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$5316 is one of the most promising candidates for the shielding and structural
material of next fusion devices such as ITER. Benchmark experiments to examine the bulk
shielding performance of SS316 for D-T neutrons, particularly deep penetration, were
performed by using the D-T neutron source FNS in Japan Atomic Energy Research Institute
as the " 94 ITER/EDA task (T-16). This report compiles the experimental system, measuring
procedures and the measured data. The analysis of the experiment is described
separately in the Volume II. The test region of the experimental assembly was a
cylindrical $S316 of 1200 mm in diameter and 1118 mm in thickness which was located at
300 mm from the D-T neutron source (Assembiy #1). A source reflector of 200 mm-thick
§§316 surrounding the D-T neutron source was added to the assembly #1 to simulate a
neutron field of a fusion reactor (Assembly #2)., The measured data for i) neutron
spectra in energy regions of MeV, keV and eV, ii) neutron activation reaction rates, fii)
fission rates, iv) gamma-ray spectra and v ) gamma-ray heating rates were obtained from
the test region surface to the depth of 914 mm in the test region. The consistency of
the measured data and the effect of the source reflector were examined from the

comparison among the measured data.

This report was submitted to the Joint Ceatral Team (JCTD of ITER.
% Symitomo Atomic Energy Industries, Ltd.
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1. Introduction

In next fusion devices such as International Thermonuclear Experimental Reactor
(ITER), one of the principal functions of the blanket-shield is to protect the vacuum vessel
and the troidal field coils from neutron- and gamma-radiation. Many shielding design
calculations”'¥ have been performed using various calculation codes and nuclear data libraries
under ITER/CDA ("Conceptual Design Activities") and /EDA ("Engineering Design
Activities”). The shielding design limits" were addressed under ITER/CDA as shown in
Table 1.1. The results of shielding design-calculations have to be compared with the design
limits considering design margins, since there is ambiguity in shielding design calculations.
The design margins were estimated in ITER/CDA® as shown in Table 1.2 based on the
previous experimental data'®*”, They are, however, questionable since the experimental
assemblies of the previous experiments were small compared to a realistic thickness of shield
for fusion devices and few neutron data for lower energy than 1 MeV and few gamma-ray
data were measured. The effects on shielding performance by coolant such as water, void,
auxiliary shielding material such as B,C/Pb, gap and duct have not been also examined
enough. Although larger design margins allow rough shielding design, it is required that the
design margin is as small as possible, to reduce the construction cost of ITER.

In order to provide the shielding design margin with reasonable precision, a series of
fusion reactor shielding experiments using the strong D-T neutron source FNS (Fusion
Neutronics Source)* in Japan Atomic Energy Research Institute was planned for ITER/EDA.
Two blanket/shield options are proposed in [TER/EDA'®. One is a blanket shielding design
which is made of type 316 stainless steel ($S316) as a structural material and water as a
coolant. The other is an advanced blanket concept which is made of vanadium alloy (V5Cr5T1)
as a structural material and liquid lithium as a coolant and breeder. The most promising
candidate for the shield/coolant for the Basic Performance Phase of ITER is a configuration
with $8316 and water, while the advanced blanket concept is being considered for the
Extended Performance Phase of ITER. Therefore the examination of the shielding performance
on $S316 and water is required urgently. As the first step of the fusion reactor shielding
experiments, bulk shielding experiments on SS316°® were performed under one (T-16 :
"Preparation of neutronic experiments and measuring technique”) of the '94 ITER/EDA R &
D tasks in order to examine the bulk shielding performance of S8316 for D-T neutrons,
particularly deep penetration.

The experimental assembly of SS316 had a cylindrical shape of 1200 mm in diameter
and 1118 mm in thickness (Assembly #1), which is large comparably to the inboard shield of
ITER. The experimental assembly with a source reflector of 200 mm thick §§316 (Assembly
#2) which surrounded the D-T neutron source was also used to make an incident neutron
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spectrum into the assembly close to that expected in ITER due to neutron reflection in the
source reflector. The configuration of the experimental assembly was determined based on
the pre-analysis®”. Measurements were carried out inside the assembly up to the depth of
914 mm. Neutron spectra were measured not only in MeV region but also in keV and eV
regions, which were scarcely measured in the previous experiments and play an important
role for the nuclear heating in troidal coils. Various neutron activation reaction rates and
fission rates of U and ***U were measured as the neutron spectrum index. The measurements
of gamma-ray spectra and gamma-ray heating rates were also performed, which made direct
estimation of nuclear heating in troidal coils possible. These various neutron and gamma-ray
data can be used as the most effective benchmark data to validate calculation codes and
nuclear data libraries and to estimate the design margins.

This report focuses on the experimental procedures and the measured data of the bulk
shielding experiments on SS316. Chapter 2 describes the experimental arrangement. The
measuring procedures and measured data are given in Chapter 3. The mutual comparison
among the measured data and the comparison between the assemblies #1 and #2 are performed
in Chapter 4. The detailed analyses of the experiments are described in the Volume I,
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2. Experimental Arrangement
2.1 Target Room and Neutron Source

The experiments were performed in the first target room of the Fusion Neutronics
Source (FNS) facility? of the Japan Atomic Energy Research Institute. The first target room
is 15 m X 15 m wide and 9.1 m high surrounded by the ordinary concrete wall of 1.5 m -2 m
in thickness. In order to decrease the neutron reflection, the floor of the target room has a
grating structure and the distance to the basement floor is 3 m. The water cooling tritiated-
titanium target is located at the point of 5.5 m from the nearest concrete walls (west and
south) and 1.8 m high from the grating floor. Figure 2.1.1 shows the layout of the target
room.

About 3.7 x 10" Bq (10 Ci) tritiums were absorbed to a titanium layer of 2 mg/cm’ in
thickness and 14 mm in diameter on a 1 mm thick copper backing. The copper backing had a
cap shape and was mounted on the end of the 80 degree beam line. It was covered by a
coolant water jacket of 0.5 mm thick stainless steel, which was modified in order to be
inserted to the source reflector through a hole of 80 mm X 160 mm. Cooling water was
flowed in the 1 mm gap between the copper backing and stainless steel jacket. The tritiated-
titanium target and coolant structure are shown in Fig. 2.1.2.

Single charged deuteron ions, separated by a 90-degree analyzing magnet, were
accelerated by 350 keV. This deuteron ion beam was bombarded to the tritiated-titanium
target to generate D-T neutrons. The beam current was adjusted from 30 nA to 2 mA
corresponding to measuring techniques and positions. A deuteron beam pulsing of 2 ns
width (FWHM) was performed using divertor, post-acceleration deflector and -buncher to
measure neutron spectra in eV region. Long-pulsed deuteron beam of about 1 ms in width
and duty ratio of about 1/3 was also produced by switching arc voltage in the duoplasmatron
ion source periodically for the measurement of prompt gamma-ray spectra. A beam divertor
was used to cut off spilled d* ions.

" Alpha-particles associated with D-T reactions were measured by two small silicon
surface barrier solid state detectors (o-monitors)™, which were set in the beam drift tube at
the distance of 1580 mm from the tritiated-titanium target. The total neutron source yields
were absolutely determined with an accuracy within £ 2 % based on the count of the
alpha-particle, the solid angle of the detector and the anisotropic factor of emitted alpha-particies.
A long counter and **Th fission counter were placed at the basement and under the beam
drift tube, respectively, as the secondary neutron monitors, which were calibrated by the
ai-monitors if necessary. In the case that the counts of these monitors were not enough, the
neutron yields were determined by neutron counts of a small NE213 scintillation counter
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which was placed on the front surface of the assemblies. The small NE213 counter was
about 40 times more sensitive than the o-monitors. It was calibrated to the o-monitors
during high beam current runs. The neutron source spectrum emitting from the target was
calculated by MORSE-DD™ as described in the Volume IF¥. All measured data in this
report are normalized to a D-T neutron source.

2.2 Experimental Assemblies

The size and configuration of the experimental assembly were determined based on
the pre-analysis®”. The test region was a cylindrical $$316 assembly of 1200 mm in diameter
and 1118 mm in thickness, which was constructed by sandwiching SS316 disks of 1200 mm
in diameter and 50.8 or 101.6 mm in thickness. This test region was located at 300 mm from
the tritium target as shown in Fig. 2.2.1 (Assembly #1). The atomic number densities of
$S316 in the test region are listed in Table 2.1. All the $S316 disks had two brims in order
to be placed stably on a supporting frame and some disks of 5316 also had an experimental
hole of 50 mm ¢ or 36 mm ¢ X 727 mm from the circumference to the center of the disk as
shown in Fig. 2.2.2. The experimental holes were located at the depths of 102, 229, 356,
553, 711 and 914 mm from the front surface of the test region. Measuring detectors were
inserted to the experimental holes using $S$316 detector adapters as shown in Fig. 2.2.3 by
which detectors were able to be set on the central axis of the test region. As for the activation
foil and TLD, SS316 plates from | mm to 4 mm in thickness were inserted to excessive space
of the hole of 100 mm x 10 mm. Experimental holes unused were filled with SS316 rods.

In a fusion reactor, neutrons entering the first wall and blanket/shielding region are
composed of not only direct D-T neutrons but also lower energy neutrons reflected at the
opposite first wall and so on. A source reflector of 200 mm thick SS316 was added to the
assembly #1 as shown in Fig. 2.2.4 (Assembly #2), in order to adjust neutron energy spectrum
incident to the test region to that of a fusion reactor. The source reflector consisted of a side
wall (800 mm in inner diameter, 1200 mm in outer diameter and 609 mm in thickness) and a
back wall (1200 mm in diameter and 203 mm in thickness). Since the tritium target assembly
had to be inserted to the cavity of the source reflector, a hole of 80 mm x 160 mm was made
in the center of the back wall. The side wall had a hole of 22.5 mm x 22.5 mm on the surface
contacting the test region, through which detectors were inserted to the center of the test
region surface by using a detector support of 1 mm thick aluminum. This hole was filled up
with a $§5316 plug, when detectors were not inserted to it. The atomic number densities of
§5316 in the source reflector are also listed in Table 2.1.

These experimental assemblies were mounted on a movable deck by a supporting
frame as shown in Fig. 2.2.5. The deck and frame were constructed with a quantity of iron as
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small as possible in order to decrease neutron reflection. Two decks were used; one was
3440 mm X 1500 mm for the test region, the other was 3440 mm X 850 mm for the source
reflector. One deck of 3440 mm X 1500 mm was used in the assembly #1 and two decks
were jointed in the assembly #2. These decks were moved manually on the four rails. The
frame had several grooves for brims of $S316 disks to support SS316 disks stably. Figure
2.2.6 shows the overview of the assembly #2 and supporting frame.
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3. Measurements and Results
3.1 Neutron Spectrum

3.1.1 Neutron Spectrum in Energy Region of MeV

Detector and Electronics Setup
~ Neutron spectra above 2 MeV were measured by a 14 mm-diameter spherical liquid

scintillator " which contained NE213 liquid of 1.38 x 10° mm’ in a spherical cell of Pyrex
glass of 1 mm in thickness. Figure 3.1.1.1 shows a cross sectional view of this detector. The
glass cell was sealed by melting glass in a nitrogen atmosphere since oxygen degrades the
scintillator properties. The scintillator was mounted on a photomultiplier tube through a
quartz light guide of 11 mm in diameter and 5 mm in length. The scintillator side of the light
guide was cut in a spherical shape so as to fit to the surface of the glass cell. The glass cell
and the light guide were coated with the NE560 reflector paint made of MgO and covered
with an aluminum cap.

The R647-02 photomultiplier tube ( Hamamatsu Photonics ) was attached and the
output signals from the anode were terminated by a 100 k€2 register at the input of the
pre-amplifier with 50 Q output impedance. The signals were fed to a rise time discrimination
circuit through the delay line amplifier. The rise time discrimination technique ( JAERI
model 154A3 ) was used for the neutron and gamma-ray separation. The rise time and pulse
height data were accumulated in a two-dimensional array (64 channel X 512 channel) using a
PC/AT compatible computer system. The schematic diagram for the electronic circuit is
shown in Fig. 3.1.1.2.

The gain drift of the system frequently occurs due to the counting rate variation or
temperature change. We applied a gain-stabilizer for a stable measurement. The overall gain
of the system was monitored by a peak produced by light emission of LED, which was
connected to the detector through a 4 m glass fiber light guide. The difference between the
expected position of the peak and observed one was fed back to a high voltage power supply.

Measurement and Data Reduction

The measurements were carried out at the front surface of the SS316 test region and
at the depths of 102, 228, 356, 553, 711 and 914 mm from the SS316 test region front surface
of the assemblies #1 and #2 using experimental holes and a detector adapter. The measuring

time for each experimental run was 2000 seconds. The deuteron beam current was adjusted
for the counting rate not to exceed 2000 cps because of dead time loss.
The two dimensional data of rise time and pulse height were stored into the PC/AT
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compatible computer system. Recoil proton data (neutron events) were selected from the two
dimensional data using the rise time information. The recoil proton spectrum was unfolded
to neutron spectrum by the FORIST code® using the neutron response matrix previously
determined.*® The response matrix was calculated by Monte Carlo method™® The responses
in specially important energy regions, i.e., 13.6 to 14.8 MeV, were directly measured and
replaced for the calculated response. The FORIST code provides the appropriate energy
resolution function by internal iterations. The resolution function, defined as the window
function W(E) in the code, is given together with the unfoided results for each run. The

spectrum observed, @, (E), in this system ts expressed as follows:

obs

(E-E'Y

T
d, (BE)= exm -
ool _[ V2r6(E) XP{ 26%(E)

where @, (E) : true neutron spectrum without any deformation, and

}-cbm(E’):iE’ : 3.1.1.1)

W(E) E

R (3.1.1.2)

S(E) =
and the denominator 235 is the conversion factor.™

Error Assessment and Results
Table 3.1.1.1 shows the systematic errors which were estimated from the measurement

for mono-energetic neutrons of 14.8 MeV. The fraction in the table denotes the ratio of the
error in the interested energy range due to the response error to the peak flux around 14 MeV.

Here the energy dependent error is represented as follows:

| ®
Error (%) for ® (En) = (fraction) x— 2% x 100 (3.1.1.3)
® (En)

If the peak flux around 14 MeV is, for example, ten times larger than the flux below 10 MeV,
the proton spectra in the range of 6 to 10 MeV might be distorted by -10 to -20 % , at
maximum.

The energy calibration error also affects the unfolded results. The effects of variation
in the energy axis are about 3 % above 10 MeV and less than 2 % for 1 to 10 MeV range,
respectively. Lastly, the common error of 2 % is from the neutron source intensity which is a
basis for all measurements in this experiment. The overall error comes to be 4 % for the flux
above 10 MeV and 10 - 20 % below 10 MeV depending on the spectrum shape.

The measured neutron spectra are shown in Figs. 3.1.1.3 - 3.1.1.9 and Figs. 3.1.1.10 -
3.1.1.16 for the assembly #1 and #2, respectively, together with those measured by the proton
recoil gas proportional counter and the slowing down time method described in Secs. 3.1.1.2
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and 3.1.1.3. Tables 3.1.1.2 and 3.1.1.3 summarize the numerical data of the measured
spectra with window functions described above.

The obtained spectrum at the front surface of the test region is deformed in the energy
region below 10 MeV since a small error of the response for 14.8 MeV neutrons affects the
neutron spectra below the peak energy fairly in the case that 14 MeV neutrons are dominant.
In the positions deeper than 700 mm, it is seen that there are some broad oscillations below
10 MeV. This is partly due to the incompleteness of neutron and gamma-ray separation since
a fraction of gamma-rays increases with the depth. Therefore, the neutron spectra less than
10 MeV at the front surface of the test region and at the depths of 711 and 914 mm should be

considered as tentative data.
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3.1.2 Neutron Spectrum in Energy Region of keV

Neutron spectra from a few keV to I MeV were measured by a small proton recoil
gas proportional counter (PRC). This measuring system was developed by Dr. E. F. Bennett
at Argonne National Laboratory in order to measure the neutron spectrum inside the
experimental assembly in the frame of the JAERI/USDOE collaboration program on fusion

blanket neutronics *>*”.

Counter

The counter head of PRC had a cylindrical shape as shown in Fig. 3.1.2.1. It was
made of 0.41 mm thick S5-304 alloy. The outer diameter of the counter was 19 mm so as to
achieve a better position resolution, while the effective length of the counter was rather long
(127 mm) in order to obtain better counting statistics. The thickness of the anode wire was
20 um and field tubes were used to define the active counter volume. This counter was
inserted with the pre-amplifier into a hole of 21 mm X 21 mm in the detector adapter for
PRC.

Two identical counter heads filled with different gases were prepared in order to
measure the neutron spectrum from a few keV to 1 MeV. One counter was filled with
hydrogen gas at 0.496 MPa (5.06 kgf/cm’) with 1 percent methane for the lower energy
component (from a few keV to 150 keV) and the other at 0.610 MPa (6.22 kgf/cm®), 50-50
mixture of hydrogen and argon gases with 1.8 percent nitrogen for the higher energy component
(from 150 keV to 1 MeV). Argon gas reduces range of recoiled proton since it has larger
stopping power.- The iron resonance at 27 keV and the peak at 626 keV due to "N(n,p)"’C

reaction by thermal neutrons were utilized for the energy calibration.

Electronics and Data Acquisition system _
A special size preamplifier of 20 mm x 20 mm X 200 mm fabricated based on an

original ANL design was inserted into an experimental hole of 21 mm x 21 mm with the
counter. The preamplifier was redesigned to operate at +45 V /-15 V to mitigate overload
events due to higher energy neutrons by a sufficient margin.

Since the gas multiplication of a gas proportional counter is determined by an supplied
high voltage to the counter, the conventional method requires separate runs with several fixed

38)

voltages to cover wider energy range measurement. A new data acquisition technique™ was

developed to reduce time of measurement and data process. This new technique makes it
possible to take the same data as measured with the conventional method at single run by
changing supplied voltage with a ramp shape during acquisition. The block diagram of the
data acquisition system is shown in Fig. 3.1.2.2.
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An analog programmable high-voltage DC/DC converter supplied the high voltage
for the counter. An analog function generator, which produced time dependent analog
profile (sawtooth), served as a driver to the DC/DC converter to alter the high voltage. Asa
result, output high voltage slowly changed with the period of 165 seconds between the upper
and lower voltages during the acquisition. The generated high voltage was monitored using a
dividing resistance, which scaled down high voltage by about 1/500. Test pulses of about
500 Hz with the rise time shorter than that of any pulse from ionizing events were fed to the
preamplifier for normalization and dead time correction. The pulse height of the test pulse
also changed like sawtooth with the period of a few seconds.

Two analog pulse amplifiers were devised for pulse shape discrimination against
gamma ray events. One was an integration amplifier (Y-amplifier) with output proportional
to input pulse height, i. e. the energy of recoiled proton. This amplifier had an R-C filtering®”
in order to reduce the effects by overload signals. The other amplifier, called X-amplifier,
had much shorter shaping time constant than the Y-amplifier. Its output was proportional to
the input pulse height and the reciprocal of the rise time of input pulse.

The outputs of Y-amplifier, X-amplifier and the dividing resistor were digitized to
4096 channel by one analog digital converter using a multiplexer and logical circuits. The
digitized data were taken to an EPSON-PC286V personal computer (CPU: 80286, 80287)
through an interface board of LSI 8255A. The data acquisition program calculated on-line 1)
the ratio of the X-amplifier output to the Y-amplifier, which is proportional to the reciprocal
of the rise time of the event, 2) a gas multiplication corresponding to the applied high voltage
and 3) the energy (in log-scale) of recoiled proton using the output of Y-amplifier and the gas
multiplication. The X/Y and the energy (in log-scale) were stored to a two dimensional array
(32 channel x 512 channel).

Measurement and Data Processing
The measurement was performed at the front surface of the 5316 test region and at

the depths of 102, 229, 356, 553, 711 and 914 mm from the front surface of the SS316 test
region of both assemblies. The high voltage was changed from 3000 to 4200 V and from
2400 to 3000 V in hydrogen and hydrogen/argon counters, respectively.

In off-line data processing, the recoil proton events and test pulse events were selected
by using the rise time information for each proton recoil energy. The test pulse events were
used in order to estimate dead time loss and to normalize recoil proton events. Neutron

spectra ®(E) was derived from the following equation,

| E dD(E)

N-S-oE) oE) dJdE (3.1.2.1)

D(E) =
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where N : number of hydrogen atoms,
S: neutron source yield,
o(E) : n-p scattering cross-section,
D(E) : recoil proton spectrum.

Error Assessment and Results
Possible error sources of this technique were in gas pressure (number of hydrogen

atom), neutron source yield, n-p scattering cross section, fitting process for differentiation of
recoil proton spectrum and calibration of recoil energy. The fitting process error was the
largest, ranging + 3 - 10 % above 10 keV. The uncertainty of ncutron source yield was
estimated to be £ 2 %. The other errors were expected to be less than 1%. Neutron fluxes
below 10 keV tend to become smaller due to the uncertainty of the W-value, which is the
average energy lost by the incident particle per ion pair formed. The uncertainty due to
W-value was not included in the experimental errors.

The measured neutron spectra are also shown in Figs. 3.1.1.3 - 3.1.1.9 and Figs.
3.1.1.10 - 3.1.1.16 for the assembly #1 and #2, respectively, with those measured by the
NE213 and the slowing down time method described in Secs. 3.1.1.1 and 3.1.1.3. The
numerical data of the measured spectra are given in Tables 3.1.2.1 and 3.1.2.2. The fine
structures due to iron resonances around 10, 30, 100, 150, 200, 400 and 800 keV clearly

appear in these spectra.
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3.1.3 Neutron Spectrum in Energy Region of eV.

Slowing Down Time Method
The slowing down time method ***" was applied to measure neutron spectra in eV

energy region. The principle of the method is as follows : When pulsed mono-energy
neutrons are injected into a large experimental assembly, the neutrons slow down with
progress of time and the neutron energy spectrum changes from the initial source spectrum to
thermal one. If elastic scattering cross section of the material is constant without any
resonance structures and the other reaction cross sections are much smaller than the elastic
one, a neutron spectrum at each moment has the Gaussian shape with a certain energy

resolution determined by the following equation.
FWHM(%) =235.5, /% , A : Mass number. (3.1.3.1)

In this situation, the mean energy of neutrons at each moment and the slowing down time are
in one to one correspondence. Measured time-dependent neutron fluxes can be converted to
neutron energy spectra by utilizing the relation between the slowing down time and the mean

energy.

Measurement
The spectra were measured only in the experimental assembly #2. According to a

pre-analysis of the experiment by a Monte Carlo transport calculation with the MCNP code™,
it was found that energy resolution of the spectra in a shallower part of the assembly was
worse than that in a deeper part as shown in Fig. 3.1.3.1. At shallower positions, not only
higher energy neutrons from the cavity but also lower energy ones which slowed down in the
test region existed at the same time, and it resulted in the worse energy resolution. In order
to obtain neutron spectra with better energy resolution, four measurement points were chosen
from deeper part of the assembly; 356, 533, 711 and 914 mm from the front surface. Typical
energy resolution of the measured spectra at the four positions was expected to be about 50 ~
60 %. '

A BF3 gas proportional counter, 14 mm in diameter, 99 mm in effective length and
0.39 MPa (900 mmHg) in pressure, was adopted as the detector. As shown in Table 3.1.3.1,
two modes of measurement were selected in order to cover wide neutron energy range from
0.1 eV to 10 keV. Time-dependent '’B(n,ct) reaction rates in the two modes were measured.

Electronic circuit used in the measurement is shown in Fig. 3.1.3.2.
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Energy Calibration
The correspondence between the slowing down time and the mean energy, in other

words, the calibration curve was calculated by the MCNP code. The resonance filter technique
was applied for validation of the calculated calibration curve. The BF3 counter was covered
with resonance filters listed in Table 3.1.3.2, and time-dependent '°B(n,&) reaction rates were
measured. The time when a difference between the measured time-dependent reaction rates
with and without the resonance filters was observed corresponded to the energy of the sharp
resonance peak of the filter cross section. The experimentally obtained correspondence
between the slowing down time and the mean energy at all the measuring positions is shown
in Fig. 3.1.3.3 with the calculated calibration curve at the 711 mm position. Numerical
comparisons of the experimental and calculated ones are presented in Table 3.1.3.3. Since
the experiment and the calculation agreed within about 5 %, validity of the calculated calibration

curve was confirmed.

Data Processing
The calibration curve, that is, neutron mean energy E at time t, is expressed as

E =f(1), (3.1.3.2)
and _ .

El_.F: = @ (3.13.3)

dt dt ' T

By using the calculated calibration curve, the measured time-dependent reaction rates C(t)
were converted into energy-dependent reaction rates C(E), and neutron energy spectra were

obtained by the following equations; .

= dt ' |
—_— —— . . 3.1.3.4
CE)=C(t)x 5 | ( )

" oE E) f.(E) | 3.1.3.
oE) o(E) N-Yn-f (E) f,(E) | (3.1.3.5)

where,
C(E) : Counts / MeV,
C(t) : Counts /s,
¢(E') Energy spectrum {n / MeV / Source Neutron],
G(E) Cross section of the '°B(n,o) reaction taken from JENDL-3.1 nuclear data
library, _
N: Number of effective B-10 atoms in the BF3 counter,
Yn: Neutron source yield,
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f.( E) : Self-shielding correction factor of the counter,

f( E) : Correction factor for effective °B(n,a) cross section. -
The number of effective '°B atoms in the BF3 counter was determined with accuracy of 3%
by irradiating the BF3 counter in a calibrated thermal neutron field. The self-shielding
correction factor of the counter, f,(E), was calculated based on the chord length probability
function in the cylindrical detector and an assumption of isotropic neutron flux. The maximum
self-shielding effect was 6.8 % for thermal neutrons.

Since a neutron spectrum at a certain moment has a broad energy distribution, spectrum
weighted '"B(n, o) cross section differs from cross section at E. Hence the correction factor

for the cross section, f,(E), was introduced. The correction factor is expressed as

~ JG(E')-Q)(E‘,t)—dE‘/I(b(E‘,t)-dE’

o) (3.1.3.6)

fo(

o3 b

where, .
&(E',1): Neutron energy spectrum at time t.

The variable t in Eq. (3.1.3.6) could be converted to E by using Eq. (3.1.3.2). The correction
factors were typically 2 ~ 5 % below 1 keV.

Energy Resolution
The measured spectra by the slowing down time method have the inherent energy

resolution. The resolution given by Eq. (3.1.3.1) is 51 % in the case of the ideal material.
But the real energy resolution is worse than that by Eq. (3.1.3.1) as seen in Fig. 3.1.3.1.

Time resolution in the measurement was another cause to broaden the energy resolution.
There were three main components in the time resolution; (i) fluctuation of timing signal
from the BF3 counter; 0.13 us, (ii) neutron pulse width; 0.5 ps and 0.005 us for the modes #1
and #2, respectively, and (iii) time width per channel of the multichannel analyzer; 0.191 ps
and 0.0478 pis for the modes #1 and #2, respectively. The time resolution could be converted
to energy resolution by multiplying dE/dt.

Overall energy resolution is sum of all the energy resolutions. The estimated overall

resolution is given in Table 3.1.3.4.

Error Estimation and Results
Errors of the measured spectrum are estimated as follows.

