 .679E-0
A71E-14 3.865E-07 . 6OSE ~0!
.264E-14 3.7 -07 . 509E -0
.005E-14 3.7 -07 .415E-0
.153E-14 3.6 -07 325E-0
.010E-14 3.592E-07 .214E-0
.278E-14 3.529E-07 123E-0.
.093E-14 3.466E-07 033E-0.

S S s S Ss S S NNNNNNY
) Q

NN NN NN N NN NN NN NN N N NN

Pogvsidy

SN NN SN NN NN N SN N SN NN NN NN NN NN Y



-08_

24E +00

i) 2.23 . 0 .203E-0 369E-14 .426E-07 4.976E-0 7130C02HS
. 4ASE+00 2.022E~07 .A99E-0 .903E-0 779E-14 .403E-07 4.943E-0. 7130C02LS
463E+00 2.076E~07 . 449E-0 .982E-0 956E-14 345E-07 4.860E-0. 7130C02LS
.491E+00 1.9%51E-07 .325E-0 .802E-0 617E-14 289E-07 4.779E-0 7130c02Ls
01E+00 2.111E~07 L242E-0 .036E-0 167E-14 066E-07 4.458E-0 7130C02HS
760E+00 1.933E-07 .141E-0 .784E-0 767E-14 744E-07 .996E-0 7130C02HS
Q20E+00 1.815E~07 .060E-0 .617E-0 B27E-14 444E-07 64E ~0 7130C02HS
132E+00 1.396E~Q7 3. 216E-0 .Q17E-0 4.372E-14 104E-07 072E-0O. 7130C02HS
291E+00 1.188E~07 7. 165E-0 .719E-0! 79BE-14 9E -07 77SE-0 7130C02HS
SO3E+00 9.644E-~0 5.925E-0 - 398E-0O 71E-14 670E-07 445E-0i 7130C02HS
662E+00 8,599E-~0. S$.176E-0 .249E-0 87E-14 .S525E-07 .235E-0 7130C02HS
872E+00 ?.353E~0: 4.514E-0 . 070E-0O. 37E-14 .3%58E-07 .991E -0l 7130C02HS
4.019E+00 5, 474E~0! 4.025E-0 .431E-0! 77E-14 256E-07 . 843E-0 7130C02HS
4. 215E+00 6. 069E~0 . 812E~0 . B57E-0! 90E-~14 -133E-07 . 664E-0 7130C02HS
4.378E+00 5.973E-0 731E-0 8.730E-0 .202E-14 .035E-07 . S20E -0 7130C02HS
4,577E+00 5.402E-Q .41 4E-0O! .811E-0 .Q44E-14 9,220E-0 ., 355E -0 7130C02HS
4,774E+00 4.773E~0i .113E-0 7.001E-0 853E-14 8.218E-0 .208E-0 7130C02HS
4.921E+00 4.427E~Q .918E-0! 6.504E-0 753E-14 7.5A42E -0 . 109E-0O 7130C02HS
115E+ -924E~-Q 668E-0 $.768E-0 74E-14 6.732E-0 .898E-0 7130C02HS
307E+00 +425E-~0 41 4E-0: 5.034E-0 B80E - 14 6.026E-0 .861E-0! 7130C02HS
488E+00 - 333E-~0. 349E -0 4.89%E-0 48E-14 $.415E-0. .962E-0! 7130C02HS
635E+00 . 004E~0 062E-0 4.415E~0 20E-14 4.949E -0 7.277E-0 7130C02HS
825E+00 .451E~0 . BO4E -0 . 602E-0 9.995E~ 4.431E-0. 6.516E-0! 713CGC0O2HS
.BOJE+00 . 149E-0. 668E -0 .160E-O 04E - 4.021E-0. 5.914E-0! 7130C02HS
OE+00 . 094E-0. 634E-0! .Q78E-0! 1SE- . 603E-0I $.300E-0! 7130C02HS
384E+00 . 990E-Q 6C2E -0 . 925E-0! 223E- 28E-0. 4.747E-0 2130C02HS
67E+00 .647E-0. 423E-0 . 420E-0O! 34E - A5E -0 4.258E-0! 7130C02HS
749E+00 .882E-0 3VSE-O . 326E-0! 95SE - . 605 E~0Oi . 826E-0 7130C02HS
929E+00 - 430E-0. «314E-0! .102E-0O +98SE - . 330E -0 .428E-0 7130C02HS
.109E+00 3. 949E-0 177E-0 .463E-0 4.182E- .112E-0 .107E-0 7130C02HS
7.2B7E+00 .01SE-0. 186E-0! .492E-0! 4.285E~ .933E-0 .8B44E-Q 7130C02HS
?.464E+00 -121E-0 064E-0 648E-0 4,781E- . 744E-0 . S86E-0! 7130C02HS
7.639E+00 . 120E-0. O6BE -0 647E-0 4.768E- . 548E-Q .27BE-0 7130C02HS
7.814E+00 8. 755E-0! 631E-10 287E-0 742E- <373E-0 .Q21E-0! 7130C0O2HS
7.988E+00 7.463E-0 073E-10 097E-0 203E- .232E-0 .814E-0 7130C02HS
.203E+00 5. 029E-0 S34E-10 863E-10 .601E- .087E-0 .601E-0! 7130C02HS
.361E+00 .444E-0! 989E-10 002E-10 .357E- . 965E-0 .467E-0! 7130CO2HS
. S39E+00 .382E-0 970E-10 381E-10 . ??5E- .913E-0 .313E-0! 7130C02HS
.710E+00 .699E -0 7.7Y0E-10 377E-10 .488E~ 7 . 880E -0 L 181E-0O 7 CO2i
. 925E+00 «990E-0 204E-10 865E-10 .751E- .838E-0 .00BE-09 7130CO2HS
.092E+00 . S42E-0! 834E-10 207E-10 .S60E~ .209E-0 .1S3E-10  7130CO2HS
. 2%59E+00 .887E-0! 761E-10 4.244E-10 .277E- .672E-0 .364E-10 7130CO2HS
.467E+00 . 525E-0 731E-10 3.712E~10 .122E- .109E-0 .S36E-10 7130C02HS
. B32E+00 . 246E-0! .380E-10 3.301E-10 .002E- 4.716E-0 6.958E-10 7130C02HS
. 796E+00 .812E-0 450E-10 4.134e-10 .259E- 4.301E-0 6.348E-10 7130CO2HS
.QO0E+01 . 172E-0 432E-10 4.663E-10 .428E- .691E-0 $5.451E-10 7130C02HS
.018E+01 .897E-0 036E-10 4.262E-10 .306E - .205E-0 4.737E-10 7130C02HS
037E+01 . S60E-0 4,969E-10 3.769E-10 . 156E~ B32E-0! .893E-10 7130C02H3
053E+01 .38BE-0 4.461E-10 3.519E-10 .0BOE- . 236E-0O! .310E-10 7130CC2HS
073E+01 .S79E-10 4,187E-10 1.413E-10 4.344E- .902E-0 .817E-10 7130C02HS
099E+01 S6E-10 .686E-10 1.470E-10 4.%522E- . 746E-0 .587E-10 7130C02HE
108E+01 .Q78E-Q9 442E-10 1.993E-10 4.906E - .549E-0 .296E-10 7130CO2HS
. 124E+01 -094E-09 464E-10 1.618E-10 4.989E- . 375E-0O! LO39E-10 7130C02HS
. 144E+01 .339E-10 296E-10 1.382E-10 4.267E- .172E-0 .739E~10 71303CO2HS
. 163E+01 . 152E-09 065E-10 1.706E-10 5.274E- 3, 739E-10 .445E-10 7130CO2HS
L179E+01 . 0BSE-09 025E-10 1.608E~10 4.976E- 7.949E-10 .180E-10 7130CO2HS
. 198E+01 3.898E-10 ,6B8E-10 1.320E-10 4.088E- 6.073E-10 .021E-11 7130C02HS
.218E+01 .144E-10 .930E-10 1.3%8E-10 4.211E- 4.269E-10 ,343E-11 7130C02HS
. 233E+01 A.777E-09 . 203E-09 7.099E-10 2.203E~ 0. 0. 7130C02HS




_‘[B_

1
CF-2%2 10 CM D2a AT R=2M {FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 10:32:05U 10/18/77
COMPILATION DATE OF THIS CODE VERSION 10/718/77U 09.13.04
30 GROUP OUTPUT
GROUPS ENERGY DlFFERENTlAL FLUX INTEGRAL FLUX FLUX PER UNIT LETHARGY
UP-BOUND-MEV N/CM2-S| N/CM2-SEC N/CM2-SEC
30 4. 000000 ~07 0. 0. 0.
29 . 180000E~06 0. 0. 0.
28 520000E-05 ] o. 0.
27 . 000000E-04 o] 0. 0.
26 . 59C000E~03 0. 0. 0.
2! .261000E~02 o} 0. 0.
24 . ODOOOOE -01 o] 0. 0.
23 2.236000E-~01 1 1.4603%0E-07 1.911688E-07
22 00000 JE-O1 6 1.851345E-07 2. 50E-07
21 4 4.219371E-Q 2,44\10BOE-07
20 4.255534E-0 2.46196BE-07
19 8.409000E-~01 5.0 84E-0 2.908970E-07
18 . 000000E+00 3. 91E-0O 1.80 3E-07
17 . 257400E+00 3. 56E -0 2.308773E-07
16 .581100E+00 8. 237E-0 3.617723E-07
13 . 00E+Q0 9. OBE-0 4.308764E-07
14 . 500000E+00 1.116847E-0 4.897060E-07
13 «.973000E+00 9. 98E - 0! 5.325934E-07
12 . S535500E+Q0 7.114421E-0! 4.115930E-07
11 4.204500E+00 7 4. OQG6E - 0 2.890645E-07
iD 5. 0¢ 00E+Q0 4.197496E-0 2.428401E-07
9 5.764800E+0D 2.616478E-0 1.841388E-07
8 6.6 ODE+00 1. 353E -0 1 9808E-07
7 7.663100E+00 1.243924E -0 8.754697E-08
6 8. 00E+00 7.98471%E-0 5.619578E-08
5 1.0186500E+01 4.098160E-0 2. -08
4 1.174500E+01 9 2.286256E-09 1.608078E-08
3 1.354100E+01 .848428E-09 6.913572E-09 4.866832E-08
2 1.561200E+01 0. 0, 0.
1 1.800000E+01 0. 0. 0.




—ZB-

1
CF-252 15 cM D20 AT R:=2M (FOR 1.0 N/SEC)

TIME AND DATE ©F DATA REPORTING 10:33:21U 10/18/77
COMPILATIGN DATE OF THIS CODE VERSION 10/18/77U 09.13.04

ENERGY PHI DEL-PH! DOSE KERMA INTEGRAL INT-DASE FILE-1D
(MEV) (NEUT/CM2-SEC-MEV) (MR/HR-MEV) (ERG/GM-SEC-MEV) (NEUT/CM2-SEC) (MR/HR)

.S62E-0 .037E-07 3.01BE-0O! 1.493E-0 4.453E-14 5.653E-07 . 265E -0 7070C04S
.704E-0 . 840E-07 .378E-0 1.508E-0 4,448E-14 5.569E-07 .243E-0 7D70C04
.846E-0 .735E-07 . 330E -0 1.548E-0 4,510E-14 5.486E-07 . 222E-0 7076C04
.SBBE-0 .651E-07 . 329E -0 .594E-0 4.588E-14 5. 405E-07 199E-0 7070C04
. 130E-0 .572E-07 . 588E-0 42E -0 4,672E-14 5.326E-07 76E-0 7070C04;
.273E~0 . 447E-07 606E-08 .678E-0 4,716E-14 5.247E-07 153E-0 7070c04
.415E-0 .248E-07 439E-08 .689E-0 4.691E-14 5.171E-07 SE -0 070¢
.S57E-0 4,978E-07 £93E-08 .673E-0 4.594E-14 5.098E-07 105E-0 7070C0
.699E-0 4.664E-07 .129E-0 .638E-0 4,445E-14 5.030E-07 0B1E-O! 7076C04
.841E-0 4. 337E-07 9.729E-0! .591E-0 4.268E-14 4.966E-07 058E-08 Q700
.983E-0 4.019E-07 3.8385E-0! .541E-0Q 4.083E-14 4,807E-07 ., 036E -0 707€C0
.125E-0 .721E-07 8.132E-0 .490E-0 ,903E-14 4,852E-07 .Q15E-0 7070C04
.267E-0 .451E-07 . 483E-0! . 444E -0 .738E-14 4. -07 994E -0 70C
.409E-0 .213E-07 .925E-0 . 404E-0Q .592E-14 4.754E-07 .974E-0 7070C04
.S51E-0 . 0C 4%-07 .439E-0Q .372E-0| .468E-14 4.709E-07 954E-0 070C
.693E-0 .828E-07 .014E-0 .347E-0 .365E-14 4.668E-07 935E-0i 7078C0
.835E-0 .667E-07 ,637E-0 .329E-0 .282E-14 4.629E-07 916E-0 7070C0
.977E-0 .533E-07 .321E-0 .319E-0 .219E-14 4.592€E-07 897E -0 7070C0
4.119E-0 .421E-07 .060E-0 .317E-0| .176E-14 4.557E-07 878E-0 7078C04
4.261E-0 . 328E-07 4.838E-0 . 323E-0 .154E-14 4,523E-07 . 859E -0 078C
4.403E-0 . 254E-07 .112E-0 .839E-0 .153E-14 4.491E-07 . 840E -0 7076C0.
4,548E-0 . 198E-07 .614E-0 .364E-0 L175E-14 4.459E-07 .821E-0 7070C0
4.687E-0 .162E-07 . 009E-0 . 402E -0 .223E-14 4.428E-07 .801E-0 7070C0
4.829E-0 .142E-07 .307E-0 .451E-0 297E-14 4.398E-07 .781E-0 7070C0
4.971E-0 38E-07 . 588E~0 .518E~0| .399E-14 4.367E-07 . 760E-0 7070C04
.113E-0 .149£-07 .776E-0 .552E-0 470E-14 4.337E-07 . 738E-0 70C
.255E-0 L 172E-07 . 905E-0 .591E-0| .547E-14 4.306E-07 .716E-0 7070C04
.397E-0 04E-07 . 00SE -0 .638E-0 .642E-14 4.275E-07 .693E-0 7070C04:
.S39E-0Q 43E-07 7.035E-0 .691E-0| 3.749E-14 4.243E-07 .670E-0! 7070C04
.681E-0 . 286E-07 .983E-0 . 748E-0 3.865E-14 4.211E-07 . 645E -0 7070C04
.823E-0 27€-07 . 789E -0 . BO4E -0 3.980E-14 4.179E-07 .620E-0 7070C04
.965E-0 . 358£~07 . 496E -0 . 855E -0 4.080E-14 4.145E-07 .594E-0 7070C04:
.107E-0 71E-07 .172E-0 . 892E -0 4.150E-14 4.112E-07 .567E-0 7070C04:
.249E-0Q . 355E-07 . 535E -0 . 906E -0 4.170E-14 4.078E-07 . 540E -0 7070C04
.391E-0 . 305E-07 .860E-0 . 893E-0 4. 129E-14 4.045E-07 .513E-0 7070C04:
.S33E-0 .216E-07 .120E-0 845E -0 4.014E-14 4.013E-07 . 487E -0 7070C04
.675E-0 . 085E-07 7.256E-0 761E-0 .821E-14 3.982E-07 .4B1E-0 7070C04
.818E-0 .916E-07 7.236E-0 643E-0 .853E-14 3.954E-07 .437E-0 7070C04
. 960E-O L7V7E-07 ., OSSE-D 493E-OB L221E-14 3.928E-02 5. 415E -0 2070C04
.102E-0 . S00E-07 6.711E-0 323E-0 .847E-14 3.905E-07 .835E-0 7070C04:
7.244E-0 .279E-07 6.1S0E-0 144E-0 2. 455E-14 3.885E-07 .377E-0 7070C04
7.386E-0 .070E-07 5.505E-0 711E-0! 2.078E-14 3.869E-07 .862E-Q 7070C04:
| 528E-0 8.833E-08 4.925E-0 130E-0O! 735E-14 3.855E-07 .349E-0 7070C04
7 370E-0 . 249E-08 4.450 -0 ~69E-0 440E-14 3.844E-07 .339E-0 7070C0
.169E-01 5.718E-08 6.454: O 206E-0 283E-14 3.746E-07 .242E-08 7130C04L!
.S40E-01 7.217£-08 6.561E- " 131E-0! G669E-14 3.722E-07 .215E-08 7130C04L
. 782E-01 7.905E-08 7.022E-0 9.126E-0 864E-14 3.704E-07 5.194E-08 7130C04L.
. 014E+00 8.859E-08 7.5B1E-0 048E -0l 2,130E-14 3.674E-07 .159E-08 7130C04L
. 037E+00 8.703E-08 7.710E-0 . 034E~0 9BE- 14 3.654E-07 . 135E-08 7130C04L!
.Q71E+00 7.593E-08 7.535€-0 083E-0! 838E-14 3.626E-07 .102£+08 7130C04L!
.0S3E+00 7.158E-08 7.561E-0 599E - 0! 737E-14 3.610E-07 .083E-08 7130C04L!




_EB-

. 124E+00 7.820E-0 B.486E-09 .710E-14 88E-07
. 1S6E+00 086E -0 211E-0 .43%5E-14 3.561E-07
- 190E + 098K -0 359E-0 .725E-14 25E-07
.212E+00 . 566E-0O! 468E-0 .938E-14 O0E -07
. 243E+00 -904E-0 S29E-0 .053E-14 462E-07
.274E+00 793E-0 438E-0: B865E-14 425E-07
.304E+00 884E-0 428E-0 B840E-14 0E-07
.334E+00 0S4E -0 S83E-0. 140E-14 4E-07
.363E+00 075E -0 606E-0 180E-14 8E-07
.393E+00 047E-0 705E-0. 3.369E-14 7’SE-07
.421E+00 OB4E -0 779E-0 S0BE-14 40E-07
4S0E+00 . 102E-0 B20E-0O S80E-14 00E -07
.487E+00 -06BE-0Q 669E -0 274E-14 SQE-07
.S1SE+00 .078E-0 75SE -0 . 279E-14 14E-07
. S42E+00 037E-0 Q7E -0 944E-14 0B1E-07
. S89E+00 .029E-0 68E -0 251E-14 Q4BE-07
.604E+00 OBSE -0 26E~0. SS1E-14 002E-07
.630E+00 .112E-0 82E-0. 652E-14 6E-07
.665E+00 - 106E-0O 46E - 0. .573E-14 7E-07
.688E+00 053E-0 .649E-0 187E-14 7E-07
.Z215E+00 .007E-08 . 444E-0l 786E-14 SE-07
. 750E+00 .618E-09 .491E-0. 869E-14 8E-07
. 783E+00 . 995E-0 . S99E - 0. O6BE-14 1E-07
. 808E+00 016E-0 .633E-0 128E-14 1E-07
841E+00 10SE-0! .917E-0 663E-14 09E-07
866E+00 . 120E-0Q .951E-0 3.721E-14 - 74E-07
.898E+00 Q67E-0 .93BE-0 688E-14 30E-07
. S30E+00 040E -0 . 842E-0i 3.497E-14 87E-07
.962E+00 . 029E-0 .797E-0 3.403E-14 46E-07
.9BSE+00 . 00BE-0 .710E-0 233E-14 16£-07
.017E+00 9. 845E-0! .593E-0 .014E-14 480E-0
.049E+00 . 047E-0 .806E-0 430E-14 442E-07
.Q79E+00 .261E-07 .001E-0 . 805E -0 440E-14 404E-07
.079E+00 .334E-07 . S60E-0 .909E-0 3.640E-14 404E-07
. 110E+00 . 129E-07 . 729E-0 .616E-0 3.091E-14 366E-07
.141E+00 . 164E-07 012E-0 .B67E~0. 3.202E-14 J31E-07
. 163E+00 .248E~07 9. 858E-0! . 787E-0 3.442E-14 304E-07
. 193E+00 . 164E-07 9, 196E-0! .668E-0 224E-14 268E-0
.201E+00 .312E-07 3. 677E-0! .879E-0. 636E-14 258E-07
223E+00 0BE-07 878E-0 .S8BE-0. 082E-14 231E-07
.253E+00 .210E-07 .012E-0 . 735E-~0 378E-14 197E-07
.2B3E+00 247E-07 . 774E-0 788E -0 495E-14 160E-07
.312E+00 295E-07 7E-0 .8857E-0 642E-14 123E-07
.348E+00 98E-07 . 138E-D! J218E-0 378E-14 078E-07
.377E+00 25E-07 . 125E-~0! . 7SBE-0 476E-14 043E-07
.406E+00 117E-07 OOE - 0! .B603E-0 180E-14 009E-07
.424E+00 .255E-07 . 222E-0 .802E-0 583E-14 988E-07
. 435E+00 . 109E-07 . 138E-0 .592E-0. 170E-14 975E-07
463E+Q0 . 142E-07 . 892E -0 .640E-0, .277E-14 943E-07
.491E+00 14E-07 7.515E-0 -601E-0. .209E-14 1.911E-07
.601E+00 238E-07 7.321E-0 . 781E-0i .617E-14 1.782E-07
760E+Q0 .121E-07 6.678E-0 .615E-0 .345E-14 1.594E-07
. 920E+00 .Q19E-07 6.036E-0 .469E-0 -104E-14 .423E-07
J2E+0Q0 7.730E-08 4.655E -0 . 117E-0i .421E-14 .233E-07
.291E+00 6.899E-08 4.259E-0 9.983E-0 .206E-14 .117E-07
03E+00 5.500E-08 3.527E-0 7 . 975E-0! .80BE-14 3, 856E-08
.662E+00 4.642E-08 2.927E-0 6.741E-0 .558E-14 3. 049E-08
72E+00 3.821E-08 2.526E-0 5.558E-0 .31BE-14 .161E-08
.019E+00 3.670E-08 2.433E-0 5.347E-0 1.291E-14 7.610E-D8B
. 21SE+00 3.307E-08 2.266E-0! 4.827E-9 1.194E-14 6.926E-08

i

00000000000 0000000000000000000000000000000000000000000000000

]
NRNOWHNDOWS
)

NN
~NN

TR

ao
~RY
W

-

[

AbnQ

-0

~NO M
mmmmmmmmmmmmmmmmmmmmm

AOR-=~

AUADODRANDNODLLS

00—
[N

AOR=N~==

(717

O M@
W BN

mmmmmmaammnnmmmmmmmmmmmmmmmammmm

AT R

.DQQQUQQUQQQOQQQAhhhhhbhhhbbh?}P}F??F?q

e
o~

ANNOA

O==WLNOOWANDD

\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\‘\l\l\l\l\l\l\l\l\l\l\l\l\l\l\l\‘\l\l\l\l\l\l\l\‘\l\l\l

et e e 2 IO RO NI RORI A LD W W ¢

= =N D LWONNONN

NSO L~
mmmmmmm



AAhAA

I
NNNNN

-078—

378E+Q0

WADADAD

e

YWOADAARD

e
'

OO-—'—‘—'-'-‘-'-'QOO—OOOOOOOOOOQQOOOOOOOOOOODOOOOOOO

WOOO00O0BOLVOO!

]
©20000000000000
e

SAAANR~

000000000000000000

N

SO B
YWHURDNRO

Ll

b @
g &
mmmmmmmmmmmmmmmmmmmmmmmmnmmmmmmec.mmmmmmmmmmmmm

1540

et 0000000000000000000

A=A OO U==JROWO O
WA NN =ANNDOD =22 O NSO

[=]

@

m
i

90000000000 00000000000000000000
NAN——=NNOWUAT O
N

[ ENTNMMNATAANTATATATATAY V.Y .9 .9 N
(LT T T T R T T oY)

[
(-]
m

WOYNOAINNONO~
I

~I
{1
NOUAN—~OORL

(2]
(]
sttt b+ 4 220000 0000000000000 0000020 000000000

Q0-®W—=000000

IYTYTY

POWWW

»

)

1

OAN(D.U-‘P_AU\I—-'-‘NNQAAUUO\IG(D-‘—'-'—'-‘—'NNNQQQAAAGOO\IG(D
a 4

“—=Nh—=—~===00000000000000WV
SN NN NN S SN NSNS NN AN NN NN NSNS NN N NN N NN N N N N N NN NN

iy




-ga-

1
CF-2%2 15 CM D20 AT R=2M (FOR 1.0 N/SEC)

TIHE AND DATE ©f DATA REPORTING 10: 33 2'IU 10/18/77
COMPILATION DATE ©F THIS CDDE VERS[UN 10/18/77U 09,
30 GROUP QUTPUT
GROUPR ENERGY DIFFERENTIAL FLUX INTEGRAL FLUX FLUX PER UNtT LETHARGY
UP-BGUND -MEV N/CM2-SEC N/CM2-SEC N/CM2- S|
30 4.000000E~ 07 0. D. 0.
<3 3.180¢ 0. 0. O.
28 P’ 0. 0. 0.
7 P 0. C. O.
26 0. 0. 0.
2% 0. 0. 0.
24 0. 0. c.
23 S 4€-07 7 . 249466E -0F £.. 409597E~-08
22 -07 9.061866E-0 1.186173E-07
21 . 946000E -07 2.112360E-0 1.222087E-07
20 .071000E-01 D19E-07 2. 39 2E-0 1.387625E-07
19 .409000E-~-01 8.760220E-08 1.172117E-0 6.780410E-08
18 000DRE+D0D 6.897797E-08 1.0 QCE -0 6.164987E-08
17 0DOE+00 9.393705E-08 2.417940E-0 1.060267E-07
16 .581100E+DD 1. 26SE-07 4.118321E-0 1.805662E-07
15 88200E+00 1.275348E-07 5.191941E-0. 2.276050E-07
14 2.5DODDOE+D0 1. 5748E-07 6. 119840E-0 2.683279E-07
13 - 73000E+00 1. 621E-07 5. 305269E-0 3.06953°7E-07
12 E 355S0D0E+00 7.162393E-08 4.028846E-0 2. 330 -07
11 4.204500E+00 4.0 2E-08 2.718%563E-0 1.5 22E-07
10 % . NOODOOE +D0 3.12C 8E -0 2.482070E-08 1.435966E-07
9 . 764800E+Q0 2.071144E-08 1.584011E-0 t.114773€-07
8 6.646500E+00 1.,296518E-08 1.143140E-0 8. 043740E-08
7 7.663100E+00 8.085440QE -09 8.199327E-0 S.770661E-08
[] 8.835200E+00 4.457416E-09 S.224538E-0 3.676890E-08
S 1.0186Q0E+01 2.133664E-09 2.882153E-0! 2.029242E -
& 1.174500E+01 8.029781€E-10 1.251843E-0! 8. 805057E-09
3 1.3%4100E+01 -4,299761E-09 ~7.722371E-09 -5,436188E-08
2 1.561200E+01 0. 0 3
i 1.BODDOOE+01 a. 0. 0.



