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An experiment on neutron transmission through polyethylene shields up to 183.0 cm in thickness
was carried out using the quasi-monoenergetic neutron beam sources by "Li(p,n) reaction with 43 and
68 MeV protons accelerated by the 90 MV AVF cyclotron at the TIARA facility of JAERI. The energy
spectra of the transmitted neutron between 10+ eV and the peak neutron energy were measured by a
BC501A scintillation counter and a Bonner ball counter. The counting and reaction rates behind ana
inside the shields were also measured by the Bonner ball counter, 2*U and 2*?Th fission counters and
solid state nuclear track detectors. The neutron dose equivalent behind the shields is also given on
the basis of experimental data using a neutron rem counter. All the data in this report are summa-

rized numerically for application to benchmark calculations.
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1. INTRODUCTION

Recently, accelerators are widely used for a variety of purposes such as nuclear physics,
medical therapy and industry. In high energy accelerator facilities, the shielding performance for
high energy neutrons is of great importance to keep the radiation levels of working area and
surrounding environment as low as possible. With the increase of beam current and energy, the
facilities require more massive and sophisticated shield structure. The shielding design minimized
by high accurate data is inevitable to save the construction cost. The experimental data for shielding
are, however, very scarce in the energy range above 20 MeV, because there are few neutron source
facilities above 20 MeV which is suitable for shielding experiment and it is difficult to measure
neutron spectrum for higher energy. Meulder et al. !, Shin et al.2 and Uwamino et al.3 measured the
energy spectra of neutrons transmitted through various shielding materials using broad spectral
neutrons up to about 50 MeV. Ishikawa et al.* used quasi-monoenergetic neutron sources
generated in a thin Li target by 25- and 35-MeV protons for concrete and iron shielding experiments.
In the higher energy range, Moritz et al.> measured the leakage neutron spectra outside the concrete
shielding in the 500-MeV proton accelerator facility.

A polyethylene shielding experiment® was performed using the p-7Li quasi-monoenergetic
neutrons at the 90-MeV AVF cyclotron facility of the TIARA (Takasaki Ion Accelerator for Advanced
Radiation Application) in JAERI (Japan Atomic Energy Research Institute). We have already
reported the experimental data of concrete and iron shields.”-8:%:10  Tron shield is good for high
energy neutron attenuation because of large inelastic cross section and high density, but brings out a
dominant peak of 10-keV- to 1-MeV-energy in the neutron spectrum behind it. ~ Polyethylene shield
is often used behind the iron shield to reduce these low energy neutrons, because of large content of
hydrogen which attenuates them most effectively. In this report, we provide the numerical data on
polyethylene shielding experiment for 40- and 65-MeV neutrons which are important for shielding
design calculation of high energy accelerator facilities. The data compiled here can be used for
investigating the accuracy of calculation code and cross section data library.
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2. EXPERIMENT
2.1 TIARA facility and experimental set up

The AVF cyclotron facility has been operated since 1992. It has an unique neutron beam
course, named as LC-course, arranged for the neutron shielding and cross section experiments.
The cross sectional view of the LC-course is shown in Fig. 1. An experiment space of 120 cm x
120 cm x 120 cm is prepared inside the 340-cm-thick concrete shielding wall between the accelerator
room and the experimental room. The polyethylene shield of 30.5 to 183.0 cm thickness was
assembled on a movable stand with 118.5-cm-wide x 118.0-cm-high x 30.5-cm-thick slabs. The
assembly was in contact with the exit of 10.9-cm-diameter collimator located at about 4 m from the
TLitarget. Neutron beam is incident to the shield through the collimator when a rotary beam shutter
is open, as shown in Fig. 1.

The additional iron collimator shown in Fig. 2 was used for measurements at the position
of the off beam axis with thinner shield, 30.5- and 61.0-cm-thick polyethylene, in order to depress
the neutron leakage through fillers of iron ball and iron sand, or through rotary shutter of iron and
polyethylene which include low density materials or void. Iron collimators of 40 and 80 cm
thickness were used for 43- and 68-MeV p-7Li neutron experiments, respectively. Those were
assembled with 118.5-cm-wide x 118.0-cm-high iron slabs of 10 cm thickness having a cylindrical
hole of 10.9 cm diameter. The densities and the atomic compositions of the polyethylene shield and
the additional iron collimator are given in Table 1. The dimensions of shields and collimators for
each experiment are summarized in Table 2.

2.2 Neutron sources

The source neutrons were generated by bombarding 43- and 68-MeV protons on 3.6-mm-
and 5.2-mm-thick 7Li targets, respectively. The isotopic enrichment of 7Li was 99.9 %. The
protons penetrating the target with the 2-MeV energy loss were bent down toward the beam dump by
the clearing magnet. Their integrated charge was measured with the current integrator by a Faraday
cup for beam current monitoring. The neutrons produced in the forward angle can reach the
experimental assembly through the collimator without accompanying protons. The range of the
monitored proton currents in this experiment was 0.5 nA to 3 nA.

The absolute flux of source neutrons of the monoenergetic peak per proton beam charge
(LC) has been separately obtained from a proton-recoil-counter-telescope (PRT) measurement. 11
The estimated errors of the source neutron peak fluxes by PRT are 3.4 and 3.9 % for 43- and 68-

MeV p-Li experiment, respectively. The source neutron fluxes for the shielding experiment were
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finally corrected with the neutron attenuation through the rotary shutter exit window of stainless steel,
and are given in Table 3.

Two fission chambers of 238U and 232Th placed near the Li target were calibrated to the
proton beam current. They were used for monitoring the proton beam current of very low intensity
because the current integrator could not work accurately due to the leak current of the Faraday cup.
The conversion factors of the monitor counts to total charges of proton beam are also given in Table 3
for the 238U fission chamber.

The spectra of quasi-monoenergetic neutron sources were measured with a BCS01A
organic liquid scintillation counter using the time of flight (TOF) method. The measured source
neutron energy spectra, of which monoenergetic peaks are normalized to unity, are given in Tables 4
and 5. Figure 3 shows the energy spectra multiplied by the absolute peak fluxes of the PRT
measurements which are tabulated in Table 3.

2.3 Neutron detectors and data analyses

For the shielding experiment, five kinds of detectors were used for the measurement of
neutron spectra and reaction rates behind and inside the polyethylene shields. ~The detector positions

for each experiment are given in Table 2.

2.3.1 BC501A scintillation counter

One of the neutron spectrum measurements in the shielding experiment was performed
with the 12.7-cm-diameter x 12.7-cm-long BC501A organic liquid scintillation counter (Bicron Co.
Ltd.) coupled to a R4144 photomultiplier (Hamamatsu Photonics. Co. Ltd.). The event-by-event
data measured with the BCS501A scintillation counter were converted to a two-dimensional
distribution of pulse-height and rise-time, and the neutron events were discriminated from the y-ray
events. Then they were converted into the neutron energy spectra using the FERDOU 12 unfolding
code and the measured response functions.!3 The responses are exemplified in Fig. 4 and all
numerical data are given in Table 6. The energy calibration of the light output pulses was performed
at the zero cross point, the Compton edge of 4.43-MeV y-rays from a 241 Am-Be source and the
recoiled proton edge of 40- or 65-MeV monoenergetic neutron peak by using the calibration values in
Ref.[13]. The difference between the scaler counts of total output pulses and the number of events
recorded in the hard disk was used for the dead time correction. Finally the absolute values of the
transmitted neutron energy spectra are represented as the flux per proton beam charge (LC) which can

be estimated from the fluence monitor counts.
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2.3.2 Bonner ball counter

A multi-moderator spectrometer, Bonner ball counter, was also used for measurements of
neutron spectra and counting rates behind the polyethylene shields. It has a spherical polyethylene
moderator whose thickness is chosen from 0, 1.5, 3.0, 5.0 and 9.0 cm. The thermal neutron
detector inserted at the center of the moderator is a 5.08-cm-diameter spherical proportional counter,
filled with 10-atm (at 22 °C) 3He gas, made by LND Inc.

The five reaction rates for the five kinds of moderator thickness were unfolded with the
SAND-2 code!4 and the response functions given by Uwamino et al.13  The response functions are
shown in Fig. 5 and tabulated in Table 7. Initial guess spectra at each measured position used in the
unfolding were obtained from the MORSE!6 calculations with the DLC119/HILO86!7 cross section
library. We then obtained the neutron spectra in the energy range from 10-4 eV to the peak energy.

2.3.3 Fission counter

The 238U and 232Th fission chambers (Centronic FC480/1000) with 10.1-cm-long x 3.81-
cm-diameter active size were used for measuring fission rates behind the polyethylene shield. The
absolute efficiencies were calibrated by a 252Cf spontaneous fission neutron source!8 in JAERIL
The measured inverse efficiencies are 1.05 x 103 and 9.86 x 102 barn/cm?/counts (+4 and 3.4 %),
respectively. The fission cross sections of 238U and 232Th have been evaluated up to 20 MeV in
JENDL-319, and measured by Lisowski et al.20.21 in the energy region between 20 and 400 MeV.

The cross sections are shown in Fig. 6 and the group cross section data are given in Table 8.

2.3.4 Solid state nuclear track detector (SSNTD)

Neutron induced tracks behind and inside the 183.0-cm-thick polyethylene shield were
measured using solid state nuclear track detectors which were manufactured by Nagase Landauer Ltd.
The composition of the detector is Allyl diglycol carbonate which is the same as that of CR-39.  The
detector is a rectangular solid of 10 mm x 5 mm and 1-mm-thick on which a 1-mm-thick polyethylene
radiator is contacted. After the exposed detectors were etched chemically, the etch pits on the
detectors were counted through an optical microscope of 400 times magnifications. The detector
response was calculated by a newly-developed Monte Carlo code. The calculated response is
shown in Fig. 7 and given in Table 9.



JAERI-Data/Code 98-013

2.3.5 Neutron rem counter

A neutron dose-equivalent detector, neutron rem counter NSN10001 (Fuji Co. Ltd.), was
used for measuring neutron dose equivalent rates on the beam axis behind the polyethylene shields.
The thermal neutron detector, 5.08-cm-diameter spherical proportional counter filled with 3He gas of
5 atm, are inserted at the center of a 21.0-cm-diameter spherical polyethylene moderator. The
moderator is well arranged in terms of its material and geometry so that the response function of the
rem counter reproduces the curve of the neutron-flux-to-dose-equivalent conversion factor given by
ICRP2122 as close as possible. The sensitivity of the rem counter is 5 cps for 1 uSv/h, which is
calibrated with a 252Cf neutron source.
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3. RESULTS
3.1 Neutron spectra measured with the BC501A scintillation counter

The transmitted neutron energy spectra measured with the BC501A scintillation counter are
shown in Figs. 8 through 13 and their data are tabulated in Tables 10 through 15. The absolute
fluxes are given as lethargy fluxes normalized to a unit proton beam charge (LC) incident to the target.
Figures 8 and 11 show the spectra on the beam axis behind the polyethylene shields of 30.5, 61.0,
122.0, and 183.0 cm thickness for 43- and 68-MeV p-Li experiments, respectively. On the other
hand, Figs. 9, 10, 12 and 13 show the spectra on the beam axis and at 20- and 40-cm off positions
from the beam axis behind 30.5- and 61.0-cm-thick polyethylene shields with the additional iron
collimator. The experimental errors of the spectra in the figures include errors of spectrum
unfolding and counting statistics in the measurement, conversion factor of fluence monitor counts to
total charge of proton beam (3%), neutron penetration factor through objects on the beam line (3%)
and the fluence monitor counting statistics (less than 1%).

3.2 Counting rates and neutron spectra measured with the Bonner ball counter

Counting rates behind the polyethylene shields of various thicknesses on the beam axis
measured using the Bonner ball counter are shown in Figs. 14 and 15, and their values are given in
Tables 16 and 17. Unfolded neutron spectra are shown in Figs. 16 and 17, and the numerical data
are given in Tables 18 and 19 for 43- and 68-MeV p-7Li neutron experiments, respectively. The
experimental errors of the neutron spectra unfolded with the SAND-2 unfolding code are considered
to be 50 to 200 % which are caused by initial guess spectra and iteration processes depending on the
analyses.

3.3 Fission rates measured with fission counters

Fission rates measured behind the polyethylene shields of various thicknesses using 238U
and 232Th fission counters are shown in Fig. 18, and given in Table 20. The fission rates
correspond to the integrated neutron flux in the energy region above ~1 MeV where their fission cross
sections are dominant. The errors include the statistical error of each detector counting and other
errors described in section 3.1.
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3.4 Track rates measured with SSNTD

The track rates of SSNTD measured behind and inside the 183.0-cm-thick polyethylene
shield are shown in Fig. 19 and given in Table 21. As shown in Fig. 7, the efficiency of the
detector is dominated by the neutrons in the energy region lower than about 10 MeV. The errors

include the statistical error of each detector counting and other errors described in section 3.1.
3.5 Neutron dose equivalent

The neutron dose equivalents measured with the neutron rem counter are tabulated in Table
22. Neutron dose equivalents were also estimated from the measured neutron spectra and the
ICRP21 neutron flux-to-dose-equivalent conversion factor2?, and are given in Table 23. These
measured neutron spectra were obtained from the results above 10 MeV of the BC501A scintillation
counter and those below 10 MeV of the Bonner ball counter. The contributions to the dose
equivalent of the neutrons above 10 MeV were 88-94 % and 94-97% for 43- and 68-MeV p-Li
experiments, respectively. The dose equivalents at 0 cm thickness are estimated using source
neutron spectra (see Tables 4 and 5), and peak fluxes (see Table 3).