1. Statistical error of counts 2~7%
2. Neutron source yield 2 %
3.  Number of effective '°B atoms 3%
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4. Self-shielding correction factor negligible
5. Correction factor for neutron energy broadening 05~5%
6. Error comes from energy calibration 2~8%

The overall errors range between 6 and 10 %

The measured neutron spectra are presented in Table 3.1.3.4. Figures 3.1.1.13 -
3.1.1.16 show the measured neutron spectra with those measured by the NE213 and the
proton recoil gas proportional counter described in Secs. 3.1.1.1 and 3.1.1.2. In the spectra,
detailed structures due to large resonance cross sections, i.e., small dips around 45 eV by

molybdenum and 336 ¢V by manganese, are observed.
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3.2 Neutron Spectrum Index
3.2.1 Neutron.Activation Reaction Rate

Several activation reaction rates shown in Table 3.2.1.1 were measured by the activation
foil technique in order to obtain neutron spectrum indices for wide energy range. The
common dosimetry reactions, e.g., >’ Al(n,cty**Na, *Fe(n,p)*Mn, *Ni(n,p)*Co, *Ni(n,2n)"'Ni,
07r(n,2n) Zr, PNb(n,2n)*"Nb, "*In(n,n’)' > In, ’Au(n,y)"*Au and so forth, were very useful

for the comparative study of shielding performance on different material configurations.

Activation Foils and Irradiation

Aluminum, titanium, iron, cobalt, nickel, zine, zirconium, niobium, indium and gold
foils were placed at the front surface of the SS316 test region and at the depths of 102, 229,
356, 533, 711 and 914 mm from the front surface of the SS316 test region of the assemblies
#1 and #2. Tndium foils had a dimension of 10 x 10 x | mm’. Gold foils with a size of 10
mm X 10 mm x 0.001 mm or 25 mm X 25 mm x 0.001 mm made the self-shielding effect for
the *’Au(n,y)'*®Au reaction negligibly small. As for other samples, foils of 10 mm-diam. X 1
mm were used in the positions up to 0.5 m in depth, 20 mm-diam. X 1 mm at 0.53 m and 20
mm-diam. x 2 mm at 0.71 m. Two foils of 20 mm-diam. X 4 mm were set at 0.91 m.

In the assembly #1 the foils were irradiated for 10 hours with D-T neutrons and total
neutron yield at the target was 7.5 X 10”° n. The irradiation time and the total neuron yield
were 11 hours and 8.2 x 10" for the measurement with the assemble #2, respectively. The
neutron yield fluctuation was monitored every 10 seconds by using the multi-channel scaling

(MCS) for the decay correction during irradiation.

Reaction Rate Determination

After the irradiation and appropriate cooling, y-rays emitted from foils were measured
with four germanium detectors. One germanium detector was used as a standard detector,
the absolute efficiency of which was determined by using standard gamma-ray sources. Foils
were placed at a distance of 77 mm from this standard detector to reduce gamma-ray sum
peak and the sample size effects. The other detectors were used as relative detectors. Foils
were set at the front surface of these detectors to achieve a higher detector efficiency. The
absolute efficiencies for the relative detectors were calibrated to the standard detector by
using the same sample which was irradiated at the experiment. This method made the whole
counting time shotter.

Reaction rate, RR, was derived from the y-ray counts with necessary corrections.

The RRis given as,
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A C ‘
RR = CA , (3.2.1.1)

e W-Npab Y- Sy (l-exp(-A- ) exp(-A- to)- (1-exp(-A+ ty))

where,

decay constant (/sec),
y-ray peak counts,
atomic mass,
detector efficiency,

£ » 0

. sample weight,
: Avogadro's number,

]
L.

natural abundance of the target element,
y-ray branching ratio,

< T B 7

neutron source yield,
correction factor for the decay during irradiation,

2

v-ray self absorption correction factor,

TR OW»

irradiation time,

~—

n-

cooling time,
collection time.

{7

The decay data for the half-life (decay constant) and y-ray branching ratio were taken
from Ref. 43). The neutron yield fluctuation monitored with the MCS was used for the
calculation of correction factor for the decay during irradiation, S,. One dimensional model

was assumed in the estimation of y-ray self absorption correction factor, L.

Experimental Error and Results
Major sources of the error for the reaction rate were the y-ray counting statistics ( 0.1

to several % ) and the detector efficiency (2 to 3 %). The error for su'm—peak correction was
estimated less than 2 % depending on the decay mode and fraction of multiple y-ray cascade.
The error for the decay correction was reflected from the error of half-life of the activity. If
the half-life was accurate, the error for the saturation factor should be less than 1 % even for
the short half-life activities.

The other errors associated with foil weight, y-ray self-absorption, irradiation time,
cooling time and counting time were negligibly small. The error for neutron source yield
was estimated to be 2 %. The overall error for the major part of reaction rate ranged from 3
to 6 %. Some data for high threshold reactions in the deep positions suffered from poor
counting statistics due to low activation rate.

The measured activation reaction rates are shown in Figs. 3.2.1.1 and 3.2.1.2 for the
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assembly #1 and #2, respectively. Tables 3.2.1.2 and 3.2.1.3 summarize the numerical data
of the measured activation reaction rates. Because of poor counting statistics of gamma-rays,
no activation reaction-rates except '“Au(n,y)'**Au could be obtained at 533 and/or 711 and
914 mm from the front surface of the test region, though large foils were used.

3.2.2 Fission Rate

Measurement

Fission rates of U-235 and U-238 were measured with two micro fission chambers.
The chambers were 6.25 mm in outer diameter and 25.4 mm in active length. About 4 mg of
uranium oxide was coated inside the chambers. The effective numbers of the atoms were
experimentally determined with accuracy of 2.8 % as described in Ref. 44); 6.73 x 10" and
7.32 x 10'* atoms/chamber for the U-235 and U-238 chambers, respectively. |

The two chambers were tied with each other and located at the measurement position
at the same time. Fission rates were measured in both experimental assemblies #1 and #2 at
positions of -4, 102, 229, 356, 533, 711 and 914 mm from the front surface of the assemblies.
Amplified signals were discriminated from gamma-ray and noise signals. Signals for fission

events were counted by scalers.

Data Reduction
The measured fission counts were divided by the effective number of uranium atoms

and the neutron yields to derive absolute fission rate per source neutron. Since thicknesses of
the coated uranium oxide inside the chambers were not so thin, fission fragments lost their
energies in the uranium oxide layer. Some portion of fragments did not have enough energy
to produce signals, pulse heights of which were larger than those of noise signals. Proportions
of the cut off signals were estimated by extrapolating the pulse height spectrum toward zero
channel, and correction factors for the cut off were determined. The factors ranged between
1.11 and 1.13 for ali the measurements. The absolute fission rates were corrected by the
factors.

Uranium atoms in the U-235 chamber contained 7 % of U-238, and those in the
U-238 chamber did 0.044 % of U-235. Corrections for these impurity uranium atoms were

performed.
The obtained fission rates were presented in Table 3.2.2.1 and Figs. 3.2.2.1 -3.2.2.2.
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3.3 Gamma-Ray Spectrum

Gamma-Ray Spectrometer
An NE213 liquid organic scintillation counter

spectra in the experimental assembly #1. The NE213 scintillator (Nuclear Enterprises, Scotland)

“) was used to measure gamma-ray

was enclosed in a boric-silicic glass (Pyrex glass) container. Since some problems were
found with the scintillator as described in the later section, a new spectrometer *°, which
consisted of a deuterated benzene base scintillator, BC537 (BICRON, USA), and a quartz
glass container, was used for the measurement in the assembly #2. A sectional view of the
'NE213 counter is shown in Fig. 3.3.1. The BC537 counter had just the same dimensions as
the NE213 counter. Quter dimensions of the counters were 48 mm in diameter and 262 mm
in length. The scintillators were spheres of 40 mm in diameter. An optical fiber was
equipped for gain stabilization. Reference light pulses from an external light source were
introduced to the light guide through the optical fiber.

Electric Circuit

The electric circuit used in the measurement is shown in Fig. 3.3.2. Dynode signals
from Photomultiplicr Tube (PMT) were fed to a pre-amplifier, and the output signals were
put into two Delay Line Amplifiers (DLA) at the same time. Gains of the two DLAs were
different by about 10 times to obtain energy spectra of wide dynamic range. Uni-polar pulse
signals from each DLA were fed to a Rise-Time-to-Pulse-Height-Convertor and discriminated
into neutron and gamma-ray signals according to difference of the rise time of signals. Pulse
height signals of gamma-rays from DLA were selected by using the gate signals at Linear
Gates, and stored in a Multichannel Analyzer.

In general, the gain of a photomultiplier tube drifts with counting rate or temperature
change. To suppress the gain drift, a gain stabilization system was equipped. Light pulses of
constant intensity generated by a light emitting diode in a thermostat were injected into the
PMT through the light guide of scintillator. Drift of the detector pulses to the light pulses
was monitored and the high voltage applied to the PMT was fed back to keep the pulse
height constant. The light pulse signals mixed in a pulse height spectrum from gamma-rays
were rejected from the spectrum by anti-coincidence. The gain was kept in accuracy of 1 %

by the gain stabilization system.

Rejection of Decay Gamma-Rays by Pulsed Neutron Method

In a measurement of prompt gamma-rays, it is important to clearly reject decay
gamma-rays since they are regarded as the background. As shown in Fig. 3.3.3, intensity of
the decay gamma-rays changes at every moment depending on a history of neutron irradiations
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to the experimental assembly. If the decay gamma-rays are measured before or after the
prompt gamma-ray measurement, it is very difficult to determine the total amount of decay
gamma-rays during the prompt gamma-ray measurement. Thus the pulsed neutron method
was applied to accurately determine the background.

A period, between the times when D-T neutrons are injected into the experimental
assembly and when neutrons disappear from the assembly due to captures and leakages, 18
almost equal to several hundreds ps. The period corresponds to the slowing down time of
D-T neutrons to thermal neutrons. Prompt gamma-rays following neutron reactions are
emitted until several hundreds ps after injection of D-T neutrons.

By utilizing this fact, decay gamma-rays can be accurately subtracted. Pulsed neutrons
of several hundreds ps in width are generated and the periods of measurement for foreground
and background gamma-rays are determined as shown in Fig. 3.3.3. Intensity of decay
gamma-rays emitted by activated nuclei whose half-lives are usually longer than one second
can be regarded as constant during the measurement periods of foreground and background
runs. Pulse height spectra (PHS) for the foreground and the background runs are measured at
the same time with different time-gate. Pulse height spectrum without decay gamma-rays is
accurately derived subtracting the background spectrum from the foreground one.

Measurement

Prompt gamma-ray spectra were measured for both assemblies #1 and #2. The
gamma-ray spectrometers were inserted in the experimental holes of 50 mm in diameter at
four positions; 102, 356, 711 and 914 mm from the front surface of the assemblies, without a
detector adapter. The center of the scintillators was set on the central axis of the assembly.
The accelerator was operated in the arc-pulse mode with pulse width of 1.4 ms and repetition
rate of 3.9 ms. Deuteron beam current was adjusted to between 50 nA and 1 mA depending
on the measurement positions to keep the counting rates constant. The maximum counting
rate was limited about 1000 cps for sum of neutron and gamma-ray events of high-gain
circuit. Energy scale of measured pulse height spectra was calibrated with the Compton edge
of 1.275 MeV gamma-rays from Sodium-22. Signals from a high precision research pulser
were fed into the pre-amplifier to determine zero pulse height position of the ADCs.

Data Processing
Measured PHSs for high and low gains were connected to one PHS for both foreground

and background runs. The background PHSs were subtracted from the foreground PHSs.
The obtained PHSs were unfolded using the FORIST code * to derive energy spectra higher
than about 0.3 MeV. The response matrix used in the unfolding process was calculated with
the MARTHA code *”. The original MARTHA code was the gamma-ray response matrix
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calculation code for Nal(T1) Scintillator, but the cross section data in the code were replaced
for NE213 or BC3537 scintillators. The obtained gamma-ray spectra at four positions are
shown in Figs. 3.3.4 - 3.3.5 and Tables 3.3.1 - 3.3.2. The errors in the figure and tables are
statistical ones only. The FORIST code provides a window function W(E) with the spectrum.
The window function corresponds to the energy resolution of the unfolded spectrum in full
width at half maximum in percentage. If a true spectrum and an observed spectrum are
expressed as ®true(E) and Pobs(E), respectively, they are related with the next equation.

_(E‘.E')'}.%B(E')dla', (3.4.1)

- 1
@, (E) = [ ————expl -t
B =, 270 (E) CXP{ 26°(E)

where,

oy WEVE

2355

Namely, the obtained spectra are broadened ones by the Gaussian distribution with

the above standard deviation.

Error Estimnation and Results

Error sources are estimated as follows.

1. Neutron Scurce Yield +2-3%
2. Response Functions + 5%
3.  Perturbation Effect by the Counters + 5%
4.  Statistics Error +4-10%

Errors for the neutron yield include calibration errors of the small NE213 counter
used as a neutron yield monitor. Errors for response functions are estimated by measuring
gamma-rays from calibrated standard sources up to energy of 2.754 MeV*, Perturbation
effect caused by the insertion of the scintillation detectors is examined by Monte Carlo
calculations with and without detector modeling. Statistics errors are given in Tables 3.3.1 -
3.3.2. Errors except statistical ones are not included in the Tables and Fig. 3.3.4 - 3.3.5. The
overall errors are roughly about 10 %. '

Uncorrected Factors in the Measured Spectra
There are three components of parasitic and contamination gamma-rays in the measured

gamma-ray spectra.

(i) The NE213 liquid scintillator is contained in a boric-silicic glass (Pyrex glass). The
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following reaction takes place with boron-10 in the glass mainly with low energy neutrons.

YBn,o)’Li5,  'Li’ — 'Li+ 7 (0.478 MeV)
The gamma-rays of 0.478 MeV are not produced by the experimental assembly but by
the detector itself. Annihilation gamma-rays arising from electron pair creations are
seen at energy of 0.511 MeV in an usual gamma-ray spectrum. Gamma-ray peaks
observed around 0.5 MeV in the measured spectra are sums of the 0.487 MeV gamma-rays
and the annihilation gamma-rays. As the depth of detection position increases, a fraction
of low energy neutron increases and the '’B(n,a)’Li reaction occurs more frequently.
Then the contribution of 0.478 MeV gamma-rays becomes dominant around 0.5 MeV.
The organic scintillator NE213 consists of hydrogen and carbon. Hydrogen atoms emit
gamma-rays following the neutron capture reaction.

'HnyYH, *H —H+7(2.225 MeV)
These gamma-rays of 2.225 MeV also disturb the measured gamma-ray spectra. According
to another experiment, a ratio of observed gamma-rays from the “'B(n,a)’Li  reaction to
those from 'H(n,7)*H" reaction for the NE213 counter has been found to be about 20.
Hence small bumps at 2.2 MeV observed in the measured spectra at 102, 356 and 711
mm can be identified as the gamma-rays associated with the ‘H(n,'y)zH" reaction.
Target gamrha—rays, i. e., gamma-rays generated by neutron interactions with the structural
materials of the target, are emitted along with neutrons. The target gamma-rays are also
included in the measured spectra. The target gamma-rays contribute most to the spectra
at 102 mm since the position is closest to the target. According to an estimation by a
transport calculation, a fraction of a gamma-ray heating rate by the target gamma-rays to
that by gamma-rays produced by neutron reactions in the assembly is at most 5 % for
both assemblies. Contribution of the target gamma-rays is not so large even at the
closest position to the target. At the measurement positions deeper than 356 mm,
contribution of the target gamma-rays can be negligibly small (less than 1 %).

Components (i), (ii) and (iii) are included in the spectra measured with the NE213

counter for the assembly #1, while only component (iii) is in the spectra measured with the

BC537 counter for the assembly #2.
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3.4 Gamma-Ray Heating Rate

Principle of Measurement _
Gamma-ray heating rate is defined as absorbed dose of gamma-rays in a medium. To

measure the gamma-ray heating rate, a method which utilizes different kinds of
thermoluminescence dosimeters (TLD) was proposed *® by Tanaka, et al. The principle is
described in the Ref. 48), and examples of the application of the method in D-T neutron
fields are seen in Refs. 49) and 50). Here, brief explanations are given. Absorbed doses of
gamma-rays in a medium measured by different kinds of TLDs monotonously increase as a
function of effective atomic numbers of the TLDs. Hence the absorbed dose of the medium
can be derived by interpolating absorbed doses measured by different kinds of TLDs.

Irradiation

Since the atomic number of SS316 was 26.4, two kinds of TLDs whose effective
atomic numbers (Zeff) were around 26.4 were selected; MSO (Mg2SiO4, Zeff=11.1) and
SSO (Sr28i04, Zeff=32.5). These TLDs were powder form and sealed in glass capsules of 2
mm in diameter and 12 mm in length. All TLDs were calibrated by a cobalt-60 standard
gamma-ray field. After washed with ethyl alcohol, TLDs were annealed for 30 minutes at
500 °C. Four samples of each TLD were packed in a thin aluminum foil. These procedures
were adopted for both experiment of assemblies #1 and #2.

As for the irradiation for the assembly #1, one TLD package was put on the front
surface of the test region and six packages were set in the center of the hole of 100 mm x 10
mm filled with SS316 spacers in the detector adapters for TLD, which were inserted to the
experimental holes. Positions of TLD packages were -1, 102, 229, 356, 533, 711 and 914
mm from the front surface of the test region. One package was kept without irradiation for
the background estimation. The irradiation was carried out for about 3 hours with d* beam
current of 1.5 mA, and the total neutron yield was 2.26 x 10”°. About 15 minutes after the
irradiation, TLD packages were taken out from the experimental hole and kept in a dark
place. One week later from the irradiation, thermoluminescence (TL) was read out by a TLD
reader (KYOKKO 2500).

In order to give the optimum amount of doses for TLDs, two irradiations, light and
heavy irradiations, were carried out for the assembly #2. Positions of TLD packages were -1,
102, 229, 356, 533 and 711 mm for the light irradiation and 356, 533, 711 and 914 mm for
the heavy irradiation. Durations and neutron yields, of the irradiations were 12 minutes and
9.92 x 10" for the light irradiation, and 6 hours and 2.05 x 10" for the heavy irradiation. The
rest of the experimental procedure was just the same as that for the assembly #1.
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Data Processing and Results _
Average values and standard deviations of measured TL were calculated for each

group of four TLDs. Averaged TL of unirradiated TLDs, as the background, was subtracted
from that of irradiated TLDs. The obtained TL was converted to the unit of exposure dose of
“Co equivalence. In the experiment for the assembly #2, measurements at 336, 533 and 711
mm were duplicated by the heavy and light irradiations. The exposure doses per source
neutron for both irradiation agreed within their error ranges. The exposure doses by the light
irradiation were chosen for -1, 102, 229 and 345 mm positions, and those by the heavy
irradiation were for the rest of the positions.

Since TLDs were sensitive to not only gamma-rays but also neutrons, neutron
contribution on the TLDs had to be subtracted from the total TL response. The subtraction
was done as follows. The neutron contribution can be calculated by energy-integration of the
products of neutron response function and neutron flux. The used response function of each
kind of TLD as a function of energy were calculated with a code developed by Hashikura, et
al V. However, in comparison with experimental values of the response functions, significant
discrepancies between the experiment and the calculation were observed for MSO in a high
energy region. Hence the calculated response function of MSO in an energy range higher
than 4 MeV was normalized by the experimental values. The neutron response functions
used are shown in Fig. 3.4.1. The neutron energy spectra at the measurement points were
calculated by the Monte Carlo transport code MCNP. The products of the neutron response
function and the spectrum were integrated to yield neutron contribution of the TLDs in a unit
of equivalent exposure dose of ®Co. The obtained neutron contributions were subtracted
from the total responses to derive pure gamma-ray responses. Proportions of the neutron
response to the total response are presented in Table 3.4.1.

Both kinds of TLDs had been calibrated in a “’Co standard field. Obtained gamma-ray
responses on the TLDs were converted to absorbed doses. Since the atomic number of
SS316 was 26.4, absorbed dose of 88316, i.e., gamma-ray heating rate, was derived by
interpolation of absorbed dose for MSO and SSO as shown in Figs. 3.4.2 and 343, As
shown in the figures, absorbed doses measured by MSO and SSO at each position are not
different so much. Thus errors associated with the interpolation process are considered to be
small.

The gamma-rays were produced by interaction of source neutron and structural materials
of the target. In order to obtain gamma-ray heating rates only by gamma-rays produced in
the assembly, contribution of target gamma-rays to the measured gamma-ray heating rates
was estimated by an MCNP calculation. In the calculation, experimental assemblies made of
$5316 were modeled and calculated source spectrum of the target gamma-rays was used.
Gamma-ray spectrum at each measurement position was calculated and gamma-ray heating
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rate by the target gamma-rays was derived by integration of the product of the gamma-ray
spectrum and kerma factor of $S316. The obtained gamma-ray heating rate due to target
gamma-ray was subtracted from the total gamma-ray heating rate. Proportions of the target
gamma-ray were 33 and 5.3 % at -1 and 102 mm in the assembly #1, respectively, and 14 %
at -1 mm in the assembly #2. At the rest of measurement positions, contributions of target
gamma-rays were less than 3 %.

The measured gamma-ray heating rates of SS316 are presented in Table 3.4.2 and
Fig. 3.4.4.

Error Estimation
In the subtraction of neutron response and the target gamma-ray contribution, the
following errors were taken into account and added to the measured data according to the law

of error propagation.

Neutron response function 30 %
Neutron Flux 10 %
Contribution of target gamma-ray 20 %

Error sources in the measured gamma-ray heating rates were as follows.

Deviation of four TLDs (for assembly #1) 4-22 %
(for assembly #2) 3-12 %

Neutron Source yield 2 %
Calibration of the TLD reader (for assembly #1) 5 %

(for assembly #2) 10 %
Interpolation of atomic number 5 %

The error for deviation of four TLDs is considered as a random error, and the other errors are
systematic ones. The overall errors range between 14 and 22 % for assembly #1 and between

13 - 18 % for the assembly #2 depending on measurement points.
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4, Discussions
4.1 Comparison among the Measured Data

Various experimental data (neutron spectrum, neutron activation reaction rate, fission
rate, gamma-ray spectrum and gamma-ray heating) were obtained in the present experiments.
The ratios of typical experimental data to neutron flux above 10 MeV which was obtained
from the measured neutron spectrum were derived in order to examine the consistency
among the measured data. As the typical experimental data, (1) neutron flux from 10 keV to
1000 keV which was reduced from the neutron spectrum, (2) reaction rates of *Ni(n,p)*Co
[threshold energy (Eth) is 2 MeV], *Nb(n,2n)”"Nb [Eth is 9 MeV], ’In(a,n")'""In [Eth is
0.34 MeV] and "’Au(n,y)'** Au [non threshold reaction], (3) fission rate of **U [non threshold
reaction] and (4) gamma-ray heating rate were selected since they have quite different neutron
responses each other. Figures 4.1.1 and 4.1.2 show the ratios for the assemblies #1 and #2,
respectively, where all the ratios are normalized to be unity at the front surface of the test
region to clarify the difference of the profiles. The reaction rate of **Nb(n,2n)*™Nb has the
same tendency as the neutron flux above 10 MeV. The ratios of the other reaction rates and
the fission rate increase more rapidly with decrease in the threshold energy. The profile of
the neutron flux from 10 keV to 1000 keV is similar to that of the fission rate of **U. The
gamma-ray heating rate exhibits a different profile from other data. The trend of the gamma-ray
heating rate changes at the depth of about 300 mm; it is close to that of In(n,n) "™ In in the
front region and it approach to those of '*’Au(n,y)'**Au and **U(n,fission) in the rear region.
As the reason for such a trend, it is considered that the gamma-rays by threshold reactions
such as (n,2n) and {n,n’) are dominant in the front region, while the gamma-ray heating is
dominated by those produced by (n,y) reaction in the rear region. Figures 4.1.1 and 4.1.2
demonstrate the consistency of the measured data, since the measured data with sensitivity

for the similar neutron energy show the similar tendency.
4,2 Comparison of Measured Data between the Assemblies #1 and #2

Two experimental assemblies with and without the source reflector were used in these
experiments. The effects of the source reflector were examined experimentally. The neutron
spectra at the front surface of the test region in the assemblies #1 and #2 were shown in Fig.
4.2.1. Neutrons lower than 1 MeV increase eminently due to the source reflector. Figure
4.2.2 shows the ratios of the integrated neutron fluxes above 10 MeV and from 10 keV to
1000 keV, reaction rates of ““In(n,n’)""**In and "Au(n,y)"*Au, fission rate of **U and

gamma-ray heating rate in the assembly #2 to those in the assembly #1 along the center line
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of the test region. The source reflector dose not affect the neutron flux above 10 MeV at all.
The reaction-rate of '*In(n,n')!'* In, the threshold energy of which is 335 keV, increases by
30 % at the front surface of the test region, but the effect disappears inside the assembly. As
for the neutron flux from 10 keV to 1000 keV, "’ Au(n;y)'**Au and fission-rate of **U, the
ratios at the front surface of the test region are more than three and the effect remains at the
deeper positions. The ratio of the gamma-ray heating rate shows a complicated variation
with the depth. It is 1.8 at the surface but it decreases just inside the test region and increases
again. The tendency at the region deeper than 300 mm is very similar to those of reaction-rate
of 7 Au(n,y)'*® Au and fission-rate of *U. - This phenomenon is considered as followed : The
increase at the surface is due to not lower eénergy neutrons reflected in the source reflector but
gamma-rays from the source reflector. Since the direct gamma-ray from the source reflector
is shielded by the assembly itself inside the test region and the gamma-ray heating is caused
mainly by gamma-rays produced via threshold reactions such as (n,2n) and (n,n') at the front
region around 100 mm depth, the ratio of the gamma-ray heating dose not increase so much.
In the deeper positions gamma-rays produced by (n,y) reaction are the main source of the
gamma-ray heating. As the result, the tendency of the ratio of gamma-ray heating rate is
similar to those of reaction-rate of '’ Au(n,y)'**Au and fission-rate of ***U in the deeper

positions.
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5. Concluding Remarks

Bulk shielding experiments on S$S316 were performed by using the large SS316
assembly of 1200 mm in diameter and 1118 mm in thickness as one of the fusion shielding
experiments. The various experimental data for neutron and gamma-ray were obtained at the
positions of 0 to 914 mm in depth.

In-situ neutron spectra were measured not only in MeV region but also in keV and eV
regions, which were rarely measured in the previous experiments. They are the most basic
data for validation of the neutron transport calculation. Neutron activation reaction rates for
thirteen reactions with various neutron responses and fission-rates of **U and **U were also
measured. These reaction rates and fission rates are expected to serve as the neutron spectrum
index, which are complementary data to the neutron spectra. The measurement of gamma-ray
spectra and gamma-ray heating rates was performed in the present experiments. The
experimental data for gamma-ray have various informations for not only neutron transport
but also gamma-ray production, gamma-ray transport and so on. Particularly gamma-ray
heating rates will be directly related with the nuclear heating in the troidal field coils.

These experimental data are provided as benchmark data for validation of the nuclear
data and calculation codes used in nuclear design of fusion devices. The analysis by JAERI
is described in detail in the Volume II*®. The analysis using FENDL will be carried out by
the U. S. and other parties in the frame of ITER/EDA.
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Table.1.1 Shielding performance design limits in ITER/CDA.

_ Responses Design Limit
Total nuclear heating in troidal field coils [kW] 55
Peak nuclear heating in winding pack [mW/cm’] 5
Peak dose to electrical insulator [rads] 5X10°
Peak fast (E>0.1MeV) neutron fluence

to superconductor [n/cm?] 10"
Peak displacement in copper stabilizer [dpa] 6X10?
Biological dose outside cryostat one day

after shutdown [mrem/h] 0.5

Table 1.2 Recommended correction and safety factors in ITER/CDA.

1D Analysis 3D Analysis
Responses Local Integral Local Integral
Correction factors for :
Assembly gaps 1.7 1.2 —* —*
Modeling 1.3 1.3 1.1 1.1
Uncertainties in 1.4 1.3 1.4 1.3
cross section data
Safety factors for 3 2 1.5 1.4
inboard and divertor regions
Safety factors for
outboard regions >3# >2*
Safety factors for
biological shield 10 10

* Gaps included in 3-D models
# Outboard blanket/shield design dependent
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Table 2.1 Atomic number densities of $5316 in the test region and source reflector.