=-0gw=

1
CF-252 2% CM D26 AT R=2M (FOR 1.0 N/SEC}

TIME AND DATE OF DATA REPORTING 10:59:41U 10/18/77
COMPILATION DATE OF THIS CODE VERSION 107187770 08.13.04
ENERGY PHI DEL-PHI O0SE KERMA INTEGRAL INT-00SE FILE-1ID
(MEV) (NEUT/CM2-SEC-MEV) (MR/HR-MEV) (ERG/GM~-SEC-MEV) (NEUT/CM2-SEC)} (MR/HR)
.S62E-0 .711E-07 8.554E-0! 4.233E-0¢ .263E-14 .977E-07 . 29%€-0 7060C07.
.704E~0 3.823£-0 4.232E-0 247E-14 .954E-07 ,289E-0 7060C07S
.846E-0 3.692E-0 4.326E-0 260E-14 .931E-07 83E-0 7060C07S
.988E-0 3 . 63IBE-0O 4.449E-Q! 281E-14 .908E-07 77E-0 7060C07S
.13DE-0 4,241E-0: 4.%92E-0! 306E-14 . 886E-07 .270E-0 7060C07S
.273E-0 4. 426E-7 4.70%5E-0 .323E-14 .864E-07 .264E-0 7060C07
.415E-0 4,074E-0 4. 755E-0! .321E-14 . 842E-07 .257E-0 7060C07¢
.SS57E-0 . 8BBE -0 4.732E-0' .299E-14 . 822E-07 . 250E-0 7060C07
.699E-0C .S73E-0! 4.65CE-O! .262E-14 . 802E-Q7 . 244E -0
.841E-0 .116E-0Q 4.532E-0! .215E-14 .784E-07 .237E-
.983E-0 . SB5E-0! 4.394E-0! .164E-14 .767E-07 ,231E-
. 12SE-0 .324E-0! 4,.247E-0' .112E-14 . 752E-07 ,22%5E-~-0
.267E-0 5 . 133E-0 4.101E-0! .061€-14 .737E-07 19E-0
.409E-0 S .9B1E-0O 3.964E-0! .014E-14 .724E-07 .213E-0
.SS1E-Q E . 804E-0! 3.838E-0 .703E- .711E-07 .207E-0
.693E-0 7 .674E-0 -732E-0 . 322E - -700E-07 . 202E-0
.B35E-O .B62BE-0O .B43E-0 .994E - .B89E-07 . 197E-08 ]
.977E-0 .873E-0 .S93E-0! . S80E-0! .784E- .B879E-07 . 122E-08 75
4.119E-0 .S09E-0 .571E-0 .542E-0! .Bi1E- .870E-07 87E-08 ]
4.261E-0 .215E-0 . 563E-0 .533E-0 L419E~ . 860E-07 . 182E-08 S
4,.403€-0 .973E-Q . SBSE-0! . S48E- 0! . 355E - . 652E-Q7 77€-0
4,54SE-0 . 778E-0 . SB9E-0! .586E-0O .345E- . B43E-07 172E-0
4.687E-0 .627E-0 .595E-0 .64BE-0O! .391E- .638E-07 66E-0
4.829E-0 .S22E-0 . 722E-0 . 740E-0! .502E~ .627E-07 .161E-0 5
4.971E-0 . 468E -0 .81BE-0Q . 869E -0 .692E - .620E-07 . 15BE -0 ]
.113E-0 . 469E-0 .B892E-0 .950E-0 .B831E- .612E-07 SOE-0 5
255E-0 .S29E-0 . 934E-0! 4.051E-0 .Q32E - .604E-07 45E-0 5
.397E-0 . B652E-0: . 946E - 0! 4.200E-~0 . 339E- . 596E-07 , 139E-0 5
.S39E-0 .837E-0, . 992E -0 4.400E-0 .787E- . 588E-07 33E-0 ]
.681E-0 . 080E-0O AS1E-O! 4, 648E-0! .028E-14 . S80E-07 26E-0 ]
823E-C . 364E -0 . 350E-0O 936E-0 .089E-14 .571E-07 19E-0
. 965E-0 .B59E -0 .608E-0 . 238E-0O L192E-14 .S61E-07 12E-0
107E-0 .918E-0 .902E-0 S21E-0 .211E-14 . 552E-07 04E-0
.249E-0 .081E-0O . 190E-0! . 732E-0 S4E-14 .542E-07 096E-0 ]
.391E-0 7.100E-0 . 436E-0! . 830E-0¢ .272E-14 . 532E-07 .088E-0 ]
.883E-0 . 928E-0 .632E-C . 768E -0 SSE- 14 . 822E-07 080E-0
.675E-0 . 942E-0 3,755C-0 .B27E-0! .199E-14 S12E-07 .072E-0
.818BE-0 .961E-0 . 746E -0 . 109E-0! .10SE-~14 . S03E-07 064E -0
.960E-0 .213E-0 3.574E-0 4.533E-0! .778E- .498E-07 0SB8E-0O
.102E-0 4,370E-0 .216E-0 3.854E-0 .292E~ .489E-07 . 0S2E-0
7. 244E-0 .516E-Q . 741E-0! 3.14%E-0 748E- . 483E-07 047E-0
7.386E-0 .731E-0 . 225E-0! 2.478E-0 302E- .478E-07 . 043E-0
.828E-0 . 066E -0 . 772E-0! .902€-0 4, 059E- . 47SE-07 .040E-0 5
7.670E-0 . SS6E-0 . 454E-0 -453E-0! Q92E- .473E-07 .037E-0. 7
.035E-0 4,787€-0 .399E-0! 5.127E-0 062E-14 .429E-07 ,992E-0. n
.28BBE-0 4.228E-0 . 494E-0 4,644E-0! B77E-15 .418E-07 . 980E-0 7120C0
.532E-0 5.268E-0 984E -0 5.931E-0 .217E-14 .406E-07 .967E~08 712000
B94E-O 4, 132E-0 .978E-0 4.824E-0 9.831E-15 .389E-07 .948E-08 7120C0!
.013E+Q0 4.610E-0 306E-0 ©.45%4E-0! 1.108E-14 .379E-07 .935E-08 7120CO5LS
. 048E+00 4. 349E-0! S68E -0 5. 179E-0! 1.050E-14 .363E-07 .917E-08 7120C0
. 070E+QD 3. 913E-D . 724E~0 4.680E-0 9.469E-15 , IS4E-07 .906E-08 7120CO0
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-68_

1
CF-2%2 25 cM D20 AT R=2M (FCR 1.0 N/SEC)

TIiME AND DATE OF DATA REPORTING 10:59:41U 10/18/77
COMPILATION DATE OF TH!S COBOE VERSION 107187770 09.13.04
30 GROUP QUTPUT
GRUUPS ENERGY OIFFERENTIAL FLUX INTEGRAL FLUX FLUX PER UN!T LETHARGY
UP-BOUND-MEV N/CM2-SEC-MEV N/CM2-SEC N/CM2-SEC
30 4.000DCCE-Q7 0. Q. 0.
29 . 180000E -06 0. 0. 0.
28 2.%520D00E-05 0. 0. 0.
27 2.00000DE-D4 0. D. 0.
26 .S90000E-D3 . 0. 0.
2% .2 0. 0. 0.
24 .0 0. 0. 0.
23 .652188E-07 2.04210SE-08 2.673240E-0
22 .Q87654E -0 2.511828E-08 3.287913E-D
21 . -0 5. -0 3.203143E-0
20 .464211E-0: 7.27 7E-0 4,207232E-0
19 8. .642731E-0 3.535974E-0 2.045474E-0
18 4.389074E-0 6.983017E-0 4.( -0
17 4.288237E-0 1.103792E-0 4.840133E-0
16 4.477261E~-0 1.44 [s] 6.354353E-0
15 4.4642%93E-0 1.81 7 7.967129E-08
14 4.406345E-0 2. 2% 7| 9.888279E-08
13 2. . -0 1.88 1E- 1.090765E-0
12 . 2.482002E-0 1.39 8.077054E-0O¢
11 4.8 .502083E-0 1.00 5.813063E-0
10 S. 06035E-0 9 $. 550474E-0Q
9 S. B.614540E-0 6 4, JE -0
8 6.6 S. 430E-0 4. 3.477293E-0
7 7. . 6958685E-0 3. 2.617716E-0.
6 8. .87787%E-0 2. 1.549087E-0%
S . 3.658778E-10 1. 9. 186078E-09
4 4.853540E-10 7. 5.322149E-09
3 1.787279E-09 3. 2. 2596%56E-08
2 0. 0. 0.
1 0. Q, Q.



—06_

1
CF-2%2 20 CM ALUMINUM AT R=2M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTINC 10:58:16U 10/18/77
COMPILATION DATE OF THIS CODE VERSION 10/18/77U0 09.13.04
ENERGY PHI DEL-~PHI DOSE KERMA INTEGRAL INT-DOSE FILE-ID
(MEV) (NEUT/CM2-SEC~MEV) (MR/HR-MEV) (ERG/GM-SEC-MEV) (NEUT/SMZ-SEC) (MR/HR)
.S62E-0 .337E-0 1.1E8E-07 S.781E-08 1.724E-13 2.383E-06 .201E-07 7070Cc0
.704E-0 .412E-0 5.716E-0 6.234E-08 B37E-13 .349E-06 . 193E-07 7070C0
.846E-0 .513E-0 5.864E-0 6.785E-08 .976E- . 314E-0! )
-98BE-O .B19E-0O 5. 125E~-0 7.389E-08 .127E- . 278E-0 .17
. 130E-O . 72BE-0! . 433E-0 B, 039E-08 ,287E- 240£-0 .1
73E-0; .821E-0 .EBZE-0Q 3. 687E-08 .442E -~ 200E-0 .1
.415E-0 .88SE-0 .7?5BE-0 9.284E-08 B79E- 160E -0 A
.S57E-0 .Q@17E-0 . 756E-0O 9.805E-08 .692E - 119E-0 .
.6989E-0 .918E-0 .698E-0 .023E-07 «77BE-13 077E-0l
.841E-C .880E-0 .B55E-0 7E-07 B34E-13 2.036E-0O
.983E-0 .823E-0 .357E-O 082E-07 . BB7E-13 1. 996E- O
.125E-0 .747E-0Q .121E-0 O0E-07 1E- 1.956E-0
.267E-D .658E-0 . 870E-0 .112E-07 .B78E- 1.918E~0
3.409E-Q .562E-0 .609E-0 20E-07 864E- 881E-0
-S51E-O «462E-0 . 344E-0 24E-07 842E- 845E-0Q
3.693E-0 .364E-0 .OB1E-0 28E-07 .BI1BE-13 811E-0O
.835E-Q .269E-0 4,83BE-0 31E-07 93E- 18 778E-0 ,98SE-0 7070COE
.977E-0 .182E-0 4.612E-0 36E-07 773E-13 748E-0 IGQE -07 70?20C0
4.119E-0 .103E-0 4,418E-0 . 144E-07 759E- 16E-~0 ISIE-07
4.261E-0 .032E-0 4,248E-0O SSE-07 . 753E-1 686E-Q 36E-07
4.403E-0 . 969E -0 4.094E-0 .170E-07 S4E-1 656E-0 .920E-07
4.545E-0 .913E-0 3.953E-0 87E-07 762E-1 .630E-0 3E-07
4.687E-0 .863E-0 B27E-0i . 20BE-07 L 277E-1 604E-0 .886E-07
4.329E-0 .818E-0 3.712E-0 31E-07 799E- 1.577E-0 9E -07
4.971E-0 77E-0O 3.811E-0 ,257E-07 . B2%5E- 1.552E-0 1E-07
.113E-0 739E -0 3,522E-0 S6E-07 -B09E-13 S27E-0 E-07
.255E-0 702E -0 .437E-0 47E-07 .781E- S03E-0 SE-07
.397E-0 65E -0 348E -0 37E-D7 . ?52E- 479E-0i . 798E-07
.B39E-0 .626E-0 3.254E-0 SE-07 L717E- . 455E-0! 781E-07
.681E-O 82E-0 L 151E-0 .210E-07 .67%5E- 432E-~0 ,763E-07 7070C0
-823E-0 .S36E-0 . 039E-0 .191E-07 .626E- .410E-0 . 746E-07 7070C0
.965E-0 .48%E-0 .921E-C 1.168BE-07 .569E- . 3B9E-O .729E-07 7070C0
.107E-0 .431E-0 . 796E-0 1.142E-07 . SO0SE-13 . 368E-0 .713E-07 7070C0!
.249E-0 .37%5E-0 .671E-0 1.113E-07 .434E- 13 . 348E~0i .697E-07 7070CO!
391E-O .317E-0 .543E-0 1.081E-07 .3%568E- . 329E-0 1E-07 7070C0
.S33E-0 238E-0 . 414E-0€ 1.048E-07 .280E-13 .311E-0i .666E-07 7070C0!
675E-0 .199E-0 ,@B7E-08 1.013E-07 . 198E-13 . 293E- 0! .B6S2E-07 Z7070C0
5.818E-0 .141E-0 . 165E-0 9.779E-08 118E- .277E-0 .637E-07 7070C0
-960E-0 .084E-0 .Q44E-0O 9.423E-08 .D3JE- . @61E-O! 4E-07 7070C0
7.102E-0 .027E-0 ,927E-0 9.060E-08 . 949E - - 246E-~0Q .611E-07 7020C0i
.244E-0 .716E-0 . B1SE-0 8.691E-08 .8B5E~13 .232E~0 .598E-07 7070C0!
7.386E-0 . 164E-07 . 70%E-0 8.316E-08 L 779E-13 .218E-~0i .586E-07 7070C0
7.528E-0 .619E-07 .597E-0 7.933E-08 .B93E-13 206E-0 .574E-07 7070C0
7.670E-0 . 080E-07 . 490E - 0! 7.%544E-08 . 605E - . 194E-~CE .563E-07 7070COE
9.169E-0 .685E-07 3.618E-0 6.13BE-08 . 269E~ .091E-~0O .AB1E-07 7130CO3L
9.540E-0 . 724E-07 4.150E-0 7.576E-08 .E55E- . DGBE-~O .436E-07 ?71356CO31
9.782E-0 .269E-07 4.516E-0 8,391E-08 .714E- .0S1E-~0 .416E-07 7130CO3L
1.014E+00 7.758E-07 4.739E-0 9,192E-08 . 868E~ .024E~0 .385E~Q7 7130CO3L.
1.037E+C0O 8.145E-07 S.020E-0 9.680E-08 .963E- . 00GE ~0€ .363E-07 7130CO3L.
1.071E+00 8.327E-07 5.093E-0 9.960E-08 .O15E~13 . 778E-~07 .330E-Q07 7130CO3L
1.093E+00 8.541E-07 S. 182E-0 1.026E-07 2.072E-17 .592E-07 .307E-07 713BCO3L




-16=

. 124E+00 8.125E-07 4.998E -0l .B18E-D 79E- 9.334E-Q7 . 276E-07
« 13BE+00 B.151E-07 4.979E~0! .911E-0 A3E - 9.073E-07 . 245E-07
. 190E+00 7.833E-07 4.803E-0O -587E-0 32 3E - 8.802E-07 ,212E-0
.212E+00 7.814E-07 4.783E-0 .B604E-0 . 923E- 8.630E-07 .190E-07
. 243E+00 ?.567E-Q7 4.625E-0 .3%56E-0 . 869E- 8.391E-07 .161E-07
<274E+00 . 834E-07 4.270E-0i .300E-0 94E- 8.168E-07 . 133E-07
. 304E+00 .646E-07 4.152E-0 .314E-0 B3E- 7.966E-07 .108E-07
.334E+00 +464E-07 4.069E-0 .133E-0 14E- 7.762E-07 . 083E-07
. 363E+00 .404E-07 4.028E - 0! .102E-0 . 604E- 7.583E-07 .060E-07
+393E+00 .516E-07 4.040E-0 .292E-0 368E- 7.389E-07 .03%E-07
.421E+00 .S4BE-07 4.067E -0 .378E-0 S2E-~ 7.206E-07 L012E-
. 4AS0E+00 .408E-07 3.971E-0i 8.241E-0 21E-~ 7.018E-07 .879E-08
-487E+00 -315E-07 3.923E-0 3. 182E-0 . B6OBE- 6.783E-07 2. 575E-0
-S1SE+00 .060E-07 3.769E-L, 7.894E-0 . B4%E - 6.609E-07 . 350E -0
.S42E+00 .990E-07 SE-0 7.844E-0 .S32E- 6.447E-07 . 138E-0:
-SE9E+00 .883E-07 .B40E-0D 7.743E-0 .S10E- 6.2086E-07 . 927E-0
-604E+QQ .689E-Q7 S18E-0 7.539E-0 . 466E - 6.084E-07 .660E~0.
.B30E+Q0 . SO00E-07 418E-0 7.325E~0: 422E- 5.939E-07 .467E-0
.665E+00 -350E-07 321E-0: 7.173E-0 .383%E-13 5,749E-07 . 213E-0
.688E+Q0 101E-07 181E-0 6. 870E-0: .328E-13 5.628E-07 8.051E-0
. 718E+Q0 023E-07 . -0 6.800E-0: .312E- 5.492E-07 .867E-0
. 7S0E+00 4,845E-07 .008E-0 6.604E-0 .270E- 5.319E-07 7.632E-0
.783E+00 4.%583E-07 . 882E-0 6 285E-0. .206E-13 S.164E-07 7.420E-0
. 80BE+00 4.501E-07 .809E- O 6.204E -0l 1.188E-~ S.0SQE-07 7.263E-0
.841E+00 4.282E-07 . 680E~0. 5.939E-0 1. 13BE-~ 4.905E-07 7.063 -0
866E+00 4.196E-07 .634E-0 5.848E-0 1.115E- 4.799E -07 6.916E-0
. 898E+00 4,190E-07 . S9BE- 0O 5.875E-0 1.118E~ 4.665E-07 6.728E-Q
. 930E+00Q 4.245E-07 . 608E-0 5.989E-0 1.137E- 4.530E-07 6.538E-0
.962E+00 4.092E-07 -519E-0. 5.809E-0 - 100E- 4.397E-07 6.3S0E-0
986E+00 4.027E-07 . 476E-0 $.743E-C 086E- 4. 299E-07 6.211E-0
«O17E+0 3.899E-07 . 402E-0 5.576E-0 0SSE-13 4.176E-07 6.033E-0
. 049E+00 3.611E-07 . 244E-Q: 5. 166E-J .B13E-14 4.056E-07 S.864E-0
079E+00 3.462E-07 » 13SE -0 4.955E-0 9.446E-14 3.950E-07 5.712E-0
072E+00 4.013E-07 2.081E-0 5.743E-0l .095E-13 3.950E-07 5.712E-0
. V10E+Q0 . 368E-07 . 989E -0 4.822E-0 9.228E-14 836E-07 S.548E-0
. 141E+00 .214E-07 1.841E-0 4,602E-0 8.839E-14 734E-07 S5.402E-0
. 163E+00 . 114E-07 1.863E-0 4,460E-0 8.589E-14 664E-Q7 5.302E-0
- 193E+00 ,969E-07 1.776E-0 4,253E-0 8.220E-14 S73E-07 5.172E-0
. 201E+00 .S14E-07 1.722E-0Q 5.034E-0 9,740E-14 547E-07 5.134E-G
. 223E+00 . 845E-07 1,.669E-0 4.077E-0O 7.910E-14 477E-07 5.034E-0
L 25IE+00 .735E-07 1.648E-0 .920E-0 7.633E-14 393E-07 4.814E-0Q
3E+00 .633E-07 1.598E-0Q 775E-0 7.378E-14 313E-07 4.799E-Q
312E+00 .584£-07 1.541E-0 705E-0 7.267E-14 237E-07 4.690E-0
. 34BE+Q0 .492E-07 1.466E-0Q .S75E-0 7.043E-14 146E-07 4.559E-04
377E+00 .420E-07 1.436E-0 .473E-0 6.865E-14 074E-07 4.457E-0:
406E+00 .262E-07 1.419E-0 .248E~Q 6.440E-14 . QO6E-07 4.360E-0
424E+00 <2.552E-07 1.414€-0 .663E -0 7.284E-14 , 963E-07 4.298E-0
. 435E+00 .20SE-07 2. 3S0E-0 . 165E -0 6.302E-14 . 937E-0 4.260E-0
463E+00 164E-07 2.032E-0 .107E-0O 6.208E-14 876E-07 4.172E-0
4A831E+C0 160E-D7 1.488E-0 .103E-0 6.219E-14 £15E-07 4.085E -0
601E+00 209E-07 1.282-0 .177E-0 6.453E-14 S73E~Q7 3.740E-0:
760E+00 891E-07 1.104E-0 . 722E-0 5.C39E-14 2. 249E-07 3.271E-0
.920E+00 677E-07 9.709E-0 2.419E~0 $.108E-14 964E-07 2,860E-0
. 132E+00 63E-07 7.347€-0! .825€E-0 ~ 955E-14 652E-07 2.410E-0
291E+00 094E-07 6. 467E -0¢ .583E-Q. L. 499E-14 1.465E-Q7 2. 139E-0
SO3E+00 410E-08 5.550E-0! .364E-0 3.094E-14 1.249E-07 1.826E-0
662E+00 970E-08 4.854E-Q i.157E-0 2.675E-14 1.111E-07 1.626E -0l
. 872E+0Q 6.57.E-08 3.886E-0 9.565E-0 2.268E-14 9, 580E-08 1.404E-Q
.019E+Q0 5.781E-08 3. 425E -0! 8.421E-0 2.033E-14 8.672E-08 1.272E-0
. 215E+00 4,993E-08 2.999E-0 7.288E-09 1.802E-14 7.616E-08 1.118E-0
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. 379E+00 4.732E-0 .829E-09 6.916E-09 7457 4 6.819E-0 . .D01E-Oi 7130C0
+S77E+00 4,071E-0 . 459E-09 $.961E-09 8. = -14 $,947E-0 8.738E-0 7130C0
.774E+00Q 672E-0i 'SIE-09 S5.387E-D9 cdewi-14 5.185E-~0: 7.621E-0 7130C0
+921E+00 309E-0 Q48E-09 4,860E-08 .310E-14 4,672E~0Q 6.868E-0 7130C0:
«115E+00 2. 730E-0 743E-09 4.014E-09 ,095E£-14 4, D8BE~0 6. 007E-0O 7130C0!
«307E+00 364E-0 . 552E-09 3.475E-09 . 523E- .S97E-0 5.288E-0Q 7130C0:
+488E+00 256E-0 BBE-09 3.816E-09 .128E- 179E~Q 4.673E-0 7138c0
635E+00 .973E-0. .282E-09 2.900E-09 .O11E- .868E~0 4.216E-0 7130¢0:

. B2SE+00 10E-0 .104E~-03 2.387E-09 . S67E- .S27E-0 3.716E-0 7130C0:
003E+Q0 . 280E~0 .547E-10 1.881E-09 . 242E~ .270E-~0 3.338E-0! 7130C0
+200E+00 B80E-0 002E-~10 1.734E-09 4.855E- . D28E~0 2.982E-0 7130C0
384E+00 .220E-0. 196E-10 1.794E-09 S, 042E- .807E~0Q 2.6%57E-0 7130C0
«S87E+00 OBBE-Q 294E-10 1.5%52E-09 4.383E~ .599E~-Q 2,3%1E-0 7130c0
749E+00 632E-0 +A12E-10 1.269E-09 . 598E- . 424E-Q 2.094E-D 7130C0
5, 929E+00 .476E-0 7.2%56%-10 1.2486E-09 .848E~ .270E-0O 1.868E-0! 7130C0:
7.109E+00 .SS8E-0 .529E-10 9.636E-10 . 756E- . 135E-0 1.669E-0O 7130C0:
7.287E+00 6.433E-0 .433E-10 9.489E-10 .725E- .019E-Q 1.499E-0! 7138C0
7.464E+00 .407E-0! .426E-10 7.949E-10 . 292E- 9. 142E-0 1.345E-0! 7130C0
7.639E+00 .613E-0Q .S84E-10 8.254E-10 390~ 8.178E-0 1.203E-0: 7130C0
814E+00 4. 106E-Q 4.914E-10 6.036E-10 . 75%E- 7.327E-0Q 1.078E-0 7:130C0

7 . 988BE +0! .118E-0 4.849E-10 6.049E-10 .766E- 6.612E-0 9,727€-10 ?71308C0
203E+00 .310E-0! 4.514E-10 4.866E-10 .428E~ 5.814E-0 8.554E-10 7130CO
361E+00 . 224E=-0! 4.362E-10 4.74CE-10 . 396E- 5.298E-0 7.795E-10 ?7138C0
S539E+00 . 168E-0 4.200E~-10 4.658E-10 , 378E- 4.729E-0 6.9%59E-10 ?7:30C0

. 710E+00 . 884E-0Q 4,122E-10 4.229E-10 .259E-~ 4.211E-0 6.198E-10 7130CO
923E+00 . 722E-0! .977E-10 4.001E-10 . 194E - -609E-0 5.312E-10 7130C0
092E+00 .022E-0 740E-10 .972E-10 . 90%5E- .213E-0 4.730E-10 7130CO
2J9E+00 . 878E-0! 213E-10 .761E-10 . J0BE- . 887E-D 4.2%1E-10 7138C0
467E+0Q0 1E-0 983E-10 .942E-~10 5.872E- BB4E-0 3.762E-10 ?7130C0
.632E+00 . 694E-D! SBYE-10 .490E-10 .857E~ . 305E-0O .396E-10 7130CO
6E+00 ,822E-0 893E-10 .679E-10 8.161E~ .017E-0 .973E-10 ?7130C0
O0QE+01 2.114E-0 837E-10 .108E-10 9.518E- .616E-0 2.382E-10 7 CO:
DI16E+01 . 73%E-0 750E-10 . SB3E-10 7.823E~ .308E-0 .929E-10 7130CO
037E+01 . 03BE-0! 438E-10 .529E-10 4.691E- .016E~0 .301E-10 7 CO
0S3E+01 .216E-10 307E-10 211E-10 3.718E~ .675E-10 ,282E-10 7130CO0
+.073E+01 9.936E-10 258E-10 .466E-10 4. 206k~ .860E-10 1.014E-10 7130C0:
.O89E+01 . 076E-09 922E-10 SB88E-10 4,888E- .204E-1Q 7.697E-11 7130C0
. 108E+01 7.022E-10 836E-10 037E-10 . 196E- .B1SE-10 .202E-11 7130CO
. 124E+01 .380E-10 793E-10 4.953E-11 . S27E- .683E-10 976E-11  7130C0:
. 144E+01} .438E-10 622E-10Q 127E-11 6, 568E- .206E-10 268E-11 713Q3CO
163E+01 .956E-10 634E-10 8S9E-11 .811E-16 .694E-10 SO9E-11 7130C0
. 179E+01 .S53E-10 650E-10 Z16E-11 O0GE-16 3, 531E-11 263E-11 7130CO
. 198E+01 4.525E-10 .621E-10 713E-11 2.079E-16 -1.995E-11 -2.97%5E-12 713030
-218E+01 -2.264E-11 3.972E-10 ~3.362E-12 -1.042E-~17 -6,293E-11 -9.3%51E-12 7130C0:
. 23BE+01 -8.164E-10 2.915E-09 =1.218E-70 -3.765E-16 0. <] 7130C0

nnnhnn
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1
CF-252 20 CM ALUMINUM AT R=2M (FOR 1.0 N/SEC)