The neutron dose equivalents are compared in Fig. 20.  As seen in the figure, the neutron
dose equivalents by the neutron rem counter are underestimated at all the thicknesses compared to
those estimated from the measured neutron energy spectra. And their discrepancies were almost
constant at all thicknesses because the neutrons spectra behind the various thicknesses of
polyethylene shield were relatively similar as seen in Figs. 16 and 17.  On the other hand, behind
the thicker iron shields (see Figs. 18 and 19 in Ref.[10]), the low energy neutrons are dominant in
the spectra, and the neutron dose equivalents by the rem counter and those estimated from the energy
spectra comparably agreed (see Fig. 23 in Ref.[10]). This fact reflects that the response function of
the rem counter above 20 MeV energy region is lower than the curve of the neutron flux-to-dose-

equivalent conversion factor.
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4. SUMMARY

Neutrons behind and inside the polyethylene shields of thickness up to 183.0 cm were
measured using the 43- and 68-MeV p-'Li neutron sources in the TIARA facility. Neutron spectra
in the energy range between 10™ eV and the energies of peak neutrons by the BC501A scintillation
counter and the Bonner ball counter, and counting rates by the Bonner ball counter, 238U and 232Th
fission counters and SSNTD were obtained. Neutron dose equivalents were also measured by the
neutron rem counter, and they give underestimation comparing with those estimated from the
measured neutron energy spectra because of the problem for the response function of the rem counter
above 20 MeV energy range.

These measured absolute values of neutron energy spectra and reaction rates behind the
polyethylene shields are useful to estimate the accuracy of the calculation codes and cross section data
sets in the several tens MeV energy range as an integral benchmark data.
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Table 1 Density and atomic compositions of the polyethylene shield and
the iron collimator.

Material Density [g cm?] Atom Atomic Density {x10* cm?)
Polyethylene 0.96 Hydrogen 4.124
Carbon 8.305
Iron 7.87 Iron 8.487

Table 2 Dimensions of the polyethylene shield and additional collimator, and detector

positions.
Shield Collimator | Distance from Detector position
Ep® | thickness thickness | target to shield (distance from beam axis)
(MeV] {cm] [cm} (cm] ‘ {cm]
BC501A° | Bonner¢ ! F.C! | SSNTD® | Rem'
30.5 0 403 0 0 0 0 0
61.0 0 403 0 0 0 0 0
43 122.0 0 403 0 0 0 0 0
183.0 0 403 0 0 0 0 0
30.5 40 443 0, 20,40 - - - -
61.0 40 443 0, 20, 40 - . A
30.5 0 403 0 o 0o | o0 1 0
61.0 0 403 0 0 0 0 | 0
68 122.0 0 403 0 0 ! 0 0 ; 0
183.0 0 403 0 o | o o | o0
30.5 80 483 0, 20, 40 - i - | - -
61.0 80 483 0, 20,40 | - | - | -

SSNTD detectors were placed behind and inside the 183.0-cm-thick polyethylene shield. The other detectors were

placed behind the polyethylene shields of each thickness.
a Proton energy

b BC501A scintillation counter

¢ Bonner ball counter

d *U and *Th fission counters

e Solid state nuclear track detector

f Rem counter
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Table 3 Peak fluxes of source neutrons measured with PRT detector and calibrated
count rates of 2*U fission chamber fluence monitor.

Ep Peak flux FC count rate
(MeV] (nsr'pC'] (Error) | (nem?®pC'p* | (countspC')  (Erron)

43 3.45x 10° (*4%) 2.12x 10° 1.70 x 10° #3%)

68 4.17x10° #%) 2.94 x 10° 2.90x 10° (#3%)

* Neutron flux at 403 cm from the target

Table 4 Energy spectrum of 43-MeV p-'Li source neutrons.

Energy Boundary Flux Error Energy Boundary Flux Error
(MeV] [MeV]
- 6.5° 4.405E-02° 255 - 265 4.097E-02 1.77E-03
265 - 275 3.960E-02 1.70E-03
65 - 7.5 4.405E-02 1.51E-03 275 - 285 3.473E-02 1.50E-03
75 - 85 4.423E-02 1.52E-03 285 - 295 3.491E-02 1.51E-03
85 - 95 4 483E-02 1.54E-03 295 - 305 3.081E-02 1.34E-03
9.5 - 105 4,503E-02 1.54E-03 30.5 - 31.5 2.639E-02 1.16E-03
105 - 11.5 4.390E-02 1.51E-03 315 - 325 2.097E-02 9.43E-04
11.5 - 125 4.501E-02 1.51E-03 325 - 335 1.875E-02 1.19E-03
12.5 - 135 4.633E-02 1.57E-03 33.5 - 345 1.490E-02 9.60E-04
13.5 - 145 4.931E-02 1.65E-03 345 - 355 1.290E-02 8.40E-04
14.5 - 15.5 4. 895E-02 1.65E-03 355 - 36.5 1.083E-02 7.11E-04
15.5 - 16.5 4.885E-02 1.62E-03 36.5 - 375 7.232E-03 491E-04
16.5 - 17.5 4.752E-02 1.57E-03 375 - 385 1.337E-02 8.53E-04
17.5 - 18.5 4.977E-02 1.63E-03 38.5 - 395 1.377E-01 8.31E-03
18.5 - 19.5 4.611E-02 1.51E-03 395 - 40.5 3.629E-01 2.18E-02
19.5 - 20.5 4.707E-02 1.56E-03 405 - 415 3.677E-01 2.21E-02
20.5 - 21.5 4.749E-02 2.05E-03 415 - 425 1.135E-01 6.86E-03
215 - 225 4.686E-02 2.02E-03 42,5 - 435 5.063E-03 3.54E-04
22.5 - 235 4.653E-02 2.01E-03 435 - 445 6.359E-04 7.29E-05
235 - 245 4 488E-02 1.91E-03 445 - 455 1.634E-04 3.31E-05

245 - 25.5 4.358E-02 1.88E-03

The flux at monoenergetic peak (36.3-45.5 MeV) is normalized to unity.

The absolute peak flux for each experiment can be obtained from Table 3.

Ratio of the peak flux to the total flux above 6.5 MeV is 1:2.17.

a Neutron flux per unit energy blow 6.5 MeV is assumed to be constant, the value between 6.5-7.5 MeV.
b Read as 4.405 x 10”.
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Table 5 Energy spectrum of 68-MeV p-Li source neutrons.

Energy Boundary Flux Error Energy Boundary Flux Error
[(MeV] (MeV]
- 6.5 2.373E-02° 38.5 - 395 3.399E-02 2.10E-03
39.5 - 40.5 3.345E-02 2.07E-03
65 - 75 2373E-02 8.50E-04 40.5 - 415 3.324E-02 2.05E-03
75 - 85  2.395E-02 8.55E-04 415 - 425 3.340E-02 2.07E-03
85 - 95 2.440E-02 8.67E-04 425 - 435 3.137E-02 1.94E-03
9.5 - 10.5 2.508E-02 8.86E-04 435 - 445 3.211E-02 1.98E-03
105 - 11.5 2.569E-02 9.07E-04 445 - 455 3.103E-02 1.92E-03
11.5 - 12.5 2.533E-02 8.98E-04 455 - 465 3.102E-02 1.92E-03
12.5 - 13.5 2.592E-02 9.21E-04 465 - 475 3.160E-02 1.95E-03
13.5 - 145 2.678E-02 9.46E-04 475 - 485 3.086E-02 1.90E-03
14.5 - 155 2.714E-02 9.60E-04 48.5 - 495 3.003E-02 1.85E-03
155 - 16.5 2.788E-02 9.83E-04 495 - 50.5 2.856E-02 1.77E-03
16.5 - 17.5 2.795E-02 9.89E-04 50.5 - 51.5 2.804E-02 1.73E-03
17.5 - 18.5 2.855E-02 1.01E-03 51.5 - 525 2.656E-02 1.64E-03
18.5 - 19.5 2.954E-02 1.04E-03 52.5 - 535 2.505E-02 1.56E-03
19.5 - 20.5 3.100E-02 1.09E-03 53.5 - 545 2.391E-02 1.48E-03
20.5 - 21.5 3.149E-02 1.10E-03 54.5 - 555 2.177E-02 1.36E-03
215 - 225 3.334E-02 1.45E-03 55.5 - 56.5 1.959E-02 1.22E-03
22.5 - 235 3.383E-02 1.46E-03 56.5 - 57.5 1.604E-02 1.01E-03
235 - 245 3.528E-02 1.52E-03 575 - 585 1.281E-02 8.38E-04
24.5 - 255 3.624E-02 1.56E-03 58.5 - 59.5 1.088E-02 7.42E-04
25.5 - 26.5 3.669E-02 1.57E-03 59.5 - 60.5  9.010E-03 6.27E-04
265 - 275 3.841E-02 1.64E-03 60.5 - 61.5 7.428E-03 5.27E-04
275 - 285 3.806E-02 1.62E-03 61.5 - 62.5 8.095E-03 5.62E-04
28.5 - 295 3.927E-02 1.67E-03 62.5 - 63.5 4.701E-02 2.90E-03
29.5 - 30.5 3.845E-02 1.64E-03 635 - 64.5 2.104E-01 1.27E-02
30.5 - 31.5 3.875E-02 1.65E-03 64.5 - 655 3.614E-01 2.18E-02
31.5 - 325 3.857E-02 1.64E-03 65.5 - 66.5 2.765E-01 1.67E-02
32.5 - 335 3.878E-02 2.39E-03 66.5 - 67.5 8.202E-02 4.99E-03
335 - 345 3.762E-02 2.33E-03 67.5 - 68.5 8.896E-03 6.05E-04
34.5 - 355 3.702E-02 2.28E-03 68.5 - 69.5 1.074E-03 1.12E-04
35.5 - 36.5 3.716E-02 2.30E-03 69.5 - 70.5 4.013E-04 6.17E-05
36.5 - 37.5 3.656E-02 2.26E-03 705 - 71.5 4.973E-04 6.87E-05
37.5 - 38.5 3.615E-02 2.23E-03 715 - 72.5 1.324E-04 3.24E-05

The flux at monoenergetic peak (60.8-72.5 MeV) is normalized to unity.

The absolute peak flux for each experiment can be obtained from Table 3.
Ratio of the peak flux to the total flux above 6.5 MeV is 1:2.61.
a Neutron flux per unit energy blow 6.5 MeV is assumed to be constant, the value between 6.5-7.5 MeV.
b Read as 2.373 x 10



Table 6 Response functions of BC501A scintillation counter.
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Group| Light output Upper Energy Boundary of Neutron Group [MeV]
No. | [MeVee] 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0
1 0.196* |9.54E-01® 5.98E-01 3.37E-01 3.33E-01 298E-01 2.56E-01 2.38E-01 2.86E-01 2.78E-0l
2 0.543 6.05E-03 3.29E-01 3.59E-01 1.68E-01 1.01E-01 7.14E-02 6.61E-02 5.96E-02 4.87E-02
3 0.983 0.0 7.06E-03 1.88E-01 2.46E-01 1.43E-01 8.54E-02 5.96E-02 5.52E-02 4.89E-02
4 1.486 0.0 0.0 7.89E-03 122E-01 1.78E-01 1.1SE-01 7.28E-02 5.40E-02 4.68E-02
5 2.037 0.0 0.0 0.0 8.57E-03 9.97E-02 1.34E-01 9.33E-02 6.14E-02 4.35E-02
6 2.629 0.0 0.0 0.0 0.0 1.16E-02 7.84E-02 1.03E-01 7.84E-02 5.17E-02
7 3.256 0.0 0.0 0.0 0.0 0.0 7.79E-03 6.43E-02 8.06E-02 6.50E-02
8 3.911 0.0 0.0 0.0 0.0 0.0 0.0 8.21E-03 S5.08E-02 6.39E-02
9 4.590 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.36E-03 4.31E-02
10 5.287 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.87E-03
11 6.002 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Group No. 12 through 60 same as above
a Upper group boundary of light output in MeV-electron-equivalent. Lower boundary is 0 MeVee.
b 9.54 x 10" [counts neutron™]
Table 6 (continued)
Group| Upper Light Upper Energy Boundary of Neutron Group [MeV]
No. | [MeVee] 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0
| 0.196 272E-01 2.63E-01 2.87E-01 278E-01 2.64E-01 2.54E-01 272E-01 2.70E-01 2.56E-0l
2 0.543 S20E-02 5.49E-02 S5.84E-02 6.93E-02 7.60E-02 7.69E-02 7.40E-02 6.95E-02 5.80E-02
3 0.983 409E-02 3.35E-02 3.06E-02 3.21E-02 3.98E-02 4.37E-02 5.00E-02 5.62E-02 6.40E-02
4 1.486 424E-02 379E-02 3.13E-02 2.71E-02 2.56E-02 293E-02 289E-02 3.45E-02 3.83E-02
5 2.037 380E-02 3.58E-02 3.04E-02 2.56E-02 221E-02 205E-02 196E-02 2.02E-02 227E-02
6 2.629 1.69E-02 3.35E-02 2.99E-02 2.57E-02 221E-02 1.95E-02 1.77E-02 1.70E-02 1.62E-02
7 3.256 439E-02 3.41E-02 294E-02 2.56E-02 2.25E-02 1.99E-02 1.74E-02 | .62E-02 1.51E-02
8 3.911 S30E-02 3.93E-02 3.04E-02 2.59E-02 226E-02 1.98E-02 1.72E-02 1.56E-02 142E-02
9 4.590 S.|SE-02 4.72E-02 3.57E-02 274E-02 228E-02 2.01E-02 1.73E-02 1.56E-02 141E-02
10 5.287 3.52E-02 4.42E-02 4.03E-02 3.12E-02 240E-02 2.03E-02 1.79E-02 1.59E-02 143E-02
11 6.002 6.18E-03 3.13E-02 3.68E-02 3.52E-02 2.79E-02 2.21E-02 1.84E-02 1 (62E-02 1.45E-02
12 6.732 0.0 6.02E-03 2.68E-02 3.19E-02 3.07E-02 2.54E-02 2.04E-02 1.71E-02 1.50E-02
13 7.476 0.0 0.0 548E-03 2.34E-02 2.75E-02 2.74E-02 232E-02 1.87E-02 1.57E-02
14 8.232 0.0 0.0 0.0 4.66E-03 1.97E-02 2.43E-02 2.38E-02 209E-02 1.70E-02
15 8.999 0.0 0.0 0.0 0.0 429E-03 1.73E-02 2.12E-02 2.13E-02 1.87E-02
16 9.776 0.0 0.0 0.0 0.0 0.0 3.78E-03 1.53E-02 1.90E-02 1.89E-02
17 10.562 0.0 0.0 0.0 0.0 0.0 0.0 3.39E-03 1.36E-02 1.71E-02
18 11.357 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.07E-03 1.22E-02
19 12.159 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.90E-03
20 12.968 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Group No. 21 through 60 same as above
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Table 6 (continued)
Group| Upper Light Upper Energy Boundary of Neutron Group (MeV]
No. | [MeVee] 19.0 20.0 21.0 22.0 23.0 24.0 25.0 26.0 27.0