Material Test Region Source Reflector
C - 7.1697X10°° 1.9879X10*
Si 9.8440X10™ 8.1608X10™
P 4.3162X10° 4.8895X10°
S 1.8780X10® 4.4677X10°
Cr 1.5476X10* 1.5025X10*
Mn 9.7963X10™ 1.3561X10°
Fe 5.7589X10% 5.8332X107
Ni 9.7128X10° 9,1456X10°
Mo 1.0503X10° 1.0254X10°

* Unit is in [X 10* atoms/cm’]

Table 3.1.1.1 Systematic errors in various energy ranges. Errors expected in the ranges
below 10 MeV are originating from the response error of 14.8 MeV neutrons.

No. Energy range Efficiency Energy Neutron Response Shape Total
(MeV) Calibration  Source [ fraction™ ]

0 >10 2% +3% 2% 1 +4%
1 83-10.1 2 2 2 ~-0.02 -20%"
2 58-83 2 2 2 ~-0.01 -11%™
3 41-58 2 2 2 ~-0.001 -3.4%"
4 20- 4.1 2 2 2 ~+0.01 +3.5%"
5 11-20 2 2 2 ~+0.01 +3.5%"

*] Fraction is ratio of the error due to the response to the peak flux around 14 MeV.
*2 Example in the case of ®peat/D(E)) ~ 10.

— 34 —
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Table 3.1.1.2 Neutron spectra at’-10, 102, 228, 356, 553, 711 and 914 mm from the front
surface of the test region in the assembly #1 measured by the NE213
spectrometer. :

-10mm 102 mm 228 mm _ 356 mm

Neutron Flux Absclute Window Flux Absolute Window Flux Absolute Wimdow Flux Absolute Window
Energy [nfleth/ * Error [9%] [n/leth/ Error (%] [nAleth/ Error = [%] [nfleth/ Ermor (%]

[eV] source} source) source] source]

1.99E+6 1.99E-5 1.11E-5 36.0 1.65E-5 5.76E-6 360 4.08E-6 1.13E-6 360 747E-7 1.79E-7 353
2.10E+6 1.98E-5 3.86E-6 35.1 1.76E-5 1.97E-6 35.1 4.03E-6 3.88E-7 343 7.18E-7T 6.14E-8 332
220E+6 1.96E-5 1.52E-6 343 1.75E-5 7.10E-7 342  385E-6 141E-7 328 6.70E-7 2.26E-8 3135
232E+6 1.99E-5 1.20E-6 335 1.59E-5 5.04E-7 334 3.64E-6 9.80E-& 313 6.15E-7 157E-8 299
244E+6 2.07E-5 1.17E-6 328 1.62E-5 4.78E-7 32.6 340E-6 895E-8 302 S5.55E-7 138E-8 289
2.56E+6  2.13E-5 1.15E-6 32.0 1.53E-5 4.58E-7 31.9 3.12E-6 860E-8 29.5 4.90E-7 132E-8 289
2.69E+6 2.11E-5 1.10E-6 312 1.42E-5 4.40E-7 31.1 279E-6 8.20E-8 29.5 423E-7 1.23E-8 29.3
2.83E+6 2.03E-5 1.12E-6 305 1.30E-5 4.29E-7 304 245E-6 7.73E-8 295 3.61E-7 1.13E-8 29.5
2.98E+6 1.91E-5 132E-6 29.7 1.19E-5 4.30E-7 29.7 2.15E-6 7.55E-8 294 3.14E-7 1.08E-8 295
3.13E+6 1.81E-5 155E-6 25.0 1.10E-5 4.45E-7 29.0 193E-6 733E-8 29.0 2.84E-7 1.04E-8 29.0
329E+6 1.73E-5 1.63E-6 283 1.03E-5 4.52E-7 283 1.78E-6 707E-8 283 267E-7 9.81E-9 283
346E+6  1.64E-5 149E-6 276  9.74E-6 4.27E-7 276 1.68E-6 6.62E-8 27.6 2.59E-7 9.14E-9 27.6
363E+6 149E-5 127E-6 268  9.22E-6 3.93E-7 268 1.62E-6 6.15E-8 268 251E-7 BATE-9 268
3.82E+6 130E-5 1.14E-6 26.1 8.68E-6 3.71E-7 26.1 1.56E-6 5.78E-8 26.1 238E-7 B.O4E-9 26.1
402E+6 1.11E-5 1.18E-6 253  8.10E-6 3.70E-7 253 148E-6 5.69E-8 253 220E-7 7.84E9 253
422E+6 9.58E-6 1.28E-6 245  745E-6 3.78E-7 2435 1.39E-6 5.70E-8 245 198E-7 7.75E-9 245
444E+6 B.18E-6 136E-6 239  6.79E-6 3.83E-7 239 1.28E-6 567E-8 239 1.74E-7 T.68E-9 23.9
467E+6 6.55E-6 144E-6 233  6.18E-6 3.89E-7 233 1.14E-6 564E-§ 233  1.51E-7 7.62E-9 23.3
491E+6 4.70E-6 1.53E-6 227  5.57E-6 4.01E-7 22.7 9.91E-7 S5.69E-8 227 129E-7 7.69E-9 22.7
5.16E+6 3.18E-6 1.60E-6 222  4.85E-6 4.10E-7 222 8.55E-7 5.73E-8 222 1.16E-7 7.68E-9 22.2
542E+6 248E-6 1.72E-6 21.7 4.05E-6 4.28E-7 21.7 7.39E-7 S592E-8 21.7 1.13E-7 7.90E-9 21.7
5.70E+6  2.24E-6 1.87E-6 21.1 3.35E-6 4.51E-7 21.1 6.40E-7 6.17E-8 21.1 1.11E-7 B34EY9 21.1
599E+6 ~ 1.65E-6 198E-6 20.6 2.95E-6 4.62E-7 206 5.74E-7 624E-8 20.6 1.00E-7 845E-9 20.6
630E+6 4.09E-7 2.28E-6 200  2.88E-6 5.08E-7 20.0 548E-7 6.68E-8 20.0 8.50E-8 B93E-% 200
6.62E+6 -132E-6 261E-6 195  2.85E-6 5.68E-7 195 526E-7 7.39E.8 19.5 741E-8 9.71E-9 195
696E+6 -3.07E-6 2.69E-6 190  2.69E-6 S5.82E-7 19.0  4.87E-7 757E-® 19.0 7.20E-8 9.78E-9 19.0
732E+6 -3.63E-6 3.16E-6 1835  264E-6 6.61E-7 185 472E-7 BASE-8 185 7.28E-8 1.11E-8 185
7.69E+6 -2.27E-6 3.80E-6 180  2.76E-6 7.71E-7 18.0 473E-7 9.82E-8 18.0 6.88E-3 1.28E-8 18.0
8.09E+6 -1,19E-6 4.16E-6 17.6  2.53E-6 B8.28E-7 17.6 4.08E-7 1.06E-7 176 639E-8 135E-8 17.6
8.50E+6 -2.83E-6 4.86E-6 172  1.58E-6 9.32E-7 17.2 339E-7 1.19E-7 172 626E-8 152E-8 17.2
894E+6 -5.17E-6 6.25E-6 168  5.51E-7 1.21E-6 168 429E-7 147E-7 168 5.53E-8 190E-8 16.8
9.40E+6 4.88E-6 6.99E-6 164  8.22E-7 1.33E-6 164 5.65E-7 1.62E-7 164 4.14E-8 2.10E-8 164
9.88E+6 -3.62E-6 7.28E-6 159  2.36E-6 1.38E-6 159 479E-7 1.69E-7 159 461E-8 2.14E-8 159
1.04E+7 -2.43E-6 834E-6 155  3.05E-6 1.58E-6 155 2.93E-7 1.88E-7 155 7.52E-8 243E-8 155
1.09E+7 1.67E-6 844E-6 15.1 2.18E-6 1.57E-6 15.1 3.14E-7 1.86E-7 151 1.03E-7 238E-8 15.1
1.15E+7 9.37E-6 8.67E-6 148  238E-6 1.58E-6 14.8 534E-7 1.89E-7 148 126E-7 2.37E-§ 14.8
1.21E+7 3.44E-5 1.04E-5 145  7.56E-6 191E-6 14.5 9.11E-7 227E-7 145 1.76E-7 2.82E-8 145
1.27E+7  1.18E-4 1.09E-5 144  221E-5 2.06E-6 144 1.73E-6 2.64E-7 144 347E-7 337E.§ 144
133E+7 3.07E4 1.35E-5 144  541E-5 249E-6 144 452E-6 3.13E-7 144 7.71E-7 3.88E-8 144
1.40E+7 5.01E-4 1.69E-5 144  9.20E-5 3.18E-6 144 1.02E-5 4.07E-7 144 133E-6 539E-8 144
147E+7 4.65E4 194E-5 144  G.12E-5 4.21E-6 144 1.29E-5 6.70E-7 144 138E-6 932E-8 144
1.55E+7 2.44E-4 830E-6 144  480E-5 1.73E-6 144 7.58E-6 2.68E-7 144 7.01E-7 354E-8 144
1.63E+7 1.07E-4 984E-6 133 1.58E-5 2.03E-6 144 2.03E-6 3.24E-7 144 1.53E-7 4.66E-§ 144
1.71E+7  8.66E-5 6.90E-6 12.1 9.59E-6 1.54E-6 14.4 1.09E-6 245E-7 144 7.87E-8§ 3.51E-8 14.4
1.80E+7 5.36E-5 1.56E-6 11.0 747E-6 4.11E-7 144 1.04E-6 6.70E-8 144 8.96E-8 1.0lE-8 144
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Table 3.1.1.2 (Continued)

553mm 711 mm 914 mm

Neutron Flux  Absolute Window Flux  Absolute Window Flux  Absoluts Wimdow
Energy [nflety  Error [%] [nlethf Error [%6] [nfleth/  Ermror [%6]

[eV] source] source] source]

1.99E+6 5.59E-08 141E-08 3435 499E-09 2.07E-09 335 2.14E-09 1.07E-09 33.0
2.10E+6 5.90E-08 4.84E-09 32.0 8.47E-09 6.98E-10 302 452E-09 3.60E-10 29.1
2.20E+6 5.61E-0B 1.83E-09 29.8 8.97E-09 2.65E-10 27.1 509E-09 140E-10 253
2.32E+6 5.12E-08 1.26E-09 278 8.17E-09 1.83E-10 245 4.79E-09 944E-11 219
244E+6 4,57E-08 1.08E-09 2635 6.83E-09 1.38E-10 233 4.01E-09 6.B6E-11 193
2.56E+6 3.95E-08 1.02E08 272  523E-09 127E-10 250 2.89E-09 6.99E-11 204
2.69E+6 3.26E-08 9.55E-10 28.0 367E-09 1.14E-10 26.6 1.75E-09 5.04E-11 22.5
2.83E+6 2.63E-08 8.13E-10 28.7 2.49E-09 8.16E-11 28.2 946E-10 3.07E-11 24.3
2.98E+6 2.16E-08 7.60E-10 29.2 1.85E-09 7.59E-11 292 . 6.13E-10 3.11E-11 26.0
3.13E+6 1.89E-08 7.16E-10 29.0 1.60E-09 7.08E-11 29.0 546E-10 2.06E-11 26.7
3.29E+6 1.76E-08 648E-10 283 1.53E-09 6.13E-11 28.3 5.23E-10 1.64E-11 27.0
3.46E+6 1.66E-08 5.96E-10 27.6 147E-09 5.69E-11 27.6 4.77E-10 138E-11 263
3.63E+6 1.56E-08 5.33E-10 26.8 1.39E-09 5.25E-11 26.8 425E-10 1.17E-11 26.1
3.82E+6 1.44E-08 4.96E-10 26.1 1.28E-09 5.10E-11 26.1 3.82E-10 1.08E.11 25.6
4.02E+6 1.31E-08 4.85E-10 253 1.13E-09 5.20E-11 253 339E-10 1.03E-11 252
4.22E+6 1.18E-08 4.80E-10 24.5 9.75E-10 5.43E-11 245 2.86E-10 1.02E-11 245
4.44E+6 1.0BE-08 4.88E-10 239 8.48E-10 5.64E-11 239 2.32E-10 1.01E-11 23.9
4.67E+6 1.00E-08 490E-10 233 7.79E-10 581E-11 233 192E-10 1.00E-11 233
4.91E+6 9.19E-09 4.99E-10 227 T46E-10 6.13E-11 22.7 1.74E-10 1.02E-11 227
5.16E+6 8.17E-09 5.07E-10 222 7.11E-10 641E-11 222 1.67TE-10 1.05E-11 222
5.42E+6 7.25E-09 5.30E-10 21.7 6.82E-10 6.65E-11 21.7 1.60E-10 1.06E-11 21.7
5.70E+6 6.73E-09 S5.59E-10 211 6.92E-10 6.93E-11 21.1 1.52E-10 1.07E-11 21.1
- 5.99E+6 6.55E-09 5.76E-10 20.6 6.98E-10 7.15E-11 206 1.37E-10 1.08E-11 20.6
6.30E+6 6.08E-09 6.31E-10 20.0 6.15E-10 7.74E-11 20.0 1.14E-10 1.10E-11 200
6.62E+6 491E-09 6.97E-10 195 4.72E-10 B33E-11 195 940E-11 1.12E-i1 19.5
6.96E+6 4.00E-09 7.16E-10 19.0 3.79E-10 846E-11 19.0 9.03E-11 1.10E-11 19.0
7.32E+6 4,63E-09 B8.05E-10 185 3.52E-10 9.57E-11 185 879E-11 1.22E-11 185
7.69E+6 5.96E-09 943E-10 18.0 3.50E-10 1.09E-10 18.0 7.24E-11 134E-11 18.0
8.09E+6 5.48E-09 1.02E-09 17.6 3.48E-10 1.17E-10 17.6 5.88E-11 1.33E-11 176
8.50E+6 3.61E-09 1.07E-09 172 2.98E-10 1.22E-10 172 5.36E-11 1.37E-11 172
8.94E+6 3.35E-09 1.29E-09 1638 2.64E-10 141E-10 16.8 457E-11 1.60E-11 16.8
9.40E+6 5.22E-09 145E-09 164 398E-10 1.61E-10 164 5.02E-11 1.69E-11 164
9.88E+6 7.08E-09 147E-09 159 534E-10 1.62E-1¢ 159 697E-11 1.68E-11 159
1.04E+7 7.11E-09 1.61E-09 155 435E-10 1.76E-10 153 631E-11 181E-11 155
1.09E+7 6.47E-09 1.70E-09 15.1 3.53E-10 1.89E-10 135.1 3.89E-11 1.87E-11 151
1.15E+7 6.69E-09 1.85E-09 14.8 4.24E-10 2.05E-10 14.8 4.06E-11 1.93E-11 14.8
1.21E+7 1.23E-08 2.22E-09 1435 632E-10 245E-10 145 4.82E-11 240E-11 145
1.27E+7 3.43E-08 2.52E-09 144 1.77E-09 2.38E-10 144 445E-11 254E-11 144
133E+7 6.43E-08 297E-09 144 395E-09 3.21E-10 144 9.32E-11 336E-11 144
1.40E+7 7.03E-08 3.99E-09 144 448E-09 3.85E-10 144 2.17E-10 3.67E-11 144
1.47E+7 4.43E-08 6.21E-09 144 2.70E-09 4.91E-10 144 242E-10 4.72E-11 144
1.55E+7 1.98E-08 2.46E-09 144 1.10E-09 2.23E-10 144 8.94E-11 2.36E-11 144
1.63E+7 1.18E-08 3.03E-09 144 3.82E-10 242E-10 144  -2.52E-11 2.00E-11 144
1.711E+7 7.03E-090 230E-09 144 1.06E-10 1.68E-10 144  -238E-11 148E-11 144
1.80E+7 246E-(09 6.63E-10 144 1.77E-11 3.62E-11 144  -501E-12 335E-12 144
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Table 3.1.1.3 Neutron spectra at -10, 102, 228, 356, 553, 711 and 914 mm from the front
surface of the test region in the assembly #2 measured by the NE213
spectrometer.

-10 mm 102 mm 228 mm 356 mm

Neutron Flux Absolute Window Flux Absolute Window Flux Absolute Wimdow Flux Absolute Window
Energy [nAett/ Error [%] [nflet/y Error [%] [nfleth/ Error [%e] [nleth/ Error [%]
[eV] source] source] source] source]

199E+6 4.03E-5 1.19E-5 360  236E-5 551E-6 360 507E-6 1.07E-6 360 8.71E-7 1.60E-7 35.9
2.10E+6  3.01E-§ 4.14E-6 35.1 1.87E-5 1.90E-6 35.1 4.13E-6 3.73E-7 345 6.85E-7 5.58E-8 34.0
220E+6  2.61E-5 1.60E-6 343 1.66E-5 6.94E-7 343 3.66E-6 136E-7 33.1 591E-7 2.07E-8 323
232E+6 2.50E-5 1.25E-6 33.5 1.56E-5 4.95E.7 335 342E-6 949E-8 31.7 540E-7 141E-8 307
244E+6 2.49E-5 1.22E-6 32.8 1.50E-5 4.68E-7 32.8 3.22E-6 8.76E-8 30.6 5.02E-7 130E-8 294
256E+6 2.51E-5 1.20E-6 320  143E-5 4.50E-7 320 3.00E-6 845E-8 299 4.64E-7 1.26E-8 28.6
2.69E+6 2.48E-5 1.16E-6 312  1.35E.5 4.35E-7 312 2.74E-6 8.1SE8 297 420E-7 1.20E-8 2838
2.83E+6 241E-5 1.17E-6 3035 1.25E-5 4.29E-7 305 246E-6 7.73E-8 295 3.73E-7 1.13E-8 29.0
298E+6 2.33E-5 1.33E-6 297 1.16E-5 432E-7 29.7 2.19E-6 7.58E-8 294 3.28E-7 1L.09E-8 29.0
3.13E+6 2.28E-5 1.53E-6 290 1.09E-5 4.51E-7 29.0 1.98E-6 740E-8 29.0 292E-7 1.02E-8 289
329E+6 2.23E-5 1.60E-6 283 1.04E-5 4.55E-7 283 1.83E-6 7.18E-8 283 2.67E-7 3.51E-9 283
346E+6 2.11E-5 148E-6 276  9.94E.6 4.36E-7 276 1.73E-6 6.76E-8 276 2.52E-7 8.88E-9 27.6
363E+6 1.91E-5 1.28E-6 268  9.46E-6 3.99E-7 268 1.65E-6 6.24E-8 26.8 242E-7 B8.26E-9 26.8
382E+6 1.64E-5 1.19E-6 26.1 8.94E-6 3.73E-7 26.1 1.58E-6 5.83E-8 261 232E-7 7.88E-9 26.1
402E+6 1.38E-5 1.21E-6 253  B40E-6 3.69E-7 253 149E-6 574E-8 253 2.17E-7 7.70E% 253
422E+6 1.19E-5 1.29E-6 245  7.85E-6 3.79E-7 2435 1.39E-6 5.79E-8 245 1.98E-7 7.59E-9 24.5
444E+6 1.09E-5 137E-6 239  7.22E-6 3.B3E.7 239 1.28E-6 5.73E-8 239 1.79E-7 746E-3 23.9
4.67E+6 1.03E-5 1.44E-6 233 6.48E-6 3.83E-7 233 1.16E-6 S5.61E-8 233 1.62E-7 7.36E-9 233
491E+6 9.40E-6 1.53E-6 227  5.70E-6 3.90E-7 22.7 1.03E-6 5.66E.8 22.7 146E-7 7T45E9 2.7
5.16E+6 7.87E-6 1.59E-6 222  4.95E-6 397E-7 222 8.97E-7 573E-8 222 1.28E-7 T47E-9 222
542E+6 S5.97E-6 1.70E-6 21.7  430E-6 4.12E-7 21.7 7.58E-7 S5.86E-8 21.7 1.09E-7 7.64E-9 21.7
570E+6 4.23E-6 1.84E-6 21.1  3.74E-6 4.32E-7 211 6.53E-7 6.06E-8 21.1 9.12E-8 790E-9 21.1
599E+6 2.83E-6 1.94E-6 20.6 3.19E-6 4.4ZE-7 206 6.16E-7 6.08E-8 20.6 7.96E-8 B.02E-9 20.6
630E+6 1.54E-6 2.22E-6 200  268E-6 4.85E-7 200 6.24E-7 646E-8 200 7.61E-8 B.5CE-9 20.0
6.62E+6 2.52E-7 2.53E-6 195  237E-6 5.3BE-7 195 6.03E-7 7.08E-8 19.5 7.78E-8 9.30E-9 19.5
6§.96E+6 -9.23E-7 2.63E-6 190  237E-6 5.50E-7 190 5.18E-7 7.33E-8 19.0 7.89E-8 9.56E-9 19.0
732E+6 -1.04E-6 3.07E-6 185  251E-6 6.30E-7 185 442E-7 8.11E-8 185 7.68E-8 1.06E-8 18.5
7.69E+6 1.27E-6 3.65E-6 180  247E-6 7.36E-7 18.0  4.54E-7 931E-8 180 734E-8 121E-8 18.0
8.09E+6 3.46E-6 3.99E-6 176  2.19E-6 790E-7 176 4.70E-7 1.01E-7 176 6.76E-8 1.29E-8 17.6
8.50E+6  B8.34E-7 4.65E-6 17.2 1.76E-6 9.03E-7 17.2  4.03E-7 1.14E-7 172 6.17E-8 145E-8 17.2
8.94E+6 4.54E-6 599E-6 16.8 1.39E-6 1.14E-6 16.8 3.61E-7 143E-7 168 644E-8 1.79E-8 16.8
9.40E+6 -59SE-6 667E-6 164  142BE-6 126E-6 164  450E.7 155E-7 164 6.69E-8 196E-8 164
988E+6 -2.28E-6 6.96E-6 159 1.82E-6 1.2GE-6 15.%9 549E-7 160E-7 159 5.27E-8 2.04E-8 159
1.04E+7  2.65E-6 7.99E-6 155 1.94E-6 148E-6 155 484E-7 1.80E-7 155 4.50E.8 2.28E-8 155
1.09E+7 6.66E-6 8.07E-6 15.1 1.65E-6 148E-6 15.1 297E-7 1.78E-7 151 697E-8 2.24E-8 15.1
1.15E+7 1.19E-5 826E-6 148  232E-6 1.50E-6 14.8 2.22E-7 1.80E-7 148 1.19E-7 2.23E-8 148
1.21E+7 398E-5 985E-6 145 471E-6 1.84E-6 145 4.64E-7 221E-7 145 2.16E-7 2.64E-8 145
1.27E+7 1.36E-4 1.01E-5 144 1.19E-5 2.0BE-6 14.4 1.03E-6 2.770E-7 144 433E-7 3.01E-8 144
133E+7 3.28E-4 1.24E-5 144  3.63E-5 2.52E-6 144 3.15E-6 320E-7 144 8.55E-7 342E-8 144
140E+7 4.80E-4 1.55E-5 144  797E-5 3.26E-6 144 8.80E-6 424E-7 144 127E-6 472E-8 144
147E+7 391E4 157E5 144  9.79E-5 4.B4E-6 144 1.29E-5 738E.7 144 1.15E-6 7.61E3 144
1.55E+7 2.02E4 7.03E-6 144  6.14E-5 2.03E-6 144 8.58E-6 296E-7 144 542E-7 2.86E-§ 144
1.63E+7 1.05E4 7.72E-6 14.1 2.23E-5 2.37E-6 14.2 2.77E-6 3.61E-7 144  133E-7 3.86E-8 144
1.71E+7 6.65E-5 570E-6 139 1.39E-5 1.76E-6 14.0 1.64E-6 2.72E.7 144 735E-8 2.82E-8 144
1.80E+7 3.56E-5 143E-6 13.6 1.12E-5 4.56E-7 13.8 149E-6 741E-8 144 649E-8 7.68E-§ 144
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Table 3.1.1.3 (Continued)

553mm 711 mm 314 mm
Neutron Flux  Absolute Window Flux Absolute Window Flux  Absolute Wimdow
Energy [n/lethy  Error [%e] nAleth/ Error {%] [nfleth/  Error (%]
[eV] source) source] source]

1.99E+6 8.53E-08 131E-08 353 146E-08 1.83E-09 35.6 494E09 395E-10 344
2.10E+6 6.23E-08 4.56E-09 334 9.40E-09 641E-10 34.1 2.72E-09 1.39E-10 32.1
2.20E+6 5.05E-08 1.68E-09 319 6.96E-09 2.33E-10 33.0 1.75E-09 526E-11 30.2
2.32E+6 4.40E-08 1.14E-09 305 5.82E-09 1.53E-10 320 1.35E-09 332E-11 283
2.44E+6 395E-08 1.01E-09 294 5.20E-09 1.38E-10 31.0 1.16E-09 291E-11 263
2.56E+6 3.57E-08 9.60E-10 29.3 479E-09 1.31E-10 305 1.04E-09 287E-11 258
2.69E+6 320E-08 9.19E-10 296 ~ 4.48E-09 1.28E-10 304 9.61E-10 2.75E-11 25.0
2.83E+6 2.86E-08 B.53E-10 29.5 4.21E-09 1.25E-10 29.9 9.06E-10 2.59E-11 23.8
2.98E+6 2.58E-08 826E-10 293 3.99E-09 1.23E-10 293 8.65E-10 245E-11 23.1
3.13E+6 2.39E-08 B.04E-10 29.0 3.83E-09 123E-10 28.6 8.06E-10 231E-11 22.%
3.29E+6 2.26E-08 7.66E-10 283 3.76E-09 1.20E-10 274 7.10E-10 2.08E-11 23.1
3.46E+6 2.17E-08 7.10E-10 27.6 3.78E-09 1.13E-10 26.0 S9BE-10 1.86E-11 238
3.63E+6 2.08E-08 642E-10 2638 3.82E-09 1.09E-10 24.6 5.02E-10 1.60E-11 24.5
3.82E+6 1.98E-08 S.97E-10 26.1 3.77E-09 1.03E-10 23.6 430E-10 148E-11 249
4.02E+6 1.85E-08 5.79E-10 253 3.56E-09 1.01E-10 23.1 3.75E-10 136E-11 249
422E+6 1.70E-08 5.73E-10 2435 3.22E-09 9.79E-11 23.0 331E-10 1.24E-11 245
4 44E+6 1.53E-08 5.65E-10 23.9 2.85E-0% 9.49E-11 23.1 2.97E-10 1.20E-11 23.9
4.67E+6 1.37E-08 5.44E-10 233 2.52E-09 8.77E-11 23.0 2.62E-10 1.16E-11 23.3
4.91E+6 1.20E-08 5.56E-10 22.7 2.22E-09 8.61E-11 227 2.21E-10 1.15E-11 227
5.16E+6 1.04E-08 5.64E-10 22.2 193E-09 8§47E-11 222 1.79E-10 1.14E-11 222
5.42E+6 9.10E-09 5.835E-10 21.7 1.64E-09 848E-11 21.7 147E-10 1.11E-11 217
5.70E+6 7187E-09 6.22E-10 21.1 1.32E-09 8.62E-11 21.1 132E-10 1.13E-11 21.1
5.99E+6 6.33E-09 641E-10 20.6 1.04E-09 8.40E-11 20.6 1.22E-10 1.15E-11 206
6.30E+6 4.85E-(9 6.90E-10 20.0 8.65E-10 B8.65E-11 200 1.08E-10 1.16E-11 200
6.62E+6 434E-09 7.63E-10 19.5 7.33E-10 9.50E-11 19.5 9.48E-11 1.18E-11 19.5
6.96E+6 5.08E-09 7.85E-10 19.0 5.77E-10 9.59E-11 19.0 8.59E-11 1.20E-11 19.0
7.32E+6 6.31E-09 B8.86E-10 185 5.03E-10 1.06E-10 18.5 7.59E-11 131E-11 18.5
7.69E+6 6.95E-09 1.03E-09 18.0 5.48E-10 1.23E-10 18.0 7.33E-11 136E-11 18.0
8.09E+6 6.65E-09 1.09E-09 17.6 5.B4E-10 1.30E-10 17.6 8.46E-11 141E-11 17.6
8.50E+6 597E-09 1.14E-09 17.2 6.09E-10 1.34E-10 17.2 9.17E-11 142E-11 172
8.94E+6 5.61E-09 133E-09 168 6.73E-10 1.60E-10 16.8 7.75E-11 1.60E-11 16.8
9.40E+6 5.87E-09 1.54E-09 164 6.48E-10 1.80E-10 164 497E-11 1.71E-11 164
9.88E+6 4.88E-09 1.54E-09 159 475E-10 1.76E-10 159 244E-11 1.67E-11 159
1.04E+7 1.39E-09 1.67E-09 153 329E-10 1.88E-10 155 1.28E-11 1.76E-11 1535
1.09E+7  -433E-10 1.85E-09 151 3.10E-10 2.05E-10 15.1 3.02E-12 198E-11 151
1.15E+7 3.22E-09 2.01E-09 14.8 4.13E-10 2.23E-10 14.8 7.69E-12 2.11E-11 148
1.21E+7 1.13E-08 2.50E-09 145 7.50E-10 2.81E-10 1435 3.25E-11 2.67E-11 145
1.27E+7 2.80E-0R 2.88E-09 14.4 G.57E-10 3.74E-10 144 8.38E-11 3.19E-11 144
1.33E+7 5.56E-08 341E-09 144 1.12E-09 4.36E-10 144 142E-10 3.72E-11 144
1.40E+7 7.51E-08 4.56E-09 144 2.73E-09 6.26E-10 144 1.31E-10 S.25E-11 144
1.47E+7 6.27E-08 733E-09 144 393E-09 1.18E-05 144 4.77E-11 883E-11 144
1.55E+7 2.83E-08 2.93E-09 144 2.77E-09 4.34E-10 144 3.65E-11 334E-11 144
1.63E+7 7.31E-09 3.52E-09 144 1.45E-09 6.11E-10 144 796E-11 440E-11 144
1.71E+7 3.34E-(09 2.69E-09 144 9.03E-10 4.45E-10 144 6.87E-11 342E-11 144
1.80E+7 1.71E-09 7.75E-10 144 5.80E-10 1.28E-10 i4.4 2.83E-11 1.11E-11 144
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Table 3.1.2.1 Neutron spectra at -10, 102, 228, 356, 553, 711 and 914 mm from the front
surface of the test region in the assembly #1 measured by the proton-recoil

gas proportional counters. .