TIME AND DATE ©OF DATA REPORTING 16U 10/18/77
CGMPILATIUN DATE OF THIS CODE VERSION 10/18/770 09 13
30 GROUP QUTPUT
GRAUPS ENERGY DlFFERENT]AL FLUX INTEGRAL FLUX FLUX PER UNIT LETHARGY
UP-BOUND-MEV LM2-5EC-M N/CM2-SEC N/
o} 4,000000E-07 0. 0. 0.
9 3. 180000E-06 0. 0. 0.
4:3 2.520000E-05 0. 0. 0
7 2,000000E-04 0. 0. 0.
26 1.590000E-03 0. 0. 0.
> 1.261000E-02 0. 0. 0.
4 1.000000E-01 0, 0. 0.
3 2.236000E-01 2.457429E-06 3.0373 -07 3.876120E-07
4 5. 000000E~-01 2.401761E-06 6.6384 -07 89572E-07
1 $.946000E-01 1.639185E-06 1.5506i -07 71260E-07
20 7.071000E-01 1.267634E-06 1.426088E-07 S0393E-07
9 8, 409000E-01 8,264275E-07 1.1057 -07 96549E -07
8 1.000000E+00 6.519112E-07 1.037191E-07 ,000517E-07
7 1.257400E+00 8.016731E-07 2.063506E-07 .04B484E-07
] 1.581100E+00 6,391530E-07 2.068938E-07 .071179-07
S 1.988200E+00 4.729674E-07 1.92%5450E-07 . 440 -07
4 2, 9500000E+00 2.919894E-07 1.4944902E-07 -07
3 2.973000E+00 1.941466E-07 9.183134E-08 2 -07
2 3.535500E+00 1.171087E-07 6.587365E-08 1010E-07
1 4.204500E+00 6.755007E-08 4.519039E-08 : 4)88E-07
[} %.000000E+00 4.084836E-08 3.249487E-08 79944E - 07
9 5. 764800E +00 2,342804E-08 1.79 4E-08 60R283E-07
8 6. 646500E+00 1.258410E-08 1. -08 7.809254E-08
7 7.663100E+00 7.021295E -09 7. 7849E ~-03 .023596E-08
6 8.8 OOE+00 3.573809E-09 4.188862E-09 . 948089E-08
S 1.018600E+Q1 1.919288E-09 2.592%75E-09 . 82%5358E-08
A 1.174%500E+01 7.379159E-1C 1.150411E-09 .091617E-09
3 1.354100E+01 -5.145%5331E-10 =-9,241015E~10 -6.505242E-09
2 1.%612 o] Q. 0.
1 1. o, 0. 0.
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1
CF-2%2 2 CM POLY AT Rs=2M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTIN 11:07: 36U t0/18/77
CUMPILATION DATE OF THIS CODE VERSIUN 10/18/77U 09.13.
ENE PHI DEL -PH! DOSE KERMA INTEGRAL DOSE FIiLE-1D
EV) (NEUT/CM2~SEC-MEV) (MR/HR-MEV) <(ERG/GM-SEC-MEV) (NEUT,/CM2-SEC) (HR/HR)
.568E-0 .367E-OE .840E-0 389E .C10E- 2.412E-0¢ .637E-07 7108C0
L711E-O .375€-0C . 238E-0 3.562E-0 .D4SE- 2.393E-0 .632E-07 7100C0
.854E-0Q 410E-0 .251E-0 3.817E-D 111E~ .373E-0Q .627E+-07 7100C0
.996E-O .455E 0 .364E-0 4.114E-0 184E- .3%52E-0 21E-07 7100C0
. 139E-0 QBE-0 SSGE -0 4.4%5%E-0 266E- 31E-Q 1SE-07 7100C0
.281E-C . S%6E-0 .676E-0 4.803E-0 .I49E- Q9E-0 0SE-07 7100C0
,424E-0 .592E-0 .718E-0O .187E-0 26E - . 237E-0! 01E-07 7100C0
.BB7E-O ,615E-0 . 709E-0 .445E-0 494E ~ 264E-0 S4E-07 7100C0
.709E-0Q . 624E-DE 698E-0 .723E-0 S2E~ 241E-0 96E-07 7108C0
.852E-0 .626E-0 .673E-0 .98EE-0 . S04E~ 218E-0 78E-07 7100C06S
. 994E-0 .621E-0 629E-0 .23BE-0 L651E~ 9SE-0 69E-07 7100C0
.137E-0 .613E-0 S79E ~ 0 . 483E -0 S6E ~ 72E-0 .S60E-07 7100C0!
. 280E-0 .602E-0 .S28E-0 .732E-0 40E . 149E-0 SOE-07 7100C0
.422E-0 .5S90E-0 478E-0 .978E-0 783E ~ 26E-0 A1E-Q7 7100C0
.565E-0 .B77E-0D 426E-0 . 234E-0! .827E~ ., 103E-0 .S30E-07 7 1068CO0!
707E-0 .864E-0 .372E-0 7.496E-0 .870E~ .081E-Q 20E-07 7100C0
.850E-0 \5S1E-0 828E-0Q 7.76SE-0 .916E~ .059E-0 SE-0 7100C0
.982E-Q .S3BE-0 .276E-0Q . 048E-Di .961E~ .087E~06 498E-07 7100C0
4. 135E-0 . S2%5E~0! . 229E-9Q .340E-0 .008E~ . 81SE-0! 486E-07 7100C0
4.278E-0 S11E-O «179E-0 63S5E-0 . OSSE~ . 993E-0 474E-07 7100C0
4.420E-0Q . 497E-0 .128E-0 .940E-0 +102E- .972E-0 462E-07 7100C0!
4,563E-0 . 493E-0 . 078E -0 . 2%4E -0 SOE~ .951E-0 449E-07 7100C0
4,708E-0 , 468E -0 .031E-0 .B79E-0 200E- . 930E-0 .43%5E-07 7100CO
4.848E-0 .456E -0 .986E-0 918E-0 «251E- . 9C9E -0 421E-07 7100C0!
4.991E-0 .442E-0 .843E-0 ,027E-0 O3E - . 883E-0! 407E-07 7100C0
.133E-0 . 428E -0 .S00E-0Q .C34E- D7 .310E~ . 868E-0 92E-07 7100C0
.276E-0 .413E-0 +853E-0 037E- «312E- . 847E-0 .377E-07 7100Cc0!
.418E-0 .396E-0 .80SE-0 .039E-07 .31 - . 827E-0 .363E-07 7108C0!
.B61E-0 .377E-0Q .7S3E-0 . Q40E-07 . 306E- . 807E-0i . 348E-07 7100C0
. 704E-0 .354E-0! .698E-0 .037E-07 . 293E~ . 788E-0! .33J3E-07 7106C0!
. 846E-0 +326E -0 «8636E-0 .031E-07 272E- . 769E-0 .318E-07 7100C0
.989E-0 . 292E - Q! 560E-0 .018E-07 . 239E- .750E-0 .304E-C7 7100C0
J181E-0 . 248E- 0! . 469E-0 .994E-0 L 191E- 1.732E-01 , 289E-07 7100C0
.274E-0 . 198E-0O .355E-0 . 722E-0 . - 1.715E~0 .275E-07 7103CO0!
+416E-0 . 139E-0! 22E-C .376E-0 . 044E- 1.698E-0 . 262E-07 7100C0
.S59E-0 073E-O .Q76E-0Q .958E-0 .948BE- 1.682E-0 . 24BE-07 7108C0:
.702E-01 .002E-0 f -0 .488E-0 .841E- .667E-0 .23GE-07 7100C0
. 844E-0 3. 287E-07 . 763E-0 .981E-0 . 726E- . 654E-0 . 224E-07 7100C0
.987E-0 8.554E-0 -0 7.457E~0i . 608E- .BQiE-D .213E-07 7100C0!
.129E-0 7.846E-07 . 4S58E-0O .939E-0 .492E- .629E-0 .203E-07 7100C0
7.272E-0 7.191E-07 320E-0 \4S1E-0 .363E- "B19E-0 "793E-07 710800
7.415E-0 .607E-C7 . 201E~D .Q13E-0D . 28B6E- . 60BE-0 . 18%E-07 7100CO!
7.987E-0 .0B6E-07 L176E~0 .619E-0 . 19BE-13 . 600E-O! "1765-07  7100C0
7.700E-0 640E-07 .173E-~0 5.282E-0 . 123E- .S91E-Q .168%-07 7100C0
9, 038E-N . 263E-D7 4, 623E~0 .63BE-~0 . 168E~ .S19E-0l .096E-07 7120C02L
8,286E-0 ,460E-07 4,217E~0 .800E-0 . 836E- .S08E-0! 084E-07 7120C02L.
9,%32E-0 4.749E-07 4,749E+0 .346E-0 L O97E-13 . 497E-Ci . -07 7120C02L
9.894E-0 4.809E-07 4.973E-~0! ,B15E-0 4E - 480E-0 2.0%3E-07 7120C02L.
1.013E+00 5.982E-07 S.549E -0 .077E-0 438E- 467E-0i - =07 7120C02L.
1.048E+00 6.131E-027 $.766E~0 7.302E-0 . 460E - . 446E -0 2.0 -07 7120C02L.
1.070E+00 5.53%E-07 5.737E-0 6.620E-0 9E - . 433E-0 . 897E-07 7120C02L¢
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1
CF-2%2 S CM POLY AT R=2M {FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 11:03: 55U 10/18/77
COMPILATION DATE OF THIS CODE VERSION 10/18/77U0 09.13.
ENERGY PH1 DEL-PHI1 DOSE KERMA INTEGRAL. -DOSE FILE-ID
(MEV) (NEUT/CM2-SEC-MEV) (MR/HR-MEV) (ERG/GM~SEC-MEV) (NEUT/CM2-SEC) (MR/HR)
S62E-0 .872E-07 4. 435E-0 . 194E-0€ §.54%5E-14 . S4SE-086 . 702E-07 707QC0
.704E-0 .943E-07 .114E-0 .311E-0 6.812E-14 . 532E-06 .698E-07 7070C0
+BABE-0 .144E-07 . 123E-0 .469E-0 7.191E-14 .S519E-06 .B69%E-07 7070C0:
«988E-0 .391E-07 7SE -0 .649E-0 7.625E-14 .S06E-0 .691E-07 7070C0.
.130E-0 6864E-07 81E-0 . 848E-0 .102E-14 493E -0l .688E-07 7070C0
+273E-0 «9D4E-07 42E -0 .0S0E-0 S75E-14 478E-0 .683E-07 7070C0:
+415E-C .ODSE-06 S1E-0 «237E-D: .992E-14 464E~0 .679E-07 7070C0:;
SS7E-0 .012E-06 25E -3 .401E-0 . 339E-14 450E-0l 74E-07
.699E-0 .010E-06 99E ~0 .547E-0 623E-14 . 436E-0 .868E-07
.841E-0 . 002E ~06 5IE -0 .677E-C. .860E-14 .421E-0 4E-07
.983E-0 .910E-07 BE~O 3.799E-0. 007E-13 «407E-0 .659E-07
. 125E-0 .787E-07 S9E-0 3.920€E-0 .027E-13 .393E-0 .683E-07
.267E-0 3, 651E-07 22E -0 4.038E-0. . 04%5E- .379E-~0 48E~-07
.408E-0 .521E-07 . 078E-0 4.162E-0E . 063E- . I66E ~0€ 42E-Q7
.5%51E-0 .3RBE-Q7 .036E-O 4.292E-Q . 0BSE- .3%S2E-~0 .636E-07
.693E-0 .287E-07 .997E-0 4.432E-0. . 107E- »339E-~0 E-07
.835E-0 «180E-07 . 863E -0 4,581E-0. 31E- 26E~0 .623E-07
.977E-0 112E-07 ,935E -0 4.746E-0 . 1S8E- 13E~0 7E-07
4.119E-0 .047E-07 .810E-0 4.923E -0 - . 187E- +300E~0 OE-07
4.261E-0 . 8Y9E-0Q7 . 8B8E-0. .110E-0 . 21BE- 87E-0 O3E-07
4,403E-0 .937E-07 .8B7E-0i .308E-0 . 250E~ 75E~-0 9SE-07
4.545E-0 .891E-07 .847E-0i .817E-0 . 284E- 52E-0 .S88E-07
4.687E-0 .839E-07 . 827E-0. . 731E-0 . 318E- . 249E-0 80E-07
4.829E-0 774E-07 .80SE-0 .943E-0 .3S1E- .237E-0 .571E-07
4.871E-0 .690E-07 . 782E-0 .150E-0 .381E- 24E -0 63E-07
.113E-0 .586E-07 S3IE-O .201E-0 86E-~ 12E-0i .S54E-07 7070C0
.295E-0 .4S0E-~07 .715E-0 . 190E-0 80E ~ QUE -0 45E-07 7070CO0:
.397E-0 .281E-07 SE-0 . 153E-0 . 368E- . 188E-0 36E-07 7070C0:;
.S39E-0 .087E-07 620E-O .Q95E-~0 . 352E- 77E-0l 28E-07 7070C0.
.681E-0 . 859E-07 SE7E-0 .00SE-0 . A29E- . 165E-0 .S19E-07 7070c0
.823E-0Q 7.613E-07 .S08E-0 .904E-~0 . 302E- S4E -0 .S11E-07 7070C0:
«965E-0 7.3%53E-07 SE-0 .785E-~0 .272E- . 144E-0 .S02E-07 7070CO0:
. 107E-0 7.074E-07 JB80OE-0O .645E-0 . 238BE~ . 133E-0 .494E-07 7070C0:.
.249E-0 .795E-07 317E-0 .S00E-~D 03E- .124E-0 .486E-07 7070C0
.391E-0 .516E-07 L293E-0 .3IS0E-0O S7E- . 114E-Q .479E-07 707000
.S33E-0 .2S7E-07 . 192E-0 .211E~0 134E- . 10%E-0 471E-07 7070C0.
.678E-0 .012E-07 . 140E-0 5.08B0E -0 02E-13 . 09BE -0 . 464E-07 70706C0.
.818E-0 .787E-07 .094E-0 4,960E-~0. .073E-13 .OBBE-0 .4%7E-07 7070C0
BOE-~0 .879E-07 66E -0 4.851E-~0 .047E-13 . 0BOE -0 .450E-07 7070C0
. 102E-0 . 385E-07 0B2E-0 4.749E~0 . 022E-13 .072E-0 .443E-07 7070C0
7.244E-0 . 197E-07 104E -0 4.649E-~0 .975E-14 . 065E-0l .436E-07 7070C0:
7.386E-0 .012E-07 .130E-0 4.548E~-0 .730E-14 . 057E-0 .430E-07 7070C0
?2.528E-0 4.822E-07 S3E-O 4.439E~0i .471E-14 .0SO0E-0 423E-07 7070C0.
7.670E-0 4.626E-07 177E-0O 4.319E~0 .181E-14 - 044E-Q 417E-07 7079C:!
3, 035E-0 3,687E-07 3.936E-0 . 949E-0 . 183E-14 . 8B8E-0 B!E-07 7120C0
), 286E-0 3.239E-07 . 9BSE-2 .558E~0 .337E-14 .781E-07 $15-07 7120C0
.832E-0 3.022£-07 4.065E-0 . 403E - O 5. 982E-14 . 704E-07 ,343E-07 7120C0
.894E-0 3.268E-07 4.362E-0 .815E-0 7. 779E-14 .S91E-07 .330E-C7? 712300
.D13E+00 3.396E-07 4. 617E-0 4.254E-0 8.644E-14 .510E-07? 20E-07 7120C0
. D48E+D0 4.26F%-07 4. 996E -0 S.080E-0 1.030E-13 .372E-07 ,304E-07 7120C0
\070E+00 4.014E-07 5. 08BE-0E 4. 793E-0 8.710E-14 9.281E-07 93E-07 7120CC
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1
CF-2%2 S CM POLY AT R=2M (FOR 1,0 N/SEC)

TIME AND DATE OF DATA REPORTING 11:03:55U 10/18/77
COMPILATION DATE OF THIS CODE VERSLON 10/18/77U 09.13,04
30 GROUP GUTPUT
GROUFs ENERBY DIFFERENTIAL FLUX INTEGRAL FLUX FLUX PER UNIT LETHARGY

UP-BOUND-MEV N/CM2-SEC-MEV N/CM2-SEC N/CM2-SEC
30 4, 00DOQOE-07 0. 0. 0.
29 3. 180000E-05 0. 0. 0.
28 2.520000E-05 0. 0. 0.
27 2.0 0. 0. 0.
&6 1.59 0. 0. 0.
25 1. 0. 0. Q.
24 1. 0. 0. Q.
23 2. 9.092736E-07 1.123862E-07 1.471205E-07
22 S. 9.415519E-07 2.602449E-07 3. 406535E-07
&1 S. 8.126581E-07 7.687746E-08 4.447678E-07
20 7. 6.341094E-07 7.1337 -08 4.127101E-07
19 8. 4.6 -07 ©.243539E-08 3.611733E-07
18 1. 3.503930E-07 5.574753E-08 3.22%5193E-07
17 1. 4.075S0JE-07 1.04 -07 4.600016E-07
16 1. 4.1475%9E-07 1.342578E-07 S.886480E-07
15 1 3.447172E-07 1.403344E-07 6. 151996€-07
14 2. 2.923451€-07 1. -07 6.560517E-07
13 2. 2.398337E-07 1.134319E-07 6.562502E-07
12 3. 1.619%523E-07 2.109817E-08 5.270333E-07
11 qa. 1.017757E-07 6.808797E-08 3.938721E-07
10 5. 6.718715E-08 5.344738E-08 3.092121€£-07
9 9. 4.64%5942E-08 3.%5 7E-08 2.500632E-07
8 6. 2.916167E-08 2.571185E-08 1.809671E-07
7 7. 1.791966E-08 1.82 JE-08 1.282116E-07
[} 8. 83%200E+00 9.458478E-09 1.108628E-08 7.802440E-08
5 1.018600E+0Q" 4 377685£-09 ¥ 913376E-09 4.163441E-08
q 1.174500E+01 2.138021E-08 3.333174E-09 2.344446E-08
3 1.354100E+Q1 -1.688161E-09 -2.978057E-09 -2.096413€-08
2 1.561200E+01 0. 0. 0.
1 1.800000E+01 Q. Q. 0.



1
CF-2%2 10 €M POLY AT R=2M
TIME AND DATE OF DATA REPORTI

COMPILATION DATE OF THIS CODE VERSION

{FOR 1.0 N/SEC)

11:06:08U 10718777
10/18/77U 09.13.04

A

ENERGY PHI DEL -PH! DOSE KERMA INTEGRAL INT-DOSE
(MEV) (NEUT/CM2-SEC-MEV) (MR/HR-MEV) (ERG/GM-SEC-MEV) (NEUT/CMZ2-SEC) (MR/HR)
.S68E-0 .406E-07 1.703E-0 ).440E-09 516E~14 45E-07 .820E-0
.711E-0 3.315E-07 7.8691E-0 SBSE 09 S529E-14 97E-07 .907E-0
.854E-0 ,327€-07 7.587E-0 OBE -0 621E~14 SOE-07 . 895E-0Q
.996E-0 .368E-07 7.769E-0 5 . 525E s} 740E-14 02E-07 .882E-0
2.139E-0 .431E-07 8.210E-0 .014E-Q .882E~14 4E-07 . 868E-0
.2B1E~0 .473E-07 8.2394E-0 .072E-0. 12E-14 705E-07 853E-0
+424E-0Q .473E-07 8.125E-0 .121E-0 111E-14 SE-D .837E-0
.567E-0 .429€-07 7.885E~0! . 156E-0. A72E-14 06E-07 .821E-0
«709E-0 . 350E-0Q7 7.639E-0 . 180E~0 00E-14 58E-07 . 804E-D
.852E-0 .2512-07 7. 360E -0 . 197E-08 .207E-14 510E-07 .7287E-Q
.994E-0 .141E-07 7.022E-0 1.20BE-0: .198E-14 465E-07 . 770E-0
.137E-0 .026E-07 &, E85E -0 .217E-0 .183E-14 421E€-07 .753E-0
.280E-0 .915E-07 €.378E-0 .225E-0 . 166E-14 .378E-07 . 735E-0
.422E-0 .811E-07 6.107E-0O .234E-08 -152E-14 .338E-0 . 718E-Di
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CF-252

10 CM POLY AT R=2M (FOR 1

E AND DATE OF DATA REPORTING
CGHPILAT!UN DATE OF THIS CODE VERSION

30 GRUUP OUTPUT

GROUP#*

AIAIRIMI N A [A]

~RNWAUNOVIOO=NRIANNIOPOO~NWDANNDOO
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0000E-06
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.0 N/SEC)

06 DSU 10/18/77
10/18/77u 09 .04

INTEGRAL FLUX
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~LUX PER UNIT LETHARGY
N/CM2-SEC
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0.

[+

0.

0.

Q.

0.

5.479880E-08
1.011479E-07
1.152622E-07
1.177516E-07
9.0164%56E-08
1. 3¢ 2E-07
1.S50319E-07
2.418804E-07
2.618947E-07
2.684003E-07
2.76%5739E-07
2.237404E-07
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3.858089E-08
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1.267441E-08
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1
PUBE BARE AT R= 1M {FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 14:44:40R 10/17/77
COMPILATION DATE OF THIS CODE VERSION 10/14/77U 16.05.47
30 GRUUP OUTPUT
GRGUP® ENERGY DIFFERENTIAL FLUX INTEGRAL FLUX FLUX PER UNIT LETHARGY
UP-BOUND-MEV N/CM2-SEC “MEV N/CM2-SEC N/CM2-SEC

30 4 OOOODOE 07 0, 0. 0.
29 0000 0. 0. 0.
28 0. 0. 0.
27 0. 0. 0.
26 0. 0. 0.
25 0. 0. 0,
24 [+ B 0. 0.
23 0% 1.6381716E-06 2.080960E-07 2.737196E-07
22 01 2.251297E-06 6.222585E-07 8,145192E-07
21 . =01 1.6 28 - 1.573758E-07 9.104840E-07
20 . =01 1.1 OQOE -06 1.267988E-07 7.335732E-07
19 409000E-01 7.812829E-07 1. 3S7E~Q7 6.047130E-07
18 .Q00000E+00 1.4 =06 2.233487E-07 1.292151E-06
17 . 257400E+00 1.019138E-06 2.6 OE-~07 1.150301E-06
16 .581100E+00 6.820837E-07 2.20790%E-07 9.680473E-07
15 . 988200E+00 4.976513E-07 2.0 9E ~07 8.881335E-07
14 . 500000E+00 7.8 9E -07 3.898784E-07 1.709508E-06
13 . 1.050987E-06 4.9 8E-07 2.876026E-06
12 1.3 SE-06 7.781789E~-07 4.502024E-06
11 1.283112E-06 8.584017E-07 4.965642E-06
10 1.0908 -06 8.677933E-07 S.020492E-06
9 9.4 -07 7.247672E-07 5. 100663E-06
8 2,0764 -07 6.239277E-07 4.391877E-06
7 5.0039 -07 $.087037E~-07 3.580241E-06
6 4.183230E-07 4.903164E-07 3.4%50810E-06
S 2.104260E-07 2.842434E-07 2.001277E-08B
4 4.826352E-08 7.524282E-08 S. -07
3 7.147297E-10 1. E-09 9.036327E-09
2 0. 0. 0.