1 0.196 2.65E-01 2.72E-01 2.70E-01 2.63E-01 2.65E-01 2.65E-01 2.68E-01 2.69E-01 2.69E-0l
2 0.543 4.06E-02 3.97E-02 3.24E-02 2.90E-02 2.46E-02 2.17E-02 2.02E-02 1.85E-02 1.76E-02
3 0.983 6.77E-02 5.43E-02 4.57E-02 3.43E-02 2.74E-02 244E-02 2.05E-02 1.81E-02 1.65E-02
4 1.486 475E-02 4.62E-02 5.31E-02 S5.48E-02 4.75E-02 3.81E-02 3.16E-02 2.68E-02 247E-02
5 2.037 2.52E-02 3.07E-02 3.11E-02 3.58E-02 3.88E-02 3.96E-02 3.95E-02 3.26E-02 2.71E-02
6 2.629 1.73E-02 1.86E-02 2.32E-02 2.29E-02 2.31E-02 240E-02 2.74E-02 2.89E-02 2.93E-02
7 3.256 1.45E-02 148E-02 1.49E-02 1.71E-02 1.90E-02 1.96E-02 1.84E-02 1.85E-02 2.01E-02
8 3.911 1.33E-02 1.24E-02 1.25E-02 1.22E-02 140E-02 1.56E-02 1.53E-02 1.54E-02 1.45E-02
9 4.590 1.30E-02 1.17E-02 1.07E-02 1.10E-02 1.11E-02 1.25E-02 1.26E-02 1.19E-02 1.28E-02
10 5.287 1.29E-02 1.14E-02 1.03E-02 9.98E-03 1.02E-02 1.01E-02 1.04E-02 1.13E-02 1.08E-02
11 6.002 1.28E-02 1.15E-02 1.01E-02 9.54E-03 8.87E-03- 9.29E-03 8.8SE-03 9.19E-03 1.05E-02
12 6.732 1.38E-02 1.17E-02 1.05E-02 9.46E-03 8.71E-03 8.31E-03 8.80E-03 8.65E-03 8.66E-03
13 7.476 1.40E-02 1.25E-02 1.06E-02 9.50E-03 8.80E-03 8.07E-03 7.66E-03 8.23E-03 8.01E-03
14 8.232 145E-02 1.23E-02 1.09E-02 9.82E-03 8.86E-03 8.01E-03 7.45E-03 6.89E-03 7.38E-03
15 8.999 1.54E-02 1.31E-02 1.12E-02 1.00E-02 8.91E-03 7.97E-03 7.38E-03 6.62E-03 6.31E-03
16 9.776 1.72E-02 1.41E-02 1.14E-02 1.02E-02 9.18E-03 8.18E-03 7.42E-03 6.77E-03 6.31E-03
17 10.562 1.75E-02 1.51E-02 1.27E-02 1.09E-02 9.24E-03 8.38E-03 7.46E-03 6.87E-03 6.04E-03
18 11.357 1.56E-02 1.54E-02 141E-02 1.16E-02 9.76E-03 8.52E-03 7.58E-03 6.76E-03 6.18E-03
19 12.159 1.08E-02 1.39E-02 1.37E-02 1.28E-02 1.10E-02 9.00E-03 7.95E-03 6.95E-03 6.24E-03
20 12.968 2.64E-03 9.60E-03 1.24E-02 1.26E-02 1.17E-02 9.80E-03 8.59E-03 7.48E-03 6.41E-03
21 13.787 0.0 2.32E-03 842E-03 1.14E-02 1.13E-02 1.07E-02 9.27E-03 7.54E-03 6.72E-03
22 14.606 0.0 0.0 2.09E-03 7.62E-03 1.04E-02 1.02E-02 9.68E-03 8.12E-03 7.31E-03
23 15.436 0.0 0.0 0.0 1.89E-03 6.69E-03 9.31E-03 9.13E-03 8.90E-03 7.74E-03
24 16.266 0.0 0.0 0.0 0.0 1.74E-03 5.88E-03 8.58E-03 8.29E-03 8.00E-03
25 17.106 0.0 0.0 0.0 0.0 0.0 1.43E-03 5.20E-03 7.75E-03 7.84E-03
26 17.946 0.0 0.0 0.0 0.0 0.0 0.0 1.23E-03 4.68E-03 7.00E-03
27 18.795 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.13E-03 3.94E-03
28 19.641 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.02E-03
29 20.484 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Group No. 30 through 60 same as above
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Table 6 (continued)
Group| Light output Upper Energy Boundary of Neutron Group [MeV]
No. | [MeVee] 28.0 29.0 30.0 31.0 32.0 33.0 34.0 35.0 36.0
1 0.196 2.67E-01 2.69E-01 2.78E-01 2.69E-01 2.67E-01 2.67E-01 2.65E-01 2.63E-01 2.63E-O1
2 0.543 1.62E-02 1.50E-02 1.46E-02 1.39E-02 1.32E-02 1.17E-02 1.15E-02 1.09E-02 1.03E-02
3 0.983 1.61E-02 1.53E-02 1.45E-02 1.45E-02 1.38E-02 128E-02 125E-02 1.16E-02 1.07E-02
4 1.486 229E-02 220E-02 2.10E-02 2.02E-02 204E-02 1.94E-02 129E-02 1.26E-02 1.16E-02
5 2.037 228E-02 1096E-02 1.82E-02 1.69E-02 1.63E-02 1.53E-02 1.38E-02. 1.34E-02 1.30E-02
6 2.629 264E-02 2.32E-02 196E-02 1.65E-02 1.52E-02 1.39E-02 1.31E-02 1.27E-02 1.30E-02
7 3.256 2.16E-02 2.20E-02 2.08E-02 191E-02 1.69E-02 146E-02 1.39E-02 124E-02 1.27E-02
8 3.911 1.47E-02 1.57E-02 1.66E-02 1.64E-02 1.58E-02 1.45E-02 140E-02 137E-02 1.28E-02
9 4.590 1.30E-02 1.25E-02 126E-02 123E-02 125E-02 1.25E-02 122E-02 1.21E-02 1.21E-02
10 5.287 1.07E-02 1.11E-02 1.10E-02 1.07E-02 9.88E-03 9.94E-03 9.82E-03 1.04E-02 1.03E-02
11 6.002 1.02E-02 1.01E-02 9.66E-03 9.68E-03 9.99E-03 8.90E-03 8.80E-03 8.55E-03 9.29E-03
12 6.732 9.77E-03 9.68E-03 9.65E-03 9.33E-03 8.89E-03 8.48E-03 8.50E-03 8.30E-03 8.34E-03
13 7.476 7.88E-03 9.77E-03 9.63E-03 8.92E-03 8.5SE-03 8.39E-03 7.86E-03 7.66E-03 7.85E-03
14 8.232 7.25E-03 7.35E-03 9.21E-03 8.73E-03 8.66E-03 8.08E-03 7.63E-03 7.53E-03 7.54E-03
15 8.999 6.80E-03 6.78E-03 6.77E-03 8.09E-03 8.53E-03 7.56E-03 7.62E-03 7.14E-03 7.48E-03
16 9.776 5.84E-03 6.33E-03 6.27E-03 5.96E-03 7.52E-03 8.05E-03 7.57E-03 7.29E-03 7.26E-03
17 10.562 | 5.60E-03 5.41E-03 5.99E-03 5.80E-03 S5.49E-03 6.60E-03 7.91E-03 7.05E-03 7.56E-03
18 11.357 5.56E-03 5.34E-03 S5.13E-03 5.77E-03 5.34E-03 5.15E-03 6.11E-03 7.21E-03 7.45E-03
19 12.159 5.52E-03 5.27E-03 4.86E-03 4.90E-03 5.29E-03 5.14E-03 4.58E-03 5.41E-03 6.96E-03
20 12.968 5.6TE-03 5.28E-03 4.84E-03 4.53E-03 4.57E-03 4.80E-03 4.54E-03 4.42E-03 5.06E-03
21 13.787 6.06E-03 S545E-03 5.1SE-03 4.50E-03 4.23E-03 4.02E-03 4.16E-03 4.32E-03 4.15E-03
22 14.606 6.19E-03 S.70E-03 S5.06E-03 4.71E-03 4.21E-03 3.98E-03 3.72E-03 4.00E-03 4.06E-03
23 15.436 6.69E-03 5.69E-03 S5.33E-03 4.70E-03 4.29E-03 3.84E-03 3.65E-03 3.60E-03 3.81E-03
24 16.266 7.06E-03 6.16E-03 5.58E-03 4.80E-03 4.50E-03 4.17E-03 3.62E-03 3.48E-03 3.42E-03
25 17.106 7.36E-03 6.76E-03 5.83E-03 5.02E-03 4.74E-03 4.35E-03 3.66E-03 3.48E-03 3.32E-03
26 17.946 6.90E-03 6.77E-03 6.1SE-03 5.57E-03 4.95E-03 4.35E-03 3.77E-03 3.59E-03 3.25E-03
27 18.795 6.37E-03 6.75E-03 6.37E-03 6.02E-03 4.93E-03 4.45E-03 3.87E-03 3.64E-03 3.38E-03
28 19.641 3.37E-03 S.89E-03 6.33E-03 S5.81E-03 5.58E-03 4.54E-03 4.09E-03 3.74E-03 3.39E-03
29 20.484 8.82E-04 3.13E-03 5.57E-03 5.57E-03 5.29E-03 4.95E-03 4.34E-03 3.93E-03 3.53E-03
30 21.329 0.0 8.64E-04 2.84E-03 4.74E-03 S5.32E-03 4.91E-03 4.59E-03 4.16E-03 3.71E-03
31 22.177 0.0 0.0 7.03E-04 2.58E-03 4.42E-03 4.78E-03 4.65E-03 4.39E-03 3.90E-03
32 23.026 0.0 0.0 0.0 6.55E-04 2.12E-03 4.08E-03 4.57E-03 4.39E-03 4.14E-03
33 23.875 0.0 0.0 0.0 0.0 5.89E-04 2.11E-03 4.00E-03 4.32E-03 4.17E-03
34 24.727 0.0 0.0 0.0 0.0 0.0 491E-04 247E-03 3.84E-03 4.14E-03
35 25.577 0.0 0.0 0.0 0.0 0.0 0.0 9.71E-04 2.42E-03 3.66E-03
36 26.426 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.84E-04 2.30E-03
37 27.274 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.30E-04
38 28.120 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Group No. 39 through 60 same as above
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Table 6 (continued)