-10mm 102 mm 228 mm 356 mm
Neutron Flux Absolute Neutron Flux Absolute Neuton Flux Absolute Neutron Flux Absolute
Energy [n/leth/ Error Energy [n/leth/ Emor Energy in/leth/ Error Energy [nfleth/ Error
[e¥V] source] [e¥]  source] [eV] source] [e¥] . source]

3.10E+3 1.89E-6 1.05E-6 3.06E+3 275E-6 2.22E-6 3.02E+3 140E-6 1.62E-6 2.98E+3 1.09E-6 9.39E-7
3.24F+3 2.11E-6 1.01E-6 3.19E+3 2.04E-6 2.16E-6 3.15E+3 3.88E-6 1.55E-6 3.10E+3 2.34E-6 8.98E.7
338F+3 S5.11E-7 9.53E-7 3.33E+3 6.05E-6 2.03E-6  328E+3 4.09E-6 1.49E-6 3.24E+3 3.25E.6 8.57E-7
353E+3 2.19E-6 9.15E-7 3.48E+3 6.34E-6 2.01E-6 3.43E+3 390E-6 144E-6 3.38E+3 1.84E-6 8.32E-7
3.68E+3 1.53E-6 S88E-7 3.63E+3 2.14E-6 1.87E-6 3.58E+3 3.01E-6 139E-6 3.53E+3 1.78E-6 7.97E.7
3.84E+3 1.71E-7 856B-7 3.79E+3 239E-6 1.88E-6 3.74E+3 3.19E-6 135E-6 3.68E+3 346E-6 7.79E-7
4.01E+3 654E-8 8.38E-7 396E+3 3.02E7 182E-6 390E+3 234E-6 1.33E-6 3.84E+3 222E-6 T49E7
419E+3 1.50E-6 8.19E-7 4.13E+3 4.95E-6 1.79E-6 4.07E+3 3.79E-6 1.29E-6 4.01E+3 230E-6 7.36E-7
43%F+3 8.19B.7 8.08E-7 4.32E+3 639E-6 1.75E-6 4.25E+3 433E-6 1.25E-6 4.19E+3 2.38E-6 7.17E-7
458E+3 2.73E-7 7.98E-7 451E+3 2.05E-6 1.72E-6 4.44E+3 162E-6 123E-6 438E+3 2.74E-6 T.01E-7
4 78E+3 828E-7 7.87E-7 4.71E+3 3.99E-6 1.67E-6 4.64E+3 3.57E-6 1.21E-6  4.58E+3 2.03E-6 6.84E-7
500E+3 143E-6 7.76E-7 4.92E+3 432F-6 1.65E-6 4.85E+3 3.38E-6 1.20E-6 4.78E+3 2.00E-6 6.73E-7
5.99E+3 2.00E-6 7.88E-7 5.14E+3 436E-6 1.63E-6 S.OTE+3 254E-6 1.18E-6  5.00E+3 2.82E-6 6.63E-7
5 46E+3 -1.61E-6 7.87E-7 S5.38E+3 4.68E-6 162E-6 530E+3 4.20E-6 1.17E-6  5.22E+3 2.15E-6 6.33E-7
5.70E+3 -638E-8 8.13E-7 5.62E+3 142E-6 1.58E-6 5.54E+3 342E-6 1.15E-6 S546E+3 5.19E-7 6.48E-7
596E+3 7.52E-7 8.02E-7 5.87E+3 438E-6 1.58E-6 5.79E+3 3.25E-6 1.14E-6 5.70E+3 2.78E-6 6.43E-7
624F+3 183E-6 7.98E-7 6.14E+3 2.00E-6 1.57E-6 §6.05E+3 2.25E-6 1.13E-6  5.96E+3 2.79E-6 638E-7
6.52E+3 1.76E-6 7.87E-7 642E+3 4.19E-6 1535E-6 633E+3 5.1BE-6 1.12E-6 624E+3 2.10E-6 6.30E-7
6.82E+3 3.93E-7 7.73E-7 672E+3 398E-6 1.54E-6 6.62E+3 340E-6 1.11E-6  6.52E+3 2.40E-6 6.26E-7
7.13E+3 S$.34E.7 7.78E-7 7.03E+3 242E-6 1.54E-6 692E+3 3.21E-6 1.10E-6  6.82E+3 3.45E-6 6.20E-7
746E+3 190E-6 7.70E-7 7.35E+3 4.48E.6 153E-6 7.24E+3 364E-6 1.10E-6  7.13E+3 1.66E-6 6.15E-7
7.80E4+3 1.52E-6 7.61E-7 7.69E+3 3.77E-6 1.53E-6 7.57E+3 229E-6 1.09E-6 7.46E+3 2.08E-6 6.14E-7
8 16E+3 2.66E-6 7.63E-7 8.04E+3 1.39E-6 1.52E-6 7.92E+3 183E-6 1.10E-6 7.80E+3 2.75E-6 6.10E.7
2 54E+3 6.34E-7 7.63E-7 841E+3 3.80E-6 1.53E-6 £29E+3 4.48E-6 1.10E-6  8.16E+3 2.88E-6 6.10E-7
893E+3 3.94E-7 7.73E-7 8.80E+3 785E-6 1.54E-6 8§.87E+3 3.50E-6 1.11E-6 . 854E+3 2.66E-6 6.15E-7
935E+3 264E-6 7.84E-7 921E+3 6.20E-6 1.57E-6 G.07E+3 3.88E-6 1.13E-6 893E+3 2.72E-6 6.21E-7
0.78E+3 1.28E-6 798E-7 9.64E+3 355E-6 1.58E-6 0.49E+3 7.18E-6 1.13E-6  9.35E+3 4.35E-6 6.26E-7
1.02E+4 2.54E-6 793E.7 1.01E+4 5.06E-6 1.59E-6 9.93E+3 7.77E-6 1.15E-6 9.78E+3 4.66E.6 6.30E-7
1.07E+4 252E-6 805E-7 1.06E+4 938E-6 1.60E-6 1.04E+4 731E-6 1.15E-6 1.02E+4 4.94E-6 633E-7
1.12E+4 6.13E-7 8.07E-7 1.10E+4 929E-6 1.62E-6 1.09E+4 7.98E-6 1.16E-6 1.07E+4 5.19E-6 6.33E-7
1.17E+4 1.83E-6 B.14E-7 1.16E+4 608E-6 1.62E.6 1.14E+4 839E-6 1.16E-§ I1.12E+4 5.21E-6 6.39E-7
123E+4 2.61E-6 B.24E-7 121E+4 768E-6 1.63E-6 119E+4 799E-6 1.16E-6 1.17E+4 5.26E-6 6.43E-7
1.29E+4 2.89E.6 B8.28E-7 127E+4 7.67E-6 1.65E-6 1.25E+4 7.08E-6 1.17E-6 123E+4 5.82E-6 645E.7
135E+4 9.04E-7 837E-7 133E+4 6.82E-6 1.65E-6 131E+4 6.75E-6 1.18E-6  1.29E+4 445E-6 6ARE-7
141E+4 1.65E-6 BATE-7T 1.39E+4 9.18E-6 1.67E-6 137E+4 7.86E-6 1.18E-6 135E+4 3.84E-6 6.53E-7
148F+4 2.04E-6 8.62E-7 145E+4 7.36E-6 1.69E-6 143E+4 6.25E-5 1.20E-6 141E+4 3.83E-6 6.59E-7
155B+4 239E-6 8.70E-7 1.52E+4 2.59E-6 1.69E-6 1.50E+4 631E-6 1.21E-6 1.48E+4 3.94E-6 6.68E-7
1.62E+4 2.46E-6 8.80E-7 159E+4 4.75E-6 1.74E-6 1.57E+4 440E.6 1.23E-6 1.55E+4 4.12E.6 6.74E-7
1.69E+4 -2.23E-7 894E-7 1.67E+4 6.03E-6 1.75E-6 1.64E+4 5.80E-6 1.24E-6  1.62E+4 4.65E-6 6.79E-7
1.77E+4 2.28E-6 9.08E-7 1.75E+4 837E-6 1.78E-6 1.72E+4 6.72E-6 1.26E.6 1.69E+4 5.09E-6 6.87E-7
186E+4 150E-6 9.24E-7 1.83E+4 883E.6 1.79E-6 180F+4 596E-6 1.28E-6 1.77E+4 4.33E-6 6.93E-7
195E+4 243E-6 $32E-7 192E+4 7.91E-6 1.82E-6 1.89E+4 924E-6 1.29E-6  1.86E+4 4.55E-6 7.03E-7
2 04E+4 2.85E-6 947E-7 2.01E+4 9.09E-6 1.84E-6 198E+4 1.06E-5 1.29E-6 1.95E+4 691E-6 7.08E.7
213E+4 437FE-6 948E-7 2.10E+4 1.i8E-5 1.86E-6 2.07E+4 1.33E.5 130E-6 2.04E+4 7.65E-6 7.12E.7
294E+4 341E-6 957E-7 220E+4 127E-5 187E-6 2.17E+4 136E-5 130E-§ 2.13E+4 932E-6 7.10E-7
234F+4 4.22E-6 956E-7 231E+4 1.64E-5 1.87E.6 227E+4 1.50E-5 130E-6 224E+4 9.56E-6 7.12E-7
9 45E+4 3.70E-6 9.71E-7 241E+4 1.93E-5 1.86E-6 238E+4 1.67E5 1.29E-6 2.34E+4 1.10E-5 7.06E-7
2576+ 354E-6 9.70E-7 2.53E+4 1.84E-5 1.86E-6 249E+4 1.77E-5 1.29E-6 245E+4 1.30E-5 697E-7
2.69E+4 345E-6 9.86E-7 2.65E+4 146E-5 1.86E-6 2.61E+4 1.64E-5 1.28E-6 2.57E+4 1.22E-5 6.87E.7
282E+4 130E-6 995E-7 277E+4 1.10E-5 1.87E.6 2.73E+4 122E-5 128E-6 2.69E+4 7.63E-6 6.82E-7
2 95E+4 2.27E-6 1.02B-6 291E+4 538E-6 189E-6 2.86E+4 6.17E-6 120E-6 2.82E+4 5.78E-6 6.86E-7
309E+4 3.02E-6 1.03E-6 3.04E+4-1.19E-6 1.94E-6 3.00E+4 2.55E-6 131E-6 2.95E+4 3.21E-6 6.96E7
394F+4 3.66E.8 1.06E-6 3.19E+4 S5.82E-6 199E-6 3.14E+4 441E-6 1.34E-6 3.09E+4 222E-6 7.07E-7
339E+4 -338E-8 108E-6 334E+4 755E-6 2.03E-6 3.29E+4 823E-6 136E-6 3.24E+4 223E-6 723E-7
355E+4 2.92E-6 1.11E-6 3.50E+4 8.87E-6 2.06E-6 345E+4 7.72E-6 1.39E-6 3.39E+4 440E-6 7.39E-7
3772E+4 3.89E-6 1.13E-6 3.67E+4 1.12E-5 2.10E-6 361E+4 6.12E-6 141E-6  3.55E+4 5.13E-6 747E-7
390E+4 2.62E-6 1.15E-6 3.84E+4 1.08E-5 2,12E-6 3.78E+4 TA49E-6 1.44E-6 3.72E+4 549E-6 7.60E-7
4.09E+4 224E-6 1.18E-6 4.02E+4 1.07E-5 2.16E-6 3.96E+4 1.15E-5 145E-6 3 90E+4 7.17E-6 7.66E-7
428E+4 407E-6 120E-6 4.21E+4 1.51E-5 220E-6 4.15E+4 120E-5 148E-6 4.09E+4 8.10E-6 7.75E-7
4.48E+4 432E-6 1.22E-6 442E+4 189E-5 220E-6 435E+4 135E-5 1.49E.6 4.28E+4 8.87E-6 7.81E-7
4770E+4 S5.00E-6 1.23B-6 4.63E+4 1.53E-5 223E-6 4.55E+4 144E-5 1.50E-6 4.48E+4 8358E-6 7.85E-7
4972E+4 3.53E-6 1.26E-6 485E+4 1.10E-5 2.27E-6 4.77E+4 1.40E.5 1.52E-6 4.70E+4 5.30E-6 7.90E-7
516E+4 233E-6 1.28E-6 5.08E+4 1.05E-5 230E-6 S.00E+4 146E-5 1.53E-6 492E+4 8.42E-6 797E-7
5 40E+d 457E-6 131E-6 S32E+4 1.53E-5 235E-6 S524E+4 1.18E.5 155E-6 5.16E+4 8.57E-6 8.03E-7
566E+4 SSAE-6 134E-6 S5.57E+4 2.06E-5 239E-6 549E+4 122E-5 1.58E-6 540E+4 7.99E-6 8.13E-7
593E+4 551E-6 1.36E-6 5.84FE+4 1.98E-5 240E-6 S5.75E+4 148E-5 1.59E-6 5.66E+4 8.13E-6 8.19E.7
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Table 3.1.2.1 (Continued-1)

-10 mm 102 mm 228 mm 356 mm
Neutron Flux Absolute Neutron Flux Absolute Neutron Flux Absolute Neutron Flux Absolute
Energy [nfleth/ Error Energy [n/leth/ Error Energy [nfleth/ Error Energy [n/leth/ Ermor
[e¥V] source] [eV]  source] [eV] source] [eV] source]
§21E+4 486E-6 139E-6 612E+4 1.95E-5 244E-6 6.02E+4 1.80E-5 1.60E-6 593E+4 9.89E-6 §31E-7
651E+4 7.88E-6 1.40E-6 641E+4 1.64E-5 247E-6 6.31E+4 197E-5 1.62E-6 6.21E+4 1.22E-5 832E-7
6.82E+4 S9SE-6 1.43E-6 6.72E+4 2.05E-5 2.50E-6 6.61E+4 1.76E-5 1.63E-6 6.51E+4 1.06E-5 8.37E-7
715E+4 627E-6 1.44E-6 7.04E+4 2.07E-5 2.54E-6 6.93E+4 199E5 1.64E-6 6.82E+4 1.02E-5 8ASE-7
7A9E+4 777E-6 148E-6 737E+4 2.16E-5 2.56E-6 726E+4 1.73E-5 1.65E-6  7.15E+4 1.16E-5 BARE-7
785E+4 7.92E.6 149E-6 7.73E+4 230E-5 261E-6 7.61E+4 1.73E-5 1.67E-6 749E+4 1.22E-5 8.52E-7
8 27E+4 1.07E-5 1.52E-6 8.10E+4 24%E-5 263E-6 797E+4 2.16E-5 1.69E-6  7.85E+4 140E-3 B.33E-7
2.67E+4 637E-6 1.54E-6 848E+4 247E.5 2.68E-6 835E+4 2.20E-5 1.69E-6 8.22E+4 142E-5 8.52E-7
9.03E+4 426E-6 157E-6 8.89E+4 2.61E-5 2.69E-6 875E+4 197E-5 1.72E-6 8.62E+4 1.13E-5 8.57E-7
9.46E+4 5.86E-6 1.62E-6 931E+4 222E5 2.74E-6 9.17E+4 1.68E.5 1.73E-6  9.03E+4 1.05E-5 8.62E-7
991E+4 6.78E-6 1.65E-6 9.76E+4 1.76E-5 2.78E-6 9.61E+4 162E-5 1.75E-6 9.46E+4 956E-6 8.72E-7
1.04E+5 6.13E-6 1.69E-6 1.02E+5 1.85E.5 2.84E-6 1.01E+5 1.88E-5 1.78E-6  9.91E+4 B.09E-6 B.86E-7
1.09E+5 7.36E-6 1.73E-6 1.07E+5 2.54E-5 2.88E-6 1.06E+5 1.80E-5 1.81E-6 1.04E+5 1.03E-5 8.94E-7
114E+5 1.06E-5 1.77E-6 1.12F+5 2.82E-5 2.94E-6 1.11E+5 240E-5 1.82E-6 1.09E+5 133E-5 9.06E-7
120E+5 139E-5 1.79E-6 1.18E+5 3.20E-S 298E-6 1.16E+5 2.82E-5 1.83E-6  1.14E+5 1.39E-5 5.06E-7
125E+5 1.42E-5 1.86E-6 123E+5 398E-5 3.02E-6 121E+5 291E-5 186E-6 1.20E+5 L71E-5 9.13E-7
1.31E+5 1.66E-5 1.89E-6 1.29E+5 4.75E-5 309E-6 1.27E+5 3.78E-5 1.87E-6 1.25E+5 2.19E-5 9.10E-7
1.38E+5 1.55E-5 1.96E-6 135E+5 4.74E-5 3.14E-6 1.33E+5 3.69E-5 1.88E-6  131E+5 2.14E-5 9.18E-7
144E+5 130E-5 2.01E-6 142E+5 3.54E-5 323E-6 140E+5 2.68E-5 1.93E-6 138E+5 1.73E-5 9.17E-7
151E+5 1.08E-5 2.08E-6 149E+5 3.26E-5 332E-6 146E+5 2.07E-5 1.97E-6 144E+5 137E-5 934E.7
158E+5 1.73E-5 247E-6 1.53E+5 3.29E5 330E-6 1.5iE+5 241E-5 157E-6 1.51E+5 9.76E-6 9.59E-7
1.65E+5 1.62E-5 245E-6 1.60E+5 2.95E-5 3.26E-6 1.58E+5 294E-5 1.52E-6 1.58E+5 1.34E-5 745E.7
173E+5 220E-5 241E-6 1.68E+5 3.54E-5 3.22E-6 165E+5 2.85E.5 1.48E-6  1.65E+5 144E-5 7.23E.7
181E+5 1.85E-5 241E-6 1.76E+5 4.58E-5 3.17E-6 1.73E+5 2.78E-5 145E-6  1.73E+5 157E-5 T.4E.7
190E+5 1.77E-5 239E-6 1.84E+5 490E-5 3.11E-6 181E+5 3.15E-5 141E-6 181E+5 1.57E-5 6.86E-7
1.99F+5 1.89E-5 237E-6 1.93E+5 3.88E-5 3.06E-6 1.90E+5 293E-5 1.39E-6 1.90E+5 1.40E-5 6.68E-7
209E+5 1.82E-5 237E-6 2.02E+5 4.03E-5 3.02E-6 199E+5 243E-5 136E-6 1.99E+5 1.23E-5 654E-7
2 19E+5 2.25E-5 236E-6 2.12E+5 4.02E-5 299E-6 2.09E+5 2.55E-5 1.34E-6  2.09E+5 131E-5 643E.7
9 99E+5 220E-5 235E-6 2.22E+5 449E-5 298E-6 2.19E+5 2.77E-5 1.33E-6  2.19E+5 1.40E-5 6.34E-7
2 ADE+5 2.56E-5 235E-6 233E+5 422E-5 295E-6 2.29E+5 266E-5 1.31E-6  2.29E+5 1.43E-5 6.22E-7
2 489E+5 2.31E-5 2.35E-6 244E+5 3.95E-5 2.94E-6 240E+5 3.09E-5 1.30E-6 240E+3 1.57E-3 6.11E-7
2 64E+5 2.74E-5 235E-6 2.56E+5 S5.07E-5 292E-6 2.52E+5 3.54B-5 1.29E-6  2.52E+35 1.68E-5 5.98E-7
277E+5 3.29E-5 2.34E-6 268E+5 5.82E-5 2.80E-6 2.64E+5 3.94E-5 1.25E-6  2.64E+5 1.92E-5 5.82E-7
2 Q0E+5 335E.5 232E-6 281E+5 620E-5 2.85E-6. 2.77E+5 397E-5 1.23E-6 2.77E+5 195E-5 5.63E.7
3 04E+5 3.60E-5 231E-6 294E+5 634E-5 280E-6 2.90E+5 3.84E-5 1.20E-6  2.90E+5 1.95E-5 5.44E-7
3.18%E+5 3.33E.5 231E-6 3.09E+5 7.09E-5 276E-6 3.04E+5 4.35E-5 1.17E-6  3.04E+5 2.13E-5 5.21E-7
334E+5 3.08E.5 230E-6 323E+5 638E-5 2.73E-6 3.18E+5 4.18E-5 1.13E-6  3.18E+5 1.84E-5 5.02E-7
350E+5 3.96E-5 232E-6 339E+5 5.92E-5 2.69E-6 334E+5 3.69E-5 1.11E-6 3.34E+5 1.55E-3 4.85E-7
3 66E+5 3.56E.5 234E-6 3.55E+5 6.47E-5 2.68E-6 3.50E+5 3.74E-5 1.09E-6 3.50E+5 1.70E-3 4.71E-7
3 84E+5 324E.5 236E-6 3.72E+5 6.73E-5 2.68E-6 3.66E+5 3.76E-5 1.07E-6  3.66E+3 1.58E-5 4.60E-7
4.02E+5 -2 94E-5 240E-6 390E+5 SA40E-5 2.68E-6 3.84E+5 335E-5 1.06E-6 3.84E+5 133E-5 449E-7
4.92E+5 2.95E-5 242E-6 4.09E+5 485E-5 2.68E-6 4.02E+5 2.76E-5 1.05E-6 4.02E+5 1.14E-5 441E-7
4.47F+5 3.06E-5 247E-6 428F+5 525E-5 2.69E-6 4.22E+5 2.65E-5 1.04E-6 4.22E+5 1.01E-5 436E-7
4 63E+5 3.04E-5 251E-6 449E+5 551E-S 270E-6 442E+5 2.83E-5 1.04E-6 4.42E+5 1.08E.5 431E-7
4.85E+5 446E-5 254E-6 4.70E+5 536E-5 270E-6 4.63E+5 2.73E-5 1.03E-6 4.63E+5 1.07E-5 425E-7
S O8E+5 4.72E-5 2.61E-6 493E+5 592E-5 273E-6 4.85E+5 3.13E-5 1.02E-6 4.85E+5 1.17E.5 4.18E-7
531E+5 478E-5 266E-6 S5.16E+5 6.68E-5 275E-6 S.08E+5 335E-5 1.02E-6 5.08E+5 1.25E-5 4.14E-7
558E+5 5.10E.5 273E-6 S.41E+5 697E-5 280E-6 5.33E+5 328E-5 1.02E-6  533E+5 1.21E-5 4.09E-7
5 85E+5 5.60E.5 2.76E-6 5.67E+5 7.00E-5 2.80E-6 5.58E+3 3.56E-5 1.01E-6 5.58E+5 1.28E-5 4.00E.7
6.13E+5 6.05E-5 2.84E-6 S5.G4E+5 7.38E-5 2.83E-6 5.85E+5 349E-5 9.97E-7  5.85E+5 1.30E.5 3.90E-7
6.43E+5 5.85E-5 2.87E-6 6.23E+5 7.88E-5 2.83E-6 6.13E+5 3.58E-5 9.80E-7  6.13E+3 1.27E-5 3.75E.7
6 73E+5 5.74E-5 292E-6 6.53E+5 7.11E-5 2.83E-6 643E+5 3.34E-5 9.59E-7  643E+5 1.11E-5 3.60E-7
7.06E+5 5.19E-5 2.98E-6 6.84E+5 630E-5 2.83E-6 6.73E+5 286E-5 942E.7  6.73E+5 9.01E-6 345E-7
7.40E+5 438E-5 3.06E-6 7.17E+5 5.85E-5 2.85E-6 T.06E+5 242E-5 9.22E-7 T7.06E+5 748E.6 3.33E-7
775E+5 4.12E-5 3.14E-6 7.51E+5 5.05E-5 2.89E-6 740E+5 2.07E-5 9.18E-7 . 7.40E+5 5.96E-6 3.26E-7
2.12E+5 4.16E-S 3.27E-6 7.87E+5 S524E-5 292E-6 7.75E+5 1.75E-5 9.15E-7  7.75E+5 5.02E-6 3.22E-7
8.51E+5 4.58E-5 337E-6 825E+5 5.07E-S 297E-6 8.12E+5 1.79E-5 9.13E-7  8.12E+5 4.84E-6 3.17E-7
892E+5 5.11E-5 347E-6 8.65E+5 4.81E-5 3.02E-6 8.51E+5 1.69E-5 9.19E-7  8.51E+5 4.86E-6 3.14E-7
935E+5 5.10E-5 3.57E-6 9.06E+5 5.36E-5 3.04E-6 8.92E+5 1.70E-5 9.09E-7 8.92E+5 4.30E-6 3.07E-7
9.80E+5 5.63E-3 3.66E-6 9.50E+5 545E-5 3.07E-6 9.35E+3 1.67E-5 9.17E-7  9.35E+5 4.29E.6 3.03E-7
1.03E+6 6.59E.5 3.76E-6 995E+5 5.15E-5 3.08E-6 9.80E+5 1.65E-5 8.90E-7 9.80E+5 4.04E-6 2.94E-7
1.04E+6 4.81E-5 3.09E-6 1.03E+6 1.59E-5 8.91E-7 1.03E+6 3.58E-6 2.84E-7
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Table 3.1.2.1 (Continued-2)