1 o, 0. 0.
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1
PUBE 25 CM H20 AT R=1M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 14:48: 18R 10/17/77
COMPILATION DATE OF THIS CODE VERSION 10/14,77U0 16.05.47
ENERGY PH1 DEL -PH1 0OSE KERMA I NTEGRAL INT-DOSE FILE-ID
(MEV) (NEUT/CM2-SEC-MEV) {MR/HR-MEV) (ERG/GM-SEC-MEV) (NEUT/CM2-SEC) (MR/HR)
642E-0 .436E-07 1.218E-0. 6.176E-0O .830E-14 9.995E-07 . 309E-07 605NCO
. 869E-0 409E -07 $,267E-0 6.551E-0 . 904E-14 9.940E-07 .308E-07 60SNO0
96E-0 S08E-D7 5.724E-0 7.315E-0 .087E-14 9.884E-07 06E-07 0SNAQ
.322E-0 .6B6E-07 6.657E-0 8.399E-0 .351E-14 9.825E-07 .305E-07 SNOO
.549E-0 .808BE-07 6.698E-0 9.416E-0! .887E-14 9.783E-07 O3E-07 SNOO
77%E-0 B824E-07 8.587E-0 . 016E-0 .73BE-14 9.699E-07 00E-07 OSNOOQ
.002E-0 . 766E-07 8, 428E- 0! . Q67E-0! .822E-14 8.636E-07 98E -07 SOBNOO
228E-0 .671E-07 6.119E-0 - 104E-0 .867E-14 9.574E-07 9SE-07 OSNOO
.45%E-0 .554E-07 5.771E-0 . 132E-08 .B86E-14 9.515E-07 .293E-07 0SNG0
.681E-0 .436E-07 5.462E -0 . 158E-08 .896E-14 3, 4S9E -07 90E-07 OSNOO1
. 90BE-D .327E-07 8. 186E -0 - 186E-08 .911E-14 405E-07 88E-07 05NOO1
4.134E-0 .231E-07 4,923E-0 -220E-0 .938E-14 3%3E-07 85E-07 OSNOO1
4.361E-0 .149E-07 4.716E-0! +260E-0 .977E-14 4E-07 82E-07 0SNOO
4.%87E-0 .078E-07 4.534E-0 » 306E-0 .029E-14 .256E-07 . 279E-07 505N00
4.814E-0 .012E-07 4.368E-0 . 3B6E -0 .Q87E-14 209E-07 .276E-07 SNO
.041E-0 .947E-07 4.206E-0 .396E£-0 .125E-14 64E-0Q7 .273E-07 SNOO
.267E-0 ,882E-07 4,031E-0 . 380E-0 .Q77E-14 1E-07 70E-07 0SNOO
494E-0 19E~-07 3.867E-0! . 365E-0 .Q29E-14 079E-Q7 67E-07 605N0O0
. 720E-Q .738E-07 4.0%8E-0 +349E-0 .981E-14 .039E-07 .264E-07 OSNO!
+947E-0 688E-07 4.9%54E-0 . 8334E-0 .936E-14 . 999E-07 61E-07 QOSNOCO
.173E-0 43E-07 S.4B6E -0 .320E-0 . 892E-14 62E-07 . 2%58E-07 OSNOO1E
.400E-0 .SR6E-07 5,377E-Q +304E-0 .B43E-14 SE-Q7 .25%E-07 603NSC
.626E-0 S518£-07 q, 46BE-Q! -276E-0 .770E-14 .890E-07 S52E-07 O5NOO
. 853E-0 .421E-07 .986E-0 . 222E-0 B42E-14 S7E-07 .249E-07 OSNGO
.Q79E-0 278E-07 ,692E-0 +122E-0Q .415E-14 26E-07 46E-07 OSNOC
7.306E-0 SE-07 E - D! 9.681E-0 .Q75E-14 99E-07 44E-07 OSNOO
7.B333E-0 .393E-08 .4B7E-0 7.730E-0 .649E~14 778E-07 . 242E-07 605NGO|
.213E-0 2E-07 .143E-0 .889E-0 .900E-14 S62E-07 .220E-07 719JA02LS
9.609E-0 . 732E-07 146E -0 . 965E-0 4.028E-14 . 493E-07 .212E-07 719JAp2L
9.867E-0 73E-07 11BE-0 . 9%50E-0 77E-14 449E-07 .207E-07 719JA02LE
. 025E+00 .601E-07 091E-0 . 899E-0 85%c-14 86E-07 .200E-07 719JA02
.049E+00 .587E-Q7 .067E-0 . 858E-D . 758E-14 49E-07 .18SE-07 719JAQ2L:
- 08SE+00 .523E-07 049E -0 . 826E-0 .B91E-14 93E-07 .188E-07 719JA02L
.118E+00 .378E-07 9.928E-0 .663E-0 .353E-14 45E-07 . 183E-07 719JAD2L.
153E+0D . 408BE-07 012E -0 . 708E-0 .435E-14 97E-07 L 177E-07  719JA02L.
.178E+00 .401E-07 .026E-0 .710E-0 .433E-14 61E-07 .173E-07  719JA02L:
212E+00 .429E-07 .027E-0 . 756E-~0 .516E-14 13E-07 .167E-07 719JA02L
.246E+00 435E-07 . 033E-0¢ « 775E-~0 .845E-14 06%E£-07 .IB1E-07 719JA02L.
. 279E+00 A41E-07 .052E -0 .795E-0 J.57%E-14 017€-07 JISSE-Q7  7219JA02L
.311E+00 .477E-07 073E-0 . 850E-~0 3.677E-14 .970E-07 , 149E-07 719JA02L:
.343E+00 S02E-07 .098BE-0 . 894E-0Q . 7S4E-14 7.923E-07 .143E-07 7 02|
. 37BE+00 .5B4E-07 .140£-0 2. 00BE~0 3.972E-14 7.873E-07 .187E-07 719JA02L
+406E+00 562E-0 .135E-0 . 993E-0. 3.939E-14 7.825E-07 .130E-07 719JA02L
.437E+00 S91E-07 . 139E-0 .Q42E-0 4.021E-14 7.776E-07 .124E-07 719JA02LS
+477E+00 570E-07 131E-0 .030E-0 .98%E-14 7.718E-07 .116E-07 719JA02LS
- 506E+00 S37E-07 . 125E-0 998E-0 .915E-14 7.668E-07 10E-07 719JA02LS
»336E+00 .BS2E-07 .138E-0 2.030E~0 3.967E-14 7.621E-07 . 104E-07 719JA02LS
SESE+00 .S27E-07 .132E-0 2, 00BE -0 .916E-14 7.577E-07 .098E-07 713JA02L:
.603E+00 . 466E-07 11BE-0 842E+-N .776E-14 7.%520E-07 .QS1E-07 719JA02L
.631E+00 . 458E-07 .092E-0 842E-0 .769E-14 7.478E-07 .0B85E-07 719JA02ZL
.BB8E+00 .497E-07 121E-0 2. 009E -0 .88BE-14 7.424E-07 .078E-D7 718JA02L!
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1PIBE 25 CM H28 AT R=1M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 14:48: 18R 10/17/77
COMPILATION DATE OF THIS CODE VERSION 10/14/77U 16.0%.47
30 GRUUP OUTPUT
GROUFS® ENERGY DlFFERENTlAL FLUX INTEGRAL FLUX FLUX FER UNlT LETHARBY
UP-BOUND-MEV N/CM2-SEC-MEV N/CM2-SEC N/CM2-
30 4.0¢ Q00E-07 0. 0. 0.
29 1B o. 0. 0.
28 0. 0. 0.
27 0. 0. o,
26 0. D. 0.
23 0. 0. o,
24 0. 0. 0.
23 -..4!-23495 07 3.031103E-0 3.967901E-08
22 2.444872E-0 6.757627E-0 8.84%%48E-08
21 | 826188E- 07 1.727572E-0 9.994715E-08
20 .533083E-07 1.724718E-0 9.978073E-0
19 .071398E-07 1.433%31E-~0 ©8,292622E-~08
18 .613825E-07 2,%67%S95E -0 1.48544%5E-07
17 .471831E-07 3.787979E-0 1.661030E-07
16 . 532506E-07 4.960723E-0 2.173010E-07
15 . SQ9E-07 6.141140E-0 2.6921B1E-07
14 .681074E-07 8.603734E-0. 3.772497E-07
13 . -07 8.302707E-0 4.8034%58E-07
12 .419305E-07 7.984096E-0 4.619066E-07
11 .085514E-07 7.128283E-0 4.123%540E-07
10 .032370E-07 8.371602E~0. 4, -Q7
9 .119744E-08 6.974781E-0: 4,90 1E-07
8 7.262038E-08 6. 4¢ ~D 4.50 7E-07
7 .054551E-08 6. 1550S6E-0 4.33 OE-07
6 4,725838E-08 S5.539185E-0 3.898415E-07
S 2.221251E-08 3.000466E -0 2.112%43E-07
4 S,79272%E-09 9.0308%3E-0 6.352013E-08
3 9.492B62E-11 1.704882E-10 1.2001S7E-09
2 o, 0, 0.
1 0. 0. 0.




11~

1
PUBE 3 CM D20 AT R= 1M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 14:49:42R 10/17/77
COMPILATION DATE OF THIS CODE VERSION 10/14/770 16.05.47
ENERGY PHI OEL-PHI DOSE KERMA INTEGRAL INT-DOSE FILE-1D
(MEV} (NEUT/CM2-SEC-MEV) (MR/HR-MEV: (ERG/GM-SEC-MEV) (NEUT/CM2-SEC) (MR/HR)
.S29E-0 . 002E-0O 1.501E-07 7.351E-08 - 6.349E-0 7.939E-07 608NJO
.756E-0 .916E-0 6.460E-0 7.8657E-08 .282E-0 7.922E-07 08NOO
+982E-0 .969E-0 6,737E-0 .360E-08 .4 .218£-0 7,904E-07 QE8NOO:
-209E-0 .119E-0 7.714E-0 3, 419E-08 ,662E - .146E-08 7.884E-07 08NOO:
.435E-0 .213E-0 7.6861E-0 .040E-07 .885E- .Q74E-06 7.861E-07 508N00
-662E-0 .195E-0 7.435E-0 10E-07 . 020E- .002E-0 Z.837E-07 08NJO:
.888E-0 .098E -0 7.201E-0 S3E-07 . 080E - V931E-0 7.811E-07 0BNOO!
.115E-0 .953E-0 . 796E-~0 79E-07 .030E- ,862E-0 7.785E-07 08NOO!
3.341E-0 77SE-Q . 290E-0 88E-07 . 056E- . 797E-0Ol 7.798E-07 OBNGO
.S68E-0 .SB1E-0O .799E-0 .185E-07 L991E- . 736E-0 7.731E-07 0B8NOO:
.795E-0 .883E-0 .311E-0 73E-07 . 906E - ,680E-0 7.-704E-07 0BNOO:!
4.021E-0 . 193E-0 4.839E-0 . 158E-07 .B15E- .628E-0 7.878E-07 08NOO!
4.248E-0 .019E-0 4, 412E-0 43E-07 . 728E- .S81E-0 7.652E-07 08NCO
4.474E-0 .864E-0i 4.046E-0 32£-07 . 650E- .B537E-O 7.626E-07 0BNOQ
4.701E-0 . 732E-0! .733E-0 28E-07 .591E- . 496E - 0€ 7.801E-07 QB8NOO!
4.927E-0 .821E-0 .471E-0 31E-07 .S51E- . 458E -~0€ 7.S75E-07 0BNOO
-154E-0 .524E-0 . 232E-0 . 105E-07 .469E - .422E-0 7.550E-07 QBNOO3S
.380E-0 . 438E -0 OSB8E-0 0B6E -07 .372E- .389E-06 7.525E-07 08NOO:
.607E-0 .356E-0 .870E-0 .029E-07 . 280E- .387E-0 7.S01E-07 0BNQO!
«833E-0 .275E-0 .685E-0 . 899E-0Q . 183E- . 327E -0l 7.479E-07 08NJ0!
.060E-0 . 19SE-0 +493E-0 + 493E-0 . 084E - .299E-06 7.457E-07 QBNGO
«287E-0 .117E-0 .311E-0 - Q76E-0 .984E- .273E~0 7.43%5E-07 08NO0
S13E-0 .043E-0 - 145€-0 . 670E-0Q .887E- .249E-~06 7.415E-07 DBNOO 3
.740E-0 .746E-0 +993E-0 . 288E-0i . 796E~ 26E ~0€ 7.396E-07 08NOO
+966E-0 0SE-Q07 .8%3E-0 7.920E-0 . 709E- .204E-0 7.378E-07 QBNJO3s
<193E-0 482€-07 . 722E-Q 7.S49%E-0 L6218~ 4E-O 7 .360E-Q7 OBNUO3.
7.419E-0 7. 844E-07 . 590E -0 7.14)E-0Q . O27E- . 166E-~0 7.344E-07 003
+047E-0 .279E-07 .284E-0 49E-0 2.061E- .027E-~0 7.205E-07 718JA04L.
+434E-0 .904E-07 .096E-0 . S26E-0i 2.041E- 4,.991E~0! ?.166E-07 7 A04L
,686E~0 .645E-07 .941E-0 B84E-0 023E - 4, 969E~0! 7.141E-07 718JA"4L.
. 00SE+00 .016E-07 .624E-0 .463E-0 .925E - 4.939E~0 7.106E-07 718JA04L.
.041E+0 .339E-07 .310E-0 .729E-0 .770E- 4,311E~0l 7.073E-Q7 718JA04L.
.06SE+00 .929E-07 . 197E-0 «279E-0i .B76E- 4.894E~0 7.053E-07 718JAO
. 100E+20 .S01E-07 S.034E-0 . B20E-0. .B79E- 4.871E-0 7.025E-07 71€.JAOD
. 132E+00 .412E-07 5.083E -0 7.761E-0 .563E- 4.8%50E-0 7.000E-07 718J404L.
. 163E+00 . Q79E-07 4.986E-0 7. 402E- 2. .487E- 4.831E-0 .976E-07 718JA04
. 200E+00 .036E-07 4.870E-0 7.402E-0 .483E- 4, 808E~O! .9498-07 77i8JA04LS
32E+00 . 74SE-07 4.846E-0 7.088E-0 .417E- 4,789E-0 .926E-07 718JA04L!
.264E+00 171E-07 . 09BE-0 7.661E-0 .528E~ 4,770E-0! .902E-07 718JAQ4L
. 296E+00 .951E-07 . 104E-0 7.433E-0 .479E- 4,751E-0 .878E-07 718JAO
.327E+00 .86%5E-07 . 145E-0 7.369E -~ . 463E - 4.733E-0 .855E-07 718JA04LS
.3S57E+00 .466E-07 .0B7E-0 6,908E-0 .368E- 4.716E-0! .833E-07 718JA04LS
. 387E+00 .311E-07 . 112E-0O 6.751E-0l .334E- 4,700E-0 .B13E-D7 718JA0
.417E+00 . B0BE-07 . 149E -0 7.425E-0 .464E- 4.683E-0Q .792E-07 718JA0
. 4S6E+00 .968E-07 .317E-0 7.687E-0 JS11E- 4, §60E -0 .762E~07 718JA04L
485E+00 . 106E-07 438E-0 7.908E-0 S52E - 4.642E-0 .740E-07 718JA0
.514E+Q0 .210E-07 SB0E -0 8.089E-0! 583E- 4.62%E-0! .718E-D7 718JAO
S1E+00 .8SBE-07 . 926E-0 8.996E-0 . 796E- 4.600E-0 .685E-07 718JA0
79E+00 . 298E-07 . 785E-0 8. 306E -0 ,B618E- 4,582E-0 .661E-07 718JAO
.615E+CO . 702E-07 .42%5E-0 7.573E-0 . 471E- 4.560E-0€ 6.632E-07 718JA0AL.
42E+00 .086E-07 .287E-0 6.7S0E-0 317E- 4.546E-0 13E-07 718JA0




-G11-

. 678E+00 5.048E-07 . 386E -0 6.786E-08 .312E-13 4. 528E-0€ 3.588E-07 718JA04L
.703E+00 4.390E-07 .272E-0 $.930E-08 145E-13 4.%516E-0€ -872E-07 718JA04L
. 739E+00 4.762E-07 .S09E-0 8.477E-08 247E-13 4. 499E- .S50E-07 718JA04L
. 763E+00 4.710E-07 87E -0 6.439E-08 .237E-13 4, 487E- S33E-07 718JA04L.
. BODE+00 4.846E-07 .470E-0O 6.669E-08 .278E-13 4. 470E-0i .510E-07 718JA04L:
. 834E+00 5.316E-07 . 7d0E -0 7.364E-08 .408E-13 4. 453E- D€ .486E -07 718JA04L!
867E+00Q S.969E-07 7E-0O . 320E-Q8 .S587E-13 4. 434E-0 .4B61E-07 718JA04L:
901E+00 6.378E-Q7 .322E-0 949E-08 1.702E-13 4, E-Oi 431E-Q7 718JAQ
.926E+00 6.S43E-07 SE -0 .224E-08 1.751E-13 4.397E-0 408E-07 718JAD4L.
. 959E+00 6.577E-07 28%E-0 32E-08 1.767E~-13 4. 376E-0l .378E-07 718JA04L
.992E+00 6.878E-07 .473E-0O .821E-08 1.855£-13 4.3%53E-0 .346E-07 718JA04L
024E+00 7.560E-07 28E -0 081E-07 2.048E-18 4.330E-0 .313E-07 718JA0A4L.
0SBE+00 7.27SE-07 78BE-O 41E-07 .979E-13 4,307E-0 .279E-07 718JAQ4L
. 0B88E+Q0 6.938E-07 . 742E-0 .931E-08 .89%5E-13 4.284E-0 47€-07 718JA0
. 120E+00Q 6.514E-07 OE -0 ). 325E-08 .787E-13 4.262E-0 16E-07 718JA04L:
. 120E+00 7.682E-07 .S38E-0 . 100E-07 .107E-13 4.262E-0 16E-Q7 718JA04H.
.151S+00 6.76%5E-07 .730E-0 . B8BE-08 .863E-13 4. 240E-0i 84E-07 718JA04L
182E+00 7.056E-07 B6E -0 -011E-07 .981E-13 4.218E-0 .153E-07 718JAD.
«213E+00 6.985E-07 . 745E-O .001E-07 .939E-13 4.197E-0 22¢-07 718JA04L
252E+00 7.441E-07 .977E-0 .067E-07 2.076E-13 4.1G69E-0O 082E-07 ?718JA04L.
. 2B2E+0C0 7.828E-07 .211E~-0 . 122E-07 .193E-13 4.146E-0 . 049E - 718JA04L
2B7E+00 .315E-07 7.381E-0 . 192E-07 .331E-13 4.142E-0 .043E-07 718JA04H:
.313E+00 .283E-07 7.780E-0 . 188E~07 .330E-13 4,120E-0Q .012E-07 718JA04L.
. 343E+00 .508E-07 7.428E-0 . 220E-07 .403E-13 4.095E-0 .976E-07 718JAD4L.
. 373E+00 .401E-07 7.4B4E -0 .349E-07 .BB63E-13 4.088E-0 5.937E-07 718JA04L
410E+00 .016E-0Q7 7.332E-0 . 294E-07 .S69E~13 4.034E-0Of 5.889E-07 718JA04LS
. 439E+00 .009E-07 4.987E-0 . 294E-07 .577E~13 4. 008E -0 5.851E-07 718JA04LS
469E+00 .485E-07 .243E-0 .219E-07 .436E-17% .982E-0 $.813E-07 718JA04Ls
.476E+00 18E-07 441E-0O .238E-07 .477E-13 .976E-0 S5.805E-07 718JA04HS
652E+00 . 945E-07 B83E-0 .287E-07 .630E-13 3.821E-0 5.583E-07 718JA04HS
.817E+00 .954E-07 O7BE -0 .434E-07 .991E-13 . 665E-0 5.358E-07 718JA04HS
.036E+30 . 02SE-06 .323E-0Q . 485E-07 .182E-13 . 443E -0 % D3IBE-07 718JA04H:
. 200E+0Q0 .074E-06 .511E-0 .553E-07 394E-13 3.271E-0 4.789E-07 718JA04H:
.36SE+00 . 745E-07 JIS1E-O .411E-07 .146E-13 .102E-0 4.545E-07 7)8JA04H:
.584E+00 87E-07 . 720E-0 .318E-07 .019E- 2.8956E-0 4.246E-07 718JA04H
. 749E+00 .S6SE-07 .415E-0 . 245E-07 .S08E- 2, 750E-0 4.034E-07 718JA04H
.95S8E+00 161E-07 .232E-0 .188E-07 .B48E- 2.575E-0 .780E-07 718JA04H
110E+00 .650E-07 4.954E -0 L 115E-07 «723E-~ «. 488E-0 B0SE-07 718JA04H:
4.328E+00 7.581E-07 4,977E-0 .107E-07 777E- 289E -0 363E-07 718JA04H:
4q.534E+00 7.708E-0Q7 5.013E-0 . 128E-07 . 900E- 132E -0 133E-07 718JA0D4H
4.687E+00 7.870E-07 5.058E-0 . 154E-07 . 022E-17 013E-Q 958E-07 718JA04H:
890E+00 7.366E-07 4.850E-0C .082E-07 .804E- 8%8E-0 731E-07 718JAD4H:
. 090E+00 7.343E-07 4.804E~0 .079E-07 .843E- .711E-0 .S15E-07 718JAD4H
. 240E+00 .529E-07 4.427E-0 .S9BE-0 .626E~ ). 607E-0 .3 -07 718JA04H:
425E+00 .172E-07 4,2%3E-0 73E -0 494~ 1.489E-0 . 189E-07 718JA04H
.628E+00 .233E-07 4.294E~0. 163E-0 .S30E- 1.363E-0 .004E-07 718JA04H
. 824E+00 .457E-07 4, 030E-O: 022E-0. . 226E- 1.249E-0 .836E-07 718JA04H
. Q0BE+00 . 154E-07 3.871E-0 . S76E-0. CINE- 1.151E-0O .692E-07 718JA04H:
. 164E+00 4,500E-07 3.626E-0 614E -0 . 850E- 1.076E-0 .582E-07 718JA04H
. 355E+00 4.469E-07 3.653E-0 .S70E-D . 846E - 9,902E-0 .4S6E-07 718JA04H:
. S44E+00 4.159E-07 3. 404E -0 114E-0 . 725E - 9.087E-07 .336E-07 ?718JA04H
. 732E+00 .871E-07 3.294E-0 .690E-0 .613E- 8.332E-07 .225E-07 718JA04H
SE+00 .S576E-07 3.171E-0 .257E-0 . 497€E- 7.63BE-07 .123E-07 718JA04H:
. 104E+00 .884E-07 3. 250E -0 709E -0 .632E- 6.943E-07 .021E-07 718JA04HS
7. 286E+00 .961E-07 3.292E~0 . 823E-0 .672E-13 6.224E-07 2. 150E-08 ?718JA04HS
7.471E+Q .824E-07 3.223E-Q €21E-Q .821E- $.511E-07 8.103E-08 718JA04HS
7.652E+0 .733E-07 3.188E-0 487E-0. .S89E- 4.828€-07 7.098E-08 ?71B8JA04HS
7.878E+00 .349E-07 2.950E-0 4.923E-0 . 434E- 4.027E-07 5.921E-08 718JA04HS
8.086E+00 .948E-07 2.718E -0 4.333E-0 .267E-13 3.467E-07 5.098E-08 718JA04HS
8,234E+00D 2.743E-07 2.531E-08 4.033E-0 .184E-13 2.960E-07 4.353E-08 718JA04HS
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‘PUBE S CM D20 AT R= 1M (FOR 1.0 N/SEC)

TIME AND DATE OF DAT/ REPORTING 14:49:42R 10/17/77
COUMPILATION DATE OF THIS CODE VERSION 10/14/77V 16.0S.47

30 GROUP OUTPUT

GROUP# ENERBY DIFFERENTIAL FLUX INTEGRAL FLUX FLUX PER UNIT LETHARGY
UP-BOUND-MEV N/CM2-SEC-MEV N/CM2-SEC N/CHM2-SEC

30 4,000000E-07 0. 0. ag.

29 3. 180000E -0& 0. 0. 0.

28 2.520000E-05 Q. 0. 0.

27 2,000000E-04 Q. a. 0.

26 1.3590000E-03 Q. Q. 0.

25 1.261000E-02 Q. Q. 0.

24 1.000000E~Q1 Q. 0. Q.

23 2.236000E-01 2.994059E-06 3.7006556E-07 4,844387E-07
22 5. 000000E-01 2,.501098E-06 6.913035E-07 9.048973E-07
21 5.946000E-01 .40 3E-06 1.330712E-07 7.698719E-07
20 7.071000E-01 . 04 SE-06 1.181154E-07 6. -07
19 8.409000E-Q1 . 4E-07 1.109714E-07 6.419420E-07
18 1.000000E +Q0 . 45E-07 1.40 QE-07 a.1 85E~-0Q7
17 1.257400E+Q0 4E-07 1.686058E-07 7.9 3E-Q7
16 1.58110DE+00Q ,988150E-07 1.938364E-07 8. 2E-Q7
15 1.988200E+00 . 93E-~07 2.2 -07 9. E-07
14 2.500000E+00 .838199E-07 4.011590E-07 1.7 70E-06
13 2.973000E+00 9,447647E-07 4.48 7E-07 2. 49E-06
12 3. 535500E+00Q 1.009301E-06 5.677316E-07 3.284516E-06
11 4.204500E+00 8, 6E-07 $.571583E-07 3.2273023E-06
10 S5.000000E+00 7.619217E-07 6.061087E-07 3. 34E-06
9 S.764800E+00 6.474142E-07 4.951424E-07 3.484642E-06
a8 6. 646500E+00 4. 703046E-07 4.149321E-07 2.920407E-06
7 7.663100E+00 .8 6E -07 3.882188E-07 2.732272E-06
6 8.83%5200E+00 .7 - 3.207247E-07 2.2857236E-06
S 1.01860QE+01 .B93457E-08 1.336408E-37 9.409271E-07
4 1,174500E+01 -] 7E-08 2.363221E-08 1.662213E-07
3 1.354100E+01 .485149E-10 6. -10 4.406274E-09
2 1.561200E+01 Q. Q. 0.