Group| Upper Light Upper Energy Boundary of Neutron Group [MeV]
No. | [MeVee] 37.0 38.0 39.0 40.0 41.0 42.0 43.0 44.0 46.0
1 0.196 2.60E-01 2.59E-01 2.58E-01 2.56E-01 2.54E-01 2.52E-01 2.50E-01 2.48E-01 2.44E-0l
2 0.543 9.48E-03 8.89E-03 7.90E-03 8.51E-03 7.78E-03 7.61E-03 7.09E-03 7.12E-03 6.46E-03
3 0.983 1.03E-02 9.36E-03 8.80E-03 9.14E-03 8.57E-03 8.74E-03 7.99E-03 7.86E-03 7.32E-03
4 1.486 1.14E-02 1.03E-02 9.77E-03 9.17E-03 8.78E-03 8.45E-03 8.11E-03 7.91E-03 7.35E-03
5 2.037 1.26E-02 1.17E-02 1.1SE-02 1.06E-02 1.05E-02 9.22E-03 8.92E-03 8.15E-03 7.50E-03
6 2.629 1.30E-02 1.21E-02 1.28E-02 1.17E-02 1.11E-02 1.08E-02 1.04E-02 9.75E-03 8.89E-03
7 3.256 1.18E-02 - 1.12E-02 1.17E-02 1.13E-02 1.12E-02 1.14E-02 1.04E-02 9.93E-03 9.19E-03
8 3.911 1.18E-02 1.12E-02 1.05E-02 1.04E-02 1.03E-02 1.00E-02 9.65E-03 9.34E-03 9.00E-03
9 4.590 1.18E-02 1.11E-02 1.13E-02 1.03E-02 9.52E-03 9.21E-03 8.99E-03 8.74E-03 8.33E-03
10 5.287 1.03E-02 1.01E-02 1.08E-02 1.03E-02 9.65E-03 9.35E-03 8.08E-03 8.09E-03 7.70E-03
11 6.002 8.91E-03 8.43E-03 8.99E-03 8.89E-03 9.13E-03 8.69E-03 841E-03 8.19E-03 7.42E-03
12 6.732 7.57E-03 7.20E-03 8.01E-03 7.81E-03 8.13E-03 7.95E-03 8.02E-03 8.03E-03 7.45E-03
13 7.476 7.53E-03 7.09E-03 6.96E-03 6.40E-03 6.74E-03 6.86E-03 6.94E-03 7.14E-03 7.12E-03
14 8.232 738E-03 6.7SE-03 6.84E-03 6.29E-03 6.07E-03 6.08E-03 6.00E-03 6.20E-03 6.47E-03
15 8.999 6.72E-03 6.33E-03 6.65E-03 6.71E-03 5.86E-03 6.00E-03 5.41E-03 5.37E-03 5.71E-03
16 9.776 6.90E-03 6.53E-03 6.23E-03 6.16E-03 5.82E-03 5.73E-03 5.46E-03 5.18E-03 5.17E-03
17 10.562 6.80E-03 6.20E-03 6.43E-03 5.94E-03 5.63E-03 5.10E-03 5.21E-03 5.02E-03 4.72E-03
18 11.357 6.76E-03 6.46E-03 6.12E-03 5.77E-03 5.43E-03 S5.66E-03 5.05E-03 5.10E-03 4.51E-03
19 12.159 6.58E-03 6.32E-03 6.02E-03 5.61E-03 S5.46E-03 5.10E-03 4.75E-03 4.48E-03 4.15E-03
20 12.968 6.35E-03 6.49E-03 6.24E-03 5.66E-03 5.46E-03 5.26E-03 4.68E-03 4.37E-03 4.15E-03
21 13.787 4.66E-03 6.28E-03 6.43E-03 5.87E-03 5.45E-03 S5.31E-03 4.79E-03 4.53E-03 4.18E-03
22 14.606 3.7SE-03 4.40E-03 5.92E-03 6.15E-03 5.82E-03 5.35E-03 4.96E-03 4.61E-03 4.17E-03
23 15.436 379E-03 3.68E-03 4.20E-03 5.53E-03 6.16E-03 5.66E-03 5.15E-03 4.65E-03 4.27E-03
24 16.266 3.53E-03 3.58E-03 3.45E-03 3.86E-03 5.32E-03 S5.80E-03 5.34E-03 4.92E-03 4.44E-03
25 17.106 3.15E-03 3.42E-03 3.53E-03 3.29E-03 3.65E-03 4.99E-03 5.64E-03 5.20E-03 4.62E-03
26 17.946 2.96E-03 3.08E-03 3.28E-03 3.28E-03 3.17E-03 3.51E-03 4.61E-03 5.31E-03 4.86E-03
27 18.795 3.06E-03 2.85E-03 3.00E-03 3.07E-03 3.08E-03 3.00E-03 3.27E-03 4.19E-03 4.99E-03
28 19.641 3.00E-03 2.92E-03 2.82E-03 2.79E-03 2.87E-03 2.97E-03 277E-03 297E-03 4.38E-03
29 20.484 3.11E-03 2.94E-03 2.78E-03 2.59E-03 2.61E-03 2.77E-03 269E-03 2.57E-03 3.26E-03
30 21.329 3.27E-03 3.02E-03 2.81E-03 261E-03 246E-03 249E-03 258E-03 2.56E-03 2.55E-03
31 22.177 3.41E-03 3.16E-03 2.92E-03 2.69E-03 2.52E-03 2.37E-03 2.31E-03 2.38E-03 2.40E-03
32 23.026 3.65E-03 3.31E-03 3.02E-03 2.69E-03 245E-03 2.38E-03 221E-03 2.21E-03 2.40E-03
33 23.875 3.83E-03 3.44E-03 3.16E-03 2.78E-03 2.61E-03 2.42E-03 2.13E-03 2.11E-03 2.16E-03
34 24,727 3.81E-03 3.68E-03 3.31E-03 2.98E-03 2.71E-03 2.56E-03 223E-03 2.06E-03 2.01E-03
35 25.577 381E-03 3.64E-03 3.45E-03 3.18E-03 2.93E-03 2.62E-03 2.38E-03 2.13E-03 1.91E-03
36 26.426 3.34E-03 3.57E-03 3.50E-03 3.10E-03 2.94E-03 2.72E-03 2.39E-03 2.14E-03 1.93E-03
37 27.274 2.07E-03 3.20E-03 3.49E-03 3.27E-03 3.07E-03 2.78E-03 242E-03 2.24E-03 2.0lE-03
38 28.120 8.64E-04 1.96E-03 3.05E-03 3.22E-03 3.13E-03 2.89E-03 2.63E-03 233E-03 2.01E-03
39 28.966 0.0 8.34E-04 1.85E-03 2.74E-03 3.11E-03 2.96E-03 2.65E-03 2.47E-03 2.08E-03
40 29.809 0.0 0.0 7.82E-04 1.74E-03 2.67E-03 2.98E-03 2.71E-03 2.52E-03 2.18E-03
41 30.651 0.0 0.0 0.0 7.73E-04 1.63E-03 2.46E-03 2.76E-03 2.54E-03 2.30E-03
42 31.491 0.0 0.0 0.0 0.0 725E-04 1.53E-03 2.31E-03 2.57E-03 2.38E-03
43 32.328 0.0 0.0 0.0 0.0 0.0 7.12E-04 1.50E-03 2.15E-03 2.31E-03
44 33.162 0.0 0.0 0.0 0.0 0.0 0.0 6.38E-04 1.35E-03 2.15E-03
45 34.822 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.31E-04 2.42E-03
46 36.473 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.03E-04
47 38.113 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Group No. 48 through 60 same as above
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Table 6 (continued)

Group| Upper Light Upper Energy Boundary of Neutron Group [MeV]
No. | [MeVee] 48.0 50.0 52.0 54.0 56.0 58.0 60.0 62.0 64.0
1 0.196 2.36E-01 2.28E-01 2.22E-01 2.19E-01 2.15E-01 2.09E-01 2.03E-01 1.97E-01 1.92E-0l
2 0.543 5.81E-03 S5.61E-03 5.22E-03 5.01E-03 4.69E-03 4.42E-03 4.09E-03 3.94E-03 3.97E-03
3 0.983 6.63E-03 6.24E-03 S.86E-03 5.39E-03 S5.14E-03 4.93E-03 4.43E-03 4.32E-03 4.24E-03
4 1.486 6.74E-03 6.58E-03 S5.90E-03 S5.54E-03 5.34E-03 5.1SE-03 4.67E-03 4.56E-03 4.52E-03
5 2.037 6.78E-03 6.38E-03 5.80E-03 S5.41E-03 5.25E-03 4.88E-03 4.70E-03 4.50E-03 4.29E-03
6 2.629 8.42E-03 7.42E-03 6.52E-03 5.88E-03 S5.66E-03 3.84E-03 4.71E-03 4.43E-03 4.05E-03
7 3.256 8.47E-03 7.24E-03 6.73E-03 5.87E-03 S.75E-03 S.14E-03 4.71E-03 4.38E-03 3.92E-03
8 3.911 8.81E-03 7.29E-03 6.34E-03 5.86E-03 5.64E-03 S5.20E-03 4.78E-03 4.36E-03 4.04E-03
9 4.590 8.16E-03 7.22E-03 6.40E-03 5.79E-03 5.49E-03 5.00E-03 4.63E-03 4.27E-03 3.81E-03
10 5.287 765E-03 6.98E-03 6.11E-03 5.82E-03 5.45E-03 4.97E-03 4.52E-03 4.05E-03 3.67E-03
11 6.002 748E-03 6.37E-03 5.67E-03 5.23E-03 5.29E-03 S5.26E-03 4.34E-03 3.90E-03 3.64E-03
12 6.732 6.84E-03 6.16E-03 S.56E-03 5.46E-03 5.27E-03 4.87E-03 4.08E-03 3.75E-03 3.48E-03
13 7.476 6.95SE-03 5.87E-03 S.58E-03 5.10E-03 5.17E-03 5.17E-03 4.35E-03 3.85E-03 3.50E-03
14 8.232 643E-03 5.95E-03 S5.21E-03 5.11E-03 4.73E-03 4.83E-03 4.29E-03 3.88E-03 3.43E-03
15 8.999 6.19E-03 5.58E-03 5.19E-03 4.50E-03 4.62E-03 4.34E-03 4.27E-03 3.88E-03 3.28E-03
16 9.776 5.25E-03 5.20E-03 4.85E-03 4.81E-03 4.37E-03 4.44E-03 4.13E-03 3.74E-03 3.28E-03
17 10.562 5.17E-03 4.78E-03 4.75E-03 4.79E-03 4.83E-03 4.33E-03 3.73E-03 3.60E-03 3.35E-03
18 11.357 457E-03 4.27E-03 4.39E-03 4.03E-03 4.18E-03 4.35E-03 3.78E-03 3.51E-03 3.29E-03
19 12.159 4.13E-03 3.94E-03 3.95E-03 3.92E-03 4.04E-03 3.71E-03 3.69E-03 3.45E-03 3.26E-03
20 12.968 3.84E-03 3.70E-03 3.68E-03 3.51E-03 3.64E-03 3.57E-03 3.61E-03 3.37E-03 3.14E-03
21 13.787 3.83E-03 3.41E-03 3.47E-03 3.39E-03 3.43E-03 3.53E-03 3.53E-03 3.24E-03 3.10E-03
22 14.606 3.80E-03 3.35E-03 ~ 3.25E-03 3.26E-03 3.26E-03 3.27E-03 3.25E-03 3.11E-03 2.94E-03
23 15.436 390E-03 3.41E-03 3.08E-03 3.12E-03 3.19E-03 3.09E-03 3.11E-03 3.17E-03 2.98E-03
24 16.266 3.94E-03 3.30E-03 3.07E-03 2.85E-03 292E-03 3.03E-03 3.03E-03 2.89E-03 2.88E-03
25 17.106 4.09E-03 3.36E-03 3.13E-03 2.81E-03 2.74E-03 2.81E-03 3.09E-03 284E-03 2.67E-03
26 17.946 421E-03 3.55E-03 3.07E-03 2.82E-03 2.71E-03 2.75E-03 2.76E-03 2.78E-03 2.53E-03
27 18.795 436E-03 3.53E-03 3.16E-03 279E-03 2.65E-03 2.65E-03 2.59E-03 2.63E-03 2.45E-03
28 19.641 4.63E-03 3.70E-03 3.31E-03 2.92E-03 2.57E-03 2.37E-03 242E-03 2.59E-03 2.38E-03
29 20.484 459E-03 3.98E-03 3.24E-03 2.75E-03 2.63E-03 2.39E-03 2.16E-03 231E-03 2.24E-03
30 21.329 399E-03 4.18E-03 3.49E-03 2.79E-03 252E-03 243E-03 223E-03 221E-03 2.16E-03
31 22.177 2.98E-03 4.10E-03 3.74E-03 296E-03 2.65E-03 2.38E-03 242E-03 199E-03 2.12E-03
32 23.026 2.40E-03 3.52E-03 3.98E-03 3.32E-03 2.69E-03 241E-03 2.24E-03 2.13E-03 1.99E-03
33 23.875 226E-03 2.56E-03 3.84E-03 3.46E-03 2.85E-03 242E-03 223E-03 1.93E-03 1.79E-03
34 24.727 2.13E-03 1.98E-03 3.17E-03 3.69E-03 3.13E-03 246E-03 236E-03 200E-03 1.90E-03
35 25.577 1.97E-03 1.91E-03 2.33E-03 3.34E-03 3.38E-03 2.71E-03 230E-03 203E-03 1.75E-03
36 26.426 1.80E-03 1.85E-03 1.94E-03 2.70E-03 3.48E-03 2.84E-03 235E-03 2.11E-03 1.77E-03
37 27.274 1.78E-03 1.75E-03 1.76E-03 2.05E-03 3.20E-03 3.18E-03 2.63E-03 2.15E-03 1.85E-03
38 28.120 1.70E-03 1.60E-03 1.72E-03 1.63E-03 2.50E-03 3.13E-03 2.72E-03 2.28E-03 1.86E-03
39 28.966 1.81E-03 1.48E-03 1.58E-03 1.58E-03 1.83E-03 2.90E-03 2.99E-03 220E-03 2.01E-03
40 29.809 1.86E-03 1.51E-03 1.45E-03 151E-03 1.59E-03 2.30E-03 3.01E-03 2.60E-03 2.03E-03
41 30.651 2.00E-03 1.58E-03 142E-03 140E-03 148E-03 1.61E-03 234E-03 275E-03 2.1 8E-03
42 31.491 2.04E-03 1.64E-03 1.40E-03 1.27E-03 1.3SE-03 142E-03 1.70E-03 2.51E-03 2.41E-03
43 32.328 2.15E-03 1.65E-03 1.37E-03 1.26E-03 1.28E-03 1.41E-03 128E-03 1.99E-03 2.48E-03
44 33.162 2.15E-03 1.78E-03 1.49E-03 1.28E-03 1.19E-03 131E-03 1.22E-03 1.35E-03 2.19E-03
45 34.822 4.03E-03 3.72E-03 3.14E-03 2.52E-03 2.26E-03 2.26E-03 2.27E-03 2.23E-03 2.90E-03
46 36.473 224E-03 3.50E-03 3.28E-03 2.74E-03 2.34E-03 2.14E-03 2.09E-03 198E-03 2.12E-03
47 38.113 4.85E-04 192E-03 3.20E-03 2.98E-03 2.55E-03 2.13E-03 1.92E-03 1.81E-03 1.88E-03
48 39.742 0.0 4.43E-04 1.73E-03 2.88E-03 2.75E-03 2.36E-03 1.98E-03 1.69E-03 1.46E-03
49 41.365 0.0 0.0 395E-04 1.53E-03 2.61E-03 2.57E-03 2.15E-03 1.79E-03 1.56E-03
50 42983 0.0 0.0 0.0 3.57E-04 1.41E-03 2.32E-03 2.23E-03 193E-03 1.60E-03
51 44.592 0.0 0.0 0.0 0.0 3.12E-04 1.23E-03 2.10E-03 2.00E-03 1.83E-03
52 46.194 0.0 0.0 0.0 0.0 0.0 2.51E-04 1.08E-03 201E-03 1.79E-03
53 47.788 0.0 0.0 0.0 0.0 0.0 0.0 2.07E-04 9.47E-04 1.72E-03
54 49.372 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.50E-04 8.56E-04
55 50.948 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.03E-04
56 52.518 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Group No. 57 through 60 same as above
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Table 6 (continued)