553mm - 711mm 914 mm

Neutron Flux  Absolute Neutron Flux  Absolute Neuwron  Flux
Energy [n/leth/ Ermor Energy [nflety Emor  Energy [n/leth/

[eV] source] [eV] source] [eV]  souxce]
2.98E+3 9.84E-7 3.65E-7 3.02E+3 3.50E-7 8E-7 3.02E+3 1.03E-7
3.10E+3 1.24E-6 3.52E-7 3.15E+3 231E-7 1E-7  3.15E+3 144E-7
3.24E+3 6.80E-7 337E-7 3.28E+3 4.07E-7 6E-7 3.28E+3 141E-7
338E+3 9.28E-7 324E-7 343E+3 4.71E-7 2E-7 . 3.43E+3 9.13E-8
3.53E+3 1.97E-6 3.12E-7 3.58E+3 442E-7 7E-7 3.58E+3 947E-8
3.68E+3 9.34E.7 3.02E-7 3.74E+3 448E-7 3E-7 3. 74E+3 1.00E-7
3.84E+3 8.54E-7 293E-7 390E+3 435E-7 0E-7 3.90E+3 9.60E-8
4.01E+3 1.21E-6 2.85E-7 4.07E+3 2.25E-7 8E-7 4.07E+3 1.06E-7
4.19E+3 935E-7 2.79E-7 4.25E+3 3.64E-7 SE-7  4.25E+3 1.29E.7

™
]

4.44E+3 B8.08E-8
4.64E+3 7.74E-8
4.85E+3 1.16E-7
5.07E+3 1.18E-7
530E+3 143E-7
5.54E+3 1.08E.7
5.79E+3 4.87E-8
6.05E+3 1.09E-7

438E+3 745E-7 2.73E7 4.44E+3 6.18E-7
4.58E+3 9.86E-7 2.69E-7 4.64E+3 3.81E-7
4.78E+3 8.22E-7 2.65E-7 485E+3 1.56E-7
5.00E+3 148E-6 2.59E-7 5.07E+3 4.10E-7
5.22F+3 1.04E-6 255E-7 5.30E+3 4.33E7
5.46E+3 3.82E-7 2.51E-7 5.54E+3 4.81E-7
5.70E+3 1.27E-6 2.51E-7 5.79E+3 3.58E-7
596E+3 1.22E-6 247E-7 6.05E+3 4.19E-7

Tt o 7 {73 L1 £ et £ et 2t
ooccooonoooooomoooomonouooocoooommoaoommmmmmmwwmmmmmmmmmmmquq

6.24E+3 1.03E-6 245E-7 6.33E+3 5.66E-7 E- 6.33E+3 1.25E-7
6.52E+3 742E-7 244E-7 6.62E+3 3.63E-7 E- 6.62E+3 1.21E-7
6.82E+3 1.03E-6 2.44E-7 6.92E+3 374E-7 E- 6.92E+3 1.15E-7
7.13E+3 134E-6 241E-7 7.24E+3 3.83E-7 E- 7.24E+3 6.92E-8
746E+3 1.24E-6 239E-7 7.57E+3 4.62E-7 E 7.5TE+3 B.54E-8
7.80E+3 997E-7 237E-7 7.92E+3 2.38E-7 E- 7.92E+3 1.26E-7
8.16E+3 7.83E-7 237E-7 8.29E+3 4.36E.7 E- 8.29E+3 131E-7
8.54F+3 1.05E-6 239E-7 8.67E+3 6.34E-7 E- 8.67E+3 1.01E-7
8.93E+3 1.61E-6 242E-7 9.07E+3 4.52E-7 E- 9.07E+3 1.60E-7
935E+3 1.42E-6 244E-7 949E+3 6.19E-7 E- 9.49E+3 2.18E-7
9.78E+3 2.06E-6 246E-7 993E+3 7.23E.7 E- 9.93E+3 1.93E-7
1.02E+4 2.52E-6 247E-7 1(4E+4 B8.63E.7 E- 1.04E+4 1.78E-7
1.07E+4 2.48E-6 246E-7 1.09E+4 9.58E-7 E- 1.09E+4 229E-7
1.12E+4 2.54E-6 247E-7 1.14E+4 8.65E.7 E- 1.14E+4 234E-7
1.17E+4 195E-6 247E-7 1.19E+4 7.30E-7 E 1.19E+4 234E.7
1.23E+4 2.22E-6 249E-7 1.25E+4 785E-7 E- 125E+4 2.01E-7
1.29E+4 1.87E-6 2.51E-7 131E+4 832E-7 E- 1.31E+4 2.08E-7
1.35E+4 195E-6 2.53E.7 1.37E+4 6.29E-7 - 137E+4 191E-7
1.41E+4 228E-6 2.55E-7 143E+4 788E-7 - 1.43E+4 1.57E-7

1.50E+4 2.21E-7
1.57E+4 1.80E-7
1.64E+4 8.48E-8
1.72E+4 192E-7
1,80E+4 2.36E-7
1.89E+4 3.19E-7
1.98E+4 3.52E.7
2.07E+4 3.19E-7
2.17E+4 3.44E-7
2.27E+4 4.24E-7
2.38E+4 5.04E-7
2.49E+4 4.84E-7

148FE+4 1.68E-6 2.56E-7 1.50E+4 7.25E-7
1.55E+4 2.11E-6 259E-7 1.57E+4 645E-7
1.62E+4 1.87E-6 2.61E-7 1.64E+4 6.86E-7
1.69E+4 1.30E-6 2.65E-7 1.72E+4 6.61E-7
1.77E+4 2.03E-6 2.68E-7 1.80E+4 8.20E.7
1.86E+4 2.73E-6 2.70E-7 1.89E+4 BA46E-7
1.95E+4 335E-6 2.70E-7 198E+4 1.17E-6
2.04E+4 3.70E-6 2.70E-7 207E+4 1.27E-6
2.13E+4 3.86E-6 2.69E-7 2.17E+4 145E-6
224E+4 442E-6 2.68E-7 227E+4 1.85E.6
234E+4 501E-6 2.65E-7 23BE+4 194E-6
245E+4 5.34E-6 2.61E-7 249E+4 1.86E-6

P N N N I I e el N e e N el LN

03 G0 LN L) WD D 00 €0 D~ €3 = B R Oh 00 L3 Gd U La ~d MO =] L3 \D — 00 00 00 O P L3 \D G 1 Lo L ] O ] = 0

£ £ ¥ [ 79 £ £ [ Em e

€1 v £ b1 € e £

L ]

e 001D 1010101010 10 151010 10101010 1010 10 10 1010 10101010 10 10 X0 10 10101010 1010 09 00 00 00 90101010 1030 010100 1 i e e i
OO b LA~ ~1N\D 0O B0 - A xoow o wox_m o m

2.57E+4 496E-6 2.56E-7 2.61E+4 1.65E-6 - 2.61E+4 4.42E-7
269E+4 4.02E-6 253E.7 2.73E+4 1.18E-6 - 2.73E+4 2.77E-7
282E+4 2.55E-6 2.54E-7 2.86E+4 6.07E-7 2.86E+4 1.55E-7
295E+4 8.04E-7 2.58E-7 3.00E+4 537E-7 9.1 3.00E+4 1.21E-7
3.09E+ 1.15E-6 2.60E-7 3.14E+4 4.08E-7 9.33E 3.14E+4 9.23E-8
324E+4 1.68E-6 2.66E-7 3.29E+4 4.89E-7 9.44E 329E+4 1.16E-7
339E+4 1.26E-6 2.70E-7 345E+4 621E-7 9.62E-8§ 3.45E+4 1.74E.7
3.55E+4 2.14E-6 2.73E-7 3.61E+4 5.89E-7 9.75E-8 3.61E+4 1.36E-7
3.72E+4 230E-6 2.78E-7 3.78E+4 741E.7 9.89E-8 3.78E+4 233E-7
1.90E+4 2.53E-6 2.82E-7 3.96E+4 9.90E.7 9.99E-8 3.96E+4 242E-7
4.09E+4 321E-6 2.83E-7 4.15E+4 1.23E-6 1.00E.7 4.15E+4 2.76E-7
428E+4 3.77E-6 2.87E-7 435E+4 134E-6 9.99E-§ 4.35E+4 2.88E.7
448E+4 3.75E-6 2.85E-7 4.55E+4 136E-6 9.99E-8 4.55E+4 3.21E.7
470E+4 396E-6 288E-7 4.77E+4 130E-6 9.99E-8 4.77E+4 3.69E-7
492E+4 337E-6 288E-7 5.00E+4 1.06E-6 1.00E-7 S5.00E+4 327E-7
5.16E+4 335E-6 290E-7 5.24E+4 1.11E-6 1.01E-7 5.24E+4 2.799E-7
SADE+4 347E-6 2.92E-7 549E+4 1.07E-6 1.02E-7 549E+4 231E-7
5.66E+4 3.63E-6 2.94E-7 575E+4 1.21E-6 1.02E-7 5.75E+4 3.10E-7

=3
[Y1 T¥3 71 Y £x1 £ £ (i i k)
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o0 0O 00 DO RO 00 G0 GO 00 GO OO 0O
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Table 3.1.2.1 (Continued-3)

553mm 711 mm 914 mm

Neutron Flux Absolute Neutron Flux  Absolute Neutron Flux  Absolute
Energy [n/leth/ Error Energy [nfleth/ Error Energy [n/leth/ Ermor

[eV] source] [eV] source] [eV] source] .

5.93E+4 3.97E-6 2.95E-7 6.02E+4 1.50E-6 1.02E-7 6.02E+4 3.25E-7 247E-8
6.21E+4 435E-6 2.97E-7 631E+4 1.37E-6 1.02E-7 6.31E+4 337E-7 2.47E-8
6.51E+4 4.63E-6 2.98E-7 6.61E+4 137E-6 1.02E-7 6.61E+3 346E-7 247E-8
6.82E+4 4.25E-6 297E-7 6.93E+4 144E-6 1.02E-7- 6.93E+4 3.52E-7 246E-8
7.15E+4 4.60E-6 2.97E-7 7.26E+4 1.69E-6 1.02E-7 7.26E+4 3.98E-7 2435E-R
TAQE+4 4.85E-6 2.98E.7 7.61E+4 1.53E-6 1.01E-7 7.61E+4 3.72E-7 2.42E-8
TRSE+4 498E-6 2.98E-7 797E+4 1.74E-6 1.00E-7 7.97E+4 4.02E-7 240E-8
§.22E+4 5.39E-6 2.95E-7 835E+4 1.85E.6 9.92E-8 835E+4 4.11E-7 2.36E-8
8.62E+4 5.13E-6 294E-7 8.75E+4 131E-6 9.86E-8 8.75E+4 3.58E-7 233E-8
9.03E+4 3.80E-6 295E-7 9.17E+4 1.13E-6 990E-8 G.17E+4 2.81E-7 232E-8
9.46E+4 347E-6 297E-7 9.61E+4 1.03E-6 9.95E-8 9.61E+4 2.71E-7 2.34E-3
991E+4 330E-6 3.00E-7 1.01E+5 1.19E-6 1.00E-7 1L.OIE+S 2.54E-7 2.34E-8
1.04E+5 3.67E-6 3.04E-7 106E+5 127E-6 1.01E-7 1.06E+5 2.81E-7 2.35E-8
1.09E+5 4.44E-6 3.04E-7 1.11E+5 149E-6 1.00E-7 1.11E+5 344E-7 2.32E-8
1.14E+5 5.97E-6 3.04E-7 1.16E+5 1.78E-6 9.95E-8 1.16E+3 4.06E-7 231E-8
1.20E+5 6.43E-6 3.02E-7 121E+5 2.17E-6 9.80E-8 1.21E+5 4.64E-7 2.27E-8
1.25E+5 7.50E-6 3.02E-7 127E+5 2.28E-6 9.68E-8 1.27E+5 542E-7 2.22E-2
1.31E+5 7.81E-6 2.97E-7 133F+5 2.19E-6 9.49E-8 133E+5 5.03E-7 2.17E-&
1.38E+5 6.27E-6 2.97E-7 140E+5 1.75E-6 G44E-8 140E+5 333E-7 113E-8
1.44E+5 447E-6 298E-7 146E+5 1.13E-6 9.44E-8 146E+5 2.52E-7 2.13E-8
1.51E+5 3.33E-6 3.06E-7 151E+5 1.29E-6 636E-8 1.53E+5 2.28E-7 2.15E-8
1.58E+5 3.99E-6 2.10E-7 1.58E+S 1.06E-6 6.14E-8 1.55E+5 2.65E-7 1.33E-8
1.65E+5 4.70E-6 2.02E-7 1.65E+5 122E-6 5.91E-8 1.63E+5 2.76E-7 1.30E-8
1.73E+5 S.15E-6 1.96E-7 1.73E+5 142E-6 5.71E-8 1.71E+5 2.72E-7 1.24E-8
1.81E+5 S.28E-6 1.88E-7 1.81E+5 142E-6 549E-8 1.79E+5 3.00E-7 1.19E-8
1.90E+5 4.00E-6 1.84E-7 190E+5 1.09E-6 5.28E-8 1.87E+5 2.48E-7 1.14E-8
199E+5 3.45E-6 1.79E-7 199E+5 9.67E-7 5.13E-8 196E+5 202E-7 1.10E-8
209E+5 447E-6 1.7SE-7 2.09E+5 1.17E-6 5.01E-8 2.06E+5 2.08E-7 1.08E-8
2.19E+5 444E.6 1.72E-7 2.19E+5 1.26E-6 4.84E-8 2.15E+5 2.28E-7 1.04E-8
2.99E+5 4.56E-6 1.6TE-7 229E+5 1.08E-6 4.68E-8 2.26E+5 245E-7 1.00E-8
2ADE+S 477E-6 1.63E-7 240E+5 1.21E-6 4.52E-8 2.37E+5 2.39E-7 9.63E-9
2.52E+5 5.25E-6 1.57E-7 252E+5 141E-6 433E-8 248E+5 251E-7 9.24E-9
2.64E+5 S91E-6 1.51E-7 2.64E+5 1.49E-6 4.12E-8 2.60E+5 2.75E-7 8.77E-9
2.77E+5 5.56E-6 144E-7 277E+5 1.36E-6 3.90E-8 2.72E+5 2.88E-7 8.23E-0
290E+5 5.61E-6 1.38E-7 290E+5 1.27E-6 3.67E-8 2.85E+5 2.60E-7 7.70E-9
3.04E+5 5.82E-6 130E.7 3.04E+5 143E-6 345E-8 2.99E+5 2.51E-7 7.11E-9
3.18E+5 4.85E-6 1.24E-7 3.18E+5 1.14E-6 3.21E-8 3.13E+5 2.23E-7 6.63E-9
334E+5 4.02E-6 1.17E-7 3.34E+5 BA44E-7 3.02E-8 3.28E+5 1.64E-7 6.12E-9
3.50E+S 4.12E-6 1.13E-7 3.50E+5 8.81E-7 2.85E-8 3.44E+5 146E-7 5.76E-9
3.66E+5 3.69E-6 1.00E-7 3.66E+5 823E-7 2.73E-8 3.61E+5 144E-7 5.49E-9
3.84E+5 320E-6 1.05E-7 3.84E+5 6.15E-7 2.59E-8 3.78E+5 1.14E-7 5.20E-9
A.02E+5 2.47E-6 1.02E-7 4.02E+5 447E-7 2.52E-8 3.96E+5 8.62E-8 4.99E-9
4.27E+5 2.12E-6 1.00E-7 422E+5 3.85E-7 245E-8 4.15E+5 7.52E-8 4.82E-9
4.42FE+5 246E-6 982E-8 4.42E+5 4.67E-7 2.40E-8 435E+5 7.05E-8 4.67E-9
4.63E+5 2.51E-6 9.62E-8 4.63E+5 4.95E-7 234E-8 4.56E+5 732E-8 4.52E-9
4.85E+5 2.50E-6 933E-8 4.85E+5 4.76E-7 2.23E-8 4.78E+5 T41E-8 4.34E-9
5.08E+S 240E-6 9.13E-8 5.08E+5 4.64E-7 2.16E-8 5.01E+5 733E-8 4.23E-9
533E+5 2.56E-6 8.90E-8 533E+5 4.59E-7 2.08E-8 5.25E+5 736E-8 4.01E-9
5.58E+5 2.59E-6 8.57E-R S5.58E+5 4.27E-7 198E-8 5.50E+3 6.95E-8 3.84E-9
5.85E+5 2.57E-6 8.17E-8 S.85E+5 3.99E-7 1.89E-8 5.76E+5 5.53E-§ 3.69E-9
6.13E+5 2.32E-6 7.69E-8 6.13E+5 4.16E-7 1.74E-8 6.04E+5 S.71E-8 3.38E-9
643E+5 1.99E-6 7.21E-8 643E+5 3.52E.7 1.62E-8 633E+5 7.17E-8 3.17E-9
6.73E+5 1.59E-6 672E-8 6.73E+5 248E-7 1.45E-8 6.63E+5 445E-8 2.78E-9
7.06E+5 1.20E-6 639E-8 7.06E+5 1.82E-7 1.35E-8 6.95E+5 273E-8 249E-9
7.40E+5 8.76E-7 6.10E-8 7.40E+5 1.24E-7 1.26E-8 7.28E+5 2.05E-8 2.34E-9
7.75E+5 7.98E-7 592E-8 71.75E+5 9.31E-8 1.21E-8 7.63E+5 145E-8 222E-9
8.12E+5 7.13E-7 5.82E-8 B8.12E+5 9.71E-8 1.16E-8 8.00E+5 1.15E-8 2.11E.9
8.51E+5 5.47E-7 5.56E-8 8.51E+5 9.03E-8 1.10E-8 838E+5 1.3BE-8 2.07E-9
892E+5 737E.7 544E-8 892ZE+5 845E-8 1.03E-8 8.78E+5 1.24E-8 1.93E-9
9.35E+5 6.75E-7 S5.08E-8 9.3SE+S 6.58E-8 9.81E-9 9.20E+5 1.08E-8 1.75E-9
9.80E+5 4.43E-7 478E-8 9.80E+S 5.67E-8 8.69E-9 9.65E+5 8.62E-9 1.64E-9
1.03E+6 3.90E-7 454E-8 1.03E+6 436E-8 8.71E-9 1.01E+6 4.44E.9 1.52E-9
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Table 3.1.2.2 Neutron spectra at -10, 102, 228, 356, 553, 711 and 914 mm from the front |
surface of the test region in the assembly #2 measured by the proton-recoil

gas proportional counters.

-10 mm 102 mm © 228 mm 356 mm
Neutron Flux Absolute Neutron Flux Absolute Neutron Flux Absolute Neutron Flux Absolute
Energy [nfleth/ Error Energy [n/leth/ Error Energy [n/letty Error Energy [n/leth/ Emor

[eV] source] [eV]  source] [eV]  source] [eV] source}
302E+3 1.20E-5 4.92E-6 3.02E+3 4.83E-6 3.74E-6 298E+3 4.66E-6 2.36E-6 3.02E+3 4.93E-6 1.28E-6
3.15E+3 1.06E-5 4.67E-6 3.15E+3 1.15E-S 3.57E-6 3.10E+3 B8.53E-6 2.26E-6 3.15E+3 6.43E-6 1.22E-6
398E+3 9.12E-6 4.47E-6 3.28E+3 127E-5 342E-6 3.24E+3 7.28E-6 2.16E-6 3.28E+3 4.20E-6 1.16E-6
343E+3 8.59E-6 4.32E-6 343F+3 1.17E-5 330E-6 3.38E+3 6.22E-6 2.10E-6  343E+3 439E-6 1.12E-6
3.58E+3 1.53E-5 4.18E-6 3.58E+3 1.07E-5 3.17E-6 3.53E+3 B8.09E-6 2.01E-6 3.58E+3 5.55E-6 1.08E-6
3.74E+3 9.79E-6 3.98E-6 31.74E+3 9.00E-6 3.07E-6 3.68E+3 R.69E-6 196E-6 3.74E+3 4.51E.6 1.05E-6
3.90E+3 -542E-6 395E-6 3.90E+3 5.18E-6 3.00E-6 3.84E+3 5.8B8E-6 1.89E.6 3.90E+3 4.81E-6 1.02E-6
4.07E+3 9.13E-6 3.86E-6 4.07E+3 1.17E-5 295E-6 4.01E+3 6.95E-6 1.86E-6 4.07E+3 4.13E-6 9.90E-7
425E+3 1.14E-5 3.80E-6 4.25F+3 1.09E-5 2.88E-6 4.I9E+3 947E-6 1.79E-6 4.25E+3 3.67E-6 9.75E-7
44AE+3 140E.5 3.69E-6 A444FE+3 626E-6 2.80E-6 4.38E+3 6.94E-6 1.75E-6  4.44E+3 4.61E-6 931E-7
4.64E+3 1.17E-5 3.60E-6 4.64E+3 1.03E-5 2.78E-§ 4.58E+3 5.08E-6 1.73E-6  4.64E+3 4.10E-6 3.39E-7
4.85E+3 3.76E-6 3.56E-6 4.85E+3 120E-5 2.71E-6 4.78E+3 7.50E-6 1.70E-6 4.85E+3 4.52E-6 9.19E-7
5.07E+3 834E-6 3.46E-6 5.07E+3 945E-6 2.66E-6 5.00E+3 5.00E-6 1.69E-6 5.07E+3 4.87E-6 9.05E-7
530E+3 1.64E-5 3.43E-6 S530E+3 7.13E-6 2.64E-6 S5.22E+3 4.00E-6 1.65E-6 530E+3 4.B4E-6 8.95E-7
554E+3 2.71E-6 3.38FE-6 554F+3 890E-6 2.61E-6 546E+3 833E-6 1.64E-6 5.354E+3 3.77E-6 8.85E-7
579E+3 688E-6 3.35E-6 5.79F+3 940E-6 2.59E-6 5.70E+3 7.34E-6 1.63E-6  5.79E+3 3.26E-6 8.76E-7
6.05E+3 142E-5 333E-6 6.05E+3 6.87E-6 2.58E-6 5.96E+3 7.55E-6 1.60E-6 6.05E+3 4.01E-6 8.70E-7
6.33E+3 829E-6 3.27E-6 633FE+3 1.15E-5 2.55E-6 624E+3 796E-6 1.59E-6 633E+3 6.21E-¢ 8.62E-7
6.62E+3 699E-6 3.28E-6 6.62E+3 8.359F-6 254E-6 6.52E+3 7.26E-6 1.58E-6  6.62E+3 4.30E-6 855E-7
6.97E+3 5.02FE-6 324E-6 6.92E+3 8.18E-6 2.52E-6 6.82F+3 421E-6 1.58E-6  6.92E+3 4.69E-6 8 45E-7
724E+3 B92E-6 323E-6 7.24F+3 162E-5 2.50E-6 7.13E+3 8.09E-6 1.57E-6 7.24E+3 5.05E-6 842E7
757E+3 1.25E-5 3.22E-6 7.57E+3 6.76E-6 2.49E-6 746E+3 9.15E-6 1.55E-6 7.57E+3 4.15E-6 831E-7
792E+3 1.08E-5 3.19E-6 7.92E+3 644E-6 249E.6 7.80E+3 638E-6 155E-6 7.92E+3 2.93E-6 8.37E.7
§29E+3 799E-6 3.21E-6 8.29E+3 9.88E-6 2.50E-6 8.16E+3 5.72E-6 1.55E-6 8.29E+3 3.78E-6 8.38E-7
8 67E+3 9.56E-6 3.21E-6 8.67E+3 124E-5 2.52E-6 854E+3 B8.63E-6 1.57E-6 . 8.67E+3 6935E-6 848E-7
9.07E+3 137E-5 326E-6 9.07E+3 153E-5 2.54E-6 893E+3 9.82E-6 1.58E-6 9.07E+3 6.80E-6 8.53E-7
9.49E+3 143E-5 3.288-6 9.49E+3 1.74E-5 2.56E-6 9.35E+3 1.25E-5 1.60E-6 9.49E+3 8.05E-6 8.61E-7
0.93E+3 1.61E-5 331E-6 9.93E+3 206E-5 259E-6 9.78E+3 1.52E-5 1.60E-6 9.93E+3 9.80E-6 8.62E-7
104E+4 1.74E-5 333E-6 1.04E+4 2.13E-5 259E-6 1.02E+4 1.52E-5 1.62E-6 1.04E+4 1.13E-5 B.66E-7
1.09E+4 1.84E-5 3.35E-6 1.09E+4 2.23E-5 2.60E-6 1.07E+4 163E.5 1.62E-6 1.09E+4 9.16E-6 8.67E-7
1.14E+4 2.13E-5 3.35E-6 1.14E+4 2.17E-5 261E-6 1.12E+4 186E-5 1.63E-6 1.14E+4 8.85E-6 8.71E-7
1.19E+4 2.02E-5 336E-6 1.19FE+4 2.11E-5 2.63E-6 1.17E+4 1.64E-5 1.63E-6  1.19E+4 9.20E-6 8.74E-7
125E+4 144E-5 337E-6 1.25E+4 1.56E-5 265E-6 1.23E+4 1.52E-5 1.63E-6 1.25E+4 B.12E-6 8.84E7
131E+4 1.86E-5 3.41E-6 131E+4 1.89E-5 2.66E-6 120E+4 1.29E.5 164E-6 131E+4 8.51E-6 8.88E-7
137E+4 133E-5 3.43E-6 137E+4 2.09E-5 2.70E-6 135E+4 143E-5 1.67E-6 1.37E+4 9.82E-6 8.93E-7
143E+4 137E-5 346E-6 143E+4 1.73E-5 2.70E-6 1.41E+4 130E-5 1.68E-6 143E+4 1.02E-5 8.98E-7
150E+4 187E.5 3.50E-6 1.50E+4 1.39E-5 2.75E-6 148E+4 9.61E-6 1.69E-6 1.50E+4 5.75E-6 9.06E-7
1.57E+4 9.82E-6 3.53E-6 157E+4 1.77E-5 2.78E-6 1.55E+4 1.20E-5 L.72E-6  1.57E+4 5.77E-6 9.18E-7
164E+4 146E-5 3.57E-6 1.64E+4 181E-5 282E-6 162E+4 1.63E-5 1.73E-6  1.64E+4 9.16E-6 9.30E-7
172E+4 1.80E-5 3.62E-6 1.72E+4 181E-5 2.84E-6 169E+4 140E-5 L75E-6 1.72E+4 1.03E-5 938E-7
1.80E+4 1.55E-5 3.66E-6 1.80E+4 2.32E-5 287E-6 1.77E+4 1.30E-5 1.77E-6 1.80E+4 1.06E-5 GA46E-7
1 89E+4 2.20E-5 3.69E-6 189E+4 2.59E-5 2.90E-6 1.86E+4 1.96E-5 1.79E-6  1.89E+4 1.12E-5 9.51E-7
198E+4 2.34E-5 3.74E-6 1.98E+4 286E5 292E-6 195E+4 2.28E-5 1.81E-6 1.98E+4 1.44E-5 9.54E.7
207E+4 227E-5 3.75E-6 2.078+4 2.87E-5 293E-6 2.04E+4 2.31E-5 1.79E-6  2.07E+4 1.55E-5 9.57E-7
2 17E+4 2.91E-5 3.76E-6 2.17E+4 3.35E-5 295E-6 2.13E+4 2.68E-5 1.81E-6 2.17E+4 1.73E.5 9.52E.7
227E+4 336E-5 3.76E-6 227E+4 467E-5 2.94E-6 2.24E+4 3.19E5 1.79E-6  2.27E+4 2.09E-5 943E-7
238F+4 4.20E-5 3.75E-6 2.38E+4 4.87E5 293E-6 2.34E+4 3.52E.5 1.78E-6  2.38E+4 2.25E-5 934E.7
7 49E+4 399E-5 3.72E-6 2.49E+4 490E-5 2.89E-6 245E+4 3.65E-5 1.75E-6  2.49E+4 225E-5 9.20E-7
261F+4 3.26E-5 3.70E-6 261E+4 434E-5 2.88E-6 257E+4 344E-5 1.75E-6 2.61E+4 1.92E-5 9.09E-7
273E+4 2.63E-5 3.72E-6 2.73E+4 2.56E-5 2.89E-6 2.69E+4 2.70E-5 1.74E-6  2.73E+4 1.19E-5 9.09E-7
9 86E+4 1.17E-5 3.75E-6 2.86E+4 1.79E-5 292E-6 2.82E+4 1.40E-5 1.75E-6  2.86E+4 7.42E-6 9.14E-7
3.00E+4 1.35E-5 3.83E-6 3.00E+4 1.02E-5 298E-6 295E+4 837E-6 1.77E-6  3.00E+4 530E-6 9.29E-7
3.14E+4 1.63E-5 3.89E-6 3.14E+4 1.16E-5 3.03E-6 3.09E+4 B.78E-6 1.81E-6 3.14E+4 534E-6 9.46E-7
329E+4 135E-5 3.95E-6 3.29E+4 1.83E-5 3.08E-6 3.24E+4 637E-6 1.B4E-6 3.29E+4 6.85E-6 9.65E-7
345E+4 1.38E-5 4.03E-6 345E+4 194E-5 3.14E6 3.39E+4 121E-5 1.88E-6 3.45E+4 8.00E-6 9.78E-7
161E+4 194E-5 4.12E-6 3.61E+4 2.72E-5 3.18E-6 3.55E+4 1.71E-5 1.92E-6 3.61E+4 9.50E-6 9.89E-7
3178E+4 197E-5 4.17E-6 3.78E+4 259E-5 3.23E-6 3.72E+4 198E-5 193E-6 3.78E+4 1.09E-5 1.00E-6
3196E+4 2.61E-5 422E-6 396E+4 279E-5 3.27E-6 3.90E+4 238E-5 196E-6 3.96E+4 1.26E-5 1.01E-6
4.15E+4 3.14E-5 427E-6 4.15E+4 3.13E.5 331E-6 4.009E+4 229E-5 198E-6 4.15E+4 144E-5 1.02E-6
435E+4 2.57E-5 432E-6 A435E+4 402E-5 3.36E-6 - 4.28E+4 250E-5 1.99E-6 4.35E+4 1.76E-5 1.03E-6
4.55E+4 333E-5 436E-6 4.55E+4 4.09E-5 338E-6 448E+4 2.76E-5 2.01E-6 4.55E+4 1.75E-5 1.03E-6
4.77E+4 3.63E-5 442E-6 4.77E+4 3.90E-5 341E-6 4.70E+4 293E-5 2.03E-6 4.77E+4 1.63E-5 1.03E-6
5.00E+4 3.21E-5 443E-6 S500E+4 3.79E-5 3.45E-6 492E+4 261E-5 2.03E-6 5.00E+4 140E-5 1.04E-6
524E+4 293E-5 449E-6 5.24E+4 387E-5 348E-6 5.16E+4 2.58E.5 2.06E-6 5.24E+4 1.45E-5 1.05E-6
5.49E+4 2.25E.5 4.56E-6 S5A49FE+4 3.72E-5 3.51E-6 540E+4 245E-5 2.08E-6 5.49E+4 154E-5 1.06E-6
575E+4 3.68E-5 4.65E-6 5.75E+4 421E-5 3.56E-6 5.66E+4 2.83E-5 2.10E-6 5.75E+4 1.71E-5 1.07E-6
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Table 3.1.2.2 (Continued-1)