1 1.800000E+01 0. 0. 0.
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1
PUBE 10 CM D20 AT R=1M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 14:51:13R 10/17/77
COMPILATION DATE OF THIS CODE VERSION 10/14/7°7U 16.05.47
ENERGY PHI DEL.-PHI DOSE KERMA | NTEGRAL INT-DOSE FILE-ID
(MEV) (NEUT/CM2-SEC-MEV) (MR/HR-MEV) (ERG/GM-SEC-MEV) (NEUT/CMZ-SEC) (MR/HR)
S29E-0 .799E-06 . 870E-~07 6.707E-08 2.0Q6E-13 4.578E-C 5.654E-07  604N002S
. 756E-0 .6J7E-G6 .786E-0 6.6847E-08 2.009E-13 4.51BE-0 5.539E-07  604NO02S
982E-0 .502E-06 9eSE-0 7.327E-08 2.110E-13 4. a59E -0 5.623£-07  604NOGO2S
.209E-0 681E-06 ,662E-0 096E -08 2.288E-13 4.399E-0 5.B0OSE-07  604NOO
. 435E-0 , 705E-06 467E-0 .758E-08 .429E-13 4.33BE-0 5.886E-07  604NO02S
.B62E-0 .626E-06 .109E-0 .120E-08 482E-13 4.277E-0 .566E-07 - 604NOO
. 888E-0 . 474E-06 5.784E-0 .210E-08 460E-13 4. 220E-0 .545E-07  604NOO
.TISE-0 6E -06 5.251E-0 . 128E-08 392E-13 4.168E-0 .B24E-07  604NEO
341E-0 .080E-06 4.691E-0 .906E-0 .291E-13 4. 116E-0 .804E-07  603NOO
.S88E-0 .873E-06 4.)185E-0 5. 601E-06 2.171E-13 4.071E-06 .4B4E-07  BN4NOO2S
. 795E-0 . 6B0E-06 . 722E-0 .274E-08 .049E-13 4.031E-O .M65E-07  LOANOO:
4.021E-0 . S09E-06 .310E-0 7. 966E-08 .936E-13 3.995E-0 .446E-07,  B0A4NOO:
4.248E-0 OE-06 .9%58E-0 7.702E-0 .837E-13 3.963E-0 5.429E-07" 604NOO
4.474E-0 . 238E-06 .B71E-0 7.514€E-0¢ L759E-13 3.933E-06 5.411E-07  60ANOO
4.701E-0 8E-06 45E -0 7.413E-0QE 1.703E-13 3.906E-06 .395E-07  604NOO:
4.927E-0 .059E-06 ,264E-0 7.394E-0 1.667E-1 3.881E-06 5.378E-07  604NO0
. 154E-0 61E-07 7E-0 7.223E-0 1.614E-1 3.858E-06 361E-07  604NOO
.380E-0Q . ASSE-07 00QE-0 7.014E-0 1.560E-13 3.838Z-06 I45E~07  60-NOO
.607E-0 .049E-07 905E-0 .867E-0 1.521E-13 3.818E-0 5.329E-07  604NQ0
.833E-0 8.720E-07 825E -0 .769E-0 L493E-1 3.795E-0 314E-07  604NOO2S
. QBOE-0Q \A47E-07 . 760E-Q 6.709E-0 473E- 13 3.776E-0 299E-07  B04NOD
.287E-0 .219E-07 Q3E-0 .B79E-0 460E~ 13 3.757E-0 283E-07  B604NOO2S
,S13E-0 .024E-07 , 650E -0 .670E-0 451E-1 3.738E-0 288E~07  B60.NOQ2S
.740E-0 .836E-07 . 652E - QF 6.664E -0 444E-1 3.720E-0 SIE-OF  604NOO2S
.9B6E-0 7.597E-07 .BB1E- .609E -0 1.426E-1 3.703E-0 38E-07  604N002S
.193E-0 7.221E-07 .485E-0 427E-0 1.380E-1 3.686E-0 23E-07  604NG02S
7.419€-0 5,641E-07 . 373E-0OF 6.046E -0 293E-1 3.670E-0 . 209E-07 04
9.106E-0 .582E-07 4.442E-0 100E -0 469E-1 3.559E-0 .098E-07 720JA03LS
9.511E-0 .Q40E-07 4.169E-0 786E-0 393E-1 3.533E-0 .070E~07 720JA03LS
g, 774E-D 5,615E-07 3.937E-0 477E -0 3E-1 3.518E-0 .053E-Q7 ?720JAO3LS
.016E+00 5.302E-07 .78B3E-0 276E -0 275E-13 3.497E-0 .028E-07 720JA03L
.053E+00 4.722E-07 .S27E-0Q 629E -0 140E-13 3.478E-06 .00BE-07 720JAQ3LS
.078E+00 4.489E-07 .4B7E-0 378E - Q€ .087E~13 3.467E-08 4.993E-07 720JA03LS
<111E+00 4,234E-Q7 .38B1E-0 1Q4E - Q¢ 1.030E~13 3. 452E-06 4.975E-07 720JA03LS
. 14BE+00 4,114E-07 .412E-0 4.994E -0 1.005E-13 3.437E-06 4.957E-07 72QJA03LS
. 184E+0 4.247E-07 .526E-0 192E-0 1.042E-13 3.422€-08 4.938BE-07 720JA03LS
. 207E+00 4,487E-07 . S59E-0 5D9E - 0 1.303E-13 3.412E-06 4 926E-07 720JA03LS
.241E+00 4.406E-07 .S84E-0 44SE -0 1.088E-13 3.397E-06 4.807E-07 720JA03LS
,274E+00 4.649E-07 . 733E-0 783E-0 1.152E-13 3.382E-06 4.8895-07 720JA03LS
307E+00 4.448BE-07 .701E-0 S67E-0 1.107E~13 2 367£-06 1.870E-07 720JA03LS
. 351E+00 4.634E-07 .835E-0 850E-0 1.159€-13 > 347E-06 4.845E-07 ?720CJAOILS
. 382E+00 4.610E-07 .867E-0 854E-0 1.187E~13 3 333E-06 4.827E-07 720JA03LS
14E+00 4.737E-07 . 990E-0. 0S3E-0Q 1.194€E-12 3.318E-06 4.808E-07 720JA03LS
. 445E+00 4,569€-07 .829E-Q 873E-0 1.156E~13 3. 303E-06 4.789E-07 720JA03LS
.47SE+C0 4,234E-07 .757E-0 474E -0l 1.075E~13 3.290E-06 4.772E-07 720JA03LS
.515E+00 4.112E-07 781E-0 357E-0 t.049E-13 3.273E-06 4.751E-07 720JA03LS
. 545E+00 4,061E-07 3.816E-D 322E-0. 1.D39E~)Q 3.261E-06 4.735E-07 720JA03LS
.574E+00 3.961E-07 854E-0 219E-0 1.017E~13 3.249E-06 4.718E-07 220JA0ALS
.612E+00 4.023E-07 3.959E-0 34DE-0 1.038E~13 3.234€E- 4.699E-07 720JA03ALS
.B41E+D0 4,181E-07 3.907E-0 S80E-0 1.082E-13 3.222E-06 4.683E-07 720JA03LS
, 678E+00 4.3S6E-07 4.041E-0 B55E -0 1.132E-13 3. 206E-06 4.662E-C? ?20JAC3ALS
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42E+00 1.0S0E-07 .223E-0 .S544E-08 4.632E-14 9.873E-08 1.453E-08 720JA03HS
9.331E-08 .143E-0 .372E-08 4.132E-14 8.078E-08 1.189E-08 720JAD3HS

7.685E-08 .031E-0 . 130E-08 3.418E-14 6.546E-08 9.637E-09 720JA0¢
6.133E-08 .394E-0 .015E-09 2.739E-14 5.310E-08 7.81SE-08 720JA03HS
5.481E-08 . S84E-0! -058E-09 2.4681E-14 4.015E-08 5.915E-09 720JA03HS
4.420E-08 .S98E -0 . 499E-09 1.990E-14 3.348E-08 4.641E-09 720JA03HS
3.721E-08 6,601E-0 .478E-09 1.680E-14 2.2%53E-08 3.324E-09 720JA03HS
2.777E-08 S,519E-0 4.092E-09 1.2%6E-14 1.668E-08 2.463E-09 720JA03MS.
1.816E-08 4.986E-0 .826E-09 8.688E-15 1.152E-08 1.702E-09 720JA03HS
1.791E-08 4.253E-0 .643E-09 8.132E-15 8.367E-09 1.237E-09 720JA03HS
1.502E-08 . 6BOE-0 .219E-09 6.835E-15 S.568E-09 8.234E-10 720JAQ3MHS
1.052E-08 621E-0 .S55E-09 4.795E-18 2.75BE-09 4.082E-10 ?720JAQ3HS
6.312E-09 282E-0 .342E-10 2.885E-15 9.913E-10 1.469E-10 720JA03HS
6.438BE-10 488E-0 .S36E-11 2.947E-16 4.001E-10 $.935E-11 - 720JA03HS
1.718E-09 . 701E-0! .848E-10 7.88%E-16 1.8521E-10 2.258E-11 720JA03HS
z -5.3989E-10 .609E-0! -8.887E-11 -2.753E-186 5.692E-11 8.4B1E-12 720JA03HS
and ~1.519E-12 .681E-0 .256E-13 -6.998E-19- 1.200E-10 1.784E-11 720JA03HS
23 6,499E-10 . 756E-0! .662E-11 3.001E-16 5.189E-11 7.71%E-12 720JA03HS
260E+0 -4,761E-13 ,817E-0! -7.0B84E-14 -2.202E-19 -5.887E-14 -8,.716E-15 720JA03HS
280E+0 ~-5.345E-~14 .891E-0 -7.961E-153 -2.477E-20 -5.613E-15 +-8.3%9E-16 720JA03HS
I01E+0 0. 974E-0 0. Y] 0. 0. 720JA03HS
S17E+0 0. .036E-0 Q. o 0. 0. 720JA03HS
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1
PUBE 10 CM D285 AT R=1M {FOR 1.0 N/SEC)

TIME AND DATE C©F DATA REPGRTING 14:51:13R 10/17/77
COMPILATION DATE OF THIS COOE VERSION 107147770 16.0%.47
30 GROUP QUTPUT
GROUPS ENERGY DIFFERENTIAL FLUX INTEGRAL FLUX FLUX PER UNIT LETHARGY
UP-BOUND-MEV N/CM2-SEC -MEV N/CMZ-SEC N/CMZ2-SEC
30 4.000000 0. 0. 0.
29 3.18 0. 0. 0.
28 2. 520000 0. 0. 0.
27 2, 000000 0. 0. 0.
26 .590000E - 0. Q. 0.
25 .261000 0. 0. 0.
24 . 000000E 0. 0. 0.
23 . 236000E 2.683674E-06 3.317022€E-07 4.34218%E-07
22 5. 000000 1.8731686E-06 $.177487E-07 .777188E-07
21 $.946000 9.351573E-07 8.846588E-08 118116E-07
20 7.071 8.027060E-07 9.030443E-08 224412E-07
19 . 6. 73929%5E-07 9.017176E-08 216214E-07
18 . 6.243409E-07 9. E-Q08 746746E-07
1?7 . 4,507293E-07 1.160177E-07 087381E-07
186 . 4.415319E-07 1.4 39E -07 266442E-07
15 . 4,7%7516E-07 1.936785E-07 JS01E-07
14 . S.786062E~07 2.961307E-07 450E-06
18 . 7.198138E-07 3.404719E-07 770E-06
12 . 7.109828E-07 3.999278E-07 716E-06
11 4. 5.5279%7E-07 3.698203E-07 I19E-06
10 S. $.197791E-07 4.134843E-07 . 154E-06
H 3.7 4.322434E-07 3.305798E-07 . .326507E-06
8 6.6 3.231710E-07 2. -07 . 466E-06
7 7.6 2,513338E-07 2.55 QE-07 . 798243E-06
6 8. 1.944024E-07 2.27 0E-07 .503684E-06
S 1.0 01 7.931254e-08 1.07 4E-07 7.%-:13098E-07
§  1MS4T00EIS) 1483393198 3832832178 3 742018708
. . - ‘D42 . . 1420 -
2 1.561200E+01 0. a. 2E-10 0.
1 1.800000E+01 0. 0. 0.
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1
PUBE 15 CM D20 AT R=1M (FOR 1,0 N/SEC)

TIME AND DATE OF DATA REPORTING 14:57:44R 10/17/77
COMPILATION DATE OF THIS COBE VERSION 10/14/77U 16.0%5.47
ENERGY PHI DEL-PHIL OUSE KERMA INTEGRAL INT-0QSE FILE-1D
(MEV) (NEUT/CM2-SEC-MEV) (MR/HR-MEV) (ERG/GM-SEC-MEV) (NEUT/CM2-SEC) (MR/HR)
.529E-0 2.102E-06 1.051E~07 .146E-0 .S39E- . 089E -0l . 784E-07 02NO03J
756E-0 .962E-06 4.30¢E-0! .153E-0 .S12E- .042E-Q .772E-07 02NOO3
.982E-0 . 920E-06 4. J63E -0 .407E-0 .SS7E- .999E-0 . 760E-07 02NOO:
.2089E-0 +943E-06 4.843E-0 .868E-0 .658E- .93%E-0 . 747E-07 02NOO3
. 435E-0 .92%E-08 4.599E~ .233E-0 . 729E- .811E-0 .734E-07 02NOO:
.662E-0 .833E-06 4. 260E -0 .363E-0 .732E- .868E-0Q .719E-07 02NO03
.8B8E-0Q .692E-08 .927E-0 . 298E -0, . 682E~ 9E -0 . 705E-07 02NO03
.118E-0 .534E-06 .S08E~-O .126E-0 .606E~ 792E -0 .691E-07 02NOO:!
.341E-0 .373E-06 .Q78E-0 .877E-0 .512€- 799E-0 .677€£-07 02NOO
3.568E-0 . 222E-06 L7USE-O .609E-0 -416E-1 730E-0 .664E-07 602NO0:
.795E-0 . D9DE-06 .404E-0 .369E-C . 330E- 703E-0 .652E-07 02NOO:
4.021E-0 .802E~-07 .144E-0 . 175E-0 . 258E- 80E-0 . 640E-07 02NO0:
4.248E-0 ,907E-07 .933E-0 . 043E-0 . 203E~ SIE -0l .628E-07 02NOQ
4.474E-0 8.207E-07 .769E-0 4.982E-0. . 166E- 39E-0 .617E-07 02NDO3:
4.701E-0 686E-07 .648E-0 .00SE-O . 150E- 21E -0 .606E-07 02NOJD
4.927E-0 7.314E-07 SE63E-0 . 106E-0O JISIE- 04E -0 94E -07 Q2NO0
. 154E-0 7.062E-07 8S01E-0O «121E-0. . 144E~ 8E -0 .S83E-07 02NOO:!
.380E-0 . 90SE-07 9E - 0. . 122E-0 . 138E- 72E-J 71E-07 02NO!
.607E-~0 .826E-07 .436E-0 .180E-0 .147E-13 57E-D S9E-07 02NO0
5.833E-0 .803E-07 85E -0 «282E-0. . 16SE-13 .541E-0 .547E-07 Q2NOQ
O60E~0Q . 802E-07 .767E-0 .403E-0 86E-13 2.526E -0l 3.535E-07 Q2NOO!
«287E~0 . 768E-07 .80BE-O + 499E - O 02E-13 .510E -0l 3.523E-07 02NO0!
.B513E~0 36E-07 . 640E -0 .516E-0 O0E-13 . A9%E -0l < 1E-07 02NOO:
.740E~0 .350E-07 330E-0 .400E-0 .170E-13 .481E-Qi .498E-07 02N00
. 966E-~Q .862E-07 229E -0 .100E-Q .100E-13 .467E-0Q 486E-07 Q2NO0!
7.193E~0 65E-07 .072E-0 4,%597E-0 3, 873E-14 . 454E-0 47%E-07 02NOO3J:
7 . 419E~0 4.312E-07 . 745E-0 3.926E-0 8,394E-14 . 444E-0 ,466E-07 02N003.
.117E~0 4,111E-0?7 .739E-0 4. 439E-0. 9,18%5E-14 372E-0 395E-07 725JA03L
.527E-0 4.0D2E-07 .663E-0 4.503E-0 9.243E-14 .35S5E-C .376E-07 725JA03L.
. 783E-0 3.890E-07 .607E -0 4, 496E-0 8.181E-)4 . 345E-0! ,364E-07 725JA03L.
.018E+00 . 546E-07 .412E -0 4.199E-0 8.528E-14 31E-0 47E-07 725JA03L
.0SBE+00 41E-07 49E -0 3,866E-0. 7.830E-14 .318E-0 32E-07 725JA03L.
.081E+00 . 089E-07 192E -0 3.702E-0 7.484E-14 10E-D 23E-07 725JA03L:
. 115E+00 882E-07 .098E-0 3.476E-0 7.010E-14 00E-0 10E-07 725JA03L.
.151E+00 . 7952E-07 060E -0 3.343E-0 6.724E-14 89E - O 3.298E-07 725JA03L.
. 188E+00 .863E-07 117E-0 3.502E-0. 7.024E-14 79E -0l 86E-07 725JAO03L:
.223E+00 .037E-07 . 184E-0 3.740E-0 7.482¢-14 G9E -0 ,273E-07 725JA03L.
. 246E+00 .143E-07 266E -0 3.889E-0 7.766E-14 62E - Ol 4E-07 725JA03L.
.291E+00 .278E-07 .328E-0 4.090E-0 8.141E-14 47E-0 46E-07 725JA03L
.324E+00 3. 211E-07 ,318E-0 4.092E-0 8.0D5E-14 JI6E-0 .233E-07 725JA0
. 357E+00 .151E-07 90E -0 3.982E-0 7.887E-14 26E-0¢ .220E-07 725JA0
.389E+00 . 108E-07 275E-0 3.9%52E-0 7.808E-14 16E -0 Q7E-07 725JA0
.421E+00 .054E-07 .269E-0 3.908E-0 7.703E-14 . 206E -0 94E-07 725JAQ
.452E+0D . 089E-07 261E-0 3.975E-0 7.818E-14 . 197E-0€ 82E-07 725JA03L
. 493E+00 .212E-07 341E -0 4.167E-0 8,169E-14 84E-0 65E-07 725JA03L.
. B23E+00 .367E-07 416E-0 4.,393E-0 8.594E-14 74E-0 .153E-07 725JA03L
. S53E+00 3.4%8E-07 ,466E -0 4.538E-0. 8.858E-14 2. 164E-0 39E-07 725JA03L
. S92E+00 3.551E-07 .531E-0 4.695E-0 9.138E-14 SQE-0 L121E-07  725JA03L
+B21E+00 .451E-07 . 4B8E -0 4.588E-D8 8.910E-14 . 140E -0 .JOBE-07 725JA0BL.
.659E+00 3.284E-07 2,395E-0 4.399E-08 8.518E-14 27E-0 .091E-07 725JA0BL.
.685E+00 3.225€-07 .371E-C 4.340E-08 8,.389E-14 18E-Oi .079E-07 725JA03L




XA

AhbDA

NN

VOEREO®

. 723E+00 3.180E-07 . 356E-0 4.312E-08 8.311E-14 106E-0 .063E-07 725JA03L
L 753E+00 3.188E-07 1379E-0 4.347E-08 8.360E-14 097E-0 .050E-07 725JA03L
. 789E+00 3.245E-07 413E-Q 4.456E-08 8.546E-14 0B85E-Q {034E-07 725JAO03L.
. 826E+00 3.369E-07 442E-0 4.660E-08 8.913E-14 073E-0 {017E-07 725JA03L
\853E+00 3.359E-07 456E-Q 4.670E-08 8.914E-14 064E-0 {004E-07 725JA03L
. 8B9E+00 3.604E-07 |578E-0 |045E-08 9.605E-14 D51E-0 {987E-07 725JA03L
24E+00 3.758E-07 1672E-Q 296E-08 1.006E-13 038E-0 \969E-07 725JA03L
. 860E+00 3.838E-07 1Z11E-0O 446E-08 1.031E-13 025E-0 {950E-07 725JA03L
.984E+00 3.889E-07 L739E-0Q 554E-08 1.049E-13 012E-0 {931E-07 725JA03L.
029E+00 3.796E-07 673E-Q 430E - 0¢ 1.029E-13 98E- 0 {912E-07 725JAO3L
. 063E+00 3.856E-07 01E-0 \S17E-Q 1.050E-13 85E-0 \893E-07 725JAQ3L.
[ 097E+00 3.832E-07 . 703E-0 484E - Q¢ 1.048E-1 72E-0 2.874E-07 725JA03L
J131E+00 3.900E-07 737E-0 584E - O¢ 1.071E- SIE - 06 2.856E-07 725JA0BL
L 164E+00 3.754E-07 667E-0 . 376E - Q¢ . 036E - 46E - 06 2.837E-07 725JA03L
1176E+00 4.343E-07 . 703E-0 \221E-Q . 200E - 1E-0 {830E-07 725JA03H
1197E+00 3.890E-07 S6E - 0! \573E-0 .078E- 33E-0 (B18E-07 725JAO3L
. 230E+00 3.934E-07 908E-0 \63BE-0 . O95E- 20E-0 {BOOE-07 725JA0
1 263E+00 4.227E-07 [987E-D .059E-0 CiBIE-13 OBE-0 .7B0E-Q7 725JA03L
. 295E+00 4.383E-07 J001E-0 .2B4E-0 \230E-13 93E-0 \761E-07 725JA03L
1327E+00 4.403E-07 57E - O 1315E-0 1241E-13 79E-0 {740E-07 725JA03L
1359E+00 4.550E-07 J167E-0 \529E-0 \288E-13 64E-0 {720E-07 725JA03L
.378E+00 4.897E-07 3.302E-0 1027E-0 389E-13 . 855E-0 .707E-07 725JA03H
.399E+00 4.764E-07 3.349E-0 6.837E-0 355E - . 845E-0 {B92E-07 725JA03L
. 430E+00 4.989E-07 3.321E-0 7.162E-0 . 425E- 30E-0 {671E-07 725JA03L.
L 462E+00 5.Q65E-07 2.730E-0 7.273E-0 453E - 14E-0 {64BE-07 725JA03L
1493E+00 5.043E-07 1 960E-0 7.245E-0 453E - 798E-0 . !625E-07 725JA03L.
\577E+00 §.093E-07 J0SSE-0 7.327E-0 . 4B3E- 756E -0 {564E-07 725JA03H
. 752E+00 4.905E-07 00QE -0 7.062E-0 461E-13 . 668E-0 {438E-07 725JA03H
27E+00 &, 100E-07 D00~ 0! 7.356E-0i SSSE - .581E-06 \812E-07 725JA03M
J181E+00 4.679E-07 776E-Q 6.762E-0 T471E- . 466E-06 1147E-07 725JA03H
. 336E+00 4.601E-07 706E-0 6.661E-0 480E - . 385E-05 2.029E-07 725JA03H
.570E+00 1 920E-07 375E-0 5.688E-0 O0E - . 285E-06 {88SE-07 725JA03H
45E+00 \S52E-07 114)E-0 5.162E-0 O5E - . 220E-06 1.790E-07 725JAQ3H
314E+00 .367E-07 1023E-0 4.900E-0 . 168E- . 162E-06 1.705E-07 725JA03H
. 130E+00 '391E-07 1040E-Q 4.945E-0 T210E- 1.083E-0B 1.599E-07 725JA03H
1 292E+00 I454E-07 OSSE-Q 5.04SE -0 . 259E- 1.033E-06 1.518E-07 725JA0BH:
|526E+00 1411E-07 1035E-0 4.993E-0 82 - 9.528E-07 1.400E-07 725JA03HS
.744E+00 . 238E-07 S53E-0 4.749€-0 . 253E- 8.803E-07 1294E-07 725JA03H
1 90SE+00 {238E-07 924E-0 4.751E-0 \278E- 8.282E-07 1217E-07 725JA03H
119E+00 .085E-07 \839E-0 4.550E-0 24iE- 7.6085E-07 "118E-07 725JA03H
316E+00 . 892E-07 \716E-0 4.251E-0 65E- 7.015€-07 \031E-07 725JA03H
1477E+00 (727E-07 657E- 0! 4.008E-0 O3E-13 6.563E-07 |648E-08 725JA03H
693E+00 .54BE-07 \S70E-Q 3.745E-0 . 036E - 5.993E-07 8.811E-08 725JA03H
B36E+00 .300E-07 . 443E-0 3.381E-0 .396E-14 5.501E-07 8.087E-08 725JA03H
L107E+00 ‘109E-07 | 363E-0 ‘101E-0 \6B1E-14 5.036E-0 7' 403E-08 725JA03H
.311E+00 1 218E-07 \391E-0 3,256E-0 T137E-14 4.535E-07 6.755E-08 725JA03H
462E+00 \SB1E- 1244E-0 {8B2E-0 J178E-14 4.280E-07 6.202E-08 725JA03H
1663E+00 . 783E-07 1139E-0 \621E-0 {417E-14 3.903E-07 5.738E-08 725JAQ3H
. 862E+00 . 760E-07 .120E-0 .588E-0 7.357E-14 3.551E-07 5.220E-08 725JA03H
0G0E+00 3E-07 J112E-0 \576E-0 7.359E-14 3.203E-07 4.709E-08 725JA03H
| 256E+00 . 802E-07 J185E-0 .649E-0 72.602E-14 2. 855E- 4.197E-08 725JA03H
L 451E+00 . 796E-07 L128E-Q .640E-0 7.610E-14 2.504E-07 3.681E-08 725JA03H
.B4SE+00 6E-07 . 120E-0 \640E-0 7.645E-14 2.156E-07 3.169E-08 725JA03H
. 837E+00 . 737E-07 {07SE-0 S4E- 0. 7.430E-14 1.816E-07 2.670E-08 725JA03H:
028E+00 | 976E~07 \771E-0O 17E-0 6.770E-14 1.S00E-07 2.205E-08 725JA03H
. 265E+00 303E-07 1232E-0 915E-0 5.629E-14 1.159E-07 1.704E-08 725JAQ3H
1443E+00 .071E-07 .979E-0 \874E-Q 4.645E-14 9.474E-08 1.393E-08 725JAQ3H
L 639E+00 9.074E-08 078E-0 \334E-0 3.9%55E-14 7.536E-08 1.108E-08 725JA03H
. 81BE+00 7. 269E-08 '110E-0 BESE -0 3.181E-14 6. 089E-08 8.956E-09 725JA03H
1011E+00 6.052E-08 4,463E-0 8.896E-0 2.660E-4 4.791E-08 7.047E-09 725JA03H