Group| Upper Light Upper Energy Boundary of Neutron Group [MeV]
No. | [MeVee] 66.0 68.0 70.0 74.0 78.0
1 0.196 1.87E-01 1.82E-01 1.78E-01 1.70E-01 1.62E-O1
2 0.543 370E-03 3.53E-03 3.42E-03 3.28E-03 3.02E-03
3 0.983 398E-03 3.48E-03 3.52E-03 3.20E-03 3.01E-03
4 1.486 4.05E-03 3.77E-03 3.70E-03 3.29E-03 3.16E-03
5 2.037 4,05E-03 3.75E-03 3.74E-03 3.23E-03 2.99E-03
6 2.629 3.95E-03 3.65E-03 3.57E-03 3.30E-03 3.13E-03
7 3.256 3.78E-03 3.72E-03 3.34E-03 3.14E-03 2.69E-03
8 3.911 3.83E-03 3.76E-03 3.53E-03 3.17E-03 2.70E-03
9 4.590 3.78E-03 3.74E-03 3.71E-03 3.43E-03 2.97E-03
10 5.287 3,77E-03 3.53E-03 3.50E-03 3.23E-03 2.80E-03
1 6.002 3.58E-03 3.36E-03 3.52E-03 3.22E-03 2.72E-03
12 6.732 3.54E-03 3.24E-03 3.42E-03 3.14E-03 2.49E-03
13 7.476 3.44E-03 3.39E-03 3.40E-03 3.07E-03 2.64E-03
14 8.232 3.37E-03 3.20E-03 3.28E-03 3.05E-03 2.51E-03
15 8.999 3.27E-03 3.30E-03 3.23E-03 2.95E-03 2.50E-03
16 9.776 3.30E-03 3.15E-03 3.30E-03 2.98E-03 2.47E-03
17 10.562 3.44E-03 3.04E-03 3.30E-03 2.90E-03 2.33E-03
18 11.357 3.29E-03 3.26E-03 3.11E-03 2.90E-03 241E-03
19 12.159 3.21E-03 3.22E-03 3.34E-03 2.79E-03 2.32E-03
20 12.968 3.19E-03 3.14E-03 3.11E-03 2.73E-03 2.34E-03
21 13.787 2.98E-03 2.94E-03 3.10E-03 2.73E-03 2.34E-03
22 14.606 2.94E-03 2.89E-03 3.08E-03 2.73E-03 2.36E-03
23 15.436 2.86E-03 3.05E-03 3.10E-03 2.67E-03 2.22E-03
24 16.266 2.83E-03 2.91E-03 2.85E-03 2.63E-03 2.25E-03
25 17.106 2.78E-03 2.74E-03 2.70E-03 2.53E-03 2.17E-03
26 17.946 2.67E-03 2.75E-03 2.79E-03 2.56E-03 2.18E-03
27 18.795 2.56E-03 2.77E-03 2.75E-03 2.59E-03 2.18E-03
28 19.641 2.54E-03 2.42E-03 2.70E-03 242E-03 2.09E-03
29 20.484 2.45E-03 2.30E-03 242E-03 238E-03 2.01E-03
30 21.329 2.36E-03 2.30E-03 2.50E-03 2.32E-03 2.11E-03
31 22.177 2.08E-03 2.08E-03 2.44E-03 233E-03 2.00E-03
32 23.026 2.04E-03 2.17E-03 2.31E-03 2.18E-03 1.98E-03
33 23.875 2.04E-03 2.08E-03 2.26E-03 2.03E-03 1.87E-03
34 24.7217 1.80E-03 1.80E-03 2.15E-03 1.93E-03 1.80E-03
35 25.577 1.77E-03 1.78E-03 2.03E-03 1.92E-03 1.68E-03
36 26.426 1.92E-03 1.84E-03 2.07E-03 1.80E-03 1.63E-03
37 27.274 1.78E-03 1.67E-03 1.83E-03 1.78E-03 1.62E-03
38 28.120 1.74E-03 1.74E-03 1.74E-03 1.74E-03 1.53E-03
39 28.966 1.73E-03 1.67E-03 1.72E-03 1.60E-03 1.60E-03
40 29.809 1.80E-03 1.68E-03 1.76E-03 1.5SE-03 1.53E-03
41 30.651 1.94E-03 1.66E-03 1.S7E-03 1.48E-03 1.46E-03
42 31.491 2.07E-03 1.76E-03 1.70E-03 1.48E-03 1.37E-03
43 32.328 2.26E-03 1.78E-03 1.77E-03 1.37E-03 1.32E-03
44 33.162 2.41E-03 1.83E-03 1.64E-03 1.36E-03 1.31E-03
45 34.822 4.57TE-03 “ 4.29E-03 3.68E-03 2.91E-03 2.41E-03
46 36.473 2.83E-03 4.07E-03 4.52E-03 3.02E-03 2.22E-03
47 38.113 1.98E-03 2.56E-03 3.97E-03 3.57E-03 2.25E-03
48 39.742 1.83E-03 1.91E-03 2.65E-03 3.57E-03 2.46E-03
49 41.365 1.58E-03 1.58E-03 1.85E-03 2.77E-03 2.85E-03
50 42.983 1.47E-03 145E-03 1.62E-03 1.85E-03 2.90E-03
51 44.592 1.57E-03 1.32E-03 1.39E-03 1.48E-03 2.11E-03
52 46.194 1.59E-03 1.53E-03 1.22E-03 1.32E-03 1.42E-03
53 47.788 1.72E-03 1.49E-03 1.39E-03 1.19E-03 1.18E-03
54 49.372 1.59E-03 1.58E-03 1.46E-03 1.21E-03 1.04E-03
55 50.948 7.69E-04 1.49E-03 1.55E-03 128E-03 1.01E-03
56 52.518 1.72E-04 7.62E-04 1.44E-03 127E-03 9.18E-04
57 54.079 0.0 1.62E-04 7.63E-04 1.29E-03 9.72E-04
58 57.171 0.0 0.0 2.17E-04 1.35E-03 2.16E-03
59 60.225 0.0 0.0 0.0 1.30E-04 1.04E-03
60 63.249 0.0 0.0 0.0 0.0 9.24E-05
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Table 7 Response functions of Bonner ball counter.

Upper Energy Response [counts neutron’ cm?]
Boundary [eV] Bare * 1.5¢cm® 3.0cm 5.0cm 9.0cm
4.00E+08° | 0.000E+00  7.500E-03  6.624E-02  2.465E-01  7.141E-O!
3.50E+08 0.000E+00  7.603E-03  6.710E-02  2.492E-01  7.189E-0!
3.00E+08 0.000E+00  8.210E-03  7.326E-02  2.737E-01  7.905E-0l
2.50E+08 0.000E+00  8.831E-03  7.866E-02  2.934E-01  8.440E-01
2.00E+08 0.000E+00  9.648E-03  8.484E-02  3.132E-01  8.910E-01
1.60E+08 0.000E+00  1.110E-02  9.654E-02  3.529E-01  9.907E-01
1.20E+08 0.000E+00  1.280E-02  1.104E-01  3.998E-01  1.107E+00
1.00E+08 0.000E+00  1.425E-02  1.226E-01  4.425E-01  1.216E+00
8.00E+07 0.000E+00  1.565E-02  1.349E-01  4.868E-01  1.332E+00
6.50E+07 0.000E+00  1.702E-02  1.468E-01  5.296E-01  1.443E+00
5.50E+07 0.000E+00  1.809E-02  1.560E-01  5.623E-01  1.527E+00
4.50E+07 0.000E+00  1.957E-02  1.690E-01  6.106E-01  1.658E+00
3.50E+07 3.080E-03  2.312E-02  1.995E-01  7.198E-01  1.941E+00
2.75E+07 7.928E-03  2.808E-02  2.409E-01  8.650E-01  2.298E+00
2.25E+07 1.133E-02  3.749E-02  3.165E-01  1.115E+00  2.856E+00
1.75E+07 1.730E-02  5.766E-02  4.246E-01  1.438E+00  3.486E+00
1.35E+07 2.313E-02  8.420E-02  5.348E-01  1.758E+00  4.099E+00
1.00E+07 3.072E-02  1.239E-01  7.926E-01  2.498E+00 5.327E+00
6.70E+06 3.902E-02  2.010E-01  1.273E+00 3.721E+00  6.945E+00
4.49E+06 4.692E-02  3.001E-01  1.830E+00 4.882E+00  7.672E+00
3.01E+06 5.285E-02  4.456E-01 2.587E+00 6.317E+00 8.514E+00
2.02E+06 5474E-02  6.413E-01 3.482E+00 7.721E+00 8.768E+00
1.35E+06 3.315E-02  8.836E-01  4.420E+00 8.785E+00  8.184E+00
9.07E+05 1.558E-02  1276E+00 5.539E+00 9.560E+00  6.953E+00
4.98E+05 1.831E-02  1.941E+00 6.808E+00 9.768E+00  5.165E+00
2.24E+05 2.814E-02 2.779E+00 7.765E+00 9.243E+00  3.613E+00
8.65E+04 6.642E-02  3.874E+00 8.481E+00 8.393E+00 2.574E+00
1.50E+04 1.616E-01  5.194E+00 9.251E+00 7.861E+00  2.044E+00
3.35E+03 4011E-01 6.778E+00 1.001E+01  7.479E+00  1.740E+0Q0
4.54E+02 1.572E+00 9.425E+00  1.066E+01  6.709E+00  1.381E+00
2.26E+01 4.537E+00 1.208E+01  1.040E+01  5.536E+00  1.036E+00
5.04E+00 9.596E+00  1.275E+01  9.083E+00 4.437E+00  8.043E-Ol
1.12E+00 1.759E+01  1.143E+01  6.992E+00 3.254E+00  5.812E-Ol
4.14E-01 1.881E+01 4.797E+00 2.607E+00  1.190E+00  2.193E-0!
1.00E-04

a “He counter (10 atm)
b Thickness of polyethylene moderator
¢ Read as 4.00 x 10°*
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Table 8 Fission cross sections of 2*Th and **U.

Upper Energy Cross Section [barn] Upper Energy Cross Section [barn]
Boundary Boundary
[eV] mTh 2385 [eV] mTh mU
4.00E+08* 5.7915E-01 1.3016E+00 1.22E+07 3.1267E-01 9.7859E-01
3.75E+08 6.6380E-01 1.3128E+00 1.00E+07 3.3698E-01 9.9039E-01
3.50E+08 7.4080E-01 1.3296E+00 8.19E+06 3.8746E-01 9.7573E-01
3.25E+08 7.6801E-01 1.3394E+00 6.70E+06 1.9931E-01 6.5639E-01
3.00E+08 7.8376E-01 1.3434E+00 5.49E+06 1.4968E-01 5.3713E-01
2.75E+08 8.0047E-01 1.3334E+00 4.49E+06 1.4624E-01 5.6118E-01
2.50E+08 8.0915E-01 1.3254E+00 3.68E+06 1.4599E-01 5.3383E-01
2.25E+08 8.1796E-01 1.3224E+00 3.01E+06 1.2797E-01 5.3862E-01
2.00E+08 7.3489E-01 1.3244E+00 2.46E+06 1.2712E-01 5.4919E-01
1.80E+08 7.7471E-01 1.3194E+00 2.02E+06 1.0315E-01 4.9559E-01
1.60E+08 7.5311E-01 1.3227E+00 1.65E+06 8.3819E-02 3.1461E-01
1.40E+08 8.0410E-01 1.3516E+00 1.35E+06 1.3551E-02 5.1671E-02
1.20E+08 7.8314E-01 1.3583E+00 1.11E+06 1.7806E-03 1.8998E-02
1.10E+08 8.0839E-01 1.4180E+00 9.07E+05 5.9640E-04 6.5292E-03
1.00E+08 8.4285E-01 1.4493E+00 7.43E+05 1.1990E-04 1.0334E-03
9.00E+07 8.6533E-01 1.4845E+00 4.98E+05 1.2951E-05 2.5770E-04
8.00E+07 8.7328E-01 1.5234E+00 3.34E+05 0.0000E+00 9.6159E-05
7.00E+07 8.9851E-0! 1.5383E+00 2.24E+05 0.0000E+00 9.9000E-05
6.50E+07 9.0406E-01 1.5893E+00 1.50E+05 0.0000E+00 3.9529E-05
6.00E+07 8.7216E-01 1.6395E+00 8.65E+04 0.0000E+00 6.1295E-05
5.50E+07 7.9173E-01 1.6442E+00 3.18E+04 0.0000E+00 9.6385E-05
5.00E+07 8.2978E-01 1.6656E+00 1.50E+04 0.0000E+00 1.1010E-04
4.50E+07 8.3477E-01 1.6856E+00 7.10E+03 0.0000E+00 6.7200E-06
4.00E+07 7.8467E-01 1.6738E+00 3.35E+03 0.0000E+00 4.0000E-08
3.50E+07 7.5686E-01 1.6621E+00 1.58E+03 0.0000E+00 4.5624E-08
3.00E+07 6.5461E-01 1.6173E+00 4.54E+02 0.0000E+00 8.7118E-08
2.75E+07 6.4635E-01 1.5813E+00 1.01E+02 0.0000E+00 1.8165E-07
2.50E+07 6.4801E-01 1.5717E+00 2.26E+01 0.0000E+00 3.0957E-07
2.25E+07 5.8063E-01 1.4748E+00 1.07E+01 0.0000E+00 4.4716E-07
1.96E+07 5.0863E-01 1.2133E+00 5.04E+00 0.0000E+00 6.4625E-07
1.75E+07 4.4226E-01 1.2344E+00 2.38E+00 0.0000E+00 9.3423E-07
1.49E+07 3.7120E-01 1.1358E+00 1.12E+00 0.0000E+00 1.4397E-06
1.35E+07 3.1923E-01 1.0034E+00 4.14E-01 0.0000E+00 6.3656E-06

* Read as 4.00 x 10°
Lowest energy boundary is 1.00E-04 [eV]



JAERI-Data/Code 98-013

Table 9 Calculated response of solid state nuclear track detector.