-10 mm 102 mm 228 mm 356 mm
Neutron Flux Absolutz Neutron Flux Absolute Neutwon Flux Absclute Neuwon Flux Absolue
Energy [n/leth/ Error Energy [nfleth/ Error Energy [n/lethy Error Energy [n/leth/ Error
[eV] source] [eV]  source] [eV] source] [eV] source]

6.02E+4 4.03E-5 470E-6 6.02E+d 455E-5 3.60E.6 S593E+4 334E-5 2.12E-6 6.02E+4 197E-5 1.07E-6
631F+4 427E-5 475E-6 631E+4 476E-5 3.62E-6 6.21E+4 3.16E-5 2.13E-6 631E+4 1.89E-5 1.08E-6
661E+4 4.10E-5 4.78E-6 6.61E+4 431E-5 3.676-6 651E+4 3.05E-5 2.15E-6  6.61E+4 1.84E-5 1.08E-6
693E+4 4.08E-5 484E-6 693E+4 437E-5 3.71E-6 6.82E+4 3.25E-5 2.17E-6  6.93E+4 1.93E-5 1.09E-6
726E+4 3.83E-5 491E-6 7.26E+4 551E-5 3.75E-6 7.15E+4 3.61E-5 2.18E-6 7.26E+4 2.16E-5 1.09E-6
761E+4 467E-5 496E-6 7.61E+4 538E-5 3.79E-6 749E+4 4.17E-5 220E-6 7.61E+4 2.17E-5 1.09E-6
797E+4 S.81E-5 S.00E-6 7.97E+4 6.02E-5 3.80E-6 7.85E+4 439E.5 2.20E-6 797E+4 2.35E-5 1.09E-6
835E4+4 5.11E-5 S5.02E-6 835E+4 647E-5 3.84E-6 822E+4 430E-5 2.20E-6 835E+4 2.33E-5 1.09E-6
8 75E+4 5.04E.5 5.08E-6 8.75E+4 5.15E-5 386E-6 8.62E+4 351E-5 2.21E-6  8.75E+4 2.03E-5 1.09E-6
9.17E+4 425E-5 5.11E-6 9.17E+4 475E-5 391E-6 9.03E+4 328E-5 222E-6 9.17E+4 1.71E-3 1.09E-6
9.61E+d 2.68E-5 524E-6 9.61E+4 466E-5 3.96E-6 9.46E+4 3.04E-5 225E-6 9.61E+4 1.64E-5 1.11E-6
1.01E+5 333E.5 532E-6 1.01E+5 490E-5S 4.01E-6 9.91E+4 253E-5 2.29E-6 1.01E+5 1.55E-5 1.12E-6
1.06E+5 5.06E-5 540E-6 1.06E+5 526E-5 4.0BE-6 1.04E+5 3.30E-5 230E-6 1.06E+5 1.93E-5 1.13E-6
1.11E+5 5.30E-5 549E-6 1.11E+5 5.76E-5 4.13E-6 109E+5 4.21E-5 234E-6 1.11E+5 247E-5 1.13E-6
1.16E+5 6.14E-5 5.54E-6 1.16E+5 7.08E-5 4.18E-6 1.14E+5 4.82E.5 2.35E-6  1.16E+5 2.72E-5 1.13E-6
121E+5 823E-5 5.62E-6 1.21E+5 9.77E-5 4.19E-6 120E+5 5.56E-5 235E-6  1.21E+5 3.18E-5 1.12E-6
127E+5 8.81E-5 568E-6 127E+5 1.02E4 4.24E-6 1.25E+5 6.80E-5 2.35E-6 1.27E+5 3.69E-5 1.12E-6
133E+5 R41E-5 579E-6 133E+5 938E-5 429E-6 131E+5 6.48E-5 237E-6  1.33E+5 3.17E-5 1.12E-6
140E+5 691E-5 592F-6 140E+5 7.00E-5 437E-6 1.38E+5 5.13E-5 2.39E-6  140E+5 246E-5 1.13E-6
146E+5 5.97E-5 6.07E-6 146E+5 580E-5 451E-6 144E+5 391E-5 244E-6  146E+3 1.74E-5 1.15E-6
153E+5 5.24E.5 630E-6 153E+5 6.13E-5 4.65E-6 1.51E+5 3.74E-5 2.50E-6  1.53E+5 1.81E-5 1.18E-6
1.55E+5 7.07E-5 4.84E-6 1.61E+5 7.00E-5 4.78E-6 1.55E+5 3.68E-5 2.02E-6  1.55E+5 1.83E-5 9.14E-7
1.63E+5S 6.66E-5 4.73E-6 1.63E+S 738E-5 3.94E-6 1.63E+5 4.11E-5 1.98E-6  1.63E+5 2.04E-5 8.89E-7
1.71E+5 6.90E-5 4.66E-6 1.71E+5 694E-5 3.86E-6 1.71E+5 4.62E-5 193E-6  1.71E+3 2.25E-5 8.66E-7
1.79E+5 7.49E.5 4.60E-6 1.79E+5 8.21E-5 379E-6 1.79E+5 5.25E-5 1.89E-6 1.79E+5 2.38E-5 842E-7
187E+5 736E.5 4.51E-6 1.87E+5 8.01E-5 3.74E-6 187E+5 497E-5 1.83E-6 1.87E+5 2.27E-5 8.21E-7
1.96E+5 6.53E-5 446E-6 1.96E+5 6.99E-5 3.65E-6 196E+5 3.80E-5 1.79E-6  196E+5 1.87E-5 7.99E-7
3 06E+5 6.51E-5 4.44E-6 2.06E+5 692E-5 361E-6 2.06E+5 3.63E-5 1.78E-6  2.06E+5 1.87E-5 7.88E-7
215E+5 8.07E-5 4.39E-6 2.15E+5 734E-5 3.59E-6 2.15E+5 4.33E-5 1.75E-6  2.15E+5 2.05E-5 7.73E-7
3 26E+5 §.34E-5 436E-6 2.26E+5 7.78E.5 3.53E-6 2.26E+5 4.87E-5 1.73E-6  2.26E+5 2.30E-5 7.59E-7
7 37E+5 G89E-5 432E-6 2.37E+5 8.52E-5 351E-6 2.37E+5 4.63E-5 1.69E-6  2.37E+5 2.30E-5 741E-7
2 48E+5 7.59E-5 431E-6 248E+S 820E-5 3.46E-6 248E+5 4.86E-5 1.67E-6  248E+5 2.15E-5 7.23E-7
5 60E+5 1.01E4 4728E-6 2.60E+5 8.85E-5 341E-6 2.60E+5 5.53E-5 1.63E-6  2.60E+5 2.63E-5 7.04E-7
2 TIE+S 1.13E4 420E-6 272E+5 1.02E4 337E-6 2.72E+5 6.23E-5 1.60E-6 2.72E+5 2.94E-5 6.84E-7
5 85E+5 1.05B4 4.13E-6 2.85E+5 1.03E4 331E-6 2.85E+5 6.15E-5 1.55E-6 2.85E+5 283E.5 6.59E-7
7 00E+5 1.09E4 4.08E-6 299E+5 1.18E-4 3.24E-6 299E+5 6.55E-5 1L50E-6 299E+5 3.00E-5 6.29E-7
313E+5 1.15E4 4.01E-6 3.13E+5 1.22E4 3.17E-6 3.13E+5 641E-5 145E-6  3.13E+5 2.95E-5 6.01E-7
328F+5 1.04E4 398E-6 3.28E+5 1.01E4 3.09E-6 3.28E+5 5.61E-5 140E-6 3.28E+5 237E-5 S.77E-7
3 44E+5 1.12E4 3.93E-6 344E+5 1.06E4 3.04E-6 344E+5 545E-5 1.36E-6  3.44E+5 2.25E-5 5.55E-7
2 61E+5 1.19FE4 391E-6 3.61E+5 1.13E4 3.02E-6 3.61E+5 5.62E-5 1.34E-6  3.61E+5 2.30E-5 539E-7
378E+5 ‘1.09E4 3.89E-6 378E+5 1.02E4 298E-6 3.78E+5 5.25E-5 131E-6 3.78E+3 1.97E-5 5.24E-7
3.96F+5 9.71E-5 3.88E-6 3.96E+5 838E.5 295E-6 396E+5 4.12E-5 1.29E-6  3.96E+5 1.59E-5 5.13E-7
4.15E+5 839E.5 3.89E-6 4.15E+5 7.85E-5 295E-6 4.15E+5 342E-5 1.28E-6  4.15E+5 139E-5 5.02E-7
435E+5 R.84E-5 3.90E-6 4.35E+5 7.56E-5 295E-6 435E+5 3.66E-5 1.26E-6 435E+5 1.36E-5 4.99E-7
AS6E+S 865E-5 3.94E-6 4.56E+5 8.10E-5 294E-6 4.56E+5 3.77E-5 1.26E-6  4.56E+5 1.49E-5 4.89E-7
478E+5 9.81E-5 394E-6 4.78E+5 898E-5 294E-6 4.78E+5 3.92E-5 1.25E-6 4.78E+5 1.51E-5 4.80E-7
501E+5 1.09E-4 399E-6 5.01E+5 9.26E-5 29SE-6 5.01E+5 4.22E-5 1.24E-6 5.01E+5 1.56E-5 4.73E-7
525E+5 1.06E4 4.04E-6 S5.25E+5 9.16E-S 297E-6 S25E+5 432E-5 1.24E-6  525E+5 1.50E-5 4.68E.7
550E+5 1.14E4 4.09E-6 5.50E+5 9.40E.5 299E-6 5.50E+5 446E-5 1.22E-6 5.50E+5 1.51E-5 4.61E-7
576E+5 123E4 4.15E-6 5.76E+S 1.02E4 299E-6 5.76E+5 4.58E-5 1.22E-6  S.76E+5 1.69E-5 4.48E-7
6.04E+5 128E4 4.15E-6 604E+5 1.12E4 299E-6 6.04E+5 4.64E-5 1.18E-6  6.04E+5 1.65E-5 4.34E-7
633E+5 127E4 4.19E-6 633E+5 1.07E4 295E-6 633E+5 4.66E-5 1.15B-6  633E+5 1.51E-5 4.12E.7
6 63E+5 1721E4 420E-6 6.63E+5 1.00E4 293E-6 6.63E+5 3.80E-5 1.12E-6  6.63E+5 1.28E-5 3.94E-7
695E+5 106E-4 425E-6 695E+5 842E-5 292E-6 695E+5 334E-5 1.09E-6 6.95E+5 1.00E-5 3.76E-7
7.98E+5 9.05E-5 420E-6 7.28E+5 7.72E-S 292E-6 7.28E+5 279E-5 1.07E-6  7.28E+5 8.38E-6 3.65E-7
763E+5 897E-5 437E-6 7.63E+5 6.66E-5 2.92E-6 7.63E+5 2.10E-3 1.06E-6 7.63E+5 6.15E-6 3.56E-7
8 00E+5 8.06E-5 447E-6 8.00E+5 630E-5 294E-6 8.00E+5 2.23E-5 1.06E-6 8.00E+5 5.70E-6 3.50E-7
8 38E+5 830E-5 4.56E-6 838E+5 5.92E-5 298E-6 8.38E+5 2.06E-5 1.06E-6 8.38E+5 5.87E-6 347E.7
8 78E+5 8.74E-5 467E-6 8.78E+5 5.96E-5 299E-6 8.78E+5 198E.5 1.04E-6  8.78E+5 5.70E-6 3.37E-7
920E+5 892E-5 476E-6 9.20E+5 6.44E-5 3.03E-6 9.20E+5 1.99E-5 1.04E-6 9.20E+5 5.41E-6 3.28E-7
9.65E+5 B.O8E-5 482E-6 9.65E+5 6.08E-5 3.04E-6 9.65E+5 1.90E-5 1.02E-6 9.65E+5 4.77E-6 3.18E-7
1.01E+6 984E5 492E-6 1.01E+6 6.00E-S 3.06E-6 101E+6 1.68E-5 1.01E-6 1.01E+6 4.09E-6 3.09E-7
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Table 3.1.2.2 (Continued-2)

553mm 711 mm 914 mm

Neutron Flux Absolute Neutron Flux Absoluie Neutron Flux Absolute
Energy [nfleth/ Emor Energy [n/leth/ Ermor Energy [n/leth/ Emor

{eV] source] [eV] source] [eV]  source]
3.02E+3 2.46E-6 5.24E-7 3.02E+3 6.96E-7 1.72E-7 3.02E+3 1.32E-7 3.64E-8
3.15E+3 248E-6 491E-7 3.15E+3 6.64E-7 1.65E-7 3.15E+3 1.39E-7 347E-8
3.78FE+3 2.38E-6 4.73E-7 3.28E+3 7.44E-7 1.55E-7 3.28E+3 2.11E-7 3.32E-8
343E+3 1.58E-6 4.53E-7 343E+3 9.48E-7 1.50E-7 . 343E+3 1.72E-7 3.21E-8
3.58E+3 2.38E-6 4.3BE-7 3.58E+3 494E-7 144E-7 3.58E+3 1.67E.7 3.07E-8
3.74F+3 1.81E-6 4.25E-7 3.74E+3 632E-7 1.40E-7 3.74E+3 1.64E-7 2.98E-8
3.90E+3 1.62E-6 4.12E-7 390E+3 6.15E-7 1.36E-7 3.90E+3 2.06E-7 288E-8
4.07E+3 1.65E-6 4.04E-7 4.07E+3 744E-7 131E-7 4.07E+3 159E-7 2.79E-8
4725E+3 1.70E-6 3.94E-7 425E+3 "745E-7 130E-7 4.25E+3 9.18E-8 273E-8
444E+3 2.07E-6 385E-7 444E+3 5.11E-7 1.25E.7 4.44E+3 1.54E-7 2.69E-8
4.64F+3 1.46E-6 3. 79E-7 4.64E+3 5.18E-7 1.24E-7 4.64E+3 1.56E-7 2.64E-8
4.85F+3 1.67E-6 3.72E-7 485E+3 S533E-7 1.22E-7 4.85E+3 1.28E.7 2.59E-8
5.07E+3 1.82E-6 3.67E-7 5.07E+3 543E-7 1.21E-7 507E+3 151E-7 2.55E-8
5.30E+3 148E-6 3.61E-7 530E+3 S5.94E-7 1.18E-7 S5.30E+3 1.74E-7 2.50E-8
5.54E+3 1.82E-6 3.59E.7 5.54E+3 7.11E-7 1.17E-7 5.54E+3 1.59E-7 2.46E-8
5.79E+3 1.95E-6 3.55E-7 5.79E+3 7.14E-7 1.15E-7 5.79E+3 1.66E-7 2.44E-8
6.05E+3 220E-6 3.48E-7 6.05E+3 4.83E-7 1.14E-7 6.05E+3 1.65E-7 2.40E-8
633FE+3 1.91E-6 346E-7 633E+3 7.93E-7 1.13E-7 6.33E+3 1.37E-7 2.37E-8
6.62E+3 231E-6 341E-7 6.62E+3 6.96E-7 1.12E-7 6.62E+3 140E-7 2.37E-8
692E+3 1.71E-6 338E-7 6.92E+3 4.89E-7 1.11E-7 6.92E+3 1.58E-7 2.35E-3
724E+3 149E-6 336E-7 7.24E+3 6.58E-7 1.10E-7 7.24E+3 1.84E-7 232E-8
7.57E+3 1.54E-6 335E-7 7.57E+3 6.16E-7 1.10E-7 7.57E+3 133E-7 231E-8
7.92E+3 1.13E-6 336E-7 792E+3 4.20E-7 1.09E-7 7.92E+3 1.11E-7 230E-8
8.29E+3 1.56E-6 3.38E-7 8.29E+3 599E-7 1.10E-7 8.29E+3 1.78E-7 231E-8
8 67E+3 2.98E-6 3.40E.7 8.67E+3 854E-7 1.11E-7 8.67E+3 2.03E-7 2.32E-8
9.07E+3 3.01E-6 3.42E-7 9.07E+3 1.01E-6 1L11E-7 9.07E+3 192E-7 234E-8
9.49F+3 3.00E-6 3.45E-7 $49E+3 1.17E-6 1.11E-7 9.49E+3 2.61E-7 2.35E-8
9.93E+3 3.66E-6 3.46E-7 9.93E+3 1.09E-6 1.12E.7 9.93E+3 347E-7 2.30E-8
1.04F+4 346E-6 347E7 104E+4 1.29E-6 1.13E-7 1.04E+4 3.59E-7 2.36E-8
1.09E+4 4.24E-6 347E-7 1.09E+4 144E-6 1.13E.7 1.09E+4 341E-7 233E-8
1.14E+4 4.06E-6 350E-7 1.14E+4 136E-6 1.13E-7 1.14E+4 2.77E-7 236E-8
1.19E+4 3.97E-6 3.50E-7 1.19E+4 1.43E-6 1.13E-7 1.19E+4 3.08E-7 2.35E-8
1.25E+4 3.52E-6 351E-7 1.25E+4 125E-6 1.13E-7 1.25E+4 2.92E-7 237E-8
131E+4 3.79E-6 3.51E-7 131E+4 1.02E-6 1.13E-7 131E+4 3.16E-7 236E-8
1.37E+4 3.61E-6 3.55E-7 137E+4 948E-7 1.14E-7 1.37E+4 2.80E-7 2.37E-8
143E+4 3.04E-6 3.56E-7 143E+4 120E-6 1.15E-7 1.43E+4 246E-7 2.39E-8
1.50E+4 337E-6 3.60E-7 150E+4 1.14E-6 1.16E-7 1.50E+4 2.79E-7 241E-8
1.57E+4 3.00E-6 3.62E-7 157E+4 1.01E-6 1.17E-7 1.57E+4 2.60E-7 242E-8
1.64E+d4 3.04E-6 3.66E-7 1.64E+4 9.71E-7 1.18E-7 1.64E+4 2.59E-7 2.44E-8
1.72E+4 324E-6 3.69E-7 1.72E+4 1.13E6 1.19E-7 1.72E+4 2.79E-7 246E-8
1.R0E+4 437E-6 3.72E-7 1.80E+4 1.63E-6 1.19E-7 1.80E+d 3.42E-7 247E-8
1.89E+4 5.06E-6 3.74E-7 1.89E+4 1.65E-6 1.19E-7 1.89E+4 4.15E.7 247E-8
1.98E+4 5.15E-6 3.75E-7 198E+4 1.82E-6 1.19E-7 1.98E+4 4.49E-7 2.46E-8
2 07E+4 646E-6 3.74E-7 2.07E+4 195E-6 1.19E-7 2.07E+4 4.70E-7 2.45E-8
2.17E+4 T.17E-6 3.71E-7 217E+4 2.15E-6 1.18E-7 2.17E+4 S539E-7 245E-8
297E+4 7.78E-6 3.66E.7 2.27E+4 246E-6 1.17E-7 2.27E+4 6.93E-7 240E-8
7 38F+4 8.62E-6 3.62E-7 2.38E+4 3.00E-6 1.15E-7 2.38E+4 7.14E.7 2.34E-8
2A9E+4 9.00E-6 3.56E-7 249E+4 288E-6 1.13E-7 249E+4 648E-7T 227E-8
261E+4 7.71E-6 3.50E-7 2.61E+4 244E-6 1.10E-7 2.61E+4 552E-7 2.23E-3
9.73E+4 4.60E-6 3.48E.7 273E+4 1.66E-6 1.10E-7 2.73E+4 3.73E-7 221E-8
2 86E+4 3.22E-6 348E-7 2.86E+4 B95E-7 1.10E-7 2.86E+4 1.95E-7 2.21E-8
3.00E+4 2.03E-6 3.54E-7 3.00E+4 6.17E-7 1.11E-7 3.00E+4 140E-7 2.25E-8
314E+4 1.71E-6 359E-7 3.14E+4 6.66E-7 1.13E-7 3.14E+4 155E-7 2.29E-8
399E+4 2.33E-6 3.67E-7 3.29E+4 1.01E-6 1.15E-7 3.29E+4 1.74E-7 2.32E-8
345E+4 3.21E-6 3.72E-7 345E+4 967E-7 1.16E-7 3.45E+4 2.54E-7 2.35E-8
3.61E+4 3.68E-6 3.79E-7 3.61E+4 1.07E-6 1.17E-7 3.61E+4 3.18E-7 2.36E-3
378E+4 347E-6 3.83E-7 3.78E+4 148E-6 1.19E-7 3.78E+4 2.99E-7 237E-8
3.96E+4 5.13E-6 385E-7 396E+4 1.51E-6 1.19E-7 3.96E+4 3.43E-7 2.40E-8
4.15E+4 597E-6 3.86E-7 4.15E+4 1.72E-6 1.20E-7 4.15E+4 4.27E-7 240E-8
435E+4 6.35E-6 3.86E-7 435E+4 1.80E-6 1.19E.7 -4.35E+4 437E-7 240E-8
455E+4 636E-6 3.88E-7 4.55E+4 1.95E-6 1.20E-7 4.55E+4 464E-7 2.39E-8
4.77E+4 6.10E-6 3.88E-7 4.77E+4 2.0SE-6 1.19E-7 4.77E+4 4.65E-7 237E-8
5.00E+4 541E-6 3.89E-7 5.00E+4 1095E-6 1.20E.7 5.00E+4 4.27E-7 2.37E-8
5724E+4 499E-6 393E-7 5.24E+4 1.54E-6 1.20E-7 5.24E+4 3.84E-7 236E-8
549E+4 5.69E-6 394E-7 5.49E+4 1.61E-6 1.20E-7 5.49E+4 3.52E-7 2.39E-§
575E+4 654E-6 396E-7 S5.75E+4 205E-6 1.21E-7 5.75E+4 4.56E-.7 2.39E-8

{
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Table 3.1.2.2 (Continued-3)