=%¢T-

.241E+00

4.943E-08 3,767E-09 7.266E-0S 2.185E-14 3.526E-08 S.188E-0 725JA03HS
. 424E+00 3.042E-08 213E~09 S5.647E-0S 705E-14 2.722E-0 4.007E-09 725JA0SHS
. B0SE+00 2.662E-08 2.626E-09 3.913E-0 187E-14 2.134E-0 3.142E-09 - 725JA03HS
3. B32E+00 . 131E-08 .277E-09 3. 133E-0 . B52E - 1.590E-0 2.342E-0 725JA0:
1E+ . 838E-08 OSSE-09 2.702E-0 70E- 1.237E-01 1.823E-0 725JA03HS
.019E+0 . 425E-08 807E-0% 2.097E-0 425E - 9. 430E-0! 1.391E-0 725JA03HS
041E+Q .144E-09 496E-Q9 1.347E-0Q 4,133E- 6. 856E-0! 1.012E-0 725JA03HS
.0BSE+Q .980E-09 .359E-09 1.324E-0 4.066E~ 5.225E-0! 7.718E-10 725JA0:
.081E+0 .910E-09 182E-09 1.020E-0 +136E- 3.477E-0! 5.140E-10 725JA03HS
. O99E+0 .859E-09 .428E-10 7.178E-10 2.209E -~ 2,418E-0 3.877E-10 725JA03HS
. 116E+Q 4.224E-09 7 SE-10 6.243E-10 924E- 1.646E-0! 2.436E-10 725JA03HS
.138E+0 . 109E-09 6,486E-10 4.600E-10 420E- 8.294E-10 1.244E-10 725JA03HS
. 158E+0 .948E-10 48E-10 1.473E-10 4, 552E- 4.08%E-10 6.059E~1 725JA03HS
. 176E+0 .360E-10 .S583E-10 9.426E-1 916E- 2.699E-10 4.005E-1 725JA03HS
- 198E+0 5.835E-10 6E-10 7.915E-1 +A4S1E- 1.412E-10 2.098E-1 725JA03HS
-215E+0 4,137E-10 789E-10 6.172E-1 +918E 6.053E-1 9.004E-1 725JA03HS
. 236E+Q ~2.093E-10 31E-10 -3.111E-1 ~9,65%5E- 3.887E-1 S.789E-1 725JA03HS
257E+0 1.079E-10 .941E-10 1.606E-1 4.991E-17 4,951E-~1 7.369E~1 725JA03HS
.272E+0Q 2.240E-10 1E-10 3.33%5E-1 1.037E-16 2.461E-1 3.6864E-1 725JA03HS
. 294E+0 -1.577E-13 . 165E-10 -2.3%1E-14 -7.321E-20 «1.718E-14 ~2.560E-] 725JA03HS
.314E+0 -7.399E-15 .293E-10 -1.104E-19 -3.442E-21 -6.659E-16 -9.933E-1 725JA03HS
. 332E+0 0. .408E-10 0. . 0. 0. 725JA03HS




ha T4

1
PUBE 15 CM D20 AT R=1M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REFORTING 14:57:44R 10/17/77
COMPILATION DATE ©OF THI!S CODE VERSION 10/14/77U 16.05.47
30 GROUP OUTPUT
GROUPS ENERBY DIFFERENTIAL FLUX NTEGRAL FLUX FLUX PER UNIT LETHARGY
UP-BOUND-MEV N/CM2-SEC-MEV N/CM2-SEC N/CH2-SEC
a0 4. OOOOUDE-O7 0. 0. 0.
29 a. 0. 0. 0,
28 2.5 0. 0. 0.
a7 2 o. 0. 0.
26 1. 0. 0. 0.
25 1. 0. 0. 0.
24 1.0C 0. 0. 0.
23 2 2.025079E-06 . 502997E-07 3.276577E 07
a2 S. 1.267592E-06 C -G7 4.586146E-07
21 S. 6.920160E-07 +546472E-08 ' 3,787404E-07
20 7. 6.47 -07 . 2827%59E-08 4,213319E-07
19 8 4.43% -07 5.934493E-08 3.4329S8E-07
18 1. 4.047 ~Q7 6,439100E-08 3,725248E-07
1?7 1. 3.07¢ -07 7.904410E-08 3.466087E-07
16 1. 3.22 -Q7 . 042744€-07 4.571870E-07
15 1. 3.43 2E-Q07 .398S77E-07 6.131097E-07
14 2 4.281131E-07 91 083E-07 9.607287E-07
13 2. &.017583E~-07 ?90917E-07 1,373002E-00
12 3. 4.592"46E-Q07 3476E-07 1.494627E-06
11 4. 3.528215E-07 ( -07 1.364845E-06
10 S. u"n"u +00 3.3 41E-07 4298E-07 1. 506E-06
9 5.7648Q0E+00 2.8 0SE-Q7 1684 -07 1. GB8E-06
8 6.6 6500E+00 2.1 48€E-07 .880532E-07 1. 71E-06
7 7.663100E+0 1.7 10E-07 .B098BGAE-07 1. -06
6 8. 88 'UﬂOEi'OD 1.303611E-07 .527963E-07 1. -06
S 1.018€00E+0] 3.702172E-08 .002245E-08 3.521939E-07
4 1. $.905834E-09 .207196E-09 6,476043E-08
g } . 10.55 039E-10 0.7964425-10 1. 4E-09
. . . 0.
1 1.800000E+01 0. 0. 0.
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1
PUBE 2% CM D20 AT R=1M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 14:59:20R 10/17/77
COMPILATION DATE OF THIS CODE VERSION 10/14/77U 16.,05.47
ENE PH1 DEL-PH{ DOSE KERMA INTEGRAL ~DOSE FILE-ID
HEV) {NEUT/CM2-SEC-MEV) (MR/HR-MEV) (ERG/GM-SEC-MEV) (NEUT/CM2-SEC} (MR/HR
.S29E-0Q .862E 07 4.931E-0 415E-0 7.221£-14 .416E-0 .748E-07
7S6E-0 908E-~07 .913E-0 339E-0 6.865E-14 .395E-0 . 743E-07 z
.982E-0 {524E-07 .81BE-0 400E-0 6.912E-14 .375E-0 738E-07
209E-0 .546E~Q7 2. 145E-0 S81E-0 7.293E-14 . 356E -0 . 732E-07
435E-0 432E~07 2.003E-0 730E-0 7.571E-14 .337E-0i 26E-07
.662E-0Q . 005E~07 .854E-0 780E-0 7.568E-14 .318E-0 720E-07
.888E-0 .389E-07 .Z18E-0 751E-08 7.348E-14 .301E-0 .718E-07
.115E-0 6.707E~-07 .53%5E-0 .678E-08 7.019E-14 . 285E-~0! Q7E-07
.841E-0 $.994E-07 .346E-0 . 566E-0. .601E-14 270E-0 .701E-07
.S68E-0 5.309E£-07 . 183E-Q . 437E-0 152E-14 S8E -0 36E-07
. 795E-0 4.686E-07 .037E-0 . 308E -0 716E-14 .246E-0O .690E-0Q7
4.021E-0 4.139E~07 9.0B4E -0 2. 185E-0 .312E-14 36E -0 .685E-07
4.248E-0 .672E-07 7.946E-0 2, 079E-0 4.9%9E-14 27E -0 OE-07
4.474E-0 .296E~-07 7. 068E -0 2. QQ1E - O 4.684E-14 . 220E-0 676E-07
4.701E-0 +014E-07 .426E-0 . 962E-~0l 4.508E-14 . 212E-0 71E-07
4.927E-0 .819E-07 -0 . 96BE-0 4,437E-14 06E -0 . -07
154E-0 . 704E-07 .696E-0 .961E-0 4.380E-14 0O0E - 0! 2E-07
+380E-0 .663E-07 . S66E-0O . 976E-0Q. 4,384E-14 93E-06 - . -07
.607E-D .697E-07 . 606E-0 .047E-0 4.534E-14 . 187E-0! SIE-07
.B33E-D .793E-07 . 809E-0O .168E-0 4.781E-14 . 181E-0 +649E-~07
. D6DE -0 .8921E-07 .137E-0 . 320E-0. .093E-14 +17SE-Q q4E-07
.287E-D <0338E-07 .546E-0 .46aE-0 .386E-14 . 168E-0 .638E~07
.S13E-0 .081E-0Q07 . 134E-0 .961E-0 .$73E-14 .161E-0 2E ~07
. 740E-0 «019E-07 .222E-0 .567E-0 G2E-14 . 154E-0 .627E-~07
.966E-Q 2,803E-07 .9B3E-0 .441E-0 . 265E-14 . 147E-~0Q .621E~07
.193E-0 +440E-Q7 .109E -0 .171E-0 4.663E-14 . 142E-0 6E-07
7.418E-0 .980E-07 959E-0 .803E-0 3.8%54E-14 37E-0 .611E~07
3. 190E-0 .869E-07 .275E-0 .D34E-~0 4,201E-14 . 102E-0! 7E~07 7
.B94E-Q . 868E-07 .271E-0 .116E-0 4.338E-14 .095E-0 +S69E-~07 7
.856E-0 .836E-07 .28B3E~0 . 13BE -0 4.3%E-14 .Q90E-0 63E~07 7
. 024E+00 «71B6E-07 . 186E-0 .034E -0 4,130E-14 «083E-0 .SYSE~Q7 7
+061E+00 .B655E-07 . 1SSE-O . 976E-0. 4.000€E-14 .077E-0 48E~Q7 7
+.086E+00 .513E-07 . 098E-0 .815E-Q 3.667E-14 <Q73E-0 ,848E~07 7
. 119E+00 .407E-07 .0S1E-0O .699E-0Q 425E-14 . 068E-0 JI7E~Q07 7
. 15SE+00 .287E-07 .012E-0 .S64E-0i .145E-14 .Q63E-0 NE-Q7 7
-192E+00 .365€-07 .0S7E-0 .672E-08 .3%52E-14 0S8E-0 .B52%E~07 7
+ 226E+00 .331E-07 .028E-0 .B40E-Q 280E-14 . O54E-O. 20E~Q07 7.
. 260E+D0 . 420E-07 .087E-O .761E-0. .S14E-14 . 049E -0 .514E~07 7
.293E+00 .506E-07 .133E-0 .880E-0 .742E-14 .044E-Q 0BE-Q7 7
. 326E+00 . S29E - . 160E-0 .921E-0 .813E-14 . 039E-0! 02E-Q07 7.
. 358E+00 .60%E-07 .201E-0 2.029E-0 4.019E-14 .034E-0 ,485E~-Q7 7.
.390E+00 .S86E-07 .201E-0 2.017E-0 3.986E-14 .029E-0I 89E-Q7 7
. 422E+00 .534E-07 .181E-0 .963E-0 3.870E-14 .024E-0 .483E-07 7
. 463E+00 .S43E-07 . 177E-0 . 990E -0 3,.811E-14 .Q18E-0O .474E-07 7
+483E+00 .B877E-07 , 205E-Q .046E-0 4.012E-14 .013E-0 68E-07 7
.523E+00 .S11E-07 . 182E-0 .972E-0 3.8%58BE-14 .Q09E-0 \462E-07 7.
.582E+00 .631E-07 .244E-0 144E -0 4.181E-14 .003E-0 4E-07 7
.S91E+400 .660E-07 . 271E-Q: . 194E -0, 4.271E-14 .977E-0 .448E-07 7
. 620E+ .670E-07 .284E-0 229E-0i 4.312E-14 929E-07 .442E-07 7
.6S8E+00 6645-07 . 267£-08 .228E-0i 4.31%€E-14 . 866E-07 .433E-07 7
.683E+00 SBOE-07 1.235€E-08 . 126E-0 4.109E-14 .825E-07 .428BE-07 7
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1E+00 .S41E~07

NN

.2 . 228E-0 .08BE-0 4.025E-14 . 766E-07 .420E-07 726JA02LS
. 760E+00 SS8E~07 .253E-0 .128E-0 4.090E-14 . 706E-07 .A12E-07 726JA02LS
. 787E+00 .467E~07 .223E-0 .013E-0 3.862E-14 665E-07 .d06E-07 726JA02LS
. 823E+00 .S6SE-07 .241E-0 . 163E-0 4.137E-14 .610E-07 98E-07 726JA02LS
.8%59E+00 .671E~07 ,303E-0 . 326E-0 4,438E-14 552E-07 90E-07 726JA02L.
. 885E+00 690E~Q7 20E -0 .864E-0 4.503E-14 S508E-07 84E-07 726JA02L
.921E+00 .8B0BE~07 .387E-0 .547E-0 4.838E-14 445E-07 75E-07 726JAD2L.
. 955E+Q0 . 795E~07 '70E -0 . 4BBE-0O 4.714E-14 .IBSE-07 67E-07 726JA02L.
. 990E+00 .779E-07 .389E-0 .S39E-0 4.798E-14 323E-07 S8E-07 726JA02L
.024E+00 .740E~07 .350E-0 . 489E -0 4.713E-14 263E-07 S0E-07 726JA02L.
. 0B8E+00 .847E~07 .403E-0 .642E-0 5.024E-14 202E-07 \341E-07 726JA02L
.092E+00 .984E~07 .477E-0 . 839E-0 5,421E-14 . 137E-07 32E-07 726JA02L.
. 12%5E+00 .1S1E~07 . 548E-0 .O51E-0 5.849E-14 069E-C7 2E-07 726JA02L.:
. 158E+00 . 168E~07 . 568E -0 . 105E-0 5.976E-14 3, 098E -7 12E-D7 726JA02L
.191E+0C .OB5E-~07 .SO0E -0 -958E-0 L717E-14 . 928E-07 02E-Q7 726JA0D2L
.191E+00 .231E~-07 ,568E-0 196E-0 L177E-14 928E-07 . 02E-07 726JA02H
. 224E+00 .244E-~07 .577E-Q 216E-0 .239E-14 854E-07 91E-07 726JA02L.
. 256E+00 .243E~07 557E -0 .215E-0 ,262E-14 783E-07 .281E-07 726JA02L
. 288E+00 . 186E~07 .S18E-0Q 3.134E-0: .128E-14 712E-07 .271E-07 726JAC2L
. 320E+00 . 085E~07 D4E -0 2.991E-0: .871E-14 643E-07 .261E-07 726JA02L
.360E+00 .097E~07 58E -0 . 00BE-O L93SE-14 . 560E-07 .249E-07 726JA02L
. 369E+00 .390E~07 .614E-08 3.430E-0 .773E-14 S40E-07 46E-07 726JA02H
.391E+00 . 222E~07 46E-0 . 190E-0 .316E-14 489E-07 726JA02L.
.422E+00 .297E~07 .B34E~-0 .298E-0 .SS6E-14 ,419E-07 ,229E-Q7 726JA02L
. 453E+00 . 352E~-07 86E -0 .377E-0 .739E-14 347E-07 18E-07 726JA02L
.492E+00 . 384E-07 444E -0 .424E-0 .86%E-14 254E-07 OSE-07 726JA02L:
. S68E+00 .418E+-07 467E-0 476E-0 .033E-14 2E-07 . 179E-07 726JA02H
.741E+00 .325E-07 ,421E-0Q 3.348E-0 919E-14 662E-07 .120E-07 ?726JA02H
.915E+00 .347E~07 388E -0 385E-0 144E-14 SSE-07 .0B1E~-07 726JA02H:
. 146E+00 . 095E~07 ,258E-0 0ZBE-0: S$74E-14 5. 742E-07 .871E-0. 726 JA02H
. 320E+00 08E~-07 D9E -0 .906E-0 445E-14 385E-07 .354E-08 726JA02H
. S51E+00 746E-07 ,082E-0 .533E-0 .777E-14 .951E-07 .726E-08 726JA02H
.724E+00 .586E~07 842E-0 . 30SE-0 SBE-14 663E-07 .30BE-08 726JA02H
. 894E+00 .556E-07 BOSE -0 .264E-0 384E-14 GE-Q7 .919E-0 726JA02H:
. 107E+00 .S87E-07 30E -0 .270E-0 . 540E-14 06%E-07 7.437E-0 726JA02H:
.321E+00 .577E-07 €70E-0 . 304E-0 72E-14 4.729E-07 7E-C6 726JA02H
. SO0E+00 .53BE-07 .S15E-0 .24&7E-0 752E-14 4.451E-07 . S40E -0 726JA02H
. 715E+00 .513E-07 . 448E -0 .218E-0 ,B29E-14 4,123E-07 G60E-08 726JA02H
.875E+00 S09E~07 341E-0 .213E-~0 37E-14 881E-07 OSE-0 726JA02H
., 087E+00 462E-07 .067E -0 . 1<9E-0 S9E-14 566E-C7 .243E-08 726JA02h
.281E+00 378E-07 S61E-0Q .026E-0 .548E~-14 . 291E-07 4.83BE-0 726JA02H
L441E+ .271E-07 . 129E -0 .869E-0 38E-14 .079E-07 4,526E-08 726JA02H
.65BE+00 118E-07 449E-0 .64:E-0 4.545E-14 .823E-07 .150E-08 726JA02H
. 859E+00 .0S8E-Q07 7.192E-0 .557E-0 4.324E-14 .601E~07 .824E-08 726JA02H
. O%3E+00 .020E-07 7.082E-0 .S07E-OD 4.183E-14 . 399E-07 .527E-0 726 JA02H
. 269E+00 .102E-07 7.400E-0 .62,'E-0 4.542E-14 S170E-07 .180E-08 726JA02H:
. 419E+00 .699E-08 .699E-0 .42 -E-0 4.011E-14 .015E-07 .962E-08 726JA02H
.618E+00 .034E-08 . 269E -0 .32 E-Q 754E-14 . 828E-07 .BBBE-08 726JA02H
. 816E+00 .713E-08 .0S9E-0 1.28 E-O 3.638E-14 .653E-07 .430E-0 726JA02H
.012E+00 .309E~08 .294E-0 1.363E-08 ,904E-14 .476E-07 .170E-08 ?726JA02H
.207E+00 .311E-08 28E -0 1.222E-08 S02E-14 .304E-07 .917E-0 726JA02H
. A0DE+00 925E -pp s 6E -0, 1. 1E5€E- 08 354E-14 . 148E-07 .687E-08 726JA0ZH!
, 592E+00 8.945E-08 6.043E-0 1.335E-0 03E-14 256E-08 .449E-08 726JA02HS
782E+00 9.196E-08 6.034E-0 1.35.2E-0 28E-14 . 133E-08 1.196E-08 726JA02HS
.019E+00 6.808E-08 4.792E-0 1.01E-0 24E-14 36E-08 9.169E-09 726JA02H
. 207E+00 5.175E-08 6E~-D 7.€J8E-0O .233E-14 . 110E-08 7.513E-09 726JA02H
381E+00 4.796E~08 B36E-0 7.1,49E-0Q! 077E-14 4.242E-08 6.238E-0 726 JADZH
. S575E+00 4.065E~08 258E-0 76E-Q 769E-14 3.383E-08 4.974E-09 726JA02H
. 757E+00 3.109E-08 728E-0 70E-0 .359E-14 2.730E-08 4.015E-09 726JA02H
.847E+00 3.075E-08 .625E-0 4 S20E-0 1.350E-14 2.142E-08 3.151E-09 726JA02H




- -g2T-

9, 175E+00 2. 068E-08 2.111E-09 2.039E-09 9. 1256~ 1.586E-0 2.289E-09 726JA02HS
. 35BE+00 .S60E-08 . BADE-09 2.293E-09 6.912E~ 1.228€-0 1.807E-09 726JA02HS
537E+00 347E-08 650E-09 2.126E-09 6. 439E~ 9.558€-0 1.407E-09 726JA02ZHS
. 781E+00 254E-08 4B62E-08 1.843E-09 5.611E- 6.534E-0 9.622E-10 726JACZHS
. $39E+00 7.388E-09 159E -09 1.0BBE-03 3.320E~ 4.760E-0 7.014E-10 726JA02HS
{012E+0 5.503E-09 6E-09 8.098E-10 2.481E- 3.593E-0 5'299E-10 726JA02HS
.034E+0 3.155E-09 07E~-10 4.645E-10 1.425E~ 2.641E-0 3.897E-10 726JA02HS
L051E+0 . 49BE-09 \395E-10 2.204E-10 6.769E-~ 2245609 2I315E-10 726JA02HS
1073E+0 3. 354E-09 1977E-10 4.947E-10 1.521E~- 1.712E-09 2.528E-10 726JA02HS
J0Q1E+DO 3. 951E-09 1972E-10 5.833E-10 1,795E- 1.054E-09 1.558E-10 726JA0ZHS
J112E+0 918E-0 803E-10 2.832E-10 B.726E~ 4.384E-10 6.484E-11 726JA0ZHS
{128E+0 . O0BE-09 \379E-10 1.487E-10 4.587E- 1.900E-10 2.813E-11 726JA02HS
L151E+Q S0SE-10 01E-10 5.189E-11 1.603E- 4.081E-1 6.061E-12 726JA02HS
L 168E+0 -2.092E-10 480E-10 -3.010€E-11 -9.307E- .. 2,829E-1 4.209E-12 726JA02HS
J189E+D B10E-11 \595E-10 5. 650E-12 1,749E-17 4.562E-1 6.777E-12 726JAJ2HS
L 206E+0 .7886E-10 692E-10 4.137E-11 1.282E-16 1.869E-1 2.7BOE-12 726JA0ZHS
1227E+0 -4.876E-13 (B11E-10 -6.947E-14 -2.155E-18 -1.0%3E-1 -1.557E-12 726JA0ZHS
1248E+0 -1.313E-10 936E-10 ~1.9536-11 -6.066E-17 3.307E-1 5.011E-13 726JA02HS
1 264E+0 -4.558€-11 038E-10 -6.783E-12 -2.109E-17 1.746E-1 2.606E-12 726JA02HS
. 284E+D -4.083E-13 . 164E-10 -6.037E-14 ~1.879E-19 2. 206E-1 3.290E-12 726JA0ZHS
{308E+0 4.859E-11 299E-10 7.24%-12 2.258E-17 1.700E-1 2.536E-12 726JA02HS
322E+0 1.814E-10 (411E-10 2.250E-11 7.047E-17 0. 0. 756 IA02HS
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1
PUBE 25 CM D20 AT R=1M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 14:58:20R 10/17/77
COMPILATION DATE OF THIS CODE VERSION 10/14/77V 16.0%5.47
30 GROUP QUTPUT
GROUPS ENERGY DIFFERENTIAL FLUX INTEGRAL FLUX FLUX PER UNIT LETHARGY
UP-BOUND-MEV ~l/CM N/CM2-SEC N/CM2-8
30 4.000000E-07 0. o 0.
29 3. 0. 0. 0.
28 2. 0. 0. 0.
27 2. 0. 0. 0.
26 1. Q. 0. 0.
25 1. 0. 0. 0.
24 1. . 0. 0.
23 2. . )E-07 . 148594E-07 1.532580E-07
22 S. ) 425600E-07 - 6E-07 1.96298=c-07
21 S. Ol .724013E-07 .576816E~0 1.490852E~07
20 7.071000E-01 .9618%53E-07 . JB4E -0 1.927722E-07
19 8.409000E~-01 2.046788E-07 . 603E- D! 1.584214E-07
16 1.000000E+Q0 . B73379E-07 . 880545E -0 1.724351E-07
17 1.257400E+Q0D .47 4E-07 786872E-0 1.660457E-07
18 1.581100E+00 + 5S¢ 6E-07 020023E -0 2.201009E-07
15 1.988200E+00 0468E-07 «878346E-0i 2.927662E-07
14 2.500000E+00 2 1188E-07 080742E-0Q 4. 7826 -07
13 2.973000E+00 2.356195E-07 .114480E-07 6.447727E-07
12 3.535500E+00 2 0S82E-G7 . 142203E-07 6. 6480 -07
11 4.204500E+00 3874E-07 06E302E-07 6.1682 =07
10 %.000000E+00 1035E-07 .217S38E-07 7.046206E-07
k] S.764800E+00 +297354E-0Q07 . 922164E -0 6.982878E-07
8 6, 646500E+00 .020125E-07 . 984441E-0 6. 8E-07
7 7.663100E+00 .6865971E-08 . 809826E-0 6.200: -07
6 8.835200E+00 .741355E-08 . 443E-0i 4,736130E-07
S 1.018600E+01 .8600480E-08 .161901E~0! 1.%522133E-07
4 1.174500E+01 2.061687E-09 .214170E-0! 2.260743E-08
3 1.354100E+01 4.913888E-11 . 825344E-1 6.212 -10
2 1.561200E+01 o, 0. 0.
1 1.800G00E+0D1 o 0. 0.
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1
PUBE 20 CM ALUMINUM AT R=1M (FOR 1.0 N/SEC)

IME AND DATE OF DATA REFPORT! 14:47:07R 10/17/77
COHPILATION DATE OF THIS CQDE VERSIUN 10/14/77U 16.05.47
ENER PHI DEL -PHI DOSE KERMA INTEGRAL INT-DOSE FILE-1D
(MEV) {NEUT/CM2-SEC-MEV) (MR/HR-MEV) (ERG/GM-SEC-MEV) (NEUT/CM2-SEC) (MR/HR)
.642E-01 2.997E-0 . 499E-07 7.599E- 2.251E-13 . 759E-0 7.5E7E-D7 03NCO3
.869E -0’ 3.412E-0 Q94E-08 9. 79E-08 2.698E-13 -686E-0 7.538E-07 O3NOO
.096E-0 3.835E-0 3| 058E -08 .119E-07 3.191E- {604E-0 7.515E-07 03NOO
22E-0 4, 235E-0 12E-07 . 324E-07 3. 708E- .513E-0 7.487E-07 Q3NCOZ
+549E-0 4.545E-0 083E-07 .524E-07 4.188E- .413E-0 7.455E-07 03NOO
75E-0 4.724E-0Q 113E-07 .699E-07 4,580E- . 308E-0 7.419E-07 O3NCO
.002E-0 4.768E-0 111E-07 .838E-07 4.864E- . 200E-0 7.379E-07 03NOO
.228E-0 4.695E-0 083E-07 .941E-07 5.040E - .093E-0 7.336E-07 O3NOO
3.455E-0 4,540E-0: 3S5E-07 .013E-07 S.130E- «982E-0 7.291E-07 O3NOO
3.681E-0 4.328E -0 65E - O .058E-07 5. 145E- .888E-0 7.245E-0 O3NOO
3.908E-0 4.091E-0 129E-0i .086E-07 $.118BE-13 . 793E-0 7.198E-07 O3NQO
4,134E-0 . 852E-0Q . 496E-0 . 106E-07 $.071E-13 . 703E-0! 72.18:€-07 03ND0
4,.361E-0 .632E-0 , 943E-0 . 130E-07 S.033E-13 .618E-0 7.103E-07 03NGO
4,.587E-0 .440E-0 7.489E-0 .163E-07 S.016E- .538E-0 2.054E-07 03NQO
.814E-0 .274E-0 7,088E-0. . 207E-07 S.024E-13 . 462E-0 7.004E-07 303NAO0:
.041E-0 .128E-0 721E-0l .243E-07 S.021E-13 .389E~-0 . 954E-07 03NOO
.267E-0 .001E-0 403E-0i .201E-07 4.907E-13 .320E-0 04E-07 O3INGO
.494E-0 .8BBE-0 . 135E-0 .167E-07 4.810E- .253E-0 S4E -07 O3NO0
.720E-0 . 784E-0 BOSE -0 <137E-07 4,722E- . 189E-0 .805E-07 O3NCO
.947E-0 .676E-0 . B48E-0 .101E-07 4.623E- - 127E-0€ 757E- 0O3NOO
.173E-0 .SS7E-0 .864E-0 . 054E-07 4,499E- . O68E -0€ . 710E-07 QO3NOO3
.400E-0 .423E-0 . 048E -0 .991E-07 4,343E- .012E-0€ 65E -07 O3NOOS
.626E-0 27%E-0 4.710E-0! .912E-07 4.152E~ 4,958E-0! ,B620E-07 O3NCO
.853E-0 .115E-0 4,351E-0. .819E-07 .932E- 4,909E-0 78E-0O Q3NOO
.079E-0 .946E-0 3.973E-0 .712E-07 .685E~ 4.863E-0 .538E-07 O3NOO3
7.306E-0 .77SE-0 3.593E-0 .598E-07 .425E-~ 4.821E-0 .S01E-07 03NOO
7.533E-0Q .B09E -0 3, 230E-0 . 482E-07 . 162E- 4.782E-0 . 466E-07 INCO
3, 161E-0 .692E-0 . 648E-0 2.920E-07 037E~ 4.432E-0 7E-0 728JA02L.
3. S60E-0 .603E-0 .587E-07 2,939E-07 . 029E- 4.326E-0 90E-07 728JA02L:
3, 821E-0 .B48E-Q S67E-07 3 3E-07 026E- 4, 259E-0 .914E-07 728JA02L.
.020E+00 .452E-0 . S00E-07 05E-07 900E - 4, i64E-0 .803E-07 - 728JA02L:
. 0S7E+00 .372E-0 444E-07 . 330E-07 732E-~ 4.07%5E-0 .696E-07 728JA02L.
.0B1E+00 .2B3E-C .397E-07 .712E-07 4E - 4.019E-0 .630E-07 728JA02L:
.114E+70 .184E-0 33E-07 .610E-07 264E- 3.946E-0! .542E-07 728JA02L.
. 1S1E+00 .018E-0 . 256E-07 .451E-07 4,930E-13 3.862E-0 .448E-07 728JA02L.
. 187E+00 . 925E-0 195E-07 .355E-07 4. 724E-13 3.798E-0 .362E-07 728JA02L
.221E+00 . 844E-0 . 142E-07 .270E-07 4,542E-13 3.784E-0 .283E-07 72B8JA02L
.254E+00 . 745E-0 094E-07 . 162E-07 4.315E-13 675E-0 L210E-07 728JA02L.
. 287E+00 .B6BE-0 046E-07 .079E-07 4.140E-13 618E-0 .140E-07 728JA02L
. 320E+00 . 60SE~0 .017E-07 .014E-07 4.001E-1¢ S64E-0i .073E-07 728JA021L
. 352E+00 . 5SBE-0 SE-~08 .967E-07 3. 898E~13 .S14E-0 .009E-07 728JA02L
. IBJIE+00 <B11E-0 . S727E-08 20E -07 . 794E-13 . 466E~0 4,949E-07 728JA02L
. 41SE+Q0 .497E-0 4E -08 4E-07 L 774E-13 . 418E-0 4.887E-07 728JA02L
. 455E+00 .488E-0 388E-08 .917E-07 .769E-13 . 358E-0O 4.811E-07 728JA02L
. 485E+00 .454E-0 .221E-08 .884E-07 .695E-13 .314E-0 4,754E-07 728JA02L
.S15E+00 .42%5E-0 034E-08 6E -07 3.634E-13 .271E-0 4.698E-07 728JA02L
.S54E+00 .412E-0 901E-08 .854E-07 3.618E-13 .216E-0 4.625E-07 7 02
.583E+00 .403E-0 . 876E-0B 2E -07 .BO7E-13 L17%5E-0 4,572E-07 728JA02L:
.612E+00 .3SBE-O 616E-08 . 802E-07 3.502E-13 3.135E-0 4.519E-07 728JA02L:
. B49E+00 . 307E-0E 8.326E-08 .747E-07 3.38EE-13 . 086E-0! 4.453E-07 7, AQ2|
L677E+00 «2B3E-0€ 8, 062E-08 .697E-07 3.282E-13 . OS0E -0¢ 4,405E-07 728JA021