Energy Response Energy Response

[MeV] [Pits/n] [MeV] [Pits/n]
1.00E-01 * 3.64E-04 3.44E+00 9.51E-04
2.00E-01 4.92E-04 3.52E+00 9.24E-04
3.50E-01 5.33E-04 3.80E+00 9.16E-04
4.35E-01 6.59E-04 4.00E+00 9.45E-04
5.00E-01 5.01E-04 4.27E+00 9.52E-04
6.00E-01 5.34E-04 5.00E+00 9.36E-04
8.00E-01 5.52E-04 6.00E+00 9.55E-04
1.00E+00 6.27E-04 6.30E+00 1.02E-03
1.22E+00 6.02E-04 7.00E+00 9.43E-04
1.32E+00 6.95E-04 7.75E+00 9.84E-04
1.65E+00 7.59E-04 8.00E+00 9.44E-04
2.00E+00 7.07E-04 1.00E+01 8.86E-04
2.08E+00 8.29E-04 1.20E+01 7.33E-04
2.35E+00 7.37E-04 1.50E+01 2.85E-04
2.82E+00 8.93E-04 1.60E+01 2.41E-04
2.94E+00 8.66E-04 1.88E+01 2.21E-04
3.00E+00 7.96E-04 2.00E+01 2.16E-04
3.21E+00 8.77E-04

* Read as 1.00 x 10
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Table 10 Neutron spectra behind various thickness polyethylene shield measured
with BC501A scintillation counter for 43-MeV p-'Li neutrons.

Upper Energy Neutron Flux [n cm™lethargy uC'],  Error (%)
Boundary
(eV] 30.5 cm thick 61.0 cm thick 122.0 cm thick 183.0 cm thick

4.30E+07* 2.18E+04  29.2 257E+03 31.0 6.24E+01 325 1.L11IE+00 46.0
4.20E+07 2.64E+04 213 3.85E+03 185 8.87E+01 204 1.90E+00 244
4.10E+07 2.73E+04 133 453E+03 838 1.02E+02 9.8 248E+00 123
4.00E+07 2.44E+04 92 429E+03 54 9.79E+01 5.7 2.61E+00 7.0
3.90E+07 1.92E+04 103 343E+03 85 8.12E+01 8.9 2.41E+00 8.5
3.80E+07 1.35E+04 12.8 245E+03 185 5.89E+01 19.7 2.07E+00 204
3.70E+07 8.67E+03 129 1.60E+03 36.5 3.78E+01  39.8 1.63E+00 36.3
3.60E+07 5.46E+03 19.6 9.56E+02 52.7 231E+01  56.3 1.12E+00 482
3.50E+07 378E+03 424 5.53E+02 45.6 1.60E+01  40.9 6.95E-01 445
3.40E+07 3.12E+03  57.2 3.74E+02 16.0 1.38E+01 119 451E-01 19.8
3.30E+07 296E+03  54.1 3.34E+02 356 1.32E+01 237 3.50E-01 267
3.20E+07 297E+03 425 347E+02 37.5 1.26E+01  27.1 3.16E-01 384
3.10E+07 2.98E+03 309 3.67E+02 27.7 1.1SE+01  23.1 3.02E-01 384
3.00E+07 2.97E+03 220 3.78E+02 19.6 1.03E+01 189 2.88E-01 347
2.90E+07 2.92E+03  16.2 3.73E+02 155 9.15E+00 16.5 2.71E-01 31.0
2.80E+07 2.85E+03  12.9 3.51E+02 153 820E+00 17.1 2.53E-01 282
2.70E+07 2.76E+03 117 3.15E+02 18.5 7.50E+00 20.6 2.36E-01 262
2.60E+07 2.66E+03 115 274E+02 236 6.99E+00 24.7 2.21E-01 24.6
2.50E+07 254E+03 113 2.35E+02 283 6.54E+00 274 2.10E-01 224
2.40E+07 240E+03 107 2.06E+02 293 6.04E+00 27.1 2.03E-01 19.0
2.30E+07 2.25E+03 9.7 1.89E+02 245 542E+00 23.1 1.99E-01 146
2.20E+07 2.09E+03 8.6 1.79E+02 157 4.69E+00 162 1.98E-01 104

2.10E+07 1.91E+03 7.6 1.73E+02 10.5 3.94E+00 12.0 1.96E-01 7.8
2.00E+07 1.74E+03 7.5 1.66E+02 18.2 331E+00 23.6 1.92E-01 7.2
1.90E+07 1.57E+03 9.1 1.54E+02 26.8 2.93E+00 36.9 1.83E-01 8.4
1.80E+07 1.42E+03 9.7 1.37E+02 283 2.83E+00 36.1 1.71E-01 92
1.70E+07 1.28E+03 93 1.L16E+02 215 2.85E+00 23.0 1.58E-01 9.6
1.60E+07 1.15E+03 8.6 9.31E+01 143 2.79E+00 13.0 1.46E-01 9.7
1.50E+07 1.03E+03 8.4 7.40E+01 15.8 2.54E+00 128 1.36E-01 10.3
1.40E+07 9.02E+02 93 6.31E+01 11.6 2.16E+00 9.5 1.28E-01 114
1.30E+07 7.64E+02 117 5.95E+01 25.8 1.78E+00  23.1 1.21E-01 13.2
1.20E+07 6.25E+02 153 5.69E+01 393 1.45E+00 41.3 1.12E-01 14.6
1.10E+07 5.01E+02 184 S.11E+01 440 1.20E+00 50.4 1.02E-01 143
1.00E+07 4.09E+02 167 441E+01 415 1.07E+00 45.8 8.85E-02 103
9.00E+06 3.58E+02 8.9 3.81E+01 26.2 1.09E+00 24.7 7.34E-02 6.4
8.00E+06 3.36E+02  19.1 3.08E+01 37.8 1.26E+00 25.4 6.20E-02 8.9
7.00E+06 3.20E+02 315 2.63E+01 692 1.50E+00 45.7 5.88E-02 110
6.00E+06 3.01E+02 50.8 3.08E+01 77.6 1.53E+00 151 5.98E-02 35.0
5.00E+06 2.67E+02 874 2.81E+01 89.1 1.14E+00 88.2 SA41E-02 553
4.00E+06

* Read as 4.30 x 10’
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Table 11 Neutron spectra behind 30.5-cm thick polyethylene shield with additional iron
collimator measured with BC501A scintillation counter for 43-MeV p-"Li neutrons.

Upper Energy Neutron Flux {n cm?lethargy ' uC'], Error [%]
Boundary
[eV] beam axis 20 cm from axis 40 c¢m from axis
4.30E+07* 1.34E+04 309 2.17E+02 16.7 5.90E+00 8.5
4.20E+07 190E+04 194 3.51E+02 10.0 1.08E+01 6.9
4.10E+07 2.19E+04 10.0 4.74E+02 6.1 1.67E+01 6.0
4.00E+07 2.14E+04 52 5.52E+02 5.6 2.27E+01 5.3
3.90E+07 1.86E+04 7.4 5.71E+02 6.2 2.74E+01 438
3.80E+07 1.45E+04 164 5.35E+02 6.4 2.93E+01 5.5
3.70E+07 9.94E+03 313 4 48E+02 5.6 2.76E+01 7.1
3.60E+07 5.87E+03 47.8 3.23E+02 10.5 2.36E+01 7.2
3.50E+07 3.14E+03  52.7 2.08E+02 26.8 1.94E+01 5.4
3.40E+07 1.84E+03 293 1.48E+02 35.2 1.68E+01 5.0
3.30E+07 1.48E+03  26.3 1.49E+02 17.0 1.55E+01 6.2
3.20E+07 1.52E+03  33.1 1.75E+02 6.8 1.50E+01 6.9
3.10E+07 1.65E+03 303 1.95E+02 11.6 1.48E+01 6.6
3.00E+07 1.76E+03 259 2.04E+02 12.2 1.48E+01 5.6
2.90E+07 1.84E+03 22.8 2.05E+02 11.3 1.49E+01 49
2.80E+07 1.88E+03  21.1 2.04E+02 10.5 1.50E+01 5.0
2.70E+07 1.88E+03  20.1 2.01E+02 10.4 1.50E+01 6.6
2.60E+07 1.85E+03  19.2 1.97E+02 10.5 1.48E+01 9.6
2.50E+07 1.78E+03  17.7 1.92E+02 10.4 1.46E+01 11.5
2.40E+07 1.70E+03 155 1.85E+02 9.6 1.45E+01 10.8
2.30E+07 1.60E+03 123 1.77E+02 8.1 1.45E+01 8.5
2.20E+07 1.50E+03 8.8 1.66E+02 6.1 1.45E+01 6.0
2.10E+07 1.40E+03 6.1 1.56E+02 4.6 1.45E+01 4.6
2.00E+07 1.30E+03 57 1.47E+02 5.2 1.45E+01 54
1.90E+07 1.21E+03 6.9 1.39E+02 6.3 1.45E+01 7.4
1.80E+07 1.11E+03 8.0 1.33E+02 6.2 1.43E+01 7.9
1.70E+07 1.01E+03 8.5 1.29E+02 5.3 1.40E+01 5.6
1.60E+07 9.02E+02 9.1 1.24E+02 47 1.33E+01 4.8
1.50E+07 7.87E+02  10.7 1.19E+02 4.5 1.27E+01 5.8
1.40E+07 6.72E+02 140 1.12E+02 49 1.23E+01 4.6
1.30E+07 5.61E+02  18.9 1.06E+02 6.0 1.21E+01 5.2
1.20E+07 4.61E+02 240 9.92E+01 7.2 1.20E+01 6.3
1.10E+07 3.79E+02 255 9.28E+01 7.6 1.16E+01 5.9
1.00E+07 3.20E+02 169 8.65E+01 6.8 1.09E+01 5.3
9.00E+06 2.84E+02 8.5 8.06E+01 4.6 1.02E+01 49
8.00E+06 2.61E+02 30.8 7.54E+01 6.8 9.44E+00 45
7.00E+06 239E+02 57.6 6.77E+01 72 8.54E+00 9.7
6.00E+06 2.07E+02 72.8 5.30E+01 9.5 7.95E+00 49
5.00E+06

* Read as 4.30 x 107
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Table 12 Neutron spectra behind 61.0-cm thick polyethylene shield with additional iron
collimator measured with BC501A scintillation counter for 43-MeV p-"Li neutrons.

Upper Energy Neutron Flux [n cm?lethargy uC''], Error (%]
Boundary
[eV] beam axis 20 cm from axis 40 cm from axis
4.30E+07* 2.42E+03 38.9 1.07E+02 17.4 1.41E+01 6.4
4.20E+07 3.35E+03 249 1.76E+02 10.8 1.86E+01 5.6
4.10E+07 3.79E+03 127 2.40E+02 7.6 2.28E+01 49
4.00E+07 3.64E+03 5.7 2.75E+02 6.9 2.60E+01 4.7
3.90E+07 3.08E+03 9.1 2.74E+02 6.6 2.76E+01 5.1
3.80E+07 2.33E+03 228 2.48E+02 6.2 2.76E+01 6.0
3.70E+07 1.56E+03 457 2.12E+02 13.3 2.62E+01 6.8
3.60E+07 9.10E+02 71.0 1.69E+02 24.1 2.38E+01 7.1
3.50E+07 4.82E+02 80.2 1.24E+02 29.9 2.12E+01 6.6
3.40E+07 2.70E+02 489 8.62E+01 23.7 1.89E+01 5.8
3.30E+07 2.03E+02 419 6.32E+01 8.5 1.70E+01 5.7
3.20E+07 2.02E+02 55.7 5.45E+01 14.5 1.56E+01 6.3
3.10E+07 2.19E+02 50.2 5.38E+01 185 1.47E+01 6.9
3.00E+07 2.34E+02  41.1 5.56E+01 16.7 1.41E+01 7.4
2.90E+07 2.42E+02 337 5.74E+01 14.3 1.36E+01 8.1
2.80E+07 2.43E+02 283 5.83E+01 12.7 1.32E+01 9.3
2.70E+07 2.38E+02 245 5.81E+01 12.1 1.29E+01 10.7
2.60E+07 2.28E+02 22.0 5.68E+01 11.9 1.25E+01 12.0
2.50E+07 2.13E+02 19.7 5.45E+01 11.5 1.21E+01 12.6
2.40E+07 1.95E+02 17.0 5.13E+0t 10.6 1.15E+01 12.1
2.30E+07 1.75E+02  13.8 4,76E+01 9.1 1.08E+01 10.3
2.20E+07 1.56E+02  10.7 4.36E+01 7.2 9.95E+00 7.4
2.10E+07 1.39E+02 92 3.97E+01 5.6 9.16E+00 5.0
2.00E+07 1.24E+02 9.6 3.61E+01 5.1 8.47E+00 6.0
1.90E+07 1.10E+02  12.1 3.31E+01 5.7 7.93E+00 7.9
1.80E+07 9.84E+01  14.0 3.05E+01 6.2 7.52E+00 7.9
1.70E+07 8.68E+01  14.9 2.82E+01 6.4 7.17E+00 6.3
1.60E+07 7.51E+01 16.0 2.60E+01 6.7 6.80E+00 5.2
1.50E+07 6.32E+01 18.3 2.37E+01 7.6 6.37E+00 49
1.40E+07 5.14E+01  23.1 2.14E+01 9.2 5.89E+00 5.6
1.30E+07 4.07E+01 314 1.92E+01 11.5 5.42E+00 7.9
1.20E+07 3.23E+01 41.0 1.72E+01 13.4 4.98E+00 10.4
1.10E+07 2.71E+01 433 1.57E+01 12.9 4.57E+00 11.4
1.00E+07 2.60E+01  27.6 1.47E+01 8.2 4.21E+00 9.9
9.00E+06 2.83E+01 13.0 1.43E+01 5.4 3.91E+00 5.0
8.00E+06 3.23E+01  29.1 1.41E+01 12.4 3.67E+00 10.5
7.00E+06 3.52E+01  46.2 1.39E+01 20.3 3.44E+00 16.7
6.00E+06 3.50E+01 74.8 1.36E+01 327 3.06E+00 20.9
5.00E+06

* Read as 4.30 x 10
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Table 13 Neutron spectra behind various thickness polyethylene shield measured
with BC501A scintillation counter for 68-MeV p-'Li neutrons.