553mm 711 mm 914 mm

Neutron Flux Absolute Neutron Flux Absolute Neutron Flux  Absolute
Energy [n/leth/ Emor Energy [n/leth/ Error Energy [n/led Ermor
[eV] source) [eV] source} [eV] source)
6.02E+4 650E-6 3.98E-7 6.02E+4 2.03E-6 1.21E-7 6.02E+4 4.83E-7 237E-8
631E+4 6.63E-6 3.98E-7 631E+4 2.18E-6 1.21E-7 6.31E+4 4.63E-7 2.36E-8
6.61FE+4 744E-6 3.99E-7 6.61E+4 2.14E-6 1.20E-7 6.61E+4 4.84E-7 235E-8
6.93E+4 7.80E-6 3.96E-7 693E+4 2.26E-6 1.20E-7 6.93E+4 4.94E-7 234E-8
7.26E+4 7.12E-6 396E-7 7.26E+4 241E-6 1.19E-7 7.26E+4 4.97E-7 2.32E-8
161E+4 842E-6 3.95E-7 7.61E+4 248E-6 1.18E-7 7.61E+4 5.51E-7 2.30E-8
7.97E+4 8.86E-6 393E-7 7.97E+4 235E-6 1.17E-7 7.97E+4 S596E-7 2.27E-8
835E+4 7.68E-6 3.88E-7 835E+4 238E-6 1.16E-7 835E+4 5.17E-7 2.22E-8
8.75E+4 620E-6 3.90E-7 8.75E+4 2.03E-6 1.15E-7 8.75E+4 4.13E-7 2.21E-8
9.17E+4 5.54E-6 391E-7 9.17B+4 1.65E-6 1.15E-7 9.17E+4 3.64E-7 2.21E-8
9.61E+4 5.52E-6 3.94E-7 961E+4 149E-6 1.16E-7 G.61E+4 3.54E-7 2.20E-8
1.01E+5 6.26E-6 3.96E-7 1.01E+5 1.7BE-6 1.16E-7 1.01E+5 3.79E-7 220E-8
1.06E+5 6.34E-6 398E-7 1.06E+5 1.88E-6 1L17E.7 1.06E+5 3.95E-7 2.21E-8
1.11E+5 8.03E-6 3.98E-7 1.11E+5 2.26E-6 1.15E-7 1.11E+5 4.71E-7 2.18E-8
1.16E+5 9.30E-6 3.96E-7 1.16E+5 2.78E-6 1.14E-7 1.16E+3 5.78E-7 2.15E-8
1.21E+5 1.03E-5 390E-7 1.21E+S 3.13E-6 L.11E.7 1.21E+5 6.77E-7 2.08E-8
127E+5 1.23E-5 385E-7 127E+5 3.34E-6 1.10E-7 127E+5 7.02E-7 2.03E-8
1.33E+45 1.10E-5 3.81E-7 133E+5 2.84E-6 1.07E-7 1.33E+5 5.62E-7 1.97E.8
1.40E+5 745E-6 3.81E-7 140E+5 2.15E-6 1.07E-7 140E+5 4.08E-7 1.94E-8
1.46E+5 495E-6 3.84E-7 146E+5 149E-6 1.07E-7 146E+5 3.18E-7 1.94E-8
1.53E+5 6.26E-6 391E-7 1.53E+5 142E-6 1.09E-7 1.53E+5 2.83E-7 1.94E-8
1.55E+5 5.62E-6 2.64E.7 1.55E+5 1.54E-6 6.86E-8 1.58E+5 3.31E-7 1.28E-8
1.63E+5 6 46E-6 2.56E-7 1.63E+5 1.66E-6 6.59E-8 1.65E+5 3.36E-7 1.22E-8
1.71E+45 6.76E-6 2.47E.7 1.71E+5 1.79E-6 6.34E-8 1.73E+5 34iE-7 1.17E-8
1.79E+5 6.93E-6 2.40E-7 1.79E+5 1.82E-6 6.09E-8 1.81E+5 3.58E-7 1.12E-8
1.87E+5 7.12E-6 2.32E-7 1.87E+5 1.75E-6 5.86E-8 1.90E+5 3.09E-7 1.07E-8
1.96E+5 6.07E-6 2.23E-7 1.96E+5 1.37E-6 5.68E-8 1.99E+5 2.68E-7 1.03E-8
2 06E+5 5.06E-6 220E-7 2.06E+5 125E-6 S.53E-8  2.09E+5 2.46E-7 9.99E-9
2.15E+5 5.70E-6 2.13E-7 2.15E+5 1.53E-6 S5.35E-8 2.19E+5 2.83E-7 9.67E-9
2.26E+5 6.60E-6 2.10E-7 2.26E+5 1.65E-6 5.18E-8  2.29E+5 2.94E.7 9.30E-9
237E+5 635E-6 2.02E-7 237E+S 1.58E-6 497E-8 240E+5 2.94E-7 8.90E-9
2.48E+5 6.38E-6 197E-7 248F+5 1.54E-6 482E-8 2.52E+5 2.88E-7 8.51E-9
2.60E+5 744E-6 191E-7 260E+5 1.77E-6 4.61E-8 2.64E+5 334E.7 8.02E-9
2.72E+5 8.23E-6 1.83E-7 2.72E+5 1.93E-6 438E-8 2.77E+5 346E-7 7.56E-9
2.85E+5 7.82E-6 1.74E-7 2835E+5 1.78E-6 4.13E.8 2.90E+5 2.86E-7 6.97E-9
299F+5 759E-6 1.64E.7 299E+5 170E-6 3.85E-8 3.04E+5 3.01E-7 6.46E-9
3.13E+5 7.68E-6 1.54E.7 3.13E+5 1.71E-6 3.59E-8 3.18E+5 2.65E-7 5.91E9
3.28E+5 6.17E-6 1.46E-7 3.28E+5 1.29E-6 3.35E-8 3.34E+5 1.91E-7 S43E-9
3 44E+5 5.44E-6 139E-7 344E+5 1.12E-6 3.16E-8 3.50E+5 I1.61E-7 5.09E-9
361E+5 525E-6 134E-7 3.61E+5 1.11E-6 298E-8 3.66E+5 1.56E-7 4.34E-9
37%E+5 4.53E-6 1.28E-7 3.78E+5 8.94E-7 2.84E-8 3.84E+5 1.26E-7 4.54E-9
306E+5 3.65E-6 1.24E-7 3.96E+5 7.21E-7 2.69E-8 4.02E+5 9.07E-8 4.33E-9
4.15E+5 3.19E-6 121E.7 4.15E+5 536E-7 2.61E-8 4.22E+3 7.51E-8 4.13E-9
435E+5 2.81E-6 1.18E-7 435E+5 S5.09E-7 2.54E-8 4.42E+5 7.94E-8 4.03E-9
456E+5 2.98E-6 1.15E-7 4.56E+5 541E-7 247E.8 4.63E+5 7.70E-8 3.86E-9
4.78E+5 3.28E-6 1.12E-7 4.78E+5 5.66E-7 2.39E-8 4.85E+5 7.34E-8 3.71E-9
501E+5 3.09E-6 1.09E-7 S5.01E+5 5.33E-7 2.31E-8 5.08E+5 7.89E-8 3.59E-9
5725E+5 3.09E-6 1.07E-7 525E+5 5.59E-7 2.23E-8 5.33E+5 697E-8 3.40E-9
5.50E+5 3.14E-6 1.03E-7 5.50E+5 S47E-7 2.16E-8 5.58E+5 7.08E-8 3.23E-9
5.76E+5 3.01E-6 9.91E-8 576E+5 4.65E-7 2.03E-8 5.85E+5 4.79E-8 3.12E-9
6.04E+5 3.07E-6 943E-8 6.04E+5 444E-7 1.93E-8 6.13E+5 491E-3 2.87E-8
633E+5 2.72E-6 B.79E-8 6.33E+5 4.90E-7 1.78E-8 6.43E+5 7.29E-8 1.69E-9
6.63E+5 235E-6 8.21E-8 6.63E+5 3.82E-7 1.63E-8 6.73E+5 4.79E-8 232ZE-9
6.95E+5 1.63E-6 7.68E-8 6.95E+5 2.84E-7 145E-8 7.06E+5 2.72E-8 2.02E-9
728E+5 1.28E-6 7.15E-8 7.28E+5 1.80E-7 1.34E-8 7.40E+5 194E.§8 1.86E-9
7.63E+5 998E-7 696E-8 7.63E+5 1.20E-7 1.25E-8 7.75E+5 1.36E-8 1.70E-9
8 00E+5 8.13E-7 6.69E-8 &.00E+5 1.10E-7 1.20E-8 8.12E+5 1.04E-8 1.62E-9
8.38E+5 8.53E-7 6.4SE-8 8.38FE+5 1.00E-7 1.i17E-8 8.51E+5 9.59E-9 1.50E-9
§.78E+5 7.69E-7 6.22E-8 8.78E+5 8.74E-8 1.08E-8 8.92E+5 1.05E.8 139E-9
9.20E+5 6.55E-7 5.87E-8 9.20E+5 9.80E-8 1.4E-8 9.35E+5 847E-9 1.28E-9
9 65E+5 6.10E-7 5.59E-8 9.65E+5 7.55E-8 9.48E-9 9.80E+5 5.24E-9 1.19E-D

530E-8 1.01E+6 5.80E-8 8.69E-9 1.03E+6 4.06E-9 1.03E-S

1.01E+6 4.45E-7




Table 3.1.3.1 Measurement conditions for two mode runs.
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Mode #| Target Neutron Energy Time Range of Neutron Pulse
t0 be Measured Measurement Repitition Rate Pulse Width
#1 107 ~ 10* MeV 200 us 200 us 0.5 us
#2 10* ~ 10% MeV 50 us 128 us 0.005 ps
Table 3.1.3.2 Propaties of resonance filters used in the measurement.
Material Resonance Energy Thickness Form
In 1.46eV 0.5 mm Foil
W 4.15eV 0.2 mm Foil
Au 4906 eV 0.1 mm Foil
Co 132. eV 0.2 mm Foil
Mn 336.eV 1.8 mm x 60 % density Powder

Table 3.1.3.3 Comparison of measured and calculated slowing down time.

Position [mm] Mode#  Filter  Energy [eV]  Expt. [us] Calc. [pus] C/E
355.6 #1 Au 4.906 24.1 239 0.990
Co 132 5.16 5.10 0.9%0

#2 Co 132 498 5.10 1.024

Mn 336 3.60 3.50 0.972

5334 #1 In 1.46 44.7 445 0.994
' W 4.15 24.5 25.9 1.059

Au 4.906 23.0 239 1.038

Co 132 5.03 5.07 1.008

#2 Co 132 5.14 5.07 0.988

Mn 336 3.55 346 0.973

711.2 #1 Au 4.906 23.0 23.8 1.037
Co 132 5.14 5.09 1.037

#2 Co 132 5.08 5.09 1.003

9144 #1 Co 132 5.12 5.14 1.004
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Table 3.1.3.4 Neutron spectra at 356, 553, 711 and 914 mm from the front surface of the
teste region in the assembly #2 measured by the slowing down time method.

356 mm

553 mm

711 mm

914 mm

Neutron
Energy
eV]

Flux
[nfleth/ Error [%}
source]

Absolute FWHM  Flux

[nfleth/
source]

Absolute FWHM  Flux

Error  [%]

[n/leth/
source]

Absolute FWHM  Flux

Error [%]

[n/leth/  Error
source]

Absolute FWHM

[%]

2.82E-1

3.55E-1

4 47E-1

5.62E-1

7T.08E-1

8.91E-1

1.12E+0
1.41E+0
1.78E+0
2. 24E+0
2.82E+0
3.55E+0
4 47E+0
5.62E+0
7.08E+0
8.91E+0
1.12E+1
1.41E+1
1.78E+1
2.24E+1
2.82E+1
3.55E+1
4.47E+1
5.62E+1
7.08E+1
8.01E+1
1.12E+2
1.41E+2
1.78E+2
2.24E+2
2.82E+2
3.55E+2
4.47E+2
5.62E+2
7.08E+2
R.01E+2
1.12E+3
1.41E+3
1.78E+3
2.24E+3
2.82E+3
3.55E+3
4 47E+3
5.62E+3
7.08E+3
8.91E+3

2. 47E-10 1.15E-10 95.7
2.58E-10 1.25E-10 103.3
4.28E-08 3.14E-09 122.1
6.87E-08 4.82E-09 77.5
1.07E-07 7.26E-09 69.9
1.78E-07 1.18E-08 684
2.00E-07 1.32E-08 69.5
2.58E-07 1.69E-08 64.1
3.82E-07 2.47E-08 60.5
4.23E-07 2.74E-08 689
5.69E-07 3.66E-08 739
7.22E-07 4.62E-08 58.5
795E-07 5.09E-08 5835
8.43E-07 5.42E-08 58.0
1.O1E-06 6.47E-08 62.6
1.16E-06 7.42E-08 584
1.23E-06 7.91E-08 63.5
1.42E-06 9.11E-08 64.6
1.48E-06 9.50E-08 67.8
1.64E-06 1.0SE-07 66.2
1.69E-06 1.09E-07 61.8
1.69E-06 1.09E-07 63.2
2.11E06 1.36E-07 63.9
2.53E-06 1.63E-07 59.9
2.96E-06 1.90E-07 63.0
3.06E-06 1.97E-07 65.6
3.66E-06 2.36E-07 73.2
3.86E-06 2.49E-07 75.2
4.56E-06 2.93E-07 87.6
4.27E-06 2.77E-07 90.6
4.00E-06 2.61E-07 97.5
4.09E-06 2.69E-07 107.0
4.94E-06 3.23E-07 1519
S.76E-06 3.76E-07 150.3
6.26E-06 4.09E-07 204.5
6.57E-06 4.31E-07 175.4
6.07E-06 4.02E-07 210.0
6.59E-06 4.38E-07 2504
7.32E-06 4.86E-07 254.7
6.45E-06 4.35E-07 290.4
6.55E-06 4.44E-07 291.7
5.34E-06 3.72E-07 292.5
5.93E-06 4.13E-07 3029
6.01E-06 4.22E-07 301.8
7Y7E-06 5.49E-07 286.8
8.36E-06 5.80E-07 260.8

7.07E-10
1.57E-08
1.74E-08%
2.98E-08
5.80E-08
7.43E-08
1.O4E-Q7
1.42E-07
1.84E-07
2.3LE-07
2.60E-07
3.30E-07
3.59E-07
4.32E-07
4.62E-07
5.38E-07
5.I9E-07
6.41E-07
7.12E-07
7.35E-07
7.65E-07
8.40E-07
9.74E-07
1.18E-06
1.37E-06
1.38E-06
{.58E-06
1.76E-06
1.73E-06
1.82E-06
1.75E-06
1.97E-06
2.30E-06
2.27E-06
2.96E-06
2.96E-06
3.15E-06
3.11E-06
2.79E-06
2.79E-06

L.11E-I0 86.8
1.10E-09 724
1.22E-09 65.1
2.01E-09 75.6
37BE-09 66.2
481E-09 659
6.67E-09 61.9
9.07E-09 66.9
1.17E-08 59.9
146E-08 59.5
1.65E-08 359.1
2.08E-08 554
227E-08 56.1
2.73E-08 54.7
292E-08 53.2
340E-08 355.1
3.66E-08 339
4.06E-08 55.1
4.31E-08 543
4.66E-08 57.6
4.86E-08 59.6
5.34E-08 61.0
6.18E-08 37.7
7.49E-08 57.5
8.68E-08 57.9
8.73E-08 59.0
1.OSE-07 59.8
1.17E-07 61.5
L17E-07 659
1.23E-07 754
1.I9E-07 82.6
1.34E-07 827
1.56E-07 827
1.56E-07 94.0
2.00E-07 135.6
2.02E-07 110.2
2.16E-07 138.8
2.16E-07 143.7
1.99E-07 179.5
2.01E-07 225.0

2.68E-06 1.96E-07 254.2
2.71E-06 2.01E-07 256.3
2.65E-06 2.00E-07 246.1
2.65E-06 2.04E-07 232.2
297E-06 2.28E-07 224.0
2.89E-06 2.28E-07 215.0

5.54E-11
1.OBE-10
5.90E-09
1.46E-08
2.72E-08
2.57E-08
4.32E-08
4.99E-08
7.67E-08
8.47E-08
1.05E-07
1.33E-07
1.45E-07
1.65E-07
1.90E-07
2.00E-(77
2.21E-07
2.44E-07
2.73E-07
2.91E-07
3.02E-07
3.19€-07
3.80E-07
4.65E-07
5.37E-07
5.21E-07
6.08E-07
6.59E-07
6.80E-07
6.33E-07
6.25E-07
6.58E-07
7.98E-07
9.28E-07
1.01E-06
1.06E-06
[.06E-06
1.16E-06
1.O2E-06
1.01E-06
8.10E-07
7.29E-07
8.16E-07
9.14E-07
9.70E-07
1.02E-06

1.99E-11 85.1
2.98E-11 80.8
4.30E-16 71.5
9.82E-10 76.5
L.77E-09 69.9
1.69E-09 62.6
2.79E-09 64.6
3.22E-09 614
4.89E-09 61.2
5.40E-09 55.7
6.69E-(9 59.9
8.44E-09 56.9
921E-08 56.1
1.05E-08 55.2
1.21E-08 55.7
1.27E-08 33.0
1.40E-08 54.8
1.55E-08 54.2
1.74E-08 538
1.85E-08 53.5
1.93E-08 55.8
2.04E-08 57.8
2.43E-08 56.3
296E-08 553
342E-08 564
333E-08 36.6
4.16E-08 39.5
4.53E-08 57.8
471E-08 60.5
447E-08 67.8
448E-08 745
476E-08 76.0
S71E-08 71.6
6.62E-08 68.2
7.25E-08 70.4
7.67E-08 729
7.79E-08 86.6
8.56E-08 121.3
7.76E-08 152.1
7.86E-08 158.3

6.45E-11 2.19E-11
5.69E-11 2.17E-11
1.B4E-09 1.72E-10
3.96E-09 3.17E-10
5.52E-09 4.24E-10
1.01E-08 7.19E-10
1.15E-08 8.22E-10
1.98E-08 1.35E-09
1.68E-08 1.18E-09
2.36E-08 1.62E-09
2.93E-08 1.99E-09
4.07E-08 2.72E-09
3.80E-08 2.58E-09
4.59E-08 3.09E-09
5.04E-08 3.40E-09
5.96E-08 4.01E-09
6.05E-08 4.10E-09
7.03E-08 4.75E-09
6.90E-08 4.71E-09
8.48E-08 5.74E-09
8.68E-08 5.93E-09
8.57E-08 5.92E-09
1.01E-07 6.92E-09
1.33E-07 9.04E-09
1.37E-07 9.37E-09
1.40E-07 9.68E-09
1.51E-07 1.03E-08
1.77E-07 1.20E-08
1.74E-07 1.19E-08
1.69E-07 1.17E-08
L.71E-07 1.20E-08
1.78E-07 1.26E-08
2.03E-07 1.44E-08
2.50E-07 1.75E-08
2,56E-07 [.81E-O8
2.86E-07 2.02E-08
2.95E-07 2.10E-08
2.79E-07 2.04E-08
2.37E-07 1.81E-08
2.49E-07 1.91E-08

78.4
73.6
62.7
76.7
71.9
722
58.8
67.8
61.7
58.6
54.8
57.6
56.8
53.1
56.0
52.6
53.9
529
55.0
57.1
56.4
58.1
56.6
54.9
56.0
55.1
57.0
59.6
58.4
65.9
74.8
73.9
68.7
64.0
64.7
66.4
66.8
75.1
96.9
128.9

2.14E-07
1.90E-07
1.95E-07
1.98E-07
L.99E-(7
211E-07

6.73E-08 175.9
6.35E-08 193.8
T.08E-08 206.0
7.90E-08 209.5
8.50E-08 186.9
9.09E-08 175.6

1.72E-08 145.8
1.61E-08 156.8
1.68E-08 159.8
1.75E-08 160.9
1.80E-08 162.6
. 1.93E-08 156.3
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Table 3.2.1.1 Dosimetry Reactions

Reactions Half-Life Abundance  y-ray y-ray Threshold
Energy Branching Energy
[%] [keV] (%] [MeV]

1. ZAl(n,0)*Na 1502h 100.0 1368.6 100.0 5
2. Ti(n,x)*Sc 83.83d 100.0 889.3 99.98 4
3. Ti(n,x)"'Sc 3.341d 100.0 159.4 68.0 1.5
4, Ti(nx)*Sc 1.821d 100.0 983.5 100.0 5
5. *Fe(n,p)*Mn 2.579h 91.72 846.8 98.9 5
6. *Cof(n,x)**Mn 2579 h 100.0 846.8 98.9 6
7. *Ni(n,p)*Co 7092 d 68.26 810.8 99.5 2
8. *Ni(n,2n)"'Ni 1.503d 68.27 13776 71.9 12.5
9. *Zn(n,p)*Cu 1270 h 48.6 511.0 74.2 1.5
10. *Zr(n,2n)*Zr 3268d 51.45 909.2 99.01 - 12
11. *Nb(n2n)’*Nb  10.15d 100.0 934.5 99.0 9
12. "*In(n,n’)'”"In 4486 h 95.7 336.3 45.8 0.34
13. " Au(ny)'®*Au 2.694d 100.0 411.8 95,5 s
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Table 3.2.2.1 Measured fission rates.

(a) Assembly #1

Distance from

B5U(n, fission)

2J(n,fission)

the front surface Fission  Absolute Fission  Absolute
of the test region Rate Error - Rate Error
[mm] [1/source] [1/source]
-4 4.11E-28 1.45E-29 1.36E-28 5.98E-30
102 5.90E-28 2.02E-29 3.31E-29 1.18E-30
229 5.23E-28 1.78E-29 5.05E-30 1.92E-31
356 3.71E-28 1.26E-29 8.00E-31 3.93E-32
533 1.71E-28 5.81E-30
711 6.47E-29 2.22E-30
914 1.78E-29 6.15E-31

(b) Assembly #2

- Distance from

B3 (n, fission)

28U (n fission)

the front surface Fission  Absolute Fission Absolute
of the test region Rate Error Rate Error
[mm] [1/source]) [1/source]
-4 1.39E-27 4.78E-29 1.41E-28 4.87E-30
102 1.55E-27 5.28E-29 3.48E-29 1.25E-30
229 1.16E-27 3.96E-29 5.39E-30 2.16E-31
356 7.39E-28 2.51E-29 8.86E-31 5.53E-32
533 3.05E-28 1.04E-29
711 1.08E-28 3.67E-30
014 2.74E-29 9.45E-31
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Table 3.3.1 Gamma-ray spectra at 102, 356, 711 and 914 mm from the front surface of the
test region in the assembly #1 measured by the NE213 spectrometer.

102 mm 356 mm 711 mm 614 mm

Neutron Flux AbsoluteWindow Flux AbsoluteWindew Flux  AbsoluteWimdow Flux AbsoluteWindow
Energy [n/letty Error [%] [nfleth/ Error [%] [nflethy  Error  [%] [nfleth/ Ermor [%]
[MeV] source] source] source] source}

3.02E-1 2.00E-05 1.0SE-06 29.8 1.68E-06 1.10E-07 29.8 2.15B-07 149E-08 298 5.92E-08 4.07E(9 29.8
3.16E-1 1.98E-05 1.04E-06 29.5 1.66E-06 1.11E-07 295 = 2.15E-07 1.52E-08 29.5 5.91E-08 4.15E-09 29.5
331E-1 195E-05 1.0SE-06 292 1.67E-06 1.14E-07 29.2 2.16E-07 1.57E-08 29.2 5.83E-08 4.28E-09 29.2
347E-1 1.93E-05 1.06E-06 289 1.68E-06 1.20E-07 28.9 2.15E-07 1.67E-08 28.9 S.81E-08 4.54E-09 289
163E-1 1.92E-05 1.05E-06 28.6 1.69E-06 128E-07 286 2.13E-07 1.80E-08 28.6 5.70E-08 4.89E-09 28.6
380E-1 1.92E-05 1.05E-06 283 1.72E-06 1.33E-07 283 2.15E-07 1.89E-08 283 5.71E-08 5.15E-09 28.3
398E-1 1.95E-051.07E-06 279 187E-06 1.47E-07 27.5 241E-07 2.13E-08 27.5 6.39E-08 5.80E-09 27.5
4.17E-1 2.04E-05 1.12E-06 273 2.40E-06 1.78E-07 259 3.30E-07 2.69E-08 257 8.84E-08 7.32E-09 25.7
437E-1 2.21E-05 1.15E-06 264 3.55E-06 1.91E-07 241 5.27E-07 290E-08 23.7 143E-07 7.89E-09 23.8
457E-1 2.50E-05 1.18E-06 25.5 522E-06 1.98E-07 222 8.20E-07 2.94E-08 21.7 223E-07 8.02E-09 21.7
479E-1 2.83E-05 1.27E-06 246 6.71E-06 2.65E-07 204 1.0BE-06 4.11E-08 19.8 2.95E-07 1.12E-08 19.8
5.01E-1 3.02E-05 1.32E-06 24.2 7.04E-06 2.68E-07 20.1 1.13E-06 4.11E-08 194 3.08E-07 1.12E-08 19.4
525E-1 2.95E-05 1.31E-06 245 590E-06 2.08E-07 214 9.16E-07 3.01E-08 20.8 250E-078.24E-09 208
549E-1 2.60E.05 1.31E-06 250 4.03E-06 2.21E-07 229 5.90E-07 3.23E-08 225 1.62E-07 8.83E-09 225
575E-1 2.17E-05 1.19E-06 256 243E-06 1.67E-07 245 3.24E-07 2.35E-08 243 8.97E-08 642E-09 243
6.03E-1 1.86E-05 1.12E-06 262 1.51E-06 .21E-07 26.0 1.79E-07 1.58E-08 259 5.08E-08 435E-09 25.9
§31E-1 1.73E-05 1.09E-06 26.5 1.18E-06 1.13E-07 26.6 133E-07 146E-08 26.6 3.82E-08 4.01E-09 26.6
6.61E-1 1.75E-05 1.06E-06 26.2 1.21E-06 8.59E-08 260 141E-07 1.02E-08 26.0 3.97E-08 2.81E-09 26.0
6.92E-1 1.88E-05 1.08E-06 25.4 1.41E-06 8.22E-08 25.1 1.66E-07 9.11E-09 252 4.57E-08 249E-09 25.3
724E-1 2.14E-05 1.11E-06 242 1.68E-06 8.29E-08 23.8 1.90E-07 8.95E-09 24.4 5.16E-08 243E.09 244
759E-1 2.59E-05 1.25E-06 225 1097E-06 8.68E-08 22.4 2.06E-07 891E-09 23.6 35.58E-08 242E-09 23.7
794E-1 3.19E-05 1.43E-06 209 2.22E-069.88E-08 21.1 2.12E-07 9.35E-09 23.0 5.74E-08 2.53E-(9 23.1
832E-1 3.70E-05 1.41E-06 200 2.33E.06 9.80E-08 207 2.07E-07 946E-09 23.0 5.58E-08 257E-09 23.2
871E-1 3.77E-05 1.54E-06 19.8 2.20E-06 9.54E-0% 210 191E-07 8.87E-09 23.5 35.14E-08 240E-09 23.8
9.12E-1 3.23E-05 1.46E-06 209 188E-06 936E-08 22,1 1.71E-07 8.59E-09 243 4.56E-08 232E-09 245
9.55E-1 2.37E-05 1.14E-06 224 1.51E-06 7.72E-08 234 1.51E-07 7.99E-0% 249 4.00E-08 2.16E-09 25.1
1.00E+0 1.72E-05 1.12E-06 239 1.22E-06 7.24E-08 245 136E-07 749E-09 254 3.61E-08 2.01E-09 25.6
1.05E+0 1.47E-05 9.07E-07 24.5 1.09E-06 6.33E-08 253 1.27E-07 7.14E-09 257 343E-08 104E09 25.8
1.10E+0 1.50E-05 8.60E-07 24.2 1.05E-06 5.83E-08 25.6 1.22E-07 6.89E-09 25.8 3.40E-08 1.90E09 25.8
1.15E+0 1.68E-05 8.77E-07 228 1.07E-06 5.66E-08 252 1.21E-07 6.83E-09 25.7 3.43E-08 1.90E-09 25.7
1.20E+0 1.98E-05 9.01E-07 21.1 1.11E-06 5.57E-08 24.6 121E-07 6.82E-09 257 3.45E-08 1.89E-09 25.7
126E+0 2.29E-05 1.4E-06 193 1.17E-06 5.64E-08 240 1.23E-07 6.82E-09 257 3.47E-08 1.89E-09 25.7
132E+0 2.49E-05 1.4E-06 18.1 1.23E-06 5.71E-08 235 1.25E-07 6.80E-09 25.7 3.51E-08 1.88E-09 25.7
138E+0 2.48E.05 1.07E-06 17.6 1.25E-06 5.80E-08 23.4 1.27E-07 6.84E-09 257 3.57E-08 1.90E-09 25.7
1.45E+0 2.25E-05 1.0SE-06 17.9 1.22E-06 5.82E-08 23.5 1J30E-07 6.95E-09 257 3.65E-08 1.92E-09 25.7
1.51E+0 1.87E-05 9.05E-07 186 1.16E-06 S.69E-08 24.0 133E-07 7.06E-09 25.7 3.73E-08 1.95E-09 25.7
1.59F+0 1.50E-05 8.33E-07 194 1.09E-06 5.55E-08 24.6 136E-07 7.15E-09 257 3.81E-08 1.97E-09 25.7
1.66E+0 1.28E-05 7.20E-07 20.1 1.05E-06 543E-08 25.1 138E-07 7.25E-09 25.7 3.89E-08 2.00E-09 25.7
1.74E+0 1.23E-05 6.74E.07 205 1.04E-06 5.39E-08 253 141E-07 7.35E-09 25.7 3.935E-08 2.03E09 25.7
1.82E+0 1.25E-05 6.38E-07 20.6 1.07E-06 5.44E-08 250 1.44E-07 748E-09 256 4.01E-08 2.06E-0% 25.6
191E+0 1.25E-05 6.21E-07 20.7 1.11E-06 5.54E-08 244 148E-07 7.62E-09 25.3 4.08E-08 2.10E09 25.3
2.00E+0 1.19E-05 5.95E-07 20.7 1.15E-06 5.62E-08 23.6 1354E-07 7.73E-09 249 4.21E-08 2.12E-09 24.9
209E+0 1.12E-05 5.72E-07 209 1.20E-065.77E-08 229 1.62E-07 7.93E-09 245 443E-08 2.18E-09 244
2.19E+0 1.08E-05 5.62E-07 210 1.25E-06 5.99E-08 224 1.69E-07 8.22E-09 24.1 4.66E-08 2.26E-05 24.0
229E+0 1.07E-05 5.52E-07 21.0 1.27E-06 6.10E-08 22.5 1.73E-07 8.41E-09 24.1 4.80E-08 232E-09 24.0
240E+0 1.07E-05 5.42E-07 21.0 124E-06 6.02E-08 23.1 1.70E-07 8.41E-09 24.4 4.76E-08 233E.09 24.2
2.51E+0 1.09E.05 5.46E-07 208 1.15E-06 5.88E-08 239 1.63E-07 8.35E-09 248 4.55E-08 231E-09 24.7
2.63E+0 1.09E-05 5.44E-07 20.8 1.05E.06 5.77E-08 247 155E-07 8.31E-09 252 4.29E-08 2.30E-09 25.1
275E+0 1.09E-05 5.35E-07 208 9.75E-07 5.65E-08 254  149E-07 8.34E-09 25.6 4.07E-08 2.31E-09 25.5
288E+0 1.08E-05 5.30E-07 21.1 9.35E-07 S.67E-08 257 148E-07 8.56E-09 257 3.96E-08 236E-09 25.7
302E+0 1.06E-05 5.24E-07 21.4 9.36E-075.79E-08 257 1.49E-07 8.84E-09 257 3.95E-08 243E09 257
3.16E+0 1.04E-05 5.07E-07 222 9.71E-07 5.82E-08 25.7 1.50E-07 8.89E-09 25.7 4.01E-08 245E-09 25.7
331E+0 1.01E-05 4.83E-07 23.1 1.02E-06 5.94E-08 25.7 1.51E-07 9.09E-09 25.7 4.11E-08 2.50E.09 25.7
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Table 3.3.1 (Continued)