-1€1-

DADDDD

NNNNNOO

. 213E+00 . 224E-0 7.819E~0 656E ¥4 . 194E- . 00SE -0 4.344E-07 728JA02L.
. ?50E+00 .22%5E-0 7.B21E~0 'I 69E-07 T11E- .960E-0 4.283E-07 728JA02L.
L 777E+00 .224E-0 7.789E-~0 1 .577E'07 19E- 927E-0 4,238E-07 728JA02L.
13E+00 229E -0 7.748BE-0 695E -07 46E - 882E -0 4.177E-07 728JA02
. 84BE+00 ,219E-0 7.683E~0. .694E-07 F4E - 840E -0 4.118E-07 728JA02L!
75E+00 244E -0 7.784E-0 737E-07 11E- . 80BE -0 4.071E-07 728JA02L.
«S10E+20 .207E-0 7.576E-0 696E-07 24E - +763E-0 4.011E-07 728JAO:
44E+00 .187E€-0 7.429E-Q 680E -07 » 185E- 23E-0 3.954E-07 728JA02L.
78E+00 .170E-0 7.301E-0i 666E-07 SOE - 683E-0Q 3.897E-07 728JA02L.
012E+00 . 125E~0 7.019E-0 608E-07 41E - 644E-Q 3.841E-07 72RJA02L
025E+00 . 150E-O! 6.839E-0. 645E-07 15E- 629E-0! 3.820E-07 723JA02HS
046E+00 .096E-0 6.721E-0 S6BE-07 .976E- «605E-Q .786E-07 723JA02L
079E+00 .Q76E-0 6.581E-0 OE-07 . 935E -~ S69E-0 L735E-07 72BJAI2L.
12E+00 .051E-0 6.387E-0 . SQ4E-07 .879E~ S534E-0 .B8BE-07 728JA0ZL
. 145E+00 .023E-0 6.382E-0 465E-07 .816E- . 500E-0 .B3RE-07 728JAQZL.
78E+00 .030E-0 6. 142E-0i .475E-07 . B45E- 13 466E -0 .5848E-07 7:i:8J..02
«210E+00 .812E-0 6. Q06E -0 420E-07 751E- 434E-0 .S41E-07 7:28JAOCL
.« 222E+400 .032E-06 . 950E -0 478E-07 68E-13 .422E-Q .524E-07 7:8.JA02H:
42E+00 .642E-07 5.803E-0. . E-07 .BB7E-13 «402E-0 .49%E-0Q07 728JA02L.
74E+00 .S577E-07 5.641E-0 .373E-07 80K - 13 .371E-0 .451E-07 723JA02L.
«306E+00 .288E-07 5. 476E-0 .332E-07 .B10E- .341E-0 .40BE-07 728JA02L.
37E+00 ,012E-07 5. 405E-0 .293E-07 543E- .313E-0 .367E-07 728JA02L.
376E+00 .703E-07 5.287E-0 .249E-07 469E-13 .278E-0 .318E-07 728JA02L;
407E+00 .524E-07 $.221E-0i . 224E-07 . 428E- . 251E~0 79E-07 728JA02L
.420E+00 .235E-07 7.973E-0: . 182E-07 49E - . 240E-0! .264E-Q07 728JAGH
.438E+0Q0 .284E-07 6,876E-0 . 184E-07 69E - . 22EE-0 .242E-07 728JAQ02L
.476E+0Q00 .226E-07 6.083E-0 .181E-07 64E - . 194E-0 . -07 728JA02L
667E+00 . 896E-07 6. 438E -0 280E-07 .B621E~ .O31E-D! .962E-07 728JA02H
.839E+00 .787E-07 4. 430E -0 9.780E-08 45€ - 896E-06 .768E-07 728JA02H
010E+00 . 222E-07 4.675E-0 . 042E-07 . 226E- 776E - O€ .598E-07 728JAQ2H
. 239E+00 7.2 4, e38E-0 048E-07 .297E~ 610E-0 .IS6E-07 728JA02H
+411E+00 6.8 4.539E-0 8.990E-08 .240€E- . 488E -0 . 180E-Q7 ?728JA02H:
.639E+00 5.3 .820E-0 7.808E-O 00E - 13 848E-0 .9 -07 728JA02H
811E+00 5.24 744E-Q 7.62BE-0 S6E-13 2 -0l .B45E-07 728JA02HS
. Q25E+00 4.37 390E -1 6.374E-0 .S40E - . 155E-0D .B95E-07 72BJAQZHS
183E+00 4.1 310E-0 6.029E-0 485E-13 .087E~0! 1.59?7E-07 728JA02H
.412E+00 4.4 +473E-0 6. 482E -0 642€- 9,894E-0 1.453E-07 728JA02H
§72E+00 4.2 + 400E - 6.293E-0 625E - 9.196E-07 1,851E-07 728JA02H
78SE+00 3.2 205E -0 $.523E-0 464E - 8.337E-07 1.22%E-07 728JA02H
.995E+00 .7 +553E-0 5.492E-0 494E - 7.948E-07 1.110E-07 728JA02H
. 181E+00 i 286E -0 4.647E-0. ,269E- 7.011E-07 1.031E-07 728JA02H:
. 344E+00 .8 B4E -0 4,217E-0 L 187E-13 6.429E-07 9,.452E-08 728JA02H
. S5SE+00 . 98, ., 203E-0 4.354E-0 . 200E-13 $.814E-07 8.548E~08 728JA02HS
. 766E+00 15 97E-0. .170E-0Q 8, 783E-14 $.274E-07 7.754E-08 7 AO2H
. 958E+00 .08 895E -0 . 062E-0: 8.521E-14 4.867E-07 7.156E-08 728JA02H:
. 118E+00 .07 88BE-0 .047E-0 3.512E-14 4.533E-07 6.664E-0 728JA02H
.318E+00 .88 88BE-0 2.744E-0 7. 703E-14 4,141E-07 ©.088E -0 728JA02H
.S15E400 .80 . 779E-0 .655E-0 ?.488E-14 3.779E-07 S5, 556E-0 728JA02H:
712E+00 .32 . 62BE-0 .948E -0, 522E-14 3.471E-07 5. 102E-0. 728JA02H
. 906E+00 .57 1.695E-0 .315E-0 588E-14 3.189E-07 4,688c-0 728JA02H
1Q0E+QQ . 58 1.312E-0 . 298E -0 571E-14 2.885E-07 4.241E-0 728JA02H
292E+00 .47 1.288E-0 . 166E-0Q .220E-14 2.593E-07 3.813E-0 728JA02H:
482E+00 1.59 1.333E-0 . 349E-0. .77%E-14 2.302E-07 3.384E -0 728JA02]
672£+00 1.686 1.351E-0 .453E-Q 7.109E-14 1.991E-07 2.928E -0l 728JA02H:!
. 907E+00 .56 1.256E-0 . 296E-0 8.691E-14 1.812E-07 2.370E -0 728JA02H:
093E+00 .41 1.151E-0. .072E-0 6.065E-14 1.335E-07 1.963E-0 728JA02H
278c+00 .28 1.039E-0. 1.841E-0 S5.410E-14 j.088E-07 1.8601E-0O. 728.A0
. 453E+00 . 73 8.981E-0 1.431E-0 4,224E-14 £ 244E-08 1.315E-0O: 728JA0ZH
.B4SE+00 .34 8.108E-0 1.22GE-0 3.635E-14 7.208E-08 1.060E-0O 72BJA02HS
. 8860E+00 .73 5.833E-0 9.902E-0 2.951E-14 5.588E-08 8.218E-09 728JA02HS
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1
PUBE 20 CM ALUMINUM AT R=1M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 14:47: O7R 10712/77
COMPILATION DATE OF THIS CODE VERSION 107147770 16.0S5.
30 GROUP QUTPUT
GROUPS ENERGY OIFFERENTIAL FLUX INTEGRAL FLUX FLUX PER UNIT LETHARARY
UP-BOUND-MEV N/CM2-SEC -MEV N/CM2-SEC N/CM2-SEC
30 4, OOOOOOE 07 0. 0. 0.
29 . 180000 0. 0. 0
28 0. 0. 0.
27 0. 0. 0.
28 0. 0. 0.
2% 0. 0. 0.
24 0. Q. 0.
23 3.2%59793E£-06 . 4.029104E-07 2
22 4.146320E-06 1.146043E-06 1.
1 2. 532E -06 2.747688E~07 1.
20 2. 979E - 06 2.6313831€-07 1.
19 1.858713E-06 2.4869%8E-07 1.
i8 2. )O7E-06 4.017: -07 2.
17 2. S19E-06 3. 4504 -Q7 2.
16 1. S9BE-06 4.9124 -07 2.
1S 1.245022E-06 5.068 -07 2.
14 9.70 B8E-07 4.964648E-07 2.
13 7.860052E-07 3.71780%5E-07 2.
12 7.0091%58E-07 3.942651E-07 2.
11 4,927988E-07 3.296824E-07 1.
10 4.091728E-07 3. 4969E-07 1.
9 2.946842E-07 2.2%5374%BE-07 1.
8 1.944248£-07 1.714243E-07 1.
7 1.831141E-07 1.556538E-07 1.
(] 1.220434E-07 1.430471E-07 1.
S . 3.527663E-08 4.765168E-08 3.
4 . 6.245077E-09 9.736074E-09 6.
3 . 1.015894E-10 1.82454%E-10 1.284394E-09
2 . 0. Q. 0.
1 - 800000E+01 o. 0. 0.
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1
PUBE 2 CHM POLY AT R=IM (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTIN .00: 24R 10/17:77
COMPILAT!ON DATE OF THIS CODE VERSlON 10/14/77U 16 05,

ENERGY PHI DEL -PH{ DOSE KERMA INTE {NT-00SE FiLE-t0
(MEV) (NEUT/CM2-SEC-MEV) (MR/HR-MEV) (ERG/GM-SEC-MEV) INEUT cr‘2 SECY (MR =R:

. B29E-0 .833E-06 g 164E-0, 4.487E-08 t.3426-13 7 100£-08 9 169£-07 ‘ONDO2S
.756E-0Q . 904E-Q6 4.337E-0 4.999E-C8 1.467E-13 7 O58E-06 9 158E-07 1CND02S
.982E-0 .031E-06 4,710E-0 5.718E-08 1.647E-13 ?.014E-06 9.146E-07 1 ONOC2S
.209E-0 188E-0 .307E-0 6.608E-08 1 B67E-13 966E-C6 9 '32E-07 10NDO2S
.43SE-0 308E-0 .497£-0 7.471E-08 972E-13 .915E-06 9 116E-07 TONOO2S
.662E-0 .361E-0 .505E-0 8.198E-08 23)E-13 862E-06 9.099€-07 1ONDBO2S
.BBEE-0 362E-Q .474E-Q 8.794E-08 349E-13 .80 9 O79E-07  61ONDO2S
.115E-0 .336E-0 . 8%6E-0 9.325E-08 444E-13 .75 9 O059E-07  610NOO2S
.341E-0 290E-0! . 184E-C 9.803E-08 S22E-13 70 9.037€-07 510NS02S
.BEBE-0 239E-0 .8C1E-Q 1.028E-07 595E-13 .65, 9 014E-07 610NOC2S
3.795E-0 189E-0 387E-0 1.078E-07 2.671E-13 6.60 8 8990E-07 610NGO2S
4.021E-0 142E-0 298E-0 1. 131E-07 750E-13 6. 85 8 965£-07  610NA02S
4,248E-0Q 097E-0 .Q08E-0 1.187E-07 BI2E-13 .50 8.3839E-07 10NB02S
4.474E-0 Q49E-0 4.522E-0 1.244E-07 911E-13 45 8 912E-07 1ONBC2S
4.701E-0 . 994E-Q 4. 342E -0 1.298E-07 983E-13 .4 8 BB3E-07 10N002
4.927E-Q .930E-0 4.180E-0 1.348E-07 038E-13 .36 8. 883E-07 10NOO2
.154E-0Q . 8%SE-0 .993E-0 1.345E-07 O006E-13 32 8.822E-07 1ONOC2
.330E-0 767E -0 3.782E-0 1.310E-07 915E-13 .28 8.792E-07 1ONSO2
.B07E-0 64E - 0! S538E-0 1.263E-07 796E-13 .24 8 763E-C7 610NOC2S
.833E-0Q .S49E-06 3.264E-0 1.203E-07 652E-13 6.20 8.735E-07  610NG0O2S
.O60E-O 27E - O€ 2.990E-0 1.134E-07 A489E - 13 17 8 610NDORS
.287E-Q 99E - .778E-0Q 1.056E-07 307E-1 14 8. 610NDO2S
.S13E-0 164E-0 4.282E-0Q 9.379E-08 106E - 1 11 8 610NOO2S
. 740E-0Q .Q27E-Q 4. 456E-QE 8.731E-08 892E- 13 09 8. 610N002]
.966E-0Q 8.896E-0 4,270E-0 7.739E-08 1.669E-1 6.06 8. 610N0028
.193E-0 7. 591E-07 . 7%9E - 0E 6.756E-08 1.451E-13 6. 8 610N002S
7.419E-0 . 407E-07 127E-0 5.833E-08 247E-13 6. 8. 610NOO23
. Q47E-0 ). 406E-07 642E -0 1.009E-07 089E-13 5 8. 718JA02LS
. 434E-Q , 784E-07 .849E-0 1.091E-07 243E-13 . 8. 718JA02LS
9.686E-0Q 2. 461E-07 ,678E-0Q 1.082£-07 214E-13 8. 718JA02LS
,Q0SE+Q0 .437E-07 . 662E-0Q 1.118E-07 266E-13 8 718JA02L8
.D41E+00 .926E-07 .434E-0 1.062E-07 1S3E-1 8. 7183402L8

06SE+00Q .710E-07 .431E-0 1.Q041€-07 106E-1 8 718JA02LS

Q0E+00 .476E-07 .361E-0 1.020E-07 058E-1 8. 718JA03LS
. 132E+00 .780E-07 L 1%2E-0 9.4162-08 .896E-1 .3 8 718JA02LS
. 163E+00 7.496E-07 .Q80E~0 9.126E-08 1.834E-1 5 8 218JA02LS

00E+00 ?.710E-27 .OBIE-O 9. 454E-08 1.895%E-13 5 8 2183A02.S

32E+00 7.670E-07 .176E-D 9.463E-08 1.692E-13 5. 8 718JA02LS
.264E+00 8.098E-07 6.421E-0 1.00SE-0Q7 2.00SE-13 E 8 718JA02.5

96E+00 8.086E-07 6.515E-0 1.010E-07 2.C10E-13 8 218JA02LS
. 327E+00 7.873E-07 .487E-0Q 9.892E-08 1.964E-13 8 718JA02LS
.357E+400 .136E-07 .673E-0 |.Q28E-07 2 036£-13 8 218JA02L S
.387E+400 .212E-07 .808E-0 1.044E-07 2.063E-13 7 718JA02LS
,417E+00 . 266E-07 ,6%4E-0 1.057E-07 2 084E-13 7 718JA02LS
, 456E+00 . 952E-07 .240E-0 8.955E-08 1.761E-13 . 7 718Ja02LS
.485E+QQ .7?3E-07 2%7E-0 8.773E-08 1.721E-13 5. 7 718JA02LS
.B14E+00 .732E-07 337E-0 8.769E-08 1.717€-13 5 4 718JA02L8

S1E+00 .478E-07 408E-0 8.498E-08 1 659E-13 5. 7 718JA02LS
.S79E+00 988E-07 340E-0 7.897E-08 1.539E-13 S 7 797E 718JA02LS
1.61SE+00 .176E-07 ,294E-0 8.202€-08 1.894E-13 s 7 7sec 07 718JA02LS
1.642E+00 088E-07 6.299E-0 8.128E-08 1.576E-13 s 7 746E-07 718JA0Z2LS
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1
PUBE 2 cM POLY AT R=1M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 15:00:24R 10/17/77
COMPILATION DATE OF THIS CODE VERS[ON 10/14/77u  16,05.47
30 GROUP OUTPUT
GROUPS ENERGY DIFFERENTIAL FLUX INTEGRAL FLUX FLUX PER UNIT LETHARGY
UP-BOUND-MEV N/CM2-SEC-MEV N/CM2-SEC N/CM2-SEC
30 4.000000E-~07 0. o] 0.
29 . 180000E-0& 0. 0. Q.
28 . 520000E-0%5 0. 0. 0.
27 0. Q. 0.
25 0. 9. 0.
25 0. o, 0,
24 0. 0. 0.
23 1.922681E-06 2,.376434E-07 3.110898E-07
22 S. 2.194731E-06 6.066237E-07 7.940537E-07
21 < 1.715662E-06 1.623016E-07 9.389818E-07
20 1.164066E-06 1.309574E-07 7.976322E-07
19 7.321602E-07 9.796304E-08 S. )E-07
18 9.259415E-07 1,473173E-07 8,522829E-07
17 8.210830E-07 2.113468E-07 9.267564E-07
16 7.460E820E~07 2.415067E~07 1. 877E-06
15 7.202347E-07 2,932076E-07 1. 7E-06
14 - 8.294804E~07 4.245281E-07 1. 437E-06
13 F- 1.006078E-06 4.758751E-07 2.7 34E-06
12 3 1.150526E-06 6.471710E-07 3.744100E-06
11 4 9. 64E-07 6.625417E-07 3. 41E-06
10 < 8.8208868E-07 7.¢ 4E-07 4, -06
-] < 7.80C0640E-07 S. JE-07 4.1 7E-06
8 € S$.746632E-07 S.066806E-07 3.566159E-06
7 4.312700E-07 4.3 91E-07 3. 51E-06
(] 3. 0E-07 4.063518E-07 2. 3E-06
S 1.241302E-07 1.676750E-07 1.180552E-06
4 2,594988E-0! 3.983227E-08 2.801672E-07
g %.E!B 10E-10 8.134423E-|0 g 14394E-09
1 . 800000E+01 0. 0. 0.
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1
PUBE 3 CM POLY AT R=1M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING 183:01:30R 10/17/77
COMPILATION DATE OF THIS COD- VERSION 107147770 16.0%.47
ENERGY PHI DEL-PHI DOSE KERMA INTEGRA INT-DOSE FILE-10
(MEV) (NEUT/CM2-SEC-MEV) (MR/HR-MEV) (ERG/GM-SEC-MEV) (NEUT/CM2-SEC) (MR/HR)
.528E-0 .368E-0 6. 840E -0 3.349E-08 .OD2E- S5.444E-0 7.019E-07 Q9NOO:
. 796E-0 416€-0 3.169E-0 3.719E-08 .091E- $.412E-0 7.0)1E-07 O9NCO.
+982E-0 .321E-0 3.498E-0 4.284E-08 234E- $.379E-0l 7.002E-07 O9NOO!
.209E-0 .661E-0 4.069E-0 5.016E-08 .418E- 5.343E-06 6,991E-07 0SNG0,
. 43%5E-0 . 769E-0 4.216E-0 5.728E-06 9E - 5.304E-0 6,979Z-07 O9NOO.
.662E~0 .820E-0 4.246E-0i 6.319E-08 720E~ 5. 263E-0 . 965E-07 OINCO.
.ENBE-~0 824E-0 4.242E-0 6.790E-08 . B14E- $.222E-0 .950E-07 09NGTO:
-113E~0 .798BE-0 4.141E-0 7.180E-08 . 882E- S5.181E-0 .935E-07 09NOO:;
.341E-0 . 749E-0 .97%E-0O 7.487E-08 .926E- 5.141E-0 .918E-07 Q9NCO.
.5S68E-~0 .8684E-G . 792E-0 7.732E-08 .9%52E- 5.102E-0 301E-Q7 O9NOO
.795E-0 .610E-0 .S97E-0 7.930E-08 . 964E - S.064E-0 3E -07 09NOO:
4.021E-~0 . 534E -0 .399E-0 8.100E-08 .969E- 5. 029E-0 . 865E-07 Q9INGO.
4.248E-~0 L4SBE-O .203E-0 8.256E-08 . 969E- 4.995E-0 .B46E-07 Q9NOO:
4.474E~9 .384E-0 .020E-0 8.404E-08 . 967E-13 4.963E-0 27E-07 Q9NB02S
4,701E~0 .314E-0 .B43E-0 8.559E-08 . 966E- 4.932E-0 08E-07 09NO02S
4.927E-0 .292E~0 .E90E-~0 8.744E-08 .971E- 4.903E-0 SE-07 OSN302S
. 154E~-0 . 1S7E-0 .SS?E-0 8.6383:-08 . 940E~ 4.87%E-0 769E-07 09NCO2S
<380E~0 .149E-§ A442E -0 8.3523E-08 . 89BE-~ 4, 849E-0 74SE-07 O9NOO:!
.607E~0 . 105€-0 .333E-0 8,387E-08 S7E- 4.823E-0 .730E-07 09NOO:
«833E-0 . O65E -0 .234E-0 8.,266E-08 .823E- 4.799E-0 711E-07 09NOO
+0O60E-0 .027E -0 142E - 0. 8.189E£-08 .791E- 4.77%E-0 93E-07 OSNOO:
.287E-0 .9 (s} OS9E-0 8.032E-08 . 760E~ 4.752E-0 .674€-07 09NQO:
.S13E-0 - 07 .S$73E-0 7.923E-08 . 724E- 4, 730E-0! S6E-07 09NOO
.740E-0 .1 8BOE-0 7.740E-08 .877E- 4.709E-0 39E-07 09NOO
+9B6E-0 .598E-07 . 764E-0. 7.480£-08 613E- 4.689E-0 ,621E-07 EO9NOO.
7,193E-0 .019E-07 .633E-0 7.137E-08 .533E- 4.670E-0! 0SE-07 Q9NOO
7.419€-0 .389E-07 492E-0 6.727E-08 438E -~ 4.6%53E-0 SE-07 NG
.047E-0 7.973E-07 . 490E-0 8.549E-08 71E~ 4.528E-~0 465E-07 718JAOSL:
.434E-0 8.008E-07 S11E-0 8.925E-08 .B35E- 4,497E~0 431E-07 718JAO:
.686E-0 8.087E-07 .SB1E-O 9.247E-08 92E - 4.477E-0 ,408E-07 718JAC
. O0SE+00 8.034E-07 .S22E-0 9,489E-D8 «929E- 4.447E-0 4E-07 718JAQ:
D41E+00 7.798E-07 400E -0 9.274E-08 81E- 4. 419E-~01 40E-07 718JAO03L.
.065E+00 7.764E-07 461E-0 9,276E-08 . 878E- 4.400E-0 18E-07 718JA03L.
0E+00 7.708E-07 438E -0 .271E-08 72E- 4.373E-~0 .285E-07 718JA03L
. 132E+00 7.377E-07 .436E-0 .170E-D8 47E- 4.348E-0 ,296E-07 718JA03L
. 163E+0Q 6.952E-07 1BOE-0O 64E - 089 O1E- 4, 326E-0! 29E-07 718JA03L
. E+0Q! 7.158E-07 184E-0 . 779E-08 759E - 4.300E~0 .197E-07 718JAOSBL.
. 232E+00 6.916E-07 143E-0 S33E-08 706E- 4,277E~0 69E-07 718JA03L
.264E+00 7.175€-07 288E-0 OBE-~08 777E- 4.25%E~0 41E-07 718JAO03L
296E+00 6.84SE-07 207E-0. SSO0E-08 . 7201E- 4. 292E-0 113€-27 718JA03LS
. 327£+00 6.868E-07 .248E-0 632E-08 . 713E- 4.211E-~0 .087€-07 718JAO03L
3S7E+00 7.207E-07 . 439E -0 108E-08 804E - 4.190E-0 OE-0, 718JA03LS
.387E+00 7-111E-07 .4AS7E-0 038E-08 786E- 4.168E~0 L033E-07 71BJAO3L
.417E+00 7.228E-07 403E-0. 242E-08 . 322E- 4. 147E-0! 5E-07 718JA03LS
. 4S6E+00 6.901E-07 .311E-0 889E-08 748E- 4. 119E~01 970€E-07 718JAO
. 485E+00 6.805E-07 .306E-0 814E-08 229E- 4.100E-0 L944E-07  718JA03L
.514E+00 6.941E-07 409E-0 040E-08 770E- 4.080E-0 18E-07 718JA03L
.SS1E+00 6.646E-07 356E-0i .718E-08 1 702E- 4.054E-0! .885E-07 718JAQ
. S79E+00 6.676E-07 . 406E -0 SE-08 1.715E- 4.036E-0 .B61E-07 7168JAO
.615E+Q0 6.302E-07 L 1S2E-0O .3639E-08 1.626E- 4.012E-0 .830E-07 718JA03L.
. BAZE+00 6.331E-07 S 20BE-0B .451E-08 1.8639E- 3.995E-06 .807E-07 718JA03LS