Upper Energy Neutron Flux [n em?lethargy'uC'],  Error [%]
Boundary
[eV] 30.5 cm thick 61.0 cm thick 122.0 cm thick 183.0 cm thick

7.00E+07* 4.66E+04 5.9 1.18E+04 59 1.22E+03 57 9.59E+01 73
6.80E+07 7.13E+04 5.1 1.80E+04 5.1 1.83E+03 5.0 1.37E+02 6.0
6.60E+07 6.43E+04 5.0 1.75E+04 5.0 1.64E+03 5.0 1.19E+02 5.8
6.40E+07 343E+04 107 1.18E+04 89 1.01E+03 10.2 6.60E+01 15.5
6.20E+07 1.39E+04  22.6 6.07E+03 143 4.69E+02 187 3.00E+01 302
6.00E+07 9.62E+03 8.6 293E+03 7.8 2.02E+02 11.0 1.87E+01 11.9
5.80E+07 1.05E+04 9.7 2.11E+03 123 1.37E+02 168 1.68E+01 16.4
5.60E+07 1.13E+04 8.9 2.17E+03 11.7 1.45E+02 16.7 1.62E+01  16.5
5.40E+07 1.17E+04 7.1 2.32E+03 87 1.56E+02 124 1.52E+01 13.2
5.20E+07 1.18E+04 6.2 236E+03 73 1.56E+02 9.9 1.39E+01 114
5.00E+07 1.16E+04 5.9 227E+03 69 1.45E+02 9.0 1.23E+01 11.1
4.80E+07 1.10E+04 59 2.06E+03 6.9 1.26E+02 8.9 1.06E+01 11.6
4.60E+07 1.00E+04 59 1.77E403 7.3 1.04E+02 9.7 8.92E+00 12.7
4.40E+07 9.19E+03 6.2 1.53E+03 8.0 8.58E+01 114 7.77E+00  14.6
4.30E+07 8.60E-+03 6.5 1.37E+03 9.0 742E+01 133 7.08E+00 16.6
4.20E+07 8.02E+03 7.1 1.23E+03 103 6.34E+01  16.1 6.46E+00 19.3
4.10E+07 7.48E+03 7.8 1.11E+03 12.1 5.35E+01  20.0 5.89E+00 227
4.00E+07 7.00E+03 8.7 1.00E+03 14.0 449E+01 25.1 5.36E+00 26.5
3.90E+07 6.58E+03 9.5 9.16E+02 159 3.77E+01 310 4.86E+00 303
3.80E+07 6.21E+03  10.2 8.45E+02 174 3.19E+01 37.3 4.38E+00 34.0
3.70E+07 5.89E+03  10.7 7.84E+02 18.6 2.73E+01 434 3.92E+00 375
3.60E+07 5.60E+03 11.0 725E+02 195 2.40E+01 483 349E+00 405
3.50E+07 5.33E+03 111 6.64E+02 20.3 2.17E+01 515 3.13E+00 42.7
3.40E+07 5.06E+03 11.2 6.00E+02 21.1 2.01E+01 52,6 2.86E+00 43.6
3.30E+07 479E+03 112 5.34E+02 22.0 1.91E+01 51.8 2.69E+00 42.8
3.20E+07 452E+03 11.2 472E+02 23.0 1.85E+01  49.6 2.62E+00 403
3.10E+07 425E+03 11.2 4.18E+02 240 1.81E+01  47.0 2.62E+00 37.1
3.00E+07 4.00E+03 114 3.76E+02 24.8 1.78E+01  44.1 2.63E+00 34.1
2.90E+07 3.77E+03  11.8 349E+02 253 1.75E+01 414 2.61E+00 322
2.80E+07 3.55E+03 124 3.35E+02 254 1.74E+01  38.9 2.52E+00 31.7
2.70E+07 3.34E+03  13.0 3.2BE+02 25.1 1.72E+01  36.5 2.37E+00 322
2.60E+07 3.13E+03 135 3.22E+02 24.6 1.70E+01  34.0 2.18E+00 333
2.50E+07 291E+03 137 3.13E+02 23.6 1.66E+01  31.3 2.01E+00 33.6

2.40E+07 2.67E+03 132 2.97E+02 219 1.59E+01  28.5 1.80E+00 314
2.30E+07 2.42E+03 119 2.71E+02 195 1.47E+01 259 1.84E+00 264
2.20E+07 2.14E+03 102 2.39E+02 17.0 1.30E+01 244 1.84E+00 20.8
2.10E+07 1.86E+03 8.8 2.04E+02 155 1.11E+01  25.3 1.84E+00 17.2
2.00E+07 1.59E+03 117 1.72E+02  22.7 9.09E+00 31.8 1.80E+00 21.8
1.90E+07 1.35E+03 164 1.45E+02 33.0 7.40E+00  46.1 1.70E+00 28.3
1.80E+07 1.1SE+03 194 1.26E+02 394 6.26E+00 56.6 1.55E+00 32.3
1.70E+07 1.0IE+03 195 1.I5SE+02 38.6 5.78E+00 573 1.39E+00 324
1.60E+07 9.10E+02 173 1L1IE+02 322 591E+00 48.2 1.27E+00 28.2
1.50E+07 8.44E+02 146 1.10E+02 247 6.50E+00 357 1.23E+00 220
1.40E+07 7.84E+02 137 [.10E+02 20.4 7.32E+00 26.2 1.22E+00 17.6
1.30E+07 7.15E+02 157 1.07E+02 213 8.15E+00 22.0 1.22E+00 17.5
1.20E+07 6.36E+02 198 1.02E+02 253 8.78E+00  21.1 1.1I9E+00 20.0 -
1.10E+07 5.59E+02  22.1 9.56E+01 26.6 9.10E+00 19.1 1.18E+00 203
1.00E+07 5.03E+02 182 9.20E+01 21.0 9.13E+00 144 1.19E+00 155
9.00E+06 4.73E+02 8.9 9.26E+01 109 8.98E+00 10.0 1.24E+00 129
8.00E+06 457E+02  16.2 9.86E+01 15.9 8.66E+00 10.1 1.28E+00 285
7.00E+06 4.18E+02 9.8 1.07E+02 8.9 7.96E+00 13.1 1.21E+00 46.1
6.00E+06 3.20E+02 448 1.0O7E+02 29.0 6.60E+00  39.8 9.71E-01 620
5.00E+06

* Read as 7.00 x 107
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Table 14 Neutron spectra behind 30.5-cm thick polyethylene shield with additional iron
collimator measured with BC501A scintillation counter for 68-MeV p-"Li neutrons.

Upper Energy Neutron Flux [n cm?lethargy' uC'],  Error [%]
Boundary '
[eV] beam axis 20 c¢cm from axis 40 cm from axis
7.00E+07* 3.09E+04 5.9 1.42E+02 6.4 7.41E+00 7.2
6.80E+07 4.79E+04 47 2.66E+02 57 1.16E+01 5.0
6.60E+07 4 48E+04 7.1 3.22E+02 5.0 1.29E+01 8.3
6.40E+07 2.63E+04 8.7 2.59E+02 8.8 1.13E+01 15
6.20E+07 1.20E+04 5.2 1.68E+02 11.2 9.87E+00 4.6
6.00E+07 7.42E+03 12.7 1.28E+02 53 9.78E+00 5.6
5.80E+07 7.23E+03 12.0 1.30E+02 6.1 1.03E+01 54
5.60E+07 7.64E+03 8.7 1.43E+02 5.6 1.09E+01 49
5.40E+07 7.80E+03 7.0 1.55E+02 5.1 1.16E+01 4.8
5.20E+07 7.72E+03 6.5 1.65E+02 4.9 1.24E+01 4.8
5.00E+07 7.49E+03 6.5 1.72E+02 5.0 1.33E+01 49
4.80E+07 7.11E+03 6.5 1.77E+02 5.0 1.43E+01 49
4.60E+07 6.58E+03 6.5 1.80E+02 49 1.52E+01 4.8
4 40E+07 6.08E+03 6.7 1.82E+02 4.8 1.59E+01 4.6
4.30E+07 5.73E+03 7.2 1.84E+02 4.8 1.63E+01 4.6
4 20E+07 5.37E+03 7.8 1.86E+02 4.8 1.68E+01 4.6
4.10E+07 5.05E+03 8.8 1.88E+02 4.9 - 1.74E+01 4.6
4,00E+07 4.77E+03 9.9 1.91E+02 5.0 1.80E+01 4.7
3.90E+07 4.54E+03 10.7 1.93E+02 52 1.87E+01 47
3.80E+07 4.37E+03 11.3 1.95E+02 5.2 1.94E+01 4.8
3.70E+07 4 24E+03 114 1.97E+02 53 2.00E+01 49
3.60E+07 4.13E+03 11.2 1.99E+02 5.3 2.06E+01 49
3.50E+07 4. 03E+03 11.0 1.99E+02 54 2.12E+01 5.0
3.40E+07 3.91E+03 10.7 1.98E+02 54 2.16E+01 5.1
3.30E+07 3.74E+03 10.5 1.97E+02 54 2.18E+01 5.2
3.20E+07 - 3.54E+03 10.4 1.94E+02 54 2.19E+01 53
3.10E+07 3.31E+03 10.4 1.90E+02 54 2.19E+01 54
3.00E+07 3.06E+03 10.5 1.86E+02 5.5 2.18E+01 5.5
2.90E+07 2.83E+03 11.0 1.80E+02 5.7 2.17E+01 5.9
2.80E+07 2.63E+03 11.7 1.74E+02 6.2 2.14E+01 6.4
2.70E+07 2.45E+03 12.7 1.67E+02 6.8 2.11E+01 7.1
2.60E+07 2.28E+03 13.8 1.61E+02 74 2.08E+01 7.7
2.50E+07 2.11E+03 14.6 1.54E+02 7.6 2.03E+01 7.9
2.40E+07 1.91E+03 14.5 1.48E+02 7.4 1.98E+01 7.5
2.30E+07 1.70E+03 13.3 1.42E+02 6.5 1.92E+01 6.5
2.20E+07 1.49E+03 10.9 1.36E+02 53 1.85E+01 5.2
2.10E+07 1.30E+03 8.3 1.30E+02 4.5 1.78E+01 44
2.00E+07 1.14E+03 13.6 1.23E+02 5.0 1.71E+01 4.8
1.90E+07 1.02E+03 19.5 1.16E+02 - 5.8 1.64E+01 55
1.80E+07 9.18E+02 222 1.08E+02 5.9 1.58E+01 5.4
1.70E+07 8.24E+02  20.7 1.01E+02 54 1.52E+01 4.9
1.60E+07 7.39E+02 16.3 9.51E+01 4.8 1.47E+01 45
1.50E+07 6.70E+02 12.0 9.02E+01 4.6 1.43E+01 44
1.40E+07 6.11E+02 11.3 8.65E+01 4.7 1.38E+01 4.6
1.30E+07 5.49E+02 15.5 8.32E+01 53 1.34E+01 5.1
1.20E+07 475E+02 217 7.94E+01 6.0 1.29E+01 5.6
1.10E+07 395E+02 265 7.47E+01 6.2 1.23E+01 5.8
1.00E+07 3.29E+02 252 6.94E+01 5.7 1.15E+01 6.0
9.00E+06 2.93E+02 13.4 6.36E+01 4.5 1.04E+01 6.7
8.00E+06 2.86E+02 25.2 5.62E+01 9.1 8.65E+00 8.0
7.00E+06 298E+02 209 4.52E+01 22.0 6.23E+00 99
6.00E+06 2.98E+02  31.1 3.07E+01 38.1
5.00E+06

* Read as 7.00 x 107
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Table 15 Neutron spectra behind 61.0-cm thick polyethylene shield with additional iron
collimator measured with BC501A scintillation counter for 68-MeV p-"Li neutrons.