102 mm 356 mm 711 mm 314 mm

Neutron Flux AbsoluteWindow Flux AbsolueWindow Flux  AbsoluteWimdow Flux Absolute Window
Energy [nfleth/ Error [%] [nflethy Emor [%] [neth/ Eror  [%] [nfiethf Emor [%]

[eV] source] source) . source] source]

347E+0 9.65E-064.84E-07 24.0 106E-06 6.50E-08 25.7 1.50E-07 1.00E-08 25.7 4.20E-08 2.77E-09 25.7
3.63E+0 9.16E-064.96E-G7 24.8 1.07E-06 7.10E-08 25.7 149E-07 1.10E-08 257 4.20E-08 3.05E-09 25.7
380E+0 8.89E-064.67E-07 25.4 1.04E-06 7.08E-08 25.7 1.48E-07 1.09E-08 257 4.08E-O8 3.03E-09 25.7
I08E+0 - 8.77E-064.45E-07 257 1.00E-06 724E-08 25.7 .148E-07 1.12E.08 25.7 3.88E-08 3.12E-09 25.7
4.17E4+0 8.52E-064.66E-07 257 974E-07 7.78E-08 25.7 149E-07 121E-08 257 3.71E-08 3.38E-09 25.7
436E+0 7.94E-064.44E-07 257 9.76E-07 7.65E-08 25.7 147E-07 1.19E-08 25.7 3.69E-08 3.32E-09 25.7
457E+0) 7.26E-064.86E-07 257 9.87E-07 8.65E-08 25.7 141E-07 134E-08 257 3.85E-08 3.74E-09 25.7
479E+0 693E-065.59E-07 25.7 9.73E-07 9.81E-08 25.7 1.35E-07 1.52E-08 25.7 4.07E-08 4.25E-03 25.7
501E+0 7.19E-064.51E-07 257 9.36E-07 8.06E-08 25.7 136E-07 1.25E-08 25.7 4.18E-08 3.50E-09 25.7
525E+0 7.56E-064.89E-07 257 9.21E-079.08E-08 25.7 146E-07 146E-08 25.7 4.09E-08 4.03E-09 25.7
549E+0 7.35E-066.49E-07 25.7 9.67E-07 1.20E-07 25.7 1.54E-07 1.94E-08 257 3.90E-08 5.32E-09 25.7
575E+0  6.49E-065.54E-07 25.7 1.03E-06 1.08E-07 257 149E-07 1.71E-08 257 3.79E-08 473E-09 25.7
6.03FE+0 5.84E-065.46E-07 257 1.03E-06 1.08E-07 25.7 1.30E-07 1.66E-08 25.7 3.79E-08 4.64E-09 25.7
6.31E+0 6.10E-065.76E-07 257 9.20E-07 1.12E-07 257 1.12E-07 1.76E-08 257 3.74E-08 4.92E-09 257
6.61E+0 6.87E-064.64E-07 257 8.08E-07921E-08 257 1.08E-07 1.44E-08 25.7 3.63E-08 4.02E-09 25.7
6.92E+0 723E-064.56E-07 25.5 8.39E.078.78E-08% 247 132E-07 124E-08 23.6 3.86E-08 347E-09 23.8
724E+0 7.02E-064.08E-07 249 1.10E-06 8.54E-08 22.5 1.98E-07 1.24E-08 20.6 5.08E-08 340E-09 20.8
7.59E+0 6.82E-063.40E-07 24.1 1.54E-06 7.75E-08 20.1 2.95E-07 1.21E-08 17.3 7.29E-O8 3.24E-09 174
794E+0 6.91E-063.36E-07 23.2 1.95E-06 7.63E-08 18.0 3.61E.07 1.11E-08 14.1 A 9.30E-08 2.96E-09 14.0
832E+0 6.83E-063.16E-07 23.2 2.04E-06 7.86E-08 16.7 3.44E-07 1.12E-08 11.5 9.67E-08 2.90E-09 11.0
8.71E+0 6.08E-062.80E-07 235 1.70E-06 7.06E-08 17.7 2.69E-07 9.79E-09 11.9 8.12E-08 2.62E-09 10.8
9.12E+0 4.77E-062.55E-07 24.0 1.17£-06 574E-08 199 191E-07 8.03E-09 14.9 5.66E-08 2.18E-09 13.7
955E+0 3.35E-062.46E-07 249 7.24E-07 5.17E-08 223 1.28E-07 6.27E-09 182 341E-08 1.53E-09 17.1
1.00E+1 2.18E-062.47E-07 257 451E-07522E-08 244 749E-08 471E-09 214 1.86E-08 1.12E-09 20.5
1.05E+1 137E-062.24E-07 25.7 2.78E-07 486E-08 257 3.67E-08 296E-09 24.0 949E-09 7.20E-10 23.5
1.10E+1 901E-071.75E-07 257 1.60E-07 3.60E-08 25.7 151E-08 1.80E-09 257 4.40E-09 4.67E-10 25.7
1.15E+1 6.85E-071.16E-07 257 9.21E-08 1.84E-08 257 5.77E-09 9.51E-10 257 194E-09 2.70E-10 25.7
120E+1 5.80E-079.29E-08 25.7 S591E-08 1.46E-08 257 2.70E-09 6.81E-10 25.7 9.25E-10 1.70E-10 25.7
126E+1 4.64E-079.20E-08 257 4.07E-08 2.25E-08 257 1.75E-09 7.10E-10 25.7 530E-10 1.54E-10 25.7
1.32E+1 3.07E-077.56E-08 257 2.56E-08 2.12E-08 257 1.17E-09 5.81E-10 257 3.18E-10 1.26E-10 25.7
138E+]l 156E-074.47E-08 25.7 1.29E-08 1.33E-0% 25.7 6.20E-10 337E-10 25.7 1.63E-10 7.56E-11 25.7
144E+1 5.85E-081.87E-08 257 4.86E-09 572E-09 257 249E-10 137E-10 257 630E-113.21E-11 25.7
151E+1 ' 1.55E-085.38E-08 257 130E-09 1.66E-09 257 6.89E-11 3.86E-11 25.7 1.73E-11 9.33E-12 25.7
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Table 3.3.2 Gamma-ray spectra at 102, 356, 711 and 914 mm from the front surface of the
test region in the assembly #2 measured by the BC537 spectrometer.

102 mm 356 mm 711 mm 914 mm
Neutron Flux AbsoluteWindow Flux AbsoluteWindow Flux  AbsoluteWimdow Flux AbsoluteWindow
Energy [nAleth Error [%] [nflethy Error [%] [nfleth/  Error  [%] [nfleth/ Emor [%]
[MeV] source] source] source] source)
3.02E-1 3.38E-05 1.59E-06 293 344E-06 1.65E-07 294 4.06E-07 1.97E-08 29.6 1.05E-07 5.06E-09 29.5
3.16E-1 3.21E-05 1.70E-06 29.0 332E-06 1.77E-07 29.1 3.96E-07 2.13E-08 29.2 1.01E-07 548E-09 29.2
3.31E-1 3.03E-05 1.62E-06 29.0 3.23E-06 1.69E-07 29.0 3.86E-07 2.02E-08 29.1 O9.87E-08 521E-09 29.0
347E-1 2.91E-05 1.53E-06 289 3.20E-06 1.61E-07 28.9 3.81E-07 1.93E-08 28.9 O9.77E-08 4.95E-09 28.9
3.63E-1 2.89E-05 1.49E-06 28.5 3.19E-06 1.58E-07 28.6 3.80E-07 1.91E-08 28.6 9.77E-08 490E-09 28.6
3.80E-1 2.94E-05 1.52E-06 280 3.19E-06 1.64E-07 282 3.83E-07 1.99E-08 282 9.86E-08 5.10E-09 28.1
398E-1 3.02E-05 1.53E-06 274 3.24E-06 1.69E-07 275 3.04E-07 2.09E-08 274 1.02E-07 536E-09 274
4,17E-1 3.13E-05 1.53E-06 26.7 3.37E-06 1.71E-07 26.7 4.19E-07 2.17E-08 26.4 1.08E-07 557E-09 26.3
437E-1 3.30E-05 1.56E-06 26.0 3.66E-06 1.75E-07 25.5 4.68E-07 2.23E-08 25.2 1.21E-07 5.72E-09 25.1
457E-1 3.52E-05 1.63E-06 254 4.16E-06 198E-07 24.1 543E-07 250E-08 237 140E-07 6.41E-09 23.6
479E-1 3.68E-05 1.71E-06 25.0 4.80E-06 2.26E-07 229 630E-07 2.94E-08 224 1.62E-07 7.57E-09 223
5.01E-1 3.70E-05 1.72E-06 249 533E-06 2.19E-07 223 6.95E-07 2.85E-08 219 1.78E-G7 7.31E09 219
525E-1 3.57E-05 1.67E-06 25.1 5.40E-06 2.23E-07 223 6.94E-07 2.81E-08 22.1 1.76E-07 7.14E-09 22.1
549E-1 3.33E-051.70E-06 255 4.83E-06 242E-07 23.1 6.07E-07 3.03E-08 23.0 1.54E-07 7.78E-09 23.0
575E-1 3.05E-05 1.63E-06 26.0 3.82E-06 1.99E-07 243 4.66E-07 2.44E-08 242 1.20E-07 6.26E-09 24.2
6.03E-1 2.80E-05 1.55E-06 263 2.87E-06 1.82E-07 253 3.39E-07 2.19E-08 254 8.99E-08 556E-09 254
631E-1 2.67E-05 1.51E-06 26.4 2.39E-06 1.66E-07 259 2.76E-07 2.01E-08 258 7.35E-08 5.09E09 259
6.61E-1 2.72E-05 1.46E-06 259 2.39E-06 1.37E-07 258 2.76E-07 1.61E-08 255 7.15E-08 4.06E-09 25.7
692E-1 2.94E-05 1.52E-06 25.1 2.66E-06 1.38E-07 24.8 3.11E-07 1.59E-08 244 7.82E-08 3.97E-09 24.7
7.24E-1 3.30E-05 1.63E-06 23.8 3.0iE-06 1.41E-07 23.6 3.58E-07 1.67E-08 232 B8.77E-08 4.07E-09 23.5
759E-1 3.81E-05 1.82E-06 22.1 3.36E-06 148E-07 222 3.97E-07 1.69E-08 22.1 9.56E-08 4,12E-09 22.5
794E-1 4.49E-05 2.03E-06 20.6 3.65E-06 1.64E-07 21.0 4.08E-07 1.78E-08 21.6 9.89E-08 435E-09 21.8
832E-1 5.20E-05 1.97E-06 19.7 3.78E-06 1.61E-07 206 3.86E-07 1.79E-08 22.0 9.59E-08 437E-09 22.0
8.71E-1 5.46E-05 2.27E-06 195 3.65E-06 1.65E-07 20.7 342E-07 1.60E-08 22,9 8.73E-08 4.09E-09 22.6
0.12E-1 4.81E-05 2.18E-06 20.6 3.22E-06 1.64E-07 21.7 293E-07 1.58E-08 24.0 7.63E-08 4.05E-09 23.6
9.55E-1 3.55E-05 1.60E-06 22.1 2.66E-06 131E-07 23.0 2.53E-07 1.37E-08 240 6.66E-08 349E-09 24.5
1.00E+0 2.48E-05 1.52E-06 236 2.19E-06 1.21E-07 24.1 228E-07 1.19E-08 25.6 6.05E-08 3.13E-09 25.2
1.05E+0 2.03E-05 1.22E-06 243 .1.91E-06 1.05E-07 25.0 2.18E-07 1.14E-08 258 5.77E-08 2.99E-09 25.5
1.10E+0 2.02E-05 1.15E-06 242 1.79E-069.76E-08 255 2.16E-07 1.10E-08 25.8 5.67E-08 2.87E-09 25.7
1.15E+0 2.18E-05 1.15E-06 22.9 1.78E-06 9.16E-08 253 2.16E-07 1.09E-08 257 5.58E-08 2.80E-09 257
1.20E+0 2.45E-05 1.17E-06 213 1.82E-06 8.91E-08 25.0 2.13E-07 1.07E-08 257 S546E-08 2.74E-09 25.7
1.26E+0 2.79E-05 1.33E-06 19.6 1.88E-06 9.00E-08 247 2.10E-07 1.06E-08 25.7 5.37E-08 2.73E-09 25.7
1.32E+0 3.09E-05 1.37E-06 185 193E-069.12E-08 243 2.10E-07 1.08E-08 257 5.36E-08 2.73E-09 25.6
1.38E+0 3.20E-05 1.45E-06 179 1.94E-06925E-08 240 2.12E-07 1.09E-08 255 544E-08 2.77E-09 254
1.45E+0 3.04E-05 1.40E-06 178 1.92E-069.26E-08 23.7 2.18E-07 1.10E-08 25.1 S5.58E08 2.79E-09 25.1
1.51E+0 2.69E-05 1.29E.06 182 1.90E-06 9.18E-08 235 226E-07 1.12E-08 24.6 5.78E-08 2.81E-09 24.8
1.58E+0 2.31E-05 1.17E-06 189 1.90E-06 9.22E-08 232 2.37E-07 1.14E-08 24,1 S597E-08 2.86E-09 245
1.66E+0 2.00E-05 1.05E-06 198 1.92E-06 9.36E-08 23.1 247E-07 1.18E-08 23.7 6.11E-08 2.92E-09 243
1.74E+0 1.76E-05 9.63E-07 20.6 194E-06 948E-08 232 2.53E-07 1.22E-08 23.6 6.16E-08 257E-(9 244
1.82E+0 1.62E-05 B.81E-07 213 193E-06 9.52E-08 236 2.51E-07 1.23E-08 239 6.11E-08 3.01E-C9 24.6
191E+0 1.54E-05 8.43E-07 21.7 1.87E-06 9.51E-08 24.1 242E-07 1.23E-08 244 S599E-08 3.02E-09 248
2.00E+0 1.51E-05 8.12E-07 21.7 1.79E-06 930E-08 246 230E-07 1.21E-08 24.9 5.87E-08 2.99E-09 25.1
2.09E+0 1.51E-05 7.91E-07 214 1.72E-06 896E-08 250 221E-07 1.17E-08 254 5.82E-08 297E-09 25.2
2.19E+0 1.57E-05 8.03E-07 20.8 1.73E-06 897E-08 249 2.19E-07 1.17E-08 25.7 5.87E-08 3.00E-09 25.2
2.29E+0 1.67E-05 8.11E-07 203 1.80E-06 9.14E-08 246 2.23E-07 1.18E-08 25.6 6.00E-08 3.03E-09 25.1
240E+0 1.75E-05 8.13E-07 20.0 1.88E-06 9.28E-08 24.2 232E-07 1.18E-08 25.4 6.16E-08 3.04E-09 25.0
2.51E+0 1.76E-05 8.29E-07 199 1.94E-06 9.50E-08 239 243E-07 1.21E-08 25.2 6.32E-08 3.10E-09 24.8
2.63E+0 1.,70E-05 8.32E-07 203 19B8E-06 9.74E-08 23.6 2.54E-07 1.24E-08 249 644E-08 3.17E-09 24.7
2.75E+0 1.58E-05 7.94E-07 209 1.99E-06 9.80E-08 236 261E-07 1.27E-08 24.6 6.51E-08 3.20E-09 248
2.88FE+0 1.49E-05 7.39E-07 21.9 2.01E-069.77E-08 23.8 2.65E-07 1.28E-08 24.7 6.53E-08 3.20E-09 25.0
3.02E+0 1.47E-05 7.20E-07 23.0 2.04E-069.82E-08 242 2,66E-07 1.30E-08 249 6.51E-08 3.23E-09 252
3.16E+0 1.48E-057.72E-07 24.0 2.07E-06 1.02E-07 24.6 2.67E-07 1.35E-08 252 6.48E-08 3.38E-09 254
331E+0 1.45E-05 8.50E-07 248 2.07E-06 1.08E-07 25.1 2.69E-07 1.44E-08 254 6.43E-08 3.60E-09 25.6
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Table 3.3.2 (Continued)

102 mm 356 mm 711 mm 914 mm

Neutron Flux AbsolueWindow Flux  AbsoluteWindow Flux  AbsoluteWimdow Flux  AbsoluteWindow
Energy {nlethy Error [%] [nfleth/ Error [%] [nfleth/ Error {%] [nfleth/ Emor [%]
[eV] source] source] source] source]

347E+0 138E-05 8.73E-07 255 2.02E-06 1.10E-07 25.5 2.73E-07 147E-08 25.7 641E-08 3.70E-09 25.7
3.63E+0 1.33E-05 8.07E-07 257 1.96E-06 1.03E-07 257 2.76E-07 1.40E-08 257 6.49E-08 3.54E-09 25.7
3.80E+0 138E-05 8.50E-07 257 1.90E-06 1.04E-07 257 2.72E-07 1.44E-08 257 6.77E-08 3.60E-09 25.7
3 9RE+0 149E-05 1.22E-06 25.7 1.89E-06 1.38E-07 25.7 2.66E-07 1.90E-08 25.7 7.25E-08 4.70E-09 25.7
4.17E+0 1.58E-05 1.53E-06 25.7 1.97E-06 1.72E-07 25.7 2.62E-07 239E-08 257 7.75E-08 5.83E-09 25.7
437E+0 1.56E-05 1.41E-06 257 2.08E-06 1.62E-07 25.7 2.70E-07 233E-08 257 7.91E-08 5.55E-09 25.7
45TE+0 1.46E-05 1.13E-06 25.7 2.15E-06 1.30E-07 25.7 2.85E-07 1.88E-08 25.7 7.55E-08 445E-09 25.7
4.79E+0 1.3SE-05 1.12E-06 25.7 2.09E-06 1.30E-07 25.7 296E-07 1.71E.08 257 6.93E-08 441E-09 25.7
5.01E+0 1.34E-05 1.21E-06 257 1096E-06 1.38E-07 257 292E-07 1.67E-08 25.7 6.63E-08 4.74E-09 25.7
5.25E+0 1.39E-05 1.40E-06 25.7 1.91E-06 1.52E-07 25.7 2.79E-07 1.50E-08 257 7.00E-08 5.11E-09 25.7
$.50E<0 1.37E-05 1.45E-06 25.7 2.04E-06 1.63E-07 25.7 279E-07 1.27E.08 257 7.69E-08 5.54E-09 25.7
5.75E+0 1.23E-05 1.32E-06 257 2.24E-06 146E-07 257 3.00E-07 1.17E-08 25.1 7.97E-08 5.19E-09 25.7
6.03E+0 1.05E-05 1.41E-06 257 233E-06 1,30E-07 25.7 3.24E-07 1.57E-08 23.6 7.61E-08 4.71E-09 25.7
631E+0 9.80E-06 1.26E-06 25.7 2.26E-06 1.14E-07 25.1 331E-07 242E-08 21.7 7.10E-08 4.27E-09 254
6.61E+0 1.02E-05 1.15E-06 25.7 2.20E-06 9.82E-08 238 3.37E-07 2.82E-08 19.6 6.96E-08 3.77E-09 24.2
692E+0 1.05E-05 1.22E-06 25.7 2.30E-06 9.89E-08 22.1 3.68E-07 3.04E-08 17.7 7.35E-08 3.71E-09 222
7.04E+0 9.89E-06 1.01E-06 25.7 249E-06 1.12E-07 20.0 3.96E-07 3.28E-08 16.5 8.61E-08 4.19E-09 194
759E+0 9.01E-06 8.89E-07 257 2.66E-06 1.28E-07 18.0 3.78E-07 2.71E-08 16.6 1.07E-07 476E-09 165
1 94E+0 8.65E-06 8.59E-07 257 2.66E-06 1.24E-07 17.3 3.29E-07 2.37E-08 18.6 1.20E-07 424E-09 144
832E+0 8.61E-06 8.00E-07 257 2.38E-06 1.10E-07 182 2.80E-07 1.77E-08 20.6 1.04E-07 4.07E-09 13.9
8.71E+0 8.28E-06 7.66E-07 25.7 1.87E-06 1.01E-07 199 2.29E-07 1.68E-08 22.6 7.46E-08 337E-09 15.9
9.12E+0 7.42E-06 735E-07 257 1.37E-06 8.19E-08 220 1.79E-07 2.11E.08 244 5.15E-08 2.57E-09 18.7
9.55E+0 6.23E-06 7.17E-07 25.7 G5.99E-07 6.65E-08 24.0 1.33E-07 2.78E-08 25.7 3.62E-08 2.29E-09 21.6
1.00E+1 4.97E-06 6.93E-07 257 7.41E-07 S.87E-08 254 9.3BE-08 3.05E-08 25.7 240E-08 2.13E-09 24.1
1.05SE+1 3.89E-06 6.39E.07 25.7 5.29E-07 4.96E-08 25.7 6.26E-08 2.39E-08 257 143E-08 1.76E-09 25.7
1.10E+1 3.10E-06 5.63E-07 25.7 3.43E-07 3.74E-08 257 4.34E-08 1.34E-08 257 7.59E-09 1.14E-09 25.7
1.15SE+1 2.54E-06 5.01E-07 25.7 198E-07 2.60E-08 257 3.62E-08 2.02E-08 25.7 3.56E-09 5.57E-10 25.7
1.20E+1 2.05E-06 4.65E-07 25.7 1.05E-07 1.87E-08 257 3.43E-08 3.08E-08 25.7 1.59E-09 8.41E-10 25.7
1.26E+1 1.48E-06 4.15E-07 25.7 5.53E-08 1.57E-08 257 2.99E-08 3.06E-08 25.7 7.54E-10 9.22E-10 25.7
132E+1 8.85E-07 3.13E-07 257 2.85E-08 1.23E-08 25.7 2.09E-08 2.18E-08 257 3.75E-10 7.14E-10 25.7
1.38E+1 4.13E-07 1.80E-07 25.7 1.30E-08 7.37E-09 257 1.10E-08 1.13E-08 25.7 166E-10 3.95E-10 25.7
145E+1 1.44E-07 7.53E-08 25.7 4.73E-09 3.16E-09 257 4.18E-09 431E-09 25.7 5.62E-11 1.55E-10 25.7
151E+]1 3.60E-08 2.18E-08 257 126E-09 9.26E-10 25.7 1.12E-09 1.16E-09 25.7 1.37E-11 4.19E-11 25.7
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Table 3.4.1 Contribution of neutron response to total one for MSO and SSO.

Position #1 MSO #1 SSO #2 MSO #2 SSO
-1 mm 39.1 % 25.8 % 41.5 % 22.6 %
102 24.1 13.2 25.8 13.1
229 19.1 10.9 15.4 8.4
356 12.6 8.0 10.5 5.0
533 6.3 3.6 5.2 2.7
711 33 1.8 3.0 1.4
914 1.8 1.1 1.8 0.8

Table 3.4.2 Measured gamma-ray heating rates of $5316 by the TLD.

(a) Assembly #1
Distance from

the front surface =~ Gamma-ray Heating Rate Absolute

of the test region [Gy/Source Neutron] Error

[mm]

-1 5.22E-16 1.16E-16
102 3.44E-16 5.96E-17
229 8.33E-17 1.20E-17
356 3.06E-17 5.33E-18
533 : 1.28E-17 2.17E-18
711 5.13E-18 7.84E-19
914 1.40E-18 2.02E-19

{b) Assembly #2

Distance from

the front surface = Gamma-ray Heating Rate Absolute

of the test region [Gy/Source Neutron] Error
[mm]

-1 9.48E-16 1.72E-16

102 3.93E-16 5.35E-17

229 - 1.28E-16 1.85E-17

356 5.85E-17 7.40E-18

533 2.31E-17 3.11E-18

711 8.47E-18 1.10E-18

914 2.27E-18 2.93E-19
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Fig.2.2.2 Structure of $S316 disk with an experimental hole.
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Photograph of the experimental assembly #2 and supporting frame.

Fig. 2.2.6
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Fig.3.1.2.1  Cross sectional view of the proton recoil gas proportional counter.
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Fig. 3.1.2.2  Block diagram of electronic circuit for the PRC.
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Fig. 3.1.3.1  Expected energy resolution of neutron spectra calculated by MCNP. Fluctuations
seen in the resolution curves are due to statistical error in the Monte Carlo

calculation.
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Fig. 3.1.3.2  Electronic circuit used in the eV neutron spectrum measurement.
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Fig. 3.2.1.1

Measured neutron activation reaction rates in the assembly #1.
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Fig.3.2.1.2  Measured neutron activation reaction rates in the assembly #2.
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Fig. 3.3.1 Sectional view of the 40 mm diameter NE213 gamma-ray spectrometer.
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PMT . Photomultiplier Tube Hamamatsu R580

HV . High Voltage Power Supply CRTEC 456H

PS : Power Supply CRTEC 114

PA . Preamplifier ORTEC 113

Pulser : Research Pulser ORTEC 448

DLA : Delay Line Amplifier ORTEC 460

BHC : Risetime to Height Convertor OKEN 723-1

SCA : Single Channel Analyzer CANBERRA  2035A

GDG . Gate & Delay Generator CRTEC 416A
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LG . Linear Gate & Slow Coincidence OKEN 721-1

GG . Dual Gate Generator Le Croy 222
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Fig. 332 Electronic circuit used in the gamma-ray spectrum measurement.
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Fig. 4.1.1 Ratios of the integrated neutron fluxes from 10 keV to 1000 keV, reaction-rates
' of Min(n,n")'*"In and ¥ Au(n;y)'**Au, fission-rate of **U and gamma-ray
heating rate to neutron flux above 10 MeV in the assembly #1.
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