~6ET~

B AL

. 878E+00

6.15 . o] .276E-08 1.601E- 3.973E-0Q€ 5.777E-07 718JA03L
.703E+Q0 6.212E-07 .282E-0 .390E-08 1.619E- 3.957E~0€ S.756E-07 718JA03L
+739E+00 6.107E-07 .304E-0 306E-08 1,599E- 3.935E-0 5.726E-07 718JA03L
. 76SE+QU 6.361E-07 .264E -0 683E-08 .671E- 3.919E-0 5.704E-07 718JA03L.
. 800E+00 6.617E-07 +447E-0 10%E-08 . 74SE- 3.896E-0 .873E-07 718JAO:
.834E+00 6.784E-07 .S64E-0 .397E-08 .796E-1 3.874E-0 .642E-07 71BJAO:
.867E+00 6.5%52E-07 . 542E-0 133E-08 .742E-1 3.852E-C .611E-07 718JAD:
-S01E+00 6.3%54E-07 .S14E-0. 915E-08 .696E-1 3.830E-06 .S80E-07 718JAO
.926E+00 6.802E-07 . 743E-0 . 590E-08 .821E-1 3.813E-0 .S57E-07 718JA0
-959E+00 6.359E-07 .428E-0 2E -08 .709E-1 3.792E-0 .S27E-07 718JA0:
. 992E+00 6.610E-07 .S570E-0! 438E-08 . 783E-13 770E-0 .496E-07 718JA0
. 024E+00 6,736E-07 .677E-0 .63SE-08 .824E- «748E-0 .466E-07 718JA0
. OSBE+00 6.976E-07 827E-0i 1E-08 .897E-13 727E-Q€ .434E-07 718JA03L:
. 08BE+00 7.009E-07 .888E-0 .003E-07 «914E-13 . 704E-06€ .402E-07 718JA0
- 120E+00 7.859E-07 .Q13E-0 6E-07 2.101E-13 .6B81E~ .369E-07 718JA0S
. 120E+00 7.827E-07 . 809E -0. 128E-07 2. 160E - .681E~ .369E-07 718JAO0
. 151£+00 7.436E-07 . 794E-0 065E-07 2. 048E - .B657E- .335E-07 718JA03L.
+182E+00 7.013E-07 . O03E-0. 00SE-07 939E - 635E - 06 03E-07 718JA0
-213E+00 7.421E-07 79E -0 .063E-07 .060E - 3.612E-0 70E-07 718JAQ:
.252E+00 7.466E-07 .0S9E-0 070E-07 .084E - 83E-06 «229E-07 718JAO3L
. 282E+00 7.769E-07 26E - O 114E-07 . 176E- 3.561E-06 - 196E-07 718JA0JL.
«287E+00 7.722E-07 118E-0O 107E-07 . 165E- .S57E-0 .191E-07 718JA03H
+313E+00 7.584E-07 .008E~-0 .088E-07 . 134E- .537E-0 -162E-07 718JA03
+343E+00 7.706E-07 . 820E -0 10SE-07 . 176E~ 3.514E-06 .129E-07 718JA03L.
+373E+0C 7.338E-07 . 859E -0 .0S3E-07 \0BIE- 3.491E-06 .087E-07 718JA03J
+410E+00 7.240E-07 . 796E -0 . 039E-07 . 063E -~ 3. 464E-06 .058E-07 718JA03
«439E+00 7.210E-07 4.9%8E-0 .03%E-07 .062E- 3.443E-0 .028E-07 718JA03L
+469E+00 7.000E-07 4.790E-0 .00SE-07 .010E- 3.422E-0 4.997E-07 718JA0O3L.
. 476E+00 7.732E-07 4.806E-0 .110E-07 W R222E-13 .417E-0 4.990E-07 718JA03M.
.652E+00 7.766E-07 4.790E -0 .117E-07 L 284E-13 .281E-0i 4.794E-07 718JAQ?
.817E+00 8.%817E-07 . 149E -0 .227E-07 .589E - - 146E-0i 4.601E-07 718JAQ3H:
+.036E+00 8,302E-07 S.093E -0 . 19SE-07 .S67E- . 962E-0i 4.33%5E-07 718JAO3H:
. 200E+00 8.530E-07 5.198E-0 .241E-07 LZ11E-13 . B24E- 0§ 4.135E-07 718JA0JH
. 365E+00 7.941E-07 5. 004E -0 -150E-07 . S64E - .687E~0E 3.938E-07 718JAQ3H:
. 584E+00 7.778E-07 4,827E-0 .128E-07 .S83E - .S1SE-0 3.688E-0 718JA03H
. 749E+00 7.344E-07 4. 5B4E - G& .067E-07 . 494E- .390E~0 3.507E-07 718JAO3H:
.9%58E+00 6.621E-07 4.221E-0 .639E-0 .310E- . 24%E~0 .295E-07 718JA03H
- 110E+400 6.341E-07 4.080E-0 <245E-0 . 287E- . 146E~0 S1E-Q07 718JAO3H:
- 328E+00 6.396E-07 4,227E-0 .637E-0 - 416E- .005E~0 I4SE-Q7 71BJAO
.S34E+00 6.570E-07 4. 182E-0! .616E-0 .472E-13 , 869E -0 .747E-0Q 718JA03H:
.687E+00 6.321E-07 4,034E -0 .265E-0 . 427E- .771E~0Q 603E-07 718JA03H
. 8S0E+00 6.097E-07 3.959E-0 .954E-0 . 404E - . 64%E -0 .418E-0 718JA03H
.090E+0C 6.182E-07 .971E-0 .08BE-0 .478E-13 .522E~0 .237E-Q7 718JA03H.
. 240E+00 €. 196E-07 3.876E-0 .109E-0 . 493E- «429E -0 <101E-07 718JA02H
.425E+00 $.620E-07 3.689E-0 .261E-0 2.271E-13 320E-3 -940E-07 718JA03H!
.628E+400 S.3%8E-07 3.574E-0 -876E-0 2.175E- . 208E -0 .776E-07 718JA03H
. 824E+00 4.818E-07 401E-O 7 .083E -0 .965E-13 109E -0 -630E-07 718JAD3H
. O0BE+Q0 4.185E-07 .104E-0O ~1S1E-0 . 714E- 026E -0 .508E-07 718JAO3H
. 164E+00 3.849E-07 2.976E-0 .659E-0 . 583E- 9.632E-0 .416E-07 718BJAO3H
.JISBE+00 4,427E-07 3.227E-0 .S08E-0 . 828E~13 841E~07 .300E-07 718JAO3
544E+00 3.696E-07 . B45E -0, .433E-0 .533E-1 8.0745-07 .187E-07 718JA0
. 732E+00 3.38BE-07 . 709E -0 4.981E-0 LA412E-13 7.4082-07 .D89E-07 718JA03H
.919E+00 3.034E-07 .SSSE-O 4.460£-Q . 270E-13 6.807£-07 .001E-07 718JA03R:
- 104E400 3.08%E-07 .SEBE -0 4.538E-0 .287E-13 241E-07 2,176E-08 718JAO3JH:
7.288E+00 3.165E-07 .609E-0 4,652E-0 .336E-13 666E-07 3.331E-08 718JA03H!
.471E+00 3.2385E-C7 .642E-0Q 4.755E-0Q .371E-12 .081E-07 7.470E-OF  718JAC3H
. 652E+00 3.428E-07 7DSE-0 5.039E -0 .458E-13 4,478E-07 6.584E-08 71BJAC3H
.878E+Q0 3.139E-07 S12E-0 4,.615E-0 1.344E-13 3.73GE~07 5.483E-08 718JAU3H
. 0S6E+00 2.399E-07 176E -0 3.327E-0. 1.031E-13 3.243E-07 4,.768E-08 718JAQ3H.
234E+00 2.394E-07 093E-0 3.5189E-0 1.033E-13 2.816E-07 4.141E-08 718JAD3H!
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1
PUBE S CM PoLY AT R=1M (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTING
COMPILATION DATE OF THIS CODE VERSION

30 GROGUP QUTFPUT

GROUFS ENERGY DiF FERENTIAL FLUX
UP-BOUND-MEV N/CcM2-SEC-MEV

30 4, 000000.-07 0

29 0000,°06 Q

28 . [}

a7 -]

26 . <]

25 .261009E-0Q2 [}

24 . 0.

23 f 1. -

22 . 1.606515E-06

21 5. 1.133978E-06

20 7.071000E-01 9.48725%7E-07
19 8.409000E-01 7.645115E-07
18 . O0Q000E+00 7. )8S7E-07
17 .257400E+00 7.447310E-07
b3 .S681100E+00 6.952553E-07
15 .988200E+00 6.431% -07
14 Q000QE+D0 7.312% -07
13 73000E+00 8.114% ~07
12 .S35500E+0C 8 9 -07
1 4.2045S00E+00 6 -07
10 S.,000000E+00 =3 BE -07
9 S.764800E+00 $.749945E-07
8 &.645500E+G0Q 4. 166108E-07
7 7.663100E+00 3.210322E-07
=3 8.83%5200E+00C 2.448844E-07
S 1.018600E+01 9.560897€E-08
4 1.174500E+01 1.783%594E-08
3 1.354100E+01 1.675002E-11
2 1.561200E+0C1 0.
1 1 .800000E+01 [¢]

10/14/77V

~NZ
Q-

£
M2-

Z—

o
X

OOQN-‘NQQLGA&QQNN-‘—'-‘—'—'h_—'P.O_O_DPP.O

1

601 GOR 10/V2/77

GRAL FLUX
SEC

777860E-07

FLUX PER UNIT LETHARGY
SEC

N/CM2-

0.

0.

0.

0.

0.

0.

0.
.327326E-07
.812371E-07
. 206262E-07
. 174781E-07
\917319E-07
.327571E-07

8.405779E-07

867410E-07

47810E-06

41020E-06
220543E-06
. 670089E-06
.703912E-06
. 1=-06
. 094850E-06
. 585341E-06
. 296921E-06
.C19841E-06
.092987E-07
. 955800E-07
.117708E-10
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1
PUBE

10 cM PoOLY AT R=1M (FOR 1.0 N/SEC)
TIME AND DATE OF DATA REPORTING

COMPILATION DATE OF THIS CODE VERSION 10/14/77U
ENE PH1 DEL -PH1 DOSE
EV) (NEUT/CM2~-SEC-MEV) {MR/HR-MEV)}
.528E-0 .243E-07" 4.622E-0 .263E-0
758E-0 .351E-07 . OB9E -0 . 456E -0
«982E-0 837VE-07 . 262E-0 .770E-0
.209E-0 OSGE-06 - SB4E-0 .188E-0O
.43SE-D 109E -06 .642E-Q .B92E-0
.B662E-0 128E-06 . 630E -0 . 918E-0O
.B8BE-D +122E-0B . 602E-0 4.175E-0
-115E-0 OE-06 .525E+-0 4.390E-0:
.341E-0 . O67E-06 .421E-0 4,567E-0
.S68E -0 8E~06 .313E-0 4. 720E-0¢
.795E-0 .867E-07 . 202E-0 4, 859E- 08
4.021E-0 49E - 07 .093E-O 4.983E-0.
4.248E-0 .041E-07 . 9B3E -0 .119E-0
4,474E-0 655E-07 . 887E-0 255E-0
4.701E-0Q 297E-07 . 798E-0 402E -0
4.927E-0 972E-07 .713E-Q .565E-0
. 154E-0 7.683E-07 . 640E -0 .S72E-0
380E-0 7.437E-07 . 58QE -0 .517E-0
607E-0 7.280E-Q7 .S2%E-0 .487E-0
833E-0 7.0%4E~-07 47B8E-0 . 476E-Q
DSOE-0 9C8E-07 440E -0 .484E~-0
287E-0 773E-07 406E -0 .S06E-0
S13E-0 647E-07 7SE -0l .52%5E-0
740E-0 494E-07 841E-0 . S522E-0
966E-0 .283E-07 «292E- 0. . 466E -0
7. 193E-0 ,997E-07 ,227E-0Q .B37E-0
7.419E-0 .627E-07 . 145E-0 .123E-0
Q76E-0 .996E-07 . B4ABE-0 .448E~0
346E-0 .963E-07 . 829E~Q . 588E-0
10E-~0 .800E-07 . 764E-0 .S81E-0
96E ~0 .B30E-07 .637E-0 .641E-0
037E+00 .330E-07 . 452E -0 . 335E-O
062E+00 + 5.113E-07 .378E-0 .106E-0
098E+00 4.917E-07 . 242E-0 .913E-0
132E+00 4.671€-07 . 147E-0 .6S3IE-O
164E+00 4.462E-07 . OB0E -0 . A433E-0
202E+00 4.564E-07 .088E-0 .S98E-0
236E+00 4,389E-07 .987E-0 .419E-0
258E+00 4.430E-07 .Q1SE-0 . 493E -0
. 302E+00 4.412E-07 .010E-0 .S17E-0
334E+00 4,397E-07 . 997E-0 . S32E - O
366E+00 4.412E-07 .997E-0 . S8%E-Q
397E+00 4.312E-07 . 962E-0 L491E-0
428E+00 4.439E-07 .012E-0 . 718E-0.
458E+00 4.318E-07 .9S7E -0 .S64E-0
498E+00 4.220E-07 .8D1E-O . 480E-D:
B28E+00 4.147E-07 864E-0 .418E- 0
. SS7E+00 4.1€8E-~07 889€E -0 .474E-9
S9SE+00 4,008E-N7 808E-0 . 302E-0:
. 624E+00 3.990E-07 78BE-0 .308E-0.
. B61E+00 3.893E-~07 737E-0i . 21%E-0

15:02:48R 10/17/77
16.0%5.47

KERMA 1N
(ERG/GM-SEC-MEV) (NE

WOV
(D
~
~
mm
0
ABDDL

- 115E-
S1E-

E-

mmm::lrnmmm

B
m
'
BORLLWORL

=
D
0):
m
1

-0

NN

B

Wh 123

[ =]
mmmmmmmmm
(SN

1
[-Ts3
[L]s}

i

'S
-
~
m r:1m
1
000000C00000000000000000000000

I~

3]

m
'

INT-DOSE
(MR/HR)

WOBS

.010E- 07

\203E-07

FILE-1D
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-e£vi-

=]

. 685E+00 4.021E-07 .B02E-0 413E-0% 1.046E- . 194E-0 -190E-07 720JAOSL:
.723E+00 4.022E-Q7 .818E-0 .453E-C8 1.091E- . 178E-0! .170E-07 720JA05L
. 761E+00 4.124E-07 . 88BE -0, 532E -08 ) .0B2E- . 164E-0 .148E-07 720JA05L
. 788E+00 4.091E-07 .821E-0 .616E-08 1.077E- . 1S3E-0 .133E-07 720JA0S5L.
.824E+00 4.097E-07 . 83BE -0 .BB4E-0 1.084E~ . 138E-0 . 113E-07 720JA05L.
« 859E+00 4.050E-07 .813E-0 .637E-0 1.075E- . 124E-0 .083E-07 720JA0SL
«B894E+00 3.994E-07 .798E-0. .S9BE-0 1.065E- . 110E-0 074E-07 720JAO0SL:
+920E+00 3.966E-07 . 786E-0 .SESE-O 1.061E- . 098E-Q O58E-07 720JA0S5LS
.955SE+00 3.837E-07 . 727E-0 .43%£-0 1.030E- .086E-0 040E-07 720JA0S!
«9B9E+00 3.907E-07 .738E-0 .BS7%E-0 O53E - 073E-0f .021E-07 720JAO0SL
«023E+00 3.9265E-07 . 787E-0O .671E-0 074E- 0S9E-0 002E-07 720JAOSL:
+OSBE+00 4.036E-07 . 838E-0 . 8B60E -0 14E- .046E-0 .983E-07 720JAOSL
. O8SE+00 4.070E-07 . 823E-0 .82%5E-0 JA12E- .032E-0 864E-07 720JA0SL.
. 122E+00 4.350E-07 , 95SE - O .227E-0 93E - .018E-0 S44E-07 720JA05L
+ 1S5E+0D 4.35%E-Q7 .934E-0 .236E-0 00E - .004E-~0 .823E-07 7 AQS!
. 1S5E+00 4.742E-07 2.988E-0i .791E-0 O7E -~ .004E-~-0 923E-07 720JA0SHS
. 188E+00 4.491E-07 2.899E-0 .4 -0 43E - . 889E-~0 S01E-0?7 720JAOSL.
.220E+00 4,326E£-07 3.010E-0 3BE -0 02E - .87%E~0 .881E-07 720JAOSL.
2E+00 4,545E-07 .972E-0 . -0 GBE - .961E~0 861E-07 720JA0SL:
.283E+00 4.460E-Q7 . 936E- 0 ISE -0 SOE - .947E-~0 841E-07 720JA0SL.
323E+00 4.430E-07 .995E-0 -0& 48E - . 929E~ 0 .818E-07 720JA0SL:
<330E+00 4.750E-07 .9?72E-0 . - Q€ . 339E- .926E~0 811E-07 720JAOSH:
. 354E+00 4.540E-07 .086E-0 .S14E-0 B4E ~ .914E-0 .795E-07 720JAO0SL
. 385E+00 4,469E-07 .067E-0 .414E-0 . 269E- 1.90:E~0 77SE-07 720JA0SL:
.416E+00 4.696E-07 139E-0 .742€-0 . 339E- .B86E-~-0 754E~07 720JA0SL
. 454E+00 41.729E-07 . 925E-0 . 791E-0 .355E-13 . B6BE~0 729E-07 720JAOSL
. 485E+00 1.868E-0Q7 .859E-0 .994E-0 401E-13 . 8%54E-0 707E-07 720JA0SL!
.527E+00 4.594E-07 .793E-0 .601E-0 329E - . 834E~0 679E-07 720JA0SH
703E+00 4.412E-07 .677E-0 .850E-0 306E - . 7%4E -0l S65E-07 - 20JAO0SH.
.875E+00 4.677£-07 .771E-0 .743E-0 416E- .676E~01 452E-07 720JA0S5H:
103E+00 4.4%56E-07 .868E-0 .4 -0 90E ~ .572E-0 302E-Q7 720JAOSH:
.2755+00 4.379E-07 .603E-0 < -0 397E- . 496E -0 192E-07 720JA0SH:
. 446E+00 4.094E-07 B2E -0 .9 -0 36E - . 424E-0 0B7E-07 720JA0OSH:
674E+00 .814E-Q7 294E-0 .5 -0 282E- .334E-0 956E-07 720JA0SH
. 846E+00 .S61E-Q7 139E -0, .180E-0 . 225E- . 270E-0! 864E-07 720JA0SH:
. 056E+00 .430E-07 .074E-0 4.999E-0 212E- . 187E-0 . 757E-07 7204/.05
. 214E+00 .458E-07 1E-Q $.047E-0 48E - . 142E-0i .678E-07 720JA0SH
.443E+00 . 350E-07 .023E-0: 4.800E-0 46E - .064E-0 .584E-07 720JA05H
. 603E+00 2E-Q7 OE - CE 4.881E-0 . 265E - .011E-Ql .486E-07 720JAQSHS
.815E+00 . 310E-Q7 980E -3 4.857E-0 92E - .404E-0 .382E-07 720JAO0SH
.025E+00 54F - 07 947E-0 4.798E-0 06E ~ .714E-07 .281E-07 720JA0SH
.181E+00 . 212E-07 902E-0 4.721E-0 . 290E .299E-07 1.207E-07 720JA0SH
.374E+00Q 49E-Q7 . 824E -0, 4.482E -0 J1E-13 7.603E-07 1.118E-07 720JA0SH
.585E+00 22E-07 707E -0 4.148E-Q. 44E-13 . 885E-07 1.027E-07 720JA0SH
793E+00 . S60E~07 .S76E-0. . 764E-0 .Q43E-13 .426E-07 9.447E-08 720JAQSH
.985E+00 .249E-07 SE-0 «306E-0 . 208E~14 .964E-07 8.768BE-08 720JA0SH:
. 146E+00 .209E-07 417E-0 247E-~0i .076E-14 . 605E-07 8.241E-0 720JA05H
,344E+00 .210E-07 411E-0 .248E-0 .124E-14 168E-07 7.598E-08 720JAQSH:
.841E+00 03E-07 228E-0 800E -0 7.902E-14 4.762E-07 7.002E-08 720JA0SH:
. 737E+D0 .B8i5E-07 177E-0 668E-0 7.563E-14 4.398E-07 6.466E-08 720JA0SH
.931E+00 . 725E~07 136E-0. S3SE - O ?.220E-14 4. 055E-07 5.8961E-08 ?720JAO0SH:
124E+00 . 765E-Q7 1S{E-O S95E-0 7.423E-14 18E-07 5.466E-08 ?720JAO0SH
.316E+00 .617E-07 O8SE-0 .377E-0 6.829E-14 ,393E-07 4.989E-08 720JA0S|
. SO0EE+Q0 .698E-07 125E-0 496E-0 7.205E-14 .078E-07 4.526E-08 720JA0SHS
. B95E+00 .652E-07 1.100E-9i 429E- 0 7.042E-14 .762E-07 4.061E-08 720JA0SHS
. 883E+00 .S81E-07 1.051E-0 324E-0i 6.769E-14 . 458E-07 3.614E-08 720JAOBHS
.115E+00 . 59BE-07 1.035E-0O +J49E-0 6.877E-14 .088E-07 3.072E-08 720JADSHS
. 30DE+00 . 327E-07 8.967E-Q 951E-0 $.738E-14 .818E-07 2.674E-08 720JA0SHS
.475E+00 .083z-07 7.734E-0! S92E-08 4.701E-14 1.607E-07 2.364E-08 720JA0SHS
. 665E+Q0 .D6EE-07 7.554E-0 .571E-08 4.659E-14 1.403E-07 2.064E-08 720JA0SHS



=vhi-

.B37E+00 9.935E-0 7.15BE-09 1.460E-08 4.350E-14 1.226E-07 803E-08 720JA0SHS
\074E+00 8. 600E -0 6.38BE-09 1.264E-08 787E-14 1. 006E-07 480E-08 720JAQSHS
254E+00 8.340E-0 6.162E-0 1.226E-08 BBE-14 8.537E-0 256E-08 720JA05HS
L433E+00 7.384E-D 5.513E-09 1. 085E-08 3. 279E-14 7.129E-0 049E-08 720JAOSHS
L611E+00 7.247E-0 5. 380E-09 1.06SE-08 31E-14 5.827E-0 !579E-08 720JA05

. 832E+00 5.883E-0 4. 500E-0 8.647E-09 37E-14 4.376E-0 1446E-03 7Z0JAOSHS
J0D1E+0 a.924E-0 4.044E-09 7.238E-09 16E-14 .4aiSE-0 32E-09 720JA05HS
1023E+0 {891E-0 . 388E-0 5.726E-09 SSE-14 445E-0 (606E-09 720JA0SHS
1 040E+0 . 009E-0 . a97E-09 4.431E-09 I360E-14 . 858E-0 3E-09 720JA05HS
1087E+0 \873E-0 .S03E-09 3.792E-09 SE-14 384E-0 044E-09  720JAO5HS
1079E+0 1097E-0 .101E-09 3.094E-03 514E-15 1704E-0 286E-09 720JAO5HS
‘ 09BE+0 13975-0 1617E-09 2.063E-09 50E-15 . 784E-0 479E-10 7203JA0BHS
1117E+0 . 160E-0 {281E-09 1.206E-09 (717E-15 .a10E-0 047E-10  720JA05HS
L134E+0 483E-0 9.694E-10 9.590E-10 I959E-15 . 166E-0 207E-10 720JA0SHS
L 1SSE+0 4.289E-0 8.139E-10 6.350E-10 {g62E-15 . Q3SE-0 533E-10 720JA05HS
L176E+0 10E-0 4.138E-10 1.793E-10 5.847E-16 4.572E-10 6.782E-11 720JAO05H
L 193E+0 1361E-0 4.154E-10 2.019E-10 I252E-16 386E-10 \841E-11 720JA05HS
1214E+0 S3E-10 1945E-10 5.423E-11 (681E-16 733E-11 S12E-12  720JAOSHS
1230E+0 469E-10 . BSAE-10 2.183E-11 6.774E-17 636E-11 1428E-12 720)A05HS
(251E+0 320E-10 1978E-10 1.962E-11 6.097E-17 -1.293E-11 -1.926E-12 720JA05HS
1272E+0 -1.383E-10 J106E-10 -2.059E-11 -6.408E-17 226E-11 -1.824E-12 720JA05HS
{292E+0 -2.418E-11 I283E-10 -3.603E-12 -1.122E-77 3. 989E-12 !850E-13  720JAQSHS
1308E+0 -40dE-11 1333E-10 1.104E-11 3.442E-17 . . 720JA05HS




-GHT~

S96¢/980502 0D

1
PUBE 10 CM POLY AT R=IM (FOR 1.0 N/SEC)

TIME AND DATE OF DATA REPORTIN 15:02:48R 10/17/77
COHPILATKUN DATE GF THIS CODE VERS[ON 10/14/77U 16.05.47
30 GROUP OUTPUT
GROUPS ENERGY DIFFERENTIAL FLUX NTEGRAL FLUX FLUX PER UNIT LETHARGY
UP-BOUND-MEV N/CM2-SEC-MEV N/ EC N/CM2-SEC

30 4.000000E-~07 Q. 0. Q.

29 3. 3 0. c. 0.
28 I 0. Q. Q.

27 Q. 0. 0.

6 0. 0. 0.

S 0. Q. 0.

4 [+3] 0. 0. 0.

3 2-01 9.5%2 £-07 1.177000E-07 1.540766E-07
2 01 2.94 E-07 2.749812E~07 3.599428E-07
1 Qi 7.37 £-07 6.978612E-08 4.037415€-07
20 -01 6.621184E-07 7.448832E-08 4.309397E-07
9 =01 5.780688E -07 ?7.734561E-08 4,4742%53E-07
8 .000000E+00 5.873807E-07 3. 34%227E~08 S 40 6E-07
7 .257400E+Q0 4.821166E-07 .240968E-07 5.44 0E -07
[ .581100E+00 4.3183%92E-07 .397928E-07 6.12 1E-07
S . 988200E+00 4.00 3E-07 .B30578E~07 7.14813%5E-07
4 2,.500000E+00 4.4264%50E-07 .2695487F ~Q7 9. 7E-07
3 2, 973000E+00 4.854605E-07 . 154328t 07 1.2 -06
2 . 935500E+00 4, -07 . 433374E-~07 1.40 8E -06
1 4.204500E+00 3.616886E-07 .419697E-07 1.399735E-06
9 S . 000000E+00 3.343370E-07 ) 1E~07 1.538702E-06
9 5.764800E+00 3.00 -07 .297435E-07 1.616856E-06
8 6.646500E+00 2.1 40E-07 .934397E-~07 1.361482E-06
7 7.663100E+00 1.721008E-07 . 749576E-~07 1.231346E-06
6 8,835200E+00 1.353843E-07 .586839E~07 1.116803SE-06
S .01B600E+01 7.147511E-08 D . 654858E-~08 6.797712E-07
4 74%500E+01 1.650438E-08 2. 573032E-08 1.809787E-07
3 54100E+01 2.958276E-10 5. 313063E~10 3.740148E-09
2 61200E+Q1 Q. Q. 0.

1 O0000E+01 0. 0. c.