Upper Energy Neutron Flux [n cm?lethargy' uC'},  Error [%]
Boundary
[eV] beam axis 20 cm from axis 40 cm from axis
7.00E+07* 5.24E+03 10.8 3.87E+02 7.4 1.80E+01 6.4
6.80E+07 1.32E+04 5.1 6.28E+02 5.0 3.10E+01 4.8
6.60E+07 1.64E+04 9.3 6.27E+02 9.0 3.61E+01 6.7
6.40E+07 9.72E+03 105 4.37E+02 9.7 2.99E+01 6.4
6.20E+07 3.35E+03 5.2 2.87E+02 49 2.25E+01 4.5
6.00E+07 1.73E+03  18.8 2.38E+02 8.6 2.02E+01 5.5
5.80E+07 1.74E+03  17.0 2.31E+02 8.1 2.07E+01 53
5.60E+07 1.87E+03 127 2.28E+02 6.6 2.17E+01 4.9
5.40E+07 1.93E+03 9.8 2.22E+02 5.9 2.26E+01 4.7
5.20E+07 1.92E+03 7.9 2.14E+02 5.7 2.34E+01 4.7
5.00E+07 1.83E+03 6.9 2.06E+02 59 2.41E+01 4.7
4.80E+07 1.68E+03 6.4 1.99E+02 6.0 2.45E+01 4.7
4.60E+07 1.50E+03 6.5 1.90E+02 59 2.47E+01 47
4.40E+07 1.36E+03 7.1 1.84E+02 5.8 2.47E+01 4.6
4.30E+07 1.26E+03 7.8 1.80E+02 6.0 2.47E+01 4.6
4.20E+07 1.16E+03 8.7 1.77E+02 6.2 2.47E+01 4.6
4.10E+07 1.06E+03 9.9 1.75E+02 6.6 2.47E+01 4.7
4.00E+07 9.74E+02 11.2 1.73E+02 7.1 2.47E+01 4.8
3.90E+07 8.90E+02 127 1.72E+02 7.4 2.47E+01 49
3.80E+07 8.12E+02  14.1 1.70E+02 7.9 2.46E+01 5.0
3.70E+07 7.42E+02 15.4 1.67E+02 7.8 2.44E+01 5.1
3.60E+07 6.79E+02  16.5 1.64E+02 7.8 2.41E+01 5.1
3.50E+07 623E+02 174 1.58E+02 7.7 2.36E+01 5.2
3.40E+07 5.74E+02 17.9 1.51E+02 7.7 2.30E+01 53
3.30E+07 5.31E+02 18.2 1.43E+02 1.7 2.23E+01 54
3.20E+07 4.92E402 18.2 1.35E+02 7.7 2.15E+01 5.5
3.10E+07 4.56E+02 18.0 1.26E+02 7.7 2.06E+01 5.6
3.00E+07 4.23E+02 17.9 1.18E+02 7.9 1.97E+01 5.8
2.90E+07 391E+02 17.7 1.10E+02 8.2 1.88E+01 6.2
2.80E+07 3.59E+02 17.8 1.03E+02 8.8 1.78E+01 6.9
2.70E+07 326E+02 179 9.63E+01 9.7 1.69E+01 7.9
2.60E+07 2.94E+02 18.1 9.06E+01 10.5 1.60E+01 8.8
2.50E+07 2.63E+02 18.1 8.52E+01 11.0 1.51E+01 94
2.40E+07 2.33E+02 17.8 7.98E+01 10.8 1.43E+01 9.1
2.30E+07 2.07E+02 17.3 7.43E+01 9.5 1.35E+01 7.9
2.20E+07 1.85E+02 16.9 6.85E+01 7.5 1.27E+01 6.0
2.10E+07 1.66E+02  17.1 6.27E+0! 5.7 1.19E+01 4.6
2.00E+07 1.50E+02 18.2 5.68E+01 8.2 1.11E+01 5.5
1.90E+07 1.36E+02 229 5.12E+01 11.2 1.04E+01 6.8
1.80E+07 1.22E+02 263 4.61E+01 12.5 9.64E+00 6.9
1.70E+07 1.07E+02 28.2 4.18E+01 11.3 8.96E+00 6.0
1.60E+07 9.13E+01  29.0 3.87E+01 8.7 8.39E+00 5.0
1.50E+07 7.53E+01 293 3.66E+01 6.8 7.95E+00 4.7
1.40E+07 6.03E+0! 30.5 3.51E+01 6.7 7.63E+00 5.0
1.30E+07 4.82E+0] 344 3.38E+01 83 7.33E+00 6.2
1.20E+07 4.06E+01 39.9 3.22E+01 10.1 6.97E+00 7.4
1.10E+07 3.84E+01 38.2 3.03E+01 10.8 6.54E+00 7.7
1.00E+07 4.10E+01 264 2.86E+01 9.4 6.06E+00 6.9
9.00E+06 4.64E+01 1537 2.73E+01 5.7 5.55E+00 4.6
8.00E+06 5.15E+01 11.7 2.61E+01 9.0 5.05E+00 7.1
7.00E+06 5.26E+01 224 2.36E+01 8.9 4.62E+00 7.4
6.00E+06 4.71E+01 53.1 1.88E+01 14.6 4.10E+00 9.3
5.00E+06

* Read as 7.00 x 107
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Table 16 Counting rates behind the polyethylene shields measured with Bonner ball
counter for 43 MeV p-'Li neutrons.

Moderator Count Rate [counts uC'] Error{%]
Thickness 30.5 c¢m thick® 61.0 cm thick 122.0 cm thick 183.0 cm thick
Bare 3.69E+03® 527 | 522E+02 5.13 | L.73E+01 5.10 | 1.07E+00 545
1.5cm 3.17E+03 5.18 | 422E+02 5.10 | 146E+01 5.10 | 8.96E-01 547
3.0cm 437E+03 5.27 | 5.88E+02 5.11 | 2.04E+01 5.10 | L.1SE+00 5.37
5.0cm 6.74E+03 5.15 | 9.46E+02 5.12 | 2.99E+01 5.09 1.59E+00 5.36
9.0 cm 778E+03 5.18 | 1.19E+03 5.14 | 3.86E+01 5.09 1.86E+00 5.24

a Polyethylene shield thickness
b Read as 3.69 x 10°

Table 17 Counting rates behind the polyethylene shields measured with Bonner ball
counter for 68 MeV p-'Li neutrons.

Moderator Count Rate [counts puC']  Error{%]
Thickness 30.5 cm thick® 61.0 cm thick 122.0 cm thick 183.0 cm thick
Bare 7.01E+03° 5.17 | 1.49E+03 5.09 | 1.28E+02 5.09 | L.73E+01  5.07
1.5cm 6.09E+03 5.13 | 1.36E+03  5.11 1.13E+02 5.10 { 1.30E+01 5.10
3.0cm 8.75E+03 520 | 1.75E+03 5.09 | 1.56E+02 5.10 { 2.01E+01 5.09
5.0cm 1.34E+04 525 | 2.96E+03 5.09 | 2.42E+02 5.09 | 2.92E+0f 5.08
9.0 cm 1.61E+04 5.32 | 3.76E+03 5.11 | 3.38E+02 5.10 | 3.7SE+01  5.08

a Polyethylene shield thickness
b Read as 7.01 x 10°
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Table 18 Neutron spectra behind the polyethylene shields measured with Bonner ball
counter for 43-MeV p-'Li neutrons. '

Upper Energy Neutron Flux
Boundary [ n cm? lethargy™ uC*]
(eV]
30.5cm thick * 61.0cm thick 122.0cm thick 183.0cm thick
4.50E+07° 6.45E+03 1.20E+03 3.24E+01 1.14E+00
3.50E+07 1.23E+03 2.09E+02 6.44E+00 2.89E-01
2.75E+07 1.06E+03 1.28E+02 3.29E+00 2.12E-01
2.25E+07 6.85E+02 7.22E+01 1.93E+00 8.06E-02
1.75E+07 4.60E+02 4.42E+01 1.48E+00 7.32E-02
1.35E+07 3.09E+02 3.20E+01 1.34E+00 1.01E-01
1.00E+07 1.96E+02 2.57E+01 1.01E+00 6.22E-02
6.70E+06 1.33E+02 2.21E+01 8.66E-01 4.49E-02
4.49E+06 1.10E+02 1.67E+01 7.31E-01 3.30E-02
3.01E+06 9.87E+01 1.59E+01 5.85E-01 2.52E-02
2.02E+06 9.30E+01 1.38E+01 4.79E-01 2.75E-02
1.35E+06 7.46E+01 1.26E+01 3.52E-01 2.50E-02
9.07E+05 6.71E+01 8.93E+00 2.74E-01 1.56E-02
4.98E+05 4.83E+01 6.81E+00 2.62E-01 1.14E-02
2.24E+05 3.38E+01 4.71E+00 1.67E-01 1.04E-02
8.65E+04 2.72E+01 3.27E+00 1.29E-01 8.75E-03
1.50E+04 1.97E+01 2.49E+00 7.13E-02 6.35E-03
3.35E+03 2.04E+01 2.32E+00 7.85E-02 4.01E-03
4,54E+02 2.14E+01 2.39E+00 9.81E-02 5.91E-03
2.26E+01 1.72E+01 2.28E+00 7.20E-02 5.34E-03
5.04E+00 1.60E+01 2.04E+00 6.34E-02 1.67E-03
1.12E+00 1.22E+01 1.90E+00 5.45E-02 4.97E-03
4.14E-01 1.92E+01 2.77E+00 9.31E-02 5.74E-03
1.00E-04

a Polyethylene shield thickness
b Read as 4.50 x 10’
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Table 19 Neutron spectra behind the polyethylene shields measured with Bonner ball
counter for 68-MeV p-'Li neutrons.

Upper Energy Neutron Flux
Boundary [ ncm? lethargy' uC*')
[eV]
30.5cm thick ? 61.0cm thick 122.0cm thick 183.0cm thick

8.00E+07° 5.17E+03 1.63E+03 1.62E+02 1.60E+01
6.50E+Q7 1.76E+04 5.00E+03 4.35E+02 3.89E+01
5.50E+07 4.54E+03 1.09E+03 7.84E+01 8.18E+00
4.50E+07 3.40E+03 6.67E+02 3.90E+01 4.47E+00
3.50E+07 2.25E+03 3.54E+02 2.14E+01 2.37E+00
2.75E+07 1.31E+03 1.86E+02 1.24E+01 1.83E+00
2.25E+07 6.97E+02 1.02E+02 9.76E+00 1.36E+00
1.75E+07 4.32E+02 7.40E+01 7.12E+00 7.78E-01
1.35E+07 3.16E+02 6.01E+01 6.51E+00 9.62E-01
1.00E+07 2.30E+02 4.88E+01 5.61E+00 6.30E-01
6.70E+06 1.94E+02 4.62E+01 5.03E+00 7.52E-01
4 49E+06 1.76E+02 4.50E+01 4 81E+00 7.39E-01
3.01E+06 1.81E+02 4.11E+01 4.28E+00 7.06E-01
2.02E+06 1.69E+02 3.81E+01 3.48E+00 4.81E-01
1.35E+06 1.59E+02 3.04E+01 2.88E+00 3.50E-01
9.07E+05 1.34E+02 2.48E+01 2.27E+00 3.65E-01
4 98E+05 9.52E+01 1.97E+01 1.70E+00 2.05E-01
2.24E+05 6.94E+01 1.24E+01 1.21E+00 1.47E-01
8.65E+04 5.28E+01 1.13E+01 8.16E-01 8.66E-02
1.50E+04 4.38E+01 9.50E+00 6.81E-01 7.42E-02
3.35E+03 4.52E+01 8.04E+00 6.26E-01 9.35E-02
4.54E+02 4.09E+01 8.76E+00 7.95E-01 8.12E-02
2.26E+01 3.01E+01 6.28E+00 5.73E-01 6.48E-02
5.04E+00 2.90E+01 6.91E+00 4.80E-01 6.72E-02
1.12E+00 2.32E+01 5.31E+00 4.42E-01 2.71E-02
4.14E-01 3.65E+01 7.79E+00 6.80E-01 9.48E-02
1.00E-04

a Polyethylene shield thickness
b Read as 8.00 x 10’



Table 20 Fission rates of 2*U and **Th fission counter measured
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behind the polyethylene shield.

Shield B8y -
Ep |Thickness| Fission Rate  Error Fission Rate  Error
(MeV]| [cm] [ [barncm?uC'] (%] [barn cm? uC'l (%]
0.0 7.28E+04* 0.4 3.07E+04 0.6
43 30.5 8.14E+03 5.0 4.29E+03 5.1
61.0 9.64E+02 5.4 - -
122.0 2.42E+01 11.7 2.45E+01 8.9
0.0 1.18E+05 0.4 5.71E+04 0.5
68 30.5 4.04E+04 5.1 2.85E+04 53
61.0 8.74E+03 53 5.51E+03 5.5
122.0 3.91E+02 54 2.12E+02 5.9

a Read as 7.28 x 10*

Table 21 Reaction rate of solid state nuclear track detector measured
inside the 183.0-cm thick polyethylene shield.
43 MeV 68 MeV
Depth’ | Reaction Rate  Error Reaction Rate  Error
fcm] | [Pitscm™ pC'l  [%] {Pitscm™ uC'l  [%]
0.0 1.60E+01° 6.5 2.77E+01 5.9
30.5 1.26E+00 11.67 3.26E+00 8.2
61.0 1.60E-01 13.13 6.31E-01 9.0
91.5 1.60E-02 31.25 1.51E-01 13.25
122.0 uD* 4.80E-02 20.83

a Depth of the polyethylene shield where detectors were placed
b Read as 1.60 x 10
c under detection limit
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Table 22 Neutron dose-equivalent behind the polyethylene shields
measured with the rem counter (Fuji Co. Ltd.).

43 MeV 68 MeV

Shield Dose Dose
Thickness Equivalent Error Equivalent Error
[em] [uSv pC™ (%] (uSv pC'] (%]
0.0 4.23E+00* 0.52 4.58E+00 045
305 3.15E-01 1.56 9.35E-01 1.39
61.0 4.37E-02 1.21 2.35E-01 1.23
122.0 1.21E-03 248 1.11E-02 1.53
183.0 6.16E-05 10.23 1.76E-03 2.22

* Read as 4.23 x 10°

Table 23 Neutron dose-equivalent behind the polyethylene shields
estimated from the measured neutron spectra of BC501A
scintillation counter (>10 MeV) and Bonner ball counter (<10 MeV).

43 MeV 68 MeV

Shield Dose Dose

Thickness Equivalent Error Equivalent Error
fcm] (uSv ucC'] (%] (uSv uC'l (%]
0.0 2.33E+01* - 3.53E+01 -
30.5 2.75E+00 25.9 6.92E+00 26.6
61.0 3.88E-01 28.9 1.54E+00 31.4
122.0 9.76E-03 27.6 1.26E-01 36.2
183.0 3.25E-04 24.8 1.06E-02 32.8

* Read as 2.33 x 10'
